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MEDI Cl NAL COWVPCSI TI ON THEREOF FI ELD OF THE | NVENTI ON The present

i nventi orwoebaree338o al kal oi d am noester derivatives acPCHEPARINISSC@ri ni C
receptor antagonists, processes for the preparation thereof, conpositions
conprising themand the therapeutic use thereof. 5BACKGROUND OF THE

| NVENTI ON aternary amoni um sal ts actl ng_as rruscarl ni c recept or
antagonisﬂ@b&@_L&MMET i 1 MEINSAN AL

for the treatnent of respiratory diseases. Exarrpl es of vveII known M
receptor W&Mnt ed by ipratropiumbrom de and tiotropi um
brom de. 10 Several chem cal classes acting as selective M3 receptor
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obstructive airway dise h hma and chroni c obstructive

pul nonary di s&%ﬁpﬁ)&ﬁM\%gﬁlﬁ car bamate derivatives and their use
as M3 ant agonijsts are 15 disclosed in %05 841, WO 03053966 and WO
2008012290,  1he BEESENIANENNAN MEELRT & 2k g% RIINOCSIEE GaTHYAlas acting
adm ni stered through i nhal ation in.order to del pver the dru dlrﬁctl% at
the site 35f MHXPHR %nr&cragwéeamqa%% PRACETEE effTc ths JFeRpEAtion there

However, even though the.s mc e sure may. be reduced through 20 the
i nhal at orcfmlb‘lﬁlﬂongﬁ@r%ﬂfh%é ‘i(ﬁ?f %‘relr@?eléfct U?Fa CEPY1 exhibit

undesi_red sid Vi It is hence highly
desirable to Sﬁgﬁ@gﬁ@%&g}l‘z a .{%@ﬁf@a I e to act I ocal ly, while
havi ng high p enc and | ong duratiagn of action. Said nce a sorbed
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act|V|ty ang in partircu hen am no ace erirvatil ves

0. Ned. Dhehyd? Usedtes SA2; %mgf 53 iRl DAL S HAMARLY! iscase

nodul at or’s a ent cognl |on ennancers an ana gesi C

parti cul Et gl— phenyl am no acetyl derivatives. US 2856407
di scl oses am noaci d esters of hydroxypi peridines; anong 15 them are

N- net hyl - 3- pi C : h

pi peri )(;yl 2IO %ﬁﬁgﬁ%i—ldﬁn? g%'%oacg%é[rgvrﬂt{\% ﬁﬁ\%ﬁégﬁ%%gﬁge%%ﬁé rensStSc%rrrfi)ounds
t hat yisnhi n gRes and in

parti gul éirikéi %rreti?‘me? %%{/ ‘ﬁ)‘ b\gtba%g?gg%%r%lﬁeatl v%goggg%\%%oosl 053158

refers to i nhigyiiqusafi M38MR %E'aYéthlrréfﬁf;f yammswedttﬁ?&}gwnt of

oi"aﬁ?a}%
i nfl anmat ory ané aut ol mune di'sease él In particul

met hyl pi pghhdkidniny drder! t%U&él'i‘@étetHéeHhingr\égﬁ}i at the 51te of action and hence
Khi m ko- Far mat sevt i cheskii Zhur nal 0-5 refers to tropi ne

ester of 1phamg g[{é/%gllnqc ggggsﬁa&d in particular to phenyl al ani ne ester
25deri vati ves. Chem ¢ & Pharmaceutical Bulletin (1971), 19(12),

2603-8 descri hgswkher Oé’\f‘e'nsﬂﬁﬁlg%/ﬂ{é@?éténﬁé ApoRbtd AN GedlelBted ehAhRth
al kal oi ds from dl - phényl al ani ne 3. al pha. -tropanyl ester and in particul ar

to phegnyligk éiﬂhmtor of9d Oh@ 7cb3d 5’&TdsE8?&£b9{>H@8§?t0m%y%\ﬁ1péxﬁm MAdéI RS
SUMMARY OF THE | NVENTI ON he invention concerins al kal oi d am noester
derivati wgge effedn@icdto §itemli@ absdrprion(!)
It is hence highly desirable to provide M3 receptor antagonists able to
act locally, while having high potency and long duration of action. Said drugs,

once adsorbed, are degraded to inactive compounds which are deprived of any

25  systemic side effects typical of muscarinic antagonists.



wher ei n: Rl is selected fromthe group consisting of H,
(C1-C10)-al kyl, aryl, (C3-C8)-cycloal kyl, arylal kyl and heteroaryl,

opt i onal IWO=0tv#1t72338t ed by one or 10 nore substituents seCEEPe@INnNgsMt he
group consi sting of hal ogen atonms, OH, pxo (=0), SH, N2, CN, CON(R5) 2,
COOH, NHCOR5, COR5, CO2R5, CF3, (Ci-C10)-al koxycarbonyl,

Cl- C10) - al kyl sul f |, (C1-Cl0) - al k) | finyl (Cl-Cl10)-al kyl sul f |,
(g gl te fobatermfoist sl i Jeirils U
consisting o - - . Laryl, .C3- -cycl oa , aryla an
het er oar }B?S%H}qreﬂ%ﬂql%ﬂ15{,ggﬁqulﬂp)¢gﬁlaﬁ§/¢t&%§t18§- rmr)é subst?/t uent)s/ sel gct ed
fromthe group,.consisting of.halo at o oxo (=Q),, SH, NO2, CN,
OO R5) 2, S Co T e nderes, SCRIRE Togrgla (0Pebats 25 kdeashoyre they
(le Cl)O)-aI Kk Ilsul fanélq, (C1- ClO%t;gal l@/l su f(g.na/l., (;g%eecglquﬁélml sg fonyl,
(Cl-q?_)-aaﬁkf I:a%CpF li?@)fsyslz pr;lree 0 %:8 eg | |T< S ¢ 88y %‘uale
consi sting of H, - - ryl, (C3-.C8)-cyclo eroaryl,
VT ankyChnist s iRy iarnssBed O JaBtiTY dstoyiteneTisr Roeing
substi tuen@sel ected fromthe group consisting of hal ogen atonms, OH, o0xo0
(=0), SH,1PfOBUMEY] PlasNers) 2, cooH, OOPRS, CF3, (Cl- Cl0)-al koxycar bonyl ,

C1- C10) - al kyl | f.i | ClL -C1 - al kyl | f. |, 25(C1-.C10) - al kyl d
E Cl- 0103 - gl kgx’@ﬁs B%Vﬂgrﬁlﬁ?%gﬁ%ﬁvémsu /‘%8%5‘{?5 Oi(sﬁée%pa egen%/s gngr oup
f f | i [ AN i A XC N a/-12)\
"y wherer n' muS382bl s Bsdibity afbiebiard HidRberiGaiedor e ineif¢ s

t abl e..ani R4 f . | = mm 2 p--7P--- (CH ---W
sceept bl anie B 4Rl RL L, ol SR L GV oo
to 4; . P is absent or is selected fromthe group consisting of 0, S
so, S, YBNEYVRRS CrECH, N(RB) S02, N(R5) 000, N(R5)C(0), SO2N(R5),

oG- AR agt, ol PSPPI RN g
of hal ogd oAl SHEr s pofRE CofiABtl GBS e PRRsl HblaiZy ™ Y BafiREe " o2,
CN, CO\I(%)ﬁiﬂhsu ’éﬂyﬁg’a(cgi%W% y5, (C1-C10) - al koxycarbonyl

(C1-Cl10)-al'k 'sul finyl, (C-C Qal kyl sul fonyl,
consist 1 ng of %o (010G o a1 Bt &5 FEREhPoS G R hone

het oraar yhen e STaFRPAERRRHENL S (RN AR e SRR one
ot "oxo (B U R SRR RO O G i) i koxycarbonyl
(C1- C10) - al kylwe L@Zzbélﬁﬁeﬁ%;%&%?ﬁghg%%ht iﬁH{b@%-tlﬁ§0ﬁa-rﬁéé;%5§th8f1y| :

(C1-C10) - al kyl an Cl- C10) - ; armaceutically acceptable salts
thereof, mutantWdsh def@ @]59&5&9 hhat ek tiklldrS 4 mBhylSulBd8Ny! hufddoate H

then R6 is not a group formula (11i). The invention also refers to
conpoundg@fvaggpreral formula (VI):

20 WO 2008/053158 refers to inhibitors of p38 MAP kinase activity,
useful in the treatment of inflammatory and autoimmune disease and in
particular to methylpiperidin-4-yl L-leucinate derivatives.

Khimiko-Farmatsevticheskii Zhurnal (1977), 11(7), 30-5 refers to
tropine ester of phenylglyoxylic acid and in particular to phenylalanine ester

25  derivatives.

Chemical & Pharmaceutical Bulletin (1971), 19(12), 2603-8 describes

the one-step synthesis of atropine and other related alkaloids from

dl-phenylalanine 3.alpha.-tropanyl ester and in particular to phenylalanine



15 wherein: RlL, R2 and R3 are as descri bed above; R7 represents a group
of formula (vi) or (vii) or (viii) or (ix) WD 2010/072338PCT/ EP2009/008870
6 (CH2),wGQ2010072338CH2),, (Vi) 5(viii)(ix) wherein RCRAP2009H0887@S

descri bed above; and pharnaceutically acceptable salts thereof, with the
provisos that: 10- when RL is Hor CH3,” R2 is phenyl, R3 is Hor CH3, then
R6 is not a group of fornula (viii) and - the conpounds of general fornula
(V1) are S§%° (i\?rll?éacth‘ﬁﬂs-' 3- piperidyl-2'-N di nethyl am noacet ate and

efers o o proebiliABY e THEYENKION S Comound of Tormia (1) as

DT, SR oSBT Rl

formul a (tX|5|1)n i (XI') WD 2010/ 072338PCT/ EP2009/ 008870 7 in which A
is a sui t'Qb1"¥'? &dvi ng group sel ected fromthe group consisting of halide
and sal fonate, and R6 has the above reported neanings. The i nvention

al so concerns a process for the q;{{epare%é on of a conpound of fornula (1) as
reported in Scheme 1, which conprisegthe 5 al kyl ation of am ne conmpounds

of general formula (II
g (rr) H o.

R
R3 6
O

(1)
wherein:
R1 is selected from the group consisting of H, (C;-Cyg)-alkyl, aryl,
(C5-Cg)-cycloalkyl, arylalkyl and heteroaryl, optionally substituted by one or

10 more substituents selected from the group consisting of halogen atoms, OH,
oxo (=0), SH, NO,, CN, CON(RS),, COOH, NHCORS, CORS, CO,RS5, CF;,
(C,-Cyp)-alkoxycarbonyl, (C1-Cyg)-alkylsulfanyl, (C-Cyg)-alkylsulfinyl,
(C1-Cyg)-alkylsulfonyl, (C,-Cyg)-alkyl and (C;-C,¢)-alkoxyl;

R2 is selected from the group consisting of (C;-Cyg)-alkyl, aryl,

15  (Cs-Cg)-cycloalkyl, arylalkyl and heteroaryl, optionally substituted by one or
more substituents selected from the group consisting of halogen atoms, OH,
oxo (=0), SH, NO,, CN, CON(RS),, COOH, NHCORS, CORS, CO,R5, CF;,
(C,-Cg)-alkoxycarbonyl, (C;-Cyp)-alkylsulfanyl, (C-Cyp)-alkylsulfinyl,
(Cy-Cyg)-alkylsulfonyl, (C,-Cyg)-alkyl and (C,-C,y)-alkoxyl;

20 R3 is selected from the group consisting of H, (C;-C,¢)-alkyl, aryl,
(C3-Cg)-cycloalkyl, heteroaryl, arylalkyl and heteroarylalkyl, optionally
substituted by one or more substituents selected from the group consisting of
halogen atoms, OH, oxo (=0), SH, NO,, CN, CON(RS),, COOH, CO,RS5, CF;,
(C4-Cyg)-alkoxycarbonyl, (C1-Cyg)-alkylsulfinyl, (C,-Cyp)-alkylsulfonyl,

25 (C;-Cp)-alkyl and (C;-C;g)-alkoxyl;



RIR2 \ N H wth conpounds of general fornmula (I11), LGH/K R3 0 10(111)

in which LGis a suitable |leaving group and K nay be either a hydroxyl
group or WO=0i0egR33g protected hydroxyl group, to yield RCERPRVIONBIOH
fornula (1V), o 15which is condensed wjth a conpound of formula (V) HO R7
(V) to obtain conpound (VI), and converting the corrpound to a further
conmpound of foﬁgulgwglé 20The inyenti on al s? .gconcerns rocess for the
preparation of R&TERIRSEHISA SFOUR PHEPAN IR (1h8T fidhaF {8y (?r heme 1, which
conprises coupling an am ne of general formula (I1) WO

2010/ 072338PCT/ EP2009/ 008870 8 with ketones of formula (VIJ), R3 ono to

yield a conmpound of fo la (I1V), RIRZ HR3 0 (I thls condensed with
a conpound of formul & ( HOA R7 (V) to obtain co ouhﬁ (Vlz? R1IR2 H R3R7 O
N N\
* ‘R4 7 CH,
(i) (ii)
5
R4 _
¢ A 0
N A
;‘9 1 N<
. | R4
(i11) 1v)
wherein

m=1, 2 or 3;
10 | n =1, 2 or 3;
A’ is a physiologically acceptable anion;

R4 is a group of formula (Y)

++(CHy)p-+-P--- (CHp)q---W
15 (Y)
wherein
p is 0 or an integer from 1 to 4;
q is 0 or an integer from 1 to 4;
P is absent or is selected from the group consisting of O, S, SO, SO,,
20 CO, NRS5S CH=CH, N(R5)SO,, N(R5)COO, N(RS5)C(O), SO;N(RS),
CO(O)N(RS5) and C(O)N(R5);
W is selected from the group consisting of H, (C;-Cg)-alkyl,
(C3-Cg)-cycloalkyl, aryl and heteroaryl, optionally substituted by one or more

substituents selected from the group consisting of halogen atoms, OH, oxo



(VI) 15and converting the conpound to a further conpound of forrmula (I).
The i nvention al so concerns a process for the preparation of a conpound of
formul a (WP28aw/a72338rted in scheme 1, which conprises re&CTinRgoogongsound (1 X)
WO 2010/ 072338PCT/ EP2009/ 008870 9 NH2 H R3 (1X)0 with an al kylating agent
of general formula (VIII1), in which z is a carbonyl group or a

() i vion 8. N6hy 6N obNesn: B0 o Xifpded. iR adeseqali th a
R dlkpyeqoph. ) (ERcakdsiftaiel, . (o RERraB e (Gioeir ng
concer ne ARplsuCiody 16 Cra PRER AR RurCor Bk Lompound of formuia (1) as
Formila (111) Roois0telersnaipen Eiostbastirisont, f/ ke re-Claion
5 (Cy-Cg)alkylhalo, (C,-Ce)alkynyl, (C,-Cg)alkenyl, (C53-Cy)cycloalkyl,
(C5-Cy)eycloalkyl-(C-Cg)alkyl, heteroaryl, (C;-Cg)alkyl-heteroaryl and aryl
optionally substituted by one or more substituents selected from the group
consisting of halogen atoms, OH, oxo (=0), SH, NO,, CN, CONH,, COOH,
(C-Cyp)-alkoxycarbonyl, (C,-Cyp)-alkylsulfanyl, (C1-Cyp)-alkylsulfinyl,
10 (C,-Cyp)-alkylsulfonyl, (C,-C;¢)-alkyl and (C,-C,¢)-alkoxyl;
and pharmaceutically acceptable salts thereof,
with the proviso that when R1 is H, R2 is phenyl, R3 is H, then R6 is
not a group of formula (iii).

The invention also refers to compounds of general formula (VI):

15
R1 \N/RZ
R3
O
(V)
wherein:
R1, R2 and R3 are as described above;
R7 represents a group of formula (vi) or (vii) or (viii) or (ix)
20

25



O (I'l'l) to conmpound of general fornmula (V) HO R7 (V) to yield conpound

(X, 0 (X) 10which is reacted with an amne of fornmula (l11), to obtain
conmpound W@I2p10RE2338N. /| R2 Hr."........... "."..0,.., R3RPcCMPra@9bBssand
converting the conmpound into a further gonpound of fornula (1). The

invention al so provides pharnmaceuti cal conpositions of conmpounds of general
formula (1) or of gen formula (V1) alone or in _cé@bbhation with or in
adm xture with one or pharmaceutical ly acceptpbl eNcarriers and/or
20exci pients. WD 2010 *838PCT/ EP2009/ 008870 11 /NTPE i nvention al so
provi des conpounds pf gemeral forrmula (1) and ( @HYse as a medi canent .
In a further aspect, the invention provides t he" use of %Brrpounds of formul a
(I') or of general formula (VI) for the manufacture of a nedicanent 5 for
t he prevention and/or tregtment of broncho-obstructiivg)or inflammatory
di seases, preferably asthma or chronic bronchitis or chronic obstructive
pul mronary di sease (COPD). In a further aspect the inventjon provides the
use of the conpounds ¢f general formula (XIX) 10 vvherei.oRI and R2 is

.

i ndependently selectgy fromthe group consisting_of H - C10) - al kyl,

aryl, (C3-C8)-cycl oal yl al kyl and het eroaryl Vi onal |y
substituted by one or ubstituents selected from® group consisting
of hal ogen atons, OH/Z-0Ox0 ( SH, N2, CN, CON(R5) 2, , NHCOR5, COR5,

C2R5, CF3, (Cl-cC10)- al koxycarbonyl, (Cl-C10)-alkyl sul fanyl,

(C1-Clo)-al kyl sul finyl, (C1l-C10)- alkylsul fonyl, (Cl-C10)-alkyl and
(C1-C10) - al koxyl; 20R3 i(sviﬁ | ected fromthe group cq@}gj sting of H,
(A-coalkyl, aryl, (C3-C8)-cycloal kyl, heteroaryl, arylal kyl and

het er oar yl al kyhhepthonal |y substituted by one or nore substituents selected
fromthe group consisting of halogen atons, OH oxo (=0), SH, NO2, CN,
CON(R5) 2, COOHy, dddPiare &5 3eséBeLaBdvel koxycar bonyl,

(C1-C10)-al kyl sul finyl, 25(C1-C10)-al kyl sul fonyl, (Ci1-C10)-al kyl and

(C1- C10) - al koxgtld phaikh 2L cAT133R2RHTHHE RN HREIBBT,0

with the provisos that:

10 - when R1 is H or CHs, R2 is phenyl, R3 is H or CHj3, then R6 is not a
group of formula (viii) and

- the compounds of general formula (VI) are not N-methyl-3-

piperidyl-2’-N’dimethylaminoacetate and N-methyl-4-piperidyl-2’-
N’-dimethylaminoacetate.

15 The invention also refers to a process for the preparation of a compound

of formula (I) as reported in Scheme 1, which comprises the alkylation of
compounds of general formula (VI)

R1 R2

~,,~

20 by alkylating agents of general formula (XI)



12 R8 represents a group of formula (i) or (ii) or (iii) or (iv) or (vi) or

(vii) or (viii) or (ix) 5 (CH2)" A*CQ+ NR4 (Cl/12)\a, (1v)

15wher ei rwonzsiolo728s8or 3; n =1, 2 or 3; A- is a physi ol ogcealregoomessept abl e

anion; R4 is a group of formula (Y) 20-7-(CHZ)p---P--- (CH2)g---W WO

2010/ 072338PCT/ EP2009/ 008870 13 wherein p is 0 or an integer from1l to 4; q

is O or an integer, from1l to P.is absent or elpé el eched fromthe
)

4;
group consi stiiflg VoRich, As iss@ syeipble legyingregropmp cselect 0D RERETEWR),

N( R5 0), SOZ2N(R5 0 R d R5) ; W i | ected f th
0% oupSonTSERRLE oF hpl e @ats ook rvg R e oy Tepprefrpeasings O '

het er oaryl , opﬂéonall substituted by one or m)rj substituents.sel ected
from the groupl RONUIEOHOE ASPar8peNs: dndroesss dob e (RIFParaion nep acn,
CON(R5) 2, COOH, NH2 HCOR5, .. CO2R5, 1- Cl0).- , al koxycarbgnyl, .

(O 10 ATy 0 fPHRES (B . ZERSTEDI iy Ryhemecs: cabyeh Sogpsns b1
(C1-C10)- Bl 0 Sl IO ALK general Fntila St 0 from the oroup
(C1- Co) al kyl hal o, (C2- C6) al kynyl , (C2- C6) al kenyl , (C3-C7) cycl oal kyl, 15
(C3-C7) cycl oal kyl - (C1- C6) al kyl , het ét'earyR2 (Cl1-C6) al kyl - het eroaryl and
aryl optionally substituted by one or n%re substituents selected fromthe
group consi sting of hal ogen atons, OH, oxo (-0), SH, N2, CN, CONH2, COOH,
(C1-C10) - al koxycar bonyl, (C1-C10)-al kyl(")sul fanyl, (Cl-C10)-al kyl sul finyl,
(C1-C10) - al kyl sul fonyl, (Cl-C10)-al kyl ‘and (C1-C10)-al koxyl, 20 for the
preparation of a nedicanent for the prevention and/or treatnent of

br oncho- obst r uwithwmpoumdd afrpaheray foimeks@sl), pref erably asthma or chronic
bronchitis or chronic obstructive pul nonary di sease (COPD). The
invention al so provides a nmethod for the prevention and/or treatnent of
broncho-obstructive or inflammtory di seases, preferably asthma 25 or
chronic bronchitis or chronic obstrt e | ronary di sease (COPD), which
conprises adm nistering to a subjeat3”in need thereof a therapeutically
effective anmount of a conpound of generalb fornula (1), (VI) or (XIX). The

i nventgi on al so provi des pharnmaceuticdl preparations suitable for WO

2010/ 072338PCT/ EP2009/ 008870 14 adm ni stration by inhal ation, such as

i nhal abl e powderwhiqly bpeid anuitablet lkaringgraipeandh awryobelesther a hydroxyl
propel l ant-free inhal able fornul ations. The invention also refers to
a devi ce guoupromaypuisebly pratgeied ydnexiyl igreep.etodyiglp aveianppwndiodrformulet er ed
dose inhaler and a soft m st 5 nebulizer conprising the conpounds of
general f@Voula (1) or (W). The invention also refers to a kit
conprising the pharnmaceutical conpd¥inioff8 of conpounds of general fornula
(') or (VI) alone or in conbination wwfh or in adm xture with one or nore
pharmaceutically acceptable carrierg d/ org exci pi ents and a devi ce which

may be a single- or R3
0
(V)
15 which is condensed with a compound of formula (V)
HO.
R7
V)

to obtain compound (VI), and converting the compound to a further

compound of formula (I).
20 The invention also concerns a process for the preparation of a
compound of formula (I) as reported in Scheme 1, which comprises coupling

an amine of general formula (II)



10 mul ti-dose dry powder inhaler, a nmetered dose inhaler and a soft m st
nebul i zer conprising the conpounds of general forrmula (1) or (V).

DEFI NI TI M8 20tun7e38m " hal ogen at ons™ i ncl udes fl uori ne, PChEPROMI@OSSO OM ne,
and iodine. The expression "(Cl-Cl10) alkyl", refers to straight or branched
chain 15 al kyl groups wherein the nunber of carbon atons is from1l to 10.
Exanpl es of said groups are nethyl, ethyl, n-propyl, isopropyl, t-butyl,
pentyl, hexyl, heptyl, octanyl, nonétiyl affd decenyl . Optionally, as
reported above, one or nore hydrogen at@nms can be replaced by hal ogen atons
in al kyl groups. The derived expressions "(Cl-Cl0)- 20 al koxycarbonyl ",
(C1-C10) - al kyl sul fanyl ", "(C1-C10)-alknhfulfinyl", "(C1-C10) -

al kyl sul fonyl" and "(Cl-GCi o)-al koxyl" should be construed in an anal ogous
manner . The derived expressions "(C2-Cl0) al kenyl"™ and "(C2-C10)

al kynyl", shoulwithbieetoass bf fietinila @lIgnal ogous manner, as referring to
groups at |east 25 conprising one double or triple bond. The
expression "aryl" refers to nmono, bi- or tricyclic ring systenms which have
5to 20 ring atons, preferably from5 po 15 and wherein at |east one ring
is aromatic. In said rings one or noreflhydrogen atons may be WO

2010/ 072338PCT/ EP2009/ 008870 15 repl Kone or nore hal ogen at ons.

The expression "heteroaryl"” refers o nodp, bi- or tricyclic ring systens
whi ch have 5 to 20 ring atons, preferablyfromb5 to 15, in which at |east
one ring is aromatic and in which at Mast one ring atomis a heteroatom or
5 het &r oar omati ¢ group (e.g. N, NH S or 0). In said rings one or nore

hydr ogen at ons, na r e ne; .o re hal ogen atons. The
expressi on "af??g%kg?@°§§F§§59?5¥%8“?%h@ ) alkyl" optionally substituted
by aryl as above defi ned. Exanpl es of suitable aryl al kyl groups

i ncl ude benzyl and di phenyl net hyl. 10The _expression "heteroarylal kyl "

refers to a "(Cl1-C4) al kyl" optional l'yysubstituted by a heteroaryl group as
above defined. Exanpl es of suitable heteroaryl al kyl groups include
t hi ophenyl net hyl . Exanpl es of suitalb yclic systens include
t hi ophene, cycl opent adi ene, benzeneR3pyrilol e, pyrazole, imdazole,
i soxazol e, oxazol e, 15isothiazole, thiazel e, pyridine, imdazolidine,
pi peri di ne and furan radicals. (Bxanpl es of suitable bicyclic systens
i ncl ude napht hal ene, bi phenyl, purine, pteridine, benzotriazole, quinoline,
i soqui nol i ne, iwidoheés cosdemsdl withrd compoankdi afpfoenmila g8 cal s.
Exanpl es of suitable tricyclic systens include fluorene radicals.
20DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention refers to
al kal oi d am noester derivatives of foH a () and (VI) acting as
muscari ni ¢ receptor antagonists, and to the salts thereof, said derivatives
preferably acting on the M3 receptors. (Advant ageously, physiologically
accept abl e anions A- include those 25 selected fromchloride, brom de,
i odide, trifluar , sul fate, phosphate, nethanesul fonate,
nitrate, naleggégﬁggtggﬁg?hgﬁgsgﬁe, fumarate, tartrate, oxal ate, succinate,
benzoate, and p-tol uenesul fonate, preferably chloride, brom de and i odide.
WO 2010/ 072338PCT/ EP2009/ 008870 16, , In preferred conpounds of genera
formula (1) RL is hydrogen, R2 is drmkﬁikyl or (Ci1-C10)-al kyl or aryl or
(C3-C8)-cycl oal kyl or heteroaryl and|R3 is (Cl-Cl10)-al kyl or aryl or
(C3-C8)-cycl oal kyl or heteroaryl, H erably substituted with one or nore
hal ogen atons and wherein R6 i s asR™defijphed dBove. 5 In preferred conpounds
of general formula (VI) RL is H, I)iscﬂrylalkyl or (C1-C10)-al kyl or aryl
or (C3-C8)-cycloal kyl or heteroaryl 'and R3 is (Cl1-C10)al kyl or aryl or
(C3-C8)-cycl oal kyl or heteroaryl, preferably substituted with one or nore
hal ogén at ons and coheeriny e d‘:@nﬁoghau@ aofurfirmadn@p dwid of ESrnhiyla) (Ixccor di ng
to the general formula (XilI): (Xii) 15In a preferred group of conpounds of
general formlehd | nvidhtion Hlsdlcoricerny! al pybeess (63l- BEO)prapsaltiopr & ¥ or
(C3-C8)-cycl oal kyl or heteroaryl and R3 is (Cl-Cl10)-al kyl or aryl or
( C3- C8) - mpahpauddd/ bf dormiuya &kyd repohed éhoswheime Pl eftsecBdompribsd réddta Wi th
one or nore hal ogen atons and wherein R6 is a

compound (IX)




group of fornmula (i) 20 ---,, *11+ R4 (i) according to the general formula
(XI11): WD 2010/ 072338PCT/ EP2009/ 008870 17 H'R2 In a preferred
group of worppmumessof general forrmula (X)) R2 and R3 aPeT{reongloossdt n a
preferred group of conpounds of generalgformula (XIIl1) R2 and R3 are

phenyl . In a preferred group of conpounds of general fornula (XII11)
R4 is a group of formula (Y) (CH2)g---W10(Y) wherein pis 1, Pis CO q is
0 and Wis aryl or heteroaryl. IN,a preferred group of conpounds of

general formula (XI1l) R4 is a group lea (Y), whereinpis 1l Pis
CO gis 0 and Wis an optionally phé In a preferred group of
conpounds of general fornmula (XIlI1) R4 i§ a group of formula (Y), wherein p
is 1l Pis CO qgis 0 and Wis thiengt of thiazolyl. In a preferred
group of compounds of general formula (XII1) R4 is a group of fornula (Y),
wherein pis 2,.Pis 0, and Wis enyl . a preferred group of
conpounds of g‘@ngaé! a&dﬂ%&ﬂ%ags@ﬁ o8 ggnera rﬂé"é‘t"@&ﬁ&for mula (Y), wherein p
is 3 Pis 0, qis 0 and Wis phenyl. In a preferred group of
conmpounds of general forrmula (M) RLis H R2 is arylalkyl or
(C1l-C10)-al kyl or aryl or (C3-C8)-cycRbalkyl or heteroaryl and R3 is
(Cl -C80)-al kyl or aryl or (C3-C8)-cycloafkyl or arylal kyl or heteroaryl, 25
preferably substituted with one or now#) hal ogen atons and wherein R7 is a
group of fornula (vii) V\D 2010/ 072338PCT/ EP2009/ 008870 18 (CH) \' N
t.0 .t he. gener al rmul a XIV)

CH2 . wh =1 d
SN R R i ‘f)aq%r BonyT SEOUP & r 1 IABIECaY| I Tesibind:

o more | 1{)’0‘& o steiha SombRpa Clorab g Y, EPRiEh Ak B estner al E?m‘i{‘i

(M) RLis H
Ri (2
H K
R3
o]
10 (V)
which is condensed with a compound of formula (V)
HO.
R7
V)
to obtain compound (VI)
15
R1._ _-R2

v

and converting the compound to a further compound of formula (I).
The invention also concerns a process for the preparation of a
compound of formula (I) as reported in Scheme 1, which comprises coupling

20  compounds of general formula (III)



10 is arylal kyl or (Cl-C10)-al kyl or aryl or (C3-C8)-cycloal kyl or
heteroaryl and R3 is (Cl-Cl0)-al kyl or aryl or (C3-C8)-cycloal kyl or

aryl al kylworotvat7essgaryl , preferably substituted w th on@CHEPa@M8sad ogen
atons and wherein R7 is a group of forggla (vii), wherein me1 and n=1,
according to the general formula (XV): 15 H ,R2 NHOR3 O (xv) In
a preferred group of conpounds of general fornmula (XV) R2 and R3 are
phenyl, preferably substituted with o¥¥ or nore hal ogen atons. In a
preferred group of compounds of gengral forypula (VI) Rl is H R2 20 is
aryl al kyl or (C1-C10)-al kyl or aryl -C8)-cycl oal kyl or heteroaryl and
R3 is (Cl1-Cl10)-al kyl or aryl or (CR3C8)-dycloalkyl or arylal kyl or

aryl al kyl or heteroaryl, preferably ? bsPituted with one or nore hal ogen
atonms and wherein WD 2010/ 072338PCT/ EP2009/ 008870 19 R7 is a group of
formula (vii), wherein and n= acc ing to the general forrmula (XVI):
5In a pref erred CW%“%%%@SBS{PHE@W?%&& al fornmula (XVlI) R2 and R3 are
phenyl, preferably substituted with one or nore hal ogen atons. In a
preferred group of conpounds of generﬁé formula (M) RLis H R2is
aryl al kyl or (C1-C10)-al kyl or aryl or RZ3-C8)-cycloal kyl or heteroaryl and
R3 is (C1-C10)-al kyl or aryl or (CS-CSNVEycIoaIkyI or arylal kyl or

aryl alskyl or 10 heteroaryl, preferably Substituted with one or nore hal ogen
atons and wherein R7 is a group of formula (viii) (viii) 1l5according to
the general fabmikRl (opboundidX32 \ , NHR3 0 (XVII) In a
preferred group of conpounds of general fornmula (XVII) R2 and 20 R3 are
phenyl, preferably substituted with one or nore halogen atons. In a
preferred group of conpounds of genewal forrmula (VI) RLis H R2 WO

2010/ 072338PCT/ EP2009/ 008870 20 is atyl al kyl or (C1-C10)-al kyl or aryl or
(C3-C8) -cycl oal kyl or heteroaryl an AN 1- C10)-al kyl or aryl or
(C3-C8)-cycl oal kyl or arylal kyl of3aryllal kyl""or heteroaryl, preferably
substituted with one or nore hal ogen atons and wherein R7 is a group of

formula (ix) 5 (ix) x)
10 which is reacted with an amine of formula (II),
R1 R2
~N
H

(n

to obtain compound (VI)

(v
15

and converting the compound into a further compound of formula (I).

The invention also provides pharmaceutical compositions of compounds
of general formula (I) or of general formula (VI) alone or in combination with
or in admixture with one or more pharmaceutically acceptable carriers and/or

20 excipients.



according to the general formula (XVI1l1): H ,R2 HR3 100 (XVII1) In
a preferred group of conpounds of general fornmula (XVIII) R2 and R3 are
phenyl . Wwo02010/07233gr ef erred group of conmpounds are the EOTIEPI@ONOSSNY
quaternary 15 ammoni um salts of conpoungs of general formula (XII), (XV),
(XV), (XVI1) and (XVI11). It will be apparent that the conpounds of
general formulga (1) and (V]) may.contain as tric centerg. Therefore the
Pventi on_al s HneERton & OIONIIFS SeBPEBNES RbresnERl i 40 e Ll
20Wher e the conpounds.according to the invention have at |east one
asymretri r(':‘éﬁtaéra,mFaé‘iﬂ -accordingly exist as enantioners. \Were the

centers. i hoy g S| Brpchy B By a0 oy i G0 onsF cof FPMFOSSpat
encommasdeamul Bt B EraBoeY bok eomantaitre ol R abibanenho °
t i tion. ) T ti d f .al f I I d
P hanti daf dhecBikysuHiae BRO/gerEraiia, b PLoRond-pboERElFs ol adntatotur
wher ei n_% i's diffegenh fromH show at .l east tvvﬁ chiral centelr,st v¥nich are
respect i VEPSASESy FEETARDE AHYMaN ST CREIHE o PERBBHS aLhnt ORIt ngoithactive
i t ad th t b i H R3 d NHR2. Co d f
am noest er r%gl?{]%n (g@ﬁg@ at om beari ng an nmpounds o

general i3 fygase (XV) and (XVI) wherein R3 is different from
H can be obtaiyned i

. RR..R-. -. fi i i f
di ast er eoi somaIPsa (f?iqhggﬁaggc-%ﬁh?oﬁfvfgﬂggtcl?orgwll(gef%r %E%gg%g%ﬁ% c%éﬁ?%%sg?fon) :

10Accordi ng .t r ef enbodi nent, conpounds of general forrmula (X 1I),
(Xrrn), ( er%ntg)rm;f%rei n RB3is different fromH showa (R R

confi18ur ation. The active_conpounds of fornmula (1) and (VI) show at
| east one chiral center, which isRTeR‘r/e%?ent ed by the al kal oi d carbon atom

bearing the 15 am noester group. According to a further enbodi nent,
conmpound (I) is in the formof () ntioger when R6 is a group of fornula
(i). According to a preferred, gnbafli me8 conpound (1) is in the form
of (R)-enantiomer when R6 is a gr ofnformula (i). 20According to
speci fic enbodi nents, the present i nver%i on provides the conpounds reported
bel ow. Conpound Chemi cal nane C2 (R)-quinuclidin-3-yl
2- phenyl - 2- (phenyl ani no) acet ate C3 (R)&d¥) nucli din-3-y1
2-(4-fluor ophenflll) -2-(4-fluorophenyl am no)acetate C4 (R)-quinuclidin-3-yl
2- (et hyl ( pheryh§@gmiino) - 2- phenyl acetate WO 2010/ 072338PCT/ EP2009/ 008870 22
Cl2 (R -quinuclidin-3-y12-(3-fluorophenyl)-2-(3-fluorophenyl am no)acetate
C13 (R) - 1- net B/ gindeRiZdisnindgpengdepHEnselected pieny thergioyp csingtding of H,
(R) - 1-net hyl pyrrolidin-4-yl-2-phenyl-2-(phenyl am no? acetate C15

(Ci-Cyp)-alkyl,” aryl, (Cj3-Cg)-cycloalkyl, arylalkyl and heteroaryl

15 optionally substituted by one or more substituents selected from the
group consisting of halogen atoms, OH, oxo (=0), SH, NO,, CN,
CON(RS),, COOH, NHCORS5, CORS5, CO;RS5, CF;, (C-Cyp)-
alkoxycarbonyl, (C,-Cg)-alkylsulfanyl, (C;-C,¢)-alkylsulfinyl, (C;-Cy¢)-
alkylsulfonyl, (C;-C,¢)-alkyl and (C,-C,¢)-alkoxyl;

20 R3 is selected from the group consisting of H, (C;-C¢)-alkyl, aryl,
(Cs-Cg)-cycloalkyl, heteroaryl, arylalkyl and heteroarylalkyl optionally
substituted by one or more substituents selected from the group
consisting of halogen atoms, OH, oxo (=0), SH, NO,, CN, CON(RS),,
COOH, CO,RS, CF;, (C;-Cyg)-alkoxycarbonyl, (C;-C;g)-alkylsulfinyl,

25 (Cy-Cyp)-alkylsulfonyl, (C;-Cg)-alkyl and (C,-C,y)-alkoxyl;



(S)-1-nethyl pyrrolidin-4-yl-2-phenyl-2-(phenyl am no)acetate C16

(R) - 1- et hyl pi peridi n-3-yl1 2-phenyl-2-(phenylam no)acetate Cl7

8- et hyl -\8oaauhi7e3s81 o[ 3. 2. 1] oct an- 3-y1 2- phenyl - 2- ( phenyCarfre@pacssvat e C18
Phenyl - phenyl am no- aceti caci d9- net hyl-CZ oxa- 9- aza-

tricyclo[3.3.1.0%2,4*] non-7-yl ester 8 (R) - qui nuclidin-3-yl)

2- am no- 3- phe propanoate di-tri.fl uorpacetate, C22... i . ..

5 pheny1- - phdby FERABTE b Bl Ef Seraufs of G STy er 6099 Giber (i)
ester C24 (R -Oﬂu@n.ucl i Elj n- 3-y12- (benzyl am no) - 2- phenyl acet at e C25

(R - qui nucl i dif- -”9)10? i no- 2- phenyl acet at e di - hydrochl ori de C26

(R) - qui nuclidin-3-yl12-(cycl opentyl am no) - 2- phenyl acet at edi - -
trifluoroacetate C27 (R)-quinuclidin-3-yl (CH,),

2- (cycl ohexyl am no) - yl ggetate C29 \ .

((4-chl oro-phenyl am enyl -acetic acid (R -(1f aza-Brey4 o[ 2. 2. 2] oct-3 -
yl) ester C30 4-({ N_ / T

[ (R -(1-aza-bicycl®[2. 2. 2] dd4-3-yl)oxycarbony - phef%l'f'z)r'ret hy1l} -

am no) - benzoic acid nmethyl ester C31 3-({

[ (R) - (1-aza-bicycl o[ 2. 2. @/oct - 3-ypoxycar bonyl ] - phenydil-)rret hy1l} -

am no) -t hi ophene-2-carboXylic acid nethyl ester

(4-f1 uoro-phenyl am no) - phenyl -aceti caci d(R) - (1- aza- bi cycl o[ 2. 2. 2] oct-3- yl)
ester C32 WD 2010/ 072338PFéT/ EP2069/ 008870 23 C33
(4-f1 uoro-phenyl) - phenyLN"ri no- acet'i caci d(R) - (
ester C35
2-({[(R)-(1-aza-bicycl o[ 2
am no) - benzoi ¢ acid net hy
acid (R -(1-aza-bicyclo

A
enyl -methyl} -

Mnr'wp) - phenyl - acetic

3*y1) ester C39 |

(ii1) (iv)
(CHz)n
\
/@ /[ N
* N * (CHz)m
10
(vi) (vii)
/ ;i ;o
N *
)/: l N
* |
(viii) (ix)
15 wherein

m=1,2or3;
n =1, 2 or 3;
A’ is a physiologically acceptable anion;
R4 is a group of formula (Y)
20 ---(CH,)p---P--- (CHz)q---W
(Y)



phenyl - o- net hyl phenyl am no-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl)

ester C41 phenyl-(3-trifluoronethoxy-phenyl am no)-aceticacid(R)-(1-aza-

bi cycl o[ 2vQ.2210452338- y1) ester C43 (3-et hyl - phenyl am no) PERERRI0946887¢ ¢ aci d
(R -(1-aza-bicyclo[2.2.2]oct-3-yl) estgy CA6

(3-acetyl am no- phenyl am no) - phenyl - aceti caci d(R) - (1-aza-

bi cycl o] 2. 2. 2] Oﬁt -3-yl) ester C47 (3

- met hyl car banoy'¢i&nyl ani no) - phenyl - aceti caci d(R) - (1- aza-

bi cycl of 2. 2. 2] oct(-)3 @ﬁ@n est gfr C5£ 4-

(3- et hyl sul f dhi ¥ SRENPEE A OPhERY *> acet i caci d(R) - (1- aza-

bi cycl o] 2. 2. 2] oct 33(/?)1n) Pe]st ere Co3 to 4-

(3-acetyl - pherﬂ/fsa?riorrl 1[5‘ %gﬁﬂ -rgl@el ieaei d(R)-(1-aza-bicyclo[2.2.2]oct-3- yl)

coter, S55 (2,5 0 TR BOSREN eIV eI NP & 8 50n o0
(2. 6- di Sty -9y LIRSS oREROY SRt MDD, | NBHC©).  SONRS),
(2 4ty SRRERS TR SGEIIFREEL ¢ aci d (R -( 1. aze- bi cyclo (2.2 2] oct-3
(21 eter oM Rt B apdh o) UG i aeghy, STl panci oyl
[P - (1 abbrdy etk P apdindehodeyl Lol R Bl tbsriaiedibv pe o more
o7 19) 2 SRS S SRRl TG e b oy oot

10 (=0), SH, NO,, CN, CON(RS5),, COOH, NH,, NHCORS, CO,R5, (C;-Cyp)-
alkoxycarbonyl, (C;-Cjg)-alkylsulfanyl, (C;-C;¢)-alkylsulfinyl, (C;-C)-
alkylsulfonyl, (C;-Cyg)-alkyl and (C,-C,¢)-alkoxyl;

R5 is selected from the group consisting of H, (C,;-C,p)alkyl,
(C,-Cg)alkylhalo, (C,-Cg)alkynyl, (C,-Cg)alkenyl, (C5-Cy)cycloalkyl,

15  (C;-Cy)cycloalkyl-(C;-Cg)alkyl, heteroaryl, (C;-Ce)alkyl-heteroaryl and aryl
optionally substituted by one or more substituents selected from the group
consisting of halogen atoms, OH, oxo (=0O), SH, NO,, CN, CONH,, COOH,
(C-Cyp)-alkoxycarbonyl, (C;-Cyp)-alkylsulfanyl, (C1-Cyp)-alkylsulfinyl,
(C1-Cy¢)-alkylsulfonyl, (C;-C;g)-alkyl and (C;-C¢)-alkoxyl,

20 for the preparation of a medicament for the prevention and/or treatment of
broncho-obstructive or inflammatory diseases, preferably asthma or chronic
bronchitis or chronic obstructive pulmonéry disease (COPD).

The invention also provides a method for the prevention and/or
treatment of broncho-obstructive or inflammatory diseases, preferably asthma

25  or chronic bronchitis or chronic obstructive pulmonary disease (COPD), which
comprises administering to a subject in need thereof a therapeutically effective
amount of a compound of general formula (I), (VI) or (XIX).

The invention also provides pharmaceutical preparations suitable for



[ (4-fl uoro-phenyl)-methyl-am no] -phenyl-aceticacid(R)-(1-aza- bicyclo [2
.2.2] oct-3-yl) ester C75

(et hyl - pNerzglo/Erdsno) - phenyl - aceti caci d(R) - (1- aza- bi cyclPOT[EP2@09)8860 Ct - 3 -
yl) ester C77 (4-nmethyl -benzyl am no)qghenyl-acetic acid

(R -(1-aza-bicyclo [2 2 .2] oct-3 - yI) ester C78

AR BRI g
R 1- 3- b h | t
ferd (R Z‘%EP CBiteblsc BlopSianityde; p b I dPERCRTs. ?ugrﬁnﬁeniﬁf '

h | t
?An: P?Lofoegﬁenl;/}?c%(‘égﬁﬁﬁﬂr@SBhé‘ﬁ‘;F%mqﬂo% g%@#Fc‘é’é’l é'} Fﬁlalflge aPIPI%FcyBT 0

2.2.2 3 /072338 CT/, ERP2009/ 008870 25
(a1 cor SApHEARET e@y (BT AR A BF LGt Raser AT andog SOft mist

bi |
Ry S Jisk iRt §°91r%'r %Baihwgmn%ndﬁ QHSERL Y YA Y Dy oot ori e
E:%)’ Ei’ g;hg?é@i 1[n§( étlg?lg%%)ff? CISg cg'aggﬁc comprising the pharmaceutical

4 LR - (L Reas Rt ChPLERnghRALF Wi RRIRN AP ST VAT BRRESLYL benzo

(3-1l “Or(ﬁ?%h&’i’r‘é% nPREMK! 3T 19- 86RikaAET UG - bde 28R Rl C pRbfmAcal @k Y1)

ester Cl

(2,1 ot ebeat AP P S SRECh A SIS Ps e By e )
10 multi-dose dry powder inhaler, a metered dose inhaler and a soft mist
nebulizer comprising the compounds of general formula (I) or (VI).
DEFINITIONS
The term “halogen atoms” includes fluorine, chlorine, bromine, and iodine.
The expression “(C-Cyg) alkyl”, refers to straight or branched chain
15  alkyl groups wherein the number of carbon atoms is from 1 to 10. Examples of
said groups are methyl, ethyl, n-propyl, isopropyl, t-butyl, pentyl, hexyl,
heptyl, octanyl, nonenyl and decenyl.
Optionally, as reported above, one or more hydrogen atoms can be
replaced by halogen atoms in alkyl groups. The derived expressions “(C;-Cyg)-
20 alkoxycarbonyl”, (C,-C;o)-alkylsulfanyl”, “(C;-Cig)-alkylsulfinyl”, “(C;-Ciq)-
alkylsulfonyl” and “(C;-C¢)-alkoxyl” should be construed in an analogous
manner.
The derived expressions “(C,-Cy) alkenyl” and “(C,-C,q) alkynyl”,
should be construed in an analogous manner, as referring to groups at least
25  comprising one double or triple bond.
The expression “aryl” refers to mono, bi- or tricyclic ring systems
which have 5 to 20 ring atoms, preferably from 5 to 15 and wherein at least

one ring is aromatic. In said rings one or more hydrogen atoms may be



bi cycl o[ 2. 2. 2] oct-3-yl) ester Cl06 (S)-quinuclidin-3-yl

2- phenyl - 2- (phenyl am no) - acet at e C107 phenyl - phenyl am no-acetic acid

1- net hyl -woepam7433gl ester Cl08 PCT/EP2009/008870

(R) - 1-(2- phenoxyet hyl ) - 3- (2- phenyl- 2- (phenyl am no) acet oxy) - 1- azoni abi cycl of
2.2.2]octane trifluoroacetate C109

- hzont o BNGEIGPD SROOROR, AR dsimcet ate, it | e )

-azoni a- S2. o

Bb Pt P R D

(R) - 1-met e noge RNEMYD - 3n § RRSHY! %Péf‘%?ib%effr%y 3y A2 \%Ric?gé Péa_%t E)_-n%] Ort ‘E‘
-1-(2-ph hyl.).- 3- ( 2- ph - 2- 1. N0) acet axy) -,1- azoni abi cycl o

> 2] oct N 1y ARV G008 L VIRE 8 (PO 23amens BSGbg & 6;0%0@199
-1-4 2- -2-phenyl et hyl ) - 3- (2 1- 2 (phenyl am cet oxy).- 1-

Sooni 2 bi G5 eTSTBIR Edll e, 5 P St B seaqxlr?nngsng heaor i drogen
-1-(2: - 2- (thi - ) et hyl)-3-(2-ph -2- nylami no) -

o

3R -1-(2-(4-f 1) - 2 hyd ) - 3- (2- pheny ~ 2~ e m ng).-

gce% oxy§-1E azoJrranr g?@g%%‘écff‘z Z'&gfaggygn)eref?rgf Itﬁgoggﬁ%t'gt("g aﬁ(%'la opt%naﬁ:y

(R) - 1-phe Sgﬁf&fe%%h&)E#ygﬁ&e(&)gﬁQ%%am no) acet oxy) - 1-azoni a- C116

bi cycl of 2. octa | 'Uor oac

(pheny! am no) L STRVT - SUURIL LIl BFYS shonid BRATTYY fiprhi syl
(3R) -y (2 (4- TAHErQRpRe dn ~Fretekob NP SB R TP eE O Rk gr{ Bp s Rarty 118
substituted by a heteroaryl group as above defined.
Examples of suitable heteroarylalkyl groups include thiophenylmethyl.
Examples of suitable monocyclic systems include thiophene,
cyclopentadiene, benzene, pyrrole, pyrazole, imidazole, isoxazole, oxazole,
15  isothiazole, thiazole, pyridine, imidazolidine, piperidine and furan radicals.
Examples of suitable bicyclic systems include naphthalene, biphenyl,
purine, pteridine, benzotriazole, quinoline, isoquinoline, indole, isoindole and
benzothiophene radicals.
Examples of suitable tricyclic systems include fluorene radicals.
20 DETAILED DESCRIPTION OF THE INVENTION
The invention refers to alkaloid aminoester derivatives of formula (1)
and (VI) acting as muscarinic receptor antagonists, and to the salts thereof,
said derivatives preferably acting on the M3 receptors.
Advantageously, physiologically acceptable anions A” include those
25 selected from chloride, bromide, iodide, trifluoroacetate, formate, sulfate,
phosphate, methanesulfonate, nitrate, maleate, acetate, citrate, fumarate,
tartrate, oxalate, succinate, benzoate, and p-toluenesulfonate, preferably

chloride, bromide and iodide.



(thi ophen-2-yl)ethyl)-1-azoni a-bicyclo[2.2.2]octane trifluoroacetate
(3R)-3-(2-(4-fluorophenyl)-2-(4-fluorophenyl am no) acet oxy) - 1- ( 2- oxo-2- C119
phenyl et hwb)o/E23381 a- bi cycl o] 2. 2. 2] oct ane tri fl uor oacetraTE£P2¢03/068378

-(2-(4-fluorophenyl)-2-(4-fluorophenyl ggi no)acetoxy)- 1-nmethyl- 1- C120
azoni a-bi cycl o[ 2. 2. 2] octane trifl uor oacet ate

et o CHRERRED S SRR AL s & o2
2 ynet h§123r9ﬁ§%ﬂi( (e azrgh Zﬁea(f& PR B BEoant s
%ﬁ)?nyf’eﬁh 5”8 Eﬁfﬁi%s% 5Cp- %@g{é%wi %#%r%ar aBégE(%{?’ly s;%imu;;

R phen en anoyl oxy

azoni a- bﬂ& ﬁ 2“’%]‘ Elfl 0, 4toms, gfed%(ﬁqsa Heﬁge(? Move

(phendt ant no) FPoREIFETO b gt R B IR Ciu e 5 Fnpdiliot o
.“Shiﬂiif%(zéﬁéﬁﬁéﬁl?x@? Paro oS oblR ar BTEAR 5010 iscGngero>

trifluor Oaalﬁ§f 8t gryq:]o%7(c3-cg)-cycloalkyl or heteroaryl, preferably substituted with one

or more halogen atoms and wherein R7 is a group of formula (vi)

LA

*

10
(vi)
according to the general formula (XII):
H. _R2
N
o
G
(0]
N
(X1l
15 In a preferred group of compounds of general formula (i) R1is H, R2 is
arylalkyl or (C,-Cj¢)-alkyl or aryl or (C;-Cg)-cycloalkyl or heteroaryl and R3
is (C;-Cjg)-alkyl or aryl or (Cs-Cg)-cycloalkyl or arylalkyl or heteroaryl,
preferably substituted with one or more halogen atoms and wherein R6 is a
group of formula (i)
20

according to the general formula (XIII):



(R) - 1- (2- oxo- 2- phenyl et hyl ) -3- ((S) - 3- pheny1- 2-

(phenyl am no) pr opanoyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacetate
C128 (3RWB-20®/7kisAzy| am no) - 2- phenyl acet oxy) - 1- ( 2- ox0o- PCphePagoom08syd ) - 1 -
azoni a-bi cycl o[ 2. 2. 2] octane trifluoroagetate C129

(R) -1-(2-o0x0-2-pyridin-4-yl-ethyl)-3-(2-phenyl-2-phenyl am no-acetoxy)-1 -
azoni a-bicyclo[ 2. 2. 2] octane triflyorogagetate C130

(R) - 1-[ 2- (3-chl or o- t hi ophen- 2-y1) - N0xo- et hy1] - 3- ( 2- pheny1- 2- phenyl ani noace
t oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct trigl uoroacetate C131

(R -1-[2-(5-net hyl -t hi ophen-2-y1); 7- 0x0- € ThH- 3- (2- pheny1- 2-

phenyl am no- acet oxy) - 1- azoni a- bi &rel ol 2. 2.2 tane trifluoroacetate
(R-1-[2-(1 -nmethyl- 1 Hpyrrol-2-y1)-2-oxonéthyl] -3

- (2- phenyl - 2phenyl am no- acet oxy) - 1- a%ﬁﬂ; a- biF'{g‘ycI o[ 2. 2. 2] oct ane
trifluoroacetate C132 C133

(R -1-[2-(2, 4-di net hyl - oxazol -5-y1) - 2- ox0- et hyl ] - 3-(2- phe - 2-

phenyl an no- adBtbRYS EIEeR gAup. B eg»%np@[uzl, 5 0‘3’][ EneAb TR oy bh R 30 R 34
(R)-3-(2-phenyl- ? phenyl am no- acet oxy) - 1- ( 3- phenyl sul f anyl - propyl) -1 -
azoni a- biE§AEA3L 2. 2] oct ane formate C135

(R)-3-[2-(3-ethyl - nyl.am no) - 2- phenyl ~acet oxy] - 1- ( 2- 0X0,2- I l)-1-
obni & bi oyel 22 DPIFOEd UL e Bppungs Of eefithal Tohiufa BTty K And Y
(R)-3-[2-(4- et hpxycar bonyl - phenyl am no) - 2- phenyl - acet oxy] - 1- ( 2- ox0- 2-
pheny! - et§IPERYL70ni a- bi cycl o[ 2. 2. 2] oct ane trifl uoroacetate C137

3R) - 3-(2- ph 1-2-(ph | am t -1-(2-(ph | t hi =1 .-
(3F) 32 phents S RUERY BRI e Sl 4 L ISTHRLR) B ki
3R) - 1- | oh I h -3-(2-ph 1-2-(ph | am t -1- i abi
(58 L ORI S 2, st (phenylanno)acet o) 1 azoniab o

(3R) - 1- (4- net hyl pent - 3-enyl) - 3K¢ﬁ-]g1e 1(3;%1 engd, am no) acet oxy) - 1-

azoni a- bi cycl o[ 2. 2. 2] octane tr oacet 14

(3R) - o (2-(3, 4-di chl orophenyl) - 2- oxoet Ryl ) - 3- (2- phenyl - 2-
(pher%yl am no) acet oxy) - 1-azoni a- bi cycl 0 2. 2. 2] octane trifl uoroacetate Cl41l

(R~ 1- (2- oxo- 2 ey bat YD e P Rogyha 3y UE0Y b LARMARR! oxY) - 1

azoni a- b} Icycl 0 : oCtane trifluoroacet at &

3-(3-(3- -3 3- ' =2 - = 2-
(1 hi ophen- 2- yiies i icried, bl Y BRREEE 1) AP REARKTE pRalch ks %
R) - 1- (2-aR1,R0: | ang 3 =1
ol LB BHTA ) L PREYE A ROBY R ANRGPL O ptionaly

(R-1-( 2-@&9- 2- (phenyl am no) et hyl ) - 3- (2- pheny1- 2- (phenyl anmi no) -
acet oxy) -'1- azo'ni a-bicycl o[ 2. 2. 2] oct ane brom de

(oL oo R Mg RS RSP TARA BN R s o
group of formula (Y), wherein p is 1, P is CO, q is 0 and W is thienyl or
thiazolyl.

In a preferred group of compounds of general formula (XIII) R4 is a
group of formula (Y), wherein p is 2, P is O, q is 0 and W is phenyl.

20 In a preferred group of compounds of general formula (XIII) R4 is a
group of formula (Y), wherein p is 3, P is O, q is 0 and W is phenyl.

In a preferred group of compounds of general formula (VI) R1 is H, R2

is arylalkyl or (C;-C,g)-alkyl or aryl or (C;-Cg)-cycloalkyl or heteroaryl and

R3 is (C;-Cyg)-alkyl or aryl or (C;-Cg)-cycloalkyl or arylalkyl or heteroaryl,

25  preferably substituted with one or more halogen atoms and wherein R7 is a

group of formula (vii)



(3R) - 3-(2- (benzyl am no) - 2- phenyl acet oxy) - 1- ( 2- oxo- 2- (t hi ophen- 2-
yl )ethyl)-1-azoni a-bi cycl o[ 2. 2. 2] oct ane chl ori de Cl47
(R - 1- (2-WQeow/ghsay| - et hyl ) - 3- ((R) - 2- pheny1- 2- phenyl amPOBEREENHXEIY0 1-
azoni a- bi cycl o[ 2. 2. 2] oct ane brom de C1
(R)-34(S) - 2-am no- phenyl propanoyl oxy) - 1- ( 2- phenoxyet hyl ) - 1- azoni abi cycl o[ 2.
2.2]octane trifluoroacetate C150 (CH,)
(R -3-((S)-2-am no- 3-phenyl propanoyl y?iil‘( 2- 0X0- 2- (t hi ophen- 2-
yeet hyl ) -1-azoni a- bi cycl o[ 2. 2. 2] oct gne trNfluoroacetate C151
(R)-34(S) - 2-am no- 3- phenyl propanoyl
[2.2.2]octane trifluoroacetate Ck52 2/m
(R -3-((S)-2-am no- 3- phenyl propanoyl oxy) - 1- ( 2- oxo- 2- phenyl et hyl ) - 1-
azoni a- bi cycl o[ 2. 2. 2] octane trifl uor o?c.et ate WO
2010/ 072338PCT/ EP2009/ 008870 29 C153 (Vil)
(R) - 1-(2- oxo-2-phenyl et hyl ) - 34(R) - 3- phenyl - 2- (phenyl arni ng),= .
pr opanoyl oxy) -"ilg)%ff Fhé%?é In6[£i2 .aﬁ?%‘ﬁegéﬁéh%ggﬁmg #@i@ﬁla &IV)'
(R)-1-(2-oxo-2-(thi ophen-2-yl)ethyl)-3-((R)-3-phenyl -2-(phenyl am no) -
pr opaﬁoyl oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane chl ori de
(R -1-[2-(4- met hoxy- phenyl) - 2- ox'El)\,@{ 1] - 3- (2- phenyl - 2- phenyl am noacet oxy) -
1- azoni a- bi cycl o[ 2. 2. 2] oct ane t%i f uorcgacet ate C155 C156
2-/p

(R) - 1-(4- oxo- 4-phenyl - butyl) - 3- -phenyl am no- acet oxy) - 1-
azoni a- bi cycl o[ 2. 2. 2] oct ane trifRloribacet at e%ClS?
(R)-1-(4- oxo-4-phenyl -butyl) - 3-(2-phényl-2<-phenyl am no- acet oxy) - 1-

azoni a-bicyclo[2.2.2] octane trifl uoroﬁgcet ate C158

(R) - 1- benzyl- 3- ( 2- phenyl- 2- phenyl am Lacet oxy) - 1- azoni abi cycl o[ 2. 2. 2] oct an
e trifluoroacetate

(R) - 1f Ibenzy 1- P(azpiﬁ%%ﬁ-gﬂtiﬂe‘#ﬁoéﬂ%‘b@%%gf gﬁwr_al_fg%maag(pﬂ}{g[ ?EKERZQ'] octan
(R 1- bert5 Pangb HeREatabLysyhssitylediith. s w b usyre PaL0sh 4185 cl of 2. 2. 2] oct an

e trifluoroacetate

GRNERS F%g%%ﬁ}éﬂﬁt)o—“ﬁ-%%%‘?‘?{’ﬂ‘rﬁﬁ 9f 5T AT YR RS 382 oxy) -
(R 100 53 AYRIR ofi BT ot by P 9B EL RS, Efatkyl o petgroary! and
(R -1 [ 2R 0y G St B8 By D E o &b SRR, AOJMNE GPAERRNENE 00y
(R o RSO bt A16h el o HGARCRYBLEN Wbths and wherein R7 s a
azoni a- big?éﬁ Ol)?f%{%}ugﬁ(g{fghg\%} {é;f_?;) et ale ngi65accord§1}gl_to the c:nera]I

8 -/1- ( 3- phenoxypr opyl) - 1- azoni abi cycl o

(R) - 1- (2-"0x0* propy enyl am no- acet oxy azonl abi cycl o 2. 2
. 2] oct ang b Lid @Wacet ate
15

H. _R2
N
H*%YO
Y0
0 N
\
(Xv)
In a preferred group of compounds of general formula (XV) R2 and R3
are phenyl, preferably substituted with one or more halogen atoms.
In a preferred group of compounds of general formula (VI) R1 is H, R2
20 is arylalkyl or (C,-Cy¢)-alkyl or aryl or (C;-Cg)-cycloalkyl or heteroaryl and

R3 is (C,-Cyp)-alkyl or aryl or (C;-Cg)-cycloalkyl or arylalkyl or arylalkyl or

heteroaryl, preferably substituted with one or more halogen atoms and wherein



WO 2010/ 072338PCT/ EP2009/ 008870 30 C166

(R)-3-[2-(2-met hoxycar bonyl -t hi ophen- 3-y1) - 2- phenyl am no- acet oxy] - 1- ( 2-
0X0- 2- phaN208¢179338- 1- azoni a- bi cycl o[ 2. 2. 2] oct ane trif| ROTHERCEVAOIS70

(R) - 3-[2-(2- et hoxycar bonyl -t hi ophen-3§1) - 2- phenyl ami no- acet oxy] - 1- ( 2-
Cl167 oxo-2-thi ophen-2-yl-ethyl)-1-azoni a-bicycl o[ 2. 2. 2] oct ane

trifluor etate

(R -3-[2- 1%&8{8}39 “Hriongpia &Y HhewDerain BT ha8ARYE - aeesd BBl thmesRaral cies
et hyl )-1 zoni aégyl clo[2.2.2]octane formate

(R)-3-[2- &mélﬂﬁ %henyl am no) - 2- phenyl - acet oxy] - 1- ( 2- oxo- 2- phenyl - C169
et hyl)-1-azoni a-bi cycl o[ 2. 2. 2] oct ane tri fl uoroacetate

(R) - 1-(2-o0xo-2-phenyl -ethyl)-3-[2 Ryl am no-2-(4-trifluoromethyl- C170
phenyl ) - acet oxy] - 1- azoni a- bi cycl OF NZ 2] octane trifluoroacetate (R)-

1-nmet hyl -1 -(2-o0xo-2-phenyl - et hyl -(8-p y1l- 2- phenyl am no- C171
acetoxy)-pyrrolidiniumtrifl uoroaggt alfe f‘jy

1, 1- di et hy1- 4- ( 2- pheny1- 2- phenyl am no- acet oxy) - pi peri di ni um C172
trifluoroacetate

(R -1-[2-(5-net hyl -t hi ophen-3-y1) - 2- gxoy et h&/l] -3-(2-phenyl-2- C173

phenyl am no- acet oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacetate

(R - 15[ 2- (2, 4-Iahi 4 presfetredh@onp) o Le@xporhdy bf gdnéx gbamyla XMigRA and 3 C174
acet oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane br om de

(R - 1- [ 2-dr8 phedit,| preferaphesylistititak o+t byd br 3adr2-egyl afbrpbenyl am no- C175
acet oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane br om de
In a preferred group of compounds of general formula (VI) R1 is H, R2
is arylalkyl or (C,-C;g)-alkyl or aryl or (C;-Cg)-cycloalkyl or heteroaryl and
R3 is (C;-Cyp)-alkyl or aryl or (C;-Cg)-cycloalkyl or arylalkyl or arylalkyl or

10  heteroaryl, preferably substituted with one or more halogen atoms and wherein

R7 is a group of formula (viii)

/
)N l
(viii)

15 according to the general formula (XVII):

H\N,R2 N
O
(XVII)
In a preferred group of compounds of general formula (XVII) R2 and

20 R3 are phenyl, preferably substituted with one or more halogen atoms.

In a preferred group of compounds of general formula (VI) R1 is H, R2



(R -1-[2-(2-fluoro-phenyl)-2-oxo-ethyl]-3-(2-phenyl-2-phenyl am no- Cl176
acet oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane br om de

(R) - 1-[ 2-Wwo-2biwoeszssphenyl) - 2- oxo- et hyl] - 3- ( 2- phenyl - 2- plremyEpracnonaess 7L 77
acet oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] octanesprom de (R)-1

42- (2, 4-di br ono- pheny1) - 2- oxo- et hyl] - 37-( 2- phenyl- 2- phenyl am no- C178

acet oxy)-.1-azoni a: bi cycl .2, 2]octane ch] oride
2010/ 0)7/)23‘§845Q%]i§¥h(§’(§%0§{[130$0a21§¥ @I?@Y? or J(? —bg)-cyc\:/\%alkyl or heteroaryl and

R)-1-[2-(4-.ni t1ro-phenyl)-2-oxo- et - 3- (2- phenyl - 2- nyl am n et oxy) - 1-
obni o b R 9P Al BT VLA a8 DAt 4CrGerycTofkSTor dry aIRDY o Brffatkst 1)
1R ont o stely PR R st B i of Fidtd HRIGaéi BITRY WRT WRGESS )
(R -1-[2-9%0-2-(2-0xQ-2, 3-di hydro-11-1-indol-5-yl)-ethyl]-3-(2-phenyl-2-
phenyl am'lg 138 8%9)0%11-%59@&? zx‘gl cycl o[ 2. 2. 2] oct ane bromi de C182
(R -15(2-benzo[ 1, 3] di oxol-5-y1- 2- oxo- et hyl ) - 3- ( 2- phenyl - 2- phenyl| ani noacet ox
y) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane broni de @33
(R)-1-(2-oxo0-2-thiazol -2-yl-ethyl);3-(2- Q yl - 2- phenyl am no- acet oxy) - 1-
azoni a- bi cycl o[ 2. 2. 2] oct ane broni de uﬂ
(R)-1-[2-(3-ethoxycarbonyl -i soxazol - 5- - 0x0- et hyl ] -3-(2-phenyl- 2-
phenyl am no- acet oxy) - 1- azoni a- bi cycl o[ 2. 2."2] oct ane brom de C185
(R) -1-[2-(4- et hyl -t hi ophen-2-y1) - 2-o0xo0- et hyl] - 3-(2- phenyl- 2-
phenyl am no- acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane brom de C186
(R)-1-(2-benzo[ b] t hi ophen-5-y1-2-oxo- e(tlhi/l ) - 3- (2- phenyl- 2- phenyl am noacet ox
y) - 1-azoni a- bi cycl o] 2. 2. 2] oct ane, br om de_C187
(R) - 3- ( 2- phenyaccprmenta e graeaaletasmpla {X Ry | sul f anyl met hy1- 1- azoni abi cyc
| o[ 2. 2. 2] oct ane chl ori de C188
(R)-1-(2-0x0-2-piperidin-I-yl-ethyl)-3-(2-phenyl -2-phenyl am no- acet oxy) -
1-azoni a- bi cycl o[ 2. 2. 2] octane chl oride C189 \
(R) - 3-(2- pheny1l- 2- phenyl am no- adét )-1- (thifdzol - 2-yl car banoyl net hyl ) -
1- azoni a- bi cycl o[ 2. 2. 2] octane chl of i de C
(R)-1- (i soxazol - 3-yl car banoyl nme - ph | - 2- phenyl am noacet oxy) - 1- az
oni a- bi cycl o[ 2. 2. 2] oct ane chl ori ¢e 91 o)
(R) - 40( 2- oxo- 2- phenyl - et hyl ) - 3- (2- pHeny1- 2- p- net hyl phenyl ani noacet oxy) - 1- az
oni a- bi cycl o[ 2. 2. 2] oct ane brom de

(XVIII)

In a preferred group of compounds of general formula (XVIII) R2 and
R3 are phenyl.

A preferred group of compounds are the corresponding quaternary

15 ammonium salts of compounds of general formula (XII), (XIV), (XV), (XVII)
and (X VIII).

It will be apparent that the compounds of general formula (I) and (VI)
may contain asymmetric centers. Therefore the invention also includes the
optical stereoisomers and mixtures thereof.

20 Where the compounds according to the invention have at least one
asymmetric center, they may accordingly exist as enantiomers. Where the
compounds according to the invention possess two or more asymmetric
centers, they may additionally exist as diastereoisomers. It is to be understood

that all such isomers and mixtures thereof in any proportion are encompassed



WO 2010/ 072338PCT/ EP2009/ 008870 32 C192

(R)-3-[2-(4-fl uoro-phenyl am no) - 2- phenyl - acet oxy] - 1- ( 2- oxo- 2- phenyl et hyl ) -1
- azoni a- bwoyeolioaf72338. 2] oct ane brom de C193 PCT/EP2009/008870

(R -3-[2-(4-fl uoro-phenyl am no) - 2- phenyl;- acet oxy] - 1- ( 2- oxo- 2- t hi ophen- 2-

yl -ethyl)-1-azoni a- bi cycl o 2. 2. 2] oct ane chl oride C194

pheny - ot WP BSOS b BRSED élav?pﬁ%aﬁepﬁfﬂﬁ de cags | L TOOE

(3 oo (2 et R AL % PSSP Bt - o7t St )
vt o RO B Bt o) .08 wﬁw AR R )
ngZ,n}a(ﬁ,‘@?ﬁqrglftg?e%]%gtsﬁﬁg) BF&%(ﬁp enéélral (c] ?erg am AR G ?eygec%wely
g)kl?)enils[ et't ﬁf%%%h%dzﬁxltﬁetﬂqggﬁﬁ[@f‘gg‘éfgﬁ%@¥h 3 et 0 %tér group and the
oy - o P BRI & RGN, gﬁagﬁ%c?%rﬁdsda PEsgi b R1;
bheny! - et OMPE (R Z AP IRVDCV BRI A 3 By SRR SRy be oot rn’s-
SRR T e e T e
(R)- 3 [ 2§k ELHRER-ANGIALK. & i &l UpkarRegylam no) - acet oxy] 1. (2- oxo- 2-

t hi ophen- gL onP i cyc tane chl oride C203

pheny - oty ) - ACaTSME. % JEP 5 AR, PpRRSGiF Béhern (et =
{h ophen. G- GTIPT FVY Bha GX e c&’é\%éf’gp%?;‘% Frdighe Bt PV Indul £ TRR)

2010/ 072%%3 09/ 008870 33 C205 (R)- 3 [2 (4- net hoxyc
ar bonyl - phen phenyl am no- acet oxy] -1 -(2-oxo0-2-

henyl - et hyl '
(R 5 Sy TP G Y AU s gy
azoni a- bl&ylg+p[3vlﬁf@] pct %r dﬁ Gy 3lka101g carbon tom gﬁarén%l eh yl)-1

(R) - 3- (2-cycl dhexyl'am no- acet oxy 0XO0- |oph

- azonisa- b eefe?- g%o?iboc'[ ane chI ori de C208
(R) - 1- (2- oxo- 2- phenyl - et hyl ) - 3- (2- phenyl am no- 2-t hi ophen- 2-yl - acet oxy) -

1- azoni a- bi CyCA@&(?fd?ng?]t@C&th@ro%gﬁd%gﬁt com ound I) is 1n the form of
(R -3-[2-(3-fluoro-4-net hyl - phenyl am no) - - acet oxy] - - OX0- 2-
phenyl - et(RylomhtidafeH Whbh RE LA %rauﬁb@%ﬁﬁﬁlab(ﬁ?m de
According to a preferred embodiment, compound (I) is in the form of
(R)-enantiomer when R6 is a group of formula (i).

20 According to specific embodiments, the present invention provides the

compounds reported below:

Compound Chemical name

C2 (R)-quinuclidin-3-yl 2-phenyl-2-(phenylamino)acetate

C3 (R)-quinuclidin-3-yl 2-(4-fluorophenyl)-2-(4-fluorophenylamino)acetate

C4 (R)-quinuclidin-3-yl 2-(methyl(phenyl)amino)-2-phenylacetate

(continue)



C210 (R) -
phenyl-et
(R)-

|)-1-azon
(R)-3- [2-
phenyl -
(R)-3-[2-
azoni a- bi
(R)-3-12-(
-azoni a- bj
(R)-3-[2-
phenyl -e
(R)-3-[2-
| )-1-azonj
(R)-3-[2-
1-azoni a-
C218 (R) -

- (2- oxo- 2-
(4-f1 uorq-phenyl) - 2- phenylanlno acetoxy] 1- (2- oxo- 2- phenyl ethyl ) -1

(R) -3-[ 2-

3- [ 2-we,26rudi7edzgor o- phenyl am no) - 2- phenyl -

3-[2-(2, 5-di met hoxy- phenyl am no) - 2- phenyl
hyl ) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane brom de C211

i a-bicycl o[ 2.2. 2] octane bromi c212

hvl_nhpnvlan1nn\- =P

pnvl-arptnxv1-1 (? QX0Q-=2-

hyI)-l-azonla blcyclo[2 2. 2]octane bromi de” C213
2-éﬂhy|

ycto[ 22

PsLiES

Z]OC[ane brom de Cz21z

(3- ethoxycarbonyl phenyl am no) - 2- phenyl - acet oxy] - 1- (
thyl bﬂ» aZGK)'— ﬁnféﬂ@}{'ﬁrﬂﬂ%n?—4%f]lQC;§lﬁzﬂ?l @f(ﬁﬁgn%%mmo)acetate

2- 0X0- 2-

VA o)

ko) Ay £ lliinr A Ayl o A T sl ANl A~ At ANy
UUIU PIICIIyIaIII IIU}

Q, \J ul | | C |JIICIIyI a\;CL UI\yJ
i a- bi cyclio[ 2. 2. 2] octane brom de C216 C217

( 3- ¥dP hox

.L \ L UI\U

QﬁﬂW@ﬁVWknmw@ﬂue4ﬁhéﬁyﬁnﬂééﬂﬁwpthumﬁa@%%e2 phenyl et

41

bi cycl o[ 2. 2. 2] oct ane brom de

° orEEs ! S RORBRASRNiR A NIERATD D0 AR licerhte

WO 2010/ 072338PCT/ EP2009/ 00887

c219

-azoni a-b

(R) - 1- cyanomet hyI-

oct ane br
(R -1-ter
azoni a- bi
(S)-1-(2-
azoni a- bi

i cy€Nd[ 2.

&-n&}m{Sambmydn‘[ﬁé 1{eR20-3-yl 2-phenyl-2-(phenylamino)acetate

om de C22dheny]. phenylammo acetic
t - bgy@xygar bonyl net hyl- 3- (2- phenyl- 2 phenylanlno a

cycl o[ 2. 242l Q6{2 e 080 A% g 9Peter

9- methgl

et oxy)

-3- oxa9

i

O0X0-2-phenyf -

6y

ethyt)=3-(2- pnenyJ. Z2-phenytamno-acetoxy)=1-

RSy D SRinot-Dhenirrgpanoste d-trflBorsasaiathy | of |

(R-3-[2-[(3

-azoni a- bi cycl of 2.

(R -1-2-
Xy)-1-azo
(R)-1-[2-

2. 2] octane formate C224
(4-acetyl
ni aCR2cygl o[ 2. 2. 2] oct ane broni de C225

4- et hoxgstear bonyl - phenyl) - 2- oxo-et hyl ] - 3- (2- pheny1-

2-

phenyl am
(R)-3-(2-

no- acet o

phegyd - 2- @) ihITHA0s-

Fa¥aVWaVWal AF.T JVaY Har-oacetat o Aant NN

y) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane brom de C226
SELYBNNY tahriALI- ghéhy?acx{a@t hy1-1-azoni abi

[ 2. 2. 2] octa
(R -1-(2-
azoni a- bi

0x0- 2- py1i di n- 2- I?é?htliléu(é pheny1l- 2- phe
£57 5 KRimintigin by babais mace e d@zﬁoahlonde

oo o T ar o TATTIT Tl

(R)-1-(2-
(phenyl an

cyc
(2-met hylit hi azol -4-y1)-2-oxoethyl)-3-((R) -2-phenyl -

C26
trifluoroacetate

i no) acet qRyIquimKaRL BRI cycl 01—@;y310§}ﬁ91a§ﬁﬁ0)b1-9mr@%cetate

di-

C27 (R)-quinuclidin-3-yl 2-(cyclohexylamino)-2-phenylacetate

C29
yl) ester

((4-chloro-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-

C30
amino)-benzoic acid methyl ester

4-({[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-phenyl-methyl} -

C31
amino)-thiophene-2-carboxylic acid methyl ester

3-({[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-phenyl-methyl} -

C32

yl) ester

(4-fluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-

(continue)
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C233 (R)-1-(6-am no-pyridin-2-yl nethyl)-3-(2-phenyl-2-phenyl am no- acet oxy) -
1-azoni a-bicyclo[2.2.2]octane trifluoroacetate trifluoroacetate anion C234

(R) - 3- { 2-W0O40fd/a10338- phenyl) - et hyl -
t hi ophen- 2-yl - et hyl ) - 1- azoni a- bi cycl o[ 332.

2010/ 072

am no] - 2- phenyl

2] octane chloride WO
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4

2
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r bonyl -1 soxazol
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5-y1)

1-
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(R)-3-[24
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(R)-3-12;
yl - et hyl)

(4-met ho
azoni a-b
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D- benzyl am no) - 2- phenyl

(R-3-[2-
-azoni a- |
4- et hyl
yl) esten

{phatdd - a

(4-fl uor
icyclo[2

C246

D- benzyl am no) - 2- phenyl - acet oxy] - 1- ( 2- oxo- 2- phenyl et
pheyle@ttafleotontathakey-fi24plamino)-acetic acid (R)-(1-aza-
m no- phenyl
bicyclo[2.2.2]oct-3-yl) ester

-acetic acid (R -(1-aza-bicyclo[2.2.2]oct;

(R)-1-(24
oni a- bi cy
(2-fluord
ester

C249

0XO0- 2- ph{
clo[2.2.
- phedyyl a

enyl - et hyl ) - 3- (2- phenyl- 4- net hyl - phenyl - am noacet oxy
{B-@diydphely] axiiind@-ph2eh8-acetic acid (R)-(1-aza-bicyclof2.2.2]oct-3-yl)
M no) - phenyl -aceti caci d(R) - (1- aza- bi cycl o[ 2. 2. 2] oct -
ester

(R)-3-[ 2-
-azoni a-

2010/ 072338RcA¢ EP

(R)-3-[24

(2-fluor
icyclo[2

(3-fluor

- phenyl am no) - 2- phenyl - acet oxy] - 1- ( 2- oxo- 2- phenyl et
(2-a2¢9Lindne-phénylaripopphatiydiacetic VO acid (R)-(1-aza-
?009/ 008870 36 C250

bighigRatbad-yBepbenyl - acet oxy] - 1- (2- oxo- 2- phenyl et

-azoni a- |l
(R -3-[2-
yl -et hyl)

Icyclo[?2
(3-fluor
- 1-@gponi

2.2]octane trifluoroacetate C251

zsﬂﬁanylbaameﬁ ﬁaxembmho)qqehwadeu& (2- X~ 2- t(R)qphes-
a- bi cycl o[ 2. 2 octane trifluoroacetate

bicyclo[2.2.2]oct- 3 yl) ester

C52

(3-methylsulfanyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl]) ester

C53

(3-acetyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-

yl) ester

CS5

(2,5-dimethoxy-phenylamino)-phenyl-acetic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl) ester

Cs8

(2,5-difluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-

3-yl) ester

C59

(2,6-dimethyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl) ester

(continue)



C254 (R)-(4-fluoro-phenyl am no)-phenyl -aceticaci d(R)-(1-aza-

bi cycl o[ 2. 2. 2] oct-3-yl) ester

C255

(R) - 3- [ ( Ryo20100723380r 0- phenyl am no) - 2- phenyl - acet oxy1- 1PCTZAEP2@9D08870
t hi ophen-2-yl -ethyl)-1-azoni a-bi cycl o] 342. 2] oct ane chl ori de C257

et oxy

dent

8870

(4-chl or g-phenyl)-phenyl ani no-acetic acid (R -(1-aza-hicyclo[2.2. 2]oct- 3-
yl) ester| C258 . ) . )
(R) - 3- [ 2-|( 4- chl or ¢2pHedyphrodaminaiypbanyimsctic a¢id X)-(ragpbisxdo - pREasiBatthyl ) - 1
-azoni a- Hi cy€9b[ 2/2. 2] octane trifiuoroacetate C262
(2-f1 uor d-phenyl ) J958&ny| ami no-aceticacid (R)-(1-aza-bicyclo[2. 2 2]octd3-
yl) esterl C263 ) . . .
(R) - 3- [ 2-|( 2- f | uor ¢2psehy)-Pherylgniany pheRyiaceice rsidy (RI-({-2zaoRisydohealpced iyl ) - 1
-azoni a- Qi cy€bb[ 2/2. 2] octane trifluoroacetate C269
(5- net hyl|-t hi ophemdPesfer) - phenyl anmi no-aceti caci d(R)-(1-aza-
bicyclo[2.2.2]oct{3-yl) ester C270 o )
(R) - 3-[ 2-|( 5- net hyl((3tShdifppesrpleny migo)spleny]-agetia aculc@ ot yaza-biqyelohx.g -22oct-
phenyl - et|lhyl §63 - azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacetate C271
(R) - 1-[ 2-|(4- am no{pkbEstel - 2- oxo- et hyl ] - 3- ((R) - 2- phenyl1- 2- phenyl ani noa
)-1-azonija- bi cycl ¢[ 2. 2. 2] octane formate C272
(R) - 1- ( 2-lhydr oxy- B-pty(l-aaipt)cld2 2R o~ phboxscatbophdmperytimethyt oxy) 4 1- azo
ni a- bi cycl o[@62. 2] octane trifluoroacetate The conpounds of genernal
formula (|l) and (\ningrbernzeicucapethplestercordi ng to net hods known or evi
to a pergon skilled in the art. Sone of the processes which may be used are
descri bed bel ow an@-mepoxy-pherytanfohepkenyl-aca® 264 O(R)A2338BEFLEP202I0 04
37 (V) HO @®&¥9 Condensation Route E R7 R3 R3
3-yl) ester
[(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid (R)-(1-aza-
C72
bicyclo[2.2.2]oct-3-yl) ester
(methyl-phenyl-amino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-
C75
vl) ester
(4-methyl-benzylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-
Cc77
yl) ester
(4-fluoro-benzylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-
C78
yl) ester
(4-methoxy-benzylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-
C79
3-yl) ester
C80 benzylamino-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester
(4-fluoro-benzylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-
C82
yl) ester
(4-fluoro-phenyl)-(3-fluoro-phenylamino)-acetic acid (R)-(1-aza-
C84

bicyclo[2.2.2]oct-3-yl) ester

(continue)
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P338PCTT I:I"éUU&I 00887039 tTtomOC to130C over—=a perl

?R5-§ :(3-phenoxypropyl)-3-(2-phenyl-2-(phenylamino)acetoxy)- 1 -azonia-

bicyclo[2.2.2]octane trifluoroacetate

C111

(R)-1-methyl-3-(2-phenyl-2-(phenylamino)acetoxy)- 1 -azonia-

bicyclo[2.2.2]octane trifluoroacetate

C112

(R)-1-(2-phenoxyethyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-azonia-

pd of

bicyclo[2.2.2]octane trifluoroacetate

(continue)



Route C - Conpound (I X) may be reacted with an al kyl ati ng agent of general
formula (VIIl), in which z is a suitable | eaving group such as a carbonyl
group or wo 2bald7es3s(i . e. bromi ne, iodine, chlorine) or pgirferoabsomdss er 5
(i.e. tosylate, triflates, nesylate), ?%cordlng to procedures readily

avai |l abl e_tao _t hose :ki |l ed i n thp art Huang, Tetrahedraon, 1997

53/ 37, 12391). cas ounds (rx are reacted with al déhydes
or ketonds of ene(lRelﬂ ﬁ‘zo?ﬁﬁl?*&h(ﬂwlﬁth)’l)t%(zaléhﬁnélre (phray lagripelgpspdy)nly i ni nes
that are |rediddéd o conpound &I treatment with a suitable reducing
agent, fdllowi ng qafeniasbiqyylq(R HP@@@@HY%@W@%& ed in literature (a suyrvey
of the sditable reactions is given by Carey, F.A and Sundeberg, R J.
Advanced |Or gani ¢ @RRd¥xils@raxo-2F %ﬁthPhEdﬁtyllﬂﬂl}(lltggbpheﬂlénmhﬁﬂ‘le@sio)i\lew Yor k
and Londgn, (Hdpt ¢r 5, 219 or Ando, A., Tetrahedron, 1989, 45/16, 4969). In
case RL ils_an_ar ylacetoxiei areninpicysind22 2lectaneziflsgacqtatepi cal |y a i odifie 15
or bromne), the c¢oupling between conpounds of general fornula (VIII) [and
(1 X) may |be pronDt(éB)-ﬂy(26(4sﬂuqrand169ybé2t@tqcﬁtyl) 3-62-phenypiZe@hemylanedi e t he
cat al yst |i s @18opper catal yst (e. copper iodide), and the reaction is
performed in the paceloankb-apdnia-bs kébﬂ@(mmgetgﬁbewmeﬂmtron1the gr oup
consi sting of potassium and cesium carbonate or am nes such as
triethyl dm ne, in|&lvernsthgB3g2iphenydel-{phenylahénojacetyxyy-dreosiai ng of
di met hyl [sul@ld%i d¢ (DMSO) and DMF, at a tenperature ranging from anbi ent to
110C, ovear_a per.i ddcychrgi2rijoftamntrdherdagetd® hours. The reaction may be
carried qut under |conventional heating (using an oil bath) or under
m crowave i rradi aiRol-(2Tbenzofbthibpleniry] )ik oxaniotl s 8 €0-pheiied- i n an open
vessel or; i€ld7seal ed tube (Ma, D., Tetrahedron 25 Asymetry 1996, 7/11,
3075 or Kur okawa, [(dMhenyHmieomcytokes]-a2@(a-bicytiofl.2 8Jokane thiMuoroacetate
2010/ 072338PCT/ EP2009/ 008870 40 typical conditions of the aromatic
nucl eophill i ¢ subs{iBR¥BH(@A4ifluocadghendl)Co@E@piusiopienylamino)acet&ONPIOMIeS0-0f
general fior@ill8 (VI) may then be prepared according to two different
routes. JjRoute D {(thtopheaig§ethf])fleazotasbi)dl)[2P0]ob@nprdh@t@defate coupl i ng

al cohol s |[of formula (V) wth conmpounds of forrmula (1V). The nmethod for
t he preparation 01(3R)}B¥mt(mdﬁm@6ph‘eﬁylmll-(a -f{08rdppHenoRimah&abeb:sy) (M2 -8l 2-
conpounds (ICQM19i s|chosen on the basis of the reactivity of the al cohol (V),
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York 15 and Londof3Rpg-(143-fRdeopreny a8t fllorofhenyhefifHRL5:8)).1-@200-261

S P )
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hal ocar bon sol vents (e. g. dichl ororret hane), tet rahydrofuran, (#BQHWée)and
acetonitrile. The reaction proceeds at tenperature range fromOC up to
170C, for a tine in the range of about 1 hour up to 72 hours. The reaction
may be carried out under conventional 10 heating (using an oil bath) or
under mcrowave irradiation. The reaction nay be conducted either in an
open vessel or in a seal ed tube. Alternative two - In the case where K
i s hal ogen such as chlori ne, t he aI cohol (V) |s reacted W|th the swtable
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Alternative three - Alternatively,
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(R)-1-[2-0x0-2-(2-0x0-2,3-dihydro-1H-indol-5-yl)-ethyl]-3-(2-phenyl-2-

18l phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-1-(2-benzo[1,3]dioxol-5-yl-2-oxo0-ethyl)-3-(2-phenyl-2-phenylamino-

1 acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-1-(2-0x0-2-thiazol-2-yl-ethyl)-3-(2-phenyl-2-phenylamino-acetoxy)-1-

183 azonia-bicyclo[2.2.2]octane bromide
(R)-1-[2-(3-ethoxycarbonyl-isoxazol-5-yl)-2-oxo-ethyl]-3-(2-phenyl-2-

cisd phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-1-[2-(4-methyl-thiophen-2-yl)-2-ox0-ethyl]-3-(2-phenyl-2-

18 phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-1-(2-benzo[b]thiophen-5-yl-2-oxo0-ethyl)-3-(2-phenyl-2-phenylamino-

c1se acetoxy)-1-azonia-bicyclo[2.2.2]Joctane bromide
(R)-3-(2-phenyl-2-phenylamino-acetoxy)-1-phenylsulfanylmethyl-1-azonia-

187 bicyclo[2.2.2]octane chloride
(R)-1-(2-ox0-2-piperidin-1-yl-ethyl)-3-(2-phenyl-2-phenylamino-acetoxy)-

188 1-azonia-bicyclo[2.2.2]octane chloride
(R)-3-(2-phenyl-2-phenylamino-acetoxy)-1-(thiazol-2-ylcarbamoylmethyl)-

19 1-azonia-bicyclo[2.2.2]octane chloride
(R)-1-(isoxazol-3-ylcarbamoylmethyl)-3-(2-phenyl-2-phenylamino-

1% acetoxy)-1-azonia-bicyclo[2.2.2]octane chloride
(R)-1-(2-0x0-2-phenyl-ethyl)-3-(2-phenyl-2-p-methylphenylamino-

ol acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide

(continue)



(m 1H), 1.75 - 2.03 (m 3H, 1.53 - 1.75 (m 1H) LC- M5S( ESI POS) :
373.2 0OE-0 1H NVR (300 MHz, 40NH " 8%overal |l DWVSO d6) ppm 9.58 (br.
s.,1H), MWbD2e10n78388 vyield (m 2H), 7.15 - 7.32 (m D aPCerPoisoossro0 2H),
6.83 - 7.02 (m 2H), 2 of CG3 FN 6.58 56.81 (m 2 H), 5.32 TFA Pale yellow
(s, 1H, 4.92 - 513 (m

(R)-3-[2-(4-fluoro-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-phenyl-
1 ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(4-fluoro-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-thiophen-2-
c13 yl-ethyl)-1-azonia-bicyclo[2.2.2]octane chloride
(R)-3-[2-(2-methoxycarbonyl-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-
1 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(2-methoxy-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-phenyl-
19 ethyl)-1-azonia-bicyclo{2.2.2]octane bromide
(R)-1-(2-0x0-2-phenyl-ethyl)-3-[2-phenyl-2-(3-trifluoromethoxy-
e phenylamino)-acetoxy]-1-azonia-bicyclo[2.2.2]octane bromide
(R)-1-(2-0x0-2-phenyl-ethyl)-3-(2-phenyl-2-(phenylamino-acetoxy)-1-
7 azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3-acetylamino-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo0-2-
€18 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3-methylcarbamoyl-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-
€1 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3-methylsulfanyl-phenylamino)-2-phenyl-acetoxy]-1-(2-ox0-2-
200 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(4-fluoro-phenyl)-2-(3-fluoro-phenylamino)-acetoxy]-1-(2-oxo0-2-
<201 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(4-fluoro-phenyl)-2-(3-fluoro-phenylamino)-acetoxy]-1-(2-oxo0-2-
202 thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane chloride
(R)-3-[2-(4-fluoro-phenyl)-2-(2-fluoro-phenylamino)-acetoxy]-1-(2-oxo0-2-
203 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(4-fluoro-phenyl)-2-(2-fluoro-phenylamino)-acetoxy]-1-(2-oxo-2-
204 thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane chloride

(continue)



oil 1H), 3.52 - 3.78 (m 1H), Single diastereoisoner 3.04 - 3.29 (m 5H),

1.97 - 2.10 (m1H),1.66 - 1.97 (m 2H), 1.42 - 1.64 (m 2H WO
2010/ 072386RCI/(ERB809/ 008870 52 C4 . 01.---"&""-- ?, N7. PcTAEPIMHOMSTG Ur e Of
oy T ET R 07 e Eao Mespam &, 5 ghy 26y 7 HER PR B8 8,
7.14 - 7,31 (n{ 2 6.85 - 7.02 (n] 2H), 6.67 - 6.85 (m 1 5. 92 (%, ,
1H), 5.0Q - C52 .027 (Ry-3-[2-(4-methoxycarbonyl-phenyl)-2-phenylamino-acetoxy]-1-(2-oxo0-2-
phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-(2-cyclohexylamino-2-phenyl-acetoxy)-1-(2-ox0-2-phenyl-ethyl)-1-
206 azonia-bicyclo[2.2.2]octane bromide
(R)-3-(2-cyclohexylamino-2-phenyl-acetoxy)-1-(2-oxo-2-thiophen-2-yl-
27 ethyl)-1-azonia-bicyclo[2.2.2]octane chloride
(R)-1-(2-0x0-2-phenyl-ethyl)-3-(2-phenylamino-2-thiophen-2-yl-acetoxy)-
208 1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3-fluoro-4-methyl-phenylamino)-2-phenyl-acetoxy]-1-(2-0x0-2-
<209 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(2,5-dimethoxy-phenylamino)-2-phenyl-acetoxy]-1-(2-ox0-2-
210 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(2,5-difluoro-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-phenyl-
et ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(2,6-dimethyl-phenylamino)-2-phenyl-acetoxy]-1-(2-0x0-2-
12 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(2-ethyl-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-phenyl-
<213 ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(2-acetyl-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-phenyl-
2 ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3-ethoxycarbonyl-phenylamino)-2-phenyl-acetoxy]-1-(2-ox0-2-
215 phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3,5-difluoro-phenylamino)-2-phenyl-acetoxy]-1-(2-oxo-2-phenyl-
216 ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(R)-3-[2-(3-methoxy-phenylamino)-2-phenyl-acetoxy]-1-(2-0x0-2-phenyl-
- ethyl)-1-azonia-bicyclo[2.2.2]octane bromide

(continue)



1H),
(m 1H),

3.59 - 3.76 (m 1H),
2.

1.73 -

2.79 - 3.29 (m 5H), 2.08 -

00 (m 2H), 1.45 -

2.75 (s, 3H),
1.73 (m 2H) EXAMPLE 2

Al t er nat iwe 2progpas3at i on of (R)-quinuclidin-3-yl 2-phenyPCZAEP2009/008870

(phenyl am no) - acetate (Di astereoi soner
-2-(pheny
is added wit

2- phenyl
m),
and 3(R)-
stirred flo
IS evapor
filtered
brine, dr
crude is

41 and 2 O C2): A solution of

Iam'nn\ar'pfir acid (I \ (’2 40 g 5 149 mrml\ in_ THE

2.

24

qU|nucH
C248h
ated th

" HOBt (3.06 19. 44

with (4.02 q nol ), g )
mehéwlaquem y r(agpxm phgryly s

Rarér[2((§ ﬂ}wr@rph
at RT (LC- Ms_noni tori
cthyd )| ﬂ@@maénqya a2

of f. The

i ed over
pufG2iPed

recovering first

yield, si

(m2H)
6.51 -

H, 1.79

2010/ 072338PCT/ EP2208AM887(2 32 ]¢etpnedbrbinidel . 20 -

clear solution is washed with 1M K2CO3 10 and t hen

(Ra3d@44-ludre-ehery | nAdhendpoimet acgtaxy]-dr(g rrxes2-piiglr es
by flash chromatography (DCM MeOH=95/5, 0.1% NH3 (a
ithid}-&rageiabiayiclo]2. ﬂ]@a@sbrarmﬁﬁ te solid (1.13 g, 22

ngl e di ast ereoi soner), / _
a white dolid (0. &B)d;cypsomethyi-2i(@-pheiyi-ghenstintse-aceiox Yokrazonia-
Di ast er eqi s6i23p

7.26 -

1|of C2:

and subsequently di ast er eoi somer 2 of

. NVR (300 MHz, DMSO-d6) ppm 7.48 - 7
biaelq(P2. Jostane roggde. 7,14 (m 2 H), 6.67 - 6.79 (m

(600

nmol )

n conpl ete conversion). The sol vent
2 odmebremige: and 1 he insol uble i

Mt h
il ting
0. ) )
5%
C2 as

59
2 H),

6.64 (m 1
2.96 (ddd,

1H,
€201 (

H), 6.27 (d 1 H, 526 (d, 1H, 4.61- 478 (m 1
AR33 -tert-Z).u&)iky(:mbofolh#)eIhyik-S 1@-phefPl22-plier(ylamihoHcetoRy P& (
W 1 H, 1.59 - 1.76 (m 1 H), 1.35 - 1.59 \\D

1.3 (m 1 H; LCGM

H),
1, 1

PCS): 337
51

H, 6.97
(d, 1 H,

.04 (MHF

222 (
5.24 (d

; [a]D= -44.6 (c=0.25 MeOH). D astereoi soner

m 2 H, 6.66 - 6.78 (m 2 H), 6.51 - 6.66 (m 1 H),
azanikdbicyt1c§2.2-2]dctaie dhioride H), 3.08 (ddd, 1 H), 2.54

2 of Cp:
-1 NVR (300 MHAS)-DNBOxd&)-plirmiyl-ethyDS3-€2-ghen@1-2rpheylaininofa@tboxy)-1- 43 (

( ESI

p

m 3
6. 26
2.70

(m 5H,
0.93 - 1.

1.64 -
16 (m 1

MeOH) EXAMPCE23

(R) - phenyl - pheny! @ohylpi-acaiia-bigelof2.C R)ectdnb-famaatbi cycl o[ 2. 2. 2] |1 oct - 3-y

[ 79 (m 1 H, 1.32- 1.64 (m 2 H, 1.16 - 1.32 (m

Al ternative preparation of

(R)-3-[2G3MBetyESheB0BHino B3 hhedyl(ddetoxy]-1qD akb2-piaayb (CE

1H,
0.25

1)

ester
**| c:

(Di

ast er eoi

C224

soners 1 of C2) 15 6 di asteroi soners 1 of C2
(R)-1-[2-(4-acetylamino-phenyl)-2-oxo-ethyl]-3-(2-phenyl-2-phenylamino-

acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide

C225

(R)-1-[2-(4-methoxycarbonyl-phenyl)-2-oxo-ethyl]-3-(2-phenyl-2-

phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide

C226

(R)-3-(2-phenyl-2-phenylamino-acetoxy)-1-pyridin-2-ylmethyl-1-azonia-

bicyclo[2.2.2]octane trifluoroacetate trifluoroacetate anion

C227

(R)-1-(2-0x0-2-pyridin-2-yl-ethyl)-3-(2-phenyl-2-phenylamino-acetoxy)-1-

azonia-bicyclo[2.2.2]octane formate formate anion

C229

(R)-1-(2-(2-methylthiazol-4-yl)-2-oxoethyl)-3-((R)-2-phenyl-2-

(phenylamino)acetoxy)-1-azoniabicyclo[2.2.2]octane bromide

C233

(R)-1-(6-amino-pyridin-2-ylmethyl)-3-(2-phenyl-2-phenylamino-acetoxy)-

1-azonia-bicyclo[2.2.2]octane trifluoroacetate trifluoroacetate anion

C234

(R)-3-{2-[(4-fluoro-phenyl)-methyl-amino]-2-phenyl-acetoxy}-1-(2-oxo0-2-

HO

thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane chloride

(continue)
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|tration through a silica bed elutin
(R)Bdrpmataylaphenti-aneing b2 ipheyl 6ogtpkel-
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52 oRp dobiatra.

Obt<

Aniline (16.8 m,,

ai ni ng
Df
184

| f onyl ox)

The mi xt ur(B)13s(2Hmz:eldnnmdéﬁpthtaC¢tadY)at1[2)163-ath012@¢b¢m41 i$xatal-

roni287i n

V) - 2- phenylacetate (15) (22.4 g, 92.0 nmol) in CH3CN

onpl ete conversion). The resulting crude is

J:

(50

D

extracte
ir Na2SO4
| | €2385s
urificat

] with Et0Ac (3x200 nl). The conbi ned organic | ayers
(Rh-3HReremdylamance ¥-abemydtae ckoxy)d B 2-0acg-utin azol- iyl -athyl )20,
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agoniafPieeh] A2 Goctade tfiRuoaptiattifl@eroptetaty haiohno) acet
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3 g of
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c

1

2- (phen

sion).

he (239t ur
he

PN HC1 (85 nl) is added to a solution of (R)-nethyl

(Rt @ jenzdhaie-2-phgnyl 20etdx ) 1 -82-oRo+2rthiogphen-A-ydiethyd)yr e
e is heated at 70C for 18 h (UPLC-MS nonitoring: co
HeazbnexbingcloR. 2¥ panattedmidehe m xture is cooled to O
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ting sol
ate 17 a
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20l SONer s

dis collected by filtration to obtain 19.1g of

{R3-3viRi(Hemathli-benz9Biye ))ed-ghenyl-acetoxy]-1-(2-o0xo-2-thiophen-
(R) - qui nuclidin-3-yl)2-phenyl- 2-
2lylodth Pl razdbiaR)ie oD 2Bjbet2nd folmmayel farmate paioat i ¢ aci d

(phenyl am no) acet at e)

(17)

28. 7 TMmo
e. 3SQu
molCR4and
esul ting

), 1s dissolved in dry THF (140 nlL) under 1nert

di et hyl azodi carboxylate (6.8 n., 43.0 mml ) are ad
2-WREN )0/ L6213 IBRCTS [ERZ] 0SAROBBABte Format biog 1S refl
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Hed
xed

n (UPLC
»d and th

Tigr42qu
organic

nonitoring: conplete conversion). The solvent 1s

FRJ-8 SR AU icsoBahidylirhinopd-pheh yerBtows]- €42 (k0 Q- Higphand -
cous phase is further extracted mnt

Et OAC (3x100 m) .
vy tHy$)- Bhgordi-bRg cloyERD 2NaPdethldeidei | t ered and evapor at

=t OAC
The
ed

uum The
H=95/5) r
owcaqsi d
NVR (300

resulting crude Is purified by flash chromatography
%R?—Bi LG ford- bgn@flatﬂin@?Q%ih@@ylsdé%&yy-lQﬁ -oROTPERHE-C2
0% yi el d, single diastereoi soner

e%l%@a—@@ycm 2Jocdshebrdmife (M 2 H) 7.25 - 7.47

Di ast er eol sonef

s a
1 of

(m 3

1

H 10 7.
(d, 1 H
2.68 (m

1.38- 1.

0 - 712
5.20 - 5

3 (h48. 1

71 (m 3

(m 2 H) 6.66 - 78 (m 2 H) 6.5 -6.63 (m I H 6

43dhethy)-phens)- aﬂmﬁ)zphengl Z@etl(:”hma Ui) (21 2ra- %%51’0[2]2 i;})ctz}

7 - 234 (
o)) cbiel 7- 1 34 (m 1 H LC—IVB (ESI POS) 337.2 (M—I+)

27
53 -
1H

EXAMPLE

T5Prep

C246

(R)-1-(2-0x0-2-phenyl-ethyl)-3-(2-phenyl-4-methyl-phenyl-amino-

acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide

C248

(2-fluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-

yl) ester

C249

(R)-3-[2-(2-fluoro-phenylamino)-2-phenyl-acetoxy]-1-(2-0x0-2-phenyl-

rationof (R=-quinuct T din-3-y12-(3-ftuorophenyl)-2-(3t

ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

(continue)
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compounds of general formula (I) and (VI) may be prepared

according to methods known or evident to a person skilled in the art. Some of the

processes which may be used are described below and reported in Scheme 1.
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[a] D= -37.80 (c=0.2, MeOH). 25M xture of diastereoisoners 1 and 2 of Cl2
1H NWR (300 MHz, DVMSO d6) ppm 9.58 (br. s., 1 H, 7.31 - 7.58 (m 3 H),
7.15 - 7.MO201/071338)), 7.10 (td, 1 H) 6 77 (d, 1 H), 6. 2CT/EPg08HLBM 2 H),
6.27 - 6.47 (m 1 H), 5.44 (d, 1 25-5.20(m 1 H, 3.67 (ddd, 1 H),
3.07 WD 2010/ 072338PCT/ EP2009/ 008870 3.3 (m 3 H, 2.74- 2.912 (m 2
, 2205 (m 1 H, 1.65- 1.95 (m 4 H); Le M (ESI PUS): 373.2 (MH).
EXAMPLE 5 Preparationof (R)-1-netfayl pi pesi di n- 4- 2- phenyl-2- 5
(phenyl am no) - acetate (C13) b Schere—b Al%ull on of
2- phenyl - 2- (phenyl ani no) aceti ¢ &ti (I o234 7y, J0. 91 10 mmol) in di oxane,
is added wiith g 4M s¢l ution of HG% i n di oxane (BX)rrL) and the reaction is
stirred at R’E/f or I he solvent is evaporated yngder .yeduced pressure to
obtain a white solid i chroivsa di ssol ved in dry THE (20 ni%). DCC (222 nm,
1.12 nmol ), MoBt (144" ng, "% mol) and N-net hyl -|4«pieperi di nol (307 ny,
2.71 mol) are addedfrmad t hesym xture is 15 stirrea for 96h at RT under
ni t rogen rovvstream LGB o i toring: conpl etRe; cqpverm an) . The sofvent is
evapor at ed and thefiresi dye.is partiti one'eIRbet DCM aAnqswat erv "t he
organic | ayer” ksqssﬂ\qﬁ ated—and qﬁ:ﬁf @‘tb’l’l\r[rT ound is

Alkyla {{]

purified by preparatdive Sikeals anqvt e c,fgf,]”"”tea fllact| oS areRportl oned
bet ween 2M K2co8 4dnd Et 0Ac. The “br gani ¢ phase Vs dr| ed over 20"Na2S04,
filtered and evaporated reedryhess to obtain 20.6 ngy of the title conmpound
as a white solid (7%yi el d-Semeenic mxture). |HNWR (300 MHz, DMSO d6)
ppm 7.45 - . 60 (4 ,7.20 - 7.45 (m 3H), 6.95 - 7.17 (m 2H), 6.69
(d, 2H), 6.47 - 6.%83 m 1H), 6.23 (d, 1H), 5.20 (d, 1H), 4.71 (tt, 1H),
2.34 - 2.48 ('t 1H™ 2.11 -2.25 (m 2H), 2.09 (s, 3H), 1.94 25 -2.08 (m
1H), 1.71 - 1.90 (m 1H), 1.51 - 1.71 (m 2H), 1.29- 1.51 (m 1H:; WO
2010/ 072338PCT/ EP2009/ 008870 59 LC- WBhehtd 1POS): 325.2 (MH). EXAMPLE 6
Preparati onof (R) - 1- et hyl pyrrolidin-4-yl-2-phenyl-2- (phenyl am no)acetate
(C14) Procedure for the preparation of compounds of formula (I)

5 Compounds of general formula (IV) may be prepared according to three

different routes: A, B and C.

Route A - Alkylation of amine compounds of general formula (II),
wherein R1 and R2 are as described above, with compounds of general
formula (IIT), in which LG is a suitable leaving group (e.g. an halide such as

10 bromine) and K may be either a hydroxyl group or a suitably protected
hydroxyl group (e.g. K=OAlkyl such as OMe). The reaction may be promoted
by a base selected from the group consisting of triethylamine, pyridine and
4-dimethylaminopyridine, either neat or in a suitable solvent (e.g.
acetonitrile). This reaction is usually performed in a temperature range from

15 0°C to 130°C over a period of 1 hour up to 74 hours. The reaction may be
conducted under conventional heating (using an oil bath) or under microwave
heating. The reaction may be carried out in an open vessel or in a sealed tube.

Reagents of general formula (IIT) are commercially available or may be

conveniently prepared according to standard procedures extensively reported

20 in literature. For instance compounds of general formula (III) in which LG is a



11C14 Schenme 6 A m xture of 2-phenyl-2-(phenyl am no)acetic acid (I1)
(200 ng, 0.88 mml), DCC (218 ng, 1.05 mmol), HOBt (142 ng, 1.05 mml) and
(R -1- 10owoeptwd7psssr ol i di n-3-o0l (289 ulL, 2.64 mmol) in @CY/EPRIMIOEB70ML) i S
stirred at roomtenperature overnight ] der nitrogen flowstream (LG M
moni toring: conplete conversion). The Solvent is evaporated and the residue
phase. | 5 'BHGEER cHicl 17 Nt RISV BV ot GEFERPTSH! LM PEIESBAUPRS] . e
AR LR T N R R
s part | (TOREGHorpRaHedaby Rarkssh: il oowt |- MeT Sieai o] Ghbeed/S aHid over
N20r AL TE YaRahes JRdcry Ve L pugle, 50,8 mmoh el Ve
(300 W TR g RS ey iy ("
Ty, 2 48adng appard & pse sRillEY i the py (a 58V T the sglhie apfions g5
1,92 (1 40 oy D Ronp! R Cpas DOREI 0,y Bt ok ST 2
R B A e S LGN
2 0. (m 190 Sy, P LT R Bt o
0 28 TP g Pl o BRUR M IR M B BRI
espect L AEhTERU 65 M SRS SRR b B S i o
Diaster eqd SOfBLs T RJ00=16 789 or Fache, F. Tetrahedron, 1996, 52/29, 9777 or
Quiang, K., Adv.Synth. Catal. 2007, 349, 1657).
Alternatively, compounds of general formula (VII) can be most
15 conveniently converted into compounds of general formula (III) (Route F)
using conditions well known to those skilled in the art. In a typical procedure,
ketones (VII) are treated with a reducing agent such as sodium borohydride
and the like, in a suitable solvent (e.g. ethanol and methanol) to smoothly
provide the corresponding alcohol intermediate. The subsequent conversion of
20 the alcohol moiety in a leaving group (LG) affords compounds of general
formula (III). This activation can be effected according to one of the standard
procedures broadly reported in the literature (a survey of the suitable reactions
is given by Carey, F.A. and Sundeberg, R.J. Advanced Organic Chemistry,
Third Edition (1990), Plenum Press, New York and London, pg 121). For
25 instance, the alcohol intermediate could be treated with methanesulphonyl
chloride (LG=Ms) in presence of a base such as triethylamine, pyridine,

4-dimethylaminopyridine and the like, either neat or in aprotic solvent (e.g.

dichloromethane). This reaction is usually performed in a temperature range



7.46 -
6.67 -

7.57 (m 2 H, 7.29 - 7.45 (m 3 H), 7.08 - 7.21 (m 2 H
6.81 (m 1 H), 6.50- 6.67 (m 2 |. NH28%ieldy H, 5.20
5.37 (m WOHpI0/B23B8 (d, 1 H), 4.84 - 5.05 (m 1 H), 2.40CIER204/003870 4

Cl15

lei Colorless oil H), 2.44 (s, 3 H), 23 0-2.26(m 1H, 1.63 - 1.82 (m
1H Mxture of Di astereoi sorrer 2 of 12: diastereoi soners 7.46 -

(m 2H, from (? °C to 136 é oxger ap r10d ofl Eour up to 74 hours.

10

15

20

25

Route C - Compound (IX) may be reacted with an alkylating agent of
general formula (VIII), in which z is a suitable leaving group such as a
carbonyl group or an halide (i.e. bromine, iodine, chlorine) or sulfonate ester
(i.e. tosylate, triflates, mesylate), according to procedures readily available to
those skilled in the art (e.g. Huang, Tetrahedron, 1997, 53/37, 12391).

In case z=0, compounds (IX) are reacted with aldehydes or ketones of
general formula (VIII) to achieve the corresponding imines that are reduced to
compound (IV) by treatment with a suitable reducing agent, following one of
the procedures reported in literature (a survey of the suitable reactions is given
by Carey, F.A. and Sundeberg, R.J. Advanced Organic Chemistry, Third
Edition (1990), Plenum Press, New York and London, chapter 5, 219 or Ando,
A., Tetrahedron, 1989, 45/16, 4969).

In case R1 is an aryl or heteroaryl and z is a halogen (typically a iodine
or bromine), the coupling between compounds of general formula (VIII) and
(IX) may be promoted by a suitable catalyst. In a typical procedure the
catalyst is a copper catalyst (e.g. copper iodide), and the reaction is performed
in the presence of a suitable base selected from the group consisting of
potassium and cesium carbonate or amines such as triethylamine, in solvents
selected from the group consisting of dimethyl sulfoxide (DMSO) and DMF,
at a temperature ranging from ambient to 110°C, over a period ranging from
one to 48 hours. The reaction may be carried out under conventional heating
(using an oil bath) or under microwave irradiation. The reaction may be
conducted either in an open vessel or in a sealed tube (Ma, D., Tetrahedron
Asymmetry 1996, 7/11, 3075 or Kurokawa, M., Heterocycles, 2007, 71/4,
847).

In case R1 is an aryl or heteroaryl and z is a halogen (typically fluorine

or chlorine), compound of general formula (VIII) and (IX) may react under the

7.57



7.21 (m 2 H, 6.67 - 6.81 (m 1 H), 6.50 - 6.67 (m 2 H, 5.20 -
5.37 (m 1 H, 512 (d, 1 H, 4.84 - 5.05 (m 1 H, 2.46 - 3.04 (m 4
H, 2.33 W6,208/(}3382. 26 - 2.40 (m 1 H), 1.86 - 2.05PCT/EP2q09/D0§dy0 WO
2010/ 072338PCT/ EP2009/ 008870 61 C16 S Myl 40 Y M xture of di astereoi somers
20% vyield Colorless oil LCM (ESI POS): 325.3 (MH) 1HNVR(300MHz,

typical conditions of the aromatic nucleophilic substitution to afford
compound (IV).

Compounds of general formula (VI) may then be prepared according to
two different routes.

5 Route D - Compounds of formula (VI) may be prepared by coupling
alcohols of formula (V) with compounds of formula (IV).

The method for the preparation of compounds of formula (VI) from
alcohols (V) and compounds (IV) is chosen on the basis of the reactivity of
the alcohol (V), the commercial availability of reagents such as (IV) and the

10  compatibility with the groups present in both the starting materials.

The coupling between (IV) and (V) may be conducted in several ways,
in which K may be either a hydroxyl group or a halide such as chlorine
(a survey of the suitable reactions is given by Carey, F.A. and Sundeberg, R.J.
Advanced Organic Chemistry, Third Edition (1990), Plenum Press, New York

15 and London, pg 145 and Montalbetti, C., Tetrahedron, 2005, 61, 10827).

In particular, in the case K is a protected hydroxyl group, the protecting
group has to be removed before performing the coupling with (V). For
instance, if K=OMe, hydrolysis of ester moiety may be performed treating the
compound (IV; K=OMe) with a suitable aqueous base selected from the group

20 consisting of sodium, lithium and potassium hydroxide in the opportune
solvents (e.g. tetrahydrofuran, dioxane etc). The reaction proceeds at room
temperature (RT), over a period of 1 hour up to 36 hours.

Alternative one - In a typical procedure compounds (VI) may be
prepared by condensation between (V) and acid (IV) (K=OH) under standard

25 amidation and peptide coupling conditions. For instance, treatment of the acid
(IV) (K=OH) with one or more equivalents of a commercially available
condensing agent such as a carbodiimide (e.g. 1-(3-dimethylamino)propyl)-3-

ethylcarbodiimide hydrochloride (EDC) and the like) for example in the



DMSO-d6) ppm 7.45 - 7.69 (m 2 H), 7.22 - 7.45 (m 3 H), 6.91 - 7.22 (m 2
H, 6.66 - 6.91. (m 2 H, 6.42 - 6.66 (m 1 H), 6.27 (br. s., 1 H, 5.20
(s, 1 H ,wo.2¢i0/7k338 s., 1 H, 2.53 - 3.00 (m 2 H), 1.62CT/EP2¢14/0(83706 H),
0.90 - 1.62 (m 3 H EXAWPLE 7 reparation of

8- net hyl - 8- azabi cycl o[ 3. 2. 1] oct an- 3-y1 2- phenyl-2- (phenyl am no) acet ate

(C17) 511C17 Sc 7 A m xtur f nyl - 2- (pheny] am o) acetic
acid |i (RXSBERRS fﬁh S\gﬁwﬁmybe@@etwm}e@@ésmﬁw d byereas the g0

mol ) and 8- net I-8aab|cclo ct an- 3-.0l 1mm|)|ndry
DVF 10 ( 14FtiMafe igEReaR T g a [ﬁ 3(%(3 rf?wtédpatbﬁfof%ﬂal@”%f@ ¢yrPeuUAdy LC VB
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reduced ;{3& ArERH PISEs P qss tﬁamﬁ@w%dne& e#set ex@éeahdnwé@%r
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i st er editéondtl) ll%adzgi%ﬂn%%@é?o' b2bRFD 8%%§redf§hlfrﬂmtle%rtfd "
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Str uqiur ehe\'c(lltienlgd(uasrl]gg ARPET rb%?ﬁ)eo'rb‘r{l%l }lrﬁl%lrowave irradiation. The reaction may

be conducted either in an open vessel or in a sealed tube.

Alternative two - In the case where K is halogen such as chlorine, the
alcohol (V) is reacted with the suitable acyl halide (IV), using methods that
are readily apparent to those skilled in the art. The reaction may be promoted

15 by a base such as triethylamine, pyridine and 4-dimethylaminopyridine, in a
suitable solvent (e.g. dichloromethane). This reaction is performed in a
temperature range from 0°C to 130°C over a period of 1 hour up to 74 hours.
The reaction may be conducted under conventional heating (using an oil bath)
or under microwave heating. The reaction may be carried out in an open

20 vessel or in a sealed tube.

In some embodiments of the present invention, the needed acyl halide
(IV) may be readily prepared from the corresponding acid (IV) (K=OH). This
activation may be effected according to one of the standard procedures
reported in the literature. For instance, treatment of acid (IV) (K=OH) with

25 one or more equivalents of oxalyl chloride in the presence of a catalytic
amount of dimethylformamide (DMF) in a halocarbon solvent, such as
dichloromethane, at temperature ranging form 0°C to 35°C, affords the

required acyl chloride (IV) (K=Cl).



Cl8 ' . 5%yield Colorless oil LCMS(ESIPOS):365.2 (MN 111 NWR (300 MHz,
Acet oned6) ppm 7.42 - 7.65 (m 2H), 7.26 -7.46 (m 3H), 7.01 - 7.15 (m
2H), 6. 6 WO 28100623/ 2H), 6.56 - 6.65 (m 1H), 5.57 - S5PEHEPRO2INSSTH. 17 (d,
1H), 4.95 (t, 1H), 3.05 (dd, 1H), 2.894gdd, 1H), 2.75 (d,1H), 2.42 (s,
3H),1.87 - 2.13(m 2H),1.66(d,1H),1.28(d, 1H). NH Si M xture of

di ast er eol son’e‘&s tgz%t&/%u%{wfg_Ed%»li%mﬁfﬂ}’?l-yan?%?gpnpHén%CBItha%%}:\ttQ give

Pr epar at i onof (
di-trifl uc%rrr?ggueg(?st of (g[t):in%%le%c?r%ilgl%nf\rfl)lmogy EgogccomHﬁishe% using procedures
which convert in situ the acid (IV) (K=OH) into the corresponding acyl
halides. For example, alcohols (V) are reacted with acids (IV) (K=OH) in
5 presence of triphenylphosphine and a halocarbon solvent such as carbon
tetrachloride or dichloromethane, at about RT, in a maximum period of time

of 16 hours (Lee, J.B. J.Am.Chem.Soc., 1966, 88, 3440).

Alternative four - In another process for the preparation of the

compounds of the present invention, acid (IV) (K=OH) may be activated with
10  other commercially available activating agents such as
bromotripyrrolidinophosphonium hexafluorophosphate (PyBrOP) or
carbonylimidazole, in the suitable aprotic solvent (e.g. dichloromethane,
tetrahydrofuran), at about RT. Subsequent reaction of the activated
intermediate with alcohol (V) provides the desired compound of formula (VI).
15 The reaction may also require the use of an organic base such as
diisopropylethylamine and usually proceeds at about RT.

Alternative five - In another process for the preparation of the
compounds of the present invention, compounds (VI) can be efficiently
prepared by the condensation between acids (IV) (K=OH) and alcohol (V)

20 under typical Mitsunobu conditions (Kumara Swamy, K.C., Chem. Rev. 2009,
109, 2551-2651). For example, acids (IV) and alcohol (V) are reacted in
presence of a phosphine (e.g. triphenylphosphine) and an azadicarboxylate
ester (e.g. diethyl azodicarboxylate or diisopropyl azodicarboxylate) in an
aprotic solvent such as tetrahydrofuran. The reaction typically proceeds at

25 temperature range from 0°C up to 100°C, for a time in the range of about 30
minutes up to 72 hours.

Alternatively compounds of formula (VI) may be prepared according to

route E.



o0 CH-.N.--- HOBt, DCC TFA THF DCM 119D ast eroi sonmers 1
of C20 15Schene 8 Preparationof (S)-((R)-quinuclidin-3-yl)2-(tert- WO

2010/ 072386RCIVERB809/ 008870 63 but oxycar bonyl am no) - 3- phEmp2@oopsnoat e
(119) A solution of (S)-2-(tert- b%oxycar bonyl am no) - 3- phenyl propanoi c
acid (1.03 g, 3.81 mol) in THF (70 nL), is added with DCC (1.03 g, 4.91

), HOBt , 4. | ), and R) - qui.nuclidingl. (1.18 9. 48 mmol)
and 3:, t he regu tirﬁ"éyrhexfg}rg‘rmxég%yrﬁg&n%ﬂnéw gspe fe(ﬁlalé'ia ﬁﬁil)rmjlefnbe
flowstream (LC-MS nonitorj ng: conplete conversion),. The so t o )
by anor t SPURER (o sonma Lo e et iorBHER YEl St s p s bR PR in M
K2CO3 (50 nlL):. the organic | r is separated, shed with ine and dried
bror Mo Qe ke Pearbren et ReapRarsir 4 B ey TRaan thh ekt gonspye:
DCM MeOH=95/ 5, ,.0. 1% 10 NH3 (aq. o obtain 1.12 of , 119, (80% vyi el d).
by opar at BRGEAgiTions - Bisch o natrorrh. e, SoLRlink Tav Jfk S6lecten SRtang. thosd
di-trifl t,at i ast er eoi sQner. of C20 sol ution 119 (220
o, 0555 GRsenpefifoaniuae S €OBRTEhetwien Fortpeund (L g KV anPerstae ot
4.41 mmol) and the mi xture stirred at RT 15 overnight. The solvent is
evaporated and the resulting crude is purified by preparative LC-M5 to

oPLAN 59 Mol ol 8 o0 RO S0uB0 B0 Pl L Y Rk 3801
sty 5, 02 i BBVlahesdpbat ot fning beefhitt piimuleg Pl furdidoh doilfed 3 o,
;L. 203?b£ %ggr'ﬁq":*ﬂgﬁgteoj(\;ﬁr “TRis rleEQ:tiorll' 7rr§19a§7 %eg%egfgrm]éla) ’unlde71r6 tflle3 ' 'tyﬁi’cal 1H).,
10  conditions extensively reported in literature, such as those described to obtain
compound (IV) by coupling (II) and (III) (Scheme 1).
In case W’ in compound (III) is hydroxy, it must be converted into a
opportune leaving group selected from the group consisting of halide
(i.e. bromine, iodine, chlorine) and sulfonate ester (i.e. tosylate, triflates,
15 mesylate), according to procedures available to those skilled in the art
(a general overview is given by Carey, F.A. and Sundeberg, R.J. Advanced
Organic Chemistry, Third Edition (1990), Plenum Press, New York and
London, chapter 3, 121), before performing the coupling with amines (II). In
case W’ is a suitably protected hydroxyl group, it must be deprotected and
20 activated as above before performing the coupling with amines (II).
Compound of general formula (VI), in which R3 and R7 are defined
hereinbefore, can be achieved either as single diastereoisomer or as a mixture
of diastereoisomers. For instance, in the case R7 is a group of formula (vi), the
alcohol can feature either a R or a S configuration. If R-enantiomer is used,
25 compound VI can be obtained in S-R configuration, in R-R configuration or as
a mixture of diastereoisomers (R-R and S-R configuration).

The mixture of diastereoisomers may be converted to compounds of

formula (I) of Scheme 1 or can be most conveniently resolved to give the two



LCG-Ms (ESI POS): 275.3 (MI+). Di astereoi sonmer 2 of C20 listed in
Table 4 is prepared as previously described for diastereoisonmer 1 of C20,
starti ng woamoydiessgomrer ci al | y 25avail abl e PCT/EP2009/008870

(R -2-(tert-butoxycarbonyl am no) - 3- phegxl propanoi c acid. WO

2010/ 072338PCT/ EP2009/ 008870 64 Tabl e Compound Structure Yield and

appear ance Anal t| cal . Di astereoj soper 2 of 0 el NH, o, 2TFA Single
di asterecﬁlga‘?e 6%681/3&%?45 )W}é‘lc PhItRIR, dNY P CONY BLIRA §P‘T§@é§'d529g 3

11 - 3 8.52 .25. - T7.41.
St 4 odormgla g brs SEnomes ot dns 1 Riparatign” Gy beryicsonlishedy Wide'y
2 86 - 2.97

EXAIWEEé‘éu €s Weﬁ'knmgd gbﬁ%’éﬁ%‘ﬁ“% in t%e art(%e%e%rocléa%lreé i%él%%ie( m
(55, st oo g il Bins persspe
3 pheryl PRBHUIYN ARASYSRUBEHONE et BNLTRRy 65 tRodiastgrapisgmers can be
(107 1, "16eBar R RS RBE A eRht s i et p B Witk bl o @
i chl or ofSEiR14RE r §9 B 6, AR 5P e g igthesst angd h’é‘en%{h"}“%ﬁf’r(se 4
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XS S A PATARST LU AR 5 W
10  Chiralpack AY or Chiralcel OD or Chiralcel OZ, and eluting, for example,
with acetonitrile and/or with mixtures of acetonitrile and an alcohol.
Alternatively the separation of diastereoisomers may be most conveniently
achieved by crystallization from an opportune solvent (e.g. ethyl ether), as a
free base or after the formation of a suitable salt (e.g. (+)-tartaric acid)).

15 The alkylation of compounds of general formula (VI)

R1

R2
\N/

H 0
~
R#( R7

vy ©

by alkylating agents of general formula (XI)

20 A—RS6
(Xn
in which A is a suitable leaving group selected from the group
consisting of halide (i.e. bromine, iodine, chlorine) and sulfonate ester
(i.e. tosylate, triflates, mesylate) provides compounds of general formula (I).
25 This kind of reaction is largely described in literature under several

different conditions, for instance, the reaction may be performed neat or in a



conversion). The reaction mxture is partitioned between Et0Ac and water;
IN HC1l is added until pH =1 and the organic |layer is separated, washed with
bri ne andwonowd72338r Na2SO4. The resulting crude is pur PCraR2099/008836 h
chromat ography (DCM MeOH=99/1) and 1.2}59 of 121 is obtained (56%yield).
5Preparation of (S)-3-phenyl-2- phenyl am no-propionic acid (R -(1-

- bi I 2. t t of C22) .
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1.31 g, 0 dded tp th | ti | ut xt
Stirred fé hgame AT Fiay D GGEHeR Skt e SR Re g g

| et T I t td IN HC1 15 dded
Lo Tha rduph REhg rrendTo T R e SBA T ar T JERMAT FIDh OB A0
m.); NaH i s added to the aqueous,! r (pH=7-8) and the product is
ext r act ed! ?Hnﬂa\ﬁ%‘?{hvﬁﬁeiafg@é‘rs%é ®to obt ain 530 ng (35% vyi el d) of

obtain the (1 tF %ffl@?)ﬁ}&gztof%nsrag %m“i?t( i Siltgme drcaayolieibRE Fhavdsred o °
%2:& E(K/Eetag 'ggﬂ a0 Eﬁ%@été)%eﬁ P“gﬁg’éz GeeT To mrgpard pier compounds ofy

3. 62 iddogenfkéil f‘%‘%‘éla (13 Jhust, ?f%%tyllgésml ?ég(ﬁ? T %ﬁ gr‘iufgé (éin%'% (m
rani 475 9 BEPL ladd etk el GRRBLEETRT Bk FuPbe R s,
acid. v e%”&%?‘%@%"ﬁ?%éﬁ’?@@@% B ?‘%@ SoRERECRANGAE, o ¢

and appeg mal ytical Di astereoi somer 2 of C22 HN -...7 N TEA Single
di aster e0| sorrer Y%overall yield Brown oil LC M (ESI POS): 351.3 (lvar)

21, 607 5 SO g e i eieggp it it &fﬁﬁos}ﬁ%n 53%”“
3y, o a6 hoddtor %’%@a‘ Rygtire; %é}”‘%ﬁngﬁdré%“uw@a@( Lﬁng% 3.

1.58 16m p’:}{j} Eé@l‘f? le _th
Prepar ati ono{‘n('c1 ) - qui n cI Icge%t_a -ki/lfafrtl)eerr?iy[fam no?mg © 5tp seeny %Sccé% at e tn024)
Remington's Pharmaceutical Sciences Handbook, XVII Ed., Mack Pub., N.Y.,

U.S.A.
Administration of the compounds of the present invention may be
accomplished according to patient needs, for example, orally, nasally,
20 parenterally (subcutaneously, intravenously, intramuscularly, intrasternally
and by infusion), by inhalation, rectally, vaginally, topically, locally,
transdermally, and by ocular administration.
Various solid oral dosage forms can be used for administering
compounds of the invention including such solid forms as tablets, gelcaps,
25 capsules, caplets, granules, lozenges and bulk powders. The compounds of the
invention can be administered alone or combined with various
pharmaceutically acceptable carriers, diluents (such as sucrose, mannitol,

lactose, starches) and excipients known in the art, including but not limited to



123C24 Schene 10 Preparation of 2-(benzyl am no)-2-phenylacetic acid (123):
10 A solution of nethyl 2-(benzylam no)-2-phenylacetate (1.00 g, 3.90 mmol)
in THF (990rD}0/ERI8I N NaOH (10 nL) is stirred at room t @GHaPa909/0e88% er ni ght
(LC- M5 nonitoring: conplete conversion)y, The solvent is renoved under
reduced pressure and the crude is partitioned between Et 0OAe and water. The
aqueous phase is acidified wth conc 1. (pH about 3) 15 and .t hen

ext r act ePURPERAIBED RSN hHr é@mli"llr’@se)'s.» ?Hgf%i%n?%erﬁﬁas@npgr%r ilaésdnE?\%?mNaZSm,

filt d d t to.d t i the titl d WO
2010/ 072 FISPRETFERSBOSHERHO SRR JuPHa eSaonty e i darey&gnst d)
whi ch | dint t st ith furth i fi,cation..

P epar at | GRORIR) - HARGCATH £90sy £5¢ (Blsns R istons theag b Gine the

(Di ast er eoi somsr(gS 1.and 2 of CZ;) 5A m xture of

2- ( benzy| SHRRAGYL -Bﬁ@?ﬁ/P%ﬁESN VEBUPT 123) (0.94 g, 3.90 mmol ), DCC (0. 97 g,
4,70 1), t .(0.63 g,, 4. Q7 | d 3(R) - I | i,d] | 1.5 11.7
ol ) S dry MDD st aral dPTRR GRS alsfebarined” BUordngnR s
nitrogen flowstream.LC NS nitori{] . cor@ete conversion) . The]_\?dol vent is
evapor at e@%‘&u‘?‘fﬁeofe Cathe SS9 KB lgjﬁngvﬁ 05 AN, RPILBTYE L SOMIDS: Wi t h

wat er. The Of ani c_phase.is dried overd N?.ZSO4, filtered and eva orat]ed to
dryness. SPRRISTEN SRSRETSIURe T URSy 40de SRS | SUGR JOSHRE: S lprgn 2150

(P 0 ES0AR, sOYAATIAI i e BRI 50, Bl it
4. 35 \0s, TAVGrants a5 ygll a3 agnfs geemififyfhy phafPn itpsnding i cifibaand? 1
{3 o o Ty ELonaf ok s inERel s il 8
G L%Jra%‘g‘%:lgt ﬁP@%&é@fﬁ&v@ﬁzgﬁo%&é’_gé&ﬁ%@/Sg%@g%%%ﬁon‘ Other
Prepar at gﬁ_gggﬁf%gj@%é@)ﬂwbbg&ﬁléyl 2- am no- 2- phenyl acet at e

di - hydro _ m xture of _

(0068 g 12 5 SppREERE B Eral WiRpRSEACh BF (e cyibhasiof eTRRiskne 950
g, 1 5, Y. ;/ ( Py i . . . .
hourés( L%ﬂtﬁ%ﬁi({%ﬁ%g}?eéﬁéﬁl@ éll‘i?:%ﬁ etl;lés%n .O%%ET%I%%é %é(fﬁg@gﬁpunder
reduced r [ I Pe ' and washed twice with
2M choe.%r“?ﬁ?éo‘?"gcé’tr?@tg ég%ﬂ?}él_agersi %ﬁﬁgsgr&ﬂ‘%ﬂgg&%@fﬂsi ered and evapor at ed
to dryness. The,oBAWAY fos v4dihhl BB WHlabi RN el th e Fo¥B of cream,

(R -quinuclidin-3-yl 2-(tert-butoxycarbonylam no)-2-phenyl acetate as a
white soldd (Phstkb Boarf/ %y isptaly fAriiulh ecSitafingt SHeQUARTEE Sto- tHAI Scti@mpound
is dissolved in DCM (50 ml) "arnd 4N HC1 in dioxane (5 nL) is added. The

reaction jhgr&dibaf, 8dcRisuitaBB EATRES at Uk€ khetvnlin@é¢rark LC- M5 noni tori ng:
conpl ete conversion) and then solvent is separated. The gummy solid is 15

tritypated w tipd ddin B Qa8 tRS pRamhhéQutslibnifostfiol .caBde it eld, di
hydrochl oride, mxture of diastereoisonmers). Preparationof

(R) - qui nuekindbh-ctedrhd; OeyEhaitsNlivimehi0)lofionBhemillsiemkatsaspensions, gels,
di-trifluoroacetate (C26): (R)-Quinuclidin-3-yl 2-am no-2-phenylacetate
(C25) (20Q1iHeon® Ga3t&x) powders) Sprayssald deopsEikablOGYt Glthintstralth td gad ed
Wi th sodiumtriacet oxyborohydride (508 ng, 2.40 nmmol). The reaction is

stirred akifioeye.! eaper atdsee TiapicAOadinfnisaatiafAdmiafeslisoytivepenttangderrhd6 ul,
1.20 mmol ) is added and the reaction is stirred at roomtenperature for

addi ti onaldnli;idteation ¢i{ndaniBOchakithgisdeanl pheheonversion). The reaction
is diluted with DCM 25 and washed twice with 1IN NaCH, the organic |layer is
dri edsover NaZ&pitheftrédtaicad ofntlealsqpeaiofdhé @esliiyatesy trathetherdodeps@mgound
is purified by preparative HPLC to give C26 as a white solid (53.1 ng, 16%
yi el d, diaccordingababedhat®isalate prefetabile adimidisistel bpiiskatatioh, WO

2010/ 072338PCT/ EP2009/ 008870 69 11-1 NMR (300 MHz, DWMSO- d6)
ppm 10. 02 ( brInhalabl@ pipar@tiéns (iheluds.inhilable powAlers, propellant-contdining 24 -
5,499 (m 1 H, 501-524 (m 1H, 3.51-3.79(m 1H, 3.12 - 3.37 (m
4 H), 2.9Beteringl@eropvlslotpropllaht-fre2. iddhalable fothhula?ird.- 2.39 (m 1 H),
1.78 - 2.14 (m 4 H), 1.61 - 1.77 (m 5 H), 1.31 - 1.57 (m 3 H);



S5LC-M5 (ESI POS): 329.2 (MH). C27 listed in Table 6 is obtained as
previously described for C26, using cycl ohexanone instead of
cycl opent\sQanw/0733Bl e 6 Conpound Structure Yield and apPERER2S/0#8830 yt i cal
PP .47 - 9.79 (m 3 N, 7.36 - 7085 (m 5t 537 - 5.5 (m 1 27 N
T s i 33 e ot £
H)’ 1.56 lénown “from thl_(? prlo?I grsttr%raglo & Uttlized. In that case the powder may be
filled in gelatine, plastic or other capsules, cartridges or blister packs or in a
reservoir.

5 A diluent or carrier, generally non-toxic and chemically inert to the
compounds of the invention, e.g. lactose or any other additive suitable for
improving the respirable fraction may be added to the powdered compounds of
the invention.

Inhalation aerosols containing propellant gas such as hydrofluoroalkanes

10 may contain the compounds of the invention either in solution or in dispersed
form. The propellant-driven formulations may also contain other ingredients
such as co-solvents, stabilizers and optionally other excipients.

The propellant-free inhalable formulations comprising the compounds
of the invention may be in form of solutions or suspensions in an aqueous,

15 alcoholic or hydroalcoholic medium and they may be delivered by jet or
ultrasonic nebulizers or by soft-mist nebulizers.

The compounds of the invention may be administered as the sole active
agent or in combination with other pharmaceutical active ingredients
including those currently used in the treatment of respiratory disorders, e.g.

20  beta2-agonists, corticosteroids and anticholinergic or antimuscarinic agents.

The dosages of the compounds of the invention depend upon a variety
of factors including the particular disease to be treated, the severity of the
symptoms, the route of administration, the frequency of the dosage interval,
the particular compound utilized, the efficacy, toxicology profile, and

25 pharmacokinetic profile of the compound.
Advantageously, the compounds of formula (I) can be administered for

example, at a dosage comprised between 0.001 and 1000 mg/day, preferably
between 0.1 and 500 mg/day.



1.29 (br. s., 2 H, 1.12 (br. S., 3 H 10EXAWPLE 12 Preparati on of
((4-chl oro- phenyl am no) - phenyl -acetic acid (R)-(1-

aza- bi cycwo[2e1021723B8ct - 3-y1l) ester (C29) HO 128C29 1¥PEthPr®9@8870
Preparation of (4-chloro-phenyl am no) - Qgenyl -acetic acid (128): A
sol ution of a-bronophenylacetic acid (1.00 g, 4.65 mmol) in acetonitrile

20 mb), i d with 4-chl - | i 1.18 .9, 9.30 [ d.th
fn-xtur)e react e %Waftlf‘cw%@aoc n gn?ef}%a@ra%i(érﬁaafigﬂmﬁergfinggo@a t1<t>lwe>
2010/ 072338PCT/ EP2009/ 008870 70.1 h ( UPLC- M5 itari : |
conver si dAPCSUIRIeATe (RICTARRY &F¥ dhct 11567 B EATaPssd (e BAEM GODheRR Et 0Ac
d IN H Th i i dr.i ed Na2504, filt d d t ed
(o arymect U TRRLRBH B S Eal BRGS0 51" i)
| - - - - 1 - - .
e brtocl of 2 bnd Egatesns) SO ERn AR B JmBY B haighled Go® sh&prtvention
e AR A Wbl S Al B,
| d 3(R)-qui nuclidinol. (55 4.40 nol ). The 10 ing ni
0 st 11 OBCBerRIRASER: GOV ioB I RBPE oF b 45 BB drtloh Ay Gt The
sol vent . i i‘ e¥.ap rat ed .and, t he resisgue j[s .gagtti ti on?ld bet ween Et 0Ac and 2M
e SR LA T i R
SS. . .eS | . u | S urirt.l S -
( DM Me0HDSBIVINE ghe atpligVasgila SyRtem muct oy feute SRyl In GG Hissasesy 15
(306 nmg, .37% vield, m'xJ;ture of gria t er goj somegls). ic: anti inest 1H]_6A\II\/R
(300 M, TERREE e Sratghrpary Yagpsich®ss ighaCcolic; aptigholipesterase did gg
7.18 2 . B85. - 6.8 . ; d, 1 , 4.60 -
4.82 l?m "f”%‘f""g? gilsf’ﬂg’%%’%fé%r} g%‘%%lhes?a’g‘%?g?? R%hﬁpaiﬂél‘%gfog L 2. :t,% (m 1 H,
1.67 - 1.97 1. -1 . 1 - 1.35 : OLC- M5
(ESI POS): 3(7@1&3( %5’. inhude ?gg“gclggb%&n ad Pg)?cehda?rh%%‘% edésg%‘éc%p i ned
as previ VYo eSSk Refmb i{on%%gkn%stsart' ng fromthe suitable comercially

avai | abl e Z2-'bronophenyl acetic aci d derivatives and anilines. WO

2010/ 072338PCHL ER200% ORRELInEANTAEE forRITRRhsd UK iR 3 the

appear ance Anal ytica
prevention and/or treatment of respiratory diseases such as from mild to acute

(L g

15 severe conditions of asthma and COPD.

Other respiratory diseases include bronchitis, bronchiolitis,
bronchiectasis, acute nasopharyngitis, acute and chronic sinusitis, maxillary
sinusitis, pharyngitis, tonsillitis, laryngitis, tracheitis, epiglottitis, croup,
chronic disease of tonsils and adenoids, hypertrophy of tonsils and adenoids,

20 peritonsillar abscess, rhinitis, abscess or ulcer and nose, pneumonia, viral and
bacterial pneumonia, bronchopneumonia, influenza, extrinsic allergic
alveolitis, coal workers’ pneumoconiosis, asbestosis, pneumoconiosis,
pneumonopathy, respiratory conditions due to chemical fumes, vapors and
other external agents, emphysema, pleurisy, pneumothorax, abscess of lung

25 and mediastinum, pulmonary congestion and hypostasis, postinflammatory
pulmonary fibrosis, other alveolar and parietoalveolar pneumonopathy,
idiopathic fibrosing alveolitis, Hamman-Rich syndrome, atelectasis, ARDS,

acute respiratory failure, mediastinitis.



395.1 (MH) [T NVR (300 MHz, el NH DMSO d6) ppm 7.68 9% vyield (m 2
H, 7.47 - 7.58 (m C30 40, 2 H), 7.23 - 7.47 (m 3 H), 7.15 (d, 1 H,
6.62 - WwW6.280/q7m382 H), 5.39 (d, 1 Mxture of \Wite s@CirEP)09/0d8876 (ddd,
1 H, 3.74 diastereoisoner (s, 3 H),4§. 86 - 3.19 (m 1 H, 2.54 - 2.69
(m 4 H, 1.84 - 2.26 (m 1 H),

The present invention will now be further described by the following
examples.

I = intermediates

C = compounds

5 EXAMPLE 1

Preparation of (R)-quinuclidin-3-yl 2-phenyl-2-(phenylamino)-

acetate (Diastereoisomers 1 and 2 of C2)

: NH
o,
HO.., o) @
OH NH N diasteroisomer 1 of C2
+ HOBt, DCC
(o] o OH - +
NH, MW, 120°C THE
’ L
| NH
0.
ORES
N

diasteroisomer 2 of C2

10 Scheme 2
Preparation of 2-phenyl-2-(phenylamino)acetic acid (I1):
a-Bromophenylacetic acid (5.01 g, 23.2 mmol.) is dissolved in aniline
(25 mL, 274 mmol) and the mixture reacted in a closed vessel under MW
irradiation at 120°C for 5 min (LC-MS monitoring: complete conversion).
15 Dichloromethane (DCM) (100 mL) is added to the reaction mixture and the
resulting solid is filtered; 2M Na,CO; (50 mL) is added to the solution, and
the aqueous layer is washed with DCM (3x100 mL). The aqueous layer is
acidified with 12N HCIl (36 mL) and the title compound is recovered as
racemic mixture by filtration (5.1 g, 97% yield, white solid).
20 Preparation of (R)-quinuclidin-3-yl 2-phenyl-2-(phenylamino)-
acetate (Diastereoisomers 1 and 2 of C2)

A solution of 2-phenyl-2-(phenylamino)acetic acid (I1) (1.90 g,



1.35-1.80(m 3H), 0.99 - 1.34 (m 2 H) LC M5( ESI PCS) : 401.1 (MWN
11-1 NWR (300 MHz, DVBO d6) ppm 7.76 Di astereoi soner NH, io 28%yield
(d, 1 H ,wo.26w/7e3381 H), 7.22 - 7.54 (m 5 H), 6.71 (d, PCTHP2003/06837¢ d, 1 1

(0]

of C31 N H), 4.58 - 4.8 (m 1 H), Rgl e yellow 3.78 (s, 3 H), 2.98 (ddd,
Si ngl e di astereoi somer solid

10

15

20

25

8.41 mmol) in dioxane, is added with with a 4M solution of HCI in dioxane
(5 mL) and the reaction is stirred at RT for 1 h; the solvent is evaporated
under reduced pressure to obtain a white solid which is dissolved in dry THF
(40 mL). DCC (2.12 g, 10.0 mmol), HOBt (1.33 g, 10.0 mmol) and
3(R)-quinuclidinol (3.10 g, 25.1 mmol) are added to the resulting solution and
the mixture is stirred for 96 h at RT under nitrogen flowstream (LC-MS
monitoring: complete conversion). The solvent is evaporated, IN HCI (50 mL)
is added to the resulting crude and the aqueous layer is washed with EtOAc
(2x100 mL); a saturated solution of NaHCO; is added to the aqueous layer
(pH=7-8) and the desired compound is extracted with DCM. The resulting
crude is purified by flash chromatography (DCM/MeOH=95/5, 0.1% NH;
(aq.)) recovering diastereoisomer 1 of C2 as a white solid (0.8 g; 28% yield,
single diastereoisomer), and subsequently diastereoisomer 2 of C2 as a white
solid (0.4 g, 14% yield, single diastereoisomer).

Diastereoisomer 1 of C2 (80 mg) is further purified by preparative
LC-MS to obtain 55.3 mg of a pale yellow oil (TFA salt).

Diastereoisomer 2 of C2 (65 mg) is further purified by preparative
LC-MS to obtain 28.3 mg of a pale yellow oil (TFA salt).

Diastereoisomer 1 of C2:

"H NMR (300 MHz, DMSO-dy) ppm: 9.38 (br. s., 1H), 7.50 - 7.72 (m,
2H), 7.26 - 7.50 (m, 3H), 6.98 - 7.25 (m, 2H), 6.68 - 6.83 (m, 2H), 6.52 - 6.68
(m, 1H), 5.34 (s, 1H), 4.92 - 5.18 (m, 1H), 3.57 - 3.67 (m, 1H), 3.05 - 3.33 (m,
3H), 2.57 - 2.81 (m, 2H), 2.08 - 2.30 (m, 1H), 1.63 - 1.94 (m, 4H);

LC-MS (ESI POS): 337.3 (MH+);

[a]p=-32.0° (¢=0.5, MeOH).

Diastereoisomer 2 of C2:

'H NMR (300 MHz, DMSO-d¢) ppm: 9.49 (br. s., 1H), 7.48 - 7.64
(m, 2H), 7.25 - 7.48 (m, 3H), 7.00 - 7.15 (m, 2H), 6.66 - 6.78 (m, 2H),



1 H, 2.54 - 2.69(m 3 H, 2.13 - 2.27 (m 1 H), 1.96 - 2.09 (m 1H),
1.85-1.96(m 1H), 1.51-1.73(m 2H), 1.21 - 1.51 (m 2 H (continue)

72 Di ast VOV HNTRI38NH" 40, 35% yield LC MS(ESI POS): 401PCT(Ev200949887¢ f NVR

(300 MHz, DMBO-d6)ppm 7.78 (d, 1 H) 2,66 (d, 2 of C31 1 H 7.17- 7.53

(m
6.52 - 6.65 (m, 1H), 5.30 (s, 1H), 4.94 - 5.16 (m, 1H), 3.54 - 3.76 (m, 1H),

3.03 - 3.28 (m, SH), 2.03 (br. s., 1H), 1.65 - 1.93 (m, 2H), 1.33 - 1.65 (m, 2H);
LC-MS (ESI POS): 337.3 (MH+);
[a]p= 2.4° (c=0.5, MeOH).
5 The compounds listed in Table 1 are obtained by LC-MS purification as
previously described for C2, starting from the suitable commercially available

2-bromo-phenylacetic acid derivatives and anilines.

Table 1
. Yield and
Compound Structure Analytical
appearance
LC-MS (ESI POS):
373.2 (MH)
] 'H NMR (300 MHz,
\@ DMSO-dg) ppm: 9.50
NH 10% overall | (br. s., 1H), 7.47 - 7.72
0., yield (m, 2H), 7.13 - 7.38 (m,
Diastereoisomer & @ 2H), 6.83 - 7.04 (m, 2H),
1 of C3 F N A 6.60 - 6.82 (m, 2H), 5.36
Pale yellow | (s 11), 4.92 - 5.14 (m,
oil 1H), 3.61 (ddd, 1H), 3.05
Single diastereoisomer - 329 (m, 3H), 2.61 -

2.85 (m, 2H), 2.16 - 2.34
(m, 1H), 1.75 - 2.03 (m,
3H), 1.53 - 1.75 (m, 1H)

LC-MS (ESI POS):
373.2 (MH)

'H NMR (300 MHz,
DMSO-d6) ppm: 9.58
8% overall | (br. s., 1H), 7.51 - 7.67

mo,,, @ yield (m, 2H), 7.15 - 7.32 (m,

Diast isomer -

iastereoisom o . 2H), 6.83 - 7.02 (m, 2H),
TFA

20fC3 F 6.58 - 6.81 (m, 2 H), 5.32
Pale yellow | (s 1H), 4.92 - 5.13 (m,
oil 1H), 3.52 - 3.78 (m, 1H),
Single diastereoisomer 3.04 - 3.29 (m, 5H), 1.97
- 2.10 (m, 1H), 1.66 -
1.97 (m, 2H), 1.42 - 1.64
(m, 2H)

10 (continue)

F




5H 6.68 (d,1 H Single diastereoisoner Pale yellow 5.63 (d,1 H 4.72 -
solid 5.09 (m 1 H 3.78 (s, 3 H 2.71 - 3.04 (m 5 H 1.10 - 2.07
(m 6 Hy 0 2010102 WB( ESI PCS) : 355.1 (M) 1H NVR ( BOW/EPRE09/008800 NH
17%i el d DMSO46) Ppm 9.38 (br.s.,1H), 4;47- SI' over stepstwo

LC-MS (ESI POS):
351.3 (MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 9.57
(br. s., 1H), 7.31 - 7.57

L,
13% overall
o, yield | (m, SHD, 7.14 - 7.31 (m,
%) 2H), 6.85 - 7.02 (m, 2H),
c4 ;
TFA

bale. yellow | 6-67 - 6:85 (m, 1H), 5.92

; (s, 1H), 5.00 - 5.27 (m,
oil 1H), 3.59 - 3.76 (m, 1H),
2.79 - 3.29 (m, SH), 2.75
(s, 3H), 2.08 - 2.24 (m,
1H), 1.73 - 2.00 (m, 2H),
1.45 - 173 (m, 2H)

Mixture of
diastereoisomers

EXAMPLE 2

Alternative preparation of (R)-quinuclidin-3-yl 2-phenyl-2-
(phenylamino)-acetate (Diastereoisomers 1 and 2 of C2):
A solution of 2-phenyl-2-(phenylamino)acetic acid (I1) (3.40 g,
5 14.9 mmol) in THF (600 mL), is added with with DCC (4.02 g, 19.4 mmol),
HOBt (3.06 g, 19.44 mmol) and 3(R)—quinuclidinol (3.80 g, 29.9 mmol). The
resulting mixture is stirred for 16 h at RT (LC-MS monitoring: complete
conversion). The solvent is evaporated, the residue is taken up with EtOAc
and the insoluble is filtered off. The clear solution is washed with 1M K,CO;
10 and then with brine, dried over Na,SO,, filtered and evaporated to dryness.
The resulting crude is purified by flash chromatography (DCM/MeOH=95/5,
0.1% NH; (aq.)) recovering first diastereoisomer 1 of C2 as a white solid
(1.13 g, 22.5% yield, single diastereoisomer), and subsequently
diastereoisomer 2 of C2 as a white solid (0.69 g, 13.7% yield, single
15 diastereoisomer).
Diastereoisomer 1 of C2:
'H NMR (300 MHz, DMSO-dg) ppm: 7.48 - 7.59 (m, 2 H), 7.26 - 7.46 (m,
3 H), 7.02 - 7.14 (m, 2 H), 6.67 - 6.79 (m, 2 H), 6.51 - 6.64 (m, 1 H), 6.27 (d, 1 H),
526 (d, 1 H), 4.61 - 4.78 (m, 1 H), 2.96 (ddd, 1 H), 2.55 - 2.67 (m, 3 H), 2.16 -
20 2.37 (m, 1 H), 2.06 (d, 1 H), 1.79 - 1.94 (m, 1 H), 1.59 - 1.76 (m, 1 H), 1.35 - 1.59



7.61 (
6.79 (
(br. s
2.91 -
1.46 -

10

15

20

H, 7.28 - 7.46 (m 3 H),

m 6.86 -
m H, 6.32 Mxture of

3.

2.

32

2
2
WBR)10M78B8- 5. 10

yellow solid (m 1 H),
33 (m 4 H),
01

2.64 - 2.73

(m, 2 H), 1.20 - 1.34 (m, 1 H);
LC-MS (ESI POS): 337.04 (MH+);
[a]p= -44.6 (¢=0.25 MeOH).

Diastereoisomer 2 of C2:

7.03 (m 2 H),
di ast er eoi soner

s3(m 1 H), 2.13 - 2.28

6. 64 -
(br. s., 1 H, 5.32
3. 55 PCTEPI@9/0088¢im 1 H),

(m 1H),

'H NMR (300 MHz, DMSO-ds) ppm: 7.48 - 7.60 (m, 2 H), 7.24 - 7.43 (m,

3 H), 6.97 - 7.14 (m, 2 H), 6.66 - 6.78 (m, 2 H), 6.51 - 6.66 (m, 1 H), 6.26 (d, 1
H), 5.24 (d, 1 H), 4.62 - 4.81 (m, 1 H), 3.08 (ddd, 1 H), 2.54 - 2.70 (m, 5 H), 1.64
-1.79 (m, 1 H), 1.32 - 1.64 (m, 2 H), 1.16 - 1.32 (m, 1 H), 0.93 - 1.16 (m, 1 H);

LC-MS (ESI POS): 337.04 (MH+);
[a]p= +27.6 (c= 0.25 MeOH)
EXAMPLE 3

Alternative preparation of (R)-phenyl-phenylamino-acetic acid (R)-

(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Diastereoisomers 1 of C2)

~

MeCN

P(Ph),
DEAD

: NH
(o]
N

diasteroisomers 1 of C2

Scheme 3

MW-120°C

%
N

L,
O\
CrY
16

HCI
dioxane

: NH
OH
o
17

Preparation of (S)-methyl 2-(methylsulfonyloxy)-2-phenylacetate (I5):

A solution of (S)-methyl 2-hydroxy-2-phenylacetate (20.0 g, 120 mmol)

in DCM (240 mL) maintained at 0°C under N, flowstream, is added with

mesylchloride (11.2 mL, 144 mmol) and TEA (20.1 mL, 144 mmol) and the



(m 4 H (continue) WD 2010/072338PCT/ EP2009/008870 73 LC- MS( ESI PCS) :
355.2 (MT) OONH 11%ield 11-1 NVR (300 MHz, DMSO d6) Ppm 7.36 overtwo
- 7.66 (rWO20H)07238815 ' 40 steps - 7.28 (m 2 H), 7.00PCI/EP20090288(im 2 H),
6. 64 C33 - 6.81 (m 2 H, 6.50 Mxt%e of - 6.64 (m 1 H, 6.29

di ast er eoi soner

mixture is stirred at RT for 1 h (UPLC-MS monitoring: complete conversion).
The mixture is cooled to 0°C, 0.1N HCI (240 mL) is added and the desired
compound is extracted with DCM (2x200 mL). The combined DCM phases
are dried over Na,SQ,, filtered and evaporated to dryness. The resulting crude
5 is purified by filtration through a silica bed eluting with DCM, obtaining
22.4 g of the title compound as white solid (76% yield).
Preparation of (R)-methyl 2-phenyl-2-(phenylamino)acetate (16):
Aniline (16.8 mL, 184 mmol) is added to a solution of (S)-methyl 2-
(methylsulfonyloxy)-2-phenylacetate (I5) (22.4 g, 92.0 mmol) in CH3CN (50
10  mL). The mixture is heated under MW irradiation at 120°C for 5 min (UPLC-
MS monitoring: complete conversion). The resulting crude is partitioned
between EtOAc (200 mL) and 1IN HCI (200 mL) and the aqueous phase is
extracted with EtOAc (3x200 mL). The combined organic layers are dried over
Na,S0Oq, filtered and evaporated under vacuum to obtain 20.3 g of a pale yellow
15 solid (92% yield), which is used in the next step without further purification.
Preparation of (R)-2-phenyl-2-(phenylamino)acetic acid (17):
12N HCI (85 mL) is added to a solution of (R)-methyl 2-phenyl-2-
(phenylamino)acetate (I16) (20.3 g, 84.0 mmol), in dioxane (85 mL) and the
mixture is heated at 70°C for 18 h (UPLC-MS monitoring: complete
20 conversion). The dioxane is evaporated, the mixture is cooled to 0°C and the
resulting solid is collected by filtration to obtain 19.1g of intermediate 17 as a
white solid (99% yield).
Preparation of (R)-((R)-quinuclidin-3-yl) 2-phenyl-2-
(phenylamino)acetate) (Diastereoisomers 1 of C2):
25 (R)-2-Phenyl-2-(phenylamino)acetic acid (I7) (6.50 g, 28.7 mmol), is
dissolved in dry THF (140 mL) under inert atmosphere. 3S-Quinuclidinol
(4.0 g, 31.6 mmol), triphenylphosphine (890 g, 43.0 mmol) and

diethyl azodicarboxylate (6.8 mL, 43.0 mmol) are added and the resulting



(d,1H),5.29 (d, 1 Pale yellow H), 4.39 - 4.82 (m 1 solid H), 3.01 -
3.12 (m 1 H, 2.53 - 2.69 (m 5 H, 1.67 - 1.80 (m 1 H, 0.97 -

1.58 (m WO 2010/47233BEXAMPLE 13 Preparation of PCT/EP2009/008870
2-({[(R-(1-aza-bicyclo[2. 2. 2] oct - 3-ylkexycar bonyl | phenyl - met hyl } - am no) - be
nzoic acid nethyl ester (C35) 0 OHDI PEA MWV 120C
HOBt , HBTU,

mixture is refluxed for 30 min (UPLC-MS monitoring: complete conversion).
The solvent is evaporated and the residue is partitioned between water
(100 mL) and EtOAc (100 mL). The aqueous phase is further extracted with
EtOAc (3x100 mL). The combined organic layers are dried over Na,SOy,
5 filtered and evaporated under vacuum. The resulting crude is purified by flash
chromatography (DCM/MeOH=95/5) recovering 8.7 g of diastereoisomer 1 of
compound C2 as a pale yellow solid (90% yield, single diastereoisomer).
Diastereoisomer 1 of C2:
'H NMR (300 MHz, DMSO-dg) ppm: 7.49 - 7.58 (m, 2 H) 7.25 - 7.47 (m, 3 H)
10  7.00-7.12 (m, 2 H) 6.66 - 6.78 (m, 2 H) 6.51 - 6.63 (m, 1 H) 6.27 (d, 1 H) 5.20 - 5.31
(m, 1 H) 4.62 -4.73 (m, 1 H) 2.95 (ddd, 1 H) 2.53 - 2.68 (m, 3 H) 2.17 - 2.34 (m, 1 H)
201-2.13(m, 1 H)1.83-1.93(m, 1 H) 1.38-1.71 (m,3 H) 1.17 - 1.34 (m, 1 H)
LC-MS (ESI POS): 337.2 (MH+).
EXAMPLE 4

15 Preparation of (R)-quinuclidin-3-yl  2-(3-fluorophenyl)-2-(3-

fluorophenylamino)acetate (Diastereoisomer 1 and 2 of C12)

Br
F OH H,SO, F O\/ NBS F O\/
m EtOH m ccl, O
18 19
‘ : _NH,

F

F NH DCC, HOBt E NH LiIOH E NH
B - —
F\@/k[(o"-@ THF F\WOH THF/H,0 F\©/K”/O\/
o
N ° 0

diastereoisomer 1 and 2 of C12 11 110
Scheme 4
20 Preparation of ethyl 2-(3-fluorophenyl)acetate (I18):

A solution of 3-fluorophenyl acetic acid (10.0 g, 64.9 mmol) in ethanol



DI PEA THE 5134C35 Schene 13 Preparation of

N- et hyl - N-1 sopr opyl propan- 2- am ne 2-[ (car boxyphenyl - net hyl ) - am nol - benzoi c
aci d et Wb 208¢052338134) . 2- Bronp- 2- phenyl acetic aci d (4@0THER2002/08870mol ),
met hyl 10 2-am nobenzoate (0.26 ni, 2. 8 mmol ), and

N, N-di i sopropyl et hyl am ne (DI PEA) (0.65 ' nmL, 3.72 mmol) are dissolved in

tonit uIt|n solutlonl er r ation
e el GHO T a6e MR BoraliceamorE of HegPe (98 %y Aptia: i dhel t he
crude residue ur 10/ 38PCT/ EP2009/ 008870 74 fl ash
chlrjomat oSI UH{/é ?%WM@F&@%@} V\ﬁpfg &r(&:d\% NERHOEINE COMBICLE CQNYEsi s ol i d
611 9% eI d,. DI P epar ati.on
(2 (11?% ’Elie 5. eélitd§cqv(§[p?r:2te§1%ﬁq tlge gﬁlggﬁglér%ﬁﬂojned between EtOAc and

henyl rreth m no)-b oi.c acid er
DN B by s Rl © TS sRphse zn%ir#ét%sz%réﬁ%@%%o obtain 10.1 g of

ST e
e o ssr e el i Bk hiom € N ptembietuflusk | 37 o
are evaporat)e Stoﬁlé Q?d%l%yl 2(31@ Fophgnyagetys g‘@néﬁé e%g QA’PWOAMH

rab o edﬁﬁﬁr@@ﬁdﬁﬂ' BeiadrSvah 3RS AYE! 53 DB FhS the it B et Bxil e
Coshed ik ?Ch B S S Bcifortdl? géﬁf?li?ij#gy%?nvewai TBee i S over
ot ortas VebBEEEA AR SBY RRRNBRELL: B I GETIRTICHS AL pbiitieB o fpisn &<
PRS0 ?“Zc FUS ShisPPEy %g?fw g aoibiltssilt bt 720 (0 3
Y 30520'- P ilparitivh | of' Ghgl ™-G-Bhorfphnyfe2- 3 Mporesfe %@%ﬁ ingdy, {41

(M—|+) %%&0(/1?16%338PCT/ EP2009/ 008870 75 EXAMPLE 14 Preparati on of
(2- met hoxy-pheh no) - phenyl -acetic acid (R)-(1-

aza- bi cycl o] 2. 2.:21,0¢4 5 %f%&ﬂe}ﬁl?tb% (0(37 Hoﬁf}gl aggﬁl 911@61;:%@%?%3#4 onof

(2 met hoxy- phenyl am no) e ¢ aC| or|

- br qgo- ?mﬁibqwﬁ%cﬂh%wadxﬁ% (8950 P8 68T moB" ﬁeﬁé'h%daa@'l'dda@ for 5 min

under MW irradiation (LC-MS monitoring: complete conversion). The solvent
is evaporated and the resulting crude is purified by flash chromatography
(Hexane/EtOAc=9/1) to obtain 2.00 g of 110 as a yellow oil (99% yield).
Preparation of 2-(3-fluorophenyl)-2-(3-fluorophenylamino)acetic
20 acid (I11):
A solution of ethyl 2-(3-fluorophenyl)-2-(3-fluorophenylamino)-acetate
(2.00 g, 6.81 mmol) in THF/H,O (1:1 mixture, 10 mL), is added with LiOH
(816 mg, 34.0 mmol) and the mixture is reacted for 2 h at RT (LC-MS
monitoring: complete conversion). 1IN HCI (15 mL) is added and the desired
25 compound is extracted with EtOAc. The resulting crude is purified by flash
chromatography (Hexane/EtOAc=1/1) to obtain 1.79 g of I11 as a pale yellow
solid (99% yield).

Preparation of (R)-quinuclidin-3-yl 2-(3-fluorophenyl)-2-(3-



10 (0.28 nL, 2.47 mol) and DI PEA (0.47 m, 2.67 nmmol) are dissolved in
acetonitrile (10 nL). The resulting solution is heated under m crowave

i rradi at w0 2at0/07@B3€ for 30 m nutes. DI PEA (47 ul, 0.27 REBHIEP2¢XH08870

2- met hoxyaniline (28 uL, 0.25 nmol) aré\zadded and m crowave heating is
carried out for a further 15 m nutes. ter (5 nmL) and |ithium hydroxide 15

hydrate (259 rrgIi| 6.17 mol) are directly added to .the rpa tion solution and
the resulfivoxppheaylaming)acefate (Digsteregisemex;l ppdi2 pf ur. Acetonitrile
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U%dle'a EB?@&&@??&%?&rﬁ%?éﬁ%ﬁ#%ﬁ%%%% la%ﬁﬁg%vﬁgbffﬁﬁfééﬂnﬁ& ob295

[ : P [ - XY= ' < - i i

19 i B Sl R TS DT RSB hld oREE

| oadi ng: .1.25 mmul / i s suspended in THE (15 rrL?l.and. hgken for few.

m 35.3 wrﬁézﬁp@atg%t%&ﬁwfﬁf%%d" BRSNS toZ%bt%/Ha AYRiE g_f;;@- ilgﬁeocqm?%%v foride
1 74 .. T 7 EP, 70, 7
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6. Y Ciip PRk Biiebn INGAL v Wlter? e iopfanid, fay i A separh®B. ffRa o 27

é:’ni( m by ass Qg Tt Gegiand evapfecdogdeys e crudk fyplifhicg £ lah P
7. 15 i

phenyl E%PH@%@%MP&%&?QH&%{WE? f§05§g§ 5t§|”8§/c| %)?% 2%09?1: 3- él)

20 hydr Féﬁ%%t?ff%@g%f%ﬁ) T PRy DS 9y i RARD TS P ShReTT)

- i-di . 4 .
orto-to 1%@?6&?031@{?}3{13%\@%&%9&% R&ggf%ué\%grugm dx%s%?e%h)er?rle

di ssol ved 1'nh acet oni and stirr rradi ati on at 100C

for '1%?92{2%%%%% 6914 o8¢ Ge N6y ¢35 g}%galgié&glﬁgfo*Hﬁ%t%édi@ox%é%)?t? 25

(207 water (3 nl) ar the mxture is’stirred

at WO 2010/ 0 i3 R380EH{hed0y/ 99@1@4%2 )E%)f@f flﬂr@xél%ﬁﬁ-ﬁeﬁ'\/b?g%reb@rﬁiwa“e

i s added until pH1s about 1, then vents are evapora t he residue

|5 Susperdedis et @i sIMhRRbPd pafoqLAdubiI QFFANdatce Tesul ting solid i

recovere filtration and dried under vacuumto get internediate 186 as a

of f-white sol ifids?3Ro@m&3oyiceld) . SPreparation of phenyl -o-net hyl
phenyl am no-acetic acid (R)-(1-aza- bicyclo[2.2.21oct-3-yl) ester (C39):

PS-DCC (1. 15 dy AMR @m0 MH2aIMEO-d6)45piMI480bri §., ugpended 7.98 Thi: A 15
mL) . . Phenyl - o- met hyl phenyl am no-aceti ¢ ‘aci d hydrochlori de (138) (200 ny,

0.72 zmmlpq,fm.qis HGBT6 (821 HY, 7.]104(4d,”1"191)% 6T B(RAIED, 61491 | WA kY2 1D, 6.27
(275 ny, 2.16

(R - qui nucl’i di n-3- ol _ mml) and the m xture is shaken for 16
hours at Rj47R@m,DCH)i 5.49 (d,er ED, 2fd5 2Rt g, 11HY), 3263 (d4&d,eV #poBajed3 3lhe

resulting residue is dissolved in EtOAc and washed sequenti al | y with water,
sat. NaHGHB,3 wpt er74ang oqrinne2 HHhe. 1§ 9arg3c(rhay ¢l), i1s6 3t ilggh aues Hp2SO4,

filtered and evaporated to give the title conpound as a col orl €ss oil (260
g, 15quantit qCVRIY(ESHPOS)XBUBL (:M}ﬂi)gst er eoi soners).
[a]p=-37.80° (c=0.2, MeOH).
25 Mixture of diastereoisomers 1 and 2 of C12
1H NMR (300 MHz, DMSO-d6) ppm: 9.58 (br. s., 1 H), 7.31 - 7.58 (m,
3 H), 7.15-7.26 (m, 1 H), 7.10 (td, 1 H), 6.77 (d, 1 H), 6.47 - 6.65 (m, 2 H),

6.27 - 6.47 (m, 1 H), 5.44 (d, 1 H), 4.95-5.20 (m, 1 H), 3.67 (ddd, 1 H), 3.07



11-1 NVR (300 MHz, DMBO-d6) ppm 7.50 - 7.62 (m 2 H), 7.25 - 7.46 (m 3
H, 7.00 - 7.07 (m 1 H, 6.8 - 6.98(m 1H, 6.51- 6.66 (m 1 H, 6.30
- 6.49 (rWOROH072B832 (d, 1 H), 5.10 (d, 1 H), 4.65 - 4PEB/EPR909DOSY) 2. 85 -
3.16 (m 1H, 2.56 - 2.69 (m 3 H, 2423 (s, 3H), 2.13 - 2.46 (m 2 H),
0.95 - 1.97 20 (m 5 H); LC MBS (ESI “Pog): 351.2 (M9, WO

ol rasspecy Ehopob gt 1 BAREIS, g BYAIE
(R -(1-aza- b| r (C41) 5140C41 chene 16
Preparation of @h@%(@éf’?ﬁ% 7§%E¥I§'i1§xy phenyl am no) - acetic acid

hydr ochl ori de | 2- br onp- 2- phenyl acet at e(400ny, 1. 64mmol ), 10

3- (trifluoronmgne (0.33 nmL, 2.47 mmol ), and DI PEA (0.43 ni, 2.47
mol ) are dissolved in acetonitgile (5 an eat ed under pation
at 100C for ﬁp@ﬁ{\%’r‘lﬂ on con‘bfete by(l{SILDl F/é”ﬂw expdingA (l\?%n/\l/’_g' 2t
l'ithium hydroxi de h drat&lééﬂﬁg 4.94 mmol ) are directly added and the
resul i ndPiepyiamin )'QFF RT for |h. Then 4M HCL in dioxane is added
to 15 pH 1, the organic solvents are evaporated and the resulting crude oil
is purified by filtration through a silica pad using DCM MeOH= 9/1 as the

el uent. Interrredia 88 is collected as a br oil (569 ng, quantitative
yield). epauat i on of

phenyl - (3-trifl uor onget bix omhenyr@mo%i o ZON?;IC'bd
(R) - (1-aza-bicycl @' 2Jloct - 3-y1) est er cal) P (920 my, 1.15
mml, |oading: 1.2 g) is suspended in T 15 $i) .

Phenyl (3-trifluoronet oxy phenyl am no) - acetic acig, hydrochl oride (140)
(200 ng, 0.57 mmol) and HOBT (176 ng, 1.15 mml) are added, followed by
(R)-quinuclidin-3-ol (219 ng, 1.73 rml),28d the mxture WO

2010/ 072338PCT/ EP2009/ 008870 79 is shaken for 16 hours at RT. PS-DCCis
filtered off anddiffohi ot Qﬂilﬁ‘ed _-ﬁ(@g&igﬁlﬁﬁ%oﬂﬁé@t&eﬂhtﬂﬂ? (0881 Hye 0l 31

di ssol ved in Et0Ac and was sat er and-brine. The

organipc RAARS) i d‘i’ék@rﬁ: qy%‘&ld%‘@%ﬁ% a flM S6MRHIABE FRYPRPHA) Gl G EiLV)eaﬁcPe

title corrpound as a colorless oil 5 (206 ng, 85%yield, mxture of

di aster E‘Qhﬁ%ﬁét%n 1s stlrred at RT foﬂ-]l H Ws&l%@gt Wéva%%@@)&i%dﬁp dlZce')(ﬁ
7.62 (m 5 H), 6 (t, 1 H, 6.79 (d, 1 H),

1H, 4 Qﬁessu‘}ee'oco( n&)btlnrﬁ) a 2W5P11-te' Sol2d Wﬂlcﬁ H. cﬁsé’tﬁvedz iR6 &r@l $H'I*)
1.97 - 235 (m 2 H), - 1.96 (m 1 H), 0.99 - 1.67 (m 4 H: 10LC M8

(ESI PCS)(1044dLR D¢ . (222 mg, 1.12 mmol), HOBt (144 mg, 1.14 mmol) and

4 (d,

N-methyl-4-piperidinol (307 mg, 2.71 mmol) are added and the mixture is
15  stirred for 96h at RT under nitrogen flowstream (LC-MS monitoring: complete
conversion). The solvent is evaporated and the residue is partitioned between
DCM and water; the organic layér is separated and dried over Na,SO,4. The
crude compound is purified by preparative LC-MS and the collected fractions
are portioned between 2M K,CO; and EtOAc. The*organic phase is dried over
20 Na,SO,, filtered and evaporated to dryness to obtain 20.6 mg of the title
compound as a white solid (7% yield, racemic mixture).
'H NMR (300 MHz, DMSO-d6) ppm: 7.45 - 7.60 (m, 2H), 7.20 - 7.45
(m, 3H), 6.95 - 7.17 (m, 2H), 6.69 (d, 2H), 6.47 - 6.63 (m, 1H), 6.23 (d, 1H), 5.20
(d, 1H), 4.71 (tt, 1H), 2.34 - 2.48 (m, 1H), 2.11 - 2.25 (m, 2H), 2.09 (s, 3H), 1.94
25 -2.08 (m, 1H), 1.71 - 1.90 (m, 1H), 1.51 - 1.71 (m, 2H), 1.29 - 1.51 (m, 1H);



EXAMPLE 17 Preparation of (3-ethyl-phenylam no)-phenyl-acetic acid
(R)-(1-azabicycl o[ 2.2.2Joct-3-yl) ester (C43) 15142C43 Schene 17

Pr epar at iwoab(0@72338y| - phenyl am no) - phenyl - aceti caci d hy@ComrR@wiooks7¢ 142) :

Et hyl 2-brono-2-phenyl acetate (0.29 niL 91. 64 mmol ), 3-ethylaniline 20 (0.31
m., 2.47 mmol), and N-ethyl-Nisopr opy?pr opan-2-amne (0.43 nL, 2.47 mmol)

are dissol ved i e ifrile (5 d stirred under MNVirradiation at
100C for 1 h (@%@%@%ﬁéé@%@d MS-UV) . Lithi um hydroxide hydrate
(207 ny, 4.94 gtglz 3n§ water (3 nmL) are added and the m xture is stirred
at RT for 16 b 1 in dioxane is added until pH 1 25 and the
sol vents are apor ated. The residue j uspended i n water, sonjicated, WO
2010/ 072338PCT E4PAIBSBDE870 86 cool ez&‘s)ai"@e‘e@?mYFFPl'é?‘b'é' hder hede Fon
The recovered ite solid IC‘ISCﬂ‘{I ed under vacuum at 40C overni ght (414 ng,
86% yi el dphenylamgpejacetate ) (3-et hyl - phenyl ani no) - phenyl - aceti ¢ acid
(R) - (%- azabi cycl o[ 2. 2. 210ct-3-y1) ester (C43): 5PS-DCC (1097 ng, 1.371
mol , | oading:1.25 mmol/g) is suspended in THF (15 nmi). HOBT (210 ny, 1.37
mol ), (3-ethyl-phenykam no) - phenyl acetic aci d_laydrochl oride (142) (200 nyg,
0.68 mml ), and (R nucl i di n-3-ol (262 ny, @. mol ) are added and the
suspension i s shaken at for 16h—PS- BCocs it éa
is evaporated. The r ffesi dued i s I ssed
with water, sat. Na , Water and'orine. fhe Brgani § piase is dried over
Na2SO4, filtered andévaporated. The crude is pufified byN\fIash
chromat ography (DCM MeOi=95/5) to obtain the title ggnpound as a col orl ess
oil (72 ng, 30%yield, mxture of diastereoisoners). 1H NVR (300 MHz,
DVSO-d6) ppm 7.45 - 7.60 (m 2 H),Sh%;ne-67.47 (m 3 15 H), 6.96 (t, 1
H, 6.56 - 6.66 (m 1 H, 6.47 - 6.5 m 1H, 6.38-6.47 (m 1H, 6.17
(d, 1 H, 5.164- 5 ( 1 . : H) ,ac2d 89r1)3- ( 1 H,
25a - 570 (m AT Y5 Targ Ly PpelylimiOasit) acky e S @00 gy (O
1 H, 1. 2088 n%mgTﬁ; oec 2|1+B1mé- 1 b5(tme)) PIOBG IMB &1%?'1.&50@:1%101?5%d3(f1()%ﬁ)- 20
WO 2010/ 072338PCT/ EP2009/ 008870 81 EXAMPLE 18 Preparation o
(3-aqet y!rﬁ@ﬂhpﬂsﬁhﬂﬁmhmmgismhﬁpzmﬂ%mlg imdid THD 5110 mL) is stirred at room
(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C46) O 14

temperature overnight under nitrogen flowstream (LC-MS monitoring: complete

d off and the filtrate
i, Et OAc and washed

conversion). The solvent is evaporated and the residue is taken up with aq. HCI
(pH about 2) and washed with DCM. The aqueous phase is basified with
NaHCO; and extracted with DCM (three times). The organic layers are
15 combined, dried over Na,SO,, filtered and evaporated to dryness. The resulting
crude is first purified by flash chromatography (DCM to DCM/MeOH=95/5) and
then by preparative LC-MS. The purified compound is partitioned between sat.
NaHCO; and DCM, the organic phase is dried over Na,SO,, filtered and
evaporated under vacuum to give 90.8 mg of the title compound as brown oil
20  (33% yield, mixture of diastereoisomers).
'H NMR (300 MHz, CHLOROFORM-d) ppm
Diastereoisomer 1 of C14: 7.46 - 7.57 (m, 2 H), 7.29 - 7.45 (m, 3 H),
7.08 - 7.21 (m, 2 H), 6.67 - 6.81 (m, 1 H), 6.50 - 6.67 (m, 2 H), 5.20 - 5.37 (m,
1 H), 5.12 (d, 1 H), 4.84 - 5.05 (m, 1 H), 2.46 - 3.04 (m, 4 H), 2.44 (s, 3 H),
25  2.10-2.26 (m, 1 H), 1.63 - 1.82 (m, 1 H).



5C46145 Schene 18

(3-acetyl am no- phenyl am no) - phenyl -aceti c acid et hyl
N ( 3- Am WpReyI7rB8et am de (371 ng,
phenyl acetate (0.29 nL, 1.64 mol),
di ssolved in acetonitrile (5 nL).
irradiation at_100C for 30
Acetonitrile i Q1aStIpEISQME

Preparation of

The reaction is heated under

§l CR3: o T36Tmed M0 ol B0ry 2 imt a5

ester (144):
2.47 mmol ), ethyl 2PETGR2002/008800
angoDl PEA (0.43 nL, 2.47 mmol) are

MV
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(R -(1-azashicycl gl 2. 2,.2] ogt 43- ster, ((C46). .. PS- 7 , 0.10 ol ,
oadi ng: 26 Grodnes i ani TR kRt S resh et ell?

(3-Acetyl am noy, | am no) - phenyl -acetic acid 10 hydrochl oride (145) (160
ng, 0.50 nmol ), (153 ng, 0.10 nmol), and (R)-quinuclidin-3-o0l (190 ny,
1.501 | ) are added and the m xture is shaken for 16 h at RT (Conversion
conpl g]tTg by—URLESIMSM)-—PS-DCC—H-s—H-+t re—washed—w-th—FHF—and
then with resulting residue i$ taken

Et 0Ac. The fijltrate is evapor (
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di ast ereoijsoners). 1H NVR (300 IVHz, (s, 1
H, 7.47 - ), 7 .11 (m 1 H),

7.60 (m 2 H 2 7.47 (m 3 H, 7 6. 96
(t, 1 H, |6.66 - 6.83 (m H, 6.36 - 206.46 (m|'IHHNMR 3@BQ0d, MH#), 5. 15
(d, 1 H, [4.58 - 4.78 (m H, 2.95 and 3. 06 (dddCHLORQFQ@RBAdyppim 70 (m 5
H, 1.99 (s, 3 H, 1.23 - 95 (m 5 H)} LC- M5 (HSL. POS). 394.12 t
CA7 listed in Table 8 ils prepared as previously d%g ﬁegggog;ﬁg%\ﬁ;s
3-am no- N nde instead of N phenyl’)-dcet: e/ -2
08870 83 Table 8
LC- M5( ESI POS) :
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rod ~ff
I CU Ul

atadld ardk
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[e

1
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1. :
5i ng
met hyl - benzar NO

B8PCT/ EP2009/ (
> Anal yti cal

- (3 -am ng

Conpound [St 7t (he 3y d-08nd

7.21 (m, 2 H), 6.67 - 6.81
(m, 1 H), 6.50 - 6.67 (m, 2
H), 5.20 - 5.37 (m, 1 H),
5.12 (d, 1 H), 4.84 - 5.05

2010/ 07234
appear ance

L
28%yield | IH), 2.46 - 3.04 (m, 4
C1s H), 2.44 (s, 3 H), 2.10 -
Colorless | 2.26 (m, 1 H), 1.63 - 1.82

(m, 1 H)

Diastereoisomer 2 of C12:
7.46 - 7.57 (m, 2 H), 7.29
- 745 (m, 3 H), 7.08 -
7.21 (m, 2 H), 6.67 - 6.81
(m, 1 H), 6.50 - 6.67 (m, 2
H), 5.20 - 537 (m, 1 H),
5.12 (d, 1 H), 4.84 - 5.05
(m, 1 H), 2.46 - 3.04 (m, 4
H), 2.33 (s, 3 H), 2.26 -
2,40 (m, 1 H), 1.86 - 2.05
(m, 1 H)

oil
Mixture of
diastereoisomers

(continue)



394. 2 (MH) 11-1 NMR (300 MHz, NH DVBO d6)ppm 8.17 40 NH "
Quantitative yield (q, 1 H, 7.48 - 7.59 (m 2 1-1), 7.25 - 7.48 (m 3 H),
7.17 - 7.0 2010/072338)) , CA7 7.13 (t, 1 H), 6.99 - 7.08 PCIEPYEIRET®I | (m
1 H, 6.80- 6.949 (m Mxture of 1 Hé,l 6.49 (d, 1 H, 5.32 stereoisoner
(d, 1 H), 4.59 - 479 (m 1 H, 289 - 315 (m 1

LC-MS (ESI POS): 325.3
(MH")

'H NMR (300 MHz,
O\ DMSO-d6) ppm: 7.45 -
NH 20% yield | 7.69 (m, 2 H), 7.22 - 7.45
OO (m, 3 H), 6.91 - 7.22 (m, 2
o H), 6.66 - 6.91 (m, 2 H),
| Colorless | 642 _ 6.66 (m, 1 H), 6.27
oil (br. s., 1 H), 5.20 (s, 1 H),
4.77 (br. s, 1 H), 2.53 -
3.00 (m, 2 H), 1.64 - 2.44
(m, 6 H), 0.90 - 1.62 (m, 3
H)

C16

Mixture of
diastereoisomers

EXAMPLE 7

Preparation of 8-methyl-8-azabicyclo[3.2.1]octan-3-yl 2-phenyl-2-
(phenylamino)acetate (C17)

L \ S

N N
NH H HOBY, DCC NH H

o4 t+ HO — o)

THF
o o)
5 3 c17
Scheme 7

A mixture of 2-phenyl-2-(phenylamino)acetic acid I1 (250 mg,

0.90 mmol), EDC (255 mg, 1.35 mmol), HOBt (245 mg, 1.80 mmol) and
8-methyl-8-azabicyclo[3.2.1]octan-3-0] (380 mg, 2.71 mmol) in dry DMF

10 (10 mL) is heated under microwave irradiation at 100°C for 1 h (LC-MS
monitoring: complete conversion). The reaction is concentrated under reduced
pressure and the residue is partitioned between EtOAc and water. The organic
phase is dried over Na,SQ,, filtered and evaporated to dryness. The resulting
crude is purified by preparative HPLC. The collected compound is partitioned

15 between 1IN NaHCO; and DCM, the organic phase is separated dried over
Na,SQO,, filtered and evaporated under vacuum to give 20.1 mg of the title

compound as a colorless oil (7% yield, mixture of diastereoisomers).



H, 2.74 (d, 3 H, 2.54 - 2.68 (m 5 H), 1. 07 - 1.96 (m 5 H EXAMPLE
19 Preparation of (3-fluoro-4-nethyl-phenyl am no)-phenyl -acetic
acid 5(RwORerre28cycl o[ 2. 2. 2] oct-3-y1l) ester (C49) HOPCT/EP2MW48@830 Schemne
19 Preparation of (3-fl uoro g met hyl - phenyl am no) - phenyl - acetic
acid 10 hydrochl oride (148): Ethyl 8rm 2- phenyl acetate (0.29 nL, 1.64
mvol ), 3-fluoro-4- methﬁlanlllne 247 1.97 mmol ) and DI PEA (0. 37 m.,
2.14 mmol ) ar e FHiNMR (840; MHze @ﬂ@ OWn‘II) pprke7 Adact{-64 (m ReBbed in
15 m
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nmml ) and the resulting yellow solution is stirred at RT overni ght
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are dissolved in acetonitrile (6 nL).
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(Conversi pnconplete by URLC NMS-N) MeCN-i-s evaporated, fhg residye
di ssol ved Et 0AG |and hed with <>atYleNaail(§D3 wat er glr e. The
organic | ?éfnqoém‘raecover ucrfed o eipplazit, |filtere II' “@Vapor at ¢
CrUde con JUUIIU IS UTTT1 EU 0] I I I tTatTon LIII ou Cda
DCM MeOH=9/ 1 as theg el uent té obtain the title Ii‘éﬁg nQ%Js&II?%)eI F’gs\/bc
(311 ng, quantitatijve yield, mxture of di ast er &% rrers) NVR (300 NHz
DVBO- d6) ppm 7. 26 ,16.94 (td, 1'H20MR) (306 Uz, Aaet@le(
H, 5.25 } 5.33 (m 5. 01 (m 1 H),d8)g@naid23. 565 (dd2k),] H)
2.82 - 3.22 (m 4 H 2.66N(M 1 H), 1.92.26 17.96 @nd3@)10.01 2.
1 H, 2.04 (s, 3 H) m 5% yield LC- V5. 1658, REHX%.67368.78 (dvhit) -
WO 2010/ 0f2338H°T/ BP; 2H), 6.56 - 6.65 (m, 1H), 5.57
Colorless 0il | - 5.65(m, 1H), 5.17 (d, 1H),
Mixture of 4.95 (t, 1H), 3.05 (dd, 1H),
diastereoisomers 2.89 (dd, 1H), 2.75 (d, 1H),
2.42 (s, 3H), 1.87 - 2.13(m,
2H), 1.66 (d, 1H), 1.28 (d,
1H).
10 EXAMPLE 8
Preparation of (S)-((R)-quinuclidin-3-yl) 2-amino-3-

phenylpropanoate di-trifluoroacetate (Diastereoisomer 1 of C20)

15

S
©\/Y o8t Doc % @

Preparation

119

Scheme 8

of

(S)-((R)-quinuclidin-3-yl)

%@

Diasteroisomers 1 of C20

2-(tert-



EXAMPLE 20 Preparati on of

( 3- et hyl sul f anyl - phenyl am no) - phenyl -acetic acid

(R - (1- ansobzooyookB2. 2. 210ct - 3-y1l) ester (C52) 150 PCHER205H0Behene 20
Preparation of (3-nethylsulfanyl-phenykgni no)-phenyl -acetic acid ethyl
ester (150): Ethyl 2-brono-2-phenyl acetate(0.22n, 1. 23mmol ), 10
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16h). PS-DCC j ff h Rt HE il i
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t. NaH i i (@y; i dried

i.lesm, B Epa0a UL RANIRARE S Dini ol Pt AR NEICE0) 6 br own

, 153 g . . y . X

TH MR (300" Wb DR 11930 By 0.9 SnBlo IR EAPRE LT added withy |y

6.99 (t, tliffforofectft -achd 6@.“5” mi., 418 -fdiol) GneS thdNmxtlte Firdéd (; RT H)
H, 459 - 4.78 (m 1°H), 2.88 - 3.13 (m 1 H), 2.54 - 2.69 (m

5.29 (d, 1 .
3 H),152. ?07veﬁ'ﬁ1:§h§ %%{:)l@%nt igéeéghpl()!%tea Hid tRe RsulthbRrhde i¢ pirifiedfy M5

(ESI PCS): 383.2 “listed in Table 9 i's prepared as
previ ouslptegestivieted- M8 18-0BtaidS3 NG rhe (oF didkRPcMREME: ) 6F tBIOAE aiktogAd Of

3-(methyl'thio)aniline. WO 2010/ 072338PCT/ EP2009/ 008870 87 Tabl e 9 Conpound
St ruct ur euth@lys Al (56% yield, di-trifluoroacetate salt, single diastereoisomer).
'"H NMR (300 MHz, DMSO-d6) ppm: 9.81 (br. s., 1H), 8.52 (br. s.,
3H), 7.24 - 7.41 (m, SH), 5.02 - 5.09 (m, 1H), 4.20 - 4.46 (m, 1H), 3.60 - 3.73
20 (m, 1H), 3.00 - 3.33 (m, 7H), 2.01 (br. s., 1H), 1.79 - 1.95 (m, 1H), 1.76 (br.
s., 1H), 1.60 (br. s., 2H);
LC-MS (ESI POS): 275.3 (MH").
Diastereoisomer 2 of C20 listed in Table 4 is prepared as previously

described for diastereoisomer 1 of C20, starting from the commercially

25 available (R)-2-(tert-butoxycarbonylamino)-3-phenylpropanoic acid.



appearance Analytical C53 o 40 NH M xture of stereoisomer Quantitative
yield Yellow oil LC-MS(ESIPOS): 379.3 (MH) Ili NWMR (300 MHz, DVSO d6) ppm
7.49 _ 7.80201y072338), 7.25 - 7.48 (m 4 H), 7.13 _ 7. 26PCH(EP2008)008860 87 -
7.04 (m 1 H, 6.63 (d, 1 H, 535 (d, g4 H, 4.56 - 482 (m 1 H, 2. 96
(ddd, 1 H, 2.55 - 2.68 (m 4 H), 2.48 (s, 3 H, 2.02 - 2.32 (m 1 H), 0.98

- 1.97 (m 5 Iﬁ. E)%N\/PLE 21 Preparati on of
(2. 5- di et hoxyLlHYHER/I ami no) - pheny! - aceti ¢ aci d
5(R) - (1-aza-bicyclo[2.2.2]oct-3-y1) ester (C55) cheme 21

Preparation of (2,5-di ngt hoxy phenyl am no Nl‘kﬂﬂy;hda( etic acid 10
hydr ochl or i| de Commmundy 8. Di e SHREHIS | i ne (aﬁgéamgej 85 ﬁ‘ﬁBM'ca'et hyl

2- br ono- 2- phnnyl arnat ot (O 292 ™ 1 22 NLPEA (O 29

[aaivany
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mml ) are dissolved in dcetonitrile (5 mL) and sti rré@h’l‘ﬁiéﬁsm(ﬂ@atl ng at

100C for 1|h. Water (2 ni, 111 nmol) and [ithium hydr26§13c(MHi)bdrate 104 ny,
15 2. 47 mmopl ) are di rectly added and the resulting m Htlu]vm(gso(ﬁMHZ'ed at RT
overni ght. |Acetonitrile|is evaporated, 1MHCL is addgshgodigyhe phd |aqueous
WD 2010/ 072338PCT/ EP200C/70N*88 phase Ii extract 6
col | ected organi c phaseg ace~washef-. b P'ie OVeral e%?sl\lag)g@

3
gIJI tter ed

and evapordt]jalgstglo %t())'gn%l n inter ol at Ozylféda whi t% ol i q7( 4 38%
yield). felg2 ardtion of (2 5- B et hoxy- phenyl nyl=acetic
acid 5(R)-(1- a2 ycI q[ 2. 2. 2] | oct - 3-x8) @gkeryelq@‘)“ %7 81 my,
0.951 mmol | loading: 1.33 mmol/g) is suspegged in (ddq, lH)’ 00 -

. . . 3.30 (m, 5H), 2.86 -
Single diastereoisomer 297 (m, 1H), 2.82
(ddd, 1H), 2.08 -
2.22 (m, 1H), 1.61 -
1.94 (m, 4H)

EXAMPLE 9

Preparation of (S)-3-phenyl-2-phenylamino-propionic acid (R)-(1-
5 aza-bicyclo[2.2.2]oct-3-yl) ester (Diastereoisomers 1 of C22)

Cul, K,CO,,
NH, TMBA, TEA, N
: Pd[P(-o-tolyl),],Cl, N HN
:’ on PAlP(-o-toly);Cly @\/\( HOBt, DCC _ ©\/\”/
d DMF/ H,0 @
121 Diasteroisomer 1 of C22
Scheme 9

Preparation of 3-phenyl-2-(phenylamino)propanoic acid (I121)

10 A solution of (S)-2-amino-3-phenylpropanoic acid (1.52 g, 9.12 mmol) in
a DMF/H,0 mixture (10/1, 16.5 mL) maintained under nitrogen flowstream, is
added with iodobenzene (1.00 mL, 9.12 mmol), dichlorobis(tri-o-
tolylphosphine)palladium(Il) (357 mg, 0.42 mmol) Cul (86.4 mg, 0.42 mmol),
K,CO; (1.21 g, 9.12 mmol), trimethylbenzylammonium chloride (286 mg, 1.51

15 mmol) and triethylamine (TEA) (2.50 mL, 18.0 mmol) and the mixture stirred

for 24hr at 100°C under nitrogen flowstream (LC-MS monitoring: complete



dry THF (10 nlL). (2,5-D nethoxy-phenyl am no)-phenyl -acetic acid

hydr ochl ori de (154) (154 ng, 0.48 mmol), HOBT (146 ny, 0.95 nmol) and
(R) - qui nuwbi2diom73338l (181 ng, 1.43 mmol ) are added and PhE/EPROOOISSTE S
shaken 10 at RT overnight. PS-DCC is figktered off and the filtrate is
evaporated. The residue is dissolved in Et0OAc and washed W|th sat . NaHCCB,
wat er and_ bri ne, %h& amc | ayer i.s dried ovgr Na2 filt
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hydr oxi de éhgdd‘ﬁhﬁcﬁéﬁ'xo} (rf931g@ mm},é, I ate gﬂrtﬂ&uﬁ 4 1uBdnMng ur e

is stirre 16h. IS ev porate redu d pressure, the

sol ution¢hs GAQLGH MQe%OJfoOﬁ Sﬁcﬂﬁpa o Qﬁﬁ% n9¢ &MACL i's
Is The (?%{)y flrﬁt

added dropwi se until pH 1. ite solid I's recovere ation,

washed V“rﬁbnﬁ@hﬂgwaé&h pitd dondrippler I‘{I%CL&HT{/@& “i@cewﬁéﬂitg@t e ‘H-tt:ﬁ' n
intermediate 1105 as a white solid (198 ng, 80%yield). Preparation of

(2,514i f |(99rrﬁL9h§%ﬂ|d€H‘t60rhepﬁé§ﬁVti %36%dé3aﬁ‘&'tﬂe aqueous laFyer is washed with
5(R) - (1-aza- b| cyclo[2.2.21oct-3-yI) ester S-DCC (914 ngy, 1.301

mol , | ogtliowe (2x86 MIy! N)z)H(C@ SMS&QREQIGQ) tHe dqueJLtiFla(ﬁe? (PH=7-8) and the
(2,5-Difl uoro phenyl ani no) - phenyl acetic acid hydrochl oride (157) (195 ny,

0. 65 MMDIprodtBTis( 1&@radted 1. WRAhMDCM and (fieduioves! 'NiézRT ’y 0|t0( ?(ﬂﬁaﬁ’ﬂ

1.95 mmol’) are added and the suspension is 10 shaken at

(Conver siszn s Bheyibl) bt favtereisony- DOE C22,fwhi@r %dftﬁfﬁer%ﬂﬁﬁeéll@t ion

and the filtrate is evaporated The resulting resi due
preparative LC-MS to obtain the title product as a brown oil (mixture of

20 diastereoisomers that contains 20% of diastereoisomer 2 of C22, TFA salt).
"H NMR (300 MHz, DMSO-d6) ppm: 9.58 (br. s., 1H), 7.19 - 7.38 (m,
5H), 6.91 - 7.15 (m, 2H), 6.55 - 6.68 (m, 3H), 4.94 (ddd, 1H), 4.34 (t, 1H),
3.62 (ddd, 1H), 2.92 - 3.25 (m, 7H), 1.63 - 1.95 (m, 3H), 1.36 - 1.63 (m, 2H);
LC-MS (ESI POS): 351.3 (MH").
25 Diastereoisomer 2 of C22 listed in Table 5 is obtained as previously
described for diastereoisomer 1 of C22, starting from the commercially

available (R)-2-amino-3-phenylpropanoic acid.



is dissolved in EtOAc and washed with sat. NaHCO3, water and brine. The
organic |layer is separated, dried over Na2SO4, filtered and evaporated. The
crude is Wworzofoegesspy filtration through a silica-pad usiPOG/EPIMONBRBD 95/ 5 as
15 the eluent. The title conpound is cgglected as a colorless oil (195 nyg,
80% vyi el d, mxture of di astereoi soners). 11-1 NWMR (300 MHz,
DIVBOdG)pmeZZ -762(m2H)728-7.47(m3|—|)702-715(m1
H) 6.46 - ‘( H)6.32-6.46(m 1H 58 -6.00(m 1H 5.43 and
5.45 (d, 4766 - 482 (m IH 2.9 ydwd.n%g(ddd, I H 2754 - 2.99
20(m 4 H 2Cg,1,pognal M 1guchu@d- 1.96 '8N 65- 1. 7R GptichiH) 0.92 -
1.66 (m 4 ; LG-Ms (ESI POS): 373.2 (|Mippearance | C59 |isted in Tablg 10 is
prepared &s preV| ousty(described Tor C98,” USing .
2, 6- di met hyl - phenyl ani nei nstead of 2,5-|di f| uor oani}‘g%s. (E%POS)' 351.3
2010/ 072388PCT/ EP2009/ (008870 91 Tabl e 1j0 Conpound cture Yield ang
appearance Analytical ¢€5940 40 NH "." N U 'H . NMR- - (300M Mizd of

di ast ereol soner 34%yi ¢l d Col or s oil| LG V5( ESI EQHBO &BENég_C(Oy{Hﬂ [Ili NWVR
(300 MHz, | DMBO-d6) Ppm| 7. 44 ﬁg (m 72% %2 .91

(d,2H),660-679 ,4.95an o| (m 2
H, 2.82 %Iﬂ%‘?ﬁ m ?bd 2. 3c (s, 6
H . 1.98 %‘%’ %%THSF 1.70 -1_075[%& 177 21.89 3 (m 4
H) EXAMPLE 2 Pr epar at i on-,of | Bdweaitdiy! - acetic

acid (R -(1-aza5bicycl o[ 2. 2. %I -3-y1)| ester _(CE > e » 05 .
Pr epar ati pnof ( 2- et hyl -phera){as%rrrémg(}me[%henyl -aceticg IIII{I;I) ;24 - 2.6;-(m‘ 3(IHT)1,

230 - 2.45 (m, 1H), 1.89 -
2.06 (m, 1H), 1.69 - 1.84
(m, 1H), 1.39 - 1.58 (m, 3H)

EXAMPLE 10

Preparation of (R)-quinuclidin-3-yl 2-(benzylamino)-2-
5 phenylacetate (C24)

0, %3S

1) NaOH NH
THF
(ONg HOBt, DCC 0.
5 2) HCl THF I @
N

Scheme 10

Preparation of 2-(benzylamino)-2-phenylacetic acid (I123):

10 A solution of methyl 2-(benzylamino)-2-phenylacetate (1.00 g,
3.90 mmol) in THF (90 mL) and 1IN NaOH (10 mL) is stirred at room
temperature overnight (LC-MS monitoring: complete conversion). The solvent
is removed under reduced pressure and the crude is partitioned between
EtOAc and water. The aqueous phase is acidified with conc. HCI1 (pH about 3)

15  and then extracted with EtOAc (three times). The organic phase is dried over

Na,S0,, filtered and evaporated to dryness to give the title compound as a



10 hydrochloride (160): 2-Ethylaniline (0.23 nL, 1.85 nmol), ethyl

2- br ono- 2- phenyl acetate (0.22 nL, 1.23 mmol), and DI PEA (0.32 nm, 1.85
nmol ) arew0i2eval7933d in acetonitrile (3 nL) and stirred wroa@EP200dSsT@di ati on
at 100C for 1 h. Water (2 m, 111 mmol y7and |ithium hydroxi de hydrate (104
ng, 2.47 mmol) are 15 added to the reactlon and the resulting m xture is
stirred at, RT o ht 2010/ 072338PCT/.EP2009/ 70 92 16h
Acet oni ¢ P s B 4Y e BUAR LTS 4 . HlgRdS GAER 0 ShF DoXHEPYBgHS
phase i s extracted se eral times with DCM and the organi c phases are

col | ect eoa“é'nfiJ g&}g YOt er and brine, dried (Na2SO4), filtered and

oyieray °0 1O Bremaratia e orst 5. LRt dinr el hoybehzgtatitngr s
ffféd.(ﬁgaia@%l%!ﬁﬁf%y%ﬂgﬁﬁgsgﬁﬁgﬁemﬁf Sha D519 Peet o100 3739"“’ ohol)
068 Mol ) art CRFCES %ﬁ%yéb&f‘ﬂ@%ﬁﬁgl @bgla*%géégﬁhﬁkf)ﬁi (0.8 300 e
T and 'tfﬁ%wflhflkfwt G oS R BBk, & 0 m%%a“'?s?'ﬁﬁhwnéh
e orcarl c‘q‘@?‘@}r‘gfglé@pga 75 “ﬁj‘% e, LPe @Egcﬁ%c%gtsé‘re a1, J8ab" ' e
evapor 2t oo TGS ISR 80 el | BRIV 1RO @pé“? mplete ¢ he
P ot ¢ XepyBRFoRE THE SARRAL L F A3 R ‘{%kg'qa‘ K EOANES
and qyapayaied hacel o dulibe 1Al o &ﬁ%@é‘ @M@Mﬂ@%ﬁgg SyBlye(gh ™

21% vyi eI , mXxture di ast er eoi so

e e s
3.07 (dda( i 5,05 Py semngto 255685 (aﬁ? S U
i ?SL-C VB Sé%ﬁeaggs"%“ggea%‘ d2 ?sz)m(zél |f{)1%010% Ji98mixidhe of dieredisdifich]
EXA'VPLE 24 ?ﬁﬁ&ﬁf@to'foﬂﬁagferégls@ﬁfétryl I %%nzl Mm@ (@39 ﬁ;c?ﬁﬂtﬁelac' d

(R -(1- aza-bi cycl o[ 2.2.2]oct-3-yl) ester (Co4) 162
15 purified by preparatlve HPLC.
'H NMR (300 MHz, DMSO-d6 +Na,CO;) ppm: 7.20 - 7.45 (m, 11 H),
4.55 - 479 (m, 1 H), 4.35 (s, 1 H), 3.67 (d, 2 H), 2.85 - 3.14 (m, 2 H),
2.56-2.71 (m, 2 H), 2.31 - 2.46 (m, 1 H), 2.07 - 2.23 (m, 1 H), 1.82 - 1.93 (m,
1 H), 1.32 - 1.79 (m, 4 H);
20 LC-MS (ESI POS): 351.2 (MH").

EXAMPLE 11

Preparation of (R)-quinuclidin-3-yl 2-(cyclopentylamino)-2-

phenylacetate di-trifluoroacetate (C26)

1) HO,, @

HOBt, DCC

_boc
HN NaBH(OAc)
OH THF @ DCM
0 2) HCI @

dioxane-DCM
*2HCI

25
Scheme 11



5C64163 Schene 24 Preparation of (2-acetyl-phenyl am no)-phenyl -acetic
acid ethyl ester (162) 1-(2-Am nophenyl)ethanone (250 ng, 1.85 mmol), ethyl
2- br ono- 2W02010011233¢1 acetate (0.22 m, 1.23 mmol), DI PEAPCU/EPR20091008810 85
mmol) and a catal ytic amount of potassiggm iodide are dissolved in
acetonitrile (4 nL) and heated under MNirradiation at 100C for 2h and then

fl aiﬁoﬁhﬁﬁﬁmlo%mﬁ%? i phi GrbafnEF e AcE s oy T“e {g-Brise o RE e e o
érlé;o)afgtl "("3‘\? W gZyIﬁgm ﬂg?n:nlhteﬁ;: Vgcglt ?cgz:i d hydr ochloride (163):
ol ) and |1 ¢ HRIYE BkPdaeyar aecp a2 iy o ?%s %93548%1 "
%ﬁéoi 225??25%56??@@%‘18?5 8% & cFnbghinh PG (e i Bent gnilal} 4ma ™

T beD. -?ﬁ@lﬁﬁgm% ,;S Qsﬁéd 3%5;;%1 H A"]‘?ﬁﬂ&é@%“ﬁﬁ’ﬁﬁggﬁuat&hg:gj i
evapor at ed § Eﬁe%nrg i ﬁj@_ ?tg) 21 (g W Eeq o 1055 %
yield). ¥ P '( e EhyT 8% 3 B & acl

O S Sl ol TR 40 s

0. 59 m%ﬁrﬁ‘ﬁééb@@‘fﬁﬁée %ﬂ%@"ﬁm T {%9%“%3%#? it BrENASEh o™
filtered DS ElafiRd @%%Sfél%a 4“358%@‘1% i éﬁéﬂﬂﬂf heXHIt

F |t Iof\ceir 23%@?@9(1%0% llgﬁ?hg?rlj ggé Ftttls\ﬁ%ﬁ{gr w@”?&?‘%"g%rﬁf“ %E{) t&%%&‘a | 'ash
chromat ogy,aRbYof 'qu'\i{ g’ﬁ%{;’?ﬁ/% y g?d bl e TS g%%g@%g@?g@nqlﬂ§ c"?)n(f}%lﬂ{d €ss

oil (239 ng, quant 'm Xture of

11 R (30048, DR @0ty Sy g R doydatls i3 adef e 1
and 5. 53§%gct1%ng% 5@(% :?tHg&Yrg g%mf)e@turez 137 i’nﬂof}r 14 ¢ 944, nJrOI'ﬂ)tordﬁ%59 (S

2.39 (m H, 1.69 - 1./8 an

1 97 (m & ]iet@ -hversiof 9 e(rfa theh) sol'vgnﬁ/?f (s%?arzﬁ@&) le%rlgn%))hd is 65

listed |nT I'S prepared as previo scribed fo usi ng
3, 5- dkf | UefQr I?&P'Wﬂ RM & nkeN&) gg@eT @23 -ds2a &Uhﬁemﬁﬂi/ k)fz%hgn%%e3(1\é\¥?i di

2010/ 072338PCT/ EP2009/ 008870 abl'e 11 Conpound Structtre Yield and

appear anqf,dgehMkide@mixture of diastereoisomers).
Preparation of (R)-quinuclidin-3-yl 2-(cyclopentylamino)-2-

phenylacetate di-trifluoroacetate (C26):

(R)-Quinuclidin-3-yl = 2-amino-2-phenylacetate (C25) (200 mg,
20 0.60 mmol) is dissolved in dry DCM (10 mL) and treated with sodium
triacetoxyborohydride (508 mg, 2.40 mmol). The reaction is stirred at room
temperature for 30 minutes and then cyclopentanone (106 ulL, 1.20 mmol) is
added and the reaction is stirred at room temperature for additional 16 hours
(LC-MS monitoring: complete conversion). The reaction is diluted with DCM
25 and washed twice with 1N NaOH, the organic layer is dried over Na,;SOy,
filtered and evaporated to dryness. The crude compound is purified by

preparative HPLC to give C26 as a white solid (53.1 mg, 16% yield, di

trifluoroacetate salt, mixture of diastereoisomers).



LC- MS( ES1PCS) : 373.3 (MH) 11-1 NMR (300 MHz, DVBO- d6) ppm 7.48 _
40 NH 86%vyield 7.57 (m 2 H), 7.28 - 7.46 (m 3 H, 7.02 (d, 1 C65 40".
H, 6.19 woeond7¢gssg 3 H), 5.38(d,1H), 4. 66- Wi t e f oa®CZ/ERR000/6P8810 H) ,
2.98 and Mxture of 3.10 (ddd, 1 H), ¢§.54 - stereoisoner 2.69 (m 3 H),
2.20 -

'H NMR (300 MHz, DMSO-d6) ppm: 10.02 (br. s., 2 H), 9.75 (br. s., 1
H), 7.43 - 7.76 (m, 5 H), 5.24 - 5.49 (m, 1 H), 5.01 - 5.24 (m, 1 H), 3.51 - 3.79
(m, 1 H), 3.12 - 3.37 (m, 4 H), 2.93 - 3.12 (m, 1 H), 2.75 - 2.94 (m, 1 H), 2.20 -
2.39 (m, 1 H), 1.78 - 2.14 (m, 4 H), 1.61 - 1.77 (m, 5 H), 1.31 - 1.57 (m, 3 H);
LC-MS (ESI POS): 329.2 (MH").

wh

C27 listed in Table 6 is obtained as previously described for C26, using
cyclohexanone instead of cyclopentanone.

Table 6

' Yield and
Compound Structure e an Analytical
appearance

LC-MS (ESI POS): 343.2 (MH")
'1H NMR (300 MHz, DMSO-d6)

O\NH
o., 24% yield | ppm: 9.47 - 9.79 (m, 3 H), 7.36 -
3 @ 7.85 (m, 5 H), 5.37 - 5.54 (m, 1
N

C27 . .. | H), 5.10 - 520 (m, 1 H), 3.56 -
21ea | Whitesolid | 56y 1 1), 268 - 3.28 (m, 5
H), 1.97 - 2.33 (m, 3 H), 1.66 -
Mixture of 1.94 (m, 5 H), 1.56 (br. s., 2 H),
diastereoisomers 1.29 (br. s., 2 H), 1.12 (br. S., 3 H)
10 EXAMPLE 12

Preparation of ((4-chloro-phenylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C29)

HO.,,
cl @ cl
N
: e QL
\©\ + OH NH HOBt, DCC NH
o,
NH, o Mw,100°C m " THF ©)\( @
0

128 C29

15 Scheme 12
Preparation of (4-chloro-phenylamino)-phenyl-acetic acid (I128):
A solution of a-bromophenylacetic acid (1.00 g, 4.65 mmol) in
acetonitrile (20 mL), is added with 4-chloro-phenylamine (1.18 g, 9.30 mmol)

and the mixture reacted in a closed vessel under MW irradiation at 100°C for



2.34 (m1H), 2.01- 2.13(m 1H),1.84 - 1.97 (m1H), 1. 05- 1.78 (m 4
EXAMPLE 25 Preparati on of

3- ({[ (R -wo-2amzap7R338ycl o] 2. 2. 21oct - 3- ypoxycar bonyl I 5 PCT/EP2009/008870

phenyl - met hyl } - ami no) - benzoi c acid ethyly ester (C67) HO', 166C67 Schene

25 Preparation of 3-1(carboxy-phenyl -nethyl)-am no]-benzoic acid

3046 oo £ @Bﬁﬁ%ﬁg%ﬁéﬁﬁa l‘ég%e{sr%C%fz\f'f%@ﬁ%t)f‘ﬁ%?%gfﬁﬁﬁ%zfaa@ﬁa&%i gﬂ@\”:
) 2.32 . i Vv i i i 4 3

Wi T giefidie S ParbisRned BARRencho A i PR ﬁg%e%r% gﬁ?ﬁﬁﬁ R fided0de
d de | i | d,i 15 i HC1,

e gl ol L, B O L

\Y; . ai i i 1114 - i

20101072 FIBUS R B Dase "o yi ore)” ” preparation of

LR P B elnalion Gy @-hlqrasb bR IR SheRrERveaiT RGN (RITY!

oenzorcap S oy B bl oved 120 (363 . © 15 )

2- (1H ben ) 2% t1- -V1710°3, 3-tetranet hyl i souroni um

et U oBnoSiN A A% Ty B AT AR G 2

D moanhor B 20Tomdh A SEPHIZ G HI0 i AR Syith TRECE (48 $HA 250 HRfSD, ' "ot

di | i i ) i N)

ooy eﬁiﬁi%i???"*f%2ﬂ*?é“ﬁﬁ)éﬂa@“ié%%wpgﬁ%%r@é"bgééﬁg{%a.“ﬂﬁe

1t a0 oriSsbtinelhiRbre 8K e ARG AR RO G VS omltchhe? el

O 5o " SYRERtiDY) Fhe Sobydits(aibothtey PP RsidRCs panitiondd Berklln 2 1)

0y oy BrdAg ahd v 4005, $h8rglhic phihs fy hiciloyer N,s @i Hlrerd mi (™, 4

o 2,50 (e b B0, ISR TR B8 Aol g = 2
aza- bi cy it R1/R23P9931 1d) 8 $A1S" tol HBRin 18 EHe compound as a white solid
15 (306 mg, 37% yield, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d6) ppm: 7.46 - 7.59 (m, 2 H), 7.22 - 7.45
(m, 3 H), 6.99 - 7.18 (m, 2 H), 6.65 - 6.80 (m, 2 H), 6.52 (d, 1 H), 5.28 (d, 1
H), 4.60 - 4.82 (m, 1 H), 3.04 (ddd, 1 H), 2.54 - 2.70 (m, 4 H), 2.03 - 2.36 (m,
1 H), 1.67 - 1.97 (m, 1 H), 1.36 - 1.68 (m, 2 H), 1.05 - 1.35 (m, 2 H),
20 LC-MS (ESI POS): 371.1 (MH").
The compounds listed in Table 7 are obtained as previously described
for C29, starting from the suitable commercially available 2-bromo-

phenylacetic acid derivatives and anilines.

25



25Schenme 26 WD 2010/ 072338PCT/ EP2009/ 008870 97
( 3- met hoxy- phenyl am no) - phenyl
2- br ono- 2wpheryd7aisétic acid (0.5 g,

m., 4.56 mmol) in THF (12 nl)

-acetic aci

is reflu

Pr
d (168):

eparation of
A sol ution of

Sol vent

2.28 mmol ) and 3- nmeChaPgemiodssne (0. 54

d for 4 hours. is renpved

under vacuum the residue is taken up with 1M HC1 and 5 extracted with

Et OAc.

crude |-srhgu(r)|r19f‘él‘?ftfh

ase is dried (Na2S™4),

filtered and evaporated. The
flash chronmat ography (DCM MeOH=98/2 to 9/1) to obtain

intermediate 1116 as a white solid (0.58 g, 99%yield). Preparation_ of

(3- met hoxy- phenyl am no) - phenyl -acetic acifd (R)-(1-

10aza- bi cycl o[ 2. 2. 2] ocl-3-y1) ester (C69): Yield and

( 3- Met hox} - p@emploanilno) - phen$itrugbeei ¢ acild (0.58 g,| 2. 25Amalyitical HOBT |( 0. 45
g, 2.93 mml) and DCC (0.60 g, 2.93 mmuvl ) appearhinggol ved in THF (100 nL) and
stirred at_RT for 20 mjnutes. Then, (R)-quinuclidin-3-ol (0.57 g, 4.51
nmmol ) is added and the|resulting reaction is stirred at the sanme 15
tenperatufre for one day. The solvent is evaporated, the residue is tgken up

with EtOAc and the insoluble is filtered|off. The ongaMS s@Suti POS)H:S

washed wifh 1M K2CO3 and then with brine| The crude 39s.1qvHf)i ed by fljash
chromat ogf aphy (DCM MeQH= 99/1 to 80:20) |[to obtain|the title conpound as a
yel low soflid (0.43 g, $2%yiehd, m xturejof diasternégi SOV Si3 OOZ(MHZ NVR
(300 Mz, | DVBO-d6) Ppml °© astereoi soner 1. 7. AL@MS@&A} (p 7.22
- 7.47 (m 3 H, 6.95 (t, 1 23-6§§§.n@3-|)( 1H,
5.25 (d, L H), 4.50-479( 64 (%,‘e H) 2 0 12.20 -
2.7 (m # H, 2.03 - 2.13 ( 3- 1.95(m (m 4
H); 25D apt er ediSoner 2: 7.48 - 764 tm |2 H, 7.22 " 16. 95
(t, 1 H,|6.23 - 6.38 31{-/? 6.09 - 6{19 (m 1 H 4.50 -
4.79 (m L H, 3.64 (s gugof. 314 ‘Yg'lh*#e@l%in) 74“ H),
1.68 - 1.74 (m 1 H, 1. 19d1a§teeePIS@mer4 H:; WO 2010/(@732&823&&,‘9 0@®/|008870
98 LC-Ms [ESI POS): 367.1 (M#). EXAMPLE|27 Br Hpa2.54 i-ch6D{m, 4

[ (4-fl uorp-phenyl)-nethyl -am nol - phenyl - acetic aci d H), 1.84 - 2.26 (m, 1 H),

(R -(1-azp-bicyclo[2.2]21oct-3-y1) ester |(C72) 11®sl Ligb—ldﬂgDsTﬂf
Cr2171 Schene 27 Preparati on of 0.99 - 1.34 (m,

[ (4-fl uorp-phenyl)-nethyl -am nol - phenyl -acetic acid ethyl est er (I 70)|:

104- Fl uorp-N-net hyl anifine (0.33 g, 2.67|mvl) is added to a solution of

et hyl 2-bronmo-2-phenytacetate (036 L, 206 moi ) [T acetonm t1r7te(§. 86
m.) and D PEA (0.47 m | 2.67 nmmol ). The dark sol utlcl@MsS stk edp@k). 100C
under mcrowave irradiation for 1 hour. Then sol vent, m?%m at ed ard t he
crude is purified by flash chromat ography (Petrol eum ettg tOAc = 9'/3) to
obtain 15 nternediate 1118 as a yellow solid (0.59 %

Preparatipn of [(4-fluopro-phe ‘%ﬁ_ met hyl 1 am nol - phe M;‘\%ﬁ% aC|

hydrochl oride (171): olution of )

[ (4-f1 uorp-phenyl ) - net hyl -gﬁ] phenyl - aééYdxdeldci d (%tlnﬁ) géf‘e(fd ngb) (0.59
, 2.05 npol) in THF (10 dowater (10 nL) is 2 = 7.54 (m, 5 H),

2010/ 0723BBRGCITrEszODOr 008@%&(%@ l'i {hium hydro>6|7de(dh9/di)at5éo((d, 26 g,
6.14 mol) islefi@dtl. The redctidn g stirred at RT|#)r4.8854.8nh.tldp |at 70C
for 24h. BN HC1 is added till pH is about Paleapellavhe 3i7i8xitsu3 &) .98 \(dgdyr at ed.
Vater (15 nmL) is added| a8ifigleldéasteesdishigeri $sdlid t ur at ¢d HRtASHE- AHEBGPABE br own
suspension that is filtered on a buckner H), 2.13 - 2.27 (m, 1 H),

1.96 - 2.09 (m, 1 H),
1.85 - 1.96 (m, 1 H),
1.51 - 1.73 (m, 2 H),
1.21-1.51 (m, 2 H)

(continue)



5 funnel,

washed with water and then with acetonitrile.

The solid is

dried

under vacuum at 40C overnight to obtain internediate 1119 as a pal e brown
powder (OVO201)/077338% yi el d) .

Preparation of

PCT/EP2009/008870

[ (4-fluoro-phenyl)-nethyl-am nol - phenyhsacetic acid
(R -(1-aza-bicyclof2. 2 2l oct-3-y1) ester (C/2). ’IﬂDQ-I’Y‘(‘ (1. 02 g—1.35
nmml, loading: 1.33 mpl/g) is suspended|in dry THE (13. 5 rrL) Then HOBT
(0.21 g, .35 mmol), [(4-fluoro-phenyl)-methyl- am acetic lacid
hydrochl ofide (171) (0]/20 g, 0.68 nmol) hnd (R) - quurirdjk/gq eﬂ%-o?b&. 26 g,
2.03 nmmol ) are added. The nixgure i s shaken at RT ¢#Hi( PS-DCC ifs
filtered pff, washed with Et OAcyand THF. | The sol utlon 15 is evaporatgd and
the residue is partiti )ned\b t ween Et OAc 359 The_organi cdlgdhase is
washed with sat. NaHCOB, drYeuw(Na2SO4) a eX)WBlf)iordthNMWe@QQ
purified py flash chromato o, MeQH = 95/5) |DME®altg t heppint:lie
conpound as.a,col.orl ess oi 20 B84 Yoyield, mxtpgedol H) 7.66 (d,
di ast ereo Eﬂégr;l&%s"'ﬂﬁh 1 (300 , DVBO-d6) ppm 3. 267 77519 5 H)
6.99 - 7.13 31y 6/83 - 6.99 (m 2 H 5.78 (d, g%%% é (m 1
H)3.02-318(m2|—r256-279(m5 l . 6-
1.93 (m [ H 1.41 - 1]e3nglgdiastqrgoisomer %;géfe? (chlrb@ E781 -AOS) :
369.2 (MH+). WD 2010/ )72338PCT/ EP2009/ 008 100 fwcm dsH) 3. 78 (s,
Preparatipn of (nmethyl{phenyl-am no)-phenyl-acetic|dcHy ZRI-{ 3B-04 (m,
aza- bicyc| o[ 2. 2. 21oct-B-yl) ester (C75) Scheme 28 H) 1 IBrega(l)ﬁt(hpn of
(R) - (et hyl - phenyl - am no) - phenyl -acetic acid net hyl 5 73):
N-net hyl apiline (299 ul, 2.76 mmol) is agdded to a s$olution of (S)- 14
met hyl 2-[met hyl sul fonyl oxy) - 2- phenyl acefate (15) (450 ng, 1.84 mmol) in
acet oni t r FHHre—(10—nt)—fhereaction—t+s—heated—at—12¢CFor—15mnutes
(mcrowave irradiation). 2N HCL (5 nlL) i$ added and the m'xture i's
extracted with EtOAc. The organic phase is dried oyel-_ §UIF ; and
the solvent is evaporated to dryness. The crude is gggl as
chromat ogf aphy on 15si|ica gel (Petroleum ether/Et20= llf obt ain
internmedi pte 1121 as ap orange anorphous|solid (12% ngy, 27 %yield).
Preparati pn of (R)-(nethyl-phenyl-am no){phenyl -acet]hg :Rd 2%@ cri de
(174): (R -(Methyl -phenyl~aano) - phenyl - acetic aci g é C) (125
20 nmg, 0.49 nmol) is dissolyed i n di oxane 202 m.) . %ﬁﬂ@ Eﬁnb éfilde in
water (3.00 ni, 36.5 ntol) is 4dded and {Hé"ni )qulﬁl( 2 (bs stiltridy at477(3 C for
18h. Then|a WD 2010/0y233 50@0038‘7@ 10We edomd (Qr2 HHn 7018 37%
hydrogen chloride in water . 000 M\ /A2, stepdl ) s qd@b&@np@iﬁ he g6 xtlure is
stirred af 70 C for adgitional 36h. The mxture is|gqp 63@49 tihe
white preci pit&ﬁ@ is filtered and washed|w th di oxa e7
i m, 2 H) 6.32
Mixture of (br. s., 1 H), 5.32 (br.
diastereoisomer

yellow solid

s., 1 H), 4.86 - 5.10
(m, 1 H), 3.55 - 3.70
(m, 1 H), 2.91 - 3.33
(m, 4 H), 2.64 - 2.73
(m, 1 H), 2.13 - 2.28
(m, 1 H), 1.46 - 2.01
(m, 4 H)

(continue)



Et 20 to obtain internediate 1122 as a white solid (97 ng, 71%yield).
5Preparation of (nethyl-phenyl-am no)-phenyl-acetic acid (R)-(1-

aza- bi cycWo[2210072338oct - 3-y1) ester (C75): PCT/EP2009/008870
(R - (Met hyl - phenyl - am no) - phenyl - aceti gzacid hydrochloride (174) (97 ng,
0. 35 mmol HOBT (107 ng,—0-70 mwl)—DCC (144 ng. 070 el )—and

(R) - qui nu:Ildln 3 ol (é9 ng, 0.70 mml) are dissol ved in dioxane (5 nL) and
the 10 m kxture is stirfed at RT for 15h. |The white q—éﬁﬁ){ﬁ oﬁi Eof lit er ed
and di scafded whereas fhe clear solutionjis evaporclt es he
residue i§ dissolved in Et0OAc and washed|w th sat. d t hen brji ne.
The organ|c phase is diied over sodi um sul phate, filtered and evapordgted to

dryness. The resultingjcrude is purifiedfby flash ¢hronato raghy on silica
gel (DCM MeOH=97/3 to 95/ 5) 15 obtain|the title %MMA% a0

yel low oi | (46 ny, 38 % yi ekd, Nm xture of ldVastyesldqiRMEDs)) ppm: 7.36

11-1 NMR {300 MHz, DVBO- d6) 4,29 - 798 (mWe [H)7 661dn-2 HRI7(M| 2 H)
6.85 - 6.D9 (m 2 H 667 4 8I80(( H| s&p84 and |5. 1 _ 4.88
(m 1 H 299 - 316 ( 295 wfd 2|71(s, 3 H) %%S(m 2%)4766 H)
2.29 - 20047 (32 H)[1.74 - 1.95 (m 1K) 1.32 - %2(?&’% ?5%2-
1.30 (m e Sl PCS): 351.3 (Mi). WO 5

2010/ 0723B8PCT/ EP2009/ (0887 OMIBrefoAMPLE | 29 Pr-ep&datm.oh Id) 6.29
(4- et hyl  benzyl am no) 1 phedjaktepsidoneeraci d (R -(1- |(d, 1 H), 5.29 (d, 1
aza-bi cyc| o[ 2.2. 2] oct-8-y1) ester (C77) $Chkmgeld® | 1) 439 . 482 m
Preparati pnof am no- phenyl - aceti caci d(R) - ( 3eldza- bi ¢y¢ °i81 -é-lyl)
ester (178): (R -Quinug¢lidin-3-yl 2-am no-2-pheny|e ?L 3d hlorlde
(C25) (1.11 10 g, 3.33|mml) is dissolved in MeOH ( 5 an 2 -{140H
(2.0 nL, [16.07 nml) i$ added. The solutilon i s stinf&H 86k IB()lsec.
and then |s evaporated|under vacuum The|residue i s Hi, sﬁs@Vv-eH Si8n(rdCHI | Ve OH
(4.5/0.5 pL) and about [Ig of Si02 is added. The sugpgnsion is evaporgted
and the residue is |loaded on a silica gel colum and purified eluting with
DCM MeOH NHAOH = 9.2/0/8/0.1 to 9/1/0.1 15 to collect internediate 1124 as
a pale yelTow oiT (635 ng, 73 %yield). Preparation of

(4- met hyl - benzgXaVIRI.Epienyl - acetic acid (R)-(1-

aza-bicyclo[ 2. 2. 21oct-3-yl) ester (Cr77): A solution of am no-phenyl-acetic
acid (R)-(1-azRrdpaation 202. 2] fI¢R)A1-329-bisyelo[2.27Hpc(-BOPI)ogycadr Bényljol ) in
dry THF (3.84 nlL), is added with 4- 20 net hyl benzal dehyde (68 niL, 0.57
mol ) ancpaiH-hetbyitamdndBbenebic adidemethylester (C3S)rred at RT and sodi um
triacetoxyborohydride (163 ng, 0.77 nmol) is added. The reaction is stirred

at RT for 1.5 hour then cycl ohexane is added ando m xture_ i s evaporated
to dryness. The crude is purified by flas “chrona raphy ( MeOH NHACH =
95/5/0.5) to obt0a| n the r|tIe co(ygpoun ®2010/0¢ 2838 P 09/008870 103
as a col orl m ,l;ure ofY&tast WPOners) .

11-1 NWMR (3 de) ppm12‘?°25- or(m SHH), 7 -8 (m 2
H, 7.03 - 7.15'(Cm 2 H), 4.51 4811 4. 33 (d, @

H, 2.85 - 3.19 (m 1 H, 2.57 - 2.69 5°H),228(s -192
(m 1s5H), 0.91 - 51.64 (m 4 H); LCM (kB8 POCS): 3652(M—I+c)as

Scheme 13
Preparation of N-ethyl-N-isopropylpropan-2-amine 2-[(carboxy-
phenyl-methyl)-amino]-benzoic acid methyl ester (134):
2-Bromo-2-phenylacetic acid (400 mg, 1.86 mmol), methyl
10 2-aminobenzoate (0.26 mL, 2.05 mmol), and N,N-diisopropylethylamine
(DIPEA) (0.65 mL, 3.72 mmol) are dissolved in acetonitrile (8§ mL). The
resulting solution is heated under MW irradiation in a sealed vial at 100°C for

20 minutes. The mixture is evaporated and the crude residue is purified by



The conpounds listed in Table 12 are prepared as previously described for
C77, using 4-fluorobenzal dehyde, 4-nethoxybenzal dehyde and benzal dehyde

i nstead oWo2erat7b3sBbenzal dehyde. 10Tabl e 12 Conpound St PaTiEPR@9NDEST@ and
appearance Analytical C78 40 NH ", 407M xture of stereoi somer 64%yield
Colorless oil LCMS(ESIPOS): 369.1 (MH) 11-1 NWR (300 MHz, DMSO d6) ppm

123 TR T tef] BT fiofias ki o s 3
240 (m by A e R AR T L oo L8t (m 2y T
wLero somet SSRGS b
S92 (m 2y Pkt ooty Polb s 5 1,2 (9 2
1.68- 1. 90(m 1l_IQI-Ethyl-N-isopropylpropan-Z-amine 2-(2-(methoxycarbonyl)-
phenylamino)-2-phenylacetate (I34) (611 mg, 1.47 mmol), 2-(1H-
benzo[d][1,2,3]triazol-1-y1)-1,1,3 ,3-tetrafnethylisouronium hexafluoro-
phosphate(V) (559 mg, 1.47 mmol), and HOBT (226 mg, 1.47 mmol) are
dissolved in THF (7 mL) and MeCN (3 mL). (R)-Quinuclidin-3-ol (375 mg,

10 2.95 mmol) is added and the mixture is stirred at RT for 1h. Solvents are
evaporated, the residue is dissolved in EtOAc and washed with sat. NaHCO;,
water and brine. The organic layer is recovered, dried over Na,SO,, filtered
and evaporated. The crude is purified by preparative HPLC and the collected
fractions are evaporated, the residue is dissolved in EtOAc and washed with

15 NaHCOs; and brine. The organic layer is recovered, dried over Na,SQO,, filtered
and evaporated to afford compound the title compound as a colorless
compound (95 mg, 16% yield, mixture of diastereoisomers).

'H NMR (300 MHz, DMSO-d,) ppm: 8.56 - 8.92 (m, 1 H), 7.80 - 7.94 (m, 1
H), 7.46 - 7.58 (m, 2 H), 7.22 - 7.45 (m, 4 H), 6.31 - 6.78 (m, 2 H), 5.53 and 5.51

200 (d, 1 H),4.47-4.87 (m, 1 H), 3.86 (s, 3 H), 3.07 and 2.97 (ddd, 1 H), 2.54 - 2.68
(m, 4 H), 0.95 - 2.34 (m, 6 H);

LC-MS (ESI POS): 395.3 (MH+).
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1.05 - 1.64 (m 4 H C80 101 NH 40", M xture of stereoisoner 64%yield Pale
yellow oil LC-MS(ESIPOCS): 351.3 (MH) 11-1 NWR (300 MHz, DVMBO d6) ppm 7.07
- 7.54 (rWODRO10M72338.59 - 4.79 (m 1 H), 4.35 (s, 1 |-1PCTEPE@I08SS7® H),
2.97 - 3.14 (m 1 H, 2.56 - 2.70 (m 4sH), 2.17 - 2.40 (m 1 H, 1.71 -
1.97 (m1H), 0.99 - 1.69 (m 4 H EXAMPLE 30 Al ternative preparation

of (4-fluoro- %ﬂ%phenyl -acetic acid
(R -(1-aza- bi o2 ct-3-yl) ester (C82) HO, OH + THFNH 181C82
o och o oc Teahy MG AL AR SRR AT Bl BT S SRR -1

2- am no- 2- phenyl acgt i ¢ ,acj 01 338PCT/ EP2009/ 008870 105 (300 ny,
1.98 mlﬁfaéﬁbgyﬁiﬁﬁ%%oﬁ%g'ﬂ\{ggﬁ?ﬁ@¢$; re dissolved in MeOH (20 nmL) and
stirred at RT overnight. The reaction is cooled at 0C and NaBH4 (150 ng,

3.97 mol ) is added. After being stirred at OC fgr 30 mn, the reaction is
j udged conpl ete by UPLC-MS anal ysis. 4M HCL in di qg?e is added dropwise 5

till pH5 and the precipi tate1iD§PE£oI | e %%y suction fil 9en, washed
with Et20 agd dried under @cu)wm, @bec40 obt ai nes-mgcer e 1129 as a
whi te soli587 ) ntd t ati-ve—yiel d). " PBac ati on o

(4-f 1 uor o-b&nawl am phenyl saeetic a Of1- THE O"'@
aza- bicycl o[ 2. 2. 21oCt-3-y1l) esti& (C82 Ofo m xture of o
(4-flyoro-benzyl am no) - phenyl -acetic acid hydrochl oride (233 ng, 0."79

mmol ) ” (R)-qui nuclidin-3-0l (200 ng, 1.57 nmol), 2-(1Hbenzo[d]
[1,2,3]triazol-1-y1)-1,1,3,3-tet ranqg%%slwroni um hexaf | uor ophosphat e(V)
(596 ng, 1.57 mmol), TEA (0.22 nm, 1. mmol ) and HOBT (241 ny, 1.57 nmmol)
in acetonitril i s gtirme _ .5 R T iS T ed
under vacuum algralrdét é‘q%:‘%nudeo?s p(grﬁe??gggoﬁlgééx{yaggﬁﬂg?%&g ﬁiir.ggﬁg

organi c q%lﬁ&%cilﬁ Aded3gy.er sodium sul phate, filtered and evaporated to
dryness. e cru%edleg(qpu ified by preparative HPLC. The conbi ned fractions

are dried and E’t%%‘l ztbﬂﬂﬁg-?ﬁh_%ﬁfﬁcgﬁa@@‘(s60%%,“&.'6%%011“@-@& Wanffigse s

i
dried over sodium sulphate, "filtered and evaporated to" 20 dryness to afford
the tipt| qOCRRALND 33 MRSl | HRP IQIPEA6%).W1m¥,1%.6/7 gheholMatrk WiBsSlved in
11-1 NWR (300 MHz, O db6) 7.2

di ast er eoi soners). (3 Ppm -
7.63 (M atetdnitr{le0q10 MmI2F (Re Zeddlting. 3Blutich 712 hehtel hhdef: Bldcswavle H)
3.64 (s, 2 H, 2.80 and 3.07 (ddd, 1 , 2.54 - 2.69 (m 3 H, 2.08 - 2.46

(m 2 H),irdad®Bion lat’ N 0PE 16633 30 ImPutdS( MIPEA) (4%. @8, -0.2764hd) 4ard ;
LC-Ms (ESI POS): 369.1 (M#+). EXAVPLE 31 Preparation of
(4-f 1 uor @-pte@hykyardibmk! (X8 IRh@RY! AithoD) aRCatiiéd afidd microwave heating is
carried out for a further 15 minutes. Water (5 mL) and lithium hydroxide
15  hydrate (259 mg, 6.17 mmol) are directly added to the reaction solution and
the resulting mixture is vigorously stirred at RT for 1 hour. Acetonitrile is
evaporated, the remaining water phase is cooled at 0°C and 4M HCI in
1,4-dioxane is added until pH is about 1. The solid obtained is collected by
filtration and washed with water. The solid-cake is recovered and dried under
20  vacuum to obtain intermediate 184 as a brown solid (377 mg, 62% yield).
Preparation of (2-methoxy-phenylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C37):
PS-DCC (2.05 g, 2.57 mmol, loading: 1.25 mmol/g) is suspended in
THF (15 mL) and shaken for few minutes. Then (2-methoxy-phenylamino)-

25 phenyl-acetic acid hydrochloride (I36) (377 mg, 1.28 mmol) and HOBT



WD 2010/ 072338PCT/ EP2009/ 008870 106 (R)-(1-aza-bicyclo[2.2.21oct-3-yl)
ester (C84) Schene 31 5Preparation of

(4-f1 uor oWpherya723383-f | uor o- phenyl am no) -acetic acid (188)Y/EP2009/00887¢ri Xt ur e
of 2-brono-2-(4-fluorophenyl)acetic ackg (500 ng, 2.15 nmol) and
3-fluoroaniline (477 ng 4.29 mol) in acetonltrlle (8 nmL) is heated under

10 215 AP 5%‘1’%6‘%@& sz chdide I 10, BDte S, (R5BBTSAE 3P Tt oo
T R LA S TR T
soipar s el e ol e D DGR (Rl el
(R~ (1 adililests SapotiSid B GRndsse Ths el yAlSS%Vr#ix e a8 i

ol ) &R g SO MBS ARG e
(UpLO s S 08T A ScEmibsrsR Al shiPafiye ﬁ@%?%r?itvﬂm ﬁﬂsate%%ﬁ% §a ag? the
col ut i on SURREAEEA me ERBB S TR IR o Bt .Ofi%mgﬁaanfﬂﬂ S'yZ?r.s
el “chr onmt ogr IoNMPERH MR SPAUT ity TR o P e T
50101 0724 BrCH Eabbe oosedt 167 Fi¥4 Tk o8 e O B JagD- ¥o @, 1

D astgr e"f-‘{?“ﬁ}i& @ ?IH (d587 zﬁ%s (817413?1)(?8@2(5'*)3 H; %‘?1 b}ég%nﬁ”i ;@ ?754 6. 96
18 sz 50 AHYy 197G ghy P 0 98 (1"9% @ M g6 (m 11y T2t i
2 (m 2 1y LY BGPREs Em 67"?3 1'Hy, 643 - 659 (W 2,
20 gt 3, 5 1 (0, s e
descri bed foraPClz(B gfor?gog p(qglgjrlo(gtrrlﬁmgg gﬁ* r% §§9?Fdwcﬁ§grl§ I EEXTabIe
13 ngpo%]gygfor[%%%r(ﬁ&/\g ?ﬁ%ﬁ%{(@g@gar ance Anal yti cal LC M5( ESI POS) :

373. 1 (M)
HO,, @

1) DIPEA N
MW, 100°C PS-DCC
©\/ HOBt NH
o,
2) LlOH @
o}

N

NCD\IF—‘NU'I

c39
Scheme 15

Preparation of phenyl-o-methyl phenylamino-acetic acid

20  hydrochloride (138):
Ethyl 2-bromo-2-phenylacetate (0.28 mL, 1.64 mmol), orto-toluidine
(0.26 mL, 2.47 mmol) and DIPEA (0.43 mL, 2.47 mmol) are dissolved in
acetonitrile (5 mL) and stirred under MW irradiation at 100°C for 1h
(Conversion complete by UPLC/MS-UV). Lithium hydroxide hydrate

25 (207 mg, 4.94 mmol) and water (3 mL) are added and the mixture is stirred at



40 NH DWVsO-d6) ppm 7.49 - 7.66 (m 2 H), 7.15- C85 40, 53%yield 7.28 (m
2 H, 7.07 (ddd, 1 H, 6.81 - 6.95 (m 1 H, 6.50 - 6.78 (m 2 H),

M xt ure oVowhioee238lid 5.67 (d, 1 H), 5.40 (d, 1 stere®C3mPe009/0b§870 4. 58 -
4.84 (m 1 H), 3.07 (ddd, 1 H), 2.5?- 2.68(m5H),1.64 -

1.77(m 1H), 1. 04- 1.65 (m 4 H W 810/ 072338PCT/ EP2009/ 008870 108

RT for 16 hours. 4M HCI in dioxane is added until pH is about 1, then the
solvents are evaporated, the residue is suspended in water, sonicated, cooled at
0°C and the resulting solid is recovered by filtration and dried under vacuum
to get intermediate 186 as a off-white solid (290 mg, 63% yield).
5 Preparation of phenyl-o-methyl phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (C39):
PS-DCC (1.15 g, 1.44 mmol, loading: 1.25 mmol/g) is suspended in
THF (15 mL). Phenyl-o-methylphenylamino-acetic acid hydrochloride (I138)
(200 mg, 0.72 mmol) and HOBT (221 mg, 1.44 mmol) are added, followed by
10  (R)-quinuclidin-3-0l (275 mg, 2.16 mmol) and the mixture is shaken for 16
hours at RT. PS-DCC is filtered off and the filtrate is evaporated. The
resulting residue is dissolved in EtOAc and washed sequentially with water,
sat. NaHCO3, water and brine. The organic layer is dried over NapSOy,
filtered and evaporated to give the title compound as a colorless oil (260 mg,
15 quantitative yield, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d6) ppm: 7.50 - 7.62 (m, 2 H), 7.25 - 7.46
(m, 3 H), 7.00 - 7.07 (m, 1 H), 6.82 - 6.98 (m, 1 H), 6.51 - 6.66 (m, 1 H), 6.30
-6.49 (m, 1 H), 5.32 (d, 1 H), 5.10 (d, 1 H), 4.65 - 4.85 (m, 1 H), 2.85 - 3.16
(m, 1 H), 2.56 - 2.69 (m, 3 H), 2.23 (s, 3 H), 2.13 - 2.46 (m, 2 H), 0.95 - 1.97
20 (m, 5 H);
LC-MS (ESI POS): 351.2 (MH+).
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EXAMPLE 32 Preparation of (R)-quinuclidin-3-yl

2- (phenyl am no) - 2- (t hi ophen-2- yl)acetate hydrochl oride (C90) 5C90189188
Schene 32verepar7aisson of hydroxy-thi ophen-2-yl -aceti c a®Cad/EPRINYI008839 er
(186): A solution of ethyl 2-oxo- 2-(th3gphen- 2-yl)acetate (5.00 g, 27.1
mmol) in ethanol (50 nL) is cool ed at with an ice bath. NaBH4 (0.31 g,
8.14 mol) isi&@ in four portion under stirring. The mxture is
stirred at 0C es, then allowed to warmat RT and stirred for

additional 30 ginutes. Reacfion is enfyrated ynder yacupym and the.

fesi due s partteRAIALIPber Gherpe Y CRir oo e P BREVIAR D A | ayer
IS separated, hed wi.t h n rine,. drj over Na2SO4, filtered and
evapor at &f'&c‘ I—%ﬁgﬁ%%ﬂﬁé?}ﬁ)&g;%yk%@%gr étﬁgi% 15yi el d). Preparation of
et hyl 2-(nmethyl sul fonyl oxy) -2-(thi ophen-2-yl)acetate (187):

Hydr oxy-t hi ophen-2-yl -acetic acid ethyl ester (4.58 g, 24.6 mmol) is

di ssolved in dry DCM (125 nL) and cool ed agpFOC. - (5. 13, 29.5 20
mol ) and n€t hanesul phonyl chloride (2.1 F, 27.1 | ) @refFadded and the
WO 2010/ 0738‘§8PCT/ EP20087 00887 ok09 resyhting sol ukien i s/~stirred at RT for
1 h DP 0. 859 4~920 ol MWatdeic ne nesul phongdt c ide (0.19 nm,,
2.46 mol re aadgaion. After berng stitrfed af weom tenp@tature for 1
addi ti ona N, at

i rd porti@yo%sf DIP ~ASHNL, 2. 46-fwe a@
met hanesul phonyl chloride (77 ul? 0.98 ) 4 s added. t ero 1 he
reaction is conpleted. The mixture is diTuted with DCM washed with sat.
NaH , water and brine, dried (Na2SQ4), fihtered and evapor gfed. Th%.
resul ting yellow oil is used in the next step wi thout any further
purification. Preparation of ethyl %h%%eepgl am no) - 2- (t hi ophen-2-yl)acetate
(188): Ethyl 2-(nethylsulfonyl oxy)-2Z- i ophen-2-yl)acetate (187) (5.7 g,

21.6 10 ), i].i 2. ) | P 2 . I

are di SS(TITI\;ezj Ii)l?léBe{Jcljeatngrﬂ( t rﬁe%&ﬁgﬁﬂg}ﬁ)ﬁw d%ovrg?%et@&%ﬁgg?ﬁﬂrﬁtnno \7\???‘% hérlrrg )

heat ed unﬁ% %ﬁr&m%ﬁdiegg%ﬁ}gti on in a sealed vial at 100C for 15 m nutes.
ete by U V-

Conversion co UV. Solvent is evaporated and the residue is

di | ved i d ] d bride, dgied A it d

and evapor ated 13 o Aryeae T hAgPRElR PR, ML, | AR oy

h t ; = 35/ '

;J?g?v gg@g%@gﬁ%t,flbgggg)x@ltlgﬁg?stﬁé&,a.ﬁ‘é bl ], arREDIPEA (93 GRIPOYH as a

A solld L7 noyled. . o .

Cub" aLisanRlFakphasylm AloodkANOPORIL Pad hoeed e himdraptlegui e |

mol ) a”qdd°@'fo”1'P1yg(E8ﬁ{/&%i&¥FUo@ﬁﬂe(e1-b%RAT[H?L@ﬂﬂg-U"@[ )Walké gs SRPH VRl i n
/20 ) TH

THF/ water (20 nL and stirred at for 4h. i s evaporated, the

m xture ighaafl BPdioki@E BgattM 3K e, dioxan@ol  afd bRt hided! ndl apout 1.
The resulting precipitate is collected by sucti'on filtration and washed

Wi th vat gesulling witkfuRe 39 shitteddat R THfdrerh UNKEH 4%2QUCMRdiddnef B add¥l {o3- 099,
/8% yield). Preparation of (R)-quinuclidin-3-yl

2- (phenyl M NOXhe - drigan P @Mvets Yadeaeehpbmtdd HMmE her iddalts®Wrude oil is

2- (Phenyl'am no) - 2- (t'hi ophen-2-yl)acetic acid hydrochl oride (189) (359 WO

2010/ 072335IEEd BR2UD B8 1ol Usilika3BadTding DEMIPRONS. 91 G4 tHE)!)
and HOBT (245 ng, 1.60 mmol) are dissolved in THF (15 niL).

(R) - qui nughémti MnBerphedidR 188, is2c6letr@ll as ias bagadoantbdheng equhhtntiext ure
is stirred at RT for 16 hours. HOBT (20.4 ng, 0.13 nmol) and DCC (33.0 ny,
0. 16 mmvolyjeke added again and the m xture is stirred 5 for additional 8
hour s. H(§3T 20.4 ng, 0.13 mmol), DCC (33.0 ny, 0.16 nmol),

(R) - qui nucl i dipyeratiatiokd. % MU, pKenyd- (Brerifludro nfcthdstyaphle i YIa niino) Li @ tics

stirred
20 acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C41):

—

PS-DCC (920 mg, 1.15 mmol, loading: 1.25 mmol/g) is suspended in
THF (15 mL). Phenyl-(3-trifluoromethoxy-phenylamino)-acetic  acid
hydrochloride (140) (200 mg, 0.57 mmol) and HOBT (176 mg, 1.15 mmol) are
added, followed by (R)-quinuclidin-3-o0l (219 mg, 1.73 mmol) and the mixture



for additional 16 hours. THF is evaporated and the resulting crude oil is
di ssol ved in Et0Ac and washed with water and brine. The organic phase is
recover edwoaniogd2asser Na2SO4, filtered and evaporat ed. PRE/EPRQI®08830 fir st
purified by flash 10 chromat ography (Dgyl MeOH=9/1) and then by preparative
HPLC. The pure fracti ons are coll ected and evaporated. The resul ting TFA

500 my. 25 ooAKsY SO %O%ngkﬁaﬁle €§h@?§?21&aﬁffr'¢éy %féﬁgrﬁh l?@éfa?%%ajn.n
di 2 T

vonorst Gaiota Bl ML retlirting” rEFIETS fslivedhin JIRFSE SUf, VO Ml e
title CorWQllé?d sag. Nzﬁqem SWdt?r (a3l 'Tﬂing%nﬁ'eeloggar{fbxbﬂﬁﬁ of drled oveﬁ H)

di ast er eoi soners) . ppm ~10. 01 (br.

747 - 7. ﬁ§%§@4, %‘11&%& a%li evgpcﬁ%te(cmo gulé) tHe gae coznl_gguﬁdnas?’d E%lo@le%% si] 6. 82
(m 2 : : 3(m 1H

(ES éog&%m"% ﬁémeﬁ “%s kel “Pewaog/ iils (I Bl e
oa bl 2;1:?2[ L ?%f% Y IRELYRMECER) B L 265 t&&aﬁrﬂd ) ﬁbs&bﬁl& chere
ggter (19%; eé)ﬁ//gaﬁd Oln Pg%%meg( X%EItOE é’péeny ?aoe at e ? %(@g }nr]r)(;:)
é?s?lorveaz(lgnfsgjcg%cgﬁ?tl?l ) f)z ma{@(@ggllr ?oﬂzg?gkgléébtﬁé or )éajéegut es at
100C undeerg1i rwfa\f%z{{ﬁ[%\lﬁ .don. Acetonltrl |l e is evaporated and the

residue i’s ut ed W dnd washed with water and brine, dried over
Na2S filtered t I%gﬁ«ryness The crude is purified by
flasﬁ\%chrorrat ogral@l‘};sd(El%le}(g(?%:3 i Zum r/EtOAc = 9/1) to give internediate
1139 as a yel lpw APl F ng, 65%yield). Preparation of

(4- nmet hoxy- phe‘rry‘é—p'rrerrﬁm no-acetic acid hydrochloride (192):

(4- Met hoxy- ph - J’i"ﬂlﬂ?? (

010/ Oy 9s5sber EBATRERAY bE TSR SRy RO OE PR %tcg%ch”g‘igo@d(e }i‘@%r ate

(295 ng, glcg gmhil&gg_??)fgsgwg@(‘l THF (5 nL) and water (5 nl) and t he

resulting r s st ernfght at RT (Conversion conplete by
UPLCG MS/WV). THF is evaporated, the aqueous phagce i S cool ed at 0C and

acidified till pH1 with 4MHC1 in 1,4 5di oxane. recipitate is
col l ected by suction f||trat|on and the whi t e SO|I |s dr) ed overni ght at
45C under vacuum (718 ny ﬁ% yM\ﬂEIAd;)C PreparP&WCon c
(4- met hoxy- nyl »p LR) (;L_.
aza- bi cycl 2 2] oc es:t; edsH (093)

O O N

15 o 142 . c43
Scheme 17

Preparation of (3-ethyl-phenylamino)-phenyl-acetic acid
hydrochloride (142):
Ethyl 2-bromo-2-phenylacetate (0.29 mL, 1.64 mmol), 3-ethylaniline
20 (0.31 mL, 2.47 mmol), and N-ethyl-N-isopropylpropan-2-amine (0.43 mL,
2.47 mmol) are dissolved in acetonitrile (5 mL) and stirred under MW
irradiation at 100°C for 1h (Conversion complete by UPLC/MS-UV). Lithium
hydroxide hydrate (207 mg, 4.94 mmol) and water (3 mL) are added and the
mixture is stirred at RT for 16 hours. 4M HCI in dioxane is added until pH 1

25 and the solvents are evaporated. The residue is suspended in water, sonicated,



(4- Met hoxy- phenyl ) - phenyl am no-acetic acid hydrochl oride (192) (300 10 ny,
1.02 mol ), DCC (253 ng, 1.23 nmmmol), and HOBT (188 ngy, 1.23 nmol) are

di ssol vedwonoiiF23380 nL). DI PEA (0.36 L, 2.04 mmol) an@CTRP2009/008870

qui nuclidin-3-ol (130 ng, 1.02 nmol) arg added. The mixture is stirred ad
RT for 16h. Then DCC (25.3 ng, 0.12 mmol), HOBT (18.8 ng, 0.12 nmol), DI PEA
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90 ny, 4i% i .Zmég_r?)?g ri 4%«;geoi soners). 11-1 NMR (300
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200 {36 7THE) (D) SR (2Y0 ImE b Emib doasbi-phs et by AfipriyE
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ooy ot T@GERE 2h0s ied), B afedind the suspensiqnis shaken at RT for 16h.
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ani I ijge (fsgdAvell, inZEEG ARTERhd ,w@dlﬁdval?EA“(aQe@%aﬂr.LNa'i{@@émWéﬂer aiRl Btineol ved

in acetonitrile (5 m). The reaction is stirred at 100C under m crowave

i rradi at i'Dife bFanib phabeliedric4cptedNa5$0g, fidtcev@patdalvagopdtdd! The lceadeie i s
di ssolved in DCM and washed with water and brine. The organic |layer is

oy Trash Hiitied By AGHECHAGASBRME IOCNPRICOHCOSEOMREBBEIT gt Ble | ©

whi t | i Ohryi . t : '

I bl B A2 o IR ETRIBLARRA of s IE): s
id methyl1 i -Myi L - 7Y .

5L (o SIS (PR PO phop ey 0o, 218705 7021,

0.51 I %8 15 156Q.4 1) ] 356 ((FL 7 , 688776

di SS()IIBT/IIe)dH)l’n dr§Q$H§)’(n%5r6rt)(76?g@@ﬁ%’ﬁ@ﬁ?ﬁgg((;)IIiL’ 1( %56%, ?nggmmr%ﬁ)g’ is
added ands {edm ¥usq 6l 55.395&’[ qdy3t4 66 -fo79 dndav), 289 eqorgl(mol tHpn sf DCC
(79 mg, 0.38 mol), HOBT (58.7 ny,” 0.38 mmol) and” (R)-qui nuclidin-3-ol (98
ng, 0.77 .mmb)(ndrEHRdder ﬁq}dz 25, 11v3 mzzg%ﬁ, DY, ur.66er1.96 i(hd, 9dHH 01 . 24N,
Then THF is evaporated, the residue is 20107°072338PCT/ EP20097 008870 114
di ssol ved 66 (&t 94¢), andl washed with NaHCG3, water and brine. The organic -
phase is dried (NaéSO4), filtered and evaporated. The crude is purified by
preparative HFIL@-MEWﬁESIGP@ regsfIr@qHons are evaporated, dissolved in

Et 0OAc and washed with sat. HCO3. The organic phase is dried (Na2SO4), 5
filteped and evaporated to afford the desired conpound as a colorless oil
(42 ng, 21%yield, mxture of diastereoisoners). NVR (300 MHz,
DMSO-d6) ppm 7.88 - 8.05 (m 2 H, 7.51 - 7.76 (m 2 H), 6.91 - 7.13 (m 2
H, 6.71 (dd, 2 H, 6.50 - 6.64 (m 1 H), 6.38 (d, 1 H, 5.42 (d, 1 H),
4.39 - 4.86 (m 1 H, 3.85 (s, 3 H, 2.84- 3.15(m 1 H, 2.54 - 2.67 (m 4
10H), 0.76 - 2.16 (m 6 H); LCM (ESI POS): 395.4 (MH). EXAWMPLE 35
Preparation of (3-fluoro-phenyl)-phenylam no-acetic acid (R)-(1-

aza- bicycl o[ 2. 2. 21oct-3-yl) ester (C99) 15 196197 Li OH THF- H20
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C99198 Schene 35 Preparation of brono-(3-fluoro-phenyl)-acetic acid nethyl
ester (196): Methyl 2-(3-fluorophenyl)acetate (1.90 g, 11.3 mml) and
N-brono W2001025332338PCT/ EP2009/ 008870 115 succi ni m deCTa&PR®9H)8sid. 3
nol ) are dissolved in CCl4 (80 m.). Hgj (64 ul, 0.56 mmol) is added and
the mxture is stirred under reflux overnight. The m xture is cooled at RT,

diluted with Wd wth sat. NaHCO3, water and brine. The organic
| ayer is drie —%iltered and evaporated obtaining 5internedi ate
1144 as a yellgw oil (2.6 , 96% vyield Pr epar at. op of . .

(311 tor o- phertspasmsiif ah(Faceivlahing:phen R irakpBe sy tragstic acid R)-

Br ono- ( 3- £l uor 9~ phen -Aceti,c AcCi ester (196) (300 ny, 1.21 mmol),
DI PEA (o.(éza%ﬁ:,?"%.‘gQYMPF%‘a"ﬁHﬁa%??ﬁ‘gg&. 17 ni, 1.82 mmwl) are 10

di ssolved in acetonitrile (4 nL) and heated under MWNirradiation at 100C
for I h. Acetonitrile is evaporated and the residue ig purified by flash
chr omat ogr aphy (PetroLgum et her/ Et 0Ac=95/5) to obtaynSonternedi ate 1145 as

a colorless oil (2298, 73% Vyielg). (Preparlati on o
(3-fluoro-phenyl)-phédnyl am'+no icoaci '

(3- Fl uoro-phenyl)-p yl am ngt agetilc aci cM#eifyl esSteryy 1?’7) (229 ng, O.88
mmol ) and |ithi um hydroxj,de hydrate (74.1 ng, 1.77 are dissolved in
THF/ wat er (6 mL/2nL) and stirred at RT for 2h. TII S dvaporated, the

resul ting basic aqueous solution is acidified till 1 with 1M HCl1. The
precipitate is recovered by suction filtration and wasffed with 1M HCl. The
conpound is dried at 20 40C under vacuum overnight to peg+internedi ate 1146
as a white solid (186 ng, 75%yield). Preparati on 5P
(3-fluoro-phenyl)-phenyl am no-jlacetic aci-LR).-(1-azabicycl o[ 2. 2. 21oct-3-y1)
ester (C99): PS-DCC (982 mguyI™g1l nmol, |oadng: 1,33gmol/g) is suspended
indry 25 TI-IF (15 nl). (3-kl uoro-phenyl )sphenyl ani no-acetic acid
hydrochl ori de (198) (184 r’rﬁ| 9 65 mmol ), Hasi (ZOg ﬁ 1.31 mmol), and
(R) -qui nuclidin-3-o0l (249 n96 ol ) are adde wthe mxture is
shaken at RT overnight. PS-DC ks bjltered off and theg fidtrate is
evaporated. The residue is sol ed@ Et OAc anm
2010/ 072338PCT/ EP2009/ 008876116 Svas wi th NaHCS8# waPer and brine. The
organkc layer is dried over Na2%¥, filtered and evapossated to dryness. The
crude conpound is purified by filtration through a pad of silica-gel using
DCM MeOH=9/1 as the eluent. The titS&haneddund is obtained as a colorless
oil (129 ng, 56%yield, mxture of 5diastereoisoners). 11-1
NVR (300 MHz, Edp@rdélomppof 7133dcetyfaming-phedythmidoj-phenyl-didetien Acid) ,
6.98 - 7.11 (m 2 H, 6.67 - 6.76 (m 2 H, 6.51 -6.63 (m 1 H, 6.35 (d, 1
H), 5. 35 edhyl éste6 ({44):1 H), 4.59 - 4.80 (m 1 H), 2.97 and 3.07 (ddd, 1 H),
2.55 - 2.67 (m 5H, 1.67 - 1.74 and 1.81 - 1.95 (m 1 H), 1.10 - 1.66 (m
4 H); 10LC Vs N#3+tAmrGspphard)acqtiiije (371 mgl @M 7T istmed),i ethYhiA-brdmoi 2
alternatively prepared as previously described for C99, using nethyl
2- (4191 uphephbaogrtac@t 22 enlndt ehdnwiol yeard) DIPEA (D14 ndph@ryl rauet)ate.
Tabl e 14 15 Conpound Structure

dissolved in acetonitrile (5 mL). The reaction is heated under MW irradiation

at 100°C for 30 minutes. Conversion complete by UPLC/MS-UV. Acetonitrile
is evaporated and the crude residue is purified by flash chromatography
(DCM/EtOAc=8/2) to obtain intermediate 192 as a colorless oil (440 mg, 86%
15 yield).
Preparation of (3-acetylamino-phenylamino)-phenyl-acetic acid
hydrochloride (145):
(3-Acetylamino-phenylamino)-phenyl-acetic acid ethyl ester (I44)

(440 mg, 1.41 mmol) and lithium hydroxide hydrate (118 mg, 2.82 mmol) are



Yi el d and appearance Anal yti cal LC- MS( ES! POS) : 355.0 (M#) 40 NH 1H
NVR (300 MHz, DMSO-d6) ppm 7.69 - 7.83 (m 4 H), 7.01- 7.16 (m 2 H,
6.65 - CWO240/07238% yield 6.79 (m 2 H), 6.53 - 6.64 (MPCI/EHRQ09H08820 (d,

M xture of diastereoi soners Wite soligrl H), 5.46 and 5.47 (d, 1 H), 4.66
- 4.81 (m 1 H, 2.99 and 3.10 (ddd, 1 H, 2.54 - 2.88 (m 4

dissolved in THF (5 mL) and water (3 mL). The reaction is stirred at RT for
2h. THF is evaporated, the resulting aqueous solution is cooled at 0°C and 1M
HCI is added until pH is about 2. The precipitated is recovered by filtration,
washed with cool water and dried under vacuum overnight to obtain
5 intermediate 193 as a yellow solid (190 mg, 42% yield).
Preparation of (3-acetylamino-phenylamino)-phenyl-acetic acid
(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C46):
PS-DCC (798 mg, 0.10 mmol, loading: 1.25 mmol/g) is suspended in
dry THF (10 mL). (3-Acetylamino-phenylamino)-phenyl-acetic acid
10  hydrochloride (I45) (160 mg, 0.50 mmol), HOBT (153 mg, 0.10 mmol), and
(R)-quinuclidin-3-o0l (190 mg, 1.50 mmol) are added and the mixture is shaken
for 16 h at RT (Conversion complete by UPLC/MS-UV). PS-DCC is filtered

off and washed with THF and then with EtOAc. The filtrate is evaporated, the
resulting residue is taken up with EtOAc and washed with 5% NaHCO3, water

15 and brine. The organic layer is separated, dried over NapSOy, filtered and

evaporated to afford the title compound as a yellow oil (196 mg, quantitative
yield, mixture of diastereoisomers).

'H NMR (300 MHz, DMSO-d,) ppm: 9.62 (s, 1 H), 7.47 - 7.60 (m, 2 H),
7.25-7.47 (m,3 H), 7.01 - 7.11 (m, 1 H), 6.96 (t, 1 H), 6.66 - 6.83 (m, 1 H), 6.36 -

20 6.46 (m, 1 H), 6.30 (d, 1 H), 5.15 (d, 1 H), 4.58 - 478 (m, 1 H), 2.95 and 3.06

(ddd, 1 H), 2.54 - 2.70 (m, 5 H), 1.99 (s, 3 H), 1.23 - 1.95 (m, 5 H);

LC-MS (ESI POS): 394.2 (MH+).

C47 listed in Table 8 is prepared as previously described for C46, using
3-amino-N-methyl-benzamide instead of N-(3-aminophenyl)acetamide.
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Preparation of (3-fluoro-4-methyl-phenylamino)-phenyl-acetic acid

hydrochloride (148):
Ethyl 2-bromo-2-phenylacetate (0.29 mL,

1.64 mmol), 3-fluoro-4-

methylaniline (247 mg, 1.97 mmol) and DIPEA (0.37 mL, 2.14 mmol) are

dissolved in acetonitrile (8 mL). The reaction is heated in a microwave oven at

100°C for 1h and 15 min. Then, a solution of lithium hydroxide hydrate

15

(207 mg, 4.94 mmol) in water (5 mL) is added and the mixture is stirred at RT



Phenyl am no- (4-trifl uoronet hyl - phenyl)-acetic acid ethyl ester (1103) (195
ng, 0.60 nmol) and lithium hydroxide hydrate (50.6 ng, 1.21 nmol) are

di ssol vedworoik723sat er (9 i/ 3nl) and stirred at RT for péhn/ERpahotobssno at 40C
for 1 h. THF is evaporated and the remgiyni ng aqueous solution is acidified
with 25 IMHCL till pH 1. The resulting precipitate is recovered by suction
filtrati O{J, ﬁgshgd W th 1M HCl and dried , under vacuum at 4QC. over ni ht to
obtai n i nt¥r rBdi P%mﬂ%ﬂea§ §v\mpfzgegoppeer( muﬁﬁ‘ ﬁt&r{ﬁmaam% %gug us.
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brine, drdigsolerdr iMEISXc aiidl evapedandth tsat. ANMBESO3, W@tefeemd torfig. yEhE OW
oil is purified by flash chromat ography 5 (EtO0Ac/ OH NH4OH =90/ 10/0.1 to
70/ 30/%0. 19rgani®biyirnisdegiovetedrdided toves MaybOl e fiieemdérand’ 8vapomted.0vhyi el d,
m xture of diastereoisonmer). NVR (300 MHz, DWVSO d6) PPm

P?Sair(eoér%g@'e'boﬁléﬁfunqlq§ I%Zn?%d bZI Q‘ﬁtr(aﬁ‘on tfﬂ)oubggl ?a4pad7 cﬁ55ﬁma 3lls|'ﬁg 6. H)98

105. 25 (chme/IeO‘Hég/ I a§f tﬁ@ e(lﬁbntltd'bobtg’moﬁle( fithe éorh'})ouﬁd@f]s a )?elﬁﬂv(d"ﬂ 5

H, 1.62 - Di ast er eoi sonmer 2 of

C106: 7. 4@11 rﬁg6§uﬁﬁhta¥n@ylefd 2rf‘uxtu?e ‘65 dﬁé@te&o@om@r598 7.11 (m 2 H),
6.66 - 6.75 H, 526 (d 1H),

? 58 - 4.82 (mHJNIbDR goﬁfMHB IiM‘QG) %{%g»m 22763 (ms f&mH)s 1), 294 66&2 114
( ,
1-

m 1 H, 1.86- 1.95 H; LGV (ESI™ P 337.2
M+)20 EXAYP6B4386.61 (m, BrEpaS QtS' DB gs] (@hanb M%nybamn (9; dcHY) 94@0511%
net hyl - azepan- 4- yl ester (Cl07) 20
3.52 (ddd, 1 H), 2.82 - 3.22 (m, 4 H), 2.54 - 2.66 (m, 1 H), 1.92 - 1.99 and
2.10-2.21 (m, 1 H), 2.04 (s, 3 H), 1.31 - 1.87 (m, 4 H);

LC-MS (ESI POS): 369.2 (MH+).
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11C107 Schene 38 A m xture of 2-phenyl-2-(phenylam no)acetic acid (11) (175
nmg, 0.77 nmol), DCC (192 ng, 0.92 mmol), HOBt (124 ny, 0.92 mmol) and

1- met hyl -WOR0HA5pEA- 4- ol (100 ng, 0.77 mol) in dry THFPCTGP2000)008830 stirred
at RT overnight WO 2010/072338PCT/ EP2@Q9/ 008870 121 under nitrogen

fl owstream (UPLC- M5 nonitoring: conplete conversion). The solvent is

evapor at ed an I e | s taken up with ag. HC1L and washed wi th EtOAc.
The aqueous pmmll ed wi th NaHCO3 and extracted with DCM (three

time .Theoranclaer ec red er. flered nd 5
eilapzzated to F‘illﬁ‘brg' 3 ' ﬁm @gﬁdgl %‘/g’t‘"%ﬂiﬁ“@ I lIcl 3§h‘ijl

chromat o 5/5 hen by preparatlve LC- M5, The
purifi edwaga ﬁ@yﬁmm 5\%‘)85%%25 NaHCO3 and DCM the organic
phase is dried over Na2SO4, filter ed and evapor at ed under vacuumto give 53

ng of the title conpound as brown oil (20%yield, mxture of
di astereoi soners). 10 11-1 NI\/R(300 WMHz, CHLOROF ppm 12.76 (br. s.,

d)
1 H, 7.30 - 7.62 (ng~6 H), 707- S(m 2 H), - 6.84 (m 3 H),
515 - 5.39 (m 1 H ! 5.09 (d, 321DIP8A79( 2 H, 2.60 (d, 3 H,
1.80 - 3.15 (m 8 LC M5 ( . 33GnZod-NF) . LE 39
15Pr epar ati onof (R) - nihen ettWD 34(R) - 2- phen
phenyl am no- acet oxy) - 1- aZoni a- bi cycl o[ 2. 2. 21oct an
C108) 20Schenme 39 A solution of (R)-quinuclidin-
2- phenyl - 2- (phenyl am no) acet ate (di astereoi sonmer 1 of 5€2) (127 ng, 0.38
nmol ), a- bronophenethole is added (91.2 ng, 0.45 mmol ), and the m xture
reacted in a closed vessel under MVirradiation for 1Jgj%'*at 100C (LC- Ms
nonitoring: conplete conversion). The 25ud.esulting crudé is purified by
preparative LC-MS to obtain gtie title conp d WO 4~
2010/ 072338PCT/ EP2009/ 008870)/ 122 as a pal e Vel | ow sil id (18.9 ny, 14%

i asit er eoi soner 1 of

yield, trifluoroacetate sal singl e di ast’ i so 111
NVR (300 MHz, DMSO d6 + Na N,Jf’pm 746—@6 , 7.21 - 7.46 (m

5H), 6.89 - 7.16 (m 5H), 6. 6680 (m ZHj, 658(t gg 5 6.36 (d,
1H), 5.34 (d, 1H), 4.99 - @434“, 366 - 4.08 (m 1H),
339-372(m5H) 3.11 ( 1H)02 - 3.02 (m ,02.20 - 2.39 (m 1
H) , 61 -2.15 (m 4H); LGM (ESl, POS): 457.3 (MH). ,@ nal conpounds
Ilsted in Table 15 are prepared as previously 10 described for Cl108, by

al kyl ation of suitable conpounds (Xagsmeeq soner 1 of C2, Diastereoisoner

2 of C2, C2, Diastereoisoner 1 of C3, D astereoisonmer 2 of C3, Cl2, (4,
Di ast er eoi SO”@‘r@pﬁfatf@? of%? @@ﬁlﬁ@@faﬁgﬂ %Qﬁy%ﬁ‘i’ﬁé bﬁ'ehyl-%\ééhkamtﬁl

al kyl ati ng agents. Table 1515 Corrpound tructure Yield and Appearance
ethyl ester (I50):
Ethyl 2-bromo-2-phenylacetate (0.22 mL, 1.23 mmol),
10  3-(methylthio)aniline (0.22 mL, 1.85 mmol), and DIPEA (0.32 mL,
1.85 mmol) are dissolved in acetonitrile (3 mL) and heated under microwave
irradiation at 100°C for 1h. Acetonitrile is evaporated and the crude residue is
purified by flash chromatography (petroleum ether/EtOAc=85/15) to obtain
intermediate 198 as a colorless oil (292 mg, 79% yield).
15 Preparation of (3-methylsulfanyl-phenylamino)-phenyl-acetic acid
hydrochloride (I51):
(3-Methylsulfanyl-phenylamino)-phenyl-acetic acid ethyl ester (I50)
(292 mg, 0.97 mmol) and lithium hydroxide hydrate (81 mg, 1.94 mmol) are

dissolved in THF (7 mL) and water (3 mL) and stirred at RT for 2h. THF is



Anal yti cal LC- MB( ESI POS) 461.2 (MH+) I1i NWVR (300 Mz,

DMSO-d6) lel ppm8.21(dd,1H), NH 8.051H), 7.49 (dd,- " 16%yield 7.63
(m 2H), wWo2610/0733ast ereoi soner 0 7.48 (m 4H), 6.98 - pLTaP2@2068870 TFA
Pal eyellow 7.17 (m 2H), 6.67 - 86

evaporated, the solution is cooled at 0°C and 1M HCI is added dropwise until
pH 1. The resulting mixture is concentrated and extracted several times with
DCM. The collected organic phases are dried over NapSOy4, filtered and
evaporated to afford intermediate 199 as a brown-solid (248 mg, 83% yield).

5 Preparation of (3-methylsulfanyl-phenylamino)-phenyl-acetic acid
(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C52):

PS-DCC (602 mg, 0.80 mmol, loading: 1.33 mmol/g) is suspended in
dry THF (15 mL). (3-Methylsulfanyl-phenylamino)-phenyl-acetic acid
hydrochloride (I51) (124 mg, 0.40 mmol), HOBT (123 mg, 0.80 mmol), and

10  (R)-quinuclidin-3-ol (153 mg, 1.20 mmol) are added and the suspension is
shaken at RT overnight (16h). PS-DCC is filtered off, washed with THF and

the filtrate is evaporated. The resulting residue is dissolved in EtOAc and

washed with sat. NaHCO3, water and brine. The organic layer is recovered,

dried over NaySQy, filtered and evaporated to afford the title compound as a

15  brown oil (153 mg, quantitative yield, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d;) ppm: 7.49 - 7.58 (m, 2 H), 7.28 - 7.48
(m, 3 H), 6.99 (t, 1 H), 6.58 - 6.69 (m, 1 H), 6.43 - 6.56 (m, 2 H), 6.38 (d, 1
H), 5.29 (d, 1 H), 4.59 - 4.78 (m, 1 H), 2.88 - 3.13 (m, 1 H), 2.54 - 2.69 (m, 3
H), 2.37 (s, 3 H), 1.68 - 2.24 (m, 3 H), 0.98 - 1.65 (m, 4 H);
20 LC-MS (ESI POS): 383.2 (MH+).
C53 listed in Table 9 is prepared as previously described for C52, using

1-(3-amino-phenyl)-ethanone instead of 3-(methylthio)aniline.

25



oil 6.79 (m 211), 6.59 (t, 1H), 5.38 (s, 1H), 5.12 Single diastereoisonmer

- 5.27 (m 1H), 4.97 (s, 2H), 4.07 (ddd, 1H), 3.42 - 3.78 (m 4H),
3.15- 3.4%02M0l¥R338  2.30 - 2.44 (m1H), 1.81 - 2. 12CEHP20DB)0SSIP3
LC- MS(ESI POS): 461.2 (M+) 11-1 NWR (3@2 MHz, DMSO d6) ppm 8.21(dd, 1H), O
NH 8.07 (dd,1H), 7.50 - 7.65(m 2H),7.23-
Table 9
Compound ~ Structure Yield and Analytical
appearance
LC-MS (ESI POS):
379.3 (MH")
o 'H NMR (300 MHz,
DMSO-dg) ppm: 7.49 -
| 764 (m, 2 H), 7.25 -
Quantitative | 748 (m, 4 H), 7.13 -

NH

o.. yield 7.26 (m, 2 H), 6.87 -
€53 m @ 7.04 (m, 1 H), 6.63 (d, 1
| Yellowoil | H), 5.35 (d, 1 H), 4.56 -
482 (m, 1 H), 2.96
(ddd, 1 H), 2.55 - 2.68
(m, 4 H), 2.48 (s, 3 H),
202 - 232 (m, 1 H),
0.98 - 1.97 (m, 5 H)

Mixture of
stereoisomer

EXAMPLE 21

Preparation of (2,5-dimethoxy-phenylamino)-phenyl-acetic acid

5 (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C55)

0 oL
B 1) DIPEA ~ N
o r MW, 100°C HOBt, HBTU
/@ .\ o 0 NH DIPEA o NH
~o NH, ) W 2) LiOH OH  THF 0.,
H,0 i

O

154 css
Scheme 21

Preparation of (2,5-dimethoxy-phenylamino)-phenyl-acetic acid

10 hydrochloride (I54):
2,5-Dimethoxyaniline (284 mg, 1.85 mmol), ethyl 2-bromo-2-
phenylacetate (0.22 ml, 1.23 mmol), and DIPEA (0.32 mL, 1.85 mmol) are
dissolved in acetonitrile (5 mL) and stirred under MW heating at 100°C for
lh. Water (2 mL, 111 mmol) and lithium hydroxide hydrate (104 mg,
15 2.47 mmol) are directly added and the resulting mixture is stirred at RT

overnight. Acetonitrile is evaporated, 1M HCI is added and the acid aqueous



o, 61%yield 7.48 (m 4H), 6.96 -401 7.19 (m 2H), 6.65 - C109 TFA- 6.80
(m 2H), 6.52 - Pal eyel low 6. 65 (m 1H), 5.34 (s, oil 1H),5.12-5.27(m
M xt ure oWoO 200728800 - 5.07 (m di astereoi sonmers 2H) PCA/EPO009/04881Y (m
1H),3.31-3.97 (m 5H), 2.10 - 2.15(gg 1H),1.88- 2.04 (m

2H), 1. 63- 1. 83(m

phase is extracted with DCM. The collected organic phases are washed with
brine, dried (NapSOy4), filtered and evaporated to obtain intermediate 1102 as
a white solid (154 mg, 38% yield).
Preparation of (2,5-Dimethoxy-phenylamino)-phenyl-acetic acid
5 (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (CS5):

PS-DCC (715 mg, 0.951 mmol, loading: 1.33 mmol/g) is suspended in
dry THF (10 mL). (2,5-Dimethoxy-phenylamino)-phenyl-acetic acid
hydrochloride (I54) (154 mg, 0.48 mmol), HOBT (146 mg, 0.95 mmol) and
(R)-quinuclidin-3-ol (181 mg, 1.43 mmol) are added and the mixture is shaken

10 at RT overnight. PS-DCC is filtered off and the filtrate is evaporated. The
residue is dissolved in EtOAc and washed with sat. NaHCO3, water and brine.

The organic layer is dried over NapSOy, filtered and evaporated to dryness.

The crude compound is purified by flash chromatography (DCM/MeOH=95/5)
to afford the title compound as a colorless oil (108 mg, 57% yield, mixture of
15 diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm: 7.23 - 7.59 (m, 5 H), 6.74 (d, 1
H), 6.09 - 6.20 (m, 1 H), 6.04 (d, 1 H), 5.42 (d, 1 H), 5.33 (d, 1 H), 4.64 - 4.83
(m, 1 H), 3.79 (s, 3 H), 3.56 (s, 3 H), 2.90 - 3.03 and 3.04 - 3.15 (m, 1 H),
2.54 - 2.67 (m, 4 H), 1.96 - 2.25 (m, 1 H), 1.65 - 1.73 and 1.89 - 1.96 (m, 1
200 H),0.98 - 1.66 (m, 4 H);
LC-MS (ESI POS): 397.3 (MH+).
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1H), 1. 36- 1. 63(m 1H) LC- MB( ESI POS) : 471.3 (M) 11-1 NVR (300

MHz, DVSO- d6 +Na2CB) ppm 7.50 - 7.65 (m 2H), 7.25- 7.50 (m 40
NH 5H), woQ8t/7288 (m 2H), 6.87 - 7.03 (m 33% yi elPdT/EP2009/008870
89
EXAMPLE 22

Preparation of (2,5-difluoro-phenylamino)-phenyl-acetic acid

(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C58)

L oy = Q)Y

m@

Scheme 22
Preparation of (2,5-difluoro-phenylamino)-phenyl-acetic acid ethyl
ester (I156):
2,5-Difluoroaniline (0.19 mL, 1.85 mmol), ethyl 2-bromo-2-
10  phenylacetate (0.22 mL, 1.23 mmol), and DIPEA (0.32 mL, 1.85 mmol) are
dissolved in acetonitrile (3 mL) and heated under MW irradiation at 100°C for
6h and then at 110°C for 4h. Acetonitrile is evaporated and the crude is
purified by flash chromatography (Petroleum ether/EtOAc=97/3) to obtain
intermediate 1104 as a white solid (240 mg, 67% yield).
15 Preparation of (2,5-difluoro-phenylamino)-phenyl-acetic acid
hydrochloride (I57):
(2,5-Difluoro-phenylamino)-phenyl-acetic acid ethyl ester (I56)
(240 mg, 0.82 mmol) is dissolved in THF/water (7/3 mL). Lithium hydroxide
hydrate (69.1 mg, 1.65 mmol) is added and the resulting mixture is stirred at

20 RT for 16h. THF is evaporated under reduced pressure, the solution is cooled



3H), 6.69 - 6.83 (m Diastereoisoner 1 of C110 i& w O TEA-O Brown ish oil

2H), 6.61 (t, 1H), 6.37 (d, 1H), 5.35 (d, 1H), 5.01-5.22(m 1H), Single
di ast er edwoOeABY07238801(t, 2H), 3. 72- 3.91(m 1H), 3. 36-  PCB/EPQ0QPBH) , 3. 10 -
3.25 (m 2H), 2.89 (d, 1H), 2.67 - 3p82 (m 1H, 2.22 - 2.38 (m

1H), 1.56- 2.15(m
at 0°C and 1M HClI is added dropwise until pH 1. The white solid is recovered

by filtration, washed with cold water and dried under vacuum at 40°C
overnight to obtain intermediate [105 as a white solid (198 mg, 80% yield).

Preparation of (2,5-difluoro-phenylamino)-phenyl-acetic acid

5 (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C58):

PS-DCC (914 mg, 1.301 mmol, loading: 1.33 mmol/g) is suspended in
dry THF (15 mL). (2,5-Difluoro-phenylamino)-phenyl-acetic  acid
hydrochloride (I57) (195 mg, 0.65 mmol), HOBT (199 mg, 1.30 mmol), and
(R)-quinuclidin-3-o0l (248 mg, 1.95 mmol) are added and the suspension is

10 shaken at RT for 16h (Conversion complete by UPLC/MS-UV). PS-DCC is

filtered off under suction and the filtrate is evaporated. The resulting residue

is dissolved in EtOAc and washed with sat. NaHCO3, water and brine. The

organic layer is separated, dried over NapSQy4, filtered and evaporated. The

crude is purified by filtration through a silica-pad using DCM/MeOH=95/5 as
15 the eluent. The title compound is collected as a colorless oil (195 mg, 80%
yield, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d;) ppm: 7.49 - 7.62 (m, 2 H) 7.28 - 7.47 (m, 3
H) 7.02 -7.15 (m, 1 H) 6.46 - 6.60 (m, 1 H) 6.32 - 6.46 (m, 1 H) 5.85 - 6.00 (m, 1
H) 5.43 and 5.45 (d, 1 H) 4.66 - 4.82 (m, 1 H) 2.99 and 3.09(ddd, 1 H) 2.54 - 2.69
20 (m,4H)2.01-231(m,1H)1.85-1.96and 1.65-1.75 (m, 1 H) 0.92-1.66 (m, 4
H);
LC-MS (ESI POS): 373.2 (MH+).
C59 listed in Table 10 is prepared as previously described for C58,
using 2,6-dimethyl-phenylamineinstead of 2,5-difluoroaniline.
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6H) (continue) 124 Diastereoisonmer 2 of Cl10 el 19 " " O
TFA(, ....... "..014111) Single diastereoisoner 79% 79% vyield Pale yellow oil
LC- M5( ES'WQOSp10/0473B8 3( MH+) 'HNI\/R(SOOM—IZ DVMSO- d6) ppm 7 PEG/EPde9/0@edy) 7. 24 -
7.49 (m 5H), 7.05 - 7.13 (m 2H), 941- 7.00 (m 3H), 6.66 - 6.80 (m
2H), 6.53 -6.66 (m 1H) 5.31 (s, 1H) % 01 - 5.22 (m 1H), 3.88 - 4.16 (m
3H), 321- @%dgrlr]] 1.77 - 2.42 (m 5H), 1.58 - 1.73 (m 1H), 1.36-
1.57 (m 1H ( AQ I\/EOH) Di ast ereoi somer 1 of Cl11 O NH 400 _+, TFANII
Singl e di astereoi soner 28% yvield Brownish oil LC (ES! POS) : 351 3 (m{)
1HNVR(300(MHz, DMSO-d6) |ppm 7.50 - 7.64 (nvigd#and7.|29 - 7.01
_ 7.23 (n] 2ympeupd . | 6. 83 BHuctHE 6. 53 a-ppga,%cé m 1H) Aﬂslbswnl

)
I_
5.00 - 5.R4{(m—iHy—3180 (ddd—1H} 321 2 97 {di 1

.I.llﬁ =4

2.86 (s, 3H), 2.79 - 2/92 (m 1H), 2. 20 {1 2.36 (m Q@Msl 7ESI 2POB):
(conti nue 365.1 (MH)

'H NMR (300 MHz,
DMSO-ds) ppm: 7.44 -

/@ 7.59 (m, 2 H), 7.25 -
7.44 (m, 3 H), 6.91 (d, 2

L, 34% yield | H)> 6.60 - 6.79 (m, 1 H),

C59 W @ 4.95 and 4.96 (d, 1 H),
° N Colorless oil 4.62 - 4.82 (m, 2 H),

Mixture of 2.82 - 3.11 (m, 1 H),

diastereoisomer 2.55 - 2,61 (m, 3 H),

230 - 2.38 (m, 1 H),
2.22(s,6 H),1.98-2.12
(m, 1 H), 1.70 - 1.75
and 1.77 - 1.89 (m, 1
H), 1.01 - 1.62 (m, 4 H)

EXAMPLE 23

Preparation of (2-ethyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-
5 bicyclo[2.2.2]oct-3-yl) ester (C61)

HO,,

Br 1) DIPEA HOBt, HBTU @\
@\ o MW, 100°C NH DIPEA NH
' s
NH, 0 2) LiOH THF @
H,0 0 o) N

160 C61
Scheme 23
Preparation of (2-ethyl-phenylamino)-phenyl-acetic acid
10  hydrochloride (160):
2-Ethylaniline (0.23 mL, 1.85 mmol), ethyl 2-bromo-2-phenylacetate
(0.22 mL, 1.23 mmol), and DIPEA (0.32 mL, 1.85 mmol) are dissolved in
acetonitrile (3 mL) and stirred under MW irradiation at 100°C for 1h. Water
(2 ml, 111 mmol) and lithium hydroxide hydrate (104 mg, 2.47 mmol) are

15 added to the reaction and the resulting mixture is stirred at RT overnight



125 Di astereoi soner 2 of Cl11 lel NH " aoo TFA- Single diastereoisonmer 72%
yield Pale yellow oil LCM (ES' POS): 351.3 (MH+) 11-1 NWR (300 IVHz,

DVSO- d6) Wwprmioh748s8- 7.63 (m 2H), 7.24 - 7.48 (m 3H), PETHP2609/D08870 ( M
2H), 6.50 - 6.80 (m 3H), 5.29 (s, 1H)92499-519(m1|—|) 3.71 - 3.94
(m 111), 3.08 - 3.54 (m 5H), 2.95 (s, 1.94 - 2.15 (m 111), 1.68 -

vbory | 426h). é\%ﬁimrlke63§(&aléo%<ﬁwn§NlﬁT§§ﬂ( 1 addea! BH0F atr 37 5O
VR ( 500 4k So”erﬁxv%%%%ae' SR YRkl OB 5L PR A57T,3 (M) 111
i é?"é@a“’% “@fh@dg*é@”wg&ﬂ%“@ piths drjed oSOy, filded Mind 3.
1Moty Sabprated (g il Gtdtnyedist rhlo%ls ke hite i 358 I OBS % o

2010/ 72338{’ EP2009/ 008870 126 NH LC-MS (ESI PCS): 455.3 (Mf) 1H
NVR( 360M¥Y ‘g/SOde) PPm 9. 38 (br. s.,1H), 7.50 - 7.72 (m Cl113 0

Preparation of (2-ethyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (C61)

PS-DCC (962 mg, 1.37 mmol, loading:1.33 mmol/g) is suspended in

THF (10 mL). HOBT (210 mg, 1.37 mmol), (2-ethyl-phenylamino)-phenyl-

10 acetic acid hydrochloride (I60) (200 mg, 0.68 mmol), and (R)-quinuclidin-3-ol

(262 mg, 2.06 mmol) are added and the mixture is shaken at RT overnight.

PS-DCC is filtered off and washed with THF and the filtrate is evaporated

under reduced pressure. The resulting residue is dissolved in EtOAc and

washed with sat. NaHCO3, water and brine. The organic layer is separated,

15 dried over NapSOy, filtered and evaporated. The residue is first purified by

flash chromatography (DCM/MeOH=9/1) and then by preparative HPLC. The

fractions containing the product are pooled, concentrated under vacuum,

basified with sat. NaHCO3 and extracted with EtOAc. The organic layer is

dried (NapS0Oy4), filtered and evaporated to afford the title compound as a

20  colorless oil (52 mg, 21% yield, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d) ppm: 7.47 - 7.60 (m, 2 H), 7.23 - 7.46 (m, 3
H), 7.00 - 7.08 (m, 1 H), 6.86 - 6.96 (m, 1 H), 6.53 - 6.66 (m, 1 H), 6.34 - 6.48 (m,
1 H), 5.32 and 5.33 (d, 1 H), 5.17 and 5.18 (d, 1 H), 4.66 - 4.84 (m, 1 H), 2.96 and
3.07 (ddd, 1 H), 2.61 (q, 2 H), 2.55 - 2.69 (m, 3 H), 1.98 - 2.39 (m, 2 H), 1.65 -
25 1.73 and 1.85-1.96 (m, 1 H), 1.24 (t, 3 H), 1.02 - 1.77 (m, 4 H);
LC-MS (ESI POS): 365.1 (MH+).



O0' TFA 40 69%yield 2H), 7.26 - 7.50 (m 3H), 6.98 - 7.25 (m 2H), 6.68
-6.83(m2H),6.52- o0 Pale 6.68(m 1H), 5. 34(s, yellow oil 1H), 4.92 - 5. 18
(m 1H), wM2eton7e33sf 3.57 - 3.67 (m 1H), 3.05 di ast ePEDEPRINS(088870

-3.33(m 3H), 2. 57- 2.81 (m 2H), 2.083- 2.30 (m 1H), 1.63 - 1.94 (m
4H) LC-MS (ESI PCS): 461.1  (MH+)
EXAMPLE 24

Preparation of (2-acetyl-phenylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C64)

Br
e e
o+ 0 _— (
CH,CN
NH, (0] WO

"%
HOBt
NH -—
"%
N O

5 Cco4 163
Scheme 24
Preparation of (2-acetyl-phenylamino)-phenyl-acetic acid ethyl
ester (162)
1-(2-Aminophenyl)ethanone (250 mg, 1.85 mmol), ethyl 2-bromo-2-
10 phenylacetate (0.22 ml, 1.23 mmol), DIPEA (0.32 mL, 1.85 mmol) and a
catalytic amount of potassium iodide are dissolved in acetonitrile (4 mL) and
heated under MW irradiation at 100°C for 2h and then at 120°C for 1 h.
Acetonitrile is evaporated and the crude is purified by flash chromatography
(petroleum ether/EtOAc=93/7) to obtain intermediate 1110 as a yellow oil
15 (367 mg, quantitative yield).
Preparation of (2-acetyl-phenylamino)-phenyl-acetic acid
hydrochloride (163):
(2-Acetyl-phenylamino)-phenyl-acetic acid ethyl ester (162) (367 mg,
1.23 mmol) and lithium hydroxide hydrate (104 mg, 2.47 mmol) are dissolved



1H NVR( 300MHz, DVBO- d6) ppm 8.60 40 NH (dd, 1 H), 7.74 (dd, 1 H),

7.
- 7.64 (m 3 H, 7.26 Diastereoisoner 1 of 0,t4" 14%yield - 7.49 (m 3

50

H, 6.95 WO20R27¢338 2 H), 6.66 - 6.81 Cl14 (m (m 2 FCT/ER282/008880 66 (m
o brown oil 1 H), 6.36 (br. S., 1 H), a)§ing|e 5.38 (s, 1 H, 5.12 - 5.29
2 H,

di astereoisoner (m 1 H), 4.94 (s,

10

15

20

25

3.95 -4.17 (m 1 H), 3.50

in water (1.7 mL) and acetonitrile (5 mL). The reaction is stirred at RT
overnight and then the solvents are evaporated. The residue is dissolved in
EtOAc and washed several times with 1M HCI. The organic phase is
recovered, dried (NapSOy4), filtered and evaporated to afford intermediate
I111 as a brown solid (181 mg, 48% yield).

Preparation of (2-acetyl-phenylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C64):

PS-DCC (890 mg, 1.184 mmol, loading: 1.33 mmol/g) is suspended in
dry THF (10 mL). (2-Acetyl-phenylamino)-phenyl-acetic acid hydrochloride
(I63) (181 mg, 0.59 mmol), HOBt (181 mg, 1.18 mmol), and (R)-quinuclidin-
3-ol (226 mg, 1.78 mmol) are added and the mixture is shaken at RT

overnight. PS-DCC is filtered off and the filtrate is evaporated. The residue is
dissolved in EtOAc and washed with sat. NaHCO3, water and brine, dried

over NapSQy, filtered and evaporated. The resulting crude oil is purified by

flash chromatography (DCM/MeOH=9/1) to afford the title compound as a
colorless oil (239 mg, quantitative yield, mixture of diastereoisomers).

'H NMR (300 MHz, DMSO-dg) ppm: 9.81 and 9.82 (d, 1 H), 7.83 - 7.94 (m,
1 H), 7.44 - 7.54 (m, 2 H), 7.22 - 7.44 (m, 4 H), 6.54 - 6.73 (m, 2 H), 5.52 and 5.53
(d, 1 H), 4.61 - 4.87 (m, 1 H), 2.99 and 3.10 (ddd, 1 H), 2.59 (s, 3 H), 2.54 - 2.69
(m, 3 H), 2.02 -2.39 (m, 2 H), 1.69 - 1.78 and 1.87 - 1.97 (m, 1 H), 0.94 - 1.70 (m,
4 H);

LC-MS (ESI POS): 379.3 (MH+).

C65 listed in Table 11 is prepared as previously described for C64,

using 3,5-difluoro-phenylamine instead of 1-(2-aminophenyl)ethanone.



- 3.82 (m 5H, 2.31 - . 2.43 (m 1 H, 1.69 - 2.21 (m 4 H
(continue) WO 2010/072338PCT/ EP2009/ 008870 127 LC-M5 (ESI POS): 473.2
(M- 1) 1HvOIRO30dBz, DVSO- d6) ppm 7 94 - 8.19 (m 2 HpCTEP2®IATISEE 140
NH (m 2 H, 7.26 - 753(m 5 : 722(m 2 ' 0 o TFA-so 59%
yield H, 6.68 - 6.84 (m 2 , 652- 68(m 1 , 6.36 Di astereoi soner

1of  (br.S.,iH,5 38(s, 1 c115 0

Yield and
Compound Structure teidan Analytical
appearance

LC-MS (ESI POS):
373.3 (MH)
'H NMR (300 MHz,

F DMSO-ds) ppm: 7.48 -
/@ 7.57 (m, 2 H), 7.28 -
NH 7.46 (m, 3 H), 7.02 (d, 1

o., 86% yield | H) 6.19 - 6.49 (m, 3 H),
I @ 538 (d, 1 H), 4.66 -

, N White foam | 4.80 (m, 1 H), 2.98 and
Mixture of 3.10 (ddd, 1 H), 2.54 -
stereoisomer 2.69 (m, 3 H), 2.20
234 (m, 1 H), 2.01 -
2.13 (m, 1 H), 1.84 -
1197 (m, 1 H), 1.05 -
1.78 (m, 4 H)

- C65

EXAMPLE 25

Preparation of 3-({[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-
5 phenyl-methyl}-amino)-benzoic acid ethyl ester (C67)

O o~
00
~ Br HOBY, HBTU
N oH _DIPEA _
0 MeCN
NH, MW, 120°C @

Scheme 25

Preparation of 3-[(carboxy-phenyl-methyl)-amino]-benzoic acid
10  ethyl ester hydrochloride (166):

Ethyl 3-aminobenzoate (0.52 mL, 3.49 mmol), 2-bromo-2-phenylacetic
acid (250 mg, 1.16 mmol), and DIPEA (0.41 mL, 2.32 mmol) are dissolved in
acetonitrile (4 mL) and heated under MW irradiation at 100°C in a sealed vial
for 30 minutes. Acetonitrile is evaporated and the crude is dissolved in DCM

15 and washed with 1M HCI, water and brine. The organic layer is separated,

dried (NapSO4) and evaporated to obtain intermediate 1114 as clear-brown oil



colorless oil H, 5.17 - 530 (m 1 H, 5.07 (s, 2 H, 4.06 (ddd, 1 H) ,
3.54 - 3.74 (m 3 H, Single 3.48 (d, 1 H, 3.30 - 3.43 diastereoi soner

(m 1 H) ,Wo.280/0728842 (m 1 H), 1.85 - 2.14 (m 4 H) PCT/EP2009/008870
[ a] n=-46. 15( c=0. 26, MeOH) LC- M5 QESI POS): 441.2 (M=) 1H
NVR( 300VHz,

(348 mg, 89% yield).
Preparation of 3-({[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-
phenyl-methyl}-amino)-benzoic acid ethyl ester (C67):
3-[(Carboxy-phenyl-methyl)-amino]-benzoic acid ethyl ester
5 hydrochloride (I166) (161 mg, 0.48 mmol), 2-(1H-benzo[d][1,2,3]triazol-1-yl)-
1,1,3,3-tetramethylisouronium hexafluorophosphate(V) (218 mg, 0.57 mmol),
and HOBT (88 mg, 0.57 mrhol) are dissolved in dry THF (10 mL).
(R)-Quinuclidin-3-ol (61.0 mg, 0.48 mmol) and DIPEA (0.17 mL, 0.96 mmol)
are added and the mixture is stirred under inert atmosphere overnight. THF is
10 evaporated and the crude residue is dissolved in EtOAc and washed with sat.
NaHCO;, water and brine. The recovered organic layer is dried (NapSOy),
filtered and evaporated. The crude is purified by flash chromatography
(DCM/MeOH=95/5) to afford the title compound as a yellow oil (154 mg,
79% yield, mixture of diastereoisomers).
15 'H NMR (300 MHz, DMSO-d6) ppm: 7.50 - 7.61 (m, 2 H), 7.29 - 7.48
(m, 4 H), 7.14 - 7.29 (m, 2 H), 6.92 - 7.02 (m, 1 H), 6.70 (d, 1 H), 5.35 (d, 1 H),
4.56 - 492 (m, 1 H), 4.26 (q, 2 H), 3.09 - 3.25 (m, 1 H), 2.65 - 2.95 (m, 4 H),
2.21-2.38(m, 1 H), 1.79 - 2.10 (m, 1 H), 1.36 - 1.80 (m, 4 H), 1.30 (t, 3 H);
LC-MS (ESI POS): 409.3 (MH+).
20 EXAMPLE 26

Preparation of (3-methoxy-phenylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C69)

HO.,
o~ id HOB gcc
OH L
+ - NH —_— NH
o THF-reflux THF o
0
© N

168 C69

25 Scheme 26



DMSO-d6) ppm 7.52 - el NH 67%vyield 7.64 (m 2 H), 7.21 - 7.51 (m 8

6. 99

7.20(m '.. 00 2H, 6.67 - 6.83 (m 2 Cl16 TFA H), 6.52 -

(m 1 H) ,wo?2ewlgeisess 6.35 (N s', 1 H' 5.35 (s' |el oCI/EP204p/008B7Q7 -

5,24 (m 1 H, 3.77 - 3.88 (m 1 H g7 Mxture of 3.43 - 3.57 (m 1 H,
3.17 diastereoisomers - 3.43 (m 4 H?

2.92

10

15

20

25

2.92 - 3.12 (m 2 H), 2.76
- Preparation of (3-methoxy-phenylamino)-phenyl-acetic acid (168):

A solution of 2-bromo-2-phenylacetic acid (0.5 g, 2.28 mmol) and 3-
methoxyaniline (0.54 mL, 4.56 mmol) in THF (12 mL) is refluxed for 4 hours.
Solvent is removed under vacuum, the residue is taken up with 1M HCI and
extracted with EtOAc. The organic phase is dried (Na,SO,), filtered and
evaporated. The crude is purified by flash chromatography
(DCM/MeOH=98/2 to 9/1) to obtain intermediate 1116 as a white solid
(0.58 g, 99% yield).

Preparation of (3-methoxy-phenylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C69):

(3-Methoxy-phenylamino)-phenyl-acetic acid (0.58 g, 2.25 mmol),
HOBT (0.45 g, 2.93 mmol) and DCC (0.60 g, 2.93 mmol) are dissolved in
THF (100 mL) and stirred at RT for 20 minutes. Then, (R)-quinuclidin-3-ol
(0.57 g, 4.51 mmol) is added and the resulting reaction is stirred at the same

temperature for one day. The solvent is evaporated, the residue is taken up

-with EtOAc and the insoluble is filtered off. The organic solution is washed

with 1M K,CO; and then with brine. The crude is purified by flash
chromatography (DCM/MeOH= 99/1 to 80:20) to obtain the title compound as
a yellow solid (0.43 g, 52% yield, mixture of diastereoisomers).

"H NMR (300 MHz, DMSO-dg) ppm:

Diastereoisomer 1: 7.48 - 7.64 (m, 2 H), 7.22 - 7.47 (m, 3 H), 6.95 (t, 1
H), 6.23 - 6.38 (m, 3 H), 6.09 - 6.19 (m, 1 H), 5.25 (d, 1 H), 4.50 - 4.79 (m, 1
H), 3.64 (s, 3 H), 2.97 (ddd, 1 H), 2.20 - 2.71 (m, 4 H), 2.03 - 2.13 (m, 1 H),
1.83-1.95(m, 1 H), 1.19 - 1.67 (m, 4 H);

Diastereoisomer 2: 7.48 - 7.64 (m, 2 H), 7.22 - 7.47 (m, 3 H), 6.95 (1, 1
H), 6.23 - 6.38 (m, 3 H), 6.09 - 6.19 (m, 1 H), 5.24 (d, 1 H), 4.50 - 4.79 (m, 1
H), 3.64 (s, 3 H), 3.04 - 3.14 (m, 1 H), 2.20 - 2.71 (m, 5 H), 1.68 - 1.74 (m, 1
H), 1.19 - 1.67 (m, 4 H);

H)
6.

67



(m 2 H, 2.32 (br. s., 1 H, 1.34 - 2.16 (m 4 H (continue) WO

2010/ 072338PCT/ EP2009/ 008870 128 LC- MS(ESI POS):511.2 (M) 11-1 NWR
(300 VD, 20 DBE338 d6é) ppm 8. 46 (d, 1 H), 8.04 - PCT/ER2®2/008870 2 H),
7.49 - 7.69 (m 08

LC-MS (ESI POS): 367.1 (MH+).
EXAMPLE 27

Preparation of [(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid
(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C72)

5
F
F\©\ Br ( DIPEA \©\N/
- F ° -
oY = e
o)
l LiOH
H,O-THF
QL
N Pgoo%c \©\
%
N
Scheme 27
Preparation of [(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid
ethyl ester (170):
10 4-Fluoro-N-methylaniline (0.33 g, 2.67 mmol) is added to a solution of

ethyl 2-bromo-2-phenylacetate (0.36 mL, 2.06 mmol) in acetonitrile (6.86 mL)
and DIPEA (0.47 ml, 2.67 mmol). The dark solution is stirred at 100°C under
microwave irradiation for 1 hour. Then solvent is evaporated and the crude is
purified by flash chromatography (Petroleum ether/EtOAc = 97/3) to obtain
15 intermediate 1118 as a yellow solid (0.59 g, 100 % yield).

Preparation of [(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid
hydrochloride (I71):

A solution of [(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid

ethyl ester (I70) (0.59 g, 2.05 mmol) in THF (10 mL) and water (10 mL) is



4H), 7. 28- 7.49 (m 3 H, 7.00 - 7.18 (m . 13%yield 2H), 6.69- .
brown 6.80(m 2H) Di asterensonerl of Cl17 . 0 TFA 6.54 - 6.67 (m 1 H),
6.36 (d, WO20104728839(d, 1 anor phous H), 5.17 - 5.30 S8CilgPao09/008870

di ast ereoi soner solid (m1H, 5.11 99

added lithium hydroxide hydrate (0.26 g, 6.14 mmol) is added. The reaction is
stirred at RT for 3.5h and then at 70°C for 24h. 3N HCI is added till pH is
about 1 and the mixture is evaporated. Water (15 mL) is added and the residue
is triturated obtaining a pale brown suspension that is filtered on a buckner
5 funnel, washed with water and then with acetonitrile. The solid is dried under
vacuum at 40°C overnight to obtain intermediate [119 as a pale brown powder
(0.44 g, 72 % yield).
Preparation of [(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid
(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C72):

10 PS-DCC (1.02 g, 1.35 mmol, loading: 1.33 mmol/g) is suspended in dry
THF (13.5 mL). Then HOBT (0.21 g, 1.35 mmol), [(4-fluoro-phenyl)-methyl-
amino]-phenyl-acetic acid hydrochloride (I71) (0.20 g, 0.68 mmol) and (R)-
quinuclidin-3-o0l (0.26 g, 2.03 mmol) are added. The mixture is shaken at RT
overnight. PS-DCC is filtered off, washed with EtOAc and THF. The solution

15 is evaporated and the residue is partitioned between EtOAc and water. The
organic phase is washed with sat. NaHCO3, dried (NapSO4) and evaporated.
The crude is purified by flash chromatography (DCM/MeOH = 95/5) to afford
the title compound as a colorless oil (209 mg, 84 % yield, mixture of

- diastereoisomers).

20 'H NMR (300 MHz, DMSO-d,) ppm: 7.26 - 7.49 (m, 5 H) 6.99 - 7.13 (m, 2
H) 6.83 -6.99 (m,2 H) 5.78 (d, 1 H) 4.74 - 4.88 (m, 1 H) 3.02 - 3.18 (m, 2 H) 2.56
-279(m,5H)2.29-2.46 (m,2H) 1.76 -1.93 (m, 1 H) 1.41 - 1.63 (m,3 H) 1.19 -
1.39 (m, 1 H); |

LC-MS (ESI POS): 369.2 (MH+).

25



(s, 2 H, 3.94 - 4.19 (m 1 H), 3.37 - 3.77 (m 5H), 2. 31- 2.43

(m 1 H, 1.88 - 2.12 (m 4H) [a] p=-47.81  (c=0. 21, MeOH)
(cont i nUEYO 20@/2e3B8/ 072338PCT/ EP2009/ 008870 PCT/EP2009/008870
100
EXAMPLE 28

Preparation of (methyl-phenyl-amino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C75)

o . (L
: - -
PN N N
fo) MeCN o<
MW-120°C o

15 173

HCI

HO"'@ ‘ dioxane
g\ :
HOBT HCI
N DCC N
H

0,
m @ THF ©
(0]
N (o]
4

5 c75 17

Scheme 28
Preparation of (R)-(methyl-phenyl-amino)-phenyl-acetic acid
methyl ester (173):
N-methylaniline (299 ul, 2.76 mmol) is added to a solution of (S)-
10 methyl 2-(methylsulfonyloxy)-2-phenylacetate (I5) (450 mg, 1.84 mmol) in
acetonitrile (10 mL). The reaction is heated at 120°C for 15 minutes
(microwave irradiation). 2N HCI (5 mL) is added and the mixture is extracted
with EtOAc. The organic phase is dried over sodium sulphate and the solvent
is evaporated to dryness. The crude is purified by flash chromatography on
15  silica gel (Petroleum ether/EtpO=9/1) to obtain intermediate I121 as an orange
amorphous solid (125 mg, 27 % yield).
Preparation of (R)-(methyl-phenyl-amino)-phenyl-acetic acid
hydrochloride (174):
(R)-(Methyl-phenyl-amino)-phenyl-acetic acid methyl ester (I73) (125
20 mg, 0.49 mmol) is dissolved in dioxane (2 mL). 37% Hydrogen chloride in water
(3.00 mL, 36.5 mmol) is added and the mixture is stirred at 70 °C for 18h. Then a



129 LC- MB(ESI POS): 497.1 (M) 1HNVR(300 MHz, DMVBO- d6)

ppm 8. 20( dd, 1H) 8.04 (dd, 1H) 7.53-7.68(m |. 2H) 7.34 (dd, 1H
7.17-7. 30Wm2010Mi2338H) 6. 857. 00 - Di ast ereoi sonmer 40+. .. PRIAEPI0001008870
(m2H)6.63- 1 of C118 TFA 101

second portion of 37% hydrogen chloride in water (1.00 mL, 12.2 mmol) is
added and the mixture is stirred at 70 °C for additional 36h. The mixture is
cooled to RT and the white precipitate is filtered and washed with dioxane and
Et7O to obtain intermediate 1122 as a white solid (97 mg, 71% yield).
5 Preparation of (methyl-phenyl-amino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C75):
(R)-(Methyl-phenyl-amino)-phenyl-acetic acid hydrochloride (174) (97
mg, 0.35 mmol), HOBT (107 mg, 0.70 mmol), DCC (144 mg, 0.70 mmol) and
(R)-quinuclidin-3-ol (89 mg, 0.70 mmol) are dissolved in dioxane (5 mL) and the
10 mixture is stirred at RT for 15h. The white precipitate is filtered and discarded
whereas the clear solution is evaporated to dryness. The residue is dissolved in
EtOAc and washed with sat. NapCO3 and then brine. The organic phase is dried
over sodium sulphate, filtered and evaporated to dryness. The resulting crude is
purified by flash chromatography on silica gel (DCM/MeOH=97/3 to 95/5) to
15  obtain the title compound as a pale yellow oil (46 mg, 38 % yield, mixture of
diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm: 7.29 - 7.53 (m, 5 H) 7.14 - 7.29 (m,
2 H) 6.86 - 6.99 (m, 2 H) 6.67 - 6.80 (m, 1 H) 5.84 and 5.83(s, 1 H) 4.73 - 4.88
(m, 1 H) 2.99 - 3.16 (m, 1 H) 2.75 and 2.71(s, 3 H) 2.53 - 2.69 (m, 3 H) 2.29 -
20 247(m,2H)1.74-195(m, 1 H) 1.32-1.63 (m,3 H) 1.12 - 1.30 (m, 1 H);
LC-MS (ESI POS): 351.3 (MH"). |

25



6.79 (m 2H) 5.40 Yellowoil (s, 1H) 5.13 - 5.26 (m1H 4.89- Single
di astereoisoner 5.07 (m 2H) 3.97 -4.13(m 1H) 3.34-3.73(m
5H) 2. 35( bWO<010/072338H) 1. 83- 2. 16 (m 41-1) [ a] 0=- 33 PCI/EP200006837® 3,

MeOH)

10

15

20

(conti nue) 102

EXAMPLE 29

Preparation of (4-methyl-benzylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C77)

NH, NaBH(OAc)3
0., NH,OH AcOH N
N o
*2HCI N
C25 176 c77
Scheme 29
Preparation of amino-phenyl-acetic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl) ester (176):

(R)-Quinuclidin-3-yl 2-amino-2-phenylacetate dihydrochloride (C25) (1.11
g, 3.33 mmol) is dissolved in MeOH (10 mL) and 32% NH,OH (2.0 mL, 16.07
mmol) is added. The solution is stirred at RT for 30 sec. and then is evaporated

under vacuum. The residue is dissolved in DCM/MeOH (4.5/0.5 mL) and about 1g

of SiO» is added. The suspension is evaporated and the residue is loaded on a silica

gel column and purified eluting with DCM/MeOH/NH4OH = 9.2/0.8/0.1 to 9/1/0.1

to collect intermediate 1124 as a pale yellow oil (635 mg, 73 % yield).

Preparation of (4-methyl-benzylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C77):

A solution of amino-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-
yl) ester (I76) (100 mg, 0.38 mmol) in dry THF (3.84 mL), is added with 4-
methylbenzaldehyde (68 mL, 0.57 mmol) and AcOH (0.5 mL, 8.73 mmol). The
mixture is stirred at RT and sodium triacetoxyborohydride (163 mg, 0.77 mmol)
is added. The reaction is stirred at RT for 1.5 hour then cyclohexane is added and

the mixture is evaporated to dryness. The crude is purified by flash
chromatography (DCM/MeOH/NH4OH = 95/5/0.5) to obtain the title compound



WD 2010/ 072338PCT/ EP2009/ 008870 130 LC- MS(ESI POS): 491.2 (ML44)

| HNVR( 300 MHz, DMBSO-d6) ppm 7.91 - 8.00 (m2H) 7. 70- 7.82 (m 1H)
7.55 00IWMR010/07288(m 4H) 7.20-7.32(m 16% yi el d 2H) 6 PBZEP2@P/008870

Di ﬁstereo: somer O ON, (m2H)6.65- 1 ofy3Cl19 TFA 0O 6.80 (m 2H) 5.41
Yel | ow oi

as a colorless oil (76 mg, 54 % yield, mixture of diastereoisomers).

'H NMR (300 MHz, DMSO-d6) ppm: 7.25 - 7.51 (m, 5 H), 7.15 - 7.23 (m,
2 H), 7.03 - 7.15 (m, 2 H), 4.51 - 4.81 (m, 1 H), 4.33 (d, 1 H), 3.61 (s, 2 H), 2.85
-3.19 (m, 1 H), 2.57 - 2.69 (m, 5 H), 2.28 (s, 3 H), 1.68 - 1.92 (m, 1 H), 0.91 -

5 1.64 (m, 4 H);

LC-MS (ESI POS): 365.2 (MH+).

The compounds listed in Table 12 are prepared as previously described
for C77, using 4-fluorobenzaldehyde, 4-methoxybenzaldehyde and benzaldehyde
instead of 4-methylbenzaldehyde.

10 Table 12

Yield and .
Compound Structure Analytical
appearance

LC-MS (ESI POS):
369.1 (MH")
'H NMR (300 MHz,
DMSO-ds) ppm: 7.23 -
7.61 (m, 7 H), 7.01 -
NH 64% yield |7.23 (m, 2 H), 4.58 -
0. 4.79 (m, 1 H), 4.34 (s, 1
78 m ) | ), 3.64 (s, 2 H), 2.99
N Colorless oil and 3.07 (ddd, 1 H),
Mixtgre of 2.54 - 2.69 (m, 3 H),
stereoisomer 2.08 - 246 (m, 2 H),
1.69 - 1.79 and 1.83 -
1.90 (m, 1 H), 1.03 -
1.64 (m, 4 H)

(continue)



(s, 1H) 5.18 - 5.27 (m1H 5.10 (s, Single diastereoisoner

2H) 3. 97-4. 13 (m 1H) 3. 33- 3.73 (m 61-1) 2.37 (br. s., 1H 1.80 -
2.16 (m WHI2010/07p388=- 57. 20 (c=0.20, MeOH) LC- M5( EBCT/EP2(ROBYS8387. 2
104

LC-MS (ESI POS):
381.2 (MH+)

'H NMR (300 MHz,
DMSO-d6) ppm: 7.25: -
7.50 (m, 5 H) 7.16
55% vyield |7.25 (m, 2 H) 6.81

NH

0., 6.92 (m, 2 H) 4.58 -

» m @ 1476 (m, 1 H) 432 (4, 1
N Colorless oil H) 3.73 (S, 3 H) 3.59 (d,

Mixture of 2 H) 2.86 - 3.13 (m, 1

stereoisomer H) 2.53 - 2.67 (m, 5 H)

2.06 - 2.20 (m, 1 H)
1.68 - 1.90 (m, 1 H)
1.05 - 1.64 (m, 4 H)

LC-MS (ESI POS).
351.3 (MH+)

(? 'H NMR (300 MHz,

) DMSO-d6) ppm: 7.07 -

64% yield 1754 (m, 10 H), 4.59 -

NH
C80 m O@ 4.79 (m, 1 H), 4.35 (s, 1
° W Pale yellow | H), 3.66 (s, 2 H), 2.97 -
- oil 314 (m, 1 H), 2.56
steraisomer 270 (m, 4 H), 217
240 (m, 1 H), 1.71

1.97 (m, 1 H), 0.99
1.69 (m, 4 H)

EXAMPLE 30

Alternative preparation of (4-fluoro-benzylamino)-phenyl-acetic

acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C82)

HO.,
1) NaOH F F
MeOH
£ N
NH
0.
%)
N
ce2

2) NaBH
¢ HOBt-HBTU

2
3) Hel
OH . ) HC! TEA
5 NH THE
X OH
o
)
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Scheme 30
Preparation of (4-fluoro-benzylamino)-phenyl-acetic acid
hydrochloride (I81):
4-Fluorobenzaldehyde (0.25 mL, 2.38 mmol), 2-amino-2-phenylacetic acid



(MH) 1HNVR( 300 VHz, DMSO- d6) ppm 7.52 - 7.70 (m 2 H, 7.13 _
D astereoi soner 1 of C120 40NH, 0. O TFA 19%yield Brown oil 7.35(m 2H),

6.85 - 7.W0201y072338)), 6.61 - 6.82 (m 2 H), 6.34 (br. sPCTEPR)09/088836 (s, 1
Si ngl e di astereoi somrer H),4.93-5.21 (ms 1 H, 3.72 - 3.91(m 1H),

(300 mg, 1.98 mmol) and NaOH (79 mg, 1.98 mmol) are dissolved in MeOH (20
mL) and stirred at RT overnight. The reaction is cooled at 0°C and NaBH,4 (150
mg, 3.97 mmol) is added. After being stirred at 0°C for 30 min, the reaction is
judged complete by UPLC-MS analysis. 4M HCI in dioxane is added dropwise
5 till pH 5 and the precipitate is collected by suction filtration, washed with Et,O
and dried under vacuum at 40°C to obtain intermediate 1129 as a white solid (587
mg, quantitative yield).
Preparation of (4-fluoro-benzylamino)-phenyl-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C82):

10 A mixture of (4-fluoro-benzylamino)-phenyl-acetic acid hydrochloride
(233 mg, 0.79 mmol), (R)-quinuclidin-3-ol (200 mg, 1.57 mmol), 2-(1H-
benzo[d][1,2,3]triazol-1-yl)-1,1,3,3-tetramethylisouronium
hexafluorophosphate(V) (596 mg, 1.57 mmol), TEA (0.22 mL, 1.57 mmol)
and HOBT (241 mg, 1.57 mmol) in acetonitrile (10 mL) is stirred at RT for 48

15 hours. THF is removed under vacuum and the crude is partitioned between
EtOAc and water. The organic phase is dried over sodium sulphate, filtered
and evaporated to dryness. The crude is purified by preparative HPLC. The
combined fractions are dried and partitioned between EtOAc and 2M K,COs.
The organic phase is dried over sodium sulphate, filtered and evaporated to

20 dryness to afford the title compound as colorless oil (61 mg, 21% yield,
mixture of diastereoisomers).

'"H NMR (300 MHz, DMSO-ds) ppm: 7.25 - 7.63 (m, 7 H), 7.00 - 7.24
(m, 2 H), 4.58 - 4.79 (m, 1 H), 4.34 (s, 1 H), 3.64 (s, 2 H), 2.80 and 3.07 (ddd,
1 H), 2.54 - 2.69 (m, 3 H), 2.08 - 2.46 (m, 2 H), 1.69 - 1.79 and 1.83 - 1.90
25 (m, 1H), 1.03 - 1.64 (m, 4 H);
LC-MS (ESI POS): 369.1 (MH™).
EXAMPLE 31

Preparation of (4-fluoro-phenyl)-(3-fluoro-phenylamino)-acetic acid



3.16 - 3.32 (m 3  H),2.94-3.11  (m 2 H), 2.90 (s, 3 H, 2.24 -

2.31  (m 1 H,1.74 - 2.02 (m 4 H WD 2010/ 072338PCT/ EP2009/ 008870
131 LOVRB)BAI2BES) : 491. 6 (MH+) 1HNVR(300 MHz, DVBSO- dBLTEPRI0IPOSO0 - 8. 04
(m 2 H, 7.69 - 7.83(m 1H), 106

(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C84)

F Br N
OH HOBt, DCC
+ _— NH ————— NH
CH,CN THF
NH, E 0 3 OH 0,,,@
(e] (0]
F F
183

Scheme 31
5 Preparation of (4-fluoro-phenyl)-(3-fluoro-phenylamino)-acetic acid
(183):

A mixture of 2-bromo-2-(4-fluorophenyl)acetic acid (500 mg, 2.15 mmol)
and 3-fluoroaniline (477 mg, 4.29 mmol) in acetonitrile (8§ mL) is heated under
microwave irradiation at 100°C for 50 minutes. Then 3-fluoroaniline (238 mg,

10 2.15 mmol) is added again and reaction is heated at 120°C for 45 minutes in a
microwave oven (LC-MS monitoring: complete conversion). The organic
solution is diluted with EtOAc and washed with 2N HCI and then with brine. The
organic phase is dried over Na,SO,, filtered and the solvent is evaporated to give
intermediate 1131 as a white solid (510 mg, 90% yield).

15 Preparation of (4-fluoro-phenyl)-(3-fluoro-phenylamino)-acetic acid
(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C84):

A mixture of (4-fluoro-phenyl)-(3-fluoro-phenylamino)-acetic acid
(I83) (510 mg, 1.94 mmol), (R)-quinuclidin-3-ol (246 mg, 1.94 mmol), HOBT
(356 mg, 2.32 mmol) and DCC (480 mg, 2.32 mmol) in THF (10 mL) is

20 stirred at RT overnight (UPLC-MS monitoring: complete conversion). The
solvent is evaporated, the crude is dissolved in EtOAc and the insoluble is
filtered off. The clear solution is washed with 1N K,COj; and then with brine.
The organic layer is dried over Na,SQy, filtered and evaporated. The crude is
purified by silica gel chromatography (EtOAc/MeOH= 8/2) to give the title

25 compound as a yellow oil (360 mg, 50% yield, mixture of diastereoisomers).



7.55 - 7.68 (m 2 40 NH 23%yield H,7.34-7.55 (m 3 H), 7.01- Ci21

7.28(m 2H), TFA-40 Pale 6.79 (br. s., 1 H, o vyellowoil 6.50 - 6.69 (m
2 M xt urwoabiodi’azsBer eoi sonmers H), 6. 29-6. 50 (m 1 HpCTHP3®9(0hs870
s.,1H), 5. 21- 5.32(m 1H), 5.12 (spo2 H, 3.99

'H NMR (300 MHz, DMSO-d6):

Diastereoisomer 1 of C84: 7.41 - 7.65 (m, 2 H), 7.15 - 7.33 (m, 2 H),
6.96 - 7.14 (m, 1 H), 6.67 (d, 1 H), 6.43 - 6.59 (m, 2 H), 6.20 - 6.42 (m, 1 H),
5.36 (d, 1 H), 4.46 - 4.88 (m, 1 H), 2.97 (ddd, 1 H), 2.53 - 2.72 (m, 3 H), 2.18 -

5 239(m,1H),2.01-2.16(m,1H), 1.80-1.96 (m, 1 H), 1.21 - 1.66 (m, 4 H).

Diastereoisomer 2 of C84: 7.41 - 7.65 (m, 2 H), 7.15 - 7.33 (m, 2 H),
6.96 - 7.14 (m, 1 H), 6.67 (d, 1 H), 6.43 - 6.59 (m, 2 H), 6.20 - 6.42 (m, 1 H),
5.35(d, 1 H), 4.46 - 4.88 (m, 1 H), 3.08 (ddd, 1 H), 2.53 - 2.72 (m, 5 H), 1.66
- 1.76 (m, 1 H), 1.21 - 1.66 (m, 4 H);

10 LC-MS (ESI POS): 373 (MH+).
C85 listed in Table 13 is prepared as previously described for C84,

using 2-fluoroaniline instead of 3-fluoroaniline.

Table 13
Yield and .
Compound Structure Analytical
appearance
LC-MS (ESI  POS):
373.1 (MH)
. 'H NMR (300 MHz,
@ DMSO-d) ppm: 7.49 -
NH 7.66 (m, 2 H), 7.15 -

mo,,, @ 53%vyield | 7.28 (m, 2 H), 7.07 (ddd,
I 1 H), 6.81 - 6.95 (m, 1
C85 F N | H),650- 678 (m, 2 H),
Mixture of White solid | 567 (4, 1 H), 5.40 (d, 1
stereoisomer H), 4.58 - 4.84 (m, 1 H),
3.07 (ddd, 1 H), 2.54 -
2.68 (m, 5 H), 1.64 -
1.77 (m, 1 H), 1.04 -
1.65 (m, 4 H)

15



- 4.13 (m 1H), 3.46 - 3.72 (m 5 H), 2.31-2. 45 (m1H), 1. 51- 2.22

(m 4 H LC- MS( ESI PCS) : 475. 2 ( MH+) 1HNVR( 300 MHz, DVBO- d6
WO 2010/072338 PCT/EP2009/008870
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EXAMPLE 32

Preparation of (R)-quinuclidin-3-yl 2-(phenylamino)-2-(thiophen-2-
yDacetate hydrochloride (C90)

o)
o OH MsCl 0\\%
NaBH, DIPEA o o™
X 0\/ S O\/ Som OV
EtOH
\_s 0o \_s o \\
s O
186 187
L.

" “)
©\ LIOH ©\
NH HOBt, DCC ©\ NH
T 7% M T SO
S (0] \ S O

5 c90 188

Scheme 32
Preparation of hydroxy-thiophen-2-yl-acetic acid ethyl ester (I86):
A solution of ethyl 2-ox0-2-(thiophen-2-yl)acetate (5.00 g, 27.1 mmol) in
ethanol (50 mL) is cooled at 0°C with an ice bath. NaBH, (0.31 g, 8.14 mmol) is
10 added in four portion under stirring. The mixture is stirred at 0°C for 10 minutes,
then allowed to warm at RT and stirred for additional 30 minutes. Reaction is
concentrated under vacuum and the residue is partitioned between Et,0O and
ice-cooled water. The organic layer is separated, washed with water and brine,
dried over Na,SO,, filtered and evaporated to give a colorless liquid (5.05 g, 91%
15  yield).
Preparation of ethyl 2-(methylsulfonyloxy)-2-(thiophen-2-yl)acetate
(187):
Hydroxy-thiophen-2-yl-acetic acid ethyl ester (4.58 g, 24.6 mmol) is
dissolved in dry DCM (125 mL) and cooled at 0°C. DIPEA (5.15 mL, 29.5
20 mmol) and methanesulphonyl chloride (2.11 mL, 27.1 mmol) are added and the



+TFA) ppm 8. 21(dd, 1H) 8.06 (dd, 1H) 7.31-7.50(m S6H) 7.17-7.30
49% vyield (m2H)6.89- Cl22 So ", TFA o Pale yellowoil 6.99 (m 2H) 6.70 -
6.80 (m wHRoB/@s338s, 1H) 5.25 - 5.37 (m 1H) 5.03 M XPOTAEPRH09/008870

di astereoi soners (d, 2H) 4.08- 4.24 (m ;44) 3.53 -3.74(m 4H)

3.39-3.51(m

resulting solution is stirred at RT for 1h. DIPEA (0.859 ml, 4.92 mmol) and
methanesulphonyl chloride (0.19 mL, 2.46 mmol) are added again. After being
stirred at room temperature for 1 additional hour, a third portion of DIPEA (0.43
mL, 2.46 mmol) and methanesulphonyl chloride (77 ul, 0.98 mmol) is added.
5  After 1h the reaction is completed. The mixture is diluted with DCM, washed
with sat. NaHCO;, water and brine, dried (Na,SO,), filtered and evaporated. The
resulting yellow oil is used in the next step without any further purification.
Preparation of ethyl 2-(phenylamino)-2-(thiophen-2-yl)acetate (I88):
Ethyl 2-(methylsulfonyloxy)-2-(thiophen-2-yl)acetate (187) (5.7 g, 21.6
10 mmol), aniline (2.16 mL, 23.7 mmol) and DIPEA (4.52 mL, 25.9 mmol) are
dissolved in acetonitrile (20 mL) to give a yellow solution which is heated under
microwave irradiation in a sealed vial at 100°C for 15 minutes. Conversion
complete by UPLC/MS-UV. Solvent is evaporated and the residue is dissolved in
DCM and washed with water and brine, dried (Na,SO,), filtered and evaporated
15  to dryness. The resulting crude is purified by flash chromatography (Petroleum
ether/EtOAc = 85/15) to get desired compound as a yellow solid (4.33 g, 77%

yield).
Preparation of  2-(phenylamino)-2-(thiophen-2-yl)acetic  acid
hydrochloride (189):
20 Ethyl 2-(phenylamino)-2-(thiophen-2-yl)acetate (I88) (3.86 g, 14.8 mmol)

and lithium hydroxide hydrate (1.24 g, 29.5 mmol) are dissolved in THF/water
(20 mL/20 mL) and stirred at RT for 4h. THF is evaporated, the mixture is cooled
to 0°C and 4M HCI in dioxane is added until pH is about 1. The resulting
precipitate is collected by suction filtration and washed with water. The white
25  solid is dried under vacuum at 40°C for 18h (3.09g, 78% yield).

Preparation of (R)-quinuclidin-3-yl 2-(phenylamino)-2-(thiophen-2-
yl)acetate hydrochloride (C90):

2-(Phenylamino)-2-(thiophen-2-yl)acetic acid hydrochloride (I89) (359



1H) 2.76 (s, 3H) 2.21-2.33(m 1H1.92-2.11  (m2H)1.67- 1.90 (m

1H) 1.47 -1.65 (m 1H) WD 2010/ 072338PCT/ EP2009/ 008870 132 LC- M5( ESI
POS) . 469WO(M4#723BBINIVR( 300 MHz, DMSO- d6) PCT/EP2009/008870
110

mg, 1.33 mmol), DCC (330 mg, 1.60 mmol) and HOBT (245 mg, 1.60 mmol) are
dissolved in THF (15 mL). (R)-quinuclidin-3-ol (339 mg, 2.66 mmol) is added

and the reaction mixture is stirred at RT for 16 hours. HOBT (20.4 mg, 0.13
mmol) and DCC (33.0 mg, 0.16 mmol) are added again and the mixture is stirred

5  for additional 8 hours. HOBT (20.4 mg, 0.13 mmol), DCC (33.0 mg, 0.16 mmol),
(R)-quinuclidin-3-ol (16.9 mg, 0.13 mmol) are added and the mixture is stirred

for additional 16 hours. THF is evaporated and the resulting crude oil is dissolved

in EtOAc and washed with water and brine. The organic phase is recovered, dried

over NapSQy, filtered and evaporated. The crude is first purified by flash

10  chromatography (DCM/MeOH=9/1) and then by preparative HPLC. The pure

fractions are collected and evaporated. The resulting TFA salt is dissolved in

THF and passed through a PL-HCO3 cartridge (Varian, 200 mg, 1.8 mmol/g
HCO3"). THF is evaporated, the product is dissolved in dioxane (2 mL) and 4M

HCI in dioxane (2 mL) is added. The solvent is evaporated and the residue is
15  dried under vacuum for 24h to obtain the title compound as a brown solid (33
mg, 7% yield, mixture of diastereoisomers).
"H NMR (300 MHz, DMSO-d;) ppm: 10.01 (br. s., 1 H) 7.47 - 7.56 (m, 1 H)
7.21-729 (m, 1 H)6.99 -7.16 (m, 3 H) 6.71 - 6.82 (m, 2 H) 6.53 - 6.70 (m, 1 H)
5.64 and 5.61 (s, 1 H) 4.99 - 5.13 (m, 1 H) 3.03 - 3.28 (m, 4 H) 2.71 - 2.92 (m, 2
20 H)1.42-2.28 (m, S H);
LC-MS (ESI POS): 343.1 (MH+).

25



ppm 7.89 - 8.06 (m 2 H, 7.69 - 7.89(m1H), 1.1 7.55 - 7.69 (m 2

56%yield H),7.32-7.55 101 (m 5 H), 7.18 - Cl123 o, TFANAO 7.32(m2H),
6.89 - 7.0 201072338 Yel |l ow oil H),6.67-6.86 (m 1 H) PCE/EPR00VHI83TM xt ur e
of diastereoisomers 1 H), 5.26 - 5.44;y

EXAMPLE 33

Preparation of (4-methoxy-phenyl)-phenylamino-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C93)

©\ mo DIPEA
+
NH, o) 0 CH,CN /©)\!(
|
LiOH
H,O-THF

©\NH HOBt, bCC ©\
DIPEA
[
(ID N

5 Cc93 192
Scheme 33
Preparation of (4-methoxy-phenyl)-phenylamino-acetic acid methyl
ester (191):
Methyl 2-bromo-2-(4-methoxyphenyl)acetate (1.10 g, 4.25 mmol),
10 DIPEA (0.89 mL, 5.09 mmol), and aniline (0.43 mL, 4.67 mmol) are dissolved
in acetonitrile (12 mL). The reaction is heated for 18 minutes at 100°C under
microwave irradiation. Acetonitrile is evaporated and the residue is diluted
with DCM and washed with water and brine, dried over NapSOy, filtered and
evaporated to dryness. The crude is purified by flash chromatography
15  (Petroleum Ether/EtOAc = 9/1) to give intermediate 1139 as a yellow oil (745
mg, 65% yield).
Preparation of (4-methoxy-phenyl)-phenylamino-acetic acid
hydrochloride (192):
(4-Methoxy-phenyl)-phenylamino-acetic acid methyl ester (953 mg,



(m 1 H, 5.15 (br. s.,2H), 4. 02- 4.30(m 1H), 3.43 - 3.76 (m 5
H, 2.77 (s, 3 H, 2.18 - 2.39 (m 1 H), 1.41-2.15 (m 4 H
LC- MS( ESIWO 20p@3}333871. 3 PCT/EP2009/008870
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3.51 mmol) and lithium hydroxide hydrate (295 mg, 7.03 mmol) are dissolved
in THF (5 mL) and water (5 mL) and the resulting reaction is stirred overnight
at RT (Conversion complete by UPLC-MS/UV). THF is evaporated, the
aqueous phase is cooled at 0°C and acidified till pH 1 with 4M HCI in 1,4
5 dioxane. The precipitate is collected by suction filtration and the white solid is
dried overnight at 45°C under vacuum (718 mg, 70% yield).
Preparation of (4-methoxy-phenyl)-phenylamino-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C93):
(4-Methoxy-phenyl)-phenylamino-acetic acid hydrochloride (192) (300
10 mg, 1.02 mmol), DCC (253 mg, 1.23 mmol), and HOBT (188 mg, 1.23 mmol)
are dissolved in THF (10 mL). DIPEA (0.36 mL, 2.04 mmol) and (R)-
quinuclidin-3-ol (130 mg, 1.02 mmol) are added. The mixture is stirred ad RT
for 16h. Then DCC (25.3 mg, 0.12 mmol), HOBT (18.8 mg, 0.12 mmol),
DIPEA (36 uL, 0.204 mmol) and (R)-quinuclidin-3-0l (13.0 mg, 0.10 mmol)
15 are added again and reaction is stirred for additional 32 hours. THF is
evaporated and the residue is dissolved in EtOAc and washed with sat.
NaHCOs;, H,O and brine. The organic layer is dried (Na,SO,), filtered and
evaporated. The crude residue is purified by flash chromatography
(DCM/MeOH= 97/3 to 92/8) to obtain the title compound as a yellow solid
20 (90 mg, 24% yield, mixture of diastereéisomers).
'"H NMR (300 MHz, DMSO-dg) ppm: 7.34 - 7.63 (m, 2 H), 7.01 - 7.15
(m, 2 H), 6.87 - 7.01 (m, 2 H), 6.63 - 6.74 (m, 2 H), 6.52 - 6.62 (m, 1 H), 6.19
(d, 1 H), 5.17 (d, 1 H), 4.55 - 4.85 (m, 1 H), 3.74 (s, 3 H), 2.83 - 3.20 (m, 1
H), 2.03 - 2.69 (m, 5 H), 1.65 - 1.94 (m, 1 H), 0.93 - 1.63 (m, 4 H);
25 LC-MS (ESI POS): 367.3 (MH+).



( M) 1HNVR( 300 MHz, DMBO- d6) ppm 7.15 - 7.46 40 FINO 60%
yield (m7H),6.88_  7.15(m5H), 6.446.74 Cl24 "1 Q-7J ON. TFAL,,0 -(m
3H), 4.890 2810162338 1H),4.38- |WBrooil 4.47(m 2H), PATEP2¢00/0088F) , 3. 96
M xture of di astereoisonmers 113

EXAMPLE 34

Preparation of 4-{[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-

phenylamino-methyl}-benzoic acid methyl ester (C95)

G

Br
HOBt, DCC
DIPEA NH DIPEA
CH3CN @
© bipea

Scheme 34 -

Preparation of N-ethyl-N-isopropylpropan-2-amine 2-(4-
(methoxycarbonyl)phenyl)-2-(phenylamino)acetate (194):
2-Bromo-2-(4-(methoxycarbonyl)phenyl)acetic acid (700 mg, 2.56
10  mmol), aniline (0.23 mL, 2.56 mmol), and DIPEA (0.94 mL, 5.38 mmol) are
dissolved in acetonitrile (5 mL). The reaction is stirred at 100°C under
microwave irradiation for 15 minutes. Acetonitrile is evaporated and the
residue is dissolved in DCM and washed with water and brine. The organic
layer is dried (NapSOy), filtered and evaporated. The crude compound is
15 purified by flash chromatography (DCM/MeOH= 9/1) to obtain intermediate
1142 as a white solid (381 mg, 37% yield).
Preparation of 4-{[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-
phenylamino-methyl}-benzoic acid methyl ester (C95):
N-Ethyl-N-isopropylpropan-2-amine 2-(4-(methoxycarbonyl)phenyl)-2-
20  (phenylamino)acetate (194) (212 mg, 0.51 mmol), DCC (158 mg, 0.77 mmol),
and HOBT (117 mg, 0.77 mmol) are dissolved in dry THF (5 mL).
(R)-Quinuclidin-3-ol (195 mg, 1.53 mmol) is added and the mixture is stirred
at RT for 2 days. A second portion of DCC (79 mg, 0.38 mmol), HOBT (58.7
mg, 0.38 mmol) and (R)-quinuclidin-3-o0l (98 mg, 0.77 mmol) are added and

25  the mixture is further stirred for 24h. Then THF is evaporated, the residue is



(ddd, 1H), 3.60 - 3.76(m 2H), 3. 41-3. 60(m 3H),3.21-3.41  (m

2H), 3.09 (d, 2H),1.76 - 2.09  (m3H), 1. 44- 1.76 (m 2H WO
2010/ 07238BRAEIVERBB09/ 008870 133 LC- MS(ESI PCS) : 475. PCEMBRocRioDEsR{ 300
114

dissolved in EtOAc and washed with NaHCO3, water and brine. The organic -
phase is dried (NapSQy), filtered and evaporated. The crude is purified by
preparative HPLC. The recovered fractions are evaporated, dissolved in
EtOAc and washed with sat. NaHCO3 The organic phase is dried (NapSOyg),
5 filtered and evaporated to afford the desired compound as a colorless oil (42

mg, 21% yield, mixture of diastereoisomers).

'H NMR (300 MHz, DMSO-dg) ppm: 7.88 - 8.05 (m, 2 H), 7.51 - 7.76 (m, 2
H), 6.91 - 7.13 (m, 2 H), 6.71 (dd, 2 H), 6.50 - 6.64 (m, 1 H), 6.38 (d, 1 H), 5.42
(d, 1 H), 4.39-4.86 (m, 1 H), 3.85 (s, 3 H), 2.84-3.15 (m, 1 H), 2.54 - 2.67 (m, 4

10 H),0.76 - 2.16 (m, 6 H);
LC-MS (ESI POS): 395.4 (MH+).
EXAMPLE 35

Preparation of (3-fluoro-phenyl)-phenylamino-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C99)

NBS
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Scheme 35
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198

Preparation of bromo-(3-fluoro-phenyl)-acetic acid methyl ester (196):
Methyl 2-(3-fluorophenyl)acetate (1.90 g, 11.3 mmol) and N-bromo



MHz, DMSO- d6) ppm 8. 21(dd, 1H),8.07(dd, 40 HN 0" 111),7.18-7.40
(m®6H),6.96_ 7.17(m 2H), 35% vyield 6.48-6. 74(m Di ast ereoi soner o-

4.23-4.48(m  Single diastereoisomer s

10

15

20

25

succinimide (2.01 g, 11.3 mmol) are dissolved in CCl, (80 mL). HBr (64 ul, 0.56

mmol) is added and the mixture is stirred under reflux overnight. The mixture is

cooled at RT, diluted with DCM and washed with sat. NaHCO3, water and brine.

The organic layer is dried (NapSOgy), filtered and evaporated obtaining

intermediate 144 as a yellow oil (2.68 g, 96% yield).

Preparation of (3-fluoro-phenyl)-phenylamino-acetic acid methyl ester
x97):

Bromo-(3-fluoro-phenyl)-acetic acid methyl ester (I196) (300 mg, 1.21
mmol), DIPEA (0.32 mL, 1.82 mmol), and aniline (0.17 mL, 1.82 mmol) are
dissolved in acetonitrile (4 mL) and heated under MW irradiation at 100°C for 1h.
Acetonitrile is evaporated and the residue is purified by flash chromatography
(Petroleum ether/EtOAc=95/5) to obfain intermediate 1145 as a colorless oil (229
mg, 73% yield). | |

Preparation of (3-fluoro-phenyl)-phenylamino-acetic acid (198):

(3-Fluoro-phenyl)-phenylamino-acetic acid methyl ester (197) (229 mg, 0.88
mmol) and lithium hydroxide hydrate (74.1 mg, 1.77 mmol) are dissolved in
THF/water (6 mL/2mL) and stirred at RT for 2h. THF is evaporated, the resulting
basic aqueous solution is acidified till pH 1 with 1M HCIl. The precipitate is
recovered by suction filtration and washed with 1M HCI. The compound is dried at
40°C under vacuum overnight to get intermediate 1146 as a white solid (186 mg,
75% yield).

Preparation of (3-fluoro-phenyl)-phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (C99):

PS-DCC (982 mg, 1.31 mmol, loading: 1.33 mmol/g) is suspended in dry
THF (15 mL). (3-Fluoro-phenyl)-phenylamino-acetic acid hydrochloride (198)
(184 mg, 0.65 mmol), HOBT (200 mg, 1.31 mmol), and (R)-quinuclidin-3-ol (249
mg, 1.96 mmol) are added and the mixture is shaken at RT overnight. PS-DCC is

filtered off and the filtrate is evaporated. The residue is dissolved in EtOAc and

3H)
5.08- 5. 19W0 20f0/0C288 TFA (m 1H), 5.05 (d,  Brown oi | PEN/EPZ09gsd) 1H),



1H), 4. 05(dd, 1H), 3.26 - 3.83  (mG5H), 2. 94- 3.24(m 2H),
1. 84-2. 06(m 3H),1.60-1.84  (m 2H) [a]n=-13.26  (c=0.35, MeOH)
LC- MS( ESIWO 2010/072338 PCT/EP2009/008870
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washed with NaHCO3, water and brine. The organic layer is dried over NapSOy,

filtered and evaporated to dryness. The crude compound is purified by filtration
through a pad of silica-gel using DCM/MeOH=9/1 as the eluent. The title
compound is obtained as a colorless oil (129 mg, 56% yield, mixture of
5 diastereoisomers).
'H NMR (300 MHz, DMSO-d6) ppm: 7.31 - 7.52 (m, 3 H), 7.11 - 7.23 (m,
1 H), 698 -7.11 (m, 2 H), 6.67 - 6.76 (m, 2 H), 6.51 - 6.63 (m, 1 H), 6.35 (d, 1 H),
5.35 and 5.36 (d, 1 H), 4.59 - 4.80 (m, 1 H), 2.97 and 3.07 (ddd, 1 H), 2.55 - 2.67
(m, 5H), 1.67-1.74 and 1.81 - 1.95 (m, 1 H), 1.10 - 1.66 (m, 4 H);
10 LC-MS (ESI POS): 355.2 (MH").
C100 listed in Table 14 is alternatively prepared as previously
described for C99, using methyl 2-(4-fluorophenyl)acetate instead of methyl
2-(3-fluorophenyl)acetate.

Table 14
15

Yield and .
Compound Structure Analytical
appearance

LC-MS (ESI POS):
355.0 MH")

'"H NMR (300 MHz,
DMSO-dg) ppm: 7.69 -

©\NH 7.82 (m, 4 H), 7.01 -
. 7.16 (m, 2 H), 6.65 -

m TGy | M 1679 (m 2 1), 653 -

C100 ¢ ° 6.64 (m, 1 H), 6.42 (d,
Mixture of White solid | 1 H), 5.46 and 5.47 (d,

diastereoisomers 1 H), 4.66 - 4.81 (m, 1
H), 2.99 and 3.10 (ddd,

1 H), 2.54 - 2.88 (m, 4
H), 2.04 - 2.41 (m, 1
H), 0.92 - 1.97 (m, 5
H)




PCS) : 365. 3 (MY 1HNVR( 300 MHz, DVBO- d6) ppm 7.17 - 7.45 40 HN
49%vyield (m511),6.98- 7.17(m2H), 410" 6.56-6.67(m Cl126 o, TFA- Brown

oi | 3H), wW0gbr/B23B8 (m 1H), 4. 23- 4.43(m 1H), M xt ur @C®EP2009/008870
di ast er eoi soners
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EXAMPLE 36

Preparation of phenylamino-(4-trifluoromethyl-phenyl)-acetic acid

(R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C105)

N

HOBt, DCC LIOH : “N

L, O @

5 C105 1104 1103

Scheme 36
Preparation of hydroxy-(4-trifluoromethyl-phenyl)-acetic acid ethyl
ester (I1101):
Ethyl 2-o0x0-2-(4-(trifluoromethyl)phenyl)acetate (500 mg, 2.03 mmol)
10 is dissolved in absolute EtOH (10 mL) and cooled at 0°C under Np. NaBH,
(38.4 mg, 1.02 mmol) is added in two portions and the resulting suspension is

allowed to warm to RT and stirred for 45 minutes. The solvent is evaporated,

the resulting residue is diluted with EtpO and cool water is added. The organic

layer is separated, washed with water and brine, dried over NapSOy4, filtered

15 and evaporated obtaining intermediate 1149 as a colorless oil (440 mg, 87%
yield).
Preparation of methanesulfonyloxy-(4-trifluoromethyl-phenyl)-
acetic acid ethyl ester (1102):
Hydroxy-(4-trifluoromethyl-phenyl)-acetic acid ethyl ester (I1101) (440
20  mg, 1.77 mmol) and DIPEA (0.43 mL, 2.48 mmol) are dissolved in dry DCM



3.80(ddd, 1H), 3.14-3.51(m 5H), 3.09 (d, 211), 2.92 (s, 3H),
-1.98(m 3H), 1.39-1.69(m 2H) WD 2010/ 072338PCT/ EP2009/ 008870 134
Di ast er edveany072338f C127 410 FIN O ", o TFAO Singl e di RETAHPRUWIHOISEF 25%
yield Pale yellow oil LC MS(ESI POS):46% 2 (M) 1H NVR(300

10

15

20

25

(17 mL) and cooled at 0°C under Np. Methanesulfonyl chloride (0.18 mL,

2.30 mmol) is added dropwise to the solution and the resulting mixture is

allowed to warm to RT and stirred for 3h. The mixture is diluted with DCM

and washed with sat. NaHCO3, water and brine. The organic layer is dried

(Na»S0y), filtered and evaporated to obtain intermediate 1150 as a yellow oil

(578 mg, quantitative yield), which is used in the next step without any further
purification.

Preparation of phenylamino-(4-trifluoromethyl-phenyl)-acetic acid
ethyl ester (1103):

Methanesulfonyloxy-(4-trifluoromethyl-phenyl)-acetic acid ethyl ester
(1102) (594 mg, 1.82 mmol), aniline (0.25 mL, 2.73 mmol), and DIPEA (0.48
mL, 2.73 mmol) are dissolved in acetonitrile (4 mL). The reaction is heated
under microwave irradiation at 100°C for 1 hour and 30 minutes. Aniline
(0.17 mL, 1.820 mmol) is added again and the reaction is heated under
microwave irradiation at 100°C for 3 hours. Acetonitrile is removed under
vacuum and the residue is purified by flash chromatography (Petroleum
ether/DCM=75/25) to afford intermediate I151 as a yellow oil (195 mg, 60%
yield).

Preparation of phenylamino-(4-trifluoromethyl-phenyl)-acetic acid
hydrochloride (1104):

Phenylamino-(4-trifluoromethyl-phenyl)-acetic acid ethyl ester (1103)
(195 mg, 0.60 mmol) and lithium hydroxide hydrate (50.6 mg, 1.21 mmol) are
dissolved in THF/water (9 mL/3mL) and stirred at RT for 4h and then at 40°C
for 1h. THF is evaporated and the remaining aqueous solution is acidified with
IM HCI till pH 1. The resulting precipitate is recovered by suction filtration,
washed with 1M HCI and dried under vacuum at 40°C overnight to obtain
intermediate 1152 as a white solid (200 mg, quantitative yield).

Preparation of phenylamino-(4-trifluoromethyl-phenyl)-acetic acid

1.71



MHz, DMSO d6) ppm 7.88 - 8.05 (m 2 H), 7.70 - 7.84 (m 1 H), 7.51 - 7.70
(m 2 H, 7.18 -7.44 (m 5H, 6.98 - 7.18 (m 2 H, 6.49 - 6.81 (m 3 H,
6.12 (d, woMpro/G238¢ (s, 2 H, 5.02 - 5.14 (m 1 H), 4.2@CT/EL2&5/008370 1 H),

3.92 - 4.22 (m 1 H, 3.50 - 3.73 (m gl , 3.14 (dd, 1 H), 3.08 (dd, 1 H),
1.82 - 2.07 (m 3 H, 1.58 - 1.82 (m [ a] D=-15.84 (c=0.365, MeOH) C128

ONH' 00....,.. -- M xture of di reoi soners 22% yield Col orl ess
oiI LC- MEDS(I- P@S)bl&BQIOiZ(WCfi%NW%D?m §DI\/BO d6) ppm 7 88 - 8.11 (m

i o st 5725 (RSDEP Die. s Homupl Joigling "1 winallg) i€ sipdtled it
Lo Wi Esidrpos] Hize (10 k). - By minbrct- Ueiserdis RydraneBYBpaceie ogeid (i
2 H. 7l d7rocl%10g‘{ge 8{15')4) (508 mg, 0.60 mmof)angBliD (1858mg|§"_1.3?%%1}/no%, and

5 (R)-quinuclidin-3-ol (230 mg, 1.81 mmol) are added and the mixture is shaken

at RT overnight. PS-DCC is filtered off, the filtrate is evaporated and the
residue is dissolved in EtOAc and washed with NaHCO3, water and brine.

The organic layer is dried over NapSQy, filtered and evaporated to dryness.

The resulting crude compound is purified by filtration through a pad of silica-
10 gel using DCM/MeOH=9/1 as the eluent. The title compound is obtained as a
colorless oil (110 mg, 45% yield, mixture of diastereoisomers).
'"H NMR (300 MHz, DMSO-d,) ppm: 7.69 - 7.83 (m, 4 H), 7.01 - 7.16
(m, 2 H), 6.65 - 6.79 (m, 2 H), 6.53 - 6.64 (m, 1 H), 6.42 (d, 1 H), 5.46 and
5.47 (d, 1 H), 4.66 - 4.81 (m, 1 H), 2.99 and 3.10 (ddd, 1 H), 2.54 - 2.88 (m, 4
15 H),2.04-2.41 (m, 1 H),0.92 - 1.97 (m, 5 H);
LC-MS (ESI POS): 405.2 (MH").
EXAMPLE 37

Preparation of (S)-quinuclidin-3-yl 2-phenyl-2-(phenylamino)-
acetate (C106)
20

HO,,,

PPha

AH DEAD
OH
oY @’w
3] c106
Scheme 37
A solution of 2-phenyl-2-(phenylamino)acetic acid (I1) (500 mg, 2.20

mmol), (R)-quinuclidin-3-ol (280 mg, 2.20 mmol) and triphenylphosphine (577
25 mg, 2.20 mmol) in dry THF (7 mL) cooled at 0°C, is added with (E)-diethyl



7.27 - 7.51 (m 3 H, 7.01 - 7.18 (m 2 H), 6.68 - 6.83 D astereoisoner

(m 2 H),

(s, 2H),
2 H) ,

10

15

20

25

6.51- 1 of C129 ''"'""' N*TFA TFA-1 o anor phous brown solid 6.67
(rn, 1 HwoO20B7¢81H),5.15- 5.30 (m 1 H),
3.97- 4.16 (m 1 H, 3.51 4593.69 (m 3 H), 3.32 - 3.49 (m

2.31 - 2.43 (m 1H, 1.82%2.15
diazene-1,2-dicarboxylate (0.35 mL, 2.20 mmol) and the reaction is stirred 2h at

RT. The solvent is removed under vacuum and the residue is taken up with
EtOAc, washed with 5% NaHCOj; and brine, dried over Na,SO,4 and evaporated
to dryness. The resulting yellow oil is purified by flash chromatography
(EtOAc/MeOH/NH,OH =90/10/0.1 to 70/30/0.1) to obtain desired product as a
white powder (78.0 mg, 10% yield, mixture of diastereoisomer).

"H NMR (300 MHz, DMSO-dg) ppm

Diastereoisomer 1 of C106: 7.48 - 7.62 (m, 2 H), 7.24 - 7.45 (m, 3 H),
6.98 - 7.11 (m, 2 H), 6.66 - 6.75 (m, 2 H), 6.51 - 6.62 (m, 1 H), 6.27 (d, 1 H),
525(d, 1 H), 4.58 - 4.82 (m, 1 H), 3.08 (dd, 1 H), 2.54 - 2.70 (m, 5 H), 1.62 -
1.75 (m, 1 H), 0.97 - 1.60 (m, 4 H);

Diastereoisomer 2 of C106: 7.48 - 7.62 (m, 2 H), 7.24 - 7.45 (m, 3 H),
6.98 - 7.11 (m, 2 H), 6.66 - 6.75 (m, 2 H), 6.51 - 6.62 (m, 1 H), 6.27 (d, 1 H),
5.26 (d, 1 H), 4.58 - 4.82 (m, 1 H), 2.95 (m, 1 H), 2.54 - 2.70 (m, 4 H), 2.02 -
2.14 (m, 1 H), 1.86 - 1.95 (m, 1 H), 0.97 - 1.60 (m, 4 H);

LC-MS (ESI POS): 337.2 (MH+).

EXAMPLE 38

Preparation of phenyl-phenylamino-acetic acid 1-methyl-azepan-4-

yl ester (C107)

HOBt, DCC

W@

c107

Scheme 38
A mixture of 2-phenyl-2-(phenylamino)acetic acid (I1) (175 mg, 0.77

mmol), DCC (192 mg, 0.92 mmol), HOBt (124 mg, 0.92 mmol) and 1-methyl-
azepan-4-ol (100 mg, 0.77 mmol) in dry THF (100 mL) is stirred at RT overnight

5.09 Si ngl @CUiER3008/06887G ONer

(0]



(m 4 H
i 1V114)

0 NH

10

15

20

25

[4)=-36.13  (c=0.3, MeOH) LC- MS( ES| PCS) : 494. 9 4

HNVR( 300 MHz, DMSO- d6) ppm 8. 23(d, 1 H, 7.53 - 7.62 (m

WO 2010/072338 PCT/EP2009/008870
121

under nitrogen flowstream (UPLC-MS monitoring: complete conversion). The
solvent is evaporated and the residue is taken up with aq. HCl and washed with
EtOAc. The aqueous phase is basified with NaHCO; and extracted with DCM
(three times). The organic layers are combined, dried over Na,SQOy,, filtered and
evaporated to dryness. The resulting crude is first purified by flash
chromatography (DCM to DCM/MeOH=95/5) and then by preparative LC-MS.
The purified compound is partitioned between sat. NaHCO; and DCM, the organic
phase is dried over Na,SO,, filtered and evaporated under vacuum to give 53 mg
of the title compound as brown oil (20% yield, mixture of diastereoisomers).

'H NMR (300 MHz, CHLOROFORM-d) ppm: 12.76 (br. s., 1 H), 7.30 -
7.62 (m, 6 H), 7.07 - 7.23 (m, 2 H), 6.50 - 6.84 (m, 3 H), 5.15 - 539 (m, 1 H),
5.09 (d, 1 H), 3.21 - 3.79 (m, 2 H), 2.60 (d, 3 H), 1.80 - 3.15 (m, & H);

LC-MS (ESI POS): 339.2 (MH").

EXAMPLE 39

Preparation of (R)-1-(2-phenoxy-ethyl)-3-((R)-2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane (Diastereoisomer 1 of

C108)

: “NH ‘
TYG U o OO
_— 0 !
0 N CH,CN

- N
TFA |\/
1h, MW 100°C 0
Cc2 diastereoisomer 1 of C108

Scheme 39
A solution of (R)-quinuclidin-3-yl 2-phenyl-2-(phenylamino)acetate
(diastereoisomer 1 of C2) (127 mg, 0.38 mmol), a-bromophenethole is added
(91.2 mg, 0.45 mmol) and the mixture reacted in a closed vessel under MW
irradiation for 1 hr at 100°C (LC-MS monitoring: complete conversion). The

resulting crude is purified by preparative LC-MS to obtain the title compound



2 H, 7.28 - 7.49 (m 4 H, 6.99 - D astereoisoner ", 5 0 25%yield 7.18
(m 2 H, 6.68 - 6.83 (m 2 H), 1 of CL130 NS Light 6.60 (m 1 H), 6.26
TFA- woawv/oed3s- 6.46 (m1H), Oa 5.32 - 5.47 (m PCTHP2goM08870

di astereoi soner H), 5.13 - 5.25 (m 1221 H, 4.94 (s, 2 H), 3.98 - 4.21
(m 1 H, 3.51 - 3.69 (m

as a pale yellow solid (18.9 mg, 14% yield, trifluoroacetate salt, single
diastereoisomer).
'H NMR (300 MHz, DMSO-d6 + Na,CO;) ppm: 7.46 - 7.69 (m, 2H),
7.21 - 7.46 (m, 5H), 6.89 - 7.16 (m, 5SH), 6.66 - 6.80 (m, 2H), 6.58 (t, 1H),
5 6.36 (d, 1H), 5.34 (d, 1H), 4.99 - 5.21 (m, 1H), 4.34 (t, 2H), 3.86 - 4.08 (m,
1H), 3.39 - 3.72 (m, SH), 3.11 (d, 1H), 2.78 - 3.02 (m, 1H), 2.20 - 2.39 (m, 1
H), 1.61 - 2.15 (m, 4H);
LC-MS (ESI POS): 457.3 (MH").
Final compounds listed in Table 15 are prepared as previously
10  described for C108, by alkylation of suitable compounds (Diastereoisomer 1
of C2, Diastereoisomer 2 of C2, C2, Diastereoisomer 1 of C3, Diastereoisomer
2 of C3, Cl12, C4, Diastereoisomer 2 of C22, C43 and C30) and the
commercially available alkylating agents.
Table 15
15

Yield and )
Compound Structure Analytical
Appearance

LC-MS (ESI POS):
461.2 (MH")

'H NMR (300 MHz,
DMSO0-dé6)

ppm: 8.21 (dd, 1H),
8.05 (dd, 1H), 7.49 -

" o 16% yield 7.63 (m, 2H), 7.27 -

Diastereoisomer I @ ;‘1‘3 Em, ‘2111‘3, 223 -
1 of C109 CONT s 17 (m, 2H), 6.67 -
TFA K(‘Q opflle yellow | €29 (m, 2H). 6.59 (,

3 1H), 5.38 (s, 1H), 5.12

-5.27 (m, 1H), 4.97 (s,
2H), 4.07 (ddd, 1H),
3.42 - 3.78 (m, 4H),
3.15 - 3.42 (m, 1H),
2.30 - 2.44 (m, 1H),

1.81 - 2.14 (m, 4H)
(continue)

Single diastereoisomer
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3. 36

609 -

(m 3 H,

2.32 -

2.41 (m 1 H),
2010/ 072338PCT/ EP2009/ 008870 136 Di ast er eoi sormer
ovainylEg23Bast er eoi soner
HNI\/R(300 MHz, DMSO d6) ppm 7. 89
718 (m 3 H)

22% vyield Yell ow oil

.

68?(

7.50 -

1.78 -

7.62 (m 2 H),
2 H) 6.52 -

N

LT3

N »
1

- 6.46 (m
3.97 - 4.13
3 H), 2.31 -

C109

10,
m 1 H,
2.41 (m 1 H),

NH ", 50.. TIFA-I

5.30 - 5.43

Mixture of
diastereoisomers

m 1H),
72 (m
1 -

3.56 - 3|
1. 74

2.15 (

61% yield

Pale
oil

yellow

51
3 H
m

4682 H0rH 3. 38 (m
ﬁﬁ%?%%%ﬁ
DMSO-dg)

ppm: 8.21 (dd, 1H),
8.07 (dd, 1H), 7.50 -
7.65 2H), 7.23 -
7.48 4H), 6.96 -
7.19 2H), 6.65 -
6.80 2H), 6.52 -
6.65 (m, 1H), 5.34 (s,
1H), 5.12 - 5.27 (m,
1H), 5.00 - 5.07 (m,
2H), 4.00 - 4.17 (m,
1H), 3.31 - 3.97 (m,
SH), 2.10 - 2.15 (m,
1H), 1.88 - 2.04 (m,
2H), 1.63 - 1.83 (m,
1H), 1.36 - 1.63 (m,
1H)

Diastereoisomer
1 of C110

o3
LY 0

Single diastereoisomer

33% yield

Brownish oil

LC-MS (ESI POS):
471.3 (MHY

'H NMR (300 MHz,
DMSO0-d6 +Na,COs)

ppm: 7.50 - 7.65 (m,
2H), 7.25 - 7.50 (m,
5H), 7.03 - 7.25 (m,
2H), 6.87 - 7.03 (m,
3H), 6.69 - 6.83 (m,
2H), 6.61 (t, 1H), 6.37
(d, 1H), 5.35 (d, 1H),
501 - 5.22 (m, 1H),
4.01 (t, 2H), 3.72 -
391 (m, 1H), 3.36 -
3.50 (m, 3H), 3.10 -
3.25 (m, 2H), 2.89 (d,
1H), 2.67 - 2.82 (m,
1H), 2.22 - 2.38 (m,
1H), 1.56 - 2.15 (m,
6H)

(continue)

2.16 (m
1 of C131 40 NH
L CCVERPRSI/0MEER) : 475. 03
7.27 -
665 (m
bLC- 151827(ESD BOK):,

joner



NI o Single diastereoisoner 21%vyield Browm oil LC MS(ESI POS):458.1 cmn
HNVR( 300 MHz, DMBO-d6) ppm 7.50 - 7.62 (m 2 H), 7.29 - 7.48 (m 4 H),
7.22 (dd,WO2pH00773384 - 7.13 (m 2 H), 6.69 - 6.78 (m 2PHN/EPGI0BRISSTE. 63 (m
1 H, 6.39 (br. s., 1 H), 6.24 (dd, 1@4, 5.37 (br. s., 1 H, 508 - 5.23
(m 1H, 464 (s, 2 H 3094 - 416 (m 1H 383 (s 3 H 3862.- 379
(m 2 H.[3.20- 3.44 (m 3H, 231 - 441 (m1 Egé?’(f%f“) WO
2010/ 0723B8PCT/ EP2009/ Q08870 137 Di ast er|eoi soner }_%7 ﬁg( Ig 4 , 5o. -
TFA-\ o S| ngle diasterdoi soner 18%vyield Brown o ES! POS): 474. 1
ii\411+) HNVR(300 MHz, [DMBO-d6) ppm 7.53 - 7.63|( 082 3 (m 3
H, 7.10 {(m 2 H), 6.69 - 6.80 (m 2 H),| 6.50 - 6%?2{&1@, 685 (s, 1
H. 529 549 (m 1 H), 510 - 5.29 (m 1 H, uP¥Pede , 3.91 - 4.16
(m 1 H,[3.40- 3.70 (Im 5 H), 2.48 (br| s., 3 % 3 31 -
2.39 (m L H, 1.66 - 2.07 (m 4H)E)|ast1aj 0i 50 49( g%%toﬁlmc N
HC00-Si W Single di astel sorrer 37% vyile y1ed (m, 2H) 6.92 - 7.00 (m,
. . 3H), 6.66 - 6.80 (m, 2H),
Diastereoisomer m 6.53 - 6.66 (m, 1H), 5.31 (s,
2 of C110 A VOQ Pale 1H), 5.01 - 521 (m, 1H),
yellow | 3.8 - 4.16 (m, 3H), 3.21 -
Single diastereoisomer | gi] 3.52 (m, 7TH), 1.77 - 2.42
(m, SH), 1.58 - 1.73 (m,
1H), 1.36 - 1.57 (m, 1H)
[a]p=-24.48° (c=0.14,
MeOH)
LC-MS (ESI POS): 351.3
(MH")
'H NMR (300 MHz,
©\ 8% DMSO0-d6) ppm: 7.50 -
yield 7.64 (m, 2H), 7.29 - 7.50
. . o (m, 3H), 7.01 - 7.23 (m,
Diastereoisomer m @ 2H), 6.68 - 6.83 (m, 2H),
1of C111 - 6.53 - 6.68 (m, 1H), 5.34 (s,
Brownish | 1H), 5.00 - 5.24 (m, 1H),
Single diastereoisomer oil 3.80 (ddd, 1H), 3.21 - 3.42
(m, 3H), 2.97 (dt, 1H), 2.86
(s, 3H), 2.79 - 2.92 (m, 1H),
2.20 - 2.36 (m, 1H), 1.75 -
2.01 (m, 4H)

(continue)



Pal e yellow oil LC MS(ESI PCS):487.04 (M+) | HNVR(300 MHz, DMSO d6) ppm
7.50 - 7.59 (m 2 H), 7.20 - 7.48 (m 9 H), 6.99 - 7.13 (m 2 H), 6.67 -
6.81 (m WOMPI0/G2B8 - 6.65 (m 1 H), 6.36 (d, 1 H), 5.32CEHEP2@9Yss76l. 93 -
5.16 (m 0 H), 3.66 - 3.92 (m 1 H), 354 - 3.39 (m 8 H), 2.91 - 3.06 (m
1 H, 1.32- 216 (m 7H) formate ion:”"8 36 (s, 2 [aln=-24 14 (c=0. 29,
MeOH) WD| 2010/ 072338PQT/ EP2009/ 008870 138 C135 0 NH g’"@&cggsg ﬁomture
of di astereoi somer 18%lyi eld Col orl ess oill LC MS(ESI 1) H
NMR (300 MHz, DVBO-d6) |ppm 8.51 (s, 1 H), 7.91 - 8. pPlaMily 7. 6‘
7.82 (m L H, 7.50 - 1.67 (m 4 H, 7.30 - 7.49 (m ™ H)
6.59 - 6.56 (m 1 H), E.50-658(m 1 H, 6.44-6%3}2&43&% %”JO(d
1 H), 5.29 544(m1H),521- .27(m1H), 5.12 h , 4.0
H, 3.45 - 3.85 (m 5 H), 2/47 (q, 2 H| %@dmﬂ ),ﬁ24-
1H),1.43- 2.09(m4H), 1.12 (t, 3 H 148 @& 3D, 6.9% - [TFA-0
7.17 (m, 2H), 6.50 -
@L , 6.80 (m, 3H), 5.29 (s,
H 72% yield 1H), 4.99 - 5.19 (m,
Diastereoisomer m°@ 1H), 3.71 - 3.94 (m,
2 of C111 RN 1H), 3.08 - 3.54 (m,
| Pale yellow oil | SH), 2.95 (s, 3H), 1.94
Single diastereoisomer 1.3;1150(111?,21}1};?’ 11.'5668 )

1.68 (m, 1H), 1.29 -
1.56 (m, 1H)

- 0
- 4.24 (m 1
and2. 31-2{ 40

~

[o]p= -6.43° (c=0.14,
MeOH)

LC-MS (ESI POS):
457.3 (MH")

'H NMR (300 MHz,
DMSO-d¢) ppm: 7.47
- 7.65 (m, 2H), 7.22 -
7.47 (m, 5H), 6.86 -
: 7.19 (m, 5H), 6.65 -
6.81 (m, 2H), 6.50 -
©\NH 6.65 (m, 1H), 6.34
o., 65% vield (br S., IH), 5.31 (S,
Diastereoisomer m @ Y 1H), 5.01 - 521 (m,
2 of C112 L o 1H), 4.40 - 4.46 (m,
\© Pale yellow oil | 2H), 3.88 - 4.13 (m,
1H), 3.66 - 3.74 (m,
Single diastereoisomer 2H), 3.43 - 3.51 (m,
5H), 2.02 - 2.17 (m,
1H), 1.72 - 2.02 (m,
3H), 1.39 - 1.72 (m,
1H)

[a]p=-26.00° (c=0.14,
MeOH)

(continue)



0 Mxture of diastereoisoners 41%yield Pale yellow solid LC MS(ESI
PCS):513.2 (IVII-1+) HNVR(300 MHz, DVSO d6) ppm 7.89 - 8.07 (m 2 H), 7.68
- 7.85 (mwo20t)07238852 - 7.67 (m 5 H), 7.31 - 7.49 (m BCHEP2009088870 7. 28
(m 1 H, 6.55-6.98 (m 2 H, 5. 37 - 60 (m 1 H), 5.20 - 5.32 (m 1 H,
4_99-5_?ﬂ(n,L?H)1'2Q9-A?7(m’1| 3.75 (s, 3 Hy 339 . 371 (m

S5H, 2.07 - 2.45 (m 1 H)|, 1.43 - 2.07 (m1 4 H MMS(ESIPOS) 455.3

2010/ 072338PCT/ EP2009/ 008870 139 The corrpound ed in Table 16 are
prepared |as previously degcribed for Cl08 by react f
m xture df di astereoi soner and 2 of C2 mith the s a:ﬂ#ﬁwg}?}g
reagent . {Tabl e 16 Conpound ucture Yield and Appa wlohRRINY P28 4PT- C137
40 NH 0" |0 0 on TFA- Us O |M xt q) of di asft er eoi sonkbs 1HD9wAL Oel'd7?%1l( el | ow
oi | LC-MB(ESI POS): 473.2 ( Iy ( 30008% yidbl/SO2HB) 7. %@ﬁﬁ 5706@,3H)z 63
(m 2 H, 7.20 - 7.50 (m FA SE@ 2H) 6. 68.98 -67.83 (w2HY, 6H8 6. 48
- 6.64 (m 1 H),CH335 (d, 1H) , 503 -6.83 26n,( B1),16Hp, -3. 74 -
3.93 (m |1 H, 3.36-3.55(m9 H), 28 301( D638 2md5(H, 154 25,04 -
2.07(m1H), 1.75 -2.01 (m| 4 H YCHOWOII 1H), 4.92 - 5.18 (m, 1H),
Mixture of 3.57 - 3.67 (m, 1H), 3.05
diastereoisomers - 3.33 (m, 3H), 2.57 -

2.81 (m, 2H), 2.08 - 2.30
(m, 1H), 1.63 - 1.94 (m,
4H) |

LC-MS (ESI POS): 461.1
(MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 8.60
(dd, 1 H), 7.74 (dd, 1 H),

%‘:’t’(() 7.50 - 7.64 (m, 3 H), 7.26

14% yield |- 7.49 (m, 3 H), 6.95 -

Diastereoisomer 1 of °TFA, N 7.22 (m, 2 H), 6.66 — 6.81
Cl14 H(Q | (m, 2 H), 6.51 — 6.66 (m,

0 brownoil || ) 636 (br. S., 1 H),

Single 538 (s, 1 H), 5.12 — 5.29

diastereoisomer (m, 1 H), 494 (s, 2 H),

3.95-4.17 (m, 1 H), 3.50
~3.82 (m, 5 H), 2.31 —
2.43 (m, 1 H), 1.69 — 2.21
(m, 4 H)

(continue)



C138 40 NH 0" O O TFALTD M xture of diastereoisoners 15%yvyield Pal eyel | ow
oil LC-MS(ESIPOS): 433.2 (MT) IFI NWR (300MHz, DVSO d6) ppm 7.48 _
7.65(m 2ve2ei/a®338 7.48(m 3H),6.93 7. 21(m2 H), 6. 67- @C&&(Pmomﬂgs,ﬂﬁ.%-
6.67 (m 1 H), 5.33 (s, 1 H, 5.00 - 1 H, 3.68- 401 (m 1H),
3_36(br<,4|-|),9ﬁﬁ-’414(m'2 141-?1R(m’lﬂl—h Q.87 - 1.42

(m 7 H) | WO 2010/ 072338PCT/ EP2009/ 008870 140 C139 " T xture

of di ast ereoi sonmers 15% yijeld Pale yellow oil LC NSB& ﬁ(ggg)l)o%flgw VHH+)

1H NVR (300 MHz, DMSO d6) {ppm 7.51 - 7.7 (m 2 H¢ 8 - 7.499 (m 3 H,
3

6.99 - 719 (m 2 H), 6.67 - 6.85 (m 2 H), 6.52 - 6&1& (boﬁ) (s,
1H, 507 - 5.21 (m 1 H|, 4.87 - 5.07 (m 1 H), 9 m7 ,
3.28 - 3/55 (m 3 H), 3.09 - 3.28 (m 2 H), 2.82- @ 9 1-

2. 43 7 H, 1.63 (s, 3|H), 1.69 (s, 3 C140 5|\§419(1in2H)7 —7.68
(m |71 ( ") ( g (m, 2 H), 7.26 — 7.53 (m,

" 5 H), 7.00 — 7.22 (m, 2

mo@ 59% yield | H), 6.68 — 6.84 (m, 2 H),

o 7 6.52 — 6.68 (m, 1 H), 6.36

Diastereoisomer 1 of TFA K"/@ (br. S.,, 1 H), 538 (s, 1
C115 o H), 5.17 — 5.30 (m, 1 H),
colorless | 5 57 (s, 2 H), 4.06 (ddd, 1

, oil H), 3.54 — 3.74 (m, 3 H),

~ Single 3.48 (d, 1 H), 3.30 — 3.43

diastereoisomer (m, 1 H), 2.30 — 2.42 (m,

1 H), 1.85 - 2.14 (m, 4 H)

[ap= -46.15° (c=0.26,
MeOH)

LC-MS (ESI POS): 441.2
(MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 7.52 -
g\ 7.64 (m, 2 H), 7.21 - 7.51
m 67% yield | (m, 8 H), 6.99 - 7.20 (m,
m &) 2 H), 6.67 - 6.83 (m, 2
C116 _— H), 6.52 - 6.67 (m, 1 H),
Ej colorless | 6:35 (br. s, 1 H), 5.35 (s,
il 1 H), 5.07 - 524 (m, 1
H), 3.77 - 3.88 (m, 1 H),
3.43 - 3.57 (m, 1 H), 3.17
- 3.43 (m, 4 H), 2.92 -
3.12 (m, 2 H), 2.76 - 2.92
(m, 2 H), 2.32 (br. s., 1
H), 1.34 - 2.16 (m, 4 H)

Mixture of
diastereoisomers

(continue)



400. Cl
(ESI
H,
(m 2 H),

POS) :
7. 92 W0,200/0#3387. 53 -

523.3 (M)

6.68 - 6.81 (m
1

TFAW a M xture of diastereoisoners 16%yield Pale yellow oil
1H NWR (300 MHz, DMSO d6) ppm 8.16 -

7.66 (m 2 H), 7.27 -

2 H), 6.52 -4 66 (m

8.27 (m
7. 49 ( mpc3/EHR009/D0€300 -
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%%%%

i(MEQi d

ine (Di ast|dr
am no- acet
er eoi sonwgr,

MV i rr adiMHzonDM
e resul ti|€§) cPrige 8i456
70 141 chrdhibg8dhy

7.49 17-:60 YR
(4d, H)?H)727862

?51{;3%2’7

%ﬁ Ta[} 1e—I)
234 26 (m,

br@ﬁﬁ:@ 1

, 5.39 (d,
H) 517 - 530
(m, 1 H), 5.11
(s, 2 H), 3.94 -
4.19 (m, 1 H),
3.37 - 3.77 (m,
5 H), 2.31
243 (m, 1 H),
1.88 - 2.12 (m,
4 H)

1H) 7.58
) 6.59 (t,7
) 4.08 (cld;cb
]1|3|%%1e§14

nds lTiste
thr®kn of (.

A

a

eld and /

amorphous
solid

[alp= -47.81°
(c=0.21,

MeOH)

(continue)

LC M5

1
7.16

517-

1 (m 1

- 2-

of

H?Ta&dsciio%ﬁﬁf’)

1hr at

50%
(400
(d,



(ML1) 1H NMVR (300MHz, DVSO- d6) ppm 8.15 - 8.27 (m 1 H, 7.99 -
8. 15 (m 1H, 7.29 - 7.53 (m 40 NH 4 H, 7.02 - 7.27 (m 2

Di ast er eoveanw07B33825% yield H), 6.81 (d, 1 H), 6.48 - PCOEPSHD0E300 .., N.,
6.66 (m 2 H), 6.25 - 6.48 cl- (m 1;4), 544 - 562 (m 1H), 5.14 -
5.31(m 1

LC-MS  (ESI

POS): 497.1
(MH")
'H NMR (300

MHz, DMSO-dg)
ppm: 8.20 (dd,
1H) 8.04 (dd, 1H)
7.53 - 7.68 (m,
2H) 7.34 (dd, 1H)
7.17 - 7.30 (m,

QL
v . 2% yield | 2H) 685 - 7.00
Diastereoisomer ; o @ . (m, 2H) 6.63 -
TFA™ KH)Q

6.79 (m, 2H) 5.40

10of C118
Yellow oil (s, 1IH)5.13-5.26
° (m, 1H) 4.89 -
Single diastereoisomer ?OZ l(gna (2;1’) 311?5

334 - 3.73 (m,
SH) 2.35 (br. s.,
1H) 1.83 - 2.16
(m, 4H)

[alp= -33.13°
(c=0.23, MeOH)

(continue)



Single Pale yellow solid H),

3.93 di ast ereoi somer

H),

1. 80 201027488 ( m
78% LC- MS(ESI POS) : 394. 2 (M+H) 11-1 N
7_61 (M 2 H)

C%(hr S 1

(m 1H),
5 H

2 H),
3.66 (br. s.,

5.05 (s,

7 48 -

3.96 - 4.23 (m 1 H),

2 H),

[ a] p=-37. 51( c=0. 225,
{00 MHz, DMVBCd6) ppm 7.88 (br. s.,

726 -

3.37 -

3.74 -
3.61 (m 2

PETH)P200242887610 NH

748 (m 3 H),

1 H, 7.6
yield 6.9
6.67 (m

1 of Cl143

Diastereoisomer
1 of C119

8 - 7.20 (m 2

i—|), 6.67 - Diastereois

F\@
NH
0.,
0
F
TFA™

Single diastereoisomer

&)
L

[¢)

omer N 6

16% yield

Yellow oil

BLM® 2 TRst

POS): 4912
(MH)

'H NMR (300
MHz, DMSO-d)
ppm: 7.91 - 8.00
(m, 2H) 7.70 -
7.82 (m, 1H) 7.55
- 7.69 (m, 4H)
720 - 7.32 (m,
2H) 6.84 - 7.01
(m, 2H) 6.65 -
6.80 (m, 2H) 5.41
(s, 1H) 5.18 - 5.27
(m, 1H) 5.10 (s,
2H) 3.97 - 4.13
(m, 1H) 3.33 -
3.73 (m, 6H) 2.37
(br. s., 1H) 1.80 -
2.16 (m, 4H)

[a]p= -57.20°
(c=0.20, MeOH)

O)

Diastereoisomer
1 0f C120

F\Q
NH
0.,
%)
F N
TFA |

Single diastereoisomer

19% yield

Brown oil

LC-MS
POS):
(MH")

'H NMR (300
MHz, DMSO-d6)
ppm: 7.52 - 7.70
(m, 2 H), 7.13 -
735 (m, 2 H),
6.85 - 7.04 (m, 2
H), 6.61 - 6.82
(m, 2 H), 6.34 (br.
s., 1 H), 5.35 (s, 1
H), 493 - 5.21
(m, 1 H), 3.72 -
391 (m, 1 H),
3.16 - 3.32 (m, 3
H), 2.94 - 3.11
(m, 2 H), 2.90 (s,
3 H), 2.24 - 231
(m, 1 H), 1.74 -
2.02 (m, 4 H)

(ESI
387.2

(continue)

.52



- Brl, \H2 A 1 H, 6.34 (d, 1 H, 535 (d, 1 H, 503- 525 (m 1 H),
4.02 Yellow (ddd, 1 H), 3.93 (d, 1 H, 3.87 Single solid (d, 1 H), 3.37
- 3.69 (mMvo4otd)a7233di ast ereoi soner 3.13 - 3.27 (m 1 H) PCZ/EP2009/00887®. 40 (m
1 H, 1.76 - 2.05 (m 4H) [ a] D=-fY 19(c=0. 27, MeOH)
LC- MS( ESI POS)+-470.3

LC-MS (ESI

POS): 491.6
(MH")
'H NMR (300

MHz, DMSO-d6)
ppm: 7.90 - 8.04
(m, 2 H), 7.69 -
7.83 (m, 1 H),
7.55 - 7.68 (m, 2
H), 7.34 - 7.55

i ' o 23%yield | (m, 3 H), 7.01 -
(o]
TFA™

@) 728 (m, 2 H),

c1 L(@ Pale 6.79 (br. s, 1 H),
I yellowoil | 6.50 - 6.69 (m, 2

. . . H), 6.29 - 6.50

Mixture of diastereoisomers (m. 1 H), 5.55 (br.

s., 1 H), 521 -

532 (m, 1 H),
5.12 (s, 2 H), 3.99
- 4.13 (m, 1 H),
346 - 3.72 (m, 5
H), 2.31 - 2.45
(m, 1 H), 1.51 -
2.22 (m, 4 H)
LC-MS (ESI
POS): 475.2
(MH")

'H NMR (300
MHz, DMSO-d¢
+TFA)

ppm: 8.21 (dd,
1H) 8.06 (dd, 1H)
731 - 7.50 (m,

@ ) 6H) 7.17 - 7.30
v . (m, 2H) 6.89 -
Wo@ 49%yield | ¢ 59 (m. 2H) 6.70
C122 o - 680 (m, 1H)
rea" w P;‘llfowoﬂ 5.96 (s, 1H) 5.25 -
I y 5.37 (m, 1H) 5.03
Mixture of diastereoisomers gd:’z 4 %fnl? I:I.)Og . 5:,;
- 374 (m, 4H)
3.39 - 351 (m,
1H) 2.76 (s, 3H)
221 - 233 (m,
1H) 1.92 - 2.11
(m, 2H) 1.67 -
1.90 (m, 1H) 1.47
- 1.65 (m, 1H)
(continue)




MH+) | Fl NMR (300 MHz, DMBO- O NH 86%d6) ppm 10.52 (s, 1 H), 7.47 -

(770(m 4 H, 7.24 - 7.47 0 .. Nyield (m 5H, 6.98 - 7.24 (m 3 H),
6.66 - 6.0 20my072338), 6.51 - Di astereoi soner Br-0 6. 66PCmEPoob)9ssGo 35 (d,
1 H, 1of Cl44 g0 5.37 (d, 1 H, 5.2@2- 5.27 (m  Yellow 1 H), 4.17 (d,
1H, 411 (d1 Single solidH) 399 - 409 (m 1 H 346
di astereoilsoner - 3.74|{(m 4 H, 3.20 - 3.36 (m 1 }-l)L’C-E/IS?’O - (%Slllzé (m
11, POS):

469.3(MH")

'H NMR (300
MHz, DMSO-d6)
ppm: 7.89 - 8.06

(m, 2 H), 7.69 -

789 (m, 1 H),

@LN/ 7.55 - 7.69 (m, 2

o H), 7.32 - 7.55

mo,,,@ 56% yield (m. 5 H), 7.18 -

C123 0 Ny 732 (m, 2 H),
TFA® @ | 6.89 -7.07 (m, 2

I Yellow oil H), 6.67 - 6.86

(m, 1 H), 5.98 (s,

Mixture of diastereoisomers 1 H), 5.26 - 5.44

(m, 1 H), 5.15 (br.

s., 2 H), 4.02 -

430 (m, 1 H),

3.43 - 3.76 (m, 5

H), 2.77 (s, 3 H),

2.18 - 2.39 (m, 1

H), 141 - 2.15

(m, 4 H)

LC-MS (ESI
POS): 471.3
(MH")

'H NMR (300
MHz, DMSO-de)
ppm: 7.15 - 7.46

| (m, 7H), 6.88 -

HNJ@ 7.15 (m, SH),

Q\)YO,,, 60% yield | 6.44 - 6.74 (m,

! @ 3H), 4.89 - 5.15

C124 ' (m, 1H), 438 -

TFA k/o
7@ Brownoil | 447 (m, 2H),
435 (t, 1H), 3.96

Mixture of diastereoisomers (ddd, 1H), 3.60 -
3.76 (m, 2H),
341 - 3.60 (m,
3H), 3.21 - 3.41
(m, 2H), 3.09 (d,
2H), 1.76 - 2.09
(m, 3H), 1.44 -
1.76 (m, 2H)

(continue)



1.80 - 2.13 (m 4 H) [a] D= -55.2 (c=0.25, MeOH) (continue) WO
2010/ 072338PCT/ EP2009/ 008870 143 LC- M5(ESI POS) : 469.3 (MY 11-1 NWR (300
VHz, DNVMS@VO@6)0/qpss8 7.86 (m 2 H), 7.50 - 7.68 (m 2prHX/EPZ003B0887¥. 50 O
NH 50%(m S5 H, 6.99 - 7.18 (m 2 ,jfeld H, 6.74 (m 2 H), 6.50 - 6.67
(m 1 H, 636 (d 1 H 5 38 Diasteredcrsoner 0 0 1 of C145 Br -is (d, 1
H, 5.11 t5.30 (m 1 H LC-MS (ESI

POS): 475.2
(MH")

'H NMR (300
MHz, DMSO-dg)
ppm: 8.21 (dd,
1H),  8.07 (dd,
1H), 7.18 - 7.40

/@ (m, 6H), 6.96 -
7.17 (m, 2H),

HN
@\/\H/O 35%yield | 648 - 6.74 (m,
@ 3H), 5.08 - 5.19

Diastereoisomer o) S

1 of C125 TFA” ) (m, 1H), 5.05 (d,
S Brown oil | 1H), 4.99 (d, 1H),
' 423 - 448 (m,
Single diastereoisomer 1H), 4.05 (dd,
1H), 3.26 - 3.83
(m, 5H), 2.94 -
324 (m, 2H),
1.84 - 2.06 (m,
3H), 1.60 - 1.84
(m, 2H)

[alp=  -13.26°
(c=0.35, MeOH)

LC-MS (ESI

POS): 365.3
(MH")
'H NMR (300

MHz, DMSO-ds)
ppm: 7.17 - 7.45

Q (m, SH), 6.98 -
HN : 49% yield | 7.17 (m, 2H),
o, 6.56 - 6.67 (m,

o @ 3H), 4.85 - 5.14

C126
_ N
TFA Brown oil (m, IH), 4.23 -
443 (m, 1H),
Mixture of diastereoisomers 3.80 (ddd, 1H),

3.14 - 351 (m,
5H), 3.09 (d, 2H),
2.92 (s, 3H), 1.71

- 1.98 (m, 3H),
139 - 1.69 (m,
2H)

(continue)



o Wiite solid 5.06 (s, 2 H, 3.97 - 421 (m 1 H, 3.58 - 3.83 (m 2 H),
Single diastereoisoner 3.33 - 3.58 (m 3 H, 2. .42 (s, 3 H, 2.31 - 2.39
(m 1 H ,wo20/84338 2.12 (m 4 H) [a]l n= -57.92 (c--- PCOER2000B0HY0

LC- MS(ESI POS) : 475. 2 (MmN 28% 11-1; VR (300 MHz, DVSO- NH . yield
d6) ppm 21 (td 1 H) 7 99 -

LC-MS (ESI
POS): 469.2
(MH")

IH NMR (300
MHz, DMSO-d6)
ppm: 7.88 - 8.05
(m, 2 H), 7.70 -
7.84 (m, 1 H),
7.51 - 7.70 (m, 2
H), 7.18 - 7.44 (m,

Q 5 H), 6.98 - 7.18
@Y 25% yield | (m, 2 H), 6.49 -
~ 0 6.81 (m, 3 H),
Diastereoisomer ) @ 6.12(d, 1 H), 5.14
1ofC127 TFA™ km/© (s, 2 H), 502 -

I Pale 1 gi4 1 W),

yellowoil | 456 455 (m, 1

Single diastereoisomer H), 3.92 -4.21 (m,
1 H), 3.50 - 3.73
(m, 5 H), 3.14 (dd,
1 H), 3.08 (dd, 1
H), 1.82 - 2.07 (m,

3 H), 1.58 - 1.82
(m, 2 H)

[a]o=  -15.84°
(c=0.365, MeOH)

LC-MS (ESI

POS): 469.3
(MH")
'H NMR (300

MHz, DMSO-d6)
o/ < ppm: 7.88 - 8.11
22%yield | o H), 7.69 -

@NH
0., 788 (m, 1 H):
C128 Q)T @ 7.38 - 7.66 (m, 12
TFA” ‘\yyO Colorless | H), 525 - 5.46

o oil (m, 2 H), 498 -
} ) ) 525 (m, 2 H),
Mixture of diastereoisomers 3.95 - 428 (m, 3

H), 3.77 (d, 1 H),
3.43 - 3.70 (m, 4
H), 131 - 243
(m, 5 H)

(continue)



Cl46 N, ci

o Yellow 4.92 -
1 M xturwoeh10/4#3383.64 - 3.81 (m 4 ,
3.06 - 3.24 (m 1
Preparationof (R)-1-(2-oxo- 2 phenyl -
zoni a- bi cycl 0[2 2. 21oct anebr oni

3 H,

phenyl am

-1 8.14 (m
5.10 (m

0-acetoxy)-1-

7.21 -
436-

1H, 7.50 (

2 H,
H, 1.34 -

3.46 -
ﬁ%‘lO (m 5 H
)-3-((R) -2-phenyl- 2-

m 11 H),

solid 4.50 (m 1 H),

EXAMPLE 41

e (Diastereoi

5.10 - 5.26 (m 1 H),
4.00 -4.19 (m
di ast ePEDIEPRINR/08887B. 64 (m

oner

1 of Cl147
(R) - Qui nu
C2) (20.3
2-bronol-
stirred at
conversio
obtain a
over ni ght
11-1 NWR

H),

clidin-3-yl 2-
bhenyl et hanone

n) .
white solid wh

7.52 t

di ast er eoi
ng, 0.06 mol

room terrpera
5 Et20 (O.

(31 ng, 96%y

Diastereoisomer
1 of C129

50mer
phenyl|

PO L)
ch is isolated by f
el d, brom de salt,

(300 MHz, DMBOG+d6) ppm 7.89 - 8.08 (
7.69 (m 4 H),

7.31 -

Single diastereoisomer

1 of C2 WD 2010/72338PCT.
- 2- (phenyl am no) acetate (D

is dissolved in EtOAc| (0.60 nL
(12.0 ng, 0.06 mol) i
ure for 2 hours (UPLC- VS:
i s added and the| product

7.48 (m 3 H)|

added.
conpl

iltration and
singl e di aste

m 2 H,
6.99 -

45% yield
amorphous

brown
solid

The reRE i ¢800

EE2959/ 00€BSD
ROSEr eoi shbelr
(MHd)

PMHANBME (5.28)

fl t rat

s ;;@
% | SO

Sl 4’%},
(127 4751 %m. 3
H), 7.01 - 7.18 (m,
2 H), 6.68 - 6.83
(m, 2 H), 651 -
6.67 (m, 1 H), 5.39
s, 1 H), 515 -
5.30 (m, 1 H), 5.09
G, 2 H), 397 -
4.16 (m, 1 H), 3.51
- 3.69 (m, 3 H),
332 - 349 (m, 2
H), 2.31 - 2.43 (m,
1 H), 1.82 - 215

(m, 4 H)

[a]p=-36.13°
(c=0.3, MeOH)

144
1 of

5

[ O
vacuum

1

6. 68

Diastereoisomer
1 of C130

cl
Single diastereoisomer

25% yield

Light
brown oil

LC-MS (ESI
POS): 494.9
)

H NMR (300
MHz, DMSO-dg)
ppm: 823 (d, 1
H), 7.53 - 7.62 (m,
2 H), 7.28 - 749
(m, 4 H), 6.99 -
7.18 (m, 2 H), 6.68
- 6.83 (m, 2 H),
6.60 (m, 1 H), 6.26
- 646 (m, 1 H),
532 - 547 (m, 1
H), 5.13 - 525 (m,
1 H), 4.94 (s, 2 H),
398 - 421 (m, 1
H), 3.51 - 3.69 (m,
2 H), 3.13 - 336
(m, 3 H), 2.32 -
241 (m, 1 H), 1.78

-2.16 (m, 4 H)

(continue)



10 - 6.83 (m 2 H),
5.17 - 5.26 (m 1 H), 5.
5 H), 2.380-200/0403¢m 1
(MH+) . EXAMPLE 42

6.51 -

6.66 (m 1 H),
13 (s, 2 H),
H, 1.83 - 2.16 (m 4

6.37 (d,
4.04 - 4.17 (m 1 H),

H:; LC M5

1H,

5.39 (d,
3.34 -

1H,

15Pr epar ationof (R) - 34(S
phenoxyet hyl ) - 1- azoni a-
trifluoropcetate anion

2010/ 0723B8PCT/ EP2009/ 0
Preparatipnof (R)-34(S) -
phenyl pr opanoyl oxy) - 1- (
brom de ([L148) A sol uti
(S)-((R-Qguinuclidin-3-
3- phenyl pf opanoate (119
abr onophe
vessel un
conversio
resul ting
10Pr epar a
phenoxyet
trifluoro
Asol ution
phenyl pro
brom de (
acid (0.5
sol vent i
LC-Ms to

overall vy
di ast ereo
7.19 - 7.
(m 2H),

3.19 (dd,
1.79 (m

der MNirradi at

n).
crude is used
| iliagtexeRjsomer( 5)
hyl )1 ¢f €13hi a-
pacet ate ani on
of (R)-3-((S) -2}
panoyl oxy)-1- (R

D m., 4.41 nmo
5 evaporated a
pbtain the tit
eld, trifluor
soner). 20 1
A5 (m 7H), 6.
A.25 - 4.38 (m
1H), 3.10 (dd
2H); LC-MB (

het hol e (130 np,

The sol vent

I)IC

1148) (0.53 mmpl)
) and the m xture stir
nd the resulting crude

B2 -

ESI

-2-am no- nhpn\/* nropnanovl oxv)-1-
L J L L 7 J 7

pi cyclo [2.2.2] octanet
1 of @

Di ast er eoi soner

D8870 145

P-t ert but oxycar bonyl am
?- phenoxyet hyl ) - 1-azon

bn  of

y1l) - 2- (tert-butoxycarbo

(200 ng, 0.53 mmol),

i O

mnthout urther purifi

n -

Di ast er EO'F/SO

r L

t er t but oxycar bpny anln

- phenoxyet hyl )21-azoni

e conpound as a brown

bacetate salt and trifl
H NVMR (300 MHz, DMSO d6) ppm 8.
5. 03

7.13 (m 3H),
1H), 3.90 - 4.09 (m
1H), 2.09 (br. s.,
POS): 395.4 (NHH+).

0 64 nmmol ) and the n
| hr at 100C (L
.porated under r

Ipropan
net

1H

ri fluoroa
149) 20Sc

no-
a- bi cycl o

nyl am no)
i s added
I Xxture rep
C- M5 noni
educed prg
cation.
034% xield 1 (
rifluoroa
gr¥é&jow oil
O_

a- bi cycl of

melchpsgterepisomers s gdded with

red at RT|
is purifi
gunmmy sol
uoroaceta

5.25 (
1H), 3.28
), 1.81 -
25The coni

2-

cbfavie (ESI

hBES):42 45.03

(MH")

'H NMR (300

MHZ. BMSOtaN
7.89 (d,
7.50 - 7.62

vEI%C%HPT727-
H), 6

D

[ e

7&%4

(m- 2 H) 652-
cepat ém, 1 H),
6.24 - 6.46 (m, 1
H), 5.30 - 5.43
@n, 2 H?]qusan
ngkoprpa
@‘é 9'291*11 3.9 e

n(msl ), 35519(5
3 @%)5;«{231(
@04 Xim IZH-I)
2ubds, #ibt ed

e

i n

Tabl e 18

with 2-ch
a- br onoac
Anal yti ca

are prepared a
oroacetylthio
et ophenone. 1
LC- M5( ESI

Diastereoisomer
1 of C132

5 previously described
phene,
16 Tabl e 18 Conpound St
POS) :

3- phenoxypr opyl
399. 2 (MH)

L,
0.,
TFA® S}/@
N
6 |
Single diastereoisomer

11

f or Cl149,
brom de a
ructure Y|
-1 NWR (3

21% yield

Brown oil

bg-Msact i gpsS
NPOS): 458.1

MHz, DMSO-d)
ppm: 7.50 - 7.62
(m, 2 H), 7.29 -
7.48 (m, 4 H), 7.22
(dd, 1 H), 7.04 -
7.13 (m, 2 H), 6.69
- 6.78 (m, 2 H),
6.52 - 6.63 (m, 1
H), 6.39 (br. s., 1
H), 6.24 (dd, 1 H),
537 (br. s., 1 H),
5.08 - 523 (m, 1
H), 4.64 (s, 2 H),
394 - 416 (m, 1
H), 3.88 (s, 3 H),
3.62 - 3.79 (m, 2
H), 3.20 - 3.44 (m,
3 H), 2.31 - 241
(m, 1 H), 1.79 -

2.13 (m, 4 H)

(continue)

3.79 (m
PCESIP20008)887¢155. 3

sed

f 119

g?%g;;ihappearance
0 (300



DMSO- d6) ppm 8.62 0.r9H2 (br. s., 3H), 8.22 (dd, O,....... - N45%vyield
1H), 8.08(dd, 1H), 7.15 - 7.47 (m 6H), D astereoisoner 1 of Cl50 TFA Pal e
yel | ow 5.Ww@ 2005/B30¢3m 1H), 5.06 (d, 1H), 4.99 (d, oi | 1IFCT/EP2@8/008870 1 H) ,
4.11 (dd,1H), 3.44 - 3.74 Single djigstereoisoner (m 5H), 3.22 (dd,
1H), 310 (dd, 1H) 2 06 - 2 14(m711) 1 90-

LC-MS (ESI

POS): 474.1
(MH)

H NMR (300
MHz, DMSO-dy)
ppm: 7.53 - 7.63
(m, 2 H), 732 -

@ 7.48 (m, 3 H), 7.10
NH m, 2 H), 669 -

. . 0. 18% yield | 6.80 (m, 2 H), 6.50
Diastereoisomer m @ - 665 (m, 1 H),

1of C133 wa LY |Brownoil |638(s 1H),529-
)

T 5.49 (m, 1 H), 5.10
Single diastereoisomer ;175 42(2, z(r;_lf), 29}1{)_’
4.16 (m, 1 H), 3.40
- 370 (m, 5 H),
248 (br. s., 3 H),
2.41 (s,3 H),2.31 -
2.39 (m, 1 H), 1.66
-2.07 (m, 4 H)
LC-MS (ESI
POS): 487.04
)

H NMR (300
MHz, DMSO-ds)
ppm: 7.50 - 7.59
(m, 2 H), 7.20 -
748 (m, 9 H),
6.99 - 7.13 (m, 2

H), 6.67 - 6.81 (m,
@LNH 2 H), 6.53 - 6.65

37% yield
Diastereoisomer mo,,, @ (m, 1 H), 6.36 (d,
1 of C134 o} ¥

e | Lin s
. . ,4.93 -5.16 (m,
HCOO k/\s/© yellow oil | H), 3.66 - 3.9
Single diastereoisomer (m, 1 H), 3.14 -
339 (m, 8 H),
291 - 3.06 (m, 1
H), 1.32-2.16 (m,
7H)
formiate ion: 8.36

(s, 2 H)

[a]p=-24.14°
(c=0.29, MeOH)
(continue)




2.07 (m 2H),1.56 - 1.90 (m 2H) LC- MS( ES! PCS) : 409. 3 (MH) 1H
NVR (300 MHz, DVSO-d6) ppm 8.62 ONH, 41%yield (br. s., 3H), 7.22 -
7.41 (m weR17238- 7. 01 Di astereoisoner N..-- 0....,, @CTAPTEAWSS7T¢ m 3H),
4.99 - 5.29 (m1H), 4.22 - 4.49 1 of GKgl Brown (m 1H), 4.04 (t, 2H),

LC-MS (ESI
POS): 483.2
(MH)

H NMR (300
MHz, DMSO-dg)
ppm: 8.51 (s, 1
H), 7.91 - 8.04 (m,
2 H), 7.67 - 7.82
(m, 1 H), 7.50 -
7.67 (m, 4 H),
7.30 - 7.49 (m, 3
H), 7.00 (t, 1 H),

T o 18% yield | 6.59 - 6.66 (m, 1
I @ H), 6.50 - 6.58 (m,
>

C135 _ Colorless | 1 H), 6.44 - 6.50
HCOO oil (m, 1 H), 6.30 (d,

o) 1 H), 5.29 - 544

Mixture of diastereoisomer (m, 1 H), 5.21 -

527 (m, 1 H),
5.12 and 5.20 (s, 2
H), 4.00 - 4.24 (m,
1 H), 3.45 - 3.85
(m, 5 H), 2.47 (q,
2 H), 2.10 - 2.17
and 2.31 - 2.40

(m, 1 H), 143 -
209 (m, 4 H),
1.12 (t, 3 H)
LC-MS (ESI
POS): 513.2
gMH*)

H NMR (300

MHz, DMSO-d6)
ppm: 7.89 - 8.07
(m, 2 H), 7.68 -
7.85 (m, 2 H), 7.52
- 767 (m, 5 H),
731 - 7.49 (m, 3

H), 7.06 - 7.28 (m,
@ izllfow 1 H), 6.5 - 6.98
5.60 (m, 1 H), 5.20
- 532 (m, 1 H),
4.99 - 520 (m, 2
H), 3.98 - 4.27 (m,
1 H),3.75 (s, 3 H),
3.39 - 371 (m, 5
H), 2.07 - 2.45 (m,
1 H), 143 - 2.07

(m, 4 H)

o
\0)‘\©\
NH 41% yield
o.,
C136 g
TFA®

0
Mixture of diastereoisomers




gumy 3.78- 3.94 (m1H), Single diastereoisoner solid 3.25- 3.50 (m 7H),
3.20(dd, 1H), 3. 10 (dd, 1H), 2.02 - 2.15 (m 3H),1.80 - 2.02 (m

2H) , 1. 65-w02810/07233m 2H) (continue) WD 2010/ 072338PCTPEPIIFORPOMBIY0 147
Di ast ereoi somer 1 of C152 40NH, 0 TFA4{;¢Si ngl e di astereoi soner 35%yield
Pal e yell ow solid LC MS(ESI POS): 393.3 ('MH)

The compounds listed in Table 16 are prepared as previously described
for C108 by reaction of an equimolar mixture of diastereoisomer 1 and 2 of
C2 with the suitable alkylating reagent.

Table 16

Yield and

Compound Structure Analytical
Appearance

LC-MS (ESI POS):
473.2 (MH)

'H NMR (300 MHz,
DMSO-d6) ppm: 7.50 -

@L 7.63 (m, 2 H), 7.20 -
M 7.50 (m, 8 H), 7.07 (dd,

m°@ 10%yield 15 1) 6.64 - 6.83 (m, 2

C137 - NK/ H), 6.48 - 6.64 (m, 1 H),

\© Pale yellow | 6.35 (d, 1 H), 5.33 (d, 1

oil H), 5.00 - 5.20 (m, 1 H),

Mixture of 3.74 - 393 (m, 1 H),

diastereoisomers 3.36 - 3.55 (m, 9 H),

2.87 - 3.02 (m, 1 H),

231 - 245 (m, 1 H),

2.04 - 2.07 (m, 1 H),
1.75 - 2.01 (m, 4 H)

LC-MS (ESI POS):
433.2 (MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 7.48 -
7.65 (m, 2 H), 7.26

°~.@ 15% yield 748 (m, 3 H), 693 -

'©\NH
m - 721 (m, 2 H), 6.67 -

o]
C138 6.83 (m, 2 H), 6.55 -
Pale yellow | ¢ 67 (m, 1 H), 5.33 (s,

. oil H), 5.00 - 5.19 (m, 1 H),
diashf;;(;(g{:oiers 3.68 - 401 (m, 1 H),

3.36 (br. s., 4 H), 2.66 -
314 (m, 3 H), 141 -
2.15 (m, 10 H), 0.87 -
1.42 (m, 7 H)

—_

(continue)



11-1 NWMR (300 MHz, DVsSO-d6) ppm 8.65 (br. s., 3H), 7.88 8.07 (m 2H),
7.70 - 7.84 (m 1H), 7.51 - 7.70 (m 2H), 7.16 - 7.48 (m 5H), 5.21 - 5.30
(m 1H), wolo1o(ad233¢H), 5.12 (d, 1H) 4 39(dd, 1H), 4. 11 ( edT/HHR08/ 048876 3. 81
(m5H), 3.23(dd, 1H), 3.10(dd, 1H), 4¢%-22 (m 3H), 1.65- 1.90 (m 2H)
EXAMPLE 43 _Preparationof (R)-1-( 7- NX Q- ]-7 henyl et hyl ) - 34(R) - 3- phenyl| - 2-

(phenyl am no) prjopanoyl oxy) - 1- azoni abi cycl CI[(Z’—I\ZS ZE,S)ICP@SI)EHHQW(M)
(Di ast er epi soner f C153) Schene| 43 6
(R - ((R - fui nudl igihe3-y1) 3- phenyligyo(phM %@k ) ppm:

(Di ast er epi soner ofi C22) (50.0 ny 1eQi 14 S 8.(m14 b onro-
1 - phenyl et hang @)\ﬂ 0. 14 rrml) andl %Qtll?r@n,r%zﬂ‘)s 87 168357l osed
vessel unden3dWVirFadi Nf or at 10qc ,Q@Néﬁ%né%l(mnbmcéﬁﬁl(ét

conversion). Solvent i s g e :iEaler edulcHY p02ssirldnmyridH),esdHué.07S
triturateg with EtOAc to obtain theydlidw € (egripHirtie@s 3e0anm.t B HPB.L8 -(|75. 5

ng, 98%yjeld, |[brom alt o singl gygli ast|ey.£D(HOBEN),.3.000 3.28 (m, 2 H),
2010/ 0723B8PCT/|E 2.82 - 358, NMR), 1320- Mﬂg,(leyE)O d6)

.92/- 8.10 aSJCIEPISORICES) 7 g 7.2
o S GHERI e (g T b
3 H, 6.11 (d, |1 H, 5.05 - 5.21 (3 H) L@-I\Z@(ESI4P(5@) 693311\&11*) 3 94

4.20 (m 1 H

[{o M ¢

, 3@- 3.81 (m 3 H, 33=1H§ 1H),
3.08 (dd, |1 H), - 2.37T (m 1 94 (m
2 H: LC M5 (ESI p 469.3(M4+)W%= é(b k@ (d2£}

Di ast er eo| soner i sted i hyihbl e 71 66r(§’p rIéIH p?é@l(’i’i‘uél y 10
descri bed| for 1 by r@ti on_of | 170 wilt fQQn’r driadet 3 HnpS8ehdlTabl e
19 Corrpom@lé{?ructureTWelppga}r ancémﬂefﬂyﬁi?a%ﬁﬁé@t é@o§§6®r 2 of
Cl54 el HNSI 1 0 ci o Singfedi & Fm donH), D06 §i2d| (ch, YeH),WPSobild |LC- VB

(ESI POS)| 475.2 (ML-1) ° yellow (m, 2 H), 3.92 - 4.25 (m, 1 H), 3.65 -
" Mixture of oil 3.81 (m, 1 H), 3.54 - 3.69 (m, 3 H),
diastereoisomers 330-354(m,1 H), 1.38-245(m, 5
H)
EXAMPLE 40

Preparation of (R)-1-(2-oxo-2-phenyl-ethyl)-3-((R)-2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane (Diastereoisomer 1 of

C141)

0.
1h, MW1OOC Y

diastereoisomer 1 of C2 diastereoisomer 1 of C141
Scheme 40

A solution of (R)-phenyl-phenylamino-acetic acid (R)-(1-aza-

bicyclo[2.2.2]oct-3-yl) ester (Diastereoisomer 1 of C2) (153 mg, 0.45 mmol),

10 is added with a-chloroacetophenone (107 mg, 0.54 mmol) and the mixture

reacted in a closed vessel under MW irradiation for lhr at 100°C (LC-MS

monitoring: complete conversion). The resulting crude is purified by flash



1HNVR( 300MHz, DVBO-d6) ppm 8.22 (dd, 1 H), 8.11 (dd, 1 H), 7.15 - 7.45 (m
6 H, 6.92 - 7.15 (m 2 H), 6.53 - 6.68 (m 3 H), 6.12 (d, 1 H), 5.05 -
5.17 (m WORPI10/E2D8 (s, 2 H), 4.24 - 4.52 (m 1 H), 4.08Crawego00sdy) 3. 47 -
3.80 (m 3 H), 3.33 - 3.47 (m 2 H), 345 (dd, 1 H, 3.08 (dd, 1 H, 2.16 -
2.34 (m 1H) 1.77 - 2.10 (m 4 H) Né_-142(c025 MeOH) EXANPLE44

phony! - 2. DRBRAEARDY @ééi@%l%ﬁé@ﬁ?%ﬁ%@éﬁéﬁ@ i cmngiind 2 white
e I el

b1 cycl of 2. 2. 2) SRR ALRRH @&”@gféﬁéa@nﬁ%& fz(%b?%lzd b0 U ol )
50 88 G T T 910 LSBT R BRI S
10 and « hd1} B2 W{W@Iﬁ?ﬁ?@ SFATRFo 528 Bt ik L S GRUERG T =
s EN ST A AT E I
7o S PR, P05 By 1154 s 0 (1
15T 5 Lyt 1l sl ol i
55 o ity ol e sty L

| i st i I I r ously described for C155, by
al kyﬁgtl oncr(l) egcﬂ%ﬁgaqvéﬂlgh r@g ﬁﬁ%%g%masst ereoi somer 1 of C2,
Di ast er eoi so C2, Diastereoisoner 1 of C37, C29, Cl05, Cl13, Cl4) and

t he conmerci al ci/ ava7; | abl e al kyl ating agents. 150 Table 20 Conpound
Structure Yield and Appearance Anal yti cal LC M5( ESI PCOS) : 483. 1

Yield and
Compound Structure Analytical
Appearance

LC-MS (ESI POS): 497.1
(MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 8.15 -
8.27 (m, 1 H), 7.99 - 8.15
(m, 1 H), 7.29 - 7.53 (m,
J @A 4 H), 7.02 - 7.27 (m, 2

Diastereoisomer i § 0. 25% yield H), 6.81 (d, 1 H), 6.48 -
1 of C142 m @ 6.66 (m, 2 H), 6.25 - 6.48
RS (m, 1 H), 5.44 - 5.62 (m,

1 H), 5.14 - 531 (m, 1

° P alliiyelbw H), 5.05 (s, 2 H), 3.96 -
Single SOt 4.23 (m, 1 H), 3.74 - 3.93
diastereoisomer (m, 1 H), 3.66 (br. s., 2

H), 3.37 - 3.61 (m, 2 H),
1.37 - 2.42 (m, 5 H)

[alp= -37.51° (c=0.225,
MeOH)

(continue)



( MH+) 1HNVR( 300
7.71(m 1H), 7.52 -
7. 20( m 2Hy0 201010028381 el d 6. 67 -

MHz, DMSO- d6) ppm 7.84 - 8.11 (m 2 H,
7.61 (m 4 10 NH H,7.20-7.50 (m 3 H), 6.95
6.84 (m 2 PCT/EP2009/008870

7.64 -

142

Diastereoisomer
1 0of C143

Br~
NH,

QL
Y

Single
diastereoisomer

78%
yield

Yellow
solid

LC-MS (ESI POS): 3942

(MH+)

'H NMR (300 MHz, DMSO-
d6) ppm: 7.88 (br. s., 1 H),
7.68 (br. s., 1 H), 7.48 - 7.61
(m, 2 H), 7.26 - 7.48 (m, 3 H),
6.98 - 7.20 (m, 2 H), 6.67 -
6.81 (m, 2 H), 6.52 - 6.67 (m,
1 H), 6.34 (d, 1 H), 5.35(, 1
H), 5.03 - 5.25 (m, 1 H), 4.02
(ddd, 1 H), 3.93 (d, 1 H), 3.87
(d, 1 H), 3.37 - 3.69 (m, 4 H),
3.13 - 327 (m, 1 H), 2.21 -
2.40 (m, 1 H), 1.76 - 2.05 (m,
4 H)

[a]D=  -41.19°

MeOH)

(c=0.27,

Diastereoisomer
1 of C144

L,
mo@ H

Br Kg/N\©
Single

diastereoisomer

86%
yield

Yellow
solid

LC-MS (ESI POS): 470.3
(MH")

'H NMR (300 MHz, DMSO-
d6) ppm: 10.52 (s, 1 H), 7.47
- 7.70 (m, 4 H), 7.24 - 7.47
(m, 5 H), 6.98 - 7.24 (m, 3 H),
6.66 - 6.84 (m, 2 H), 6.51 -
6.66 (m, 1 H), 6.35 (d, 1 H),
5.37 (d, 1 H), 5.06 - 5.27 (m,
1 H), 4.17 (4, 1 H), 4.11 (d, 1
H), 3.99 - 4.09 (m, 1 H), 3.46
- 3.74 (m, 4 H), 3.20 - 3.36
(m, 1 H), 2.30 - 2.43 (m, 1 H),
1.80-2.13 (m, 4 H)

[a]p= -55.2° (¢=0.25, MeOH)

(continue)



D astereoi soner N H),6.52-6.67 TFA 1 of C156 40 colorless (m 1 H),
5.36 (s, viscous oil 1 H, 504 - 519 o (m 1 H, 3.68 - Single

di ast er eoveanaro7283898(m 1H) , 3.29 - 3.56 (m 3 H) p8TAP2@9AT8s70 (M 4
H, 2.80 - 2.93(m 1H), 143

LC-MS (ESI POS): 469.3
(MH")

'H NMR (300 MHz, DMSO-
d6) ppm: 7.86 (m, 2 H), 7.50
- 7.68 (m, 2 H), 7.23 - 7.50

g\ s0% | (m, 5 H), 6.99 - 7.18 (m, 2

. yield | H), 6.74 (m, 2 H), 6.50 - 6.67

Diastereoisomer m @ (gl’ll H)>561-f6 gdé()l H),15§8
1 of C145 Br- KKQ/ (d, 1 H), 5.11 - 5.30 (m, 1 H),
White | 306 (s, 2 FD), 3.97 - 4.21 (m,

° solige 1 H), 3.58 - 3.83 (m, 2 H),

Single diastereoisomer 3.33 - 3.58 (m, 3 H), 2.42 (s,

3 H), 2.31 - 2.39 (m, 1 H),
1.84 - 2.12 (m, 4 H)

[o]p= -57.92° (c=0.5, MeOH)

LC-MS (ESI POS): 4752

(PNH 28% 'H NMR (300 MHz, DMSO-
o. yield d6) ppm: 8.21 (td, 1 H), 7.99 -
m @) 8.14 (m, 1 H), 7.21 - 7.50 (m,
C146 o w 11 H), 5.10 - 526 (m, 1 H),
T | Yellow | 492 - 5.10 (m, 2 H), 4.36 -
solid | 4-50 (m, 1 H),4.00-4.19 (m, 1
Mixture of H), 3.64 - 3.81 (m, 4 H), 3.46 -
diastereoisomers 3.64 (m,3 H),3.06-3.24 (m, 1
H), 1.34 - 2.40 (m, 5 H)

EXAMPLE 41

Preparation of (R)-1-(2-oxo-2-phenyl-ethyl)-3-((R)-2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide

(Diastereoisomer 1 of C147)

0 Br
@ + 0.
(o}
N EtOAc 0 @
- N
diastereoisomer 1 of C2 : diastereoisomer 1 of C147

o]

Scheme 41



2.65 - 2.77 (m 1 H), 2. 20- 2. 37 (m1H), 1. 99 (br. s., 2 H, 1.75
-1.94(n0.0., 4 H (continue) 151 Diastereoisoner 1 of C157 40 NH "
400. .. TPwO 20108i723p8e st er eoi soner 51% yi el d brown vi scoBRSTAPROLEGIISB( ESI

(R)-Quinuclidin-3-yl 2-phenyl-2-(phenylamino)acetate (Diastereoisomer
1 of C2) (20.3 mg, 0.06 mmol) is dissolved in EtOAc (0.60 mL) and 2-bromo-
1-phenylethanone (12.0 mg, 0.06 mmol) is added. The reaction is stirred at
room temperature for 2 hours (UPLC-MS: complete and clean conversion).
5 Et,0 (0.20 mL) is added and the product is triturated to obtain a white solid
which is isolated by filtration and dried under vacuum overnight (31 mg, 96%
yield, bromide salt, single diastereoisomer).
'H NMR (300 MHz, DMSO-d6) ppm: 7.89 - 8.08 (m, 2 H), 7.69 - 7.84
(m, 1 H), 7.52 - 7.69 (m, 4 H), 7.31 - 7.48 (m, 3 H), 6.99 - 7.17 (m, 2 H), 6.68
10 -6.83 (m, 2 H), 6.51-6.66(m, 1 H), 6.37(d, 1 H),539(d, 1H),5.17-5.26
(m, 1 H), 5.13 (s, 2 H), 4.04 - 4.17 (m, 1 H), 3.34 - 3.79 (m, 5 H), 2.32 - 2.40
(m, 1 H), 1.83 - 2.16 (m, 4 H);
LC-MS (ESI POS): 455.3 (MH").

EXAMPLE 42
15 Preparation of (R)-3-((S)-2-amino-phenylpropanoyloxy)-1-(2-
phenoxyethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

trifluoroacetate anion (Diastereoisomer 1 of C149)

@\/Y Q\/W TFA @\/\”/
o @ CHacN @ oM @
N 1h, MW
TFA-
119 1148 diastereoisomer 1 of C149

o o

20 Scheme 42



H NV\R (300 MHz, DVSO-d6) ppm 7.29 - 7.62 (m 10 H), 6.95 _ 7.16 (m 2 H),
6.64 - 6.78 (m 2 H), 6.52 - 6.64 (m 1 H, 531 (s, 1 H, 499 - 5.19 (m
1 H), 4.4900dio0res3 4.33(d,1 H), 3.81(ddd,1 H), 3.27 - BCATEPLINY/OBSSH), 2.87
-303(m 1H, 2.69- 2.87 (m 1 H,1&£&20-2.3383(m 1H, 1.72 - 2.04
(m 4 H D astereoisoner 2 of Cl113 40 SloL. TFA-40 o Single stereoisoner
97

L o B |l o T R o
, 1.27 - 7 50 - 6.66
on 1 h P%e@iprépaaow%)ﬁzé pheion e(tﬁ?i)ﬂzrq??m@ “bicylol g dcans ;a1

H, 3.42 - 3 4(&% H, 2.09 - 2220 (m 1 H, 1.85- 2.07 (m 2 H), 1.65
-7 1. 84( mbrPH 8. 1.60(m 1 H [a]n=14.60 (c=0.2, MeOH WO

el

2 3-p%enylpropan(§ar&: (I19) (200 mg, 0.53 mmol), is added with a-
bromophenethole (130 mg, 0.64 mmol) and the mixture reacted in a closed
vessel under MW irradiation for 1hr at 100°C (LC-MS monitoring: complete
conversion). The solvent is evaporated under reduced pressure and the
resulting crude is used without further purification.

10 Preparation of (R)-3-((S)-2-amino-phenylpropanoyloxy)-1-(2-
phenoxyethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate
trifluoroacetate anion (Diastereoisomer 1 of C149)

A solution of (R)-3-((S)-2-tertbutoxycarbonylamino-
phenylpropanoyloxy)-1-(2-phenoxyethyl)-1-azonia-bicyclo[2.2.2]octane

15 bromide (1148) (0.53 mmol) in DCM (5 mL), is added with trifluoroacetic acid
(0.50 mL, 4.41 mmol) and the mixture stirred at RT overnight. The solvent is
evaporated and the resulting crude is purified by preparative LC-MS to obtain
the title compound as a brown gummy solid (112 mg, 43% overall yield,
trifluoroacetate salt and trifluoroacetate anion, single diastereoisomer).

20 "H NMR (300 MHz, DMSO-d6) ppm: 8.60 (br. s., 3H), 7.19 - 7.45 (m,
7H), 6.82 - 7.13 (m, 3H), 5.03 - 5.25 (m, 1H), 4.39 - 4.48 (m, 2H), 4.25 - 4.38
(m, 1H), 3.90 - 4.09 (m, 1H), 3.28 - 3.52 (m, 7 H), 3.19 (dd, 1H), 3.10 (dd,
1H), 2.09 (br. s., 1H), 1.81 - 2.04 (m, 2H), 1.66 - 1.79 (m, 2H);

LC-MS (ESI POS): 395.4 (MH").

25 The compounds listed in Table 18 are prepared as previously described

for C149, by reaction of 119 with 2-chloroacetylthiophene, 3-phenoxypropyl

bromide and a-bromoacetophenone.



[o2]

H)

'_\

.99 -

eoi soner | eo.-

7.21 NH 5 6.80 (m 2 H,

,wWb.2010/0723381 scous oi |

5.34 (s, 1 H),
(d, 1 H,

6.50 |,
5.15 -
5.01 (d, 1

1 (dd, 1 H, 3.60 - 3.87 (m 4 46 H, 3.40 -

(m 1H), 1. 83-
Table 18

81% yield -6.66(m 1H),
2 of C109 TFA -\ brown 5.27

Si ngce/mPr@sinesse®i soner
2.06 -

3.60 (m 1H),

Compound

Structure

Yield and

appearance

Analytical

Diastereoisomer
1 of C150

Single diastereoisomer

45% yield

Pale yellow
oil

LC-MS (ESI POS):
399.2 (MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 8.62
(br. s., 3H), 8.22 (dd,
1H), 8.08 (dd, 1H),
7.15 - 7.47 (m, 6H),
5.14 - 530 (m, 1H),
5.06 (d, 1H), 4.99 (d,
1H), 4.38 (t, 1 H), 4.11
(dd, 1H), 3.44 - 3.74
(m, 5H), 3.22 (dd, 1H),
3.10 (dd, 1H), 2.06 -
2.14 (m, 1H), 1.90 -
2.07 (m, 2H), 1.56 -
1.90 (m, 2H)

Diastereoisomer
1 of C151

NH,
O,
%)
_ N
(0]

Single diastereoisomer

41% yield

Brown
gummy
solid

LC-MS (ESI POS):
409.3 (MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 8.62
(br. s., 3H), 7.22 - 7.41
(m, 7H), 6.90 - 7.01
(m, 3H), 4.99 - 529
(m, 1H), 4.22 - 4.49
(m, 1H), 4.04 (t, 2H),
3.78 - 3.94 (m, 1H),
3.25 - 3.50 (m, 7H),
3.20 (dd, 1H), 3.10
(dd, 1H), 2.02 - 2.15
(m, 3H), 1.80 - 2.02
(m, 2H), 1.65 - 1.78

(m, 2H)

(continue)



2.06 (m 2 H), 1.63 -1.83(m 1H), 1.38- 1.63 (m 1 H) [a] D=4 4.00
(c=0.2, MeOH LC- M5 (ESI POS): 495. 1 (NVH+) 1HNVR( 300
MHz, DVBO-W6)2010/07p331 7. 96 (d, 1 H), PCT/EP2009/008870

147

LC-MS (ESI POS):
393.3 (MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 8.65
(br. s, 3H), 7.88 -
i o, 8.07 (m, 2H), 7.70 -
' 35%yield | 7.84 (m, 1H), 7.51 -

o]
Diastereoisomer ° % 7.70 (m, 2H), 7.16 -

1 of C152 748 (m, SH), 521 -
5 Pale yellow | 530 (m, 1H), 5.19 (4,
solid 1H), 5.12 (d, 1H),

439 (dd, 1H), 4.11
(dd, H), 3.47 - 3.81
(m, SH), 323 (dd,
1H), 3.10 (dd, 1H),
1.90 - 2.22 (m, 3H),
1.65 - 1.90 (m, 2H)

Single diastereoisomer

EXAMPLE 43

Preparation of (R)-1-(2-oxo-2-phenylethyl)-3-((R)-3-phenyl-2-
(phenylamino)propanoyloxy)-1-azoniabicyclo[2.2.2]octane bromide

(Diastereoisomer 1 of C153)

(o)

HN HN
O ., _———- o ‘.,
@ CH,CN @
o N 1h, MW 100°C O Ny
170 Br
diasteroisomer 1 of C22 diastereoisomer 1 of C153 )

Scheme 43
A solution of (R)-((R)-quinuclidin-3-yl) 3-phenyl-2-(phenylamino)-
propanoate (Diastereoisomer 1 of C22) (50.0 mg, 0.14 mmol), is added with 2-
10  bromo-1-phenylethanone (28.4 mg, 0.14 mmol) and the mixture reacted in a
closed vessel under MW irradiation for 1h at 100°C (LC-MS monitoring:
complete conversion). Solvent is removed under reduced pressure and residue
is triturated with EtOAc to obtain the title compound as a white solid (75.5

mg, 98% yield, bromide salt, single diastereoisomer).



7.50 - 7.68 (m 2 H), 7.20 - 7.50 (m 4 H, e NH 6.93 - 7.20 (m 2
H, 6.67 - 6.85 (m 2 H, " 6.50- 6.67 (m 1 H), D astereoisoner 1 of
C158 1100wo0 20f0A723388% yi el d Yel low oil 6.35(br.s.,1H), PCIEPe®y/0assH), 5. 09
- 525 (m 1 H, 491 o (s, 2H, 3.§k- 4.13 Single diastereoisoner
(m 1 H, 3.50 - 3.70 (m 2 H, 3.18 - 3.50 (m 3 H, 2.31 -2.42

'H NMR (300 MHz, DMSO-d6) ppm: 7.92 - 8.10 (m, 2 H), 7.71 - 7.85
(m, 1 H), 7.51 - 7.71 (m, 2 H), 7.27 - 7.44 (m, 4 H), 7.17 - 7.26 (m, 1 H), 6.95
-7.16 (m, 2 H), 6.45-6.77 (m, 3 H), 6.11 (d, 1 H), 5.05 - 5.21 (m, 3 H), 4.23 -
4.50 (m, 1 H), 3.94 - 420 (m, 1 H), 3.49 - 3.81 (m, 3 H), 3.35 - 3.49
5 (m, 2 H), 3.15 (dd, 1 H), 3.08 (dd, 1 H), 2.17 - 2.37 (m, 1 H), 1.94 - 2.17
(m, 2 H), 1.70 - 1.94 (m, 2 H);
LC-MS (ESIPOS): 469.3 (MH+);
[a]p=-8.19° (¢=0.53, MeOH).
Diastereoisomer 2 of C154 listed in Table 19 is prepared as previously
10  described for C153, by reaction of I70 with 2-chloroacetylthiophene
Table 19

Yield and .
Compound Structure Analytical
appearance

LC-MS (ESI POS): 475.2
(MH")

'H NMR (300 MHz,
DMSO-d6) ppm: 8.22 (dd,
1 H), 8.11 (dd, 1 H), 7.15

Q - 745 (m, 6 H), 6.92 -
Q\j\f° 7.15 (m, 2 H), 6.53 - 6.68
o) (m, 3 H), 6.12 (d, 1 H),
, , o @ - S0%yield | 5 5s 517 (m. 1 H), 5.00
Diastereoisomer - = (s, 2 H), 4.24 - 4.52 (m, 1
2 of C154 o Yellow H), 4.06 (ddd, 1 H), 3.47 -
Solid 3.80 (m, 3 H), 3.33 - 3.47
(m, 2 H), 3.15 (dd, 1 H),
3.08 (dd, 1 H), 2.16 - 2.34
(m, 1 H), 1.77 - 2.10 (m, 4
H)

Single
diastereoisomer

[alp= -14.2° (c=0.25,
MeOH)

EXAMPLE 44

Preparation of (R)-1-[2-(4-methoxy-phenyl)-2-oxo0-ethyl]-3-((R)-2-

15 phenyl-2-phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane



(m 1H),

1.96 - 2.15 (m 2 H, 1.74- 1.96 (m 2 H [ a] D=-40. 32
(c.3, MeOH) 153 Diastereoisonmer 2 of C159 110 NH O o TFA-ci o Single
di ast er edWOan07338% yi el d brown vi scous oil LC-MS (ESI PUBEP2eD9HIEI7¢ VH)

1HNVR( 300 MHz, DWMS0-4) ppm 7.99 (d, 14—@, 7. 52 - 7.64 (m 2 H, 7.44 (d, 1
H, 7.30 - 7.42 (m 3 H), 7.00 - 18% : 669-6.76(m 2 H, 6.56
- 6.64 (m. , 5.33 m 5.02 (d, 1 H, 4.96
(d, 1 H,tr .ng?%%taie &-i;'asﬁer@?'so'ée%é ‘(‘ﬁd%iﬂ 3. 46 - 3.67 (m 4H), 2.06 -
219 (m 1 H, 1.83 - 2204 (m 2 H, 1.63 - 1.82 (m 1H), 139-1.61(m1
H) [cdo=-17.47 (c.3, MeOH) Di astereoi somer 1 of C160 401 NH ,", 00Q---?, N
TFA-

10

15

20

L i
1) CH,CN
NH Br 3
+
O.. o}
O 2) preparative ~
o | HPLC
N

(0]
Diasteroisomer 1 of C2 Diasteroisomer 1 of C155

Scheme 44

A solution of (R)-phenyl-phenylamino-acetic acid (R)-(1-aza-
bicy‘clo[2.2.2]oct—3-yl) ester (Diastereoisomer 1 of C2) (120 mg, 0.35 mmol)
in acetonitrile (5 mL), is added with 2-bromo-1-(4-methoxy-phenyl)-ethanone
(99 mg, 0.43 mmol) and the mixture is heated under MW irradiation for 1hr at
100°C (UPLC-MS monitoring: complete conversion). Solvent was evaporated
and the resulting crude is first purified by flash chromatography
(DCM/MeOH=99/1 to 9/1) and then purified by preparative LC-MS to obtain
the title compound as a white solid (70.2 mg, 33% yield, trifluoroacetate salt,
single diastereoisomer).

"H NMR (300 MHz, DMSO-d6) ppm: 7.84 - 8.06 (m, 2 H), 7.51 - 7.71
(m, 2 H), 7.25 - 7.51 (m, 3 H), 6.95 - 7.22 (m, 4 H), 6.67 - 6.80 (m, 2 H), 6.53
-6.67 (m, 1 H), 6.35 (br.s., 1 H), 5.38 (s, 1 H), 5.13 - 5.30 (m, 1 H), 5.01 (s, 2
H), 3.97 - 4.17 (m, 1 H), 3.88 (s, 3 H), 3.19 - 3.50 (m, 5 H), 2.31 - 2.42 (m, 1
H), 1.68 - 2.20 (m, 4 H);

LC-MS (ESI POS): 485.2 (MH");

[a]p=-48.32° (c=0.25, MeOH).

Final compounds listed in Table 20 are prepared as previously
described for C155, by alkylation of suitable intermediate (Diastereoisomer 1
of C2, Diastereoisomer 2 of C2, Diastereoisomer 1 of C37, C29, C105, C13,

C14) and the commercially available alkylating agents.



Singl e di astereoi somer 47%yield brown vi scous oil LGM (ESI PUS): 470.1

(MH+) 1HNVR(300 MHz, DMSO- 4) ppm 10.51 (s, 1 H), 7.49 - 7.67 (m 4 H),

7.28 - 7.WD2AMWOTMY), 7.12 - 7.23 (m 1 H), 7.01 - 7.12PCREP20098880 72 (m
2 H, 6.58 (m 1 H), 635(br 5., I—Q10532(b s., 1 H, 5.10- 5.24 (m
1H),4.23(d 1 H), 417(d 1H, 40T - 414 (m 1 H, 3.75 - 3.85(m 1

H), 3.55 - Pélo H, 2.06 - 2.20 (m 1 H), 1.81 - 2.04 (m 2H, 1.62 -
79 (m 1H) ablg20 1762 (m 1 H [cc] 0=-19.6 (c=0. 25, I\/EOH) 154

MB (ESI POS): 473.2 (MH+) 1HNVR(300 MHz, DMBO- d6) ppm 7.96 - 8.18
2|—|), 7. 54. - ZRQ{JIL?I—I\ 126 _7_R?{m H) 6.-98 - 7.16

2

SH] Cg 6.77 ( m BIH' Yield and 7
nﬁr%und ucture

Appearance

1.
LC
(m
(m Analytical
LC-MS (ESI
POS): 483.1
(MH")

'H NMR (300
MHz, DMSO-d6)
ppm: 7.84 - 8.11
(m, 2 H), 7.64 -
771 (m, 1 H),
7.52 - 7.61 (m, 4
H), 7.20 - 7.50
(m, 3 H), 6.95 -

0., 720 (m, 2 H),
s @ 10% yield 6.67 - 6.84 (m, 2

N H), 652 - 6.67

Diastereoisomer TFA" s
1 of C156 colorless (m, 1 H), 5.36 (s,
m viscous oil 1 H), 5.04 - 5.19
(m, 1 H), 3.68 -

(@)

Single diastereoisomer 398 (m, 1 H),
3.29 - 3.56 (m, 3

H), 3.01 - 3.27
(m, 4 H), 2.80 -
293 (m, 1 H),
2.65 - 2.77 (m, 1
H), 220 - 2.37
(m, 1 H), 1.99
(br. s., 2 H), 1.75
- 1.94 (m0.0., 4
H)

(continue)



2 H, 6.55- 6.67 ".. 58%yield (m 1 H, 5.35 (s, 2 Diastereoisoner 2 of

Cl15 Sl oF TFA1401 brown H), 5.18 - 5.28 (m 1H), 5.11- 5.18 Vi scous oil

(m 2 H,we.288/072338 4.27 (m 1 H), 3.70 Single diastePEdiEPIMR008870 3. 85

(m1 H, 3.47 - 3.70 (m 4 H, 2348 - 2.17 (m 1 H, 1.86 - 2.04
64

(m 248, LC-MS (ESI
POS): 4272
(MH")
'H NMR (300

MHz, DMSO-ds)
ppm: 7.29 - 7.62
(m, 10 H), 6.95 -

@ 716 (m, 2 H),

NH 6.64 - 6.78 (m, 2

Ww 51%yield |H), 6.52 - 6.64

Diastereoisomer o N (m, 1 H), 5.31 (s,

1 of C157 TFA® brown 1 H), 499 - 5.19
viscous oil (m, 1 H), 4.40 (d,
) ) 1 H), 433 (d, 1
Single stereoisomer H), 3.81 (ddd, 1
H), 327 - 3.47
(m, 3 H), 2.87 -
303 (m, 1 H),
2.69 - 2.87 (m, 1
H), 2.20 - 2.38
(m, 1 H), 1.72 -
2.04 (m, 4 H)
LC-MS (ESI
POS): 455.1
(MH")
'H NMR (300
MHz, DMSO-dy)
ppm: 791 - 8.03
(m, 2 H), 7.71 -
7.81 (m, 1 H), 7.54
- 767 (m, 4 H),
727 - 747 (m, 3
H), 6.97 - 7.17 (m,
97% yield 2 H), 6.74 (m, 2

L,
: 0.
Diastereoisomer m @ H), 6.50 - 6.66 (m,
_— KH/Q brown 1 H), 5.35 (s, 1 H),

2 of C113
viscous oil 520 - 527 (m, 1

0
Single stereoisomer 411{.)1’25'8 d’(s, 12 g:
342 - 3.84 (m, 5
H), 2.09 - 2.20 (m,
1 H), 1.85 - 2.07
(m, 2 H), 1.65 -
1.84 (m, 1 H), 1.38
-1.60 (m, 1 H)

[a]p=-14.60°
(c=0.2, MeOH
(continue)




1.82 (m 1 H, 1.44 - 1.64 (m 1H) [a] b=-11.44  (c=-0.25, MeOH)

LC- M5 (ESI PCS): 485.2 (M- 14) 11- INMR( 300 MHz, DMSO- d6) ppm
7.84 - 8.WB 2010723382 H), 7.53 - 7.65 (m PCT/EP2009/008870
152

LC-MS (ESI POS):
461.1 MH)
'H NMR (300
MHz, DMSO-dg)
ppm: 821 (dd, 1
H), 8.07 (dd, 1 H),
7.51 - 7.69 (m, 2
H), 7.27 - 7.49 (m,
4 H), 699 - 7.21
(m, 2 H), 6.66 -
6.80 (m, 2 H), 6.50
@ 81% yield - 6.66 (m, 1 H),
K 5.34 (s, 1 H), 5.15 -
Y@ brown 527 (m, 1 H), 5.07
I S viscous oil (d, 1 H),501 (1
Single diastereoisomer 2)6’04‘-1 13 (;,;1 ’ (:n’Hz;
H), 3.40 - 3.60 (m,
1 H), 2.06 - 2.21
(m, 1 H), 1.83 -
2.06 (m, 2 H), 1.63
- 1.83 (m, 1 H),
1.38-1.63 (m, 1 H)

: “NH
A__O.,
Diastereoisomer m
TFA™

2 of C109

[o]p=-14.00°
(c=0.2, MeOH
LC-MS (ESI POS):
495.1 (MH"

'H NMR (300
MHz, DMSO-d6)
ppm: 7.96 (d, 1 H),
7.50 - 7.68 (m, 2 H),
720 -7.50 (m, 4 H),
6.93 - 7.20 (m, 2 H),
6.67 - 6.85 (n, 2 H),

NH
o. 6.50 - 6.67 (m, 1 H),
o o
Diastereoisomer o @ 28% yield 6.35 (br. s, 1 H),
TFA™ [ \ c
s

5.37 (s, 1 H), 5.09 -

1of C158 W ' | Yellowoil | 525 (m, 1 H), 491
o) (s,2 H),3.97 -4.13

Single diastereoisomer (m, 1 H), 3.50 - 3.70

(m, 2 H), 3.18 - 3.50
(m, 3 H), 2.31-2.42
(m, 1 H), 1.96-2.15
(m, 2 H), 1.74 - 1.96
(m, 2 H)

[a]p=-40.32°
(c=0.3, MeOH)
(continue)




2 H, 7.28 - 7.49 (m e NH 3 H, 7.01 - 7.24 (m 4 H, 6.69 - 6.79 (m
65%vyield 2 H, 6.53 - 6.65 (m Diastereoisoner 2 of Cl61 5 o0 TFANS brown
vi scous owpD 2010M472338. 34 (s, 1 H), 5.18 - 5.28 (m 1 H), PBCOEP2®90888(im 2 H),
o 4.05- 416 (m 1 H, S ngle dlastp§3e0|sorrer 3.89 (s, 3 H) 3.51 -
3.83 (m 5 H 208 - 2.18 (m 1 H "7 85 - 2. 05 (m 2 1.65 -
LCMS(ESIPOS)

495.0 (MH)
'H NMR (300
MHz, DMSO-d)
ppm: 7.99 (d, 1 H),
7.52 -7.64 (m,2 H),
744 (d, 1 H), 7.30 -
742 (m, 3 H), 7.00 -
@\ 7.18 (m, 2 H), 6.69 -
NH 6.76 (m, 2 H), 6.56 -
O 57% yield 6.64 (m, 1 H), 5.33
sage oo

s, 1 H), 5.13 - 525

Diastereoisomer

2 of C159 TFA" Wc; brown m, 1 H), 502 (d, 1
i s viscous oil | H), 496 (d, 1 H),

. . . 4.08 (dd, 1 H), 3.67

Single diastereoisomer -3.83 (m, 1 H), 346

-3.67 (m, 4 H), 2.06
-2.19(m, 1 H), 1.83
-2.04 (m, 2 H), 1.63
-1.82(m, 1 H),1.39
-1.61 (m, 1 H)

[o]p=-17.47°
(c=0.3, MeOH)
LC-MS (ESI POS):
470.1 MH)

'"H NMR (300
MHz, DMSO-ds)
ppm: 10.51 (s, 1 H),
749 - 767 (m, 4 H),
7.28 - 747 (m, 5 H),
7.12-7.23 (m, 1 H),
7.01-7.12 (m, 2 H),
6.72 (m, 2 H), 6.58

©/‘\f° @ 47% yield (m,ll H)5,362.35 (br.
Diastereoisomer s, 1H), 532 (br. s.

1H),5.10-5.24 (m,

oreien | 51?22?5 oil I'H), 423 (d, 1 H),
417 (d, 1 H), 4.01 -
Single diastereoisomer 4.14 (m, 1 H),3.75 -

3.85 (m, 1 H), 3.55 -
3.70 (m, 4 H), 2.06 -
2.20 (m, 1 H), 1.81 -
2.04 (m, 2 H), 1.62 -
1.79 (m, 1 H), 1.42 -
1.62 (m, 1 H)

[o]p=-19.6°
(c=0.25, MeOH)
(continue)




1.81 (m 1 H,
2010/ 072338PCT/ EP2009/ 008870 155 (continue) Di astereoi soner
TFA o Singl e di ast er eoi somePCIFR4008DEE7Or own

NH

1.41 -

SS ,W0,2010402338 . .

0 s,

1.63 (m 1 H

[a] b=-13. 13

(c.3, MeOH)
1 of C16

WO
2 1.1

vi scous oil LC- MS(ESI POS):533.1 (My) VR(300 MHz, DWVSO d6) ppm 7.88 -

8.31 (m 4 1-1),

(m 1H),
5.27 (m
3.31 (s,
(c9.4, M

7.52 -
6.67 -

6.82 (m 2 H),

7.68 (m
6.51 - 6.67

2 H, 7. 30 -

7.49 (m
m 1H, 5

3 H, 7.01 -
39 (s, 1 H

7.17
5.17 -

Il H), 5.13 (s,
8 H), 2.30 -
DH) Di ast er eoi

Diastereoisomer
2 of C115

2.45 (m 1 H),
soner

2 H, 3.99 - 4.15 (m

1.69 -
1 of C163 1401

: “NH
i _O..
N
TEA H’/@
0

Single diastereoisomer

1 H, 3.3
p. 21 (m 5Fh
NH

58% yield

brown
viscous 0il

ALC-MS (ESLPRS):
D478
H NMR (300
MHz, DMSO-dg)
ppm: 7.96 - 8.18
(m, 2 H), 754 -
7.63 (m, 2 H), 7.26
- 752 (m, 5 H),
6.98 - 7.16 (m, 2
H), 6.69 - 6.77 (m,
2 H), 6.55 - 6.67
(m, 1 H), 535, 2
H), 5.18 - 5.28 (m,
1 H), 5.11 - 5.18
(m, 2 H), 3.83 -
427 (m, 1 H), 3.70
- 385 (m, 1 H),
3.47 - 3.70 (m, 4
H), 2.08 - 2.17 (m,
1 H), 1.86 - 2.04
(m, 2 H), 1.64 -
1.82 (m, 1 H), 1.44
-1.64 (m, 1 H)

[o]p=-11.44°
(c=0.25, MeOH)

=

H),

@dMHN - - - 34. 150

Diastereoisomer
2 of C161

: ’;IH
0., @
OTE .
TFA™
o]

Single diastereoisomer

65% yield

brown
viscous oil

LC-MS (ESI POS):
4852 (MH")

'H NMR (300
MHz, DMSO-ds)
ppm: 7.84 - 8.03 (m,
2 H),7.53 - 7.65 (m,
2H),7.28 - 749 (m,
3 H), 7.01 - 724 (m,
4H), 6.69 - 6.79 (m,
2 H), 6.53 - 6.65 (m,
1 H), 534 (s, 1 H),
5.18-5.28 (m, 1 H),
5.02-5.12 (m, 2 H),
4.05-4.16 (m, 1 H),
3.89 (s, 3 H), 3.51 -
3.83 (m, 5 H),2.08 -
2.18 (m, 1 H), 1.85-
2.05 (m, 2 H), 1.65 -
1.81 (m, 1 H), 1.41 -
1.63 (m, 1 H)

[o]p=-13.13°

(c=0.3, MeOH)




50,. _ N TFA OH o Single diastereoisomer 44%yield brown viscous oil
LC- MS(ESI POS):471.2 i M1+) HNVR(300 MHz, DMBO-d6) ppm 9.99 (br. s., 1 H),
7.52 - 7.80201y07233B), 7.26 - 7.49 (m 6 H), 6.99 - 7.22PCHK(EP3000)008860 69 -
6.81 (m 2 H), 6.55 - 6.66 (m 1H, 588 (s, 1 H, 514 - 528 (m 1H,
5.04 (s, 2 H, 3.89- 420 (m 1H), 379- 3.85(m 5H), 2.29 - 2.42 (m1
H),1.71-2.14 (m 4 H) [a]D=-42.75 (c.4, MeOH) 156 LC- MB(ES(cantigpen22. 1
(ML- 1 +) HNVR(300 Mz, DVBO d6) ppm 7.48 } 7.66 (IMCMS$Y) , 7(EH |-
POS): 533.1
(MH)

H NMR (300
MHz, DMSO-d6)
ppm: 7.88 - 831
(m, 4 H), 752 -
7.68 (m, 2 H), 7.30
- 749 (m, 3 H),
7.01 - 7.17 (m, 1

Iy o., 36% yield H), 6.67 - 6.82 (m,
Diastereoisomer I @ 0,0 2 H), 6.51 - 6.67
TFA™ \

1 of C162 >~ | brown (m, 1 H), 5.39 (s, 1
viscous oil H), 5.17 - 5.27 (m,
1 H), 5.13 (s, 2 H),

)
Single diastereoisomer 399 - 415 (m, 1
H), 3.34 - 3.73 (m,
5 H), 3.31 (s, 3 H),
230 - 245 (m, 1
H), 1.69 - 2.21 (m,

S H)

[a]p=-34.15°
(c=0.4, MeOH)
LC-MS (ESI
POS): 471.2
(MH)

H NMR (300
MHz, DMSO-d6)
ppm: 9.99 (br. s., 1
H), 7.52 - 7.63 (m,
2 H), 7.26 - 7.49
(m, 6 H), 699 -
7.22 (m, 3 H), 6.69

: “NH
0/ o
Diast . o,,,@ 44% yield 68l (m. 5 H)
iastereoisomer o 7 brown 6.55 - 6.66 (m, 1
TFA® H‘Q\OH viscous oil H), 538 (s, 1 H),

1 of C163
514 - 528 (m, 1
o)
5.04 (s, 2
Single diastereoisomer 13_%9 ) 4.2(3’ (mf—Dl,

H), 3.19 - 3.85 (m,
5 H), 2.29 - 2.42
m, 1 H), 171 -
2.14 (m, 4 H)

[a]p=-42.75°
(c=0.4, MeOH)
(continue)




7.47 (m 3 H),

6.99 &

7.18 (m 2 H),

NH 6.73 (m 2 H),

6.55 "

38%

yield - 6.65 (m1 H), D astereoisoner 5 5.35 (s, 1 H, 5 .06 1 of Cl64
N.... | bwown10/0723383(m 1H), TFA viscous oil 4.25 (s, 2PHI/EP20008088¢0 (ddd,
1 H, 3.43 - Single diastereoisonmer pgg3 (m 4 H, 3.22 - 3.42 (m1H),

LC-MS (ESI

POS): 422.1

(MH+)

'H NMR (300

Diastereoisomer
1 of Cl64

L,

TFA~ k[(

(o]

Single diastereoisomer

38% yield

brown
viscous oil

MHz, DMSO-dy)
ppm: 7.48 - 7.66
(m, 2 H), 7.25 -
7.47 (m, 3 H), 6.99
- 718 (m, 2 H),
6.73 (m, 2 H), 6.55
- 6.65 (m, 1 H),
5.35 (s, 1 H), 5.06
- 523 (m, 1 H),
425 (s, 2 H), 4.03
(ddd, 1 H), 3.43 -
3.73 (m, 4 H), 3.22
- 342 (m, 1 H),
292 (s, 3 H), 2.87
(s, 3 H), 229 -
2.38 (m, 1 H), 1.64
-2.10(m, 4 H)

[a]p=-40.0°
(c=0.1, MeOH)

Diastereoisomer
1 of C165

©\NH
mo,,,@
TFA” kﬂ/

)
single diastereoisomer

24% yield

brown oil

LC-MS (ESI
POS): 3933
§MH+)

H NMR (300
MHz, DMSO-ds)
ppm: 7.50 - 7.61
(m, 2 H), 7.26 -
7.47 (m, 3 H), 7.03
- 716 (m, 2 H),
6.68 - 6.78 (m, 2
H), 6.54 - 6.65 (m,
1 H), 5.36 (s, 1 H),
499 - 522 (m, 1
H), 437 (s, 2 H),
3.88 - 4.00 (m, 1
H), 3.36 - 3.57 (m,
3 H), 3.05 - 3.36
(m, 2 H), 2.28 -
238 (m, 1 H),2.11
(s, 3 H), 1.70 -
2.07 (m, 4 H)

(continue)



2.92 (s, 3 H), 2.87 (s, 3H),2.29-
H) [a] b=-40.0  (c=0.1, MeOH)
HNIVR( 300 WO 2MHA72BRE0- d6)

2.38 (m 1H, 1.64 - 2.10 (m 4
LC- MS( ESI PCS) : 393. 3 i | Val +)
PCT/EP2009/008870

157

Diastereoisomer
1 of C166

Single stereoisomer

18% yield

Pale yellow
solid

LC-MS (ESI
POS): 5189
$MH+)

H NMR (300
MHz, DMSO-d6)
ppm: 7.90 - 8.07
(m, 2 H), 7.72 -
7.82 (m, 2 H), 7.57
- 768 (m, 3 H),
7.33 - 7.55 (m, 5
H), 6.60 - 6.84 (m,
1 H), 557 - 5.87
(m, 1 H), 521 -
5.39 (m, 1 H), 4.98
- 521 (m, 2 H),
4.00 - 4.23 (m, 1
H), 3.78 (s, 3 H),
326 - 3.51 (m, 5
H), 2.30 - 2.47 (m,
1 H), 143 - 223

(m, 4 H)

Diastereoisomer
1 of C167

TFA~ S

Single diastereoisomer

27% yield

Yellow solid

LC-MS (ESI
POS): 525.0
(MH)

H NMR (300
MHz, DMSO-d6)
ppm: 8.13 - 8.28
(m, 1 H) 8.05 (m,
1 H) 772 - 7.86
(m, 1 H) 7.66 (d, 1
H) 7.27 - 7.56 (m,
4 H) 6.72 (d, 1 H)
5.68 (d,1H)5.19 -
5.32 (m, 1 H) 5.02
(s,2H)4.02-4.24
(m, 1 H)3.78 (s, 3
H) 3.37 - 3.68 (m,
7 H) 232 - 243
(m, 1 H) 1.88 -
223 (m, 3 H) 1.36
-1.64 (m, 1 H)

(continue)



ppm 7.50 - 7.61 (m 2H, 7.26 - el NH 7.47 (m 3 H, 7.03 - 7.16 (m
2 H, D astereoisoner 1 of C165 0" , N 24%yvyield brow oil 6.68 - 6.78 (m
2 H, 6.5%0-208/6%38m 1 H, 536 (s, 1 H, TFA- o 4. 90TAEP30022088m 1
single diastereoisoner H), 4.37 (s, 249, 3.88 - 4.00 (m 1 H, 3.36 -
3.57 (m 3 H, 305- 3 36

LC-MS (ESI

POS): 485.0
(MH)

H NMR (300
MHz, DMSO-ds)
ppm: 8.47 (s, 1 H,
formiate ion), 7.83
- 8.06 (m, 2 H),
7.68 - 7.82 (m, 1
H), 7.55 - 7.68 (m,

X o, 2'H), 739 - 755
@ 26% vyield | (m, 2 H), 7.02 -
\O (o] . N‘

C168 7.17 (m, 2 H), 6.90
HCOO White solid |- 7.02 (m, 2 H),

0 6.66 - 6.80 (m, 2

. H), 6.52 - 6.63 (m,

Mixture of diastereoisomers 1 H), 6.31(d, 1 H),

524 - 538 (m, 1
H), 4.99 - 5.22 (m,
3 H), 3.98 - 420
(m, 1 H),3.76 (s, 3
H), 3.45 - 3.83 (m,
5 H), 2.11 - 2.40
(m, 1 H), 145 -
2.10(m, 4 H)
LC-MS (ESI
POS): 489.1
(MH)

H NMR (300
MHz, DMSO-d6)
ppm: 7.88 - 8.09
(m, 2 H), 7.70 -
7.87 (m, 1 H), 7.50

RS
NH 0 X
0., 58% yield - 770 (m, 4 H),
o]
TFA™

7.27 - 750 (m, 3

C169 @ Pale yellow | H), 7.12 (m, 2 H),
oil 6.76 (m, 2 H), 6.60

0 (d, 1 H), 531 -

Mixture of diastereoisomers 5.49 (m, 1 H), 5.19
- 531 (m, 1 H),
5.14 (s, 2 H), 3.91
- 421 (m, 1 H),
357 - 3.88 (m, 5
H), 1.35 - 2.44 (m,

5> H)

(continue)



(m 2 H),

Di ast er eoi soner
yi el d Palwgebiomiz3ssl i d LC M5( ESI
ppm 7.90 - 8.07 (m 2 H),

- 7.55 (
(m 1H,
3.51 (m
of Cl167 e

2.28 -

5 H),_ 660 -

2.38 (m 1 H),

2.11

7.72 -
6.84 (m

(s,3H,1.70 -2.07 (m 4 H)
1 of C166 S NHs /0- CO2Me0 TFA o Singl e stereoisoner
POS): 518.9 (V11-1) 1HNRRTZP0MNEES7TONSO d6)

7.82 2
1 H)II@W -

H, 7.57 -
5 87 (11,

157
18%

7.68 (m 3 H), 7.33
1 H 521 - 5 39

4.98 - 5.21
b H), 2.30 -
NH / o..

C170

2.47 (m 1 H),
cOzMel

4.00 - 4.23
1.43 -

m 2 H,
TFA

Mixture of diastereoisomer

m 1 H, 3
.23 (m 4

41% yield

White solid

FeMs, 3 @SI|3. 26 -
HJOSX: ast erSédBgonmer 1

'H NMR (300
MHz, DMSO-dy)
ppm: 845 (s, 1 H,
formite ion), 791 -
8.04 (m, 2 H), 7.69
- 791 (m, 4 H),
7.48 - 7.69 (m, 3
H), 7.03 - 7.18 (m,
2 H), 6.70 - 6.80
(m, 2 H), 652 -
6.67 (m, 2 H), 5.50
- 564 (m, 1 H),
5.00 - 530 (m, 3
H), 3.51 - 4.32 (m,
6 H), 2.14 - 2.41
(m, 1 H), 1.54 -
2.14 (m, 4 H)

C171

QL
O’u
TFA™ /
[0}

Mixture of diastereoisomers

38% yield

yellow sticky
oil

LC-MS
POS):

(MH)
H NMR (300
MHz, DMSO-d6)
ppm: 7.90 - 8.09
(m, 2 H), 7.54 -
7.90 (m, 5 H), 6.90
- 752 (m, 5 H),
6.29 - 6.82 (m, 3
H), 5.43 - 5.57 (m,
1 H), 5.14 - 5.42
(m, 3 H), 3.72 -
4.19 (m, 4 H), 3.17
(s, 3 H), 255 -
2.73 (m, 1 H), 1.93
-242 (m, 1 H)

(ESI
429.1

(continue)



o Single diastereoisonmer 27%yield Yellow solid LG MS(ES1 POS):525.0
ci Al-14) HNMR(300 MHz, DWVSO d6) ppm 8.13 -

7.72 -

5.68(d, 1

337 -

7.\86 20(0m72388H) 7.66 (d, 1 H)

H)

7.27 -

8. 28

(m 1H 805 (m 1H

7.56 (m 4 HPCBEP2000008810 H)

H 4.02 -

4.24 (m 1 H

3.78
1.36 -

(s, 3 H

1.64(m 1H)
DVBO- d6) ppm 8.47 (s,
7.82 (m 1 H),

7.68 -
yield (m

3. 68
(conti nue)

2 H, 7.02 -

C172

.55 -

5.19 - 5.32 (m 1 H) 5.02 4s,
7 H) 232 - 91(&)?2

158
1 H,

LC- M5( ESI
form ate ion),
7.68 (m 40"

: “~NH
O\C\

: °© A
TFA

Mixture of stereoisomers

2
(

PQOB) : 485.0 ' H
8.

7

1H) 1. 88-

83 -
b H), 7.39

43% yield

yellow sticky
oil

2 23 (m 3 H)

0 MHESI
RO 2 BFO2
-(MHH5 C168
'H NMR (300
MHz, DMSO-d6)
ppm: 7.52 - 7.65
(m, 2 H), 729 -
7.49 (m, 3 H), 6.97
- 7.16 (m, 2 H),
6.66 - 6.79 (m, 2
H), 6.54 - 6.66 (m,
1 H), 6.32 (s, 1 H),
5.11 - 539 (m, 1
H), 4.81 - 5.01 (m,
1 H), 3.14 - 345
(m, 3 H), 3.04 (s, 6
H), 2.82 - 2.95 (m,
1 H), 1.35 - 225

(m, 4 H)

1.1 NH
$ 26%

Diastereoisomer
10of C173

Single diastereoisomer

84% yield

brown solid

LC-MS
POS):
$MH+)
H NMR (300
MHz, DMSO-d6)
ppm: 8.36 (d, 1 H),
754 - 7.60 (m, 2
H), 7.31 - 7.48 (m,
3H),7.24 (t, 1 H),
7.03 - 715 (m, 2
H), 6.68 - 6.80 (m,
2 H), 6.52 - 6.64
(m, 1 H), 537 (s, 1
H), 5.11 - 5.27 (m,
1 H), 4.89 (s, 2 H),
397 - 415 (m, 1
H), 3.20 - 3.51 (m,
5H), 249 (s,3 H),
232 -240 (m, 1
H), 1.76 - 2.16 (m,
4 H)

[a]p=-46.51°
(c=0.35, MeOH)

(ESI
4752




7.17 (m 2 H, 6.90 HCOO - Wite solid - 7.02 (m 2 H, o 6.66 - 6.80
(m 2 . H, 6.52 - 6.63 (m Mxture of diastereoisoners 1 H), 6.31 (d,
1H, W02410/0723388 (m 1 H, 4.99 - 5.22 (m 3 PCT/ER2@8/008840 20
(m 1 H, 3.76 (s, 3 H, 3.45 - 3.8F(m 5 H, 2.11 - 2.40

EXAMPLE 45

Preparation of (R)-1-[2-(2,4-difluoro-phenyl)-2-o0xo0-ethyl]-3-(2-
phenyl-2-phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane

bromide(diastereoisomer 1 of C174)

F (o]

: “NH Br 0'..@
+ - .
O.. CH,CN o] ! F
1 F MW 100°C "L(Q/

N

Diastereoismer 1 of C2 Diastereoismer 1 of C174
Scheme 45
A solution of (R)-phenyl-phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (Diastereoisomer 1 of C2) (50 mg, 0.15 mmol) in
10  acetonitrile (1 mL), is added with 2-bromo-1-(2,4-difluoro-phenyl)-ethanone
(35 mg, 0.15 mmol) and the mixture reacted in a closed vessel under MW
irradiation for lhr at 100°C (UPLC-MS monitoring: complete conversion).
The solvent is evaporated and the resulting crude is purified by flash
chromatography (DCM/MeOH=95/5) to obtain the title compound as a white
15  solid (37.3 mg, 44% yield, bromide salt, single diastereoisomer).
'H NMR (300 MHz, DMSO-dé6) ppm: 7.97 - 8.07 (m, 1 H), 7.52 - 7.72
(m, 3 H), 7.39 - 7.52 (m, 2 H), 7.25 - 7.39 (m, 2 H), 6.92 - 7.21 (m, 2 H), 6.67
- 6.84 (m, 2 H), 6.51 - 6.67 (m, 1 H), 6.36 (d, 1 H), 5.38 (d, 1 H), 5.00 - 5.30
(m, 1 H), 4.88 (br. s., 2 H), 3.91 - 4.20 (m, 1 H), 3.51 - 3.74 (m, 3 H), 3.41 -
200 3.51(m, 1 H),3.31-3.41(m, 1 H),2.31-2.43 (m, 1 H), 1.86 - 2.09 (m, 4 H);
LC-MS (ESI POS): 491.1 (MH");
[a]p=-45.42° (¢=0.24, MeOH).
Final compounds listed in Table 21 are prepared as previously

described for C174, by alkylation of suitable intermediate (Diastereoisomer 1



(m1H, 1.45 -2.10 (m 4 H) LC- MS( ESI PCS) : 489. 1 i ME14)
HNIVR( 300 Mz, DMBO- d6) ppm 7.88 - 8.09 (m 2 H, 7.70 - d,
7.87 (m WOHP10/07288 NH PCT/EP2009/008870

162

of C2, C2, C80, C83, C85, C89, C87, C95, C101, C94, C95 C100, C132,
C133, C143, C27, C138) and the commercially available alkylating agents.
Table 21

Compound Structure Yield and Analytical
Appearance

LC-MS (ESI
POS): 491.1
(MH")
'"H NMR (300
MHz, DMSO-
d6) ppm: 7.95 -
8.15 (m, 1 H),
7.81-7.95(m, 1
H), 7.70 (s, 1
H), 7.50 - 7.63
(m, 2 H), 7.22 -
7.50 (m, 3 H),
6.95-7.21 (m, 2
. H), 6.67 - 6.82
69% yield (m., 2 H), 6.50 -

L,
o,
Diastereoisomer ©/|\g/ @ i
Lof C175 o - H/@[F White solid ggg ((‘(‘1’ ! IPB
5 538 (d, 1 H),
Single diastereoisomer 5.13-5.29 (m, 1
H), 5.06 (s, 2
H), 3.92 - 4.17
(m, 1 H), 3.53 -
3.67 (m, 3 H),
3.32-3.50 (m, 2
H), 231 - 2.43
(m, 1 H), 1.73 -
2.19 (m, 4 H)

[a]p=-42.45°
(c=0.22, MeOH)
5 (continue)




58%yield - 7.70 (m 4 H, Cl169 Slo.- 7.27 - 7.50 (m 3 TFA-5 Pal eyel |l ow
oil H, 712 (m 2 H, 676 (m 2 H, 6.60 o (d,1H),5.31- Mxture of

di ast eredveanwes2338. 49 (m 1 H), 5.19 - 5.31(m 1H), PCTHP2eD(08887Q H),
3.91 - 4.21(m 1H), 3.57 - 3.88 (g3 ° H, 1.35 - 2.44 (m

LC-MS  (ESI
POS):  473.0
(MH")
'H NMR (300
MHz, DMSO-
d6) ppm: 7.87 -
8.02 (m, 1 H),
7.72 - 7.87 (m, 1
H), 7.52 - 7.68
@ (m, 2 H), 7.28 -
NH o 7.52 (m, 5 H),
Diastereoisomer WOI"@ e I6{.986- 2.723 (r6n’8421
1 of C176 ° i N Off-white )’ ) o
. Y@ ofr (m, 2 H), 6.48 -
6.69 (m, 1 H),
. . o F 6.36 (d, 1 H),
Single diastereoisomer 538 (d, 1 H),
5.08 - 5.30 (m, 1
H), 4.91 (br. s.,
2 H),3.91 -4.23
(m, 1 H), 3.35 -
3.73 (m, 5 H),
2.30 - 2.46 (m, 1
H), 1.55 - 2.20
(m, 4 H)
LC-MS  (ESI
POS):  473.1
(MH")
'"H NMR (300
MHz, DMSO-
d6) ppm: 7.75 -
7.86 (m, 2 H),
7.51 - 7.73 (m, 4
H), 7.26 - 7.51
(m, 3 H), 6.95 -
. 7.25 (m, 2 H),
H%yield | ¢ 68 685 (m, 2

<)\NH
0.
Diastereoisomer m @

1of C177 o - T\(@LF Yellow solid g)n” 61'5;1): 2:?2
) (d, 1 H), 5.39 (d,
Single diastereoisomer 1 H), 5.15 - 5.30
(m, 1 H), 5.10 (s,
2 H), 4.00 - 4.15
(m, 1 H), 3.60 -
3.75 (m, 2 H),
3.34-3.60 (m, 3
H), 2.31 - 242
(m, 1 H), 1.84 -

2.14 (m, 4 H)
(continue)




SH)

7.48 -
6.67 (m

159 C170 1.1 NH 40",
yield Wiite solid LC M5(ESI
8.45 (s, WOHp10fwoe3B8t € i oN),
7.69 (m 3 H
2 H

5 50 -

7' 03 -
64 (m 1 H)

CF 1,1

791-804(m2
718(@%

H),
6.70 -
30 (m

-'40 TFA O M xture of diastereoisoner 41%
POS) : 523. 3 ¢c1\4114) HNVR(300 MHz, DMSO- d6) ppm
7. 69 PCTEPI®I(ON§8761 H) ,

6.80 (m 2 H),
3 H)

6.52 -

351 - 432 (m

6 H, 2.1
M xt ure of
PCS) : 429.
7.90 (m

H, 5.14 ;

(m 1H,

- 2.41 (m ]
1
5 H), 6.90 -7'
5.42 (m 3 M),
1.93 - 2.42 (m

Diastereoisomer
10f C178

H) ,

di ast ereoi soners 38%yield yel |l ow
cMH4) HNWVR(300 MHz, DMSO d6) ppm
52(11-1, 5F)"

1.54 - 214(m4

6.29 - 6.
3.72 - 4.19 (m 4 H
1 H (continue) 1

Single diastereoisomer

H) C171 O N
st cky oil
/.90 - 8.0¢9
B2 (m 3 H
, 3.17 (s,
50

47% yield

White solid

HGMo TERL
[ROSYS( ESH10.7
MEH2 H), 7.
'H5. NBIR 306

MHE) DMSGa,)-
ppm: 8.12 (d, 1

H), 7.86 (dd, 1 H),

7.79 (d, 1 H), 7.53

- 764 (m, 2 H),

729 - 747 (m, 3

H),7.00-7.17 (m,
2 H), 6.75 (m, 2
H), 6.53 - 6.68 (m,

1 H), 639 (d, 1

H), 539 (d, 1 H),

517 - 528 (m, 1

H), 5.03 (s, 2 H),

394 - 417 (m, 1

H),3.34-3.77 (m,
5 H), 2.31 - 241

(m, 1 H), 1.68 -
2.19(m,4 H)

10

54 -

(m 1
2.73

[a]p=-50.30°
(c=0.6, MeOH)

Diastereoisomer
1of C179

Single diastereoisomer

100% yield

Orange solid

LC-MS (ESI
POS): 500.1
(MH")

H NMR (300
MHz, DMSO-ds)
ppm: 8.36 - 8.53
(m, 2 H), 8.10 -
825 (m, 2 H),
7.53 - 7.65 (m, 2
H), 7.32 - 7.48
(m, 3 H), 7.01 -
720 (m, 2 H),
6.70 - 6.84 (m, 2
H), 6.55 - 6.65
(m, 1 H), 6.37 (d,
1 H), 539 (4, 1
H), 5.19 - 530
(m, 1 H), 5.16 (s,
2 H), 4.00 - 4.17
(m, 1 H), 3.34 -
3.78 (m, 5 H),
231-242 (m, 1
H), 1.67 - 2.12

(m, 4 H)

(continue)



LC- MS( ESI
2 H,

7.29 - el
101-..").WORVB®72338. 79 (m 2 1,1"--.
6.66 (m 1 H),

PCS) : 339. 2 (MO 1HNVR(300 MHz, DMVBO- d6)
NH 43%vyield 7.49 (m 3 H),

6.32 (s,

1H,

6. 97 -

M xt urelésf st er eoi soners

ppm 7.52 -
7.16 (m 2 H, C172
\ TEA - yel |l ow st iPCEEPRQ0O/0p§870 6. 54 -

7. 65

(m

5.11 - 5.39 (m 1

Diastereoisomer
1 of C180

: NH
@)\(0".
(o] @ OH
N
(o]

Single diastereoisomer

64% yield

light brown
solid

LC-MS (ESI POS):
471.0 (MH)

'H NMR (300
MHz, DMSO-d)
ppm: 7.69 - 7.89
(m, 2 H), 7.51 -
7.65 (m, 2 H), 7.30
- 749 (m, 3 H),
698 - 7.15 (m, 2
H), 6.83 - 6.96 (m,
2 H), 6.70 - 6.79
(m, 2 H), 6.60 (m, 1
H), 636 (d, 1 H),
538(d, 1 H), 5.15 -
525 (m, 1 H), 4.96
(s,2 H), 3.89- 420
(m, 1 H), 334 -
3.77 (m, 5 H), 2.31
- 243 (m, 1 H),
1.70-2.16 (m, 4 H)

[o=-44.08°
(c=0.25, MeOH)

Diastereoisomer
1 of C181

Single diastereoisomer

81% yield

Yellow solid

LC-MS (ESI POS):
5100 (MH)

'H NMR (300
MHz, DMSO-dg)
ppm: 10.95 (s, 1 H),
7.87 (dd, 1 H), 7.82
(d, 1 H),7.53-765
(m, 2 H), 726 - 748
(m, 3 H),7.03-7.15
(m, 2 H), 698 (d, 1
H), 6.69 - 6.81 (m, 2
H), 6.52-6.63 (m, 1
H), 638 (d, 1 H),
538 (d, 1 H), 5.15 -
526 (m, 1 H), 5.05
(s, 2 H), 3.98 - 422
(m, 1 H),3.63 - 3.80
(m, 2 H), 3.61 (s, 2
H), 348 -3.59 (m, 2
H), 3.34 - 3.47 (m, 1
H),2.31-242 (m, 1
H), 1.65-2.19 (m, 4

H)

[op=47.07°
(c=0.28, MeOH)

(continue)



H,
2.82 -

i M 4)

4.81 - 5.01 (m
2.95 (m
WINR(B0 2338

1 H, 1.

3.14 -
2.25

3. 45
(m

1 H,
35 -

166

(m 3 H,
4 H

3.04 (s, 6
LC- MS( ESI
PCT/EP2009/008870

H) ,
PCS) : 475. 2

Diastereoisomer
1 of C182

Single diastereoisomer

33% yield

Yellow solid

LC-MS (ESI POS):
499.0 MH")

'H NMR (300
MHz, DMSO-dy)
ppm: 753 - 7.64
(m, 3 H), 729 -
751 (m, 4 H), 7.14
(d, 1H),7.02-7.12
(m, 2 H), 669 -
6.82 (m, 2 H), 6.54
- 666 (m, 1 H),
6.36 (d, 1 H), 6.19
(s, 2 H), 538 (d, 1
H), 5.13 - 526 (m,
1 H), 498 (s, 2 H),
3.88 - 4.15 (m, 1
H), 3.35 - 3.75 (m,
5 H), 2.30 - 242
(m, 1 H), 170 -
2.12 (m, 4 H)

[o]p=-62.80°
(c=0.2, MeOH)

Diastereoisomer
1 of C183

Q.

Single diastereoisomer

73% yield

yellow solid

LC-MS (ESI POS):
461.9 (MH"

'H NMR (300
MHz, DMSO-d)
ppm: 8.39 (d, 1 H),
824 (d, 1 H),7.51 -
7.65 (m, 2 H), 7.27
- 749 (m, 3 H),
698 - 7.18 (m, 2
H), 6.69 - 6.79 (m,
2 H), 6.60 (m, 1 H),
6.36 (d, 1 H), 5.38
(d,1H),5.17-531
(m, 1 H), 5.12 (s, 2
H), 4.05 - 425 (m,
1 H), 3.58 - 3.77
(m, 3 H), 344 -
3.58 (m, 1 H), 3.33
- 341 (m, 1 H),
231 - 240 (m, 1
H), 1.76 - 2.16 (m,
4H)

[0]p=-58.16°
(c=0.25, MeOH)

(continue)



MHz, DMSO d6) ppm 8.36(d, 1 H), 7.54 - 7.60 (m 2 H, 7.31 - 7.48
(m 3 H, 7.24 (t, 1 H, D astereoisoner 40 NH 7.03 - 7.15 (m 2 1 of
Cl73 " 84volh10/6288 - 6.80 (m [1S0..__ TFA yi el d bromrEPs@ioass20 H) ,
6.52 - 6.64 (m 1 H), 537 (s, 1 Higp-11 - 5.27 (m o 1H, 4.89 (s,
2 H,

LC-MS (ESI POS):

517.9 (MH")

'H NMR (300

MHz, DMSO-dg)

Diastereoisomer
1 of C184

Single diastereoisomer

27% yield

yellow
amorphous
solid

ppm: 7.86 (s, 1 H),
749 - 765 (m, 2
H), 7.29 - 749 (m,
3 H), 695 - 7.18
(m, 2 H), 668 -
6.82 (m, 2 H), 6.55
- 667 (m, 1 H),
6.36 (d, 1 H), 5.38
(d, 1 H),5.14-5.25
(m, 1 H), 493 (s, 2
H), 443 (q, 2 H),
396 - 415 (m, 1
H), 3.34 - 3.71 (m,
5 H), 231 - 240
(m, 1 H), 185 -
2.09 (m, 4 H), 1.35

(t.3H)

[o]5=45.40°
(c=0.2, MeOH)

Diastereoisomer
1 of C185

L,

Br

I\
s
o

Single diastereoisomer

6% yield

White solid

LC-MS (ESI POS):
4750 (MH)

'H NMR (300
MHz, DMSO-d)
ppm: 7.89 (d, 1 H),
7.82 (s, 1 H), 7.51 -
7.62 (m, 2 H), 7.28
- 748 (m, 3 H),
701 - 7.18 (m, 2
H), 6.67 - 6.80 (m,
2 H), 652 - 665
(m, 1 H), 636 (d, 1
H), 537 (d, 1 H),
508 - 526 (m, 1
H), 492 (s, 2 H),
395 - 419 (m, 1
H), 341 - 3.75 (m,
5 H), 229 - 230
(m, 1 H), 229 (s, 3
H), 1.80 - 2.12 (m,
4H)

(continue)



Singl e diastereoisomer 3.97 - 4.15 (m 1

2.49 (s,

3 H, 2.32

2.40 (m 1 H),

1.

H, 3.20

76 -

-3.51 (m
2.16 (m

5
4ry

H),

[ a] D=- 46.80 2010/(7338. 35, MeOH) WO 2010/ 072338PCT/ EP2009 008 7@9/08887EXAMPLE

45

Preparation of (R)-142-(2,4-

| uor o- phenyl ) - 2- oxo-et hyl ] - 3- ( 2-

|rvrl o[? 2 2l1octane

phenyl- 2- phenyl am no-a

(R) - pheny|
(Di aster ¢
added wit
the m xtu
(UPLC- M5
t he resul
obtain th
salt, sin
7.97 - 8.
7.39 (m
1H),
H) ,

6.3
3.91

brom de(dj ast er eoi sonef 1 of C174) Scheme 45 A sol fiCoMSof  (ESI
| - phenyl ami notacetic acid (R)-(1-azapicycl o[ 2. 2PDSoct - 3-510)9
oi somer 1 of £2) (50 ny, 0.15 mol) |in 10 acet piMEF)l e (1
h 2-brono- 1- (R, 4-di fl uor o- phenyl ) - ethanone (35|hg, MBS 3ogl
re reacted in|a closed vessel under MVirradi at vHzf oMSOIZ,
moni toring: cpnplete conversion). The sol vent i $,8vVaPey He
ting crude is|purified by flash chromat ography
e title conpopund as a white 15solid {(37.3 ng, 4 6)7y QID%%
gl e di astereo| soner). [f I NVR (300 816
07 (m 1 H, .52 - 7.72(m 3 H, 7.39 - 7.52 &éﬁ%@ 145
> H), 6.92 - F.21 (m 2 H), 6.67 - 6. 84 (m 2| 6%
6 (d, 1 H, 5/38 (d, 1 H, 5.00 - 530 (m 1 H](m428§)(?rf‘0
- 4.20 (m 1 H, 3.51-3.74(m 3 H, 3.41 - 751 (m, H),
7.28 - 7.40 (m 1
©\NH H), 7.03 - 7.18
0. 67% yield (m, 2 H), 6.69 -
Diastereoisomer m @ 6.84 (m, 2 H),
1 of C186 N’ S Off-white 6.53 - 6.66 (m, 1
Br K"/@ solid H), 6.38 (d, 1 H),
o 5.40 (d, 1 H), 5.20
Single diastereoisomer (s, 2 H), 514 -
530 (m, 1 H),
4.06 - 423 (m, 1
H), 3.60 - 3.82
(m, 3 H), 3.50 -
3.60 (m, 1 H),
3.35 - 3.50 (m, 1
H), 2.34 - 242
(m, 1 H), 1.69 -
2.15 (m, 4 H)
[a]p=-42.73°
(c=0.3, MeOH)

cet nxy) -1-azoni a-

est er
, IS
and
100C
and
/5) to
om de
ppm
5 -
7 (m
5., 2

(continue)



203.51 (m 1 H, 3.31 -3.41 (m 1 H, 2.31 -2.43 (m 1 H, 1.86 - 2.09 (m
4 H; LCGM (ESI POS): 491.1 (MH); [a] D=-45.42 (c=0.24, MeQH). Fi nal
conmpoundswpi2etogd233@ Tabl e 21 are prepared as previousl yPaegeeecvmossior CL74,
by al kyl ation of suitable internedi at elédji astereoi soner 1 WO

2010/ 072338PCT/ EP2009/ 008870 162 of C2 °C2_ C80,_ C83, 5 C89__(C87 (95,
C101, C94| C95 C100, CL32, C133, Cl43, C27, {138) and th&CMbnerci®bl y
avai | abl e| al kyl ati ng agents. Table 21 Conpound Structur¢P@Sel d ard9.2
Appear ancle Anal yti cal LC M5( ESI POS) : 491. 1 ( MHHMHD H NVR (300
VHz, DVSO- d6) ppm 7|95 - 'H NMR (300
MHz, DMSO-dg)
ppm: 7.50 - 7.61
(m, 4 H), 7.29 -
749 (m, 6 H),
7.08 (dd, 2 H),
6.65 - 6.79 (m, 2

2% yield | 1) 635 - 665

o, (m, 1 H), 6.40 (d,
C187 ©)\Iof ) offunie |1 B 535 @ 1
cr -

N . H), 5.04 - 5.15
kSQ solid (m., 1 H), 4.96 (s,
Mixture of diastereoisomers 2 H), 3.76 (ddd, 1
H), 3.33 - 3.50
(m, 3 H), 2.85 -
306 (m, 2 H),
223 -234 (m, 1
H), 1.67 - 2.04

(m, 4 H)

[a]p=-55.41°
(c=1, MeOH)
LC-MS (ESI
POS): 462.2
(MH)

H NMR (300
MHz, DMSO-ds)
ppm: 7.50 - 7.60
(m, 2 H) 7.29 -
7.46 (m, 3 H) 7.02

@\ | - 714 (m, 2 H)
" 6.67 - 679 (m, 2
. H) 6.54 - 6.66 (m,

0,
Diastereoisomer 3T%yield | 1637, 1 H)

UG
1 of C188 cl NH]/O white solid 3.35 (d, 1 H) 5.06
(o]

0

- 522 (m, 1 H)
4.31 (s, 2 H) 3.97
Single diastereoisomer - 415 (m, 1 H)
331 - 3.80 (m, 9
H) 2.23 - 2.39 (m,
1 H) 1.77 - 2.10
(m, 4 H) 138 -
1.69 (m, 6 H)

[a]p=-40.7°
(c=0.4, MeOH)
(continue)




8. 15(m 1H),

H)
6.

6.
67

7.22 -

el

82 Divseteroaoeissner

(m1H),

7.81 -7.95 (m 1
NH 7.50 (m 3 H),

6.36(d, 1H), o

6.95 -
1 of C175 i oo..

5.38(d, 1Hy,

H,7.70(s, 1
7.21 (m 2 "
N Br Wite sol ipdT(ePe002/0b§870 6. 50 -

H),

7.50 -

7.63
69% vyield H),

(m 2
6.67

C189

©\NH

Mixture of diastereoisomers

47% yield

White solid

LC-MS
POS):

)
H NMR (300
MHz, DMSO-dg)
ppm: 12.82 (br. s,
1 H), 7.55 - 7.60
(m, 2 H), 7.53 (d,
1 H), 733 - 747
(m, 3 H), 7.32 (d,
1 H), 7.00 - 7.15
(m, 2 H), 6.69 -
6.81 (m, 2 H),
6.53 - 6.66 (m, 1
H), 6.39 (d, 1 H),
5.37(d, 1 H), 5.06
- 521 (m, 1 H),
4.30 (s, 2 H), 4.00
- 417 (m, 1 H),
346 - 375 (m, 5
H), 229 - 239
(m, 1 H), 1.41 -

(ESI
476.9

Diastereoisomer
1 of C190

L,
spge
¢l H(HW

(o] N-o
Single stereoisomer

34% yield

White solid

213 (m,4H)
LC-MS (ESI
POS): 461.0
(MH")

H NMR (300
MHz, DMSO-dy)
ppm: 11.82 (br. s,
1 H), 8.89 (d, 1 H),
7.52 - 7.63 (m, 2
H), 7.26 - 7.50 (m,
3 H), 702 - 717
(m,2H),6.90(d, 1
H), 6.70 - 6.80 (m,
2 H), 653 - 6.64
(m, 1 H),6.39(, 1
H), 536 (d, 1 H),
5.04 - 525 (m, 1
H), 4.28 (s, 2 H),
3.99 - 4.15 (m, 1
H), 3.44 - 3.75 (m,
5 H), 227 - 239
(m, 1 H), 1.71 -
2.13(m,4H)

[o]p=-44.66°
(c=1, DCM)

(continue)



Si ngl e di ast er eoi soner

(m 1H),

5,13 - 5,29 (m 1 H), 5. 06(s, 2 H, 3.92 - 4.17
3.53 - 3.67 (m 3 H), 3.32 - 3.50 (m 2 H, 2.31- 2.43
(m 1 H),w0.288/072338 2.19 (m 4 H) [ a] p=-42. 45 PCT/EP2009/008870
171
LC-MS (ESI
POS): 469.1
(MH")
'H NMR (300

C191

: NH
0.,
(o]
Br ~

Mixture of diastereoisomers

&)
O

(o}

36% yield

White solid

MHz, DMSO-ds)
ppm: 7.88 - 8.07
(m, 2 H), 7.71 -
783 (m, 1 H),
7.51 - 7.68 (m, 4
H), 724 - 748
(m, 3 H), 6.91 (m,
2 H), 6.66 (m, 2
H), 6.16 (d, 1 H),
534 (d, 1 H),5.15
- 527 (m, 1 H),
5.09 (s, 2 H), 3.92
- 419 (m, 1 H),
3.33 -3.77 (m, 5
H), 2.31 - 241
(m, 1 H), 2.12 (s,
3 H), 1.77 - 2.08

(m, 4 H)

C192

L
NH
O.,
(o]
Br ~

Mixture of diastereoisomers

%)
e

o]

32% yield

Pale brown
solid

LC-MS
POS):

o)
H NMR (300
MHz, DMSO-dg)
ppm: 7.90 - 8.05
(m, 2 H), 7.72 -
784 (m, 1 H),
7.52 - 7.70 (m, 4
H), 723 - 750
(m, 3 H), 6.86 -
701 (m, 2 H),
6.64 - 6.80 (m, 2
H), 6.35 (d, 1 H),
537(d,1H),5.16
- 526 (m, 1 H),
5.12 (s, 1 H), 3.99
- 413 (m, 1 H),
338 - 3.84 (m, 6
H), 230 - 241
(m, 1 H), 1.39 -
2.18 (m, 4 H)

(ESI
473.1

(continue)



(c=0.22, MeOH) 5(continue) 163 D astereoisoner 1 of C176 O NH" Slo.. O
Br- OF Single diastereoisoner 25%vyield Of-white solid LC MS(ESI
PQOS) : 473.WO(2M##723BB NVR (300 MHz, DI\/ISO d6) ppm 7.87 - 8POZ/EP2QORANSSTY. 72 -

7.87 (m 1H, 7.52 - 7.68 (m 2 H, 7428 - 7.52 (m 5H, 6.98 - 7.23 (m
2 H), 6.67- 684 (m 2 H) 648-66}() (m1H) 6 36(d, 1H) 5 38(d 1K

5.08 - 5.80 (m 1 H), #.91(br. s., 2 H), 3.91 - 4. 23 (m LC-MS, 3 8SL| 3.73
(m 5H,{2.30 - 2.46 {m 1 H, 1.55- 2.20 (m 4 H) D aPOeoi sa@0 [1 of
Cl77 401y NH 0. BrVl o (MH")

'H NMR (300
MHz, DMSO-dg)
ppm: 8.14 - 829
(m, 1 H), 7.93 -
813 (m, 1 H),
7.51 - 7.63 (m, 2
H), 727 - 748

g
4 (m, 5 H), 6.86
o, o) o m, , 6.86 -
©)\vf @ 6%yield 1704 (m, 2 M),
(o] :
o L Y | Whitesolia |63 681 (m 2
s H), 611 - 6.43

0 (m, 1 H), 5.26 -
Mixture of diastereoisomers 543 (m, 1 H),
513 - 526 (m, 1
H), 490 - 5.11
(m, 2 H), 3.92 -
425 (m, 1 H),
333 -386 (m, 5
H), 230 - 242

C193

(m, 0 H), 1.48 -
2.19 (m, 4 H)
LC-MS  (ESI
POS): 513.0
pan)

H NMR (300

MHz, DMSO-dg)
ppm: 8.82 (t, 1
H), 793 - 8.09
(m, 2 H), 7.82 -
791 (m, 1 H),
7.70 - 7.81 (m, 1
42%yield | D 751 - 7.70

O/
o
v (m, 4 H), 7.21 -
C194 m @ White 751 (m, 4 H),
-

N o 6.56 - 6.79 (m, 2
p H), 5.61 and 5.67
d 1 H), 522 -

o]

Mixture of diastereoisomers 536 (m, 1 H),
5.14 and 5.20 (s, 2

H), 3.94 - 427
(m, 1 H), 3.86 (s,
'3 H), 3.35 - 3.77
(m, 5 H), 2.15 - 2-
24 and 2.37 - 2.46
(m, 1 H), 1.38 -
2.14 (m, 4 H)
(continue)




Singl e di astereoi soner 41%vyield Yellow solid LC-M5(ESI POS):473.1 ilvar) H
NVR (300 MHz, DMBO- d6)ppm 7.75 - 7.86 (m 2 H), 7.51 - 7.73 (m 4 H), 7.26
- 7.51 (rwWO20)0728895 - 7.25 (m 2 H), 6.68 - 6.85 (m PCTIEPDIY/06SB3LA1
)-,66..3668 "' (d, 1 H), 5.39 (d, 1 Hys5.15 - 5.30 (m 1 H, 5.10 (s, 2
H, 4.00 - 415 (m 1 H), 3.60 - 3.75 (M 2 H, 3.34 - 3.60 (m 3 H, 2.31
- 242 (m_1H, 1.84 - 2.14 (m 4 H 164 LC- MS(ESI POS) : 610. 7 (IVH)
| FI NVR(300 Mz, DMSO-dp) ppm 8.12 (d, 1 H), 7.[86 (dd, 1 HLC-MS 7. 7€ESd, 1
H, 7.53 - 7.64 (m|2H, 1.1 7.29 - 7.47 (m 3 NHPOS): 485.1
(MH")
'H NMR (300
MHz, DMSO-ds)
ppm: 7.89 - 8.10
(m, 2 H), 7.71 -
782 (m, 1 H),
7.58 - 7.70 (m, 2
o H), 7.50 - 7.58
@[ (m, 2 H), 7.24 -
NH . 748 (m, 3 H),
©/H(0~. 1%yield 1 ¢ g8 (d 1 H), 671
C195 o @ White (td, 1 H), 6.63 (td,
Br - Hv/© wder 1 H), 6.37 - 6.52
I P (m, 1 H), 5.44 (d,
Mixture of diastereoisomers IlrI),H)’st i39_ ((;’.2;
(m, 1 H), 5.13 and
5.20 (s, 2 H), 4.00
- 421 (m, 1 H),
3.85(s, 3 H),3.35
- 3.76 (m, 5 H),
2.14 - 220 and
235 - 2.45 (m, 1
H), 133 - 2.11
(m, 4 H)

(continue)



H, 7.00 -
c,00 H), 6.53 -
5.39 (d, WOHKp10/07Q838
(s, 2 H,

7.17 (m D astereoi sonmer ",
6.68 (m 1 of C178 Wite solid 1 H),
5.17 - 5.28 (m 1 Single diastere®C3mpee0/ob§s705. 03

3.94 - 4.17 (in, 1 H . B34 - 3.77 (m

0 47%vyield 2 H),
6.39 (d, 1

6.75 (in, 2

5 H), 2.31 -

C196

Mixture of diastereoisomers

20% yield

White solid

LC-MS
POS):
(MH")
'H NMR (300
MHz, DMSO-ds)
ppm: 7.89 - 8.07
(m, 2 H), 7.70 -
782 (m, 1 H),
7.52 - 7.70 (m, 4
H), 730 - 7.52
(m, 3 H), 7.19 (t,
1 H), 6.80 - 6.97
(m, 1 H), 6.69 -
6.80 (m, 2 H),
6.46 - 6.57 (m, 1
H), 5.44 and 5.48
@ 1 H), 521 -
529 (m, 1 H),
5.14 and 5.20 (s, 2
H), 3.99 - 424
(m, 1 H), 3.39 -
387 (m, 5 H),
2.09 - 2.18 and
2.33 - 243 (m, 1
H), 142 - 2.18
(m, 4 H)

(ESI
539.0

C197

Mixture of diastereoisomers

37% yield

White solid

LC-MS
POS):

(MH")
'H NMR (300
MHz, DMSO-ds)
ppm: 7.89 - 8.11
(m, 2 H), 7.69 -
785 (m, 1 H),
7.51 - 7.69 (m, 4
H), 7.27 - 7.49 (m,
3 H), 7.04 (d, 1
H), 6.87 - 7.01 (m,
1 H), 6.55 - 6.64
(m, 1 H), 6.46 (d,
1 H), 5.38 - 5.50
(m, 1 H), 5.09 -
531 (m, 4 H),
3.99 - 423 (m, 1
H), 3.45 - 3.89 (m,
5 H), 2.34 - 243
(m, 1 H), 2.25 (s,
3 H), 1.37 - 2.09
(m, 4 H)

(ESI
469.1

(continue)

0..
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2.41



(m 1 H, 1.68 -2.19 (m 4 H

POS):500.1 i MB+)
(m 2 H),We.200/072338

[ a] n=-50. 30
H NVR (300

175

MHz, DMSO- d6)

(c=0.6, MeOH)
ppm 8.36 - 8.53
PCT/EP2009/008870

C198

(o)

A

N : NH
H
0.,
m &)
N
0

Mixture of diastereoisomers

41% yield

Off-white
solid 6.61 - 6.81 (m, 1

LC-MS (ESI
POS): 512.1
(MH)

H NMR (300
MHz, DMSO-ds)
ppm: 9.69 and
9.71 (d, 1 H), 7.89
- 8.07 (m, 2 H),
7.69 - 7.83 (m, 1
H), 750 - 7.68
(m, 4 H), 7.30 -
749 (m, 3 H),
7.09 - 7.25 (m, 1
H), 7.00 (t, 1 H),

H), 627 - 656
(m, 2 H), 5.03 -
532 (m, 4 H),
4.05 - 427 (m, 1
H), 344 - 3.90
m, 5 H), 2.11 -
221 and 232 -
242 (m, 1 H),
1.94 and 1.96 (s, 3
H), 1.59 - 2.10

(m, 4 H)

C199

Mixture of diastereoisomers

51% yield

Off-white
solid

LC-MS (ESI
POS): 5121
(MH)

H NMR (300
MHz, DMSO-dy)
ppm: 8.14 - 8.30
(m, 1 H), 792 -
8.05 (m, 2 H), 7.55
- 786 (m, 5 H),
7.30 - 7.50 (m, 3
H), 7.11 - 7.23 (m,
1 H), 699 - 7.10
(m, 1 H),6.91(d, 1
H), 6.62 (d, 2 H),
545, 1 H), 5.19
- 524 (m, 1 H),
5.14 (s, 2 H), 4.03
- 426 (m, 1 H),
3.35 - 386 (m, 5
H), 2.70 (d, 3 H),
2.10 - 240 (m, 1
H), 1.61 - 2.09 (m,

4H)

(continue)

LC- MS( ES



8.25(m 2 H, ONH 7.53 - 7.65(m 2 H), 7.32 - 7.48 " 100%yield (m 3
H, 7.01 - D astereoisoner 5o0NO2 7.20 (m 2 H), 1 of C179 Br -0 Orange
solid 6. A0-200/B4338m 2 H,6.55- 6.65 o (m 1 H), @c3Epeay/oos8rngl e
di astereoisoner 1 H), 5.39 (d, 1 I—p765. 19- 5.30 (m 1 H, 5.16 (s,

LC-MS (ESI POS):
501.3 (MH)

'H NMR (300
MHz, DMSO-dy)
ppm: 790 - 8.09
(m, 2 H), 771 -
7.84 (m, 1 H), 7.52
- 770 (m, 4 H),
42%yield |728 - 749 (m, 3
H), 7.01 and 7.04

yey
©/k”/0,,, @

€200 ° W Off-white | (d, 1 H), 6.67 (s, 1
o solid H), 6.37 - 6.59 (m,
0 3 H), 5.40 and 5.43
Mixture of diastereoisomers (d, 1 H),5.19-5.30
(m, 1 H), 5.14 and
5.21(s,2 H), 4.01 -
425 (m, 1 H), 3.40
- 3.88 (m, 5 H),
2.37(s,3 H), 1.38 -

221 (m, S H)
(continue)




2 H), 4.00 - 4.17

H,1.67-2.12
Di ast er edWweeay072338f C180 |l el NH ,

(m 4 H

(m 1H), 3.34 -

64% yield lightbrown solid LC M5 (ESI EQS)
789 (m 2 H) -

DVBO- d6)
H, 6.98

(m 1H,
3.89 - 4.

ppm 7 69 -

3.78(m 5H),
WD 2010/ 072338PCT/ EP2009/ 008870 165
. OH BrN40 o Si ngl @CHIER2Q08/00887& oner

2.31 - 2.42 (m 1

471.0 (MH) 11- INVR(300 Mz,

2. H)

7.30 - 749

~'7.15(m 2 H, 6.83 - 6.96(m 2 H,

6.36 (d, 1 H, 5.38(d, 1 H, 5.15

20 (m 1 H,

2.16 (m 4H)

C201

.34 - 3.77 (m 5 H),

F
f NH
mo,.,
')
F N
Br ~ I
0
Mixture of diastereoisomers

2.

/65 (m

5.25
31 -

6.70 -

(m
2.43

42% yield

pale
solid

pink

5LEoMSm 2 (BT
| PAS): 4. 964912

H, 1.7
HNMR (300

MHz, DMSO-ds):
Diastereoisomer 1:
7.88 -8.07 (m, 2

| H),7.70 - 7.81 (m,

1 H),7.49-7.68
(m,4 H), 7.19 -
7.33 (m, 2 H),
6.99-7.16 (m, 1
H), 6.69 - 6.85 (m,
1 H), 6.49 - 6.62
(m, 2 H), 6.22 -
6.44 (m, 1 H), ‘
549(d, 1 H),5.21
-5.28 (m, 1 H),
5.13(s,2H), 3.96
-4.10 (m, 1 H),
343-3.88(m,5
H),2.32-2.43 (m,
1 H), 146 -2.21
(m, 4 H)
Diastereoisomer 2:
7.88 - 8.07 (m, 2
H), 7.70 - 7.81 (m,
1 H), 7.49-7.68
(m,4 H), 7.19 -
7.33 (m, 2 H),
6.99-7.16 (m, 1
H), 6.69 - 6.85 (m,
1 H), 6.49 - 6.62
(m, 2 H), 6.22 -
6.44 (m, 1 H),
546 (d, 1 H),5.21
-5.28 (m, 1 H),
5.18 (s,2 H), 4.10
-4.20 (m, 1 H),
343-3.88(m,5
H),2.13-2.21 (m,
1 H),1.36-2.11

(m, 4 H)

(continue)

(m 3
6. 60

2 H),

0 -



[a] D=-44.08 (c4).25, MOH) D astereoi soner
Si ngl e di astereoi soner 81%yield Yellow solid LG M (ESI
(M-14) DMMORROA03KHz, DVSO46) ppm 10.95 (s,
7.65 (m 2 H),

(d, 1 H,
6.98 (d,
5.38 (d,
3.63 - 3.

1 H,2 31 -
WO 2010/ J72338PCT/ EP20
11- INVR(300 MHz, DMVBO-

(m 4 H,

7.53 -
6

69 -

7.26 - 48

1 of C181 40 NH So ' NH Br

1H,
(m 3 H, 7

PCS): 510.0

7.15 (m

1 H),

1H),
80 (m 2
2. 42

7.14

C202

5.15 -

H),

(m 1 H

(d,

09/ 008870 166

681 (m 2 H) 78'%?-
526 (m 1 H), 5.05 (s,
3.61 (s, 2 H), 3.48 -
, 1.65 -2.19 (m 4
LG M5
d6) 7.6

1 H),

ppm 7.53 -
7.02 - 7.12

F
<N
0.,

(o]
Mixture of diastereoisomers

6.63 (m 1
2 H), 3.98
.59 (m 2
14) [c]p---
(ESI POS):

(m 3

3

o

4

52% yield

beige solid

H_. 638 (d
LCAMS (m (&SH
HPOSB. 34 -493,14
L AHOY ( cO. 28,
K9 SIMR (3004)
HMHZ, DASO-dy):
Diastereoisomer 1:
8.20 (dd, 1.03 Hz,
1 H), 8.06 (dd, 1
H), 7.51 - 7.72 (m,
2H),7.31-741
(m, 1 H), 7.19 -
7.29 (m, 2 H),
698 -7.17 (m, 1
H), 6.69 - 6.88 (m,
1 H), 6.45 - 6.62
(m, 2 H), 6.24 -
6.45 (m, 1 H),
548 (d,1 H),5.14
-5.31 (m, 1 H),
5.03 (s, 2 H), 3.96
-4.21 (m, 1 H),
3.36-3.86(m, 5
H),2.28 - 2.43 (m,
1H),1.46-2.11
(m, 4 H)
Diastereoisomer 2:
8.21 (dd, 1 H),
8.10 (dd, J=3.96,
1.03 Hz, 1 H),
7.51-7.72 (m, 2
H), 7.31 - 7.41 (m,
1H),7.19-7.29
(m, 2 H), 6.98 -
7.17 (m, 1 H),
6.69-6.88 (m, 1
H), 6.45 - 6.62 (m,
2 H), 6.24 - 6.45
(m, 1 H), 5.44 (d,

1 H),5.14-5.31
(m, 1 H), 5.09 (s, 2
H), 3.96 - 4.21 (m,
1 H), 3.36-3.86
(m, SH), 2.11 -
2.20 (m, 1 H),
146-2.11 (m, 4

H)

40 O

7. 8PCIH2009/0p§870 7. 82
.03 -

2 H,
H) .
7’(m
MeOH)

7. 51

(continue)



140 NH (m 2 H), 6.69 - 6.82 (m 2 H), 6.54 D astereoisomer 1 of C182 101lo
BrNSI 33%vyield Yellow solid - 6.66 (m1H), 6.36 (d, 1 H, 6.19 (s, 2 H),
5.38 (d, WO2010i72338. 13 - 5.26 (m o0 Single diastereoi secemEP2d09iohgs7el. 98 (s,
2 H, 3.88 - 4.15 (in,1 H) , 3.35-?7975(m 5H, 2.30 - 2.42
(m1lH,1.70 - 2.12 (in, 4H)

LC-MS (ESI

POS): 491.2
(MH')

H NMR (300
MHz, DMSO-dg):
Diastereoisomer 1:
7.86 - 8.04 (m, 2
H), 7.70 - 7.83 (m,
1 H),7.53-7.70
(m,4 H),7.19 -
7.33 (m, 2 H),
7.03-7.14 (m, 1
H), 6.89 - 7.00 (m,
1 H), 6.56 - 6.80
(m,2 H), 5.73 -
5.89 (m, 1 H),
5.52(d, 1 H), 5.20
. -5.29 (m, 1 H),

@[ 5.12 (s, 2 H), 3.95
NH -4.29 (m, 1 H),
/©)Y°@ 94% yield | 3.35-3.87 (m, 5
C203 . o) K H), 2.32 -2.42 (m,
Br ~ H(@ white solid 1H),1.42-2.13
(m, 4 H)
Diastereoisomer 2:
7.86 - 8.04 (m, 2
H), 7.70 - 7.83 (m,

1 H),7.53-7.70
(m,4 H),7.19 -
7.33 (m, 2 H),
7.03-7.14 (m, 1
H), 6.89 - 7.00 (m,
1 H), 6.56 - 6.80
(m,2 H), 5.73 -
5.89 (m, 1 H),
5.50 (d, 1 H), 5.20
-5.29 (m, 1 H),
5.17 (s,2 H), 3.95
-4.29 (m, 1 H),
335-3.87(m, 5
H), 2.14-2.23 (m,
1 H),1.42-2.13

(m, 4 H)

(o]
Mixture of diastereoisomers

(continue)



[a] D=-62. 80 (c4).2, MeOH) LC- M5 (ESI PCS): 461.9 (MH4)
1HNMR( 300 MHz, DMSO- d6) ppm 8.39 (d, 1 H), 8.24(d, 1 H),7.51 -
7.65 (m ROoHp10/072333 - 7.49 (m 3 H, PCT/EP2009/008870

180

LC-MS (ESI
POS): 497.1
(MH)

HNMR (300
MHz, DMSO-dg)
ppm: 8.17 - 8.24
(m, 1 H), 8.03 -
8.14 (m, 1 H),
7.51-7.74 (m, 2
H), 7.28 - 7.41 (m,

C
i 1H),7.17-7.27
o.. 83% yield H),7.17-7.
@ (m, 2 H), 7.02 -
C204 8 ;
F a- L Y | whitesolid | 14, 1H),
s 6.87 - 6.99 (m, 1

0 H), 6.44 - 6.78 (m,
Mixture of diastereoisomers 2H),5.72-591
(m, 1 H), 5.50 (m,

1H), 522 (br.s., 1
H), 5.07 (s, 2 H),
3.99-429(m, 1
H), 3.35 - 3.94 (m,
5H),2.13-2.42
(m, 1 H), 1.41 -
2.12 (m, 4 H)
LC-MS (ESI
POS): 513.0
o)

H NMR (300
MHz, DMSO-ds)
ppm: 7.89 - 8.07
(m, 4 H), 7.70 -
7.80 (m, 3 H),
7.47 - 7.67 (m, 2
H), 7.03 - 7.17 (m,
2 H), 6.70 - 6.82

o
C205 0 o 3 . 665 (m, 1 H),
P! B NH\O Off-white | 649 (d, 1 H), 5.56

I solid and 5.52 (d, 1 H),
Mixture of diastereoisomers 521 - 5.33 (m, 1

H), 5.20 and 5.12
(s, 2 H), 3.97 -
423 (m, 1 H),
3.85 (s, 3 H), 3.41
- 3.82 (m, 5 H),
233 - 242 and
210 - 221(m, 1
H), 1.49 - 2.11 (m,

4H)

(continue)



6.98 -
Di ast er eoi soner

7.18 (m 2 40 NH H),
1 of C183 ip....- Br

6. 69 -

5.38 (d, WORp10/B238% - 5.31 (m 1 H),

1€l ),

H),

3.33

3.58 - 3.77 Single diastereoi so%r QA 3 14),
- 3.41(m1H), (

2.31 -

6.79 (m 2 H),

6.60 (m 1 H),

73%vyield yellow solid 6.36 (d, 1 H),

5.12 (s, 2

2. m 1

3.44 -

H, 2COEP2009/008B7¢ i n,
3.58 (m 1

C206

: NH
o.,
(o]
Br

Mixture of diastereoisomers

O
ge

46% yield

Colorless
sticky oil
(o]

LC-MS (ESI
POS): 461.1
(MH)

H NMR (300
MHz, DMSO-d6)
ppm: 9.77 (br. s.,
1 H),9.58 (br.s., 1
H), 7.87 - 8.05 (m,
2 H), 772 - 7.82
(m, 1 H), 740 -
7.71 (m, 7 H), 5.45
- 570 (m, 1 H),
528 - 545 (m, 1
H), 5.06 - 5.26 (m,
2 H), 397 - 421
(m, 1 H),3.81(d, 1
H), 3.23 - 3.76 (m,
4 H), 2.77 - 3.04
(m, 1 H), 1.88 -
2.46 (m, 6 H), 1.69
- 1.86 (m, 3 H),
1.26 - 1.69 (m, 3
H), 0.80 - 1.26 (m,

3H)

C207

Q.

Mixture of diastereoisomers

41% yield
White solid

S

(0]

LC-MS (ESI
POS): 467.0
pa)

H NMR (300
MHz, DMSO-d6)
ppm: 9.56 (br.s., 2
H), 8.17 - 8.28 (m,
1 H), 7.94 - 8.12
(m, 1 H), 744 -
777 (m, 5 H),
7.24 - 739 (m, 1
H), 5.44 - 5.68 (m,
1 H), 5.26 - 5.44
(m, 1 H), 484 -
514 (m, 2 H),
392 - 424 (m, 1
H), 3.43 -3.91 (m,
6 H), 2.78 - 3.08
(m, 1 H), 2.32 -
245 (m, 1 H),
1.84 - 223 (m, 3
H), 1.47 - 1.84 (m,
2 H), 0.83 - 147

(m, 8 H)

(continue)

(0]



H, 1.76 - 2.16 (In, 4H) [4)=-58.16 (c4l1l.25, MeOH) WO
2010/ 072338PCT/ EP2009/ 008870 167 Di astereoi sonmer 1 of C184 el NH ",
110..... \BO 20108i72338e di ast er eoi sonmer 27% yi el d yel | ow amrorroes/osssieo d LC- MS
(ESI POS): 517.9 (MH) 1HNVR(300 M-ti, 0-4) ppm 7.86 (s, 1 H), 7.49 -
7.65 (m 2 H, 7.29 - 7.49 (m 3 H), 61 - 7.18 (m 2 H, 6.68 - 6.82 (m
2 H, 6.55 6.67 (m 1 H, 6.36 (d, 1 H), 5.38 (d, 114), 5.14 - 5.25 (111,
1H, 493 (s, 2 H, 443 (q, 2 H, 3.96 - 4.]15 (m 1 HLC2MS84 - ZESHL| (m 5
H, 2.31}- 2240 (m 1 H, 1.85 - 2.09 (m 4 H), 1.35 0,|BOS$)) [4)4604b| 40
(c.2, MeQH) Diastereoijsoner 1 of CL185 1401 Ny " 101l s1+| BuHp Single
di ast er eqi soner 'H NMR (300
MHz, DMSO-dg)
ppm
Diastereoisomer 1:
7.92-8.03 (m, 2
H), 7.71 - 7.82 (m,

1 H), 7.57 - 7.69
(m, 2 H), 7.50 -
7.57 (m, 1 H),
7.24 -7.34 (m, 1
H), 7.01 - 7.17 (m,
3H), 6.75-6.83
(m, 2 H), 6.58 -
6.67 (m, 1 H),
6.43 (d, 1 H), 5.69
(d,1H),523-
5.34 (m, 1 H),
@\NH 5.17 (s, 2 H), 4.05
@/?\”/% @ 41% yield 51%4 gn§,6l(H),5
44 -3.86 (m,
C208 \s oo Y Off-white | H),2.31 - 2.43 (m,
Br K(O solid 1 H), 1.64-2.14
o) (m, 4 H)
Mixture of diastereoisomers Diastereoisomer 2:
792 - 8.03 (m, 2
H), 7.71 - 7.82 (m,
1 H), 7.57 - 7.69
(m, 2 H), 7.50 -
757 (m, 1 H),
724 - 734 (m, 1
H), 7.01 - 7.17 (m,
3 H), 6.75 - 6.83
(m, 2 H), 6.58 -
6.67 (m, 1 H),
6.42 (d, 1 H), 5.66
d, 1 H), 523 -
534 (m, 1 H),
5.21 (s, 2 H), 4.05
- 424 (m, 1 H),
344 - 386 (m, 5
H), 2.18 -2.24 (m,
1 H), 1.64 - 2.14
(m, 4 H)




6% yield Wiite solid LC-MS (ESI POS): 475.0 (M-1+) 1HNVR(300 Mz, DMBO- 4)

ppm 7.89 (d, 1 H), 7.82 (s, 1 H, 7.51 - 7.62 (m 2 H), 7.28 - 7.48 (m 3
H, 7.01 WO20m@7¢38 2 H), 6.67 - 6.80 On, 2 H), 6.52 - BCEEPLINY/OISSH) , 6. 36
(d, 1 H, 537 (d, 1 H, 508 - 526 (jgg1 H, 4.92 (s, 2 H, 3.95 - 4.19

(m 1H, 3.41 - 3.75 (in, 5 H, 2.29 -2.30 (in, 1 H, 2.29 (s, 3 H, 1.80
- 2.12 (in, 4 0/ 072338PCT/ EP2009/ 008870 168  LC- MS( ESI

PCS): 510. 9 MO 6 Mz, DVBO d6) ppm 8.56 (d,1  H), 8.25 (d,

1 H, 797 S aaltlon of (R)-3-(2203-Mharo-4-methy Cpheny o) 2-phenyl: 62

acetoxy]-1-(2-oxo-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide

NH —_— O///,,
0, CH,CN O @
N
co7

C209 0

(C209)

Scheme 46
(R)-Quinuclidin-3-yl  2-(3-fluoro-4-methylphenylamino)-2-phenylacetate
(C97) (80 mg, 0.22 mmol) and 2-bromo-1-phenylethanone (45.4 mg, 0.23 mmol)
are dissolved in acetonitrile (3 mL) and stirred at RT overnight (Conversion
10 complete by UPLC/MS). Acetonitrile is evaporated and the residue is purified by
flash chromatography (DCM/MeOH=97/3) affording the title compound as a
white solid (29 mg, 23% yield, bromide salt, mixture of diastereoisomers).
"H NMR (300 MHz, DMSO-d6) ppm: 7.92 - 8.05 (m, 2 H), 7.71 - 7.86
(m, 1 H), 7.50 - 7.71 (m, 4 H), 7.28 - 7.50 (m, 3 H), 6.95 and 6.97 (d, 1 H),
15 6.38 -6.62 (m, 3 H), 5.37 and 5.41 (d, 1 H), 5.19 - 5.27 (m, 1 H), 5.15 (s, 2
H), 4.00 - 4.27 (m, 1 H), 3.79 (d, 1 H), 3.40 - 3.72 (m, 4 H), 2.10 - 2.20 and
2.33-2.42 (m, 1 H), 2.04 (s, 3 H), 1.85-2.02 (m, 2 H), 1.65 - 1.85 (m, 1 H),
1.42 - 1.65 (m, 1 H): |
LC-MS (ESI POS): 487.1 (MH+).
20 - Final compounds listed in Table 22 are prepared as previously
described for C209, by alkylation of suitable intermediate (C103, C106, C107,
C109, C112, C115, C117, Ci47, C148) and the commercially available

alkylating agents.



(m 2 H, 7.40 -
yield (m 2 H,
6.53 -
Si ngl e di ast er eoi somer

6.69 -

Table 22

6.¥86 201my071338Br solid H),
(s, 2H), 5. 14-

7.51(m 2H),
Di ast er eoi soner
6.38 (d, 1 H),

18- 30(m 1H),

O NH 7.28 -

7.40 (m 1 H),7.03-7.18
1 of C186 5 40 Of-white 6.84(m 2H),
o 5. 40PpCua/EP2000)008830 20
4.06 - 4.23 (m 1

Compound

Structure

Yield and
Appearance

Analytical

C210

o

O\
N

H
o,
(o]
Br~

&)
e

(o)

Mixture of diastereoisomers

40% yield

Yellow
solid

LC-MS  (ESI
POS): 515.1
(MH")

'H NMR (300
MHz, DMSO-

dg) ppm: 7.89 -

8.04 (m, 2 H),
7.70 - 7.83 (m, 1
H), 7.49 - 7.69
(m, 4 H), 7.27 -
749 (m, 3 H),
6.77 (d, 1 H),
6.15 (dd, 1 H),
6.03 and 6.06 (d,
1 H), 5.36 - 5.53
(m, 2 H), 5.21 -
530 (m, 1 H),
5.13 and 5.19 (s,
2 H), 3.94 - 4.28
(m, 1 H), 3.80 (s,
3 H), 3.59 - 3.73
(m, 3 H), 3.56
and 3.57 (s, 3
H), 3.34 - 3.54
(m, 2 H), 2.12 -
222 and 2.35 -
245 (m, 1 H),
1.29 -2.12 (m, 4
H)

(continue)

67%



H,3.60-3.82 (m 3 H), 3.50 - 3.60(m 1H), 3.35 - 3.50 (m 1
H,2.34-2.42 (m 1 H, 1.69 -2.15 (m 4 H) [a] 0---42.73  (c=0. 3,
MeOH)  ( cwotrus)3ss\WO 2010/ 072338PCT/ EP2009/ 008870 169 @LCSTEPAMIMES70 00. -

185

LC-MS  (ESI
POS): 4913
(MH")

'H NMR (300
MHz, DMSO-
dg) ppm: 7.92 -
8.03 (m, 2 H)
7.71 -7.81 (m, 1
H) 7.54 - 7.67
(m, 4 H) 7.31 -
747 (m, 3 H)

L1,
F NH o .
0., - S%yield 5y ddd, 1 1)
o 7 White 6.51 - 6.63 (m, 1
B K,p H) 636 - 6.47

solid (m, 1 H) 6.02 -
6.15 (m, 1 H)
5.54 and 5.56 (d,
1 H) 5.22 - 5.31
(m, 1 H) 5.19 (d,
1 H) 512 (4, 1
H) 4.01 - 422
(m, 1 H) 3.36 -
3.88 (m, 5 H)
1.34-2.43 (m, 5
H)

LC-MS  (ESI
POS):  483.1
(MH")

'H NMR (300
MHz, DMSO-
ds) ppm: 7.86 -
8.06 (m, 2 H),
7.68 - 7.83 (m, 1
H), 7.48 - 7.67
(m, 4 H), 7.24 -
58%yield | 7.46 (m, 3 H),
6.94 (d, 2 H),

@ White 675 (t, 1 H),
@ solid 5.21-5.25 (m, 1
H), 515 and
518 (s, 2 H),
5.00 and 5.02 (d,
1 H), 470 and
475 d, 1 H),
3.96 - 4.24 (m, 1
H), 3.44 - 3.75
(m, S H), 2.22 (s,
6 H), 1.27 - 2.19
(m, 5 H)

C211

)
Mixture of diastereoisomer

NH
0.
C212 I
Br-
[¢]

Mixture of diastereoisomer

(continue)



Cl- s WMxture of diastereoisoners 82%yield Of-white solid LC MS(ESI
PCS) : 459. 2 c1\41-1+) H NWR (300 MHz, DMBO d6) ppm 7.50 - 7.61 (m 4 H),
7.29 - 7.WO(2moarr3387.08(dd,2H), 6.65 - 6.79 (m 2 H), 6. PETEPE®I00S87A H),
6.40 (d, 1H), 5.35 (d,1 H),5.04-5.15 (jgg1 H, 4.96 (s, 2 H), 3.76 (ddd, 1
H),3.33-3.50 (m 3 H) 285 - 3 06(m2H, 223 - 2 34 (m 1 H 1 67-2 04
(m 4 H [cc]D=-55.41|(c=1, MeOH) Di astereoi somer 1 of [CL€aMb. 1NH(BSI
Clfsk..- p Single diagtereoi soner %vyield 37 |white soli fPOS%. 15 (4831H
LC- MS(ESI | POS) : 462. 2

'"H NMR (300
MHz, DMSO-ds)
ppm: 7.88 - 8.12
(m, 2 H), 7.71 -
784 (m, 1 H),
7.53 - 7.70 (m, 4
H), 726 - 7.49

@f\ (m, 3 H), 7.04 (d,

NH . 1 H), 6.90 - 7.01

0«@ 60% yield (m, 1 H), 6.57 -

C213 [ j o 670 (m, 1 H),
B H)ij Iﬁ%g’w 6.47 (d, 1 H), 5.42

and 5.45 (d, 1 H),

Mixture of diast °. 5.19 - 5.30 (m, 2

1X €0 1astercoisomer H), 514 and 520

(s, 2 H), 401 -
424 (m, 1 H),
3.33 - 3.89 (m, 5
H), 2.64 (q, 2 H),
212 - 220 and
2.32 - 2.43 (m, 1
H), 137 - 2.13
(m, 4 H), 1.24 (t,
3 H)

(continue)



i | +) H NMR (300 MHz, DMBO-d6) ppm 7.50 - 7.60 (m 2 H) 7.29 - 7.46 (m
3H 7.02- 7.14(m 2 H 6.67-6.79(m 2 H 6.54 - 6.66 (m 1 H 6.37
(d, 1 H WO03B10¢wi2338 H) 5.06 - ' 5.22 (m1H) 4.31 (s, 2 PCTHEPIWIBOBI0 - 3. 80
(m 9H 2.23-2.39(m 1H 1.77 - 2 (m 4H 1.38 - 1.69 (m 6 H

[a] 0=-40.7 (c=0.4_ MeQH) WD 2010/ 072338PCT/ FP2009/ 008870 170 LC- \MS( ESI
POS): 476.09 (ML-1+) 1HNMR(300 MHz, DVMSO d6) ppm 12.82 (pkC-MS, (BSIH) ,
7.55 - 7./60 (m 2 H), 7.53 (d, 40 NH 1 HK), 7.33 - [/P@®):(m 31| 7.32
(d, C189 | 10 0+, 47%lyield 1 H), 7.00 - 7.1% (m 2 H),| @MHY) -

'H NMR (300
MHz, DMSO-ds)
ppm: 9.84 and
986 (d, 1 H),
7.86 - 8.09 (m, 3
H), 7.69 - 7.84
(m, 1 H), 7.56 -
769 (m, 2 H),
83%yield | 7.49 - 7.56 (m, 2
H), 7.24 - 7.48

@ Off-white (m, 4 H), 6.54 -
K(Q solid 6.73 (m, 2 H),

I 5.62 and 5.67 (d,
Mixture of diastereoisomer (lmI:I) ’15'%13),- g?;
and 5.22 (s, 2 H),
4.00 - 427 (m, 1
H), 3.35 - 3.87
(m, 5 H), 2.60 (s,
3 H), 2.17 - 2.24
and 2.36 - 247
(m, 1 H), 1.42 -

o]
X,
WO,..
C214
(o]
Br~

2.16 (m, 4 H)
LC-MS (ESI
POS): 527.3
(MH")

'H NMR (300
MHz, DMSO-ds)
ppm: 7.90 - 8.04
(m, 2 H) 7.71 -
7.82 (m, 1 H) 7.55

\o 71/@\ - 768 (m, 4 H)
NH 24% yield 7.30 - 7.49 (m, 4

0 O/H(O@ H) 7.15 - 7.28 (m,

C215 o 7 . 2 'H) 693 - 7.04
. w g}fé‘d“’h‘te (m, 1 H) 6.78 (t, 1

I H) 544 (4, 1 H)

Mixture of diastereoisomer 519 - 531 (m, 1

H) 5.14 (s, 2 H)

425 (q, 2 H) 3.97

- 419 (m, 1 H)

3.42 - 3.80 (m, 5
H) 1.85 - 2.22 (m,
4 H) 149 - 1.85
(m, 1 H) 1.28 (t, 3
H)

(continue)



Wiite solid 6.81(m2H), oi:i 6.53 - 6.66 (m 1 H, 6.39 (d, 1 H,
M xture of diastereoisoners 5.37 (d, 1 H), 5.06 - 5.21(m1H), 4. 30
(s, 2 H),w0200/072338 4.17 (m 1 H), 3.46 - 3.75 (m 5PCT/EHRG02/0287®. 39

LC-MS (ESI
POS): 491.2
(MH")

"H NMR (300
MHz, DMSO-dg)
ppm
Diastereoisomer
2:7.90 - 8.06 (m,
2 H),7.70 - 7.82
(m, 1 H), 7.51 -
7.68 (m, 4 H),
7.30-7.51 (m, 3
H), 7.09 (d, 1 H),
6.36 - 6.53 (m, 2
H), 6.20 - 6.36
(m, 1 H), 5.52 (d,
1 H), 5.22-5.29
(m, 1 H), 5.15 (s,
2 H), 3.95-4.27
(m, 1 H), 3.42 -
3.87 (m, 5 H),

F
F/©\NH 0, 3
o, 60%yield 1531 544 (m, 1
(o]
Br~

C216 @ White H), 1.85-2.12
N . (m, 4 H)
solid . )
Diastereoisomer
0 2: 7.90 - 8.06 (m,
Mixture of diastereoisomer 2 H), 7.70 - 7.82

(m, 1 H), 7.51 -
7.68 (m, 4 H),
7.30 - 7.51 (m, 3
H), 7.12 d, 1 H),
6.36 - 6.53 (m, 2
H), 620 - 636
(m, 1 H), 5.48 (d,
0 H), 5.22 - 5.30
(m, 1 H), 5.20 (s,
2 H), 3.95 - 4.27
(m, 1 H), 3.42 -
3.87 (m, 5 H,
2.11 - 2.20 (m, 1
H), 1.87 - 2.10
(m, 3 H), 1.65 -
1.85 (m, 1 H),
1.38 - 1.62 (m, 1
H)

(continue)



2.13 (m 4 H) LC MS( ESI POS) : 461. 0 cl\41-1+) H NWVR(300 MHz,
DVBO- d6) ppm 11.82 (br. s., 1 H, 889 (d, 1 H), 7.52 - 7.63 (m
2 H), W02610/0773380 (m | el PCT/EP2009/008870

189

LC-MS (ESI
POS): 485.1
(MH")

'H NMR (300
MHz, DMSO-dg)
ppm
Diastereoisomer
1:7.92 - 7.99 (m,
2 H),7.70 - 7.81
(m, 1 H), 7.51 -
7.70 (m, 4 H),
7.26 - 7.49 (m, 3
H), 6.99 (t, 1 H),
6.29 - 6.42 (m, 3
H), 6.13 - 6.24
(m, 1 H), 5.38 (d,
1 H), 5.19-5.27
(m, 1 H), 5.10 (s,
2 H),3.92-4.20
(m, 1 H), 3.65 (s,
90% yield 3 H), 3.41 - 3.81

O/©\NH
@/H(C’@ (m, 5 H), 2.31 -
217 5 & 2.43 (m, 1 H),
- ”L(@ Yellow 1.74-2.19 (m, 4

solid

~

H)

) . © Diastereoisomer
Mixture of diastereoisomer 2:7.92 - 7.99 (m,
2H),7.70 - 7.81
(m, 1 H), 7.51 -
7.70 (m, 4 H),
7.26 - 7.49 (m, 3
H), 6.99 (t, 1 H),
6.29-6.42 (m, 3
H), 6.13 - 6.24
(m, 1 H), 5.35(d,
1 H),5.19-5.27
(m, 1 H), 5.17 (s,
2H),3.92-4.20
(m, 1 H), 3.65 (s,
3H),3.41-3.81
(m, 5 H), 2.31 -
2.43 (m, 1 H),
1.74 -2.19 (m, 4
H)

(continue)



3 H, 7.02 - 7.17
(m D astereoi soner

(m 1 H),We.28B/ 723381 |

Si ngl e stereoi soner

NH (m 2 H),
100 N.?

6.90 (d, 1

2 H,
\ oNO H),

6. 53 -

H, 4.28 (s, &),

34%vyield H,

6.64 1 of CL90 ci-
5.36 (d, 1 H),
3.99 - 4.

6.70 - 6.80
VWhite solid

BCPAEP2003/00B7¢ m 1
15 (m 1

C218

g\

r.

Fro,,

o

Mixture of diastereoisomer

LC-MS
POS):

(ESI
473.2

52% yield

White
solid

(MH")

'H NMR (300
MHz, DMSO-ds)
ppm: 7.91 - 8.06
(m, 2 H), 7.69 -
7.84 (m, 1 H),
7.54 - 7.69 (m, 2
H), 7.30 - 7.54
(m, 3 H), 7.15 -
727 (m, 1 H),
7.00 - 7.15 (m, 2
H), 6.71 - 6.78
(m, 2 H), 6.54 -
6.66 (m, 1 H),
645 (d, 1 H),
5.45 and 5.49 (d,
1 H), 5.23 - 5.29
(m, 1 H), 5.14
and 5.20 (s, 2 H),
3.97 - 421 (m, 1
H), 3.37 - 3.90
(m, 5 H), 2.13 -
223 and 2.33 -
241 (m, 1 H),
1.46 - 2.10 (m, 4
H)

(continue)



H, 3.44 - 3.75 (m 5 H, 2.27 - 2.39 (m1lH,1.71-2.13 (m 4 H)

[ a] D=-44. 66 (c=1, DCM WD 2010/ 072338PCT/ EP2009/ 008870 171 LC M5( ESI
POS) : 469.WOo(2Mib72338H NVR( 300 MHz, DVMSO d6) ppm 7. 88PCTAPOMY/0088(m 2 H),
7.71 - el NH 191

LC-MS (ESI

POS): 4733
(MH")
'H NMR (300

MHz, DMSO-dg)
ppm: 7.91 - 8.05
(m, 2 H), 7.71 -
7.83 (m, 1 H),
7.55-17.71 (m, 4
H), 719 - 7.32
(m, 2 H), 7.04 -
7.16 (m, 2 H),

o) o
mo,., - 61%yield | ¢69 . 6.81 (m, 2
C219 o) ! . H), 6.56 - 6.67
F o H/@ :’gﬁ‘f (m. 1 H), 6.40 (d,
I - 1 H), 540 and
: . : 543 (d, 1 H),
Mixture of diastereoisomer 5.2 - 528 (m, 1
H), 5.13 and 5.21
(s, 2 H), 4.00 -

421 (m, 1 H),
3.74 - 3.87 (m, 1
H), 336 - 3.74
(m, 4 H), 2.12 -
2.21 and 233 -
244 (m, 1 H),
1.45 - 2.11 (m, 4
H)

EXAMPLE 47

Preparation of (R)-1-(2-oxo-2-phenylethyl)-3-((R)-2-phenyl-2-
(phenylamino)acetoxy)-1-azoniabicyclo[2.2.2]octane chloride

(Diastereoisomer 1 of C113)

O.. 0,
5 3
o] @ EtOAC o] @
RT, 2days Cl W

Diastereoisomer 1 of C2 Diastereoisomer 1 of C113

Scheme 47
A mixture of 2-chloroacetophenone (6.20 g, 40.3 mmol) and (R)-((R)-



7.83(m1H), 7.51 - 7.68 (m 4 C191 (10o.. BrN40 36%yield Wite solid
H,7.24-7.48 (m 3 H), 6.91 (m 2 H, 6.66 (m 2 H, 6.16 (d, 1 H,
5.34 (d, woMp10/652388 M xture of diastereoi sonmers - 5.2PCTmp2d09ih8s70

3.92 - 4.19 (m 1 H), f9B3 - 3.77 (m 5 H),2.31-2.41

(s,

2 H),

10

15

20

25

quinuclidin-3-yl) 2-phenyl-2-(phenylamino)acetate) (Diastereoisomer 1 of C2)
(12.3 g, 36.6mmol) in EtOAc (100ml) is stirred at RT for 2 days (UPLC-MS
monitoring: complete conversion). The solvent is evaporated and the crude is
purified by flash chromatography eluting with DCM/MeOH=95/5 to get 10.1g
of the title compound as a white solid (56% yield, chloride salt, single
diastereoisomer).

'H NMR (400 MHz, DMSO-d6): ppm 7.96 (d, 2H) 7.70 - 7.81 (m, 1H)
7.58 (d, 2H) 7.62 (d, 2H) 7.29 - 7.47 (m, 3H) 7.09 (t, 2H) 6.74 (d, 2H) 6.59 (t,
1H) 6.41 (d, 1H) 5.39 (d, 1H) 5.16 - 5.26 (m, 1H) 5.13 (s, 2H) 4.08 (ddd, 1H)
3.47-3.71 (m, 4 H) 3.35 - 3.47 (m, 1H) 2.36 (br. s., 1H) 1.84 - 2.13 (m, 4H);

LC-MS (ESI POS): 455.3 (MH+).

Diastereoisomer 1 of C220 and C221 listed in Table 23 are obtained as
previously described for diastereoisomer 1 of C113, using bromo-acetonitrile

and bromo-acetic acid tert-butyl ester instead of 2-chloroacetophenone.

(0]
5. 09



(m 1H,
POS) : 473. 1

(m 2 H) ,wd.280/072338|

2.12 (s,
I 1 Var)

Table 23

2.08
VHz,

3 H, 1.77 -
H NMR (300

NH 7.84(m 1H),

193

(m 4 H
DVSO- d6)

LC- MS( ESI
ppm 7.90 - 8.05
PCT/EP2009/008870

Compound

Structure

Yield and
Appearance

Analytical

Diastereoisomer
1 of C220

: NH
@/‘\"/Oh,
S
N
Br~ \
N
=N

Single stereoisomer

39% yield

pale yellow
solid

LC-MS (ESI POS):
467.0 (MH)

'H NMR (300
MHz, DMSO-ds)
ppm: 7.50 - 7.68
(m, 2 H), 728 -
746 (m, 3 H),
6.96 - 7.17 (m, 2
H), 6.69 - 6.80 (m,
2 H), 6.54 - 6.65
(m, 1 H), 6.36 (d,
1 H), 537 d, 1
H), 4.99 - 5.28 (m,
1 H),4.77 (s, 2 H),
3.99 (ddd, 1 H),
3.35 - 3.69 (m, 3
H), 3.05 - 3.24 (m,
2 H), 2.29 - 2.42
(m, 1 H), 1.64 -
2.14 (m, 4 H)

Diastereoisomer
1 of C221

L,

Br HO(O\’<

Single stereoisomer

33% yield

yellow solid

LC-MS (ESI POS):
451.3 (MHH

'H NMR (300
MHz, DMSO-ds)
ppm: 7.49 - 7.60
(m, 2 H) 7.29 -
7.46 (m, 3 H)
7.03 - 7.14 (m, 2
H) 6.68 - 6.78 (m,
2 H) 6.54 - 6.65
(m, 1 H) 6.36 (d,
1H)5.36 (d, 1 H)
512 - 522 (m, 1
H) 422 (d, 1 H)
4.16 (d, 1 H) 3.89
- 4.04 (m, 1 H)
3.34 - 3.70 (m, 4
H) 3.18 - 3.27 (m,
1 H) 2.29 - 2.40
(m, 1 H) 1.75 -
215 (m, 4 H)
1.46 (s, 9 H)

(continue)



7.52 - 7.70 (m 4 32%yield H,7.23-7.50 C192 (m 3 H), 6.86 -
Pal ebrown solid 7.01(m2H), 6.64 - 6.80 (m 2 o H), 6.35 (d, 1 H,

M xt ure oVodomsit7esseoi soners 5.37 (d, 1 H), 5.16 - 5pe6/Epr909boddy(
5.12 (s, 1 H), 3.99 - 413 (m 1 Hjgq 3.38-3.84(m 6
EXAMPLE 48

10

15

20

Preparation of (S)-1-(2-0x0-2-phenyl-ethyl)-3-(2-phenyl-2-

phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane chloride (C222)

(o}
Cl
NH NH
O)* ° °
—
o] @ 0 @
N EtOAc

C222 o

Scheme 48

A solution of (S)-quinuclidin-3-yl 2-phenyl-2-(phenylamino)acetate (50.0
mg, 0.15 mmol) in EtOAc (2 mL), is added with 2-chloro-1-phenylethanone
(23.0 mg, 0.15 mmol) and the reaction is stirred first at RT for 15h, then at 70°C
for 7h and finally at RT for 3 days. The solvent is removed and the resulting
crude is triturated with i-Pr,O/Et,O (3/1) and then with i-Pr,O to afford the title
compound as a beige solid (47.7 mg, 65% yield, chloride salt, mixture of
diastereoisomers).

'H NMR (300 MHz, DMSO-dj) ppm: 7.92 - 8.03 (m, 2 H) 7.71 - 7.81 (m, 1
H) 7.52 -7.67 (m, 4 H) 7.30 - 7.47 (m, 3 H) 7.04 - 7.15 (m, 2 H) 6.69 - 6.79 (m, 2
H) 6.55-6.64 (m, 1 H) 6.38(d, 1 H)5.39(d, 1 H) 5.18 - 5.28 (m, 1 H) 5.13 (s, 2
H) 4.00-4.19 (m, 1 H) 3.48 - 3.78 (m, 4 H) 3.34 - 3.48 (m, 1 H) 2.31 - 2.42 (m, 1
H) 1.84-2.16 (m, 4 H);

LC-MS (ESI POS): 455.2 (MH+).

Br- 5



H), 2. 30-2. 41 (m1H,1.39 - 2.18 (m 4 H W

2010/ 072338PCT/ EP2009/ 008870 172 C193 40 NHO o " Cl- o M xture of

di ast eredweanww28% yi el d White solid LC MS(ES! PQOS): 478CU/EPROOONOSBHNMR( 300
Mz, DVSO-d6) ppm 8.14 - 8.29 (m1lll)947.93 - 8.13 (m 1 H, 7.51 - 7.63
(m 2H, 7.27 - 7.48 (m 5 H), 6.8 - 7.04 (m 2 H, 6.63 - 6.81 (m 2 H),
6.11-6.43(r]uL .26 - 5,43 (m 1 H), 513 - 5.26 (m 1 H), 4.90 -
5.11 (m 2 H) == LE (m 1 H, 3.33-3.86(m 5H, 2.30- 2.42 (m

i abt er co sordreenamptineiaf WRICEIEARs ety nlispatimbes) 2o SpT-acetoxy!-

1-(2-oxo0-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane formate (C223)

(0]
1) Bf\)b
NH NH
&)
© N 2) preparative 0 . N+
HPLC HCOO-

Scheme 49
(R)-Quinuclidin-3-yl 2-(3-acetylphenylamino)-2-phenylacetate (C53) (134
mg, 0.35 mmol) and 2-bromo-1-phenylethanone (85.0 mg, 0.42 mmol) are
dissolved in ethyl acetate (5 mL) and stirred at RT for 2h. EtOAc is evaporated
10 and the resulting crude oil is first purified by flash chromatography
(DCM/MeOH=95/5) and then by preparative HPLC. The fractions containing the
product are combined and concentrated under vacuum to remove the organic
solvent. The resulting aqueous solution is freeze-dried obtaining the title
compound as a white-foam (77.7 mg, 40% yield, formate salt, mixture of
15 diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm: 8.44 (s, 1 H, formiate), 7.92 - 8.05 (m,
2 H), 7.69 - 7.80 (m, 1 H), 7.51 - 7.66 (m, 4 H), 7.15 - 7.49 (m, 6 H), 6.97 - 7.07
(m, 1 H), 6.76 and 6.78 (d, 1 H), 5.46 and 5.49 (d, 1 H), 5.23 - 5.28 (m, 1 H), 5.17
and 5.22 (s, 2 H), 4.01 - 4.26 (m, 1 H), 3.36 - 3.87 (m, 5 H), 2.48 (s, 3 H), 2.12 -
20 2.20and2.33-2.40 (m, 1 H), 1.48 -2.11 (m, 4 H);
LC-MS (ESI POS): 497.1 (MH").



H NV\R (300 MHz, DVMSO-d6) ppm 8.82(t,1 H), 7.93 - 8.09 (m 2 H), 7.82
m 1H, 7.70 - 7.81 (m 1 H,7.51- 7.70 (m 4 H), 7.21 - 7.51 (m
580-2008/07838m 2 H), 5.61 and 5.67 (d, 1 H), 5.2PCT/EP286/008870 1 H),
5.20 (s, 2 H, 3.94 - 4.27 (mgg. H), 3.86 (s, 3 H), 3.35 - 3.77
2.15 - 2- 24 and 2.37 - 246(m 1H, 1.38- 2.14 (m 4 H W

14

m 5

010/ 072338PCT/ 008870 173 C195 40 NH 100.. O Br o M xture of

| ast er eoi soner ; Wit e powder LC MS(ESI POS) 485.1 (MO 1H NMR( 300

M—IzDI\/SOdG) - .8 0( 7.71 - ( 7.70
2V o 7 P eBardisian of KR 1 13-y abbey g pHeny) Fosg- %ylhiﬁﬁma

t 39 (d, 1

, 5125') fy'xzﬁ?’hf}lr&ﬁm@%cﬁm‘@ ﬁﬁ(zegla?%clohzéoélocﬁa% ('M iqg

m
d,
85(s 3.35 - 3.76 (m 5 H), 2.14 - 2.20 and 2.35 - 2.45 (m 1 H),
3
1

| Var)
7.91 (
H), 6.
and
H)

aNnNT~OR Y T

3 - 4 H (continue) WO 2010/072338PCT/ EP2009/008870 174 C196
N(Igi 0" . Br 0 o Mxture of diastereoisoners 20%vyield Wite solid
C- MSCESI

O
NH
(O Sy
0., YO
1h, Mw1qoc o H/Q/

o

Diastereoisomer 1 of C2 Diastereoisomer 1 of C224

(
(
3
1.
1.
L

Scheme 50
A mixture (R)-((R)-quinuclidin-3-yl) 2-phenyl-2-(phenylamino)acetate
(Diastereoisomer 1 of C2) (80.0 mg, 0.24 mmol) and N-(4-(2-
10  bromoacetyl)phenyl)acetamide (60.9 mg, 0.24 mmol) in acetonitrile (2 mL) is
heated in a microwave oven at 100°C for 1 hour (UPLC-MS monitoring:
complete conversion). The title compound is isolated by suction filtration and
washed with Et,O (98.2 mg, 81% yield, off-white solid, bromide salt, single
diastereoisomers).
15 'H NMR (300 MHz, DMSO-d6) ppm: 10.44 (s, 1 H), 7.85 - 7.97 (m, 2
H), 7.69 - 7.84 (m, 2 H), 7.52 - 7.63 (m, 2 H), 7.25 - 7.49 (m, 3 H), 6.97 - 7.19
(m, 2 H), 6.70 - 6.79 (m, 2 H), 6.52 - 6.64 (m, 1 H), 6.37 (d, 1 H), 5.38 (d, 1
H), 5.14 - 5.27 (m, 1 H), 5.04 (s, 2 H), 3.88 - 4.20 (m, 1 H), 3.33 - 3.78 (m, 5
H), 2.31-2.43 (m, 1 H), 2.11 (s, 3 H), 1.84 - 2.05 (m, 4 H);
20 LC-MS (ESI POS): 512.2 (MH").
C225 listed in Table 24 is obtained as previously described for C224,
using 4-(2-bromo-acetyl)-benzoic acid methyl ester instead of N-[4-(2-bromo-

acetyl)-phenyl}-acetamide.



PCS) :539.0 ciVIEV) H NWR (300 MHz, DVBSO-d6) ppm 7.89 - 8.07 (m 2 H), 7.70

- 7.82 (m 1 H, 7.52 - 7.70 (m 41-1), 7.30 - 7.52 (m 3 H, 7.19 (t, 1

H)y, 6.80woadp7¢ssg 1 H), 6.69 - 6.80 (m 2 H), 6.46 - @CIEPRMI/0A887H), 5.44

and 5.48 (d, 1 H, 5.21 - 5.29 (m 1 Hg75.14 and 5.20 (s, 2 H), 3.99 -

4.24 (m 1 H, 3.39- 3.87 (m 5H, 2.09 - 2.18 and 2.33 - 2.43 (m 1 H),

1.42 - 2.18 (nta4 I:JI)4C197 5 NH S" o,- Br1401 o M xture of diastereo isoners
kg4

37% yi el d Wi LC-MS(ESI PCS):469.1 (MT) 1HNMR(300 MHz, DMSO- d6)
ppm 7.89 - 8.11 (m 2 H), 7.69-785(m1H),751-769(m4H) 7.27
- 7.49 ( 3-H —704 (d—1 H 687 --7.01 (m 55 664 (m 1 H),
6.46 (d, 1 Hton@ro%%d' 3.50 (m Sﬂru@ureS 09 - 5. ylel(irﬁnd‘l H) , A%aﬁéilcal‘l 43 (m
1 H, 3.45 - 3 8 H, 2.34 - 2.43 (m LA»peazam@ 3 1.3% -
2.09 (m 4 H WD 2010/{072338PCT/ EP2009/ 008870 175 C198 HCMEJ 0o (EM;" 0O

Br" o Mxfure of diastegreoisoners 41%yield Of-white soPOS):LC- MVS(ESI
POS) : 512.1 cML44) H NMR (300 MHz, DMBO-d6) ppm 9.69 andMHTL (d, 1 H)
7.89 - 8.07 (m 2 H, 71.69 - 7.83 (m 1 H, 7.50 - 7.681(Han\m) (31)()“0
7.49 (m B H, 7.09 - 7.25 (m 1 H), 7.00 (t| 1 H, 6. 64y SO
6.27 - 6.56 (m 2 H), 5.03 - 5.32 (m 4 H), 4.05 - 4. 27 {m § . 83544
3.90 (m 5 H), 2.11- 2/21and 2.32- 2.42 (m 1 H, 1.94 }é) {8
1.59 2.10 (m 4 H C199 Hel NH 813 m, 2 ),

7.54 - 7.66 (m, 2
H), 7.27 - 7.47
82%vyield | (m, 3 H), 6.98 -

NH :
. m, >
C225 Oe' WO pale yellow | 6.74 (m, 2 H),
T

powder . | 6.56 - 6.64 (m, 1
o) H), 6.41 (d, 1 H),
Mixture of diastereoisomers 539 (d, 1 H),

5.19 - 5.23 (m, 1
H), 5.16 (s, 2 H),
3.99 - 424 (m, 1
H), 3.91 (s, 3 H),
344 - 384 (m, 5
H), 2.34 - 2.41
(m, 1 H), 1.38 -
2.10 (m, 4 H)

EXAMPLE 51

Preparation of (R)-3-((R)-2-phenyl-2-phenylamino-acetoxy)-1-
5 pyridin-2-ylmethyl-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

trifluoroacetate anion (Diastereoisomer 1 of C226)

NH N 1) DIPEA @\NH
0. | CH,CN o
+ =
(@] N —_———
N Br  2) Preparative 0 ¥

HBr

HPLC TFA-
X
TFA N .~
Diastereoisomer 1 of C2 Diastereoisomer 1 of C226
Scheme 51

10 A solution of (R)-phenyl-phenylamino-acetic acid (R)-(1-aza-



1110l o0..... N...-ei Br o Mxture of diastereoisoners 51%vyield Of-white
solid LCMS(ESI POS):512.1 Mlcl4) HNVR(300 MHz, DVBO d6) ppm 8.14 - 8.30
(m 1 H),Wo.2p/0728805 (m 2 H), 7.55 - 7.86 (m 5 H), 7P8WEP209H@®S(M 3 H),
7.11-7.23(m 1 H, 6.99 - 7.10 (mlg'lgH), 6.91 (d, 1 H, 6.62 (d, 2 H),
5.45 (d, 1 H, 5.19 - 5,24 (m 1 H, 514 (s, 2 H), 403-426(m1H)

S e GV A

(1 by o SIPER G it B nimdR,sp aciamiirite (o pil i fddehsz, " ™
bromomethyl-pyridine hydrobromide (91.0 mg, 0.36 mmol) and the mixture is
heated under MW irradiation for lhr at 100°C (UPLC-MS monitoring:

5 complete conversion). Solvent is evaporated and the resulting crude is first
purified by flash chromatography (DCM/MeOH=98/2 to 9/1) and then by
preparative LC-MS to obtain the title compound as a brown viscous oil (58
mg, 36% yield, trifluoroacetate trifluoroacetate anion, single diastereoisomer).

"H NMR (300 MHz, DMSO-d6) ppm: 8.68 (ddd, 1 H), 7.96 (td, 1 H),

10 7.41-7.71 (m,4 H), 7.23 - 7.41 (m, 3 H), 6.93 - 7.16 (m, 2 H), 6.70 (m, 2 H),
6.58 (m, 1 H), 532 (s, 1 H), 5.02-5.18 (m, 1 H), 4.46 (d, 1 H), 4.41 (d, 1 H),
3.90 (ddd, 1 H), 3.39 - 3.60 (m, 3 H), 3.17 (d, 1 H), 2.74 - 2.92 (m, 1 H), 2.20
-235(m, 1 H), 1.74 - 2.04 (m, 4 H);

LC-MS (ESI POS): 428.2 (MH");

15 [a]p=-40.80° (c=0.25, MeOH).

Diastereoisomer 1 of C227 listed in Table 25 is obtained as previously
described for diastereoisomer 1 of C226, using 2-bromo-1-pyridin-2-yl-

ethanone hydrobromide instead of 2-bromomethyl-pyridine hydrobromide.

20

25



H),
(m o
5. 30

10

3 H,

(WP 2010472338. 14 and
- 3.8 (m 5 H),

Table 25

7.01 and 7.04 Br5Of-white solid (d,

5.21 (s,

2 H),

2.37 (s, 3 H, 1.3%g

1H,

4.01 -

2.21 (m 5 H

6.67 (s,
5.40 and 5.43 M xture of di astereoi soners

1 H, 6.37 - 6.59
(d, 1 H, 5.19 -
RCTEPLONO/0NSSH) | 3. 40

(conti nue)

Compound

Structure

Yield and
Appearance

Analytical

Diastereoisomer
1 of C227

Q.

HCOO

(o}

k((j
- |
N

HCO,H

Single stereoisomer

50% yield

yellow solid

LC-MS (ESI
POS): 456.0
(MH")

'H NMR (300
MHz, DMSO-ds)
ppm: 8.76 (ddd, 1
H), 8.37 (s, 1 H,
formiate ion),
8.11 (ddd, 1 H),
8.05 (dt, 1 H),
7.78 (ddd, 1 H),
7.54 - 7.67 (m, 2
H), 7.30 - 7.50
(m, 3 H), 7.00 -
7.18 (m, 2 H),
6.69 - 6.81 (m, 2
H), 6.60 (m, 1 H),
637 (d, 1 H),
538 (d, 1 H),
5.10 - 529 (m, 3
H), 4.00 - 4.20
(m, 1 H), 3.26 -
3.84 (m, 5 H),
2.31 -241 (m, 1
H), 1.80 - 2.18
(m, 4 H)

[a]p=-51.68°

(c=0.25, MeOH)




WD 2010/ 072338PCT/ EP2009/ 008870 177 (continue) WD

2010/ 072338PCT/ EP2009/ 008870 178 LC MS(ESI PCS):497.1 (VIIV) 1H NMR (300
MHz, DvVSOWO@p10/e38t er eoi somer 1: 8.20 (dd, 1.03 Hz, 1 FCI/ER2@8/008%d) 1 H),
7.51 -7.72 (m 2 H, 7.31 -7.41 (m 14py 7.19 - 7.29 (m 2 H), 6.98 - 7.17
(mlH) 6.69 - 88(m1H),6.45-é)62(m2H) 6.24 - 6.45 (m 1 H,

5.48 , 1 , 5.03. 2 , 3.96 4.21 1

3.36 - 386(M(m24?(m 1 (,8142)- 2.11 (m 4(m i

Ot 0L D Preparation, bl ()10 (oY ‘i'ﬂvaagr”m%zzlpéigeﬁ%@é B 0 (m 1
, 6.69 - -

(Hfj, 1 H),plsernvi- --?Elle&yaw'ﬁo)ﬁfetwdglz @%OH?WC@%é Zl%qﬂe(m lquﬁd% 36 -

3.86(m:‘g%2:3@?2.11- 2.20 (m 1 H, 1.46 - 2.11 (m 4 WO
2010/ 072 / EP2009/ 008870 179 (continue) WO

2010/ Q72338PCT/ EP2009/ 008870 180 C204 O NH, 00 ".. N CI o M xture of
di ast €reoi soners 83%yield white solid LC I\/B( ESI

\
N —si™N,

(e v m & L,

Br- \

o 1h, MW 100°C

1228 C229 0

Scheme 52

Preparation of 2-bromo-1-(2-methyl-thiazol-5-yl)-ethanone (1228):
10 A solution of 2-methylthiazole-4-carbonyl chloride (0.34 g, 2.10 mmol)
in dry MeCN (8 mL) cooled at 0°C, under nitrogen atmosphere, is slowly
added with (diazomethyl)trimethylsilane (3.14 ml, 6.29 mmol, 2.0M in
hexane). The reaction is stirred at RT for 15h (UPLC-MS monitoring:
complete conversion). The reaction is cooled at 0°C and 48% hydrobromic
15 acid (1.23 mL, 7.34 mmol) is added dropwise. The reaction is stirred at RT for
3h. Then EtOAc and water are added, the organic layer is separated and the
aqueous phase is neutralized with 1M NaOH and extracted with EtOAc. The
combined organic layers are dried over Na,SO,, filtered and evaporated to
dryness to obtain compound 1228 as a dark brown gummy solid (400 mg, 87%
20 yield).

Preparation of (R)-1-(2-(2-methylthiazol-4-yl)-2-oxoethyl)-3-((R)-2-
phenyl-2-(phenylamino)acetoxy)-1-azoniabicyclo[2.2.2]octane bromide
(C229):

(R)-Phenyl-phenylamino-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl)



POS):497.1 (M-V) 1H NMR (300 MHz, DMBO-d6) ppm 8.17 - 8.24 (m 1 H), 8.03
- 814 (m 1H, 7.51- 7.74(m 2 H, 7.28 - 7.41 (m 1 H, 7.17 - 7.27
(m 2 H ,wo.20m/07238814 (m 1 H), 6.87 - 6.99 (m 1 H), 6PCA/EP2@9/PE88(m 2 H),

572-591(m1H) 5.50(m1|—|),5%1|a)(b s., 1 H, 507 (s, 2 H),
399-429(m1 , 3.35 - 3.94 (m 2.13 -2.42 (m 1 H), 1.41 -2.12
(m 000,

ot 1 07 (e snehidopsed) S s T %NE%% it *
717 (m BTt a-fciBaperte 11238 B o o. 4221 e gt sssitie By,
T 4025 (i e gt A00E fgr 75 Tyl gy rffi’wég o Petalén (DG 5 16
2TV ronkefRer FobbiA) et SR AR, BERRRSHCORH tud
5 resulting brown solid is triturated with iPr,0O/Et,O (1/1) and then with iPrOH
to obtain the title compound as a grey powder (43.3 mg, 35% yield, bromide
salt, single diastereoisomers).
'H NMR (300 MHz, DMSO-d;) ppm: 8.59 (s, 1 H) 7.53 - 7.66 (m, 2 H) 7.29
-7.51 (m,3H) 7.01 -7.15 (m, 2 H) 6.69 - 6.82 (m, 2 H) 6.56 - 6.66 (m, 1 H) 6.36
10 (d,1H)537(d,1H)5.10-5.25(m, 1 H) 5.02 (s, 2 H) 4.00 - 4.17 (m, 1 H) 3.45 -
3.75 (m, 4 H) 3.35-3.45 (m, 1 H) 2.75 (s, 3 H) 2.31 - 2.40 (m, 1 H) 1.80 - 2.10
(m, 4 H);
LC-MS (ESI POS): 476.2 (MH").

15

20

25



1H,

H),

9.58 (br. s., 1 H, 7.87 - 8805 (m NH 2 H, 7.72 -
7.40 - C206 0". 0" O 46%yield Colorless 7.71 (m 7 H), 5.45 -

7.82 (m1H),
5.70 (m 1

5.28VO2BIMB2P/ 1 Br- sticky oil H), 5.06 - 5.26PCKEP299/0088F) 3. 97

- 4.21 Mxture of diastereoisoners (42 1 H), 3.81 (d, 1
3.76 (m 4 H, 2.77 - 3.04

EXAMPLE 53

H),

3.23 -

Preparation of (R)-1-(6-amino-pyridin-2-ylmethyl)-3-((R)-2-phenyl-

2-phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

trifluoroacetate anion (Diastereoisomers 1 of C233)

b)
Boc,0
or i ~
/(j\ /boc _— Br. = boc
cel, N
boc boc
1230 1231
©)\’(O'u.
%
N
diasteroisomers 1 of C2
©\NH
e = oy
I %)
TFA- | DCM N
[ |
N~ N~
TFA
NH, boc™ " boc
Diastereoisomer 1 of C233 1232
Scheme 53
Preparation of N,N-(bis-tert-butoxycarbonyl)-6-methylpyridin-2-
amine (1230):
10 A mixture of 6-methylpyridin-2-amine (5.00 g, 46.3 mmol), di-tert-

butyl dicarbonate (24.2 g, 111 mmol) and DIPEA (9.4 mL, 55.5 mmol) in

DCM (40 mL) is stirred at RT for 3 days. The organic phase is washed with

5% citric acid and then with sat. NaHCO;. The organic phase is dried over

Na,SQ,, filtered and evaporated to dryness. The crude is purified by flash

15 chromatography (Petroleum ether/EtOAc=9/1) to obtain intermediate 1230 as a

white solid (3.0 g, 21% yield).

Preparation of N,N-(bis tert-butoxycarbonyl)-

6-



(m 1H), 1. 88- 2.46 (m 6 H), 1.69 -1.86 (m 3 H), 1.26 - 1.69 (m 3
H, 0.80 - 1.26 (m 3H) LC- MS( ESI PCS): 467.0  (MH+) 1HNVR( 300
WO 2010/072338 PCT/EP2009/008870

203
(bromomethyl)pyridin-2-amine (1231):

A catalytic amount of azobisisobutyronitrile (5% w/w) is added to a
solution of N,N-(bis-tert-butoxycarbonyl)- 6-methylpyridin-2-amine (1230)
(308 mg, 1.00 mmol) and N-bromo-succinimide (284 mg; 1.6 mmol) in carbon

5 tetrachloride (8 mL). The reaction is refluxed for two hours, diluted with
DCM and washed with water. The organic phase is dried over Na,SOy, filtered
and evaporated to dryness. The crude is purified by flash chromatography
(DCM) to obtain intermediate 1231 as a yellow solid (240 mg, 83% yield).

Preparaﬁon of (R)-1-(N,N-(bis tert-butoxycarbonyl)-6-amino-

10 pyridin-2-ylmethyl)-3-(2-phenyl-2-phenylamino-acetoxy)-1-azonia-
bicyclo[2.2.2]octane bromide (1232):

A solution of (R)-phenyl-phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (Diastereoisomer 1 of C2) (100 mg, 0.54 mmol)
in acetonitrile (5 mL), is added with N,N-(bis tert-butoxycarbonyl)-6-

15 (bromomethyl)pyridin-2-amine (240 mg, 1.15 mmol) and the mixture is heated
under MW irradiation for 30 minutes at 100°C (UPLC-MS monitoring:
complete conversion). The solvent is evaporated and the resulting crude is
purified by flash chromatography (DCM to DCM/MeOH=9/1) to obtain
intermediate 1232 as a colorless oil (125 mg, 32% yield).

20 Preparation of (R)-1-(6-amino-pyridin-2-ylmethyl)-3-(2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate
trifluoroacetate anion (diastereoisomers 1 of C233):

Trifluoroacetic acid (0.5 mL) is added to a solution of (R)-1-(N,N-(bis
tert-butoxycarbonyl)-6-amino-pyridin-2-ylmethyl)-3-(2-phenyl-2-

25 phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide (I232) (125 mg,
0.19 mmol) in DCM (5 mL). The reaction is stirred at RT for 2 days. Solvent
is removed under vacuum and the crude is purified by preparative LC-MS to

obtain the title compound as a brown oil (21 mg, 16% yield, trifluoroacetate



MHz, DMSO d6) ppm 9.56 (br. s., 2 Hy, 8.17- 8.28 (m 1 H, 7.94 -
8.12 aNH (111,1H),7.44 - 7.77(mb5H), ", 7.24 - 7.39 (m 1 10 o 41%

yi el d H) ,wb.24w/0728868 (m C207 cil Wiite solid 1 H), 5.PETEP20094088m9 1 H),
4.84 - o 5.14(m2H), Mxture of diagjereoi soners

trifluoroacetate anion, single diastereoisomer).

"H NMR (300 MHz, DMSO-d6) ppm: 7.42 - 7.59 (m, 3 H), 7.22 - 7.42
(m, 3 H), 6.97 - 7.17 (m, 2 H), 6.66 - 6.82 (m, 2 H), 6.44 - 6.66 (m, 3 H), 5.33
(s, 1 H), 5.03 - 5.21 (m, 1 H), 4.13 (s, 2 H), 3.75 - 3.95 (m, 1 H), 3.29 - 3.61

5 (m,3H),3.14(d, 1 H),2.75-296 (m, 1 H), 2.18 - 2.35 (m, 1 H), 1.54 - 2.14

(m, 4 H); |

LC-MS (ESI POS): 443.1 (MH+).

EXAMPLE 54

Preparation of (R)-3-{2-[(4-fluoro-phenyl)-methyl-amino]-2-phenyl-
10 acetoxy}-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane
chloride (C234)

F F

\O\N/ 7 [ \@N/

0. I 0.
cl- YD
s
cr2 Cc234 0
Scheme 54
15 A solution of [(4-fluoro-phenyl)-methyl-amino]-phenyl-acetic acid (R)-
(l-aza-bicyclo[2.2.2]oct-3-yl) ester (C120) (100 mg, 0.27 mmol) in ethyl
acetate (2.7 mL), is added with 2-chloro-1-(thiophen-2-yl)ethanone (48.0 mg,
0.30 mmol). The reaction is stirred at RT for 3.5 days. The suspension is
evaporated and the residue is triturated with EtpO (8 mL). The solid is filtered
20  on a buckner funnel and the sticky solid is dissolved in DCM. The solution is
evaporated giving the title compound as a pale yellow solid (120 mg, 84 %
yield, chloride salt, mixture of diastereoisomers).

'H NMR (300 MHz, DMSO-d;) ppm: 8.21 (dd, 1 H), 8.11 (d, 1 H), 7.26 -
7.52 (m, 6 H), 7.02 - 7.15 (m, 2 H), 6.88 - 7.02 (m, 2 H), 5.91 and 5.92 (s, 1 H),
25 523-544(m,1H),519(d, 1 H),5.11(d, 1 H), 4.07 - 434 (m, 1 H), 3.36 - 3.92



3.92 - 4.24 (m 1 H, 3.43 - 3.91 (m 6 H, 2.78 - 3.08 (m 1 H),
2.32 - 2. 45(m 1H), 1.84 - 2.23 (m 3 H, 1.47 - 1.84 (m 2 H),
0.83 - 1.WD2010/7A3388 H) WD 2010/ 072338PCT/ EP2009/ 00887 BCTEP20000939B( ES|
POS): 460.9 (W 1HNVR (300 Mz, DMBO- d6ygsppm

(m, 5 H), 2.73 (s, 3 H), 2.20 - 2.33 (m, 1 H), 1.47 - 2.12 (m, 4 H);
LC-MS (ESI POS): 493.1 (MH").
EXAMPLE 55

Preparation of (R)-3-[2-(methyl-phenyl-amino)-2-phenyl-acetoxy]-
5 1-(2-oxo-2-thiazol-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane bromide
(C235)

P LD

S : N7
0 :
N EtOAc O NN \
Br |
s
0
c75 c235

Scheme 55
10 2-Bromo-1-(1,3-thiazol-2-yl)ethanone (54.2 mg, 0.26 mmol) is added to a
solution of (R)-quinuclidin-3-yl 2-(methyl(phenyl)amino)-2-phenylacetate (C75)
(92.2 mg, 0.26 mmol) in EtOAc (5 mL). The mixture is stirred at RT overnight.
The solvent is evaporated to dryness and the crude is triturated with EtyO. The
yellow solid is collected by filtration (120 mg, 82% yield, bromide salt, mixture of
15  diastereoisomers).
'H NMR (300 MHz, DMSO-dy) ppm: 8.39 (d, 1 H), 8.25 (d, 1 H), 7.32 -
7.50 (m, 5 H), 7.19 - 7.30 (m, 2 H), 6.84 - 7.00 (m, 2 H), 6.67 - 6.85 (m, 1 H), 5.97
(s, 1 H), 5.23 - 5.38 (m, 1 H), 5.19 and 5.20 (s, 2 H), 4.04 - 4.29 (m, 1 H), 3.44 -
3.82 (m, 5 H), 2.76 and 2.77 (s, 3 H), 2.24 - 2.36 (m, 1 H), 1.45 - 2.13 (m, 4 H);
20 LC-MS (ESI POS): 476.0 (MH+).
C236 listed in Table 26 is obtained as previously described for C235,
using 2-bromo-1-thiophen-3-yl-ethanone instead of 2-bromo-1-(1,3-thiazol-2-

yl)ethanone.
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LC- MB( ESI PUS) : 515. 1 ( MHH) 11- INMVR( 300 MHz, DVBO- d6) ppm

7.89 - 8.04 (m 2 H), 7.70 - 7.83 (m 1 H, 7.49 - 7.69 (m 4
H, 7.27 W0 2010/072338 PCT/EP2009/008870
207
EXAMPLE 56

Preparation of (R)-3-(2-benzylamino-2-phenyl-acetoxy)-1-[2-(3-
ethoxycarbonyl-isoxazol-5-yl)-2-oxo0-ethyl]-1-azonia-bicyclo[2.2.2]octane

bromide (C237)

ENH
0.,
o} @ EtOAc -CH,CN

Cc80

Scheme 56
Benzylamino-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl)ester
(C80) (100 mg, 0.28 mmol) is dissolved in ethyl acetate (1.90 mL) and
10  acetonitrile (0.95 mL) and ethyl 5-(2-bromoacetyl)isoxazole-3-carboxylate
(82.0 mg, 0.31 mmol) is added. The orange solution is stirred at RT overnight.
The suspension is evaporated and the crude is puriﬁed by flash
chromatography (DCM/EtOH= 93/7) to obtain the title compound as a pale
brown solid (61 mg, 35 % yield, bromide salt, mixture of diastereoisomers).
15 'H NMR (300 MHz, DMSO-d6) ppm: 7.86 and 7.89 (s, 1 H), 6.97 -
7.60 (m, 10 H), 5.10 - 5.24 (m, 1 H), 5.00 and 5.04 (s, 2 H), 4.33 - 4.53 (m, 3
H), 4.10 (dd, 1 H), 3.40 - 3.82 (m, 7 H), 2.15 - 2.24 and 2.29 - 2.38 (m, 1 H),
1.50 - 2.11 (m, 4 H), 1.35 (t, 3 H);
LC-MS (ESI POS): 532.3 (MH+).
20



7.49 (m 3H), 40 NH 40%yield 6.77(d,1H), 6.15(dd,1H, 6.036.06 C210 0 O
, Br." 40 o Yellow solid and(d, I H, 5.36 - 553 (m 2 H, 5. 21 -
5.30(m 1Hyp 20/ 0Re3s8e of di astereoi soners 5.13 and 5.19 PET/EP204p/ 0088704 -

4.28 (m 1 H, 3.80 (s, 3 H, 3.f4%- 3.73 (m 3H), 3.56
and3. 57(s, 3 H, 3.34 - 3.54
EXAMPLE 57

Preparation of (R)-3-(2-benzylamino-2-phenyl-acetoxy)-1-(2-oxo0-2-
thiazol-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

trifluoroacetate anion (C238)
1) Brkﬂ)'\;\/%

TFA
NH EtOAc -CH,CN NH
0. 0..
. -
0 @ 2) Preparative HPLC © @ N
N TFA- ;/\>
s
c238

ceo o)
Scheme 57
Benzylamino-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl)ester
(C80) (100 mg, 0.28 mmol) is dissolved in ethyl acetate (1.90 mL) and
10  acetonitrile (0.95 mL) and 2-bromo-1-(thiazol-2-yl)ethanone (64.7 mg,
0.314 mmol) is added. The pale yellow solution is stirred at RT overnight. The
suspension is evaporated and the crude is purified by flash chromatography
(DCM/MeOH = 93/7). The resulting compound is further purified by
preparative LC/MS. The collected fractions are first concentrated with rotary
15 evaporator to remove organic solvent and then with freeze-drier overnight to
get the title compound as a pale yellow oil (31 mg, 15 % yield, trifluoroacetate
trifluoroacetate anion, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d6) ppm 8.40 (d, 1 H), 8.24 (d, 1 H), 7.36 -
7.71 (m, 10 H), 5.25 - 5.40 (m, 2 H), 5.17 and 5.21 (s, 2 H), 3.99 - 4.24 (m, 3
20 H), 3.46-3.84 (m, 5 H), 2.15-2.25 and 2.32 - 2.44 (m, 1 H), 1.35 - 2.14 (m,
4 H);
LC-MS (ESI POS): 475.9 (MH+).
EXAMPLE 58

Preparation of (R)-3-(2-benzylamino-2-phenyl-acetoxy)-1-(2-o0xo0-2-



(m 2 H, 2.12 - 222 and 2.35 - 2.45(m 1H), 1.29 -2.12 (m 4 H)
(continue) 185 C211 el NH 100 " Br -40 o M xture of diastereoi somer 55%
yi el d Whiwe 26/G7eB3BC- MS( ESI POS) : 491. 3 (M) 11- 1INVR( 30@CWHLP200D08806) ppm
792-803(m2H)771-781(m12@754-767(m4l—l)731-7.47
(m3H)711(ddd1 6.51 - 6,63 (m 1 H 6.36 - 6.47 (m 1 H 6.02 -

Lol dhighhen Syl Bhyn Tabenig bitydlaf 22108t ¢ Bromidelgadel o1 215

Br =
S
NH 5 NH
O +
0 N EtOAC -CH,CN

(03:10) C239 o
Scheme 58
5 A solution of (R)-quinuclidin-3-yl 2-(benzylamino)-2-phenylacetate (C80)
(116 mg, 0.33 mmol) in ethyl acetate (3.31 mL) and acetonitrile (3.31 mL), is
added with 2-bromo-1-(thiophen-3-yl)ethanone (66.5 mg, 0.32 mmol). The
mixture is stirred at RT overnight. The insoluble precipitate is filtered on a buckner
funnel and washed with acetonitrile. The clear solution is evaporated and purified
10 by flash chromatography (DCM/EtOH = 9/1) to obtain the title compound as a
white solid (26 mg, 14% yield, bromide salt, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-d;) ppm: 8.63 (br. s., 1 H), 7.68 - 7.84 (m, 1 H),
7.10 - 7.63 (m, 11 H), 5.11 - 5.25 (m, 1 H), 5.03 and 5.06 (s, 2 H), 4.43 (br. s., 1
H), 3.99 - 424 (m, 1 H), 3.42 - 3.87 (m, 7 H), 2.18 and 2.23 (br. s, 1 H), 1.44 -
15 2.14 (m, 4 H);
LC-MS (ESIPOS): 475.3 (MH+).

20



40 NH " 101o- 40 Br - o Mxture of diastereoisonmer 58%yield Wite
solid LCMS(ESI POS):483.1 (MH) 11-1NVR(300 MHz, DVMSCGd6) ppm 7.86 - 8.06
(m 2 H ,w0.268/07238883 (m 1 H), 7.48 - 7.67 (m 4 H), 7PRA/EP200948(Mm 3 H),
6.94(d, 2H), 6.75(t,1H), 5.21 - 5.25 (”23101 H), 5. 15and 5. 18(s, 2H), 5.00 and

5.02 (d, 1H), 4.70 and 4.75 (d, 1 H), 96 - 4.24 (m 1 H), 3.44 - 3.75 (m

5 H, 222 (S’]ig ITQ/[P % - 219 (m 5 H) WD 2010/ 072338PCT/ EP2009/ 008870
186 C213 0 NH M xture of diastereoisomer 60%yield Yellow solid
LC- MS(ESI POS),,483. 1 1IVaI + 300 2 (m
5 D) 7. 71 Brepration o (RY 3o (4 Reu i enp gminby - S]‘?“)igafﬁﬁo"?}
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Cc77 C240 (0]
Scheme 59

(R)-Quinuclidin-3-yl 2-(4-methylbenzylamino)-2-phenylacetate (C77)
(73 mg, 0.20 mmol) is dissolved in ethyl acetate (2.00 mL) and 2-chloro-1-
10  (thiophen-2-yl)ethanone (35.4 mg, 0.22 mmol) is added. The colorless
solution is stirred at RT overnight. Solvent is evaporated and the residue is
first purified by flash chromatography (DCM/MeOH = 9/1 to 85/15) and then
by preparative LC/MS. Organic solvent is evaporated and then the aqueous
solution is freeze-dried overnight to afford the title compound as a pale yellow
15  oil (42 mg, 36% yield, formate formate anion, mixture of diastereoisomers).
"H NMR (300 MHz, DMSO-d6) ppm: 8.43 (s, 2 H) 8.16 - 8.24 (m, 1 H)
8.03-8.12(m, 1 H) 7.28 - 7.51 (m, 6 H) 7.04 - 7.25 (m, 4 H) 4.94 - 5.26 (m, 3
H)4.40 (s, 1 H)4.00-4.18 (m, 1 H) 3.48 - 3.76 (m, 7 H) 2.29 (s, 3 H) 2.11 -
2.22 (m, 1 H) 1.39 - 2.12 (m, 5 H);
20 LC-MS (ESI POS): 489.1 (MH+).
EXAMPLE 60

Preparation of (R)-3-[2-(4-methoxy-benzylamino)-2-phenyl-
acetoxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane



4.24 (m 1 H, 3.33-3.89(m 5H, 2.64 (g, 2 H, 2.12 - 2.20 and 2.32 -
2.43 (m 1 H, 1.37 - 2.13 (m 4 H, 1. .24 (t, 3H (continue) WO

2010/ 072330RONV/(ER3809/ 008870 187 C214 NH " 1100 Br - 1. 1PETMPRA09/00S8GH

di astereoi soner 83%yield Of-white sojj,d (m 1 H, 7.56 -el7.69(m 2H),
LC-MS(ES! POS):497.1 (M+) H NWMR(300 , DMBO-d6) ppm 9. 84and 9. 86(d, 1H),
786-809m 4 749 - 7.56 (m 2 H, 7.24 - 7.48 (m 4 H,
6.54 - 6. ‘?3“’(%‘3 f?’Fgateé‘%Qﬂa(ﬁ?ﬁ%l )67 (d, 1 H), 5.23 - 5.31 (m 1 H), 5.15
and 5.22 (s, 2 H, 4.00 - 427 (m 1 H, 3.35- 3.87 (m 5H, 2.60 (s, 3
H, 2.17 - 2.24and236- 247 (m 1 H, 1.42 - 2.16 (m 4 H C215 el NH "

1010- Br -1.1 o MXture of dlastler oi r 24%yield Off-white solid
LC- M5(ESI POS): 3 riV1ila+) E /E g
HCOOH
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[0} N 0

HCOO- N I N\
S
c79 c241 o
Scheme 60
5 A solution of (R)-quinuclidin-3-yl 2—(4—methoxybenzylamino)-2-

phenylacetate (C79) (78 mg, 0.21 mmol) in ethyl acetate (2.05 mL), is added
with 2-chloro-1-(thiophen-2-yl)ethanone (36.2 mg, 0.23 mmol). The colorless
solution is stirred at RT overnight. The residue is first purified by flash
chromatography (DCM/MeOH = 90/10 to 85/15) and then by preparative
10 LC/MS. MeOH is evaporated from the fractions collected and then the
aqueous solution is freeze-dried overnight to obtain the title compound as a
pale pink oil (44 mg, 36 % yield, formate formate anion, mixture of
diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm: 8.42 (s, 2 H) 8.17 - 8.25 (m, 1 H) 8.03
15 -813(m,1H)7.15-7.50 (m, 8 H) 6.81 - 6.94 (m, 2 H) 4.97 - 5.23 (m, 3 H) 4.40
(s, 1H)3.88-422(m, 1 H)3.74(s,3H)3.46-3.71 (m, 6 H) 2.12 - 2.35 (m, 1 H)
1.70 - 2.10 (m, 3 H) 1.44 - 1.66 (m, 1 H);
LC-MS (ESI POS): 505.1 (MH+).

20



H NVR(300 MHz, DVBO-d6) ppm 7.90 - 8.04 (m 2 H) 7.71 - 7.82 (m 1 H) 7.55
-7.68 (m 4H 7.30 - 749 (m 4 H 7.15 - 7.28 (m 2 H 6.93 - 7.04 (m 1
H 6.78 (sz!!10m)72:8844 (d, 1 H 519 - 5.31 (m 1 H) 5. 12CT&EP2®@91698840 25 (g,

2 H 3.97 - 4.19 (m H)342-3 oél? 1.85 - 2.22 (m 4 H 1.49 -
1.85 (m 1 H 1.28 (t, 3 H WO 2010/ 338PCT/ EP2009/ 008870 188 LC- MS( ESI

POS) : 491. 2 ( k Q0 MHz, DMBSO d6) ppm Di ast ereoi soner 2: 7.90 - 8.06
(m 2 H, 7%&@11 ,751- 68(m4H) 7.30 - 7.51 (m 3 H,
7.09 (d, 1 53

5.22 ( 5. 29H% rﬁwPaﬁ)a“OS‘ f é(g) ilﬁ(‘* “950 be&"’!? é’ﬁ?okzll':g’he%yl?@c‘gméyi? (m
g g% (r2n %%(W%o?Zféloplye% Y[lneﬁlylpﬂl ayog?n}nch%[&]aﬁac enoeJ ?O?(Q')crhloa;uielg( m-

3H) ]&% 6.36 - 6.53 (m 2 H), 620-636(m1H) 5.48 (d, O
, 5. 22 0 (rn 1 H, 5,20 (s, 2.H, 3.95 - 4.27 (m 1 H, 3.42 - 3.87

(m 55H) 2.11 - 220 (m 1 H, 1.87 - 2.10(m 3 H, 1.65- 1.85 (m 1 H,

1.38 © 1.62 (m 1. H WO 2010/ 072338PCT/ EP2009/ 008870 189 LC- M5(ESI

POS):485.1 (MH) 1HNWR (300 MHz, DMVBO d6) ppm Di astere0| somer

CI

O

NH
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o} @ EtOAc 0 .
N N

Cl-

cr8 C242 o
Scheme 61
(R)-Quinuclidin-3-yl ~ 2-(4-fluorobenzylamino)-2-phenylacetate  (C78)
(85 mg, 0.23 mmol) is dissolved in ethyl acetate (2.31 mL) and 2-chloro-1-
10  (thiophen-2-yl)ethanone (40.8 mg, 0.25 mmol) is added. The solution is stirred at
RT overnight. The suspension is evaporated and the white residue is first purified
by flash chromatography (DCM/MeOH = 9/1 to 8/2) and then by trituration with
EtyO to afford the title compound as an off-white powder (83 mg, 68% yield,
chloride salt, mixture of diastereoisomers).
15 'H NMR (300 MHz, DMSO-dg) ppm: 8.18 - 8.25 (m, 1 H), 8.04 - 8.18 (m, 1
H), 7.43 - 7.52 (m, 2 H), 7.26 - 7.43 (m, 6 H), 7.09 - 7.21 (m, 2 H), 5.16 - 5.24 (m,
1 H), 5.12 and 5.15 (s, 2 H), 4.42 (s, 1 H), 4.01 - 4.22 (m, 1 H), 3.67 (s, 2 H), 3.54
-3.85(m,5H),2.13-2.23 and 2.29 - 2.33 (m, 1 H), 1.48 - 2.10 (m, 4 H);
LC-MS (ESI POS): 492.9 (MH+).
20



7.92 - 7299 (m 2 H), 7.70 - 7.81 (m 1 H, 7.51 - 7.70 (m 4 H), 7.26 -
.49 (m 3 H, 6.99 (t, 1 H, 6.29 - 6.42 (m 3 H, 6.13 -6.24 (m 1 H,
.38 (d, wWoEp10/@238- 5.27 (m 1 H), 5.10 (s, 2 H), 392PCT/£E.PZOB)9(OMS7(1 H) ,
.65 (s, 3H),341-381(m H),221331-243(m1H) 1.74 - 19 (m
H) D astereoisonmer 2: 7. 9 (m 2H, 7.70 - 7.81 (m 1 H) 51 -

5
92 7. 7.
.70(m4|—|))7( 9 (m 3 H, 6.99 (t, 1 H, 6.29 - 6.42 (m 3 H),
.13 - 6.24 rg—ﬁMéiS(dl , 5.19- 5,27 (m 1 H, 517 (s, 2 H),
.92 - 4.20 65 2.31 - 2.43
oy 174 - Prepyintion gt Q?@yfzd?d’ﬂoazsggﬂ@ﬂlfxia%o”bf’g&%b6n>1§acetoxy? o
%—I\/E( E)Sll é)-g))g 4Z phenS'IYH_'— yi')lllzg\lzl\(/)%la cycloIYlZ'ZZ ZPo\é%aneq}romldoep{EZZS - 8.06
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NH NH
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o) @ EtOAc o) @
N _ N
c78 C243
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Scheme 62

A mixture of (R)-quinuclidin-3-yl 2-(4-fluorobenzylamino)-2-
phenylacetate (C78) (61 mg, 0.17 mmol) and 2-bromo-1-phenylethanone
(33.0 mg, 0.17 mmol) in ethyl acetate (3 mL) is stirred at RT overnight. The

10  solid is collected by suction filtration and washed with Et,O. The product is
further purified by flash chl;omatography (DCM/MeOH=95/5 to 92/8) to
obtain the title compound as a white solid (35 mg, 37% yield, bromide salt,
mixture of diastereoisomers).

'H NMR (300 MHz, METHANOL-d,) ppm: 7.91 - 8.07 (m, 2 H) 7.67 - 7.80

15 (m,1H)7.53-7.64(m,2H)7.26-7.53(m,7H)6.97-7.13 (m,2H)S5.17-5.33
(m, 1 H) 4.50 (s, 1 H) 4.04 - 4.28 (m, 1 H) 3.49 - 3.89 (m, 8 H) 3.36 (s, 2 H) 2.40 -
2.52 (m, 1 H) 1.94 - 2.25 (m, 4 H);

LC-MS (ESI POS): 487.1 (MH+).
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7.84(m 1H), 7.54 -

7.27(m 1H), 52% yi el
H), 6. 71- oW0010M72B8H) ,
of di ast er eoi soner

7.69 (m 2
d 7.00 - 7
6.54 -

EXAMPLE 63

Preparation

of

H),7.30-7.54 O NH (m 3 H), 7.15 -
.15 (m 2 C18 SI '"N5 Br - Wite
solid 6.66(m1H), o 6PCH(ER2dHPS87TM Xt ur e

5.45 and 5.49 (d, 714

(R)-1-(2-0x0-2-phenyl-ethyl)-3-(2-phenyl-2-p-

methylphenyl-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide (C246)
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Scheme 63

Preparation of 4-methyl-phenyl-amino-phenyl-acetic acid (1244):

A solution of a-bromophenylacetic acid (1.00 g, 4.65 mmol) in

acetonitrile (20 mL), is added with 4-methyl-phenylamine (0.96 g, 9.30 mmol)

10

and the mixture reacted in a closed vessel under MW irradiation at 100°C for

1 h (UPLC-MS monitoring: complete conversion). Solvent is evaporated and

residue is partitioned between EtOAc and 2N HCI. The organic phase is dried

over Na,S0O,, filtered and evaporated to dryness to get desired compound as a

yellow solid (0.88 g, 78% yield).

15

Preparation of 4-methyl-phenyl-amino-phenyl-acetic acid (R)-(1-

aza-bicyclo[2.2.2]oct-3-yl) ester (C245):

A solution of 4-methyl-phenyl-amino-phenyl-acetic acid (1244) (870 mg,

3.60 mmol) in dry THF (35 mL), is added with DCC (891 mg, 4.32 mmol),



1 H, 5.23 - 5.29 (m1lH,5.14 and 5.20 (s, 2 H, . 3.97 - 4.21 (m
1 H), 3.37-3.90 (m 5 H, 2.13 - 2.23and 2. 33- 2.41(m 1H),
1.46 - 2.Ww020my074338 H) (continue) PCT/EP2009/008870

215

HOBt (583 mg, 4.32 mmol) and 3(R)—quinuclidinol (915 mg, 7.20 mmol). The
resulting mixture is stirred at RT for 48 hours (UPLC-MS monitoring:
complete conversion). The solvent is evaporated and the residue is partitioned
between EtOAc and 1M K,COj;. The organic phase is dried over Na,SO,,

5 filtered and evaporated to dryness. The resulting crude is dissolved in little
DCM and filtered to remove the insoluble. The solution is concentrated under
vacuum to obtain the title compound as a yellow solid, which is used in the
next step without any further purification.

Preparation of (R)-1-(2-oxo-2-phenyl-ethyl)-3-(2-phenyl-4-methyl-

10 phenyl-amino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide (C246)

A solution of 4-methyl-phenyl-amino-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-y1) ester (C245) (63.5 mg, 0.18 mmol) in acetonitrile (5
mL), is added with 2-bromo-1-phenyl-ethanone (36 mg, 0.18 mmol) and the
mixture was heated at 100°C for 1 h in a MW oven (UPLC-MS monitoring:

15 complete conversion). Solvent is evaporated and the resulting crude is purified
by flash chromatography (DCM/MeOH = 95/5) to obtain the title compound
as a white solid (58 mg, 32% yield, bromide salt, mixture of
diastereoisomers).

'H NMR (300 MHz, DMSO-dg) ppm: 7.88 - 8.07 (m, 2 H), 7.71 - 7.83 (m, 1

20 H),7.51-7.68 (m, 4 H), 7.24 - 7.48 (m, 3 H), 6.91 (m, 2 H), 6.66 (m, 2 H), 6.16
(d, 1 H), 5.34 (d, 1 H), 5.15 - 5.27 (m, 1 H), 5.09 (s, 2 H), 3.92 - 4.19 (m, 1 H),
3.33-3.77 (m, 5 H), 2.31 - 2.41 (m, 1 H), 2.12 (s, 3 H), 1.77 - 2.08 (m, 4 H);

LC-MS (ESI POS): 469.1 (MH").
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WO 2010/ 072338PCT/ EP2009/ 008870 191 C219 el NH IN"- O Br_ o M xture of

di astereoi soner 61%vyield Wite solid LGM(ESI POS):473.3 (M+) 1HNVR(300
MHz, Dvswvoeeyioppedss7. 91 - 8.05 (m 2 H), 7.71 - 7.83 ( mPCI/EHRQOI/POSB30 - 7. 71
(m 4H, 7.19 - 7.32 (m 2 H, 7.04 -9116 (m 2 H), 6.69 - 6.81 (m 2 H),
6.56 - 6 67 (m 1 H, 6.40 (d 1 H), 5.40 and 5.43 (d, 1 H), 5.22 - 5.28
(m 1 H, Sggm&ﬁ)j , 4.00 - 4.2 (m 1 H, 3.74 - 3.87 (m 1
H),336-37 212-221and233-2.44(m1H),1.45-2.11
(m 4 H EXA .

Pr epar at i onof ( eaarazl%&oqu.(BﬁéfJ%-e(@nQP?r%zp(%nyéaweﬂ;-%-eheny'-acetoxyl-
(phenyl am ng) ace - azon| bIC clol2. 2 nechlorld D|astere|sorrer
Pt Ly a3 L a g SORA} e fdRashie Rl eh pRtaReS o GalinaPRacEREe 20 A
m xture g%hl or oacet ophenone (6.20 g, 40.3 mmol) and (R-((R- WO

2010/ 072 / EP2009/ 008870 192 qui nuclidin-3-y1l)
2-phﬁ%l 2- (phenyl am no) acetate) (D astereoi soner 1 of C2) (12.3 g,
1)

36.6 in EtOAc (100nt) [is stirred at RT for 2 days (UPLC MS monitoring:
conpl ete conversion). T soI vent is_evapor, L8l ed and the crude is purified
by flash chromat ogr aphy “él ut:.i ng DOM MEOH et 10. 1g 5of the
title conpound as a whi beesolid ield, c or|d Ny, single

di ast er eoi soneg) CH,CN 11-1 NN§§(4Q& Od60 m 7.96 (d,
2H) 7.70 -@fgﬁm 1@;—5’UgH 8 (dm %])\H 3H) 7.09
(t, 2H 6.%4J(d,02H) 6 BFHa, 1 4% (d, 1r5 5. 39 5.26 (m
1H) 5.13 (s, 2H) 408(ddd 1H) 103.47- 3.71 (m 4 3.35 - 47(m 1H)

2.36 (br. s., 1H 1.84 - 2.13 (m 4H);47LC M5 (ESI POS) c#AbS5. 3 (M—I+)
Di ast ereoi sonmer 1 of C220 and C221 listed in Table 23 are obtained as
previ ously described for diastereoisonmer 1 of Cl113, usingm %
brono-acetonitrile and brono-acetic acid tert-butyl esten inshead of
2- chl or oacet ophenone. 15 CH3C°N

2) Preparative HPLC

9y
NH
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N
TFA- H{@

Cc249 0
Scheme 64
Preparation of (2-fluoro-phenylamino)-phenyl-acetic acid
hydrochloride (1247):
10 2-Fluoroaniline (347 ul, 3.60 mmol), ethyl 2-bromo-2-phenylacetate (420

ul, 2.40 mmol) and N-ethyl-N-isopropylpropan-2-amine (628 ul, 3.60 mmol) are
dissolved in acetonitrile (5 mL) and stirred under MW irradiation at 100°C for 1
h and 30 minutes. Water (3.89 mL) and lithium hydroxide (230 mg, 9.59 mmol)
are added to the reaction and the resulting mixture is stirred at RT overnight and
15  then at 50°C for 3 h. Acetonitrile is removed and 1M HCI is added to the
remaining aqueous solution until pH is about 1. The aqueous phase is extracted

several time with DCM and the combined organic phases are washed with water



20 193 Tabl e 23 Conmpound Structure Yield and Appearance Anal yti cal

LC-M5 (ESI POS): 467.0 (M#) 1HNVR(300 MHz, DWMSO- d6) ppm 7.50 - 7.68
(m 2 H),wd.228/072338 40 NH 7.46(m3H), 6.96 - 7.17 (m®CTEPDIQSISSI€0i Soner
' 0 39%yield H, 6.69 - 6.80 (m 2 H)y;H.54 - 6.65 1 of C220 o, - Br pale
yellow solid (m 1 H), 6.36 (d,

and brine, dried (NapSOy), filtered and evaporated to give intermediate 1247 as a

brown solid (464 mg, 69% yield).
Preparation of (2-fluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (C248):
5 A solution of DCC (534 mg, 0.71 mmol), 1H-benzo[d][1,2,3]triazol-1-0l
hydrate (217 mg, 1.42 mmol), (2-fluoro-phenylamino)-phenyl-acetic acid
hydrochloride (1247) (200 mg, 0.71 mmol) and (R)-quinuclidin-3-ol (271 mg,

2.13 mmol) in THF (10 mL) is stirred at RT for 2 days. The solvent is evaporated
and the residue is taken up with EtOAc, washed with sat NaHCO3, water and

10  brine. The organic layer is collected, dried over Na»SOy, filtered and evaporated
to dryness. The residue is purified by preparative HPLC. The organic solvent is
evaporated and the acid aqueous phase is basified with NapCO3 and extracted

with EtOAc. The organic layer is dried (NapSQy), filtered and evaporated to

afford the title compound as yellow oil (41 mg, 16% yield).
15 Preparation of (R)-3-[2-(2-fluoro-phenylamino)-2-phenyl-acetoxy]-1-
(2-0xo0-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate (C249):
(2-Fluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-
3-yl) ester (C248) (267 mg, 0.75 mmol) and 2-broﬁ10-1-pheny1ethanone (157 mg,
0.79 mmol) are dissolved in CH3CN (20 mL). The resulting reaction is stirred at
20 RT for two days. The solvent is evaporated and the crude is purified with
preparative HPLC to obtain the title compound as a yellow amorphous solid
(178 mg, 40.3 % yield, trifluoroacetate salt, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm: 7.87 - 8.14 (m, 2 H), 7.67 - 7.81 (m,
1 H), 7.50 - 7.68 (m, 4 H), 7.26 - 7.50 (m, 3 H), 7.01 - 7.16 (m, 1 H), 6.85 - 7.00
25 (m,1H),6.56-6.77 (m, 2 H), 5.75 (br. s., 1 H), 5.46 and 5.49 (s, 1 H), 5.24 (br.
s., 1 H), 5.12 and 5.17 (s, 2 H), 4.00 - 4.20 (m, 1 H), 3.29 - 3.83 (m, 5 H), 2.12 -
2.23 and 2.31-2.42 (m, 1 H), 1.37 - 2.11 (m, 4 H);
LC-MS (ESI POS): 473.2 (MH+).



c N 1H), 5.371 (d, H, 4.99 - 5.28 (m Single stereoisonmer 1 H), 4.77

(s, 2 H), 3.99 (ddd, 1H), 3.35 - 3.69 (m 3 H, 3.05 - 3.24 (m
2 H, 2.280208/04238 (m 1 H), 1.64 -2.14 (m 4 H) L EcEPRESI00SRAOE) :
451.3 (MR 218

C250 and C251 listed in Table 27 are prepared as previously described
for C249, using 3-fluoroaniline instead of 2-fluoroaniline and the suitable
commercially available alkylating agents.

Table 27

Compound Structure Yield and Analytical
appearance

LC-MS (ESI POS):
473.4 (MH+).
'"H NMR (300 MHz,
DMSO-ds) ppm: 7.89 -
8.05 (m, 2 H), 7.69 -
7.83 (m, 1 H), 7.53 -
7.67 (m, 4 H), 7.30 -

F
©\NH 7.49 (m, 3 H), 7.09 (1d
OI,’ . . m’ . . >
m @ 14% overall 1 H), 6.74 and 6.76 (d,
N
Br

K'p yield 1 H), 6.48 - 6.64 (m, 2
. .. |H),6.37 (td, 1 H), 5.41
] White solid | 4 545 (d. 1 H), 5.23
Mixture of - 530 (m, 1 H), 5.15
diastereoisomer and 5.21 (s, 2 H), 3.96
- 4.29 (m, 1 H), 3.37 -
3.95 (m, 5 H), 2.11 -
2.19 and 2.36 - 2.42
(m, 1 H), 1.37 - 2.10
(m, 4 H)
LC-MS (ESI POS):
479.3 (MH+).
'H NMR (300 MHz,
DMSO-ds) ppm: 8.20
and 8.22 (dd, 1 H),
8.04 and 8.08 (dd, 1
H), 7.50 - 7.63 (m, 2
H), 7.29 - 7.48 (m, 4

m°@ 7% overall | H), 7.09 (td, 1 H), 6.74
o Y yield (br. s, 1 H), 647 -
B 6.63 (m, 2 H), 6.36 (td,

TFA- White solid |1 H), 5.39 and 5.44

Mixture of (br. s, 1 H), 5.17 -

, : 5.28 (m, 1 H), 4.99
diastereoisomer and 5.04 (s, 2 H), 4.03

- 4.19 (m, 1 H), 3.25 -
3.85 (m, 5 H), 2.10 -
2.20 and 2.33 - 2.41
(m, 1 H), 1.45 - 2.09
(m, 4 H)

C250

Q‘n
Z
ms

C251




111NVR( 300 MHz, DMSO- d6) ppm 7.49 - 7.60 (m 2 H 7.29 -
7.46(m3H O NH 7.03 - 7.14 (m 2 H 6.68 - 6.78 (m " 33%yield 2 H)
6.54 - 6.986201y072338)) 6. 36 (d, Diastereoisoner 1 of C221PCHHEP2009/0p88B¥ yel | ow
solid 1 H 5.36 (d, 1 H 512 - 5.22 (491 o H) 4.22 (d, 1 H

EXAMPLE 65

Preparation of (R)-3-[(R)-2-(4-fluoro-phenylamino)-2-phenyl-
acetoxy]-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane
chloride (C255)

5
F F
., L T
OMs \©\NH2 NH HCH W
MeCN dioxane
m MW-120°C o o}
13 1252 1253
HO P(Ph),
\@ DEAD
N~ | THF
F F
L D T
NH s NH
’ @ CH,CN @
o ¥ 0 N
s
c2s5 4 C254
Scheme 65
Preparation of (R)-(4-fluoro-phenylamino)-phenyl-acetic acid
methyl ester (1252):
10 A solution of (S)-methyl 2-(methylsulfonyloxy)-2-phenylacetate (I5) (520

mg, 2.13 mmol) in CH;CN (10 mL), is added with 4-fluoroaniline (473 mg, 4.26
mmol) and the mixture is heated at 120°C for 5 min under MW irradiation.
(UPLC-MS: complete conversion). Acetonitrile was evaporated and the resulting
crude is dissolved in 1IN HCI and extracted several times with EtOAc. The
15  combined organic phase is dried over Na,SOy, filtered and evaporated to dryness

to obtain intermediate 1254 as a pale yellow oil (520 mg, 94% yield).



Single stereoisoner 4.16 (d, 1 H 3.89 - 404 (m 1H 3.34 - 3.

(m 4

H 3.18 - 3.27 (m 1H 2.29- 240 (m1H 1.75 -

70

2.15(m 4Hy0 2010107488(s, 9 H) WO 2010/ 072338PCT/ EP2009/ 0083/HP2009408BXAVPLE 48

Prepar at i
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onof () - 1- (2- oxo- 2- phenyl - et hyj) - 3- (2- phenyl - 2-
no- acet oxy) - 1- azoni a bi cycl o[ 2. 2. 2l oct ane chl oride (C222) Sch

1 ATant o Bt 5ot UG KGR e BT BRAAEC 36

(23.0 nyg,
at 70C

10

(195§)5: mml) and the reaction is stirred first at RT for 15h,

A solution of (R)-(4-fluoro-phenylamino)-phenyl-acetic acid methyl
ester (I1252) (510 mg, 1.97 mmol) in dioxane (10 mL), is added with 12N HCI (10
mL) and the mixture is heated at 70°C for 12 h. The organic solvent is evaporated,
the mixture is cooled to 0°C and the resulting solid is collected by filtration to
obtain intermediate 1255 as a brownish solid (420 mg, 87% yield).

Preparation of (R)-(4-fluoro-phenylamino)-phenyl-acetic acid (R)-
(1-aza-bicyclo[2.2.2]oct-3-yl) ester (C254):

A solution of (R)-(4-fluoro-phenylamino)-phenyl-acetic acid (I253)
(420 mg, 1.71 mmol) in dry THF (40 mL), is sequentially added with
(S)-quinuclidin-3-ol (218 mg, 1.71 mmol), DEAD (407 ul, 2.57 mmol) and

‘triphenylphosphine (674 mg, 2.57 mmol). The reaction is refluxed for 30 min

15

20

25

under N, flowstream and then the solvent is evaporated. The residue is partitioned
between water and EtOAc, the organic layer is separated, dried over Na,SOy,
filtered and evaporated to dryness. The resulting crude is purified by flash
chromatography (DCM/MeOH=95/5) to obtain the title compound as a pale yellow
oil (480 mg, 79% yield).

Preparation of (R)-3-[(R)-2-(4-fluoro-phenylamino)-2-phenyl-
acetoxyl-1-(2-oxo-2-thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane
chloride (C255):

A solution of (R)-(4-fluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (C254) (200 mg, 0.56 mmol) in CH;CN (2 mL), is
added with 2-chloro-1-(thiophen-2-yl)ethanone (100 mg, 0.62 mmol). The reaction
is heated at 100°C for 1 hr under MW irradiation. The solvent is evaporated and
the crude is purified by flash chromatography (DCM/MeOH=9/1) recovering the
title compound as a white solid (104 mg, 36% yield, chloride salt, single

diastereoisomer).

eme

(50.0
e 10
t hen



for 7h and finally at RT for 3 days. The solvent is renoved and the
resulting crude is triturated with i-Pr20/Et20 (3/1) and then with i-Pr20
to aff or dwohe1od7233@ conpound as a beige solid (47.7 ng, PESAGPYecelodss7echl ori de
salt, mxture of 15 di astereoi soners) 1 1H NVR (300 MHz,
DIVBOdG)ppm792-803(m2H)7% 7.81 (m 1 H 752-767(m4
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ppm 841&2% 1 H, formate) 792- 8.05(m 2 H), 769- 7.80 (m 1 H),
7.51 - (Sr}] , 7.15 - 7.49 (m 6 H, 6.97 - 7.07 (m 1 H, 6.76 and

678 pd. 1 H), 546 and 5.49 (d, 1 H), 5.23 - 5.28 (m 1 H), 5.17 and 5. 22
3%y, 7401 - 426 (m 1H, 3.36- 387 (m 5H, 2.48 (s, 3 H, 2. 12 -
202 20 and 2.33 - 2.40 (m L H), 1.482.11 (m 4)@&-%(5& PUS) :

497.1 (M) . WO 2010/ 072338RCT/P2009 70 196 E & 50
Preparation of (R)-1-12 acgtyl am no-ghenyl) 2- oxozet hyl hg 34(R) -
2- phenyl - 2- phenyl am 0xy) - 1- azon%@ apicycl o[ 2. lodt ane brom de
(C224) Schenme 50 A mixture (R -((R’-quinucl i B

2- phenyl - 2- (phenyl am no) acet at e (D ast ereoi soner 1 of (80.0 ng, 0.24

mmol) and N-(4-(2- 10 brompacetyl)phenyl)acetani de (60. 9 ng, 0.24 mmol) in
acetonitrile (2 n) is heated in a mcrowave ovep at 1 OCfor 1 hour

(UPLC-MS nonitoring: conplete conversion). The t| is isolated
by suction filtration and washed with (982 |eId off-white
solid, brom de salt i ngl e di asteredi @-- s) 151H N (300 VHz, DMSO- d6)
ppm 10.44(s,lH) . 85 - 7.97 (m 2H) 84(m 2 H, 7.52 -
7.63 (m 2 H), 7.25 =789 (m 3 H, -719 6.70 - 6.79 (m
2 H, 6.52 - 6.64 (1 )0 7(d<1—|-1)—538( H)6514-527(m1
H), 5.04 (S, 2 H), @ 4 %f]m 12"}“)'eparﬁve33 - , 2.31 -2.43
(m 1 H, 2.11 (& 1. 84N (HMC 4 H); Mso(E 0S): 512.2
(VH) . C225 Ilsted in Jabke-247i s obt ai ne%l as previousiy described for

C224, using 4-(2-brono- acetyl)-en20| c acid nmethyl ester instead of
N44- (2- bronmpacet y1) - phenyll - acetam de. WO 2010/ 072338RCT/ EP2009/ 008870 197
Tabl e 24

Scheme 66
Preparation of (4-chloro-phenyl)-phenylamino-acetic acid (1256):
2-Bromo-2-(4-chlorophenyl)acetic acid (1.2 g, 4.67 mmol) and aniline
15 (0.85 mL, 9.33 mmol) are dissolved in acetonitrile (29 mL). The reaction is
heated under microwave irradiation at 100°C for 5 minutes. The solvent is
evaporated and the residue is dissolved in EtOAc and washed with 3M HCIl
and then brine. The organic layer is dried over Na,SO,, filtered and

evaporated to dryness to give intermediate 1258 as a white solid (1.22 g,



Compound Structure Yield and Appearance Anal yti cal LC M5( ESI
PCS): 513. 2 (M) 1HNMR( 300 MHz, DMSO- d6) ppm 8.13 - 8.25
(m 2 H,we.208/72338 8.13(m 2H), 401 NH 7.54 - 7.66 ( mPCZ/EP2009/008870

10

15

20

25

222

quantitative yield).

Preparation of (4-chloro-phenyl)-phenylamino-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C257):

(4-Chloro-phenyl)-phenylamino-acetic acid (1256) (1.22 g, 4.97 mmol),
HOBT (0.99 g, 6.46 mmol) and DCC (1.33 g, 6.46 mmol) are dissolved in
THF (250 mL). The reaction is stirred for 15 minutes and then
(R)-quinuclidin-3-ol (1.26 g, 9.93 mmol) is added. The reaction is stirred at
RT for 4 days. The solvent is evaporated and the residue is taken up with
EtOAc. The insoluble is filtered off, the solution is washed with 1M K,CO;
and brine. The organic phase is dried (Na,SO,), filtered and evaporated to
dryness. The crude is purified by flash chromatography (DCM/MeOH= 98/2
to 90/10) to afford compound C259 as a yellow solid (462 mg, 25 % yield).

Preparation of (R)-3-[2-(4-chloro-phenyl)-2-phenylamino-acetoxy]-
1-(2-0x0-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate
(C258):

2-Bromo-1-phenylethanone (54.8 mg, 0.27 mmol) is added to a solution
of (4-chloro-phenyl)-phenylamino-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-
yl) ester (C257) (100 mg, 0.27 mmol) in acetonitrile (4 mL). The reaction is
heated in a microwave oven at 100°C for 1 hour. The solvent is evaporated
and the crude is first purified by flash chromatography (DCM/MeOH=98/2 to
85/15) and then by preparative HPLC to collect the title compound as a brown
viscous oil (37 mg, 22.76 % yield, trifluoroacetate salt, mixture of
diastereoisomers).

'H NMR (300 MHz, DMSO-dg) ppm: 7.94 - 8.02 (m, 2 H), 7.72 - 7.83 (m, 1
H), 7.54 - 7.68 (m, 4 H), 7.40 - 7.54 (m, 2 H), 6.96 - 7.17 (m, 2 H), 6.68 - 6.78 (m,
2 H), 6.52 - 6.67 (m, 1 H), 5.42 (s, 1 H), 5.19 - 5.28 (m, 1 H), 5.16 (s, 2 H), 4.05 -
4.19 (m, 1 H), 3.44 - 3.86 (m, 5 H), 2.09 - 2.22 (m, 1 H), 1.90 - 2.08 (m, 2 H), 1.75
- 1.88 (m, 1 H), 1.54 - 1.73 (m, 1 H);



H,7.27-7.47 , 82%yield (m 3 H, 6.98 - C225 10lo...,- 7.17(m2H), Br
40 pal eyel | ow powder 6.74(m2H), 6.56 - 6.64 (m 1 o H), 6.41 (d, 1 H),
M xt ure oVodbe#t7e’3goi soners 5.39(d, 1H), 5.19 - 5. 23PCWEP2009/008dy) 5. 16
(s, 2 H, 399 - 424 (m 1 H, $P1 (s, 3 H),
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LC-MS (ESI POS): 488.9 (MH+).
EXAMPLE 67

Preparation of (R)-3-[2-(2-fluoro-phenyl)-2-phenylamino-acetoxy]-

1-(2-oxo0-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

(C263)
s 1 S
(:(\’(0\ HBr o DIPEA NH
o)
1259 1260

LIOH
THF-H,0

ne L

CH,CN

2) Preparative

Sy ey RO
cﬁ% e oy

C263 ° C262 1261
Scheme 67
Preparation of bromo-(2-fluoro-phenyl)-acetic acid methyl ester
(1259):
A solution of methyl 2-(2-fluorophenyl)acetate (1.0 g, 5.95 mmol) in
CClg4 (15 mL), is added with N-bromo succinimide (1.06 g, 5.95 mmol) and

48% hydrogen bromide (33 ulL, 0.30 mmol) and the reaction is refluxed for
15h. Reaction is diluted with DCM and washed with NapCO3 and water. The

organic phase is dried over NapSO4_ filtered and evaporated under vacuum to

afford intermediate 1261 as a dark brown oil (1.47 g, quantitative yield).
Preparation of (2-fluoro-phenyl)-phenylamino-acetic acid methyl
ester (1260):

A solution of bromo-(2-fluoro-phenyl)-acetic acid methyl ester (1259)



3.44 - 3.84 (m 5 H), 2.34-2.41 (m 1 H, 1.38 - 2.10 (m 4 H)
EXAMPLE 51 Preparationof (R)-3-((R)-2-phenyl-2-phenyl am no-acetoxy)-1-
S5pyri di n-\weoyebrat7k3ss- 1- azoni a- bi cycl o[ 2. 2. 2] oct anet ri f | ueCoaEPetatness70
trifluoroacetate anion (Diastereoiso 4l of C226) 2) Preparative HPLC
TFA N Di astereoi somer 1 of C2Di astereor soner 1 of C226 Schenme 51 WO

(v aster dlitmsr 57 comofioant 8Py 400 mrvt 8 UR-emidtom)
'(31.6‘8623,”1'5%15@'@3% A AG b xR & oA BaT, ﬁ%c Fpiad m tor 1
evapor at Qe BRAST GBI o r GRS PADR | ALy ?Qﬁ“’¢f by f?héﬁ%lvent i
bt ai n ¢ PP ETc b aaA Uas kBl m&?@ﬁ% PXGE@%& ifpreiel and
E Loy pﬂggq&ggsgr% Bg%ﬂmmgsg@e%%gvaqbﬁeed 26 gt ?dﬁh&?ﬁférd?%q(Qﬁﬁaﬁls a a&rk;le
by 5. 52 Trgwmofl1 ' szq@r%ltfnglehd)m a6 (4 11y 4 45 (Hé Ty, 3 90
Edgldssl(m o rgelifr%ﬁﬁ’“ Shaf (24?‘% ”’Eﬁhﬁlé‘/wééli‘e'ﬁé‘é)m‘%’z ‘EM Fﬁlf_?d 220
%g[ ﬁ)s_;)gftqbygs(ﬁ’é)&%;g"élﬁe(\#ggp |y descr Pbgzt fegreoh;sgg;a;r éo?fsofr:zeryll Io?t ?:gzlfsn I?Plng
g Eigxm%:t m Al étl‘,l}élele{zlpg gﬁ&?&@@h%%y'lzﬂﬁ {89 c&ic acid methyl ester
10 (1260) (1.54 g, 5.95 mmol) in THF (15 mL), cooled at 0°C, is added with
2.0M lithium hydroxide (5.95 mL, 11.9 mmol) and the reaction is stirred at RT
for 72 h. The solvent is evaporated, 1M HCI is added to the reaction until pH
1. The product is extracted with EtOAc, and the organic phase is washed with
water and brine, dried over NapSO4 and evaporated to provide intermediate
15 1263 as a dark brown gummy solid (1.34 g, 80% yield).
Preparation of (2-fluoro-phenyl)-phenylamino-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C262):
A solution of (2-fluoro-phenyl)-phenylamino-acetic acid hydrochloride
(I261) (217 mg, 0.77 mmol), (R)-quinuclidin-3-ol (338 mg, 2.66 mmol) and
20 1H-benzo[d][1,2,3]triazol-1-0] (180 mg, 1.332 mmol) in dry THF (15 mL), is
added with PS-DCC (1.0 g, 1.33 mmol). The mixture is shaken at RT for 15h.
Then (R)-quinuclidin-3-0l (49.0 mg, 0.38 mmol) and PS-DCC (290 mg, 0.38
mmol) are added again and the reaction is shaken for additional 3h at RT. The
resin is removed by filtration and washed several time with EtOAc. The
25 solvent is evaporated, the residue is taken up with EtOAc and washed with
NaHCO3, water and brine. The organic phase is dried (NapSOy), filtered and
evaporated to afford the title compound as a brown oil (225 mg, 82% yield).

Preparation of (R)-3-[2-(2-fluoro-phenyl)-2-phenylamino-acetoxy]-



WO 2010/ 072338PCT/ EP2009/ 008870 199 Tabl e 25 Conmpound Structure Yield and
Appear ance Anal yti cal LC M5( ESI POS) : 456. 0 (M) H NVR (300
MHz, DvS@Wwo@pioppesss8. 76 (ddd, 1 lel H), 8.37 (s, 1 H, PCOMPREVAISSN) ,
8.11(ddd, 1H), 8.05(dt,1H), 7.78 (ddd, L4, 7.54 - 7.67 (m 2 NH

1-(2-0xo0-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate
(C263):
A solution of (2-fluoro-phenyl)-phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester (C262) (225 mg, 0.63 mmol) in acetonitrile (8
5 mlL), is added with 2-bromo-1-phenylethanone (126 mg, 0.63 mmol) and the
reaction is stirred at RT for 15h. The solvent is evaporated and the resulting
crude is purified by prepar'ative HPLC to obtain the title compound as a brown
oil (130 mg, 35%yield, trifluoroacetate salt, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm: 7.92 - 8.07 (m, 2 H), 7.69 - 7.82 (m, 1
10 H),7.52-7.68 (m, 3 H), 7.35-7.49 (m, 1 H), 7.19 - 7.35 (m, 2 H), 7.05 - 7.15 (m,
2 H), 6.68 - 6.81 (m, 2 H), 6.56 - 6.67 (m, 1 H), 6.42 (br. s., 1 H), 5.57 and 5.59 (s,
1 H),5.21-534 (m, 1 H), 5.12 and 5.17 (s, 2 H), 4.02 - 4.24 (m, 1 H), 3.27 - 3.83
(m, 5H),2.13-2.22 and 2.32 - 2.43 (m, 1 H), 1.34 - 2.13 (m, 4 H);
LC-MS (ESI POS): 473.4 (MH+).
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H),7.30-7.50 D astereoisomer 1 of C227 1101' HCOG 50%yield yellow solid
(m 3H, 7.00 - 7.18(m2H), 6.69 - 6.81 (m 2 N oHoo2H Single

st er eoi SOWOr2010/472338. 60 (m 1 H), 6.37(d, 1H), 5.38(d, 1H) PCH/EPR009/08382® (m 3
H), 4. 00- 4. 20 (m 1 H, 3.26 - 3.BmSH), 2.31 - 2.41 (m 1

H),

1.80-2.18 (m 4 H)
EXAMPLE 68

Preparation of (R)-3-[2-(5-methyl-thiophen-2-yl)-2-phenylamino-
acetoxy]-1-(2-oxo-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane

trifluoroacetate (C270)

5
OH
;’/“\ﬂ/ NaBH, WO\
s *a \
EtOH s O
1265
MsCl
DIPEA
DCM
HCI @\ 0, .0
©\NH LiOH NH ©\NH, 0”5~
= OH THF-H,0 S N .ﬂ N o<
\ & & \ & § CH,CN \_s§ o
1268 1267 1266
HO.,,
HOBY, DCC
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e
L @
NH
o, o,
= @ 2) Preparative @
s © N HPLC N
C269 I
c270 0
Scheme 68
Preparation of (5-methyl-thiophen-2-yl)-oxo-acetic acid methyl ester
(1264):
10 A suspension of aluminum trichloride (2.75 g, 20.6 mmol) and methyl 2-

chloro-2-oxoacetate (1.90 mL, 20.7 mmol) in dry DCM (25 mL), cooled at 0°C
and under nitrogen atmosphere, is added with 2-methylthiophene (1.00 mL,
10.33 mmol) dropwise. The reaction is stirred at RT for 15h. Then the mixture is

cooled at 0°C, ice-water is slowly added and the organic phase is washed with aq.

15 NaHCO3 and brine, dried over NapSO4 and evaporated to obtain intermediate



[4)=-51.68 (c=-0.25, MeOH) WO 2010/072338PCT/ EP2009/ 008870 200 EXAMPLE
52 Preparati on of

(R) - 1- (2-WO-20¢179338hi azol - 4-y1) - 2- oxoet hyl )-3-((R)-2-  PCT/EP2009/008870
phenyl-2- (phenyl am no) acet oxy) - 1- azoniapj cycl o[ 2. 2. 2] oct ane broni de (C229)
Preparati on of 2-brono-1-(2-nethyl-thiazol-5-yl)-ethanone (1228): 10 A

sol ution qf 2-nethylthj | e-4-carbonyl. chloride (0.34 g, 2.10 mmol) in dry
MeCN (8 ?6@8%@% Oﬂzi%ugro(ﬂ%anﬁ’it?tﬂ\ﬁ%gw? mosphere, is slowy added with
oaction 15 sreraanionselaydrey-(Dpiehivk himmear Sl acEHE Aed - miethyt
conver si oni. -IES S.eacti on is cooled at 0C and 48% hydrobrom c¢ 15 acid (1.23
m., 7.34 § 3):added dropwi se. The reaction is stirred at RT for 3h.
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Prepar at ilﬁﬁloﬂ ahtd Ynéthaficd R Fdm? WHSHER(PA®Y ML, 6r4TB Ml AYY Rhd the Jea i1 8s
(1230): 10A m xture of 6-nmethylpyridin-2-amne (5.00 g, 46.3 mmol),
di-tert- dsd af ROATHONAL @(ﬁl‘?’fliszaﬂdedl%ﬁdmwrﬁﬁﬁf& Phi¥eAis( Washéd-wifib ag. ol )
in DCM (40 nmL) is stirred at RT for 3 days. The organi c phase is washed

wi t h 5% ANaHCOqciwhtendintdhdming, t driedit ovéia HCOR O hendr geaporateate oObtatri ed
over Na2SO4, filtered and evaporated to dryness. The crude is purified by

flash 15 jahrAeifAe 1269 4s 6%&[{%&6\”&1‘@1{@&@?‘8@%?%@) to obtain internediate
1230 as a white solid (3.0 g, 21%yvyield).

20 Preparation of (5-methyl-thiophen-2-yl)-phenylamino-acetic acid

methyl ester (1267):
A solution of methanesulfonyloxy-(5-methyl-thiophen-2-yl)-acetic acid
methyl ester (1266) (2.10 g, 7.94 mmol), aniline (1.09 mL, 11.9 mmol) and N-
ethyl-N-isopropylpropan-2-amine (2.04 mL, 11.9 mmol) in MeCN (10 mL) is
25 heated under microwave irradiation at 100°C for 1h. The solvent is removed,
DCM is added and the organic phase is washed with water and brine, dried over

NapSO4 and evaporated. The resulting brown oil is purified by silica gel flash

chromatography (Hexane/EtOAc=9575 to 90/10) to obtain intermediate 1269 as a



Preparati onof N, N- (bi stert-but oxycarbonyl)-6- WO

2010/ 072338PCT/ EP2009/ 008870 203 (brononet hyl ) pyri di n-2-am ne (1231):

A cat al ytwo 2ar09123380f azobi si sobutyronitrile (5% w w) i CRGEF1008830

sol ution of N N (bis-tert-butoxycarbomyk) - 6-methyl pyridin-2-am ne (1230)

(308 ng, 1.00 nmmol) and N-brono-succinimde (284 ng; 1.6 mmol) in carbon 5
oeaction is refluxed for two hours, diluted with

tetrachl or T

DCM and \M&l]ﬁé‘ﬂgan(gha\%gerf‘m’?ﬂ%l 'rgani c phase is dried over Na2SO4, fil tered
and evaporate to dryness de |.s rifje flash chro

(DO |15 ot abreparatitia; af e (EogethdsttiopBes 5awb'¥sny(lazvﬂf+gﬂc s¢%§

Prepar ati,on, of (R).-1- .(bi's tert-butoxycarbonyl)-6-am no-

pyri di n- 2“391 l‘t’ﬁpﬁﬁﬂl‘?g ﬁ?ﬁ%henyl- 2- phenyl am no- acet oxy) - 1- azoni abl cycl o[ 2. 2.

21oct ane brom

acid (7-(1-c cretyon)of éSﬂ%tﬁﬁ%'f“ hefari’ q%&@frﬁ?f@o&%}%?@@ SeEF (oo
tert. Eut &”E}‘éﬁ%%ﬂy@%“’”: 344 ﬁsﬁ%ﬂéphwm TP, ShdiRe Rt é“idfﬁadewgl ol )
(UpLC. s i b, SRS 11?2?@@&0 oreb SR nd B, i%ﬂ@“ﬁ%gﬁ%da%? BT
oo veortd) 17 BaYSo TR o . Vjaﬁé%ég L PP, 3P At e seastion 520,
T e N it

trifluorcagRt@hRradidbrid afi&l w&msoé FiltpédArid evaporbtéd ltvosiBanet i c
acid (0.5 nL) is added to a sol ution 1-(N,N-(bis

pheny :in?ﬁ%?ﬁlce ik 9%?3%%‘3&2 1'%%“‘31“%“@% B P e 1252) 2‘?125l .
0. 19

i s rgmeé Lﬂwvaéﬂl%fn@"wﬁ? hithteb. 2 VI-piiinglariind Eete BRI (RED! V0N
?lrolt ?: 30£ oace% Pﬁy%%a%?gocg%g%%w%% g/z(%ogg?olg&y!selt ?I fl uoroacet ate

Sglmon7 Z |2n9I ‘73 o ?Bﬁftgﬁ"_')s%gr )2(25 me_}h}alzth((r)#hen 2% gw&#ﬁﬁﬁn%gtlmg ng) 6 66
" ?382 ("Hirdlg_ﬁ)é'ﬂlgn@edfﬁlﬁg gQ?O (rﬂ% 67!’7|)r§1ng<§1§?’(%)3%u&1u@1d11§306‘1 (33% 1%% QrB6 1 H),

2.7515 2 1. I\/B
(ES posf%ﬁgh‘i& (1&'9 beﬁz@%/pz 3?}éla(zm 1301H1.80 Irngl §r3a3t2 Irr(i‘)rﬁo()rﬁh dryHIHE {qG_;

(R)-3-{2 Ith 1fs|a'dGE@'\ﬂlﬂ?P$L]?)0@(hY)| al”BWEmﬁoBWﬂh%Qnﬁ(ture is shaken at RT
cetoxy}-1 0X0-2-thiop hen-2-yl - et hyl) - 1-azoni a-bi cyclo [2. 2. 2] octane

chl oride tﬁ@ﬁ%ﬁ) Then %Rbﬂiiﬁnéax&lﬁ&@ptw BafRg00.39 mmol) and PS-DCC (291 mg,
[ (4-f1 uoro-phenyl)-nmet hyl - am no] - phenyli -acetic acid (R) -

(1-aza- bi(cyg Rl Rar Q&de@agdih &fd tle £atBbn if k0akem at R foratier 3H Hhidy!
acetate (2.7 nL), is added with 2-chloro-1-(thi ophen-2-yl)ethanone (48.0

my, 0. 30 rexml Js flitecteatt ia@d washedrsea@rat tidle fwith SEROARY SThd hlsep@nsi on
is evaporated and the residue is triturated with Et20 (8 nL). The solid is

filté&bed cddcontrated anidneastiechneth aqpdNaHERS,i whter soldi bring The srganael phaseDCM

The solution is evg\?orated iving the title conpound as a e yellow solid

(120 ng, isdrixdyiveir dNNaxHDorndeveppratedrixpbtagn die ﬁtlammrstpmaa SrowneiNvR

(300 MHz, DMSO-d6) ppm 8.21 (dd, 1 H, 8.11 (d, 1 H), 7.26 - WO

2010/ 072:{385’@@&;@@%&5@98870 205 (m 5 H), 2.73 (s, 3 H, 2.20 - 2.33 (m 1
H).

H, 1.47 -2.12 (m ,
Preparation of (R)-3-[2-(5-methyl-thiophen-2-yl)-2-phenylamino-
acetoxy]-1-(2-oxo-2-phenyl-ethyl)-1-azonia-bicyclo[2.2.2]octane
25  trifluoroacetate (C270):
A solution of (5-methyl-thiophen-2-yl)-phenylamino-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C269) (175 mg, 0.49 mmol) in acetonitrile (8

mL), is added with 2-bromo-1-phenylethanone (98.0 mg, 0.49 mmol) and the



LC-Ms (ESI POS): 493.1 (MH). EXAMPLE 55 Preparati on of

(R)-342- (et hyl - phenyl - am no) - 2- phenyl - acet oxyl 51- ( 2- oxo- 2-t hi azol - 2-yl -eth
yl) - 1- azowDaeiwwweisBo[ 2. 2. 21oct anebr om de ( C235) Sc he e TAH2009/008870

102- Bromo- 1- (1, 3-t hi azol - 2-yl ) et hanoney4p4. 2 ng, 0.26 nmol) is added to a
sol ution of (R)-quinuclidin-3-yl 2-(nethyl (phenyl)an no)-2- phenyl acetate
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Appear ancepAngliytl cak 17 (LOIVRESS | 4 2P 195;: 355 - 4 ¥, 5 1HHHM3(30P

2.44 (d, 3 H), 2.19 - 2.25 and 2.33 - 2.40 (m, 1 H), 1.40 - 2.15 (m, 4 H);
LC-MS (ESI POS): 475.3 (MH").
10 EXAMPLE 69

Preparation of (R)-1-[2-(4-amino-phenyl)-2-o0xo0-ethyl]-3-((R)-2-
phenyl-2-phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane formate

(diastereoisomer 1 of C271)

o QL
NH

PtO,

: NH
0. THF 0. HCOOH
B N 2) prepartive N
HPLC HCOO-

o o

15 Diastereoisomer 1 of C179 Diastereoisomer 1 of C271
_ Scheme 69

A solution of (R)-1-[2-(4-nitro-phenyl)-2-ox0-ethyl]-3-((R)-2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane bromide
(Diastereoisomer 1 of C179) (88 mg, 0.152 mmol) in THF (30 mL) is
20 hydrogenated in presence of a catalytic amount of Pt,O at 15 psi for 2 hr and
then at 20 psi for additional 2 hrs. (UPLC-MS monitoring: complete
conversion). Catalyst is removed by filtration and the solution evaporated to
dryness. The crude is purified by preparative HPLC to give the title compound

as a pale yellow solid (31 mg, 37% yield, formate formate anion, single



MHz, DMSO- d6) ppm 8.63 (dd, 1  H),7.75(dd,1  H),7.57(dd, 1

H),7.33-7.50 40 (m 5 H, 7.17 - 41%verall 7.31(m2H, C236 0"....
yield 6. 880-2010/02338m 2 H),6.68-6.80 Br Of-yell ow (m pE/ER2068/0083760! 1 d
and 5.97 (s, 1 H),
230
diastereoisomer).

'H NMR (300 MHz, DMSO-dg) ppm: 8.51 (s, 1 H, formiate), 7.63 - 7.77 (m,
2 H), 7.47 - 7.61 (m, 2 H), 7.30 - 7.46 (m, 3 H), 7.02 - 7.18 (m, 3 H), 6.68 - 6.81
(m, 2 H), 6.54 - 6.66 (m, 2 H), 6.41 (br. s., 2 H), 6.36 (d, 1 H), 5.37 (d, 1 H), 4.99 -
5 525(m,1H),4.82(s,2H),3.91-4.18 (m, 1 H), 3.41 -3.74 (m, 5 H), 2.30 - 2.43
(m, 1 H), 1.56 - 2.09 (m, 4 H);
LC-MS (ESI POS): 470.1 (MH").
EXAMPLE 70

Preparation of (R)-1-(2-hydroxy-2-phenyl-ethyl)-3-((R)-2-phenyl-2-
10 phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate

(C272)

NH 1) NaBH, :
O.. MeOH
&)
N
Ci- \\[p 2) Preparative LC-MS K(©

0 OH
Diastereoisomer 1 of C61 c272
Scheme 70
15 A solution of  (R)-1-(2-ox0-2-phenyl-ethyl)-3-((R)-2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane chloride

(Diastereoisomer 1 of C113) (80 mg, 0.163 mmol) in MeOH, is added with
NaBH,; (6.16 mg, 0.163 mmol) and the mixture is stirred at RT for 1 hour
(UPLC-MS: complete conversion). The solvent is evaporated and the resulting
20  crude is first purified by flash chromatography (DCM/MeOH =9/1) and then
by preparative LC-MS to obtain the title compound as of a brown oil (31.2

mg, 39% yield, trifluoroacetate, mixture of diastereoisomers).
'H NMR (300 MHz, DMSO-dg) ppm 7.51 - 7.64 (m, 2 H), 7.28 - 7.50 (m, 8
H), 6.99 - 7.17 (m, 1 H), 6.66 - 6.86 (m, 2 H), 6.51 - 6.66 (m, 1 H), 5.01 - 5.54 (m,



M xture of diastereoisoners 5.14 - 5,41 (m 1 H, 5.02 and 5.03
(s,2H), 4. 10- 4.24(m 1H), 3.37 - 3.79 (m 5 H, 2.76 and 2.77
(s, 3H), 2.\20 2010/0728838( m 1H), 1.44 - 2.15 (m 4 H) PCT/EP2009/008870

10

15

20

25

231
3 H),3.02-4.07 (m, 9 H), 2.29 - 2.42 (m, 1 H), 1.71 - 2.17 (m, 4 H);
LC-MS (ESI POS): 457.1 (MH").

Biological characterisation

EXAMPLE 71

Examples of Radioligand Binding Assay for Cloned Human
Muscarinic Receptors and for Human beta Adrenergic Receptors:

CHO-K1 clone cells expressing the human M1-, M2-, M3- receptors
(Euroscreen, Swissprot P11229, PO08172, P20309, Genbank: J02960
respectively) were harvested in Ca” /Mg'" free phosphate-buffered saline and
collected by centrifugation at 1500 rpm for 10 min, at 4°C min. The pellets
were resuspended in ice cold buffer A (15 mM Tris-HCI pH 7.4, 2 mM MgCl,,
0.3 mM EDTA, 1 mM EGTA). Cloned cells expressing M1-, M2-, and
M3- receptors were homogenized by a PBI politron (setting 5 for 15 s). The
crude membrane fraction was collected by two consecutive centrifugation
steps at 40000 g for 20 min at 4°C, separated by a washing step in buffer A.

The pellets obtained from the three cell lines were finally resuspended
in buffer C (75 mM Tris HCI1 pH 7.4, 12.5mM MgCl,, 0.3 mM EDTA, 1 mM
EGTA, 250 mM sucrose) and aliquots were stored at — 80°C.

The day of experiment, M1-, M2-, and M3-receptor frozen membranes
were resuspended in buffer D (50 mM Tris-HCI pH 7.4, 2.5 mM MgCl,, 1| mM
EDTA). The non selective muscarinic radioligand [3H]-N-methyl scopolamine
(Mol. Pharmacol. 45:899-907) was used to label the M1, M2, and M3 binding
sites. Binding experiments were performed in duplicate (ten point
concentrations curves) in 96 well plates at radioligand concentration of
0.1-0.3 nM. The non specific binding was determined in the presence of cold
N-methyl scopolamine 10 pM. Samples (final volume 0.75 mL) were
incubated at RT for 120 min for M1, 60 min for M2 and 90 min for M3

binding assay.



WD 2010/ 072338PCT/ EP2009/ 008870 207 EXAMPLE 56 Preparation of

(R) - 3- (2- benzyl am no- 2- phenyl - acet oxy) - 1- 12- ( 3-

et hoxyearWwOm910/4723Razol - 5-y1) - 2- oxo- et hy11l- 1- azoni a- bi cPEraP2002/02883¢t ane
brom de (C237) Schene 56 Benzygyri no- phenyl - acetic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yCester (C80) (100 ng, 0.28 mmol ) is

b atalulsRaie
S\3//8.$OI‘ ?g b?g&‘%ﬁ% %rweﬁs(lopﬁ Eiv I CP’TEHE@N@%&% ?QQ%%H(SP%EW@?‘&-O:
yield, b,PE%ﬁV&é&garﬁaﬁmaffmtefnﬁ&uﬁ T AeBT ofaer Ss TR ok Eafergat

(m 1) STt o80gie 0 péo%th'i?%ééan ferza PRy 400 Cad, 16y,

2 f—llg) 51 322(5% % pizeﬁg %%éysz,gé?d aég%g fo(rM_ﬁ’_$ fe%edl\@mp&ur%)s “werd 1 (M
2010/ 0723(%:2PCT/ EP.2 m, _Qg%g(ﬁ%eg&gd '% %’%l % accor(}mg S RaGH 108%n3ks. A

(R)-3-(2- acet

hi | - 2- I - et hyl )= 1- bj
i 11 uor d8K6T o yg%l 15, TEEAG; U Cb%%egteél e6hBB8akr bt L REEl Sifting o1
di S50l ver (fﬁn 31?99 Rk D5t Vet () (100 m, 020 o)

2- bromo- 1- (th'ﬂ%eo ntéf a/ét&mp?;gs(rﬁﬁszaﬂﬁgit &f%éf’org‘&'n)bé $sBiRed b enpal e

yell ow solution is's |rred a OVer ni suspension I's evapor at ed

and t Be G6 yﬁjl?s 0 15%1&13(0 ?tﬁd s (Vlhf?éﬁ] BRJE@(&? gy%l?é’némft_%%%t ngﬁgf)(é%ﬁi ghe

resultl ng conpound 1S further pur| rati've ected

fractions, r?h% BP%e!fod}c?Hér %th?gltl%j haaftﬂll?}r Ijoﬁu%¥ﬁp9ft§f OfvablRodt® TRV Ehe

organlc SO ven hen wth free rrer ernlgt to get the titlhe

conmpound as. & Bal&nvebl a%\ﬁ lme(et’3 achea MR @e ihViVoURARGR Y @ctlon

trifluoroacetate anion, ure % | ast er eoi ?lorrerg) 1 NWR
(300 MHz, ( - 7.71 (m 10 :

e & g@%@a@?yl@ﬂ&gﬁe;}Hggge%ﬂrzdﬁogx&pgélm it thé %Dimea? p%g (m 3 2(()H), 3-2%
-384(m 5 Hix 1{LE7§25and232-244(m 1H, 1.35- 2.14 (m 4
H; LC M5 (ESI (MH). EXAMPLE 58 Preparation of

(R) - 35(2- benzyiag elﬁtm%iwn Wit Qiieal plgd MPreéceptdE
2010/ 072338PC‘/ EPZ0097 008370 209

t hi ophen- 3-yl -pidyblenty aczm'eaarﬁaga&ﬂspﬁatl%t%mqéaafecbg@@iedq)lg@?;fc%)ea wagScheme

58 5A solution of (R -quinuclidin-3-yl enzyl am no) phényl acet at e
(C80) investigated following a method previously described by Haddad EB et al. in

Br J Pharmacol 127, 413-420, 1999, with few modifications.
A cumulative concentration-response curve to test antagonists was
20 constructed on preparations precontracted by carbachol, until a complete
inhibition of smooth muscle tone was achieved. The concentration of
antagonist producing a 50% reversal of carbachol-induced tonic contraction
(ICs0) was taken as a measure of its potency in this bioassay.
In the experiments aiming at assessing the offset of the inhibitory
25 effects produced by test compounds, the minimal concentration of the test
compounds known to produce a maximal inhibitory effect was administered to
carbachol-precontracted preparations. As soon as the tonic contraction was

completely reversed, the organ bath solution was renewed and preparations



(116 ng, 0.33 nmmol ) in ethyl acetate (3.31 nL) and acetonitrile (3.31 nL),
is added with 2-brono-1-(thiophen-3-yl)ethanone (66.5 ng, 0.32 mmvpl). The
m xture iwoiwa7ezsssat RT overni ght. The insol ubl e preci pcratreomsossio t er ed
on a bucicner funnel and washed with agefonitrile. The clear solution is
evaporated and purified 10 by flash chronat ography (DCMEtOH =9/1) to

obtain the title coppound, a I|d( 6 4% brom de salt,
m xture oVeEf Hqrerg )éé’Yﬁsslhga Wlt\ﬁh% esh Krebs Sfﬁl ng/& F@lﬂé ‘}i‘i’l‘ﬁ &bﬁ/B@ﬁ'@)"a?’Pm
8.63 (br.

5.25 (m ﬁ%ﬂlstg% &&8“‘5. éfet (§0 zn}q) Pl'itea‘sal( gbetwseen &pﬁhmﬁ S%Dd Al% (m

1H) 3. 42 7 7 H., 23 (br. s., 1 H), 1.44 - 152.14 (m
H: LG Wé“’(‘ﬁ@iraﬁb& d“ﬁ% tée %r}‘%s VO 2010/ 072338PCT/ EP2009/ 008870 210

EXAI\/PLE 59 ar ati.on

(R) - 342- (4- rret‘ﬁ@ler aEHP%Sa“?“pr?ean%QPbXW inhibitory effects of the

azon loct mat e

for ma éoa%rtan%%@ f%hg '1%?%2 STl B hhretraat T 10 b Refe
3, ggors;h )ilprl%gg%z %rsnagg% n%i{)% e'; aécre? C}Vhf(&g rT%h&r@ctzmg res;)oniscsa to

(t hi ophen-2- t hanone 35 4 | or S

sol ution Q%bg?l%(ﬁ CReT %Pve§omn%°?§ tgllﬁa\pggh%lﬁdw%ioyggl due
is first ur;fdjd by flash chromatography (DCMI\/EOH = 9/1 to 85/15) and

t hen by p five LG/ M. Organic solvent is evaporated and then the

2 Toare yer 1 ow e (farmpGSAd Yis B JHELASY Ry & niturkdBic kaRBIGRITRIL"
) °586 AGNIE-h parigulgrothe Igsoé‘ o P g Mgy Rttty ©
: 3572”} n%w’%m%“%u?f ! Plpabdfybi B thyfRy 20,0 1, 5. 48

20LC- M5 (ESI 175 M) . EXAMPLE 60
Pr epar at i onof ( t hoxy- benzyl am no) - 2- phenyl -

acet oxy] - 1-( 2- WQ%%HH(HQ?(%” 2-yl-ethyl)-1-azoni a-bicycl o[ 2. 2. 2] octane WO

2010/ 072338 f e anion (C241) 1) C79 Schenme 60 5A sol ution of

(R)- qui et | 0 gy 125 (BRI ATk ed 1 BRERKARS! ¥ Rula2hid

hI .21 mmol) In ethy acetate I's a

2- T

sofutllg(r)ﬁ ‘%sl(et IPI rre é%_é ﬁgﬁ?gﬁlt (ﬁ%lléeﬂrfgg{l gﬂggfl( H gt %S:Pf?x@&?%y flash
chromat OqfﬁéfﬁYac%Ws'VbﬁlHﬁ ?2’#@? ﬁéﬁ@%e&ﬁ{s@luﬁﬂﬁs tJIeﬂEeg%sp%%Hﬂfcﬁfﬂdéewépe

LC/ MB. MeOH I's evaporated f ractions coll ect and t'hen the aqueous

sol uti on 1h§t1flé§%ﬁ’a@rabﬁéal‘?3‘/ %erﬂJ&"stHéﬁs@HtIﬁ'eehérﬁ%aﬂyt\le%tﬂﬁﬁaogﬂ&e%s gspal e
pink oil (44 %ylield, formate formate anion; m xture

di aStere%ﬁﬁiﬂh’iﬂ) reép%'n@&ﬂo( Mab/&?@u%wgﬂolﬁ%nclﬁll‘éﬁgéswag Ji'&tegmiﬂed 8.25
(m 1 H 8.03 15 - 4 (m 2 H

4.97 - 5.Ke3otdTand d‘ﬂel‘ldf\%@lﬁmlﬁls@atfmﬁﬁnd &m%%eérfh ﬂulHﬁori—’ar}‘lre@i%ta&é"ht 3. 46
- 3.71(m 6 H 2.1 0 (m 1744- 1.66 (m 1

H : bG M3eyeRll tREE)poindwerd M{‘ﬁ‘x)essed/@s %@Mﬂ@%ﬁﬁﬁﬁﬁbﬁ%%@ﬂ&ﬁ?&n?ﬂ
The bronchodilator activity of the tested compounds persisted
unchanged up to 24 hours after the administration.

EXAMPLE 74

Plasma stability
25 In order to demonstrate that the compounds are degraded, stability in
human plasma at 1 and 5 hours was tested for the compound of the invention.
Briefly 10ul of a stock solution 250 uM of the compound in acetonitrile were

added to 1ml of human plasma and samples were incubated at 37°C. Plasma



EXAMPLE 61 Preparati on of
(R)-342- (4-fl uoro-benzyl am no) - 2- phenyl - acet oxy] -

1- ( 2- oxo-wotzhiopksk- 2- yl - et hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] ecCTa®Pe000I0D8376 de
(C242) NH NH Schene 61 (R)-Quinucljgyn-3-yl _
2-(4-fluor _obenzyl am no) - 2- phenyl acetate (C78) (85 ng, 0.23 mml ) is
(e oot SR DA B T 0 0 o s 4 o

ti d at t.h t d
Lo YRRAB DA aollEo SRR Uy DR BA R s o
by trit t th Et f tl d ff-whit
pouder (SPglesaustg s EpF gPhE-MEMS 33 s‘iﬁﬁ’gpﬁﬁ”d. ZitZ‘PeS. some'rs;e 151+
(300 M, G0k Bt o el st ol ok ol
5.24 1 nd,5. 15 1 2 1 :
367 bo & fviakenhe Bty gt Tior Murshy'thesdres offthe péal o tisne§” 1" 1y
1.48 - 2.10 4 ES 492. 9

3010/ 072330PC EBBObSPH0S 6 TS, BT AR A0, PIdsThE Sﬁ‘é‘%@ A4ipg tspted for

R) -3-12-(4-fl -b to

1927 oxo o AP ERPROYE SRRk AL a0 b SRty resat ol e oreaisgd e
NH S f d

> (411 udiaBER0, and % )ﬁ‘%‘ﬁ bt 1 PR A STt ivepdiammse xew

2- br ono- ][{n%@]gl th*?ﬂﬂ%?ﬁl%sﬁao ng, 0.17 nmml) in ethyl acetate (3 nL) is

: e

stirred a overnig 10 solid is collected by suction filtration

and wgshed w tf . The product is further purified by flash

chr omat ogr aph MeOH=95/5 to 92/8) to obtain the title conmpound as a

white solid (S,SI\EY}(E&NO_%yl eld, bromde salt, m xture of diastereoisoners).

NI\/R(SOOM—IZ d4) Ppm 791-807(m 2 H 7.67 - 7.80 15 (m 1
7.53 - 76434581%{4)726 7.53 (m 7H 6.97 - 7.13 (m 2 H 5.17 -

533(m 1 4.04 - 4.28 (m 1 H 3.49 - 3.89 (m 8 H 3.36

(s, 2 H 2.40 4 Os%)é 1.94 - 2.25 (m 4 H; LC-MS (ESI PCS): 487.1
(MH). 20 WO ot 338PCT/ EP2009/ 008870 214 EXAMPLE 63

t = triplet

15 q = quartet
dd = doublet of doublets
m = multiplet

br = broad



Pr epar ati onof (R) - 1- ( 2- oxo- 2- phenyl - et hyl ) - 3- (2- pheny1- 2- p-

nmet hyl phenyl - acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 21oct ane brom de (C246)

Schene 63wPnrepar7ai3son of 4- net hyl - phenyl - am no- phenyl - aPETIEP2@0I0088(A244) :

A sol ution of ct-bronophenylacetic acighq1.00 g, 4.65 mmol) in acetonitrile
(20 m.), is added with 4-nethyl-phenylamne (0.96 g, 9.30 nmol) 10 and the
m xture react in a closed vessel under MANirradiation at 100C for 1 h
(UPLC- M5 i ng: conplete conversion). Solvent is evaporated and
residue is partitioned between Et0Ac and 2N HCl. The organi c phase is dried
over Na2504, filtered and evaporated to dryness to get desired conpound as

a yellowsolid 88 7 i e Prepar ati on of

4- et hyl -Ioheny? Qm%ﬁ%ﬁéﬁ X%@L?ﬁ?"i{nﬁé’u{}?( R) - (1-

aza- bicycl o[ 2. 2. 2]oct-3-yl) ester &245'%!2 A sol ution of

4- et hyl - phenyl - ani no- phenyl - acetR i (1244) (870 ng, 3.60 mmol) in dry
THF (35 nl), is added with DCC (891 , 4.32 mol), WO

2010/ 072338PCT/ EP2009/ 008870 215 Jig, 4.32 mol) and

3(R) - qui nuclidinol (915 ng, 7.20 The Réesul t | ng mxture is stirred at
RT for 48 hours (UPLC- MS nonitoring: | ete conversion). The solvent is
evaporated and the residue is partitioned between Et 0Ac and 1M K2CCO3. The
organi c phase is dried over Na2SO4, 5 filtered and evaporated to dryness.
The rgsulting crude is dissolved in liflfle DCM and filtered to renove the

i nsol ubl e. The solution is concentrated under vacuumto obtain the title
conpound as a Wheteaw solid, which is used in the next step vmthout any
further purification. Preparation of

(R) - 1- ( 2- oxo- R phigngeleetery frons- the- gramyIconsinsingyof Ho (Ci- -C)o)-alkyl, aryl,
phenyl - am no- acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane brom de (C246) A
sol uti on (65-GsneyHprlkyhe apylabenl r@%h@w}pa@deppsoa@llm SUbStltUted by one or

(R - (1-azabi cyclo[2 2.2]oct-3-yl) ester (C245) .(63.5 ny,

acet oni t MNPEe pBbsHenfssselgaied zaomn the grenp- COJEISJSdH%Wf f&lﬁ&%r@@@sa% 0.18
rrrml) and the mxture was heated at 100C for 1 in_a MVaven (UPLC MS

TSR e o Pur e by fhasi <ot Mok o o)
obt aj n t%@lt?tﬁélkﬁgﬁﬂj&en% g \ﬁﬁut o};@ilf suBanyly p y M am fﬁle salt,
thu“; (7)(f£31EJI " em ff%nygcf% '\gkg' dggz(%%&g%? 221-778?18-(%0;, I(—|)m
0 08 i i e O bR L
§E}4+); 3%%2 z‘ééfoslgw%@émcwlﬁ@vég%ggsﬁeowé biviopel eibstitdted by, 8989 i on
AR K e
hydr ochl ¢Fi%E ¢ 23 : ¢ |

ot hyl - (T SaBy S BRURRRIEE am G Gl A Sultidy b (Ciaobnbadrofiotn
e e
and 15 then atl?gdé ?3?8@ %Oﬂéet?‘(?ng{%}?@oingls? r(y ?(I?/Ioﬁlﬂ Y ddked to
ext r 201 o CoRoRPEYABHIGTY; BiteRR T Prliliy] Rd dhe]tF I S i

W th wat “ubstituted by one or more substituents selected from the group consisting of

halogen atoms, OH, oxo (=0), SH, NO,, CN, CON(R5),, COOH, CO,RS5, CF;,
(C4-Cyg)-alkoxycarbonyl, (C;-Cj¢)-alkylsulfinyl, (C,;-C,¢)-alkylsulfonyl, (C;-
Ci0)-alkyl and (C,-C,y)-alkoxyl;

25 R6 represents a group of formula (i) or (ii) or (iii) or (iv)



WO 2010/ 072338PCT/ EP2009/ 008870 217 and brine, dried (Na2SO™4), filtered and
evaporated to give internediate 1247 as a brown solid (464 ng, 69%yield).
Pr epar at iwo 20f0/072338| uor o- phenyl am no) - phenyl - aceti ¢ aci @CT/EP2009/008870

(R -(1-azabicycl o[ 2. 2. 21oct - 3-y1) este}Pé C248): 5A solution of DCC (534 ng,
0.71 mmol ), 1H benzo[d][1,2,3]triazol-T-ol hydrate (217 ng, 1.42 mmol),
(2-fl uoro- phenyl am no) - phenyl -aceti c acid hydrochl orj (1247) (200 ny,
0.71 mml) and (R)-qui lidin-3-ol (271 ng, 2.13 i n THF (10 nL) is
stirred at RT for 2 Thédsol vent is evaporat kd Nﬁ?ﬁ the residue is
taken up with EtOAc, shqtl with sat NaHCO3, wat angd 10 itine. The
organic |layer is e ,‘Rgri ed over Na2SO4,,.fi |t ey and evaporated to
dryness. The residue is purified by preparative HPLC. The organi c sol vent
is evaporated and the acid agqueous phase is basified with Na2CO3 and
extracted with EtOAc. The organic layer is dried (Na28D4), filtered and
evaporated to afford the title conpound as yellow oil (41 ng, 16%yvyield).
15Preparati on of (R)-342-(2-fluoro-phenylam no)-2-phenyl -acet oxy] - 1-

(2- oxo- 2- phenyl - et hyl ) - 1- aRdni a- bi cycl o[ 2. 2. 21oct ane jxi fl uoroacet ate
(C249): (2-F luoro-phenyl ani no) - pAenyl -acetic,_acid ( Ol-aza-bicyclo [2 .2
.2] oct- 3-yl) ester (C2 (267 ng, 0.75 mol)Nand -
2- br ono- 1- phenyl et hanone )
m.). The resulting reacti tirred at 20 RT for . _days. The sol vent
is evaporated and the c tfied with preparatiI\/eR“PLC to obtain the
title conpound as a yell ow anorphous solid (178 ng, 40.3 %yield,
trifluoroacetate salt, m xture of diastereoisoners). . NVR (300 MHz,
DVBO- 86) ppm 7.87 - 8.14 (m({@H), 7.67 - 7.81 (m (AYH), 7.50 - 7.68 (m 4
H, 7.26 - 7.50 (m 3 H), 7.01 - 7.16 (m 1 H), 6.85 - 7.00 25 (m 1 H),
6.56 - 6.77 (¥herefy 5.75 (br. s., 1 H), 5.46 and 5.49 (s, 1 H), 5.24 (br.
s., 1 H, 512 and 5.17 (s, 2 H, 4.00 - 4.20(m 1 H, 3.29 - 3.83 (m 5
H, 2.12 - 2. B 3hd2P13% -2.42 (m 1 H), 1.37 - 2.11 (m 4 H; LG M (ESI
POS): 473.2 (MH). W) 2010/ 072338PCT/ EP2009/ 008870 218 - C250 and C251
listed in Tablte™2728%6prepared as previously described for C249, using
3-fluoroaniline jnstead of 2-fl uoroanibg)ne_ and the suitable comrercially
avai | abl e al kyhalSihBhuyeraicay BceeprdELAROMAd Structure Yiel d and
appearance An tical C250 S7.8 40" Isl +0 Br o M xture of

P e iBr oot sondt 1&18/0%93951%%%?%'(\@ )

il ved |An CH3CN (20

-+(CHp)p---P--- (CHp)q-+-W
(Y)
whergin
15 p is 0 or an integer from 1 to 4;
q is 0 or an integer from 1 to 4;
P is absent or is selected from the group consisting of O, S, SO, SO,,
CO, NRS CH=CH, N(R5)SO,;, N(RS5)COO, N(RS5)C(O), SO,N(RS),
CO(O)N(RS) and C(O)N(RS5);
20 W is selected from the group consisting of H, (C;-Cg)-alkyl,
(C3-Cg)-cycloalkyl, aryl and heteroaryl, optionally substituted by one or more
substituents selected from the group consisting of halogen atoms, OH, oxo

(=0), SH, NO,, CN, CON(RS),, COOH, NH,, NHCORS, CO,R5, (C;-Cio)-



Wiite solid LC- MS(ESI POS): 473.4 (MH+). 1H NMVR (300 MHz, DMBO d6) ppm 7. 89

- 8.05(m 2 H, 7.69 - (m 1 H, 7.53 - 7.67 (m 4 H), 7.30 - 7.49

(m 3 H),Wp.200/7e38 1 H), 6.74 and 6.76 (d, 1 H), 6. 48 PCEERA000/Y8820 H)

6.37 (td, 1 H), 5.41 and 5.45 (d, 1H)3~}5 23 - 5.30 (m 1 H), 5.15 and 5.21

(s, 2 H, 3.96 - 4.29 (m lH) 3.37 -73.95 (m 5H) 2.11- 219and236-
ure

A G T L S e I W el RO B WK LI T TR
e ks Hi)r”@nylz@u%@ﬁyﬁfnﬁ?ﬂf-éz @Sk R I S A
o 55 SR nas Dsefteps by Tuid ogtodhy %‘@r‘?s(l?alﬁé ﬁ? 18 zéc*?-cgwgéky(ﬁf?
20’10/20%(2)3(58#& Babh 005656 Gle Bl £ G Coaniiyt™ (e drioalkyl,
:hltz ;éie@}é Dk oAk gih&%wkyf BRI TS aiPcRsroary! And aryl

(R -(4-fl -%Weﬁyﬁa%@%q -bahé’ﬁ‘ﬁl SD3hdte. g%@ﬁ&“ﬁﬂﬁ??“&?“erﬁ‘t‘&z‘%‘f) group
consisting of halogen atoms, OH, oxo (=0), SH, NO,, CN, CONH,, COOH,

(C,-Cyp)-alkoxycarbonyl, (C-Cyg)-alkylsulfanyl, (Cy-Cp)-alkylsulfinyl,
(C1-Cyp)-alkylsulfonyl, (C;-C,g)-alkyl and (C,-C,¢)-alkoxyl;
10 and pharmaceutically acceptable salts thereof,
with the proviso that when R1 is H, R2 is phenyl, R3 is H, then R6 is
not a group of formula (iii).
2. A compound of claim 1 wherein R1 is H, R2 is arylalkyl or (C1-C10)-
alkyl or aryl or (Cs-Cg)-cycloalkyl or heteroaryl and R3 is (C;-Cyy)-alkyl or
15 aryl or (C;3-Cg)-cycloalkyl or heteroaryl, preferably substituted with one or

more halogen atoms and wherein R6 is a group of formula (i)

J@r\
R4

(i)
20 according to the general formula (XIII):

*

Ho - R2
.
Y
0 !
\
(XIy R4

3. A compound of claim 2 wherein R1 is H, R2 and R3 are phenyl.



10A solution of (S)-nethyl 2-(methyl sul fonyl oxy)-2-phenyl acetate (15) (520
ng, 2.13 mmol) in CH3CN (10 nm.), is added with 4-fluoroaniline (473 ng,
4.26 mmolwoant/a7ksssm xture is heated at 120C for 5 m n @QU@EP20d008870
irradiation. ('UPLC-Ms: conplete conveyii on). Acetonitrile was evaporated
and the resulting crude is dissolved ifn 1N HC1 and extract ed several ti rres

with EtOAc. The 15 conb d orga has ri filte
and evaporat ed'\t“cP‘HP‘?‘h%‘isoeft%laH%tgl‘ﬁhgrr?ﬂ%md?}t{ T{%Z aarﬁm%evé|a 0|I
(520 ngy, 94%y WO 2010/ 072333RPCT/ EP2009/ 008870 220 Preparation

of (R)- (M\“?‘iﬁ’b‘?g{‘lpi’?e%ﬁf%ﬂﬁﬁ ORI Y hcetic acid (1253): A sol ution of

(R)-(4-fluoro-phenyl am no) - phenyl -acetic acid nethyl ester (1252) (510 ng,
1.97 mmol) in dioxane (10 nL), is added with 12N HC1 (10 5 nL) and the

m xture is heated at 70C for T ic s@lvent is evaporated, the
m xture is cooled to 0C and fhichégm |'h'g@3l2]qor % collected by filtration
to obtain internmediate 1255 as a brownish solid (420 ng, 87%yield).
Preparation of (R)-(4-fluoro- phenyl am' phenyl -acetic acid (R)-

(1-aza- bi c o (:C254) : 10A sol ution of

(R) - (4-f 1% ?E?“{BHe‘ﬁyﬁip 55 F‘n EP AL d (1253) (420 my, 1.71 mol) in
dry THF( Dl’—_% IS se aII ded S I|d| 0 18 ny,
101 ol 4oRFRn s brtielP o loshig Coratign, "2
nmol ) . The r@ |s rﬁ ﬂ,Ld u@g q m n under N2f|owstreamandthenthe
sol vent RS % aqlsl' & e 'H; RN partitioned 15 between wat er and
cvapor at & ¢ o ey ot YIEER PhEfip did 7 a el QDR Wferdl
;2[?2@ o%%pgﬁgggg%%%wg?v sth?gﬁ)?l' n the t|tIe corrpound as a pale

Pr epar at ipnof (R) -

acet oxy1- 7? (2‘%)?0%5%1@ (Cilalg‘l 3?\%85:%?1‘?'1%% b| cyc?ﬂltlﬂ%%é Oce;[r 1e

chl ori de { 25535, o g idh ﬁga SRR ¢ e

(R -(4- quoro’-phenyI m no

(2 i), af%bgﬁye(f%‘ﬁ“%? BEF%'%S*/ YRR AT e 8 b Rty gy ek, O
mmol ). The;feastd @qecﬁga(?lgngq@tlg 1_% i.OOC for 1 hr under MWirradiation. The

sol vent i's' e\faporat the c I's purified by flash chromat ography

( DCM yeOk=9/ ! 1) ﬁﬁy&{dgﬁf%%%%!%ﬁnﬁﬁwd as a white solid (104 ng, 36%

yi el d, chlori ast er eol

2010/ 072338PCT/ EP2009/ 008870 221 1H NMR (300 MHz, DMSO d6)
Pom 8.21 (d, 1 H), 8.08 (d, 1H) %2765(m 2 H, 7.23 - 7.48 (m 4
H, 6.84 - 6.99 (m 2 H), 661- 6.39 (d, 1 H, 536 (d, 1
H, 515 - 5.26 (m 1 H), 506(s 3.99 - 4.21 (m 1 H), 3.38 - 3.85
(m 5H), 2.30 - 2.40 (m 1 H), 1H Ciﬁ(7m 4 H; 5LC-Ms (ESI POS):
478.9 (MH). EXAVPLE 66 Prepey at i

(R)-342- (4-chl or o- phenyl) - 2- phenyl am n@ acet oxy] -
1- ( 2- oxo- 2- phenyl - et hyl ) - 1- azoni a- bi 2‘}75' o[ 2. 2. 2] octane trifluoroacetate
(C258) 10 Schene 66 Preparation of (4¥€hl oro-phenyl)-phenyl am no-acetic
acid (1256): 2-Brono-2-(4-chlorophenyl)acetic acid (1.2 g, 4.67 mmol) and
ani line 15 (0.v8Berein: 9. 33 mmol ) are dissolved in acetonitrile (29 nL). The
reaction is heated under m crowave rradl tion at 100C for 5 mnutes. The
sol vent is evdbbrBgaddiRd atrﬁésrdé@i”db% 18 Cigsbl-ved in Et 0Ac and washed with
3M HC1 and then_ brine. The organ | ayer is dri.ed oyer. Na2s4, filtered and
evapadPat ed t o If yeRISSERIS F4ERAIN ﬂ% gqrmiaa(w qrz@g%a%r évww.iwri olid (1.22 g,
WO 2010/ 072338PCT/ EP2009/ 008870 222 quantitative yield). Preparation
of (4-chl oro-phenyl)-phenyl am no-acetic acid (R)-(1-
aza-bicyclo[2.2.2]oct-3-yl) ester (C257):
(4- Chl or o- phenyl ) - phenyl am no-acetic acid (1256) (1.22 g, 4.97 mmol), 5
HOBT (0.99 g, 6.46 mmol) and DCC (1.33 g, 6.46 mmol) are dissolved in THF
(250 nL). The reaction is stirred for 15 m nutes and then
(R -quinuclidin-3-ol (1.26 g, 9.93 nmol ) is added. The reaction is stirred
at RT for 4 days. The solvent is evaporated and the residue is taken up

t OAc. The insoluble is filtered off, the solution is washed with 1M
KZCO§ 10 and brine. The organic phase is dri ed (Na2st™4), filtered and
evaporated to dryness. The crude is purified by flash chromatography
(DCM MeOH= 98/2 to 90/10) to afford conmpound C259 as a yellow solid (462
ng, 25 %yield). Preparation of
(R)-3-12-(4-chl oro-phenyl) 2- phenyl am no- acet oxy] -
1- (2 0Xx0- 2- phenyl - et hyl )- azon| a- b| cycl 0[2 2 2] ~oct anetrlfl uoroacet at e

A=/ I~~~ \ P~ N~ v



1H NWR (300 MHz, DMBO- d6) Ppm 7.94 - 8.02 (
H, 7.54 - 7.68 (m 4 H, 7.40 - 7.54 (m
- 6.78 (mvo2otd728852 - 6.67 (m 1 H), 5.
5.16 (s, 2 H), 4.05 - 4.19 (m 1 H, 344
1H, 1.90 - 2208 (m 2 H, 1.75 - 1.88 (m
2010/ 072338PCT/ EP2009/ 008870 223 LC-MS (ESI POS):
Preparation of (R)-34 i noN\gcet oxy] -

1- (2- oxo- 2- phenyl -eth yazoni a- bi cycl o[ 2. 2. 21oclt aney't'i fT uor oacetate 5
(C263) Schene 67 Preparation of bronp-{2- *(uq;)g‘-phenyl)-aceti C
acid nethyl ester 10(1259): A sol ution of nethy

2- (2-fluorophenyl)acetate (1.0 g, 5.95 mvol) in CCl4 (15 nL), is added with
N- brono succinimde (1. @i)g, 5.95 mmol) and 48% hydfeggn brom de (33 uL,
0.30 mml) and the reaction is refluxed for 15h. Reaction is diluted with
DCM and washed with Na2CO3 and water. The 15 organic phase is dried over
Na2SO4, filtered and evaporated under vacuumto afford igternedi ate 1261 as
a dark brown oil (1.47 g, quantitative yield). ar@t i on of

(2-f1 uoro-phenyl) - pheyl ani no-acetic acid net hyk 12760): A solution

of brono- (2-fl uoro-phgny acetic acid nethyl este ¥) WO

2010/ 072338PCT/ EP2009 ‘i::l 224 (1.47 g, 5.95 mmol ), a=®line (814 ul, 8.93
mrol ) and N-et hyl - N-Zt'sopr opympopan-2-anine (1.53 nl, 8,93 nmol) in
acetonitrile (10 nm.) is heated under mcrowave irradiatidn at 100C for 1 h.
The solvent is evaporated, the residue is taken up with DCM and washed
with water and 5 brine, d{veD over Na2SO4 and evapor at efix)o afford

internedi ate 1262 as a dark brown oil (1.54 g, quantitative yield).

Pr epar at i onof (\héteimr o- phenyl ) - phenyl ani no- aceti caci d hydrochl ori de (1261):
A solution of (2-fluoro-phenyl)-phenyl am no-acetic acid nethyl ester 10
(1260) (1.54 gn @dok angres YeseritedF i méim_); cooled at OC, is added with 2.0M
l'i thi um hydroxide (5.95 nL, 11.9 nmol) and the reaction is stirred at RT
for 72 h. The auwl phanmacsugicapyrasceptableisaity thereaflded to the reaction until
pH 1. The product is extracted with EtOAc, and the organic phase is washed
wi th water andvidhithe pravised thater Na2SO4 and evaporated to provide

internmedi ate 15 1263 as .a dark brown gummy solid (1.34 g, 80%yield).
Prepdfati on of (»henudi ds Fhenyhis.pghdny phenylb Ret &t oraQin;, tign Rp-is not a
aza-bicyclo[2.2,2]oct-3-yl) ester (C262): A solution of

(2-f | uor rpHBMfi fprpwdn(yiabianel acetic aci d hydrochl oride (1261) (217 ny,
0.77 mol ), (R -quinuclidin-3-ol (338 ng, 2.66 mml) and 20

1H benzo[ d] [ 1,72, Bia r¢amppundyp| of 18energl ~ formvlamtdl) " afe dpgt TNEmetyldy | is
added with PS-DCC &%{.Q g,, 1.33 mol ). The mxture is_shaken at RT for 15h.
Then (R) -Rperdyl-2aidh-dsmsthylamipoggetate 35 andl ) AraneBybdepipeoulydg -V’ 38
mol ) are,added again and the reaction is shaken for additional 3h at RT.
The resi flimethylapie@agstats.| trati on and washed several time with Et0Ac. The

25 sqlvent is evaporateq, .the residue.i ak .Wth EtO nd shed

wi t h IRaHA3, \A%t%qmaﬁangﬂfr%am W Fﬁaﬂﬁ’ef bﬁmﬁgglﬁossm@r@do)cﬁ%zg@a)ary 1t ered
and evapor at to.afford the title conpound, as r.o oji.l (225 , 82%
yield). R p‘gga‘fYQJHa 1) ar:y-laléyﬁ erf‘P‘?}SFQilr%héHQIaI}- zsgﬁén@oam%ﬁxlgg@mﬁyi-

V0 2010/ 0012?838-%3 -/cggﬁo%(h?}//lo9)§8a7r(})/lalkyl or heteroaryl, preferably substituted with

m 2 H, 7.72 - 7.83 (m 1 25
H, 6.96 - 7.17 (m 2 H), 6.68
(s, 1 H, 5rtoEr2&pod8ssfon 1 H),
3.86 (m 5 H, 2.09 - 2.22 (m
1 H, 1.54- 1.73 (m 1 H; WO
ChloYaMH+) . EXAMPLE 67

one or more halogen atoms and wherein R7 is a group of formula (vi)

£

(vi)

according to the general formula (XII):

*

20



225 1-(2- oxo-2-phenyl -et hyl )-1-azoni a-bi cycl o[ 2. 2. 2Joctanetri fl uoroacet ate
(C263): A sol ution of (2-fluoro-phenyl)-phenyl am no-acetic acid

(R) - (1- azwbizewal7ed38. 2. 2] oct - 3-y1) ester (C262) (225 ng, POTAEP20m91D3876 n
acetonitrile (8 5 nL), is added with 24y ono- 1- phenyl et hanone (126 ng, 0.63
mmol ) and the reaction is stirred at for 15h. The solvent is evaporated
and the resulting crude is purifi@dNb preparative HPLC to obtain the title
conpound as a brown oil (130 ng, 35%ield, trifluoroacetate salt, mxture
of di astereoisoners). 1H NI\/R(BOB| ) ppm 7.92 - 8.07 (m 2 H),
7.69 - 7.82 (m 110 H), 7.52 - 7R88 [Im 7.35 - 7.49 (m 1 H, 7.19 -
7.35(m 2 H, 7.05- 7.15 (m 2 H, 6.68 >N6.81 (m 2 H), 6.56 - 6.67 (m
1H, 6.42 (br. s., 1 H, 557 and 5%% (s, 1 H, 521 - 5.3 (m 1H),
5.12 and 5.17 (s, 2 H, 4.02 - 4.24 1 H, 3.27- 3.83 (m 5 , 2.13 -

’ H)
(i) 150" Anosondis S5 skien BBt ok e HoR2oR Atukghor (CriCie) >
Prepar at i

f .
(R 3. 2.6y b Ry ! ok GorEa-svghoplion o hsterrndaand R s {CrLekalsrofeny - e
t hyl ) - 1-azopi a- pi.c o[ 2, 2.,21oct ane . ttifl uoroacet ate 7 Sc 8
br opbr at (AL GF (e taimy L EIREDRsras kv St hERESHANs el srefaliny FUETupe
(1264).: 10A, suspension.of alum numtrichlori .(2.75 q, .6 | )., and
eyt 2 W ER DTSR Blodrt Mo GG WHEBIR 7 16 ity pC Ry Zutiy '
cool ed at OC and under nitrogen atnosphere, is added with 2-nethylthi ophene
(1.00 nm., 10.33 nmol) dropwi se. The re é%fon is stirred at RT for 15h. Then
the mxture is cooled at 0C, ice: i s slow y added and the organic
phase is washed with ag. 15 NaHCO3 and bF'QgL dried over Na2SO4 and
evaporated to obtain internediate 2010/ 072338PCT/ EP2009/ 008870 227 1266
as a brown oil (1.9 g, quantitatiy€ yi@d)), Preparation of
hydr oxy- (5- net hyl -t hi ophen-2-yl)-acetic acid nethyl ester (1265): A
sol ution of nethyl (5-nmethyl-thiophen-2-yl)-oxo-acetic acid nethyl 5 ester
(1264) (1.90 g, 10.3 nmmol) in MeOH (2%vil) cooled at OC, is added
portionwi se with sodi um boron hydride (0.19 g, 5.17 nmmmol ). The reaction is
stirred atccoglimgrtontbergemgtalstormera §KI®y for | h. The sol vent is evaporated,
the residue is taken up with Et 0OAc and washed with ice-water and brine. The

orgadlc phase is dried over Na2SO4, filtered and evaporated to collect 10
intermedi ate 1267 as a brown oi IH{ 1B g, 96%yield). Preparation of

met hanesul f onyl oxy- (5- net hyl -t hi ophen-2-y1l)-acetic acid nmethyl ester

(1266): A solution of hydroxy- (’-fr-—pjsk[%w) t bi~qphen-2-yl)-acetic acid nethyl
ester (1265) (1.84 g, 9.89 nmmol R3 n [dry cool ed at OC under nitrogen 15
at nosphere, is added with Nethyl-N®sop Naropan-2-amne (2.54 nL, 14.8
mol ) and met hanesul fonyl chloride (1.16 nL, 14.8 mmmol) and the reaction is
stirred at RT for 2h. DCMis added guad)the organic phase is washed with ag.
NaHCO3, water and brine, dried over Na2SO4 and evaporated to obtain

12. A compound of claim 10 wherein R1 is H, R2 is arylalkyl or

(C;-Cyp)-alkyl or aryl or (C3-Cg)-cycloalkyl or heteroaryl and R3 is (C;-Cy)-
alkyl or aryl or (C;-Cg)-cycloalkyl or arylalkyl or heteroaryl, preferably
15 substituted with one or more halogen atoms and wherein R7 is a group of

formula (vii), according to the general formula (XV)



internedi ate 1268 as a dark brown oil (2.1 g, 80%yield). 20Preparation of
(5-met hyl -t hi ophen-2-y1) - phenyl am no-acetic acid nethyl ester (1267): A
sol uti on WO 2a8¥d72338sul f onyl oxy- (5- net hyl - t hi ophen- 2- y1) PAT&PLIACI3A et hy|

ester (1266) (2.10 g, 7.94 mmol ), ani Izrf[ie (2.09 n, 11.9 mol) and N
et hyl - N-i sopr opyl propan-2-am ne (2.04 , 11.9 mmol) in MeCN (10 nmL) is 25

heat ed ] [ i at.i t 100C f 1. h. T I ' d,
DV {5 addod AhdCORPOGRYaritc HELelD s Weriza Tl 1 1¥ ikt k2aRt BOIHEY! o od
oo e 20y SterlEs bR o8] ubite AL 4R B 1 o2
| nter et e A300 S0 & A9 2010(RTE3IRCTUEREPOR! O9BAIRT28e Felttalh! (500
5- et hyl -t hi ophen-2-y1) - phenyl am no-acetjc, aci d _hydrochl ori de 68): A
%?2 o o(ﬁ gggﬁ"(rgﬁ ﬁg%@'ﬂ%]?cﬁmﬁﬂ}%;‘y?;l éﬁﬂfnb?lé’rﬁehozt Pl a‘efl'af%;g%ﬁ'_ﬁe;t et
: ) in .. cQqol e is added wi :
it hi dm W&Pg%fo%?fwlgggﬂi,acﬁ%@‘%%|t)heafq)?&’e{ﬁe‘lor‘%‘i AYDSsiirred st m
for 72 hours. Then the solvent is evaporated, 1M HCl is added to the
reaction until pH 1 and the produlgt ig,extracted with EtOAc. The organic

phase is washed with water and bl’ihﬁfa%il’i ed over Na2SO4, filtered and
evaporated to obtain 10 intermadhat 1250 as a light brown solid (410 ny,
y

76% yi el d) . Preparation of (5- phen- 2-y1) - phenyl am no- acetic
acid (R - (1-aza-bicyclo[2.2. 21ocke 3- 1) e¢stef (C269): A solution of
(5- et hyl -t hi ophen-2-y1) - phenyl am no-aceti tndci d hydrochl oride (1268) (220
ng, 0.77 mol), (R)-quinuclidin-3-ol %@?8 my, 2.66 15 mmol) and

1H benzo[d][1, 2,3]triazol- 1-ol (180( ; 1.33 mol) in dry THF (15 L), is

b e Al 1ap RSkl 018 o B g B R e
The rest kST PF fref 86 rCalt shoafied G5 bifdpa it R Bre ohalidohy ani.
'E%égog?ra%?i’ ;@rga@gﬁ‘gg%%’%f%ﬁg%tv%refi‘%%f@/%?iﬁ’?@g%ﬁf pﬁgfdef?*?{yg?%%&%gié" .
CRy 55t el aRe T mire biLTRes dtome and SRR %Qaé&wyf.qﬁ@W?j.(&v&hinw et

hyl ) - 1- azoni a- bi cycl 012. 2. 21octane 25 trifluoroacetate (C270):

sol ution of (5-nethyl-thiophen-2-yl)-phenylam no-acetic acid (R)-(1-

aza- bicyclo[2.2. 2] oct-3-yl) ester (¢269) (175 ng, 0.49 mmol) in
acetonitrile (8 nL), is added with brono- 1 -phenyl et hanone (98.0 ny,
0.49 mol ) and the WD 2010/072338P 009/ 008870 229 reaction is stirred
at RT for 15h. The solvent is evap te d the resulting brown crude is
purified by preparative HPLC to obtain the tfitle conpound as a brown oil
(60 mg, 21%vyield, trifluoroacetate salt, m xture of diastereoisoners). 1H
NVR ( 300 avkinrdiBDyBO-tH6)geRpral forsmla (XVI8) (m 2 H), 7.69 - 7.88 (m 1 5 H),
7.54 - 7.69 (m 2 H, 7.06 - 7.16 (m 2 H, 6.99 - 7.07 (m 1 H, 6.69 -
6.8316m 3 H), 6.54 - 6.69 (m 1 H, 6.33 (br. s., 1 H), 5.52 and 5.56 (d,
1 H, 523 - 534 (m 1 H, 5. and 5.17 (s\ 2 H, 3.98 - 421 (m 1 H,
3.55 - 3.86 (m 5 H), 2.43 and 2 44R2d, 3 H,N2.19 - 2.25 and 2.33 - 2.40
(m 1 H, 1.40 - 2.15 (m 4 H; N

R3

o)

(XVII)
15. A compound of claim 10 wherein R1 is H, R2 is arylalkyl or (C1-C10)-
alkyl or aryl or (C;-Cg)-cycloalkyl or heteroaryl and R3 is (C;-C;g)-alkyl or
20 aryl or (C;-Cg)-cycloalkyl or arylalkyl or heteroaryl, preferably substituted

with one or more halogen atoms and wherein R7 is a group of formula (ix)



LC-Ms (ESI POS): 475.3 (M#+). 10EXAVPLE 69 Preparati on of
(R)-1.12-(4-am no-phenyl)-2-oxo-ethyll-3-((R)-2- ph

enyl- 2- phEaebami7esssacet oxy) - 1- azoni a- bi cycl o[ 2. 2. 21oct aRE€TIEPRONALE8870

(di astereoi somer 1 of C271) 150 astgyeoi soner 1 of C179Di astereoi soner 1
of C271 Schene 69 A sol ution of

(R)-142- (4-nitro-phenyl)-2-oxo-ethyl]-3-((R)-2-phenyl -2-

phenyl am no- acet oxy)- 1-azonia-bicyclo [2 f2~.2] octane brom de

(Di astereoi soner 1 of C179) (88 ) in THF (30 nL) is 20

hydr ogenated in presence of a cat yunt of Pt20 at 15 psi for 2 hr
and then at 20 psi for additional 2 h PLC- M5 nonitoring: conplete
conversion). Catalyst is renoved by filtran on and the sol ution evaporated
to dryness. The crude is purified by prepagative HPLC to give the title
conpound as a.pale yellow solid (31 ng, 37%yield, formate formate anion,
single WD 2010/ 072338PCT/ E[P 009/ 0(8%3]12{ 230 di astereoi soner). | FINVR (300
M -1z, Daserrbngppihegegergldormulp (Koriate), 7.63 - 7.77 (m 2 H), 7.47 -
7.61 (m 2 H, 7.30 - 7.46 (m 3 H, 7.02 - 7.18 (m 3 H), 6.68 - 6.81

(m 2 H, 6.54 - 6.66(m 2 H), 6.41 (br. s.\ 2 H, 6.36 (d, 1 H), 5.37 (d,
1 H, 499 - 5525 (m 1 H, 4.8 8272 H) , 91 - 4.18 (m 1 H), 3.41 -
3.74 (m 5H), 2.30 - 2.43 (m 1 1.5 09(m 4 H); LC- M5 (ESI POS):
470.1 (M#). EXAMPLE 70 H i on

(R) -1-(2-hydroxy-2-phenyl - et hyl )gr34(|R) - 2- pheny1-2- 10

phenylsam no- acet oxy) - 1- azoni a- bi cycl®[ 2. 2. 21oct anetri fl uor oacetate (C272)
OH Di astereoi somer 1 of C61C272 Schene 70

15Asol uti onof (R) - 1- ( 2- oxo- 2- phenyl - et(XlI)) 34(R) - 2- phenyl - 2-

phenyl am no- acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane chl ori de

(Di ast er el@.sonercompfun@dlddord iy tmany pt&Giomswlyim,selediel] freamadded wi t h
NaBH4 (6.16 ng, 0.163 nmol) and the mxture is stirred at RT for 1 hour
(UPLCG- Ms:  conRgtquinaolidirsBeyl) 2-pheaysak (phenylanaudpoetatesd and the resul ting
20 crude is first purified by flash chromat ography (DCM MeOH =9/ 1) and then
by preparati véR)GqhButhdobBayln the title conpound &s(4fflrbpbemyl)i2-(431. 2
ng, 39%yield, trifluoroacetate, m xture of diastereoisoners). 1H NVR (300
VMHz, 1IDVB@lu@opppnylantihojacktse;(m 2 H), 7.28 - 7.50 (m 8 WO

2010/ 072338PCT/ EP2009/ 008870 231 3 H), 3.02 -4.07 (m 9 H), 2.29 - 2.42 (m
1 H, 1.71 - ZR)7quinpcUdi)-3-¥IQ B etEA(pPOB)L)ambivo )12 {emy Bievhtegi cal
characterisation EXAMPLE 71 5Exanples of Radioligand Bi nding Assay for

C oned Human NR9eguinnclidRedeylt ors and for Human bet?a(ddhurephenyRet€pt or s:
CHO-KI clone cells expressing the human ML-, M-, MB- receptors

( Eur oscr d&mrophesglanmomopdce22i®; P08172, P20309, Genbank: J02960
respectively) were harvested in Ca/ Mj++ free phosphate-buffered saline and
10 col | ected KR)ekmathylpjperidin-drytBathanyin2-tphenylamino)acetateni n. The
pel l ets were resuspended in ice cold buffer A (15 MM Tris-HCL pH 7.4, 2 mM
MyC1d5 0.3 nM(BmiAmqhmE@Aém-émn%wh@evl-g-@ilvmyb%nn@)met,ath-, and MB-
receptors were honogeni zed by a PBl politron (setting 5 for 15 s). The
crude nenbr and SPrlasiateyl prarcledint ot et pbyny nd-(ObsBrlamingdacadate: i f ugati on 15

steps at 40000 for 20 mn at 4C, separated by a washing step in buffer A
(R%- I-methylpiperidin-3-yl 2-phenyl-2-(phenylamino)acetate;

8-methyl-8-azabicyclo[3.2.1]octan-3-yl 2-phenyl-2-
(phenylamino)acetate;
20 phenyl-phenylamino-acetic acid 9-methyl-3-oxa-9-aza-
tricyclo[3.3.1.0*2,4*]non-7-yl ester;
(R)-quinuclidin-3-yl) 2-amino-3-phenylpropanoate di-trifluoroacetate;
3-phenyl-2-phenylamino-propionic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-

yl) ester;



The pellets obtained fromthe three cell lines were finally resuspended in
buffer C (75 MM Tris HC1 pH 7.4, 12.5nM MgCl 2, 0.3 nM EDTA, 1 mM EGTA, 250
v sucr oSwP 2ardh7233Bquot s were stored at - 80C. The day ®CTHEPR@PINESHY , ML-,
M2-, and MB-receptor frozen menbranes were resuspended in buffer D (50
mMM Tris-HCL pH 7.4, 2.5 nM MgC12, 1 DTA). The non sel ective nuscarinic

dioli d - N- .hyl i .Mb Ph | , 45:899-907
Lgeldot Iogia(r';]lbel[ ?&éleqwgghg?"'é?\ﬁoﬁgL%’irl%agﬂ‘éngi'?éghgr qﬁg‘%ﬁbe;ex peri nent )s %fe
f di licate,.(t int . t i in9 Il plat
e adi ol gand OHOBHEHAIT g o 25hg 5 Tesd IagetainatTRNETbeblerdss "hi nal ng. s

determned in e presence,of cold, N-nethyl scopolamnpne 10 1.1M Sanpl es
(final vol une (B‘Bﬁﬁﬂffﬁam'é'ylncub%’é@ﬁ?pgﬂ‘yfgppﬁ@gﬂrﬂ%w ¢ Jte 60 fin for
M2 and 90Q i(rﬂyn for tl\/E'bi ndi ng assay. WO 2010/ 072338PCT/ EP2009/ 008870 232
The reactP'dHRBRCG 8IS nated by rapid filtration through GF/B Unifilter

For ve f ;’é‘?f’ %ﬁ#ﬁ’%@*‘lﬁﬁfﬁ@i%ﬁ-sﬁ%—(%%l?@%%ﬁ%&@%ﬁ%gﬁégy %Ft’%graé& ate
inti i TopCo ). <5l

2says, ki valGaGrrneB Ryl S BeRe 2 e P RR S Bt Redok VBT Po

observed | C50 'é% u slﬁﬁ%éﬁrd' rﬁg tt- knO\‘,qllvn_t t. hods. A I ower Ki value indicates

tEat t he ¥8M% (,y(f)i% RY ﬁﬁb’r%? BY'A i'’ng affinity for tgebreCﬁptor.
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The pot earbtcz\ez)gg)%_gF%\/@%Q%ﬁg@heggmuvdrbxcétﬁté.soI ated guinea pig trachea was

i nvestig od previously’described by Haddad EB et al. in
Br J Pharmacol g’ 2F-m€tfl§l-§2€2ép?1§3?l€%¥{pglgn Fa%i%?ééétﬁ@ﬂz-gnaczorﬁa-c urul ati ve

concentrati on-tesponse” cur ntagoni sts was -COI’lSt ructed on

pr epar at ibqgf‘élgifg%@égﬁafﬁimoﬁ%gﬁ‘g&m , until a conplete inhibition of

snoot h mus one I eved. concentration of antagoni st producing

a 50% reversalpqf . _r}ﬁpeq, =4 |aegh | C1.6C e vas taken as a
rreasu(;_e of itnggolt g% y i?%’ ﬁ#@qg?ogzs ggf}ﬁl %Q‘Pﬁ%ﬁg&%ﬁﬁéﬁgkg‘?ﬁ ng at
assessi ngizb?ﬁae-Bwy%?%["ﬁ?igg@@tah@"tkil?l&&&{ce?tét@ffeCtS produced by test

conpounds, m-ni ncentration of thé test conpounds known to produce

a maxi mal i nhi(gb)l’.p_l’(y_ﬂ&_g%hé@qe@gm_Qigtﬁlﬁ&j&]tp_v(\gﬁélbﬂ%pﬂlﬁhom&@w)t@_Ct ed

preparati ons. soon as the toni € ‘contraction S COo etely reversed, the

organ bataJ%oﬁPi—BldBQ'l‘o[?2.236@@%%@1%&65@&&&%"' ons WO ,

2010/ 072338PCT/ EP2009/ 008870 233 were thoroughly washed with fresh Krebs
sol ution. Carlgarhol-(2Qxd-2-(MiophenBLH ity 1912 np1-Latphd@yMmiddt er val
bet ween washogt gnd(next adm n;f’?trat ?;z))r%l)tﬁ%gri %ﬁgﬁes}neiﬁp4 F%lour s.d)After t he
adm ni st ra%!’etd%@)of-afiéﬁﬁaﬁft@'cloqz@.zﬂ@&'aﬁéttﬁfm.o%zi&%ﬁz-Of the 5 conpounds of
the invention, "adm nisteréd at a concentration of 10 nM were expressed as
per cept age of (BRG)-F-ezquemmﬂfpﬁeh@l)cs_»rax&@l&ymgs-(m@ﬂgyazt@m@mﬁm&)- The
percentage of recovery four hours after the washout was [ower than 50%
The conpai¢etlskyt1-akenia BRIyl 6]2.329u¢tant effliuoabacetatehi bi tory M3 10 activity.
In particular, the 1C50 val ues being tested for sone representative
compounds rESl(Rt)-I-@hbﬁeﬁ@m-(Meh?l—\ﬂe@heﬂgwnﬁﬂf}a&&w%-IE%ANHhE 73 In
vivo studies The in vivo tests on acetyl choline-induced bronchospasmin
gui nea pitgc)laoy@,aez]@etgfmm@@@@éﬁimg to H Konzett H and Rossler F Arch
Exp Path Pharnacol 195, 71-74, 1940. Aqueous solutions of the test
conpounds wer e(Rp$t([2-(rshzob [thiopheine2dyll - 21 ox cetag bt haRisleschylet-hani cal |y
ventil ated guinea pigs. Bronchial response to intravenous acetyl choline
chal Réng€phesylaeaiiaviadeeox el azoniabiafdlef2.dr2]octde tifhtorahcetategnd changes
in pul nonary resistance at 20 several tine-points were expressed as percent
of i nhi bi tion (8R){B-2ghopasyphenyl)-2THeflbomphiengidmimy)aeetoxy)tly(Dloxbhe

test ed conpounds persisted unchanged up to 24 hours after the

admi ni st 2a(thoophdnX2MR)d&hy#)- | Rizasi®bityadio]1.2 2 |ablanedridRrorbacetetmnst r at e t hat
t he conpounds are degraded, stability in human plasma at 1 and 5 hours was
tested for thg3R)+r02H{d-dotdphenyi)edi(defiuoBphehlyyarbii)icetoxy)dtGoxeel uti on
250 1. 1M of the conpound in acetonitrile were added to I'mM of human pl asma
and sanples were incubated at 37C. Plasma



WO 2010/ 072338PCT/ EP2009/ 008870 234 (501.1L) was taken after 0, 1 and 5
hours of incubation and added to 140R1 of acetonitrile with addition of

ver apam |Iwaoimt7esssal st andard (250ng/ ml). Sanpl es wer e PEAMAIPREOMH08370

HPLC- M5/ M5 anal ysis. Plasma stability 44 cal cul ated as percentage renaining
after 1 and 5 hours 5 by dividing the peak area at 1 or 5 hours by the area

R T M R AR RS ) I W S R
the i nventi on (AR Vs HP HENSTYR-Pcidat VB Rl B BREO IR
si ngl et dl-: doubl et { ag i plet 15¢q = quartet dd = doublet of doublets m=
Broinhisslolad 2lesine 33 upediceins .

(r:n(;lrri)loglngt of gez?)%&a% %o nﬁl a (plg{ @1 3$ H Rg;é;gf?g;&gfeﬁp\l ll\/le ARI is
S(Call?f(:t efj e | K I- -I( }fgl'a}ﬂﬁ’é(i :I:ﬁ’ 'afC E)ufgllp- ti-ng]nal Ia,ce?ljgz?ti_t(ujtogg-b one
f)r no )e %gbgﬁ]ﬁﬁmg?}s'é?%il%ﬁi%'?w%Zj‘bﬁﬁﬁ%tr&ﬁﬁgf%qeﬁﬂ%bf hal ogen at o?/n;,
OoH, 10 = \ R5). 2 HCORS R5, CF3,
(Cl- C10) Xg: Eo%&lﬁfsgé%gffgn,zét@%%%ﬂ&wggrl?gww?‘%iylbg0@-‘9?‘?‘ sul finyl
Cl1- C10) - al. 1-C10) - Cl-C1 : R2 i
Sel ect el @?lﬁﬁb?ﬁ%%%b}{lﬁ- k-gl%%@'i)ag@;zﬂ(’([%if%li%ﬁjf@%? %ﬂ?ogﬁ’%ﬁ%te; L
3. C8) - _ : .
(oo oA A Bl BRSO P2l enyRLABRP LI e b one

, = . , B, COR5, C2R5, CF3,
?tci-ngloyérl%)é?"g/té%{%%hay ?l?@i@ye%k%é%% ftalﬁ;@?%egﬁl 10)-al kyisul finyl,
Cl1- ¢10) - - - - - ; [
FromiPne. or oug tonaraiicnsXSF Y DL Ehe VLRI ety M o rifland¥ioky)- el ect e
(C3-C8) - %@hgﬁb@doﬁfﬁﬁrﬁ@{aﬂ ’t{ﬁ‘[\i’drﬂkgé’tlat ’nd het eroaryl al kyl , optionally

y one 0 'tuen

substitute nore subs S sel’ected fromthe group consisting
(L CL0) - a kon @ KB e esi Loty - (T PGy 4 kv surtonyl . (C
A L R R s e N T SN
(R)-1-methyl-3-(3-phenyl-2-(phenylamino)propanoyloxy)-1-azonia-
15 bicyclo[2.2.2]octane trifluoroacetate;
. (R)-1-(2-ox0-2-phenylethyl)-3-((S)-3-phenyl-2-
(phenylamino)propanoyloxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;
(3R)-3-(2-(benzylamino)-2-phenylacetoxy)-1-(2-oxo-2-phenylethyl)-1-
azonia-bicyclo[2.2.2]octane trifluoroacetate;
20 (R)-1-(2-0x0-2-pyridin-4-yl-ethyl)-3-(2-phenyl-2-phenylamino-
acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;
(R)-1-[2-(3-chloro-thiophen-2-yl)-2-oxo0-ethyl]-3-(2-phenyl-2-
phenylamino-acetoxy)-1 -azonié-bicyclo[Z .2.2]octane trifluoroacetate;
(R)-1-[2-(5-methyl-thiophen-2-yl)-2-0x0-ethyl]-3-(2-phenyl-2-
25 phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;
(R)-1-[2-(1-methyl-1H-pyrrol-2-yl)-2-oxo-ethyl]-3-(2-phenyl-2-
phenylamino-acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;

(R)-1-[2-(2,4-dimethyl-oxazol-5-yl)-2-oxo-ethyl]-3-(2-phenyl-2-



*1-(C (12)m (i) 5(iii)(iv) wherein m=1,2 or 3; n =1, 2 or 3; A is
a physiologically acceptable anion; 10R4 is a group of fornula (Y)

- - - (CH2) pvo-2P10/0723€H2) g- - - W (Y) wherein 15p is O or an ipotragpesoofoossm 1 to 4;
gis O or an integer from1l to 4; 21@ is absent or is selected fromthe
group consisting of O, S SO, S, CO 5 CH=CH, N(R5)S 02, N(R5)C00,

i e
from the. g7 oup RooRePSR ISR Tor PhE §%@ﬁ¥18?€9%8§ﬁz? XBH%?%%& REYIEN,
ggfé?%%%ﬁé%%@ﬁ@h@mt%% é%egrlgo;wl (C1- ClO) al kyl sul fanyl ,

s 15 el oct cdRDr i ee o I?gvéq%n%pbecmp B e st ko
(3. ) eyl kspro s e FIgE 51%558?3%1%5 Bt )l - hot eroar i’ and
S?XLpogé'ngi” ikﬁfﬁﬁiﬁ “tﬁh’ﬁc Onﬁfﬁrg&ﬁ fiigs) PR % emf:%@romthe
e e
R is H R2 | QS |||)
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(3R)-1-(4-methylpent-3-enyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-
azonia-bicyclo[2.2.2]octane trifluoroacetate;
(3R)-1-(2-(3,4-dichlorophenyl)-2-oxoethyl)-3-(2-phenyl-2-
15 (phenylamino)acetoxy)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;
(R)-1-(2-ox0-2-phenylethyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-
azonia-bicyclo[2.2.2]octane chloride;
3-(3-(3-fluorophenyl)-3-(3-fluorophenylamino)-2-oxopropyl)-1-(2-oxo-
2-(thiophen-2-yl)ethyl)-1-azonia-bicyclo[2.2.2]octane chloride;
20 (R)-1-(2-amino-2-oxoethyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-
azonia-bicyclo[2.2.2]octane;
(R)-1-(2-0x0-2-(phenylamino)ethyl)-3-(2-phenyl-2-(phenylamino)-
acetoxy)-1-azonia-bicyclo[2.2.2]octane;
(3R)-1-(2-0x0-2-phenylethyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-
25 azonia-bicyclo[2.2.2]octane;
(3R)-3-(2-(benzylamino)-2-phenylacetoxy)-1-(2-ox0-2-(thiophen-2-
ylDethyl)-1-azonia-bicyclo[2.2.2]octane;
(R)-1-(2-0x0-2-phenylethyl)-3-(2-phenyl-2-(phenylamino)acetoxy)-1-



3. A compound of claim2 wherein Rl is H R2 and R3 are phenyl. WO

2010/ 072338PCT/ EP2009/ 008870 238 4. A conpound of claim3 wherein RL is H,
R2 and R3weneloptiessgl and wherein R4 is a group of formulPET(EPR009/008870
---(CH2) p---P--- (CH2)g---WS5(Y) wherejfpp is 1, Pis CO qis 0 and Wis
aryl. 5. A conmpound of claim4 wherein R4 is a group of formula (Y),

wher ei n is.1,.Pis ) IS and Wis phenyl. 6. A conpound of
claim4 %{é’%‘f'ﬁ“ﬁ’&@?ﬁ@%@ﬁe&ﬁ%ﬂﬁm a E)Y) , yvvherei n 10 p i srr?, Pis CO q

is O d Wi [ (.. A d of ¢claim4 in R4 | f
Formita (v), WRr s 2rnito- AR onthes oty " pBe Rty b d i pound

of claim4 erein, R4 .is a group of fornmula (Y), wherein pis 3, Pis 0, q
is 0 and W?’%%ﬁgn%/ OClafiC:9 A conpound of general formula (VI): wherein:

R 2 and 8 e A aSh e Pt S0 B e BB ok o
239 S8kl Aop AR ero g A e Rebp el ) (), wherern mand o
Go. then R 1@ S grtip s bR G G- PR RO Ry sinas of
gieB:; ?ljyfla%rf%l'%béﬁﬁgég%gggé’&@lg&ﬁﬁge%%t hyl - 4-pi peridyl-2 '-N -
0L 2 Rty 3% o A SRR RO 8 LA RS RS, S
e o R AR RIS o ! or e e
T oD 1 RSB AL B3 -2 e amin)-
propanoyloxy)-1-azoniabicyclo[2.2.2]octane bromide;
(R)-1-(2-0x0-2-(thiophen-2-yl)ethyl)-3-((R)-3-phenyl-2-(phenylamino)-
propanoyloxy)-1-azonia-bicyclo[2.2.2]octane chloride;
((4-chloro-phenylamino)-phenyl-acetic acid (R)-(1-aza-
15  Dbicyclo[2.2.2]oct-3-y]) ester;
4-({[(R)-(1—aza-Bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-phenyl-methyl}-
amino)-benzoic acid methyl ester;
3-({[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-phenyl-methyl } -
amino)-thiophene-2-carboxylic acid methyl ester;
20 (4-fluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
(4-fluoro-phenyl)-phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
2-({[(R)-('l-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]—phenyl-methyl}-
25 amino)-benzoic acid methyl ester;
(2-methoxy-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
phenyl-o-methyl phenylamino-acetic acid (R)-(1-aza-bicyclof2.2.2]oct-



WO 2010/ 072338PCT/ EP2009/ 008870 240 H'R2 11. A conpound of claim 10
wherein RLis H R2 is arylalkyl or (Cl-C10)- alkyl or aryl or

(C3- CB) - cwol20Vk933sor heteroaryl and R3 is (G -G 0) - al kPCTaP2600PDSSGE
(C3-C8)-cycloal kyl or arylal kyl or hetgfparyl, preferably substituted 5

wi th one or nore hal ogen atons and wherein R7 is a group of fornmula (vii)
(CH \ N, *(CH2),, (vii) according to the general fornmula (XIV) 10 HN "R2
H R3 ON (%(Vb)“t % A conpound of claim 10 wherein RL is H R2 is arylal kyl

Ci -C10) - al kyl ) - C8) - | kyl . het | R3 i
(C1 Croyal kyt RiEns e ity Rpmeao Xy GRS T asicar ket * hEBE kg

f bl.y 1 it d.Wth hal t d wh in R7 i
B or oup. JHeTTP R st By YDEs i i ng o the general formila (xV)  vo
2010/ 072338PCTLEP2009/008870. 241 , 13. A | ai,m 10 in Rl i
f R | aryl AP GPhERY CRaEo R css) Raf (el R Slale g Sl 1S

hetergary nd R3 is (Cl-Cl10)-al kyl or aryl or (C3-C8)-cycloal kyl or
aryl aPkyi”"8 eF1S¢;r‘?reroaryl, preferably substituted with one or nore hal ogen

genoral 1 or i@ oeinpringaPh S TRBORERERRINS 10 WG n rCLE (¥ | &
net or oat Y CNTRI TREFAYBBE 7 or Toaryl or (C3. )~ cycl val kyl or
oy el o SR SERI RIS B RS0, SOt R habgaer
(o = QU3 S ) KO B 0 D) Ts A comound o claim 10
(C3- 6§) - cycl oghkyl, o - 4NRERIAT NdnyARRi55)-bRedftlacdR) - 2l k¥ld o7 (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
(3-methylsulfanyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
(3-acetyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-
15 3-yl) ester;
(2,5-dimethoxy-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
(2,5-difluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
20 (2,6-dimethyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-y]) ester;
(2-ethyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-
3-yl) ester;
(2-acetyl-phenylamino)-phenyl-acetic acid (R)-(1-aza-bicyclo[2.2.2]oct-
25 3-yl) ester;
(3,5-difluoro-phenylamino)-phenyl-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
3-({[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-phenyl-methyl } -



20aryl or (C3-C8)-cycloal kyl or arylalkyl or heteroaryl, preferably
substituted with one or nore hal ogen atons and wherein R7 is a group of
formul a (WR)2010@233810/ 072338PCT/ EP2009/ 008870 242 accoprdirmp2409/008320 gener al
formula (XVIII1) 5 (XIrr) 16. A conp according to any previous claim
selected from (R)-quinuclidin-3-yl 2-phenyl -2-(phenyl am no) acet at e;

(R -quinuclijdin-3-y12-(4-fluorophenyl)-2-(4- 10 fluorophenyl am no)acet ate;
(R) - qui nu?(fm"d})':}z@%’ic Qé’(dnghlﬁijjpﬁ%ﬁenyl ) am no) - 2- phenyl acet at e;

(R)-qui nucliding-3-y12-(3:fluorophenyl)-2-(3-. fl uorophepyl am ng)acet at e;
(Bt o Gameli R e AR BNy EAERYE ar oy B0 at or 100 (T a2hS

(S 1- motHer AL g ¢ IRe gy EsSeRany 172 ( phenyl am no) acet at o

b et Pyl - 6 aw AT AYrBrANIH She GaL-gnyn OB TR pharis am Foy ket e
i M

R s LG G D R e
2- (benzyl a n%% 5. phenyl acetate; (R)-quinuclidin-3-yl

(T OB bR ey it R

2- (cycl oﬁ%@#@?&oﬁoﬁ'& ﬁ%hyef%g%lét at e;

zoniB. b byl ofsa0 e BARSPRhERELAREAY aBld 19 PRt dro(22 2000

(R -1-( 2-30_ 'gs'té{'hi ophen-2-yl)ethyl)-3-(2-phenyl - 2-
(phenyl am ﬁ@) aceroxy)-1-azoni a-bicycl o[ 2. 2. 2] octane trifl uoroacetat e;
10(R) - 1- (3-ph = 3-1(. 2= - | am n eto -
azgni) a- bi( cy(F:)I g?%é%%é%élgﬁlppﬁ_%ogggég?%gy QLS OV (R-(1-aza-
(R) - 1- methiydar %% t&%p_%l-g-ésp&enyl am no) acet oxy) - 1- azoni abi cycl o[ 2. 2. 2] octa
ne trifluor acl: 'at'%)l; y ’
R) - 1- (2- phen ) - 31 2=1h 1:2- n ] CE 1
(152azoni( a- Ei cyci oi g%%ﬁ% %%nnﬂ-?(%l}fh uorggia{iée%/gltag(mpgﬁ-&tc%w[z'Z'Z]OCt_}yl)
(R - 35(2-RQ%9- 2- phenyl et hyl ) - 3- (2- pheny1- 2- (phenyl ami no) acet oxy) - 1-
azoni a-bicyclfo[2.2.2] octane trifluoroacet ate;
3R) - 1- (2- oxo-4: i 713 1 Rebiic : € ] ,
oot oxy) - 1- azon S o B ey R L Aot BRI E SPAI BT 22) 2o
20( 3R) - 1-3(_91)(@51&1;u0r ophenyl) - 2- oxoet hyl ) - 3- ( 2- phenyl - 2- ( phenyl am no) -
acet oxy) - 1-azoni a-bi cycl o[ 2. 2. 2] octane trifluoroacetate;
(R) - 1- phenet h)(l=t3t1&1%—§ﬂ@x’i‘5¥l}-‘(%‘-ﬂﬁb%ﬁh@ﬂ&ﬁ%ﬁ%ﬁz@éﬁb‘ 1- agpni abCI&)YGﬂ-Q[zg- 2.2]o0
ctane trifluoroacetate;
(R) - 1- ( 2-fibearapl b2 foicepben-atetl) - 2- oxoet hyl ) - 3- (2- pheny1- 2-
25( phenyl am no) acet'oxy) -1-azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacet at e;

20 (4-fluoro-phenyl)-(2-fluoro-phenylamino)-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;

(R)-quinuclidin-3-yl 2-(phenylamino)-2-(thiophen-2-yl)acetate
hydrochloride;
(4-methoxy-phenyl)-phenylamino-acetic acid (R)-(1-aza-

25  bicyclo[2.2.2]oct-3-yl) ester;
4-{[(R)-(1-aza-bicyclo[2.2.2]oct-3-yl)oxycarbonyl]-phenylamino-
methyl}-benzoic acid methyl ester;

(3-fluoro-phenyl)-phenylamino-acetic acid (R)-(1-aza-



(3R)-3-(2-(4-fluorophenyl)-2-(4-fluorophenyl am no)acet oxy) - 1-(2-0x02-(thiop
hen- 2-yl)ethyl)-1-azoni a-bi cycl o[ 2. 2. 2] octane trifl uoroacetate;

(3R) - 3- ( WP20f0QTd¥38phenyl) - 2- (4-f | uor ophenyl am no) acet oREI/EP2§02088830 WO
2010/ 072338PCT/ EP2009/ 008870 244

2- phenyl et hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacet at e;

(3R -3-(2-.(4-f r.aphenyl)- 2- (4-fl uorophenyl am no) acet oxy) - 1- net hyl -
1- azoni a- é%ﬁ@kgﬁzﬁfc ¥V 1 i f | uor oacet at e;
(3R)-3-(2-(3-flugrophenyl)-2-(3-fl uorophenyl am no) acef oxy) - 1- ((A- @X0-
52- phenyl et hyl(f‘:ti‘-‘ ‘%SHFé“ '@H%ﬁ%?%&g{}éne tri f PGYY oacet até,g)'&x'aza'
(3R)-3-(2-. t hyl .((phenyl ) am no) - 2- phenyl acet oxy) - 1- ( 2- oxo- 2-

(thi opheﬁ’-‘éﬁﬁ@‘@ﬁpﬁga&@rﬁsﬁ%i cycl o[ 2. 2. 2] octane trifl uoroacetat e;

et ot ) phensPama Lot b SrBARpRERI PP (ig: Lot 27 (R)-(1-aza-
10(R) -1-(.2- hyl.) - 3- - ph 1-2- h | i | -1-
AT bfbeg@&%f%ﬁéﬁﬂ%—é%aﬁe&%ﬁ ?Iﬂﬁr N taliict :'“ no) propanoyl oxy)

R) - 1- ( 2- 0Xx0- 2+t hi. - 2 - 3 - 3¢ 1- 2-

ggiheg}’ﬁg{ni%) §§§%§§§§%3ﬁ%gﬁr§i§? %P?: gtgg’;zz%gﬁe%ﬁg;;rg H ;uor oacet at e;
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* ARG pErer)  ataaney Bl il =
gzgg[é4%-(2,5- i 90 yfb en Tan%ﬁo - 27 ph - acet px ]-%-(%iox?t?-
pheny - ot by )-<%)§§-iﬁr<§:lﬁaeﬂ§fle¥yaaé. %%&B%?@ﬁ%%m%@yﬁ& 2pnetiz
R) - 342- - di - i N0).2- - xyl - 1: ( 2- oxo- 2-
Doy -e5%%%&?08—%?3%&2%?@%@%lﬁﬁ%"ﬂ?ﬁ%Eq‘iciﬁlﬁﬁ: Bhoidé O
R) -342- (2, 6-di - i - 2- - - - -2 10
oy oty WL Ao LB . 0
R) - 3] 2-(2- - ] - 2 - xy]-1-(2-0xo0-2- -1-
%%mﬁg[ bzagégf%@g%yfﬁgpgg}zmq% 3%%38%&3@0 yj ; 0X0 p;nyI ot hyI;
R - 3420 (2 acquyl RS 3 H0dii2> RCHKT)2S R Byt BnlifrafsimBeny! et hy!) - 1
.2.2] rom de;

azoni a- bi cycl oct &

22 heny! SRR PSR g SR opRle Y Aot o] - (2-oxo-
(R)- 302 (3. 5- Q] 190 QBT TLg0) aZhenbaaspl oY o fReyien?
R i R P
(R 142, (3, T uor el 8y UGN L My BRS L herty1 (PpfeRy fanbitny! et hy!) - 1
(R) - 342- (a‘&b{(}%?tzp-'zagg?fb)lﬂ))c' eI@%&E@&ﬁg-ﬁ%@ggy‘]a;&g 2- oxo0- 2- phenyl et hyl ) - 1-

azoni a- bi cyc octa

25(R) - 1- cyanonRyhy kadyh2nabiphedy DliRBHAHRAACEDREHIT- e ABRD} 2r-(2-

bi cycl o[ 2. 2. 2] o¢t ane br om de;

(R) - 1- t erdy ot xR oRyL Y L-a30h?a-BR&Id (222 P eeshaBhleriae et oxy) -
1- azoni a-éb’?ogycﬁ o[ 2. 2. 2%553%2 brac%)% de;B vxoérzom 072338PCl/ EP2009/ 008870 254

(S) - 1- (2- ox0- FRYPRPYLLtAYI-bh3n ¢ RaRige). 2= iyt sity]ot Roes:a2) thiazol-

azoni a- bi cycl o[ 2. 2. 2] oct ane chlori de;

(R) - 30l 2-2_(@1@9@1? 1-Rheivl e e 2 2 Pliityhe BEGhRIey] - 1- (2- oxo- 2- phenyl et hyl ) -1

-azoni a-bi cycl 0] 2. 2. 2] oct ane formate;

5(R)-1-[2-(4- é(RgIy—'[mh?hﬁﬁyrlﬁ-Rn@ﬂ@)-gtzﬁhleﬂy‘l?a-c@?o@]em(k=@xo-2-

phenyl am no- acet oxy) - 1- azonl a- bi cycl o[ 2. 2. 2] oct ane brom de;

(R - 1. [ 2-hibp RSl can Phnilar oAbIOyclo[@® 29 uhE: 3- (2- phenyl- 2-

phenyl am no-acet oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane br om de;

(R) - 3- (2- phenyR)B-prayenlzaranmiaroa 2 kel -abe sy ) di 12 A3yé ek drbbnyl -

10azoni a- bi cycl o[ 2. 2. 2] octane trifl uoroacetate;

(R) - 1- ( 2-i9xQazdl By )dD foxd-yihye]-hyddorda (B epdle(¥.2: Zophaiy basinidecet oxy) - 1- azon

i a-bicycl o[ 2. 2. 2] oct ane fornate;

(R) - 25( 2- ( 2- MERhY3{(Dibagk leninb)-2 lexsetdertdxyd: [{ R oxb-phdiyiol 2-y1-

(phenyl am no) acet oxy) - 1- azoni abi cycl o[ 2. 2. 2] oct ane brom de;
ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;

'_\

H

H

'_\

(R)-3-(2-benzylamino-2-phenyl-acetoxy)-1-(2-ox0-2-thiophen-3-yl-

ethyl)-1-azonia-bicyclo[2.2.2]octane bromide;



15(R) - 1- (6- am no- pyri di n- 2-yl met hyl ) - 3- (2- pheny1- 2- phenyl am no-

acet oxy)-1-azoni a-bicycl o[ 2. 2. 2] octane trifl uoroacetate; (R-3- { 2
-[ (4-f1 uowo-2ptoarTg3Be - met hyl - am no] - 2- phenyl - acet oxy}-1 - P2T/EP2009/008870

0xo- 2-t hi ophen- 2-yl - et hyl') - 1- azoni a- bi ? glo[2.2.2] octane chloride;

(R) -3-[2- (et hyl - phenyl - am no) - 2- phenyl'-acet oxy] - 1- (2- oxo- 2- t hi azol -

CRIGH IR SEEHER LD T T
ERI) og(eg %‘%B %Yl% é‘ygﬁi%?’“élﬁgﬁ&%)ﬁ% Zgﬂoeg ﬁgﬂﬁéﬁﬂr bonyl i soxazol - 5-y1)
-2-
25( %l)xoseE zyb]ené§la§?£5 el §ﬁ§1[be£é¥f%§fr§03rf@%ea% ageloNyIdof 2-oxgr2-

1 2.2
(etR)ys)(z IH?».‘%%C %ﬁén‘% ne t 515 Hos ke oﬁﬁ}e%hen 3-ylethyl)-1-azo
ni a- bicycl O[ 2. t ubI’O Z l 0}0/ 072 38|63CT/ P2 9/ 005870 255
s (ol Kl b.i‘ f;@f‘%zﬁ BYEe
RAES f?u % ity a%or?g&“%%ﬁ f2 2: 28k f?“(dfz - 2-
e R U £ AR Ty 2 s
E;el)z Z%I Egbft?g P %Fei’i@‘f 3%@%%93%@%"“&@%? Stx?]” elc( 22 0X0- 2 phenyl et hyl ) - 1
4- lr)ret hy: ph)e/n ?lnger:n X?Jp%%hﬁpsnﬁﬁgﬁl%e% (?(cls lc(1 aza- acid (R)-(1-aza-
10bi
(R - Cp:?;%?%ﬁbﬁ%%ﬁcd%&ﬂ %Ltgl[ 82 phenyl- 4- net hyl - phenyl - am noacet oxy) - 1- az
?gl ?I ulo(r:gcpﬁ[en' @C‘% pheﬁB%@acgtthP]c)a (g(—%entyf—éé—zrré‘e_thgll-ghemgl[-ﬁmé'ngj oct - 3-y1)

ester;
15(R) - 342- (eéo%()()uéraozop %r%l/ yclo zgaochaélr?y r0<'£1r(1:1et oxy] - 1- ( 2- oxo- 2- phenyl -

(Ra (2. ?§°Piﬁ%?88%§£n%ﬁ§?&'ﬁ%%9“ﬁ;‘ﬁlg% et o] - (- oxo- 2- BRI BRI ) -1
(%)Z:gl ?ﬁb%gyﬂoggréogkﬁ;é%&gj:n&n% 021 pﬁenyl acet oxy] - 1- ( 2- oxo- 2-
20 2

t hi@phen- y%)g% U?aﬁ)% ﬁu%w IRn Pl 2 g%gggga%@t%s&gyﬂ (200025 kAY B

(R -(4-fluoro- phenyl -aceti'ca

bi cycl of

e

t hi ophen- 2- yI byl - qr

2P i e S B

bi cycl of %tﬁyﬁl P-Cd[zoﬁlé%}cﬁ‘f I%r 2. 2]octane bromide;
(R -3-[2-(4- chI or o- pheny1) - 2- phenyl ani no- acet oxy] - 1- ( 2- oxo- 2- phenyl et hyl ) -1

- azoni a- bi cycl®)232221308uaR% pheh {1483 cRbAbRYI-a¥0xy]-1-(2-0x0-2-
2010/ 072338P gpz og(}008870pz56§ RAEphERy1-atlioxy]-1-(2-oxo-

(2-f 12g0r ahy SE )nhahyl)ammm@@w}foa@[zdfz BotthndaaifTire¥&dtate;
[2.2.2]oct-3-yl) ester] (R -

[ 2- (211 uor o-@)emtiroRo e EY,'lzﬁfﬁiﬂlﬂ edtyatetit- (2- 0xgcia- Pheny(Re)-(akal- azon

ia-bicyclo [2 .2 .2] octane r|quoroacetate

5(5- et hydlcyb]dpgtzezl}o%ﬂgly})pégewl am no-aceticaci d(R) - (1-aza- bicyclo[2.2.2]
oct-3-yl) ester;
(R)-3-[(R)-2-(4-fluoro-phenylamino)-2-phenyl-acetoxy]-1-(2-0x0-2-
thiophen-2-yl-ethyl)-1-azonia-bicyclo[2.2.2]octane chloride;
25 (4-chloro-phenyl)-phenylamino-acetic acid (R)-(1-aza-
bicyclo[2.2.2]oct-3-yl) ester;
(R)-3-[2-(4-chloro-phenyl)-2-phenylamino-acetoxy]-1-(2-0x0-2-phenyl-

ethyl)-1-azonia-bicyclo[2.2.2]octane trifluoroacetate;



(R) -3 42-(5- et hyl -t hi ophen-2-y1) - 2- phenyl am no- acet oxy] -1-(2-oxo-2-
phenyl - et hyl ) -1-azoni a-bicyclo[2 .2.2] octane trifluoroacetate;

(R - 1-[ 2-W0-2amvaia33ghenyl) - 2- oxo-et hyl] -3 -(2- phenyl- 2- pPREMPRE9I008370
10acet oxy) - 1-azoni a-bicyclo [2.2 . 2] O?f’fﬂe f or mat e;

(3R) - 1- (2- hydr oxy- 2- phenyl et hyl ) -3 - (2-phenyl- 2-

(phenyl am no) agef oxy) - 1-azQni abi cyclo [2 ..2.2] octane trifl uorpacetate.

17. A process éoﬁuf)ﬁépéFﬁlﬁﬁrl%ltf‘?fﬁﬁa@im%'?’@ﬁﬁﬁound of 3l mul a (Iglgkgﬁﬁéfﬁ ned

in claim./], i onprises the al kylation of conpounds of general fornula
15(M1) mmym[%é]@%-y S8yl ating agents of general formula (XI) A -

R6 (XI) 20 in i is a suitable.l eavi roup sel ecgt fro he grou
congi s%i ng of (}ﬁgrf-géﬁe}nﬁugmf HYL),' nyiﬁpgraﬂnﬁiﬂ'aE@th@ﬁ'é’goéﬁaﬁn eHVg' P
defined acgordjng to ¢l ai 1 d 9. .4 18. A process for the preparation
of a -con‘pf‘éﬁﬁ[)'{o‘@%%’r ] }Cé’c?"Ps[)z-%?iﬁ%tlaflﬁéﬂ%r??'nceé?%;m 1, which corrgri ges t he
al kyl ati on of (Sm n onpounds ofl \glqwef{]er | .WD 2010/ 072338PCT/ E&%ﬁ? )/ 008870
257 formul a (1PyMeRA-{IRPhen-2ryDuphany ymineragetior ge&th  obMilhaght 1),

LG HK R3 .a 010 i ich LGis a suitable |eaving group and K may be
ei t her amﬁ?ﬂﬁ]ﬂé’i%z'%]%%”% Sl tably protected hydroxyl group, to yield a

comound o | S0 o i RO SRR PR
wner ei n ot cliu) L aZ BB cFer2 Lo Tt iR A% o e 1 and o 1o.
AR I etk e S T DS S S Rt Nk T L C R
10 acetoxy)-1-azonia-bicyclo[2.2.2]octane formate;
(3R)-1-(2-hydroxy-2-phenylethyl)-3-(2-phenyl-2-

(phenylamino)acetoxy)-1-azoniabicyclo[2.2.2]octane trifluoroacetate.

17. A process for the preparation of a compound of formula (I) as defined

in claim 1, which comprises the alkylation of compounds of general formula

15 (V)

(v

by alkylating agents of general formula (XI)

A—R®6
(X1
20

in which A is a suitable leaving group selected from the group consisting of
halide and sulfonate, wherein R1, R2, R3, R6 and R7 are defined according to
claims 1 and 9.
18. A process for the preparation of a compound of formula (I) as defined

25 in claim 1, which comprises the alkylation of amine compounds of general



WO 2010/ 072338PCT/ EP2009/ 008870 258 and ketones of formula (VII),

R3 ono 5

to yield a conmpound of fornmula (I1V), RIRZ HK R3 0 (I1V) 10which is condensed
with a conpaord7ef3sfornmula (V) HO R7 (V) to obtain conmpoumi2¢oviodssRL \ N
R2 HO R3R7 (VI) 15 and converting the ound to a further conmpound of
formula (1), wherein Rl, R2, R3, R6 and R7 are defined according to clains
1 and 9. 20. A process for the preparation of a conmpound of fornula (1) as

reported formyda, 1, which conprises reacting conmpound (IX) WO

2010/ 072338PCT/ EP2009/ 008870 259 NH2 HR3 (1 X)0 with an al kyl ati ng agent of
general formula (MV11), in which z is a carbonyl group or a
suitabl e | eaving group such as a an %aldﬁ,dﬁ? to yield a conmpound of fornula

(I'V) in which R2 is hydrogen, RIR2 N 1
()

with compounds of general formula (III),

LG

H K
R3
O

()

in which LG is a suitable leaving group and K may be either a hydroxyl

group or a suitably protected hydroxyl group, to yield a compound of formula

(IV),
10

(v)

which is condensed with a compound of formula (V)

HO.
R7

V)

15 to obtain compound (VI), and converting the compound to a further

compound of formula (I), according to claim 15 and wherein R1, R2, R3, R6 and

R7 are defined according to claims 1 and 9.

19. A process for the preparation of a compound of formula (I) as defined

in claim 1, which comprises coupling amine of general formula (II)

20



which is condensed with a conpound of formula (V) HO R7 (V) to obtain
conpound (VI) RL\NR2 H....... e ,,,0", RBR7 (VI)o and
converti nyotzhw/oesspound to a further conpound of formul CTIEP200040883¢6 N R1,
R2, R3, R6 and R7 are defined accordi Nk ¢ O claims 1 and 9. 21. A process
for the preparation of a conmpound of formula (1) as reported 20 in schene
1, which conprises coupling conpounds of general forrmula (ll1la) WO

2010/ 072338PCT/ EP2009/ 008870 260 (IR1K) a-Rd conmpound of general fornula (V)
HO R7 (V) 5 to yield conpound (X), ?ArNH R3R7 (x) 10which is reacted with
an amne of fornmula (11), to obtain conpound (VI) RI\ NN R2 H R3R7 (VI) 15
and converting the conpound to a furth iy conpound of forrmula (1), wherein
R1, R2, R3 and R7 are defined accordi ng to clains 1 and 9 and wherein W is
LG as defined in claim18 or hydroxy. 22. A pharmaceutical conposition

conprising a candesshaf offforhimalVIp),20 16 in adm xture with one or nore
phar maceutically acceptable carriers and/or

K
R3

o]
(v

to yield a compound of formula (IV),

v

10 which is condensed with a compound of formula (V)

HO.
R7

v)

to obtain compound (VI)

vy ©
15

and converting the compound to a further compound of formula (I), wherein
R1, R2, R3, R6 and R7 are defined according to claims 1 and 9.
20. A process for the preparation of a compound of formula (I) as reported

in scheme 1, which comprises reacting compound (IX)



WO 2010/ 072338PCT/ EP2009/ 008870 261 exci pients. 23. The pharnmaceuti cal
conposition of claim2l1l suitable for adm nistration by inhal ation. 24.
The phar msioeatovwad3sconposi ti on of clainms 21 or 22 wher ePATER2@9IH08870
conposition further conprises a second,&pnponent selected fromthe classes
of beta2-agonists and corticosteroids.” 25. A conpound of clains from1 to
16 for use as a nedi canent. 26. The use of any of the conpounds of the
clains 1 to 16 for the manufacture of Nd.nedi canent for the prevention
and/or treatnent of 10 broncho-obstyructive,or inflammatory di seases. 27.
The use as in claim?25 wherein the g% e Is selected fromthe group
consisting of asthma or chronic broncChitils or chronic obstructive pul nonary
di sease (COPD). 28. The use of the ©@npBunds of general fornula (XIX) 15
Rl, ,R2 HR3 0 (Xl X) wherein: Rl and R2 are independently sel ected
fromthe group cqnsi st .of H (Cl-Cl10)-al kyl (C3-C8) -cycl oal kyl ,
aryl al kyl and Wdt i’%éﬁ@q,gt@gtqgﬁﬁ P%ﬁeﬁézgﬂjﬁw%&ﬁlﬁyy one or nore
substituents selected fromthe group consisting of hal ogen atons, CH, oxo
(=0), SH, NO2, CN, CON(R5)2, COCH, NHCOR5, COR5, CO2R5, CF3,

(Cl1- C10) - al koxycar bonyl, (C1-C10)-al k§l~sul fanyl, (C1-C10)-al kyl sul finyl,
(Cl1- C20) - al kyl sul fonyl, (Cl-GCio)-alkyl ahd (Cl-Cl10)- al koxyl; 25R3 is
selected fromthe group consisting of(v) (Cl-Cl0)-al kyl, aryl, WO

2010/ 072338PCT/ EP2009/ 008870 262 (C3-C8)-cycl oal kyl, heteroaryl, aryl al kyl

o eosen oo Ehiirn o R Sh bl S0 R O B S Pabl U e,
CN, CON(R5) 2, C2R5, CF3, 1- C10)+@| k I

(C1- C1oy TR SpfHIAA coneetnds orpe LI I8, T Eydrgegns an
(C1-C10) - al koxyl ; R8 represents a group of formula (i) or (ii) or
(iii) or (iv) or (vi) or (vii) or (R\4iii)R9r (ix) (CH2) A*Q 4- NKR4
(Cr-12)\rn 10(i) (iv) 15 (CH) JYWE"*(CH2),,

H K
R3

10 (1v)

which is condensed with a compound of formula (V)

HO.
R7

v

to obtain compound (VI)
15

V1)

and converting the compound to a further compound of formula (I),
wherein R1, R2, R3, R6 and R7 are defined according to claims 1 and 9.
21. A process for the preparation of a compound of formula (I) as reported

20  in scheme 1, which comprises coupling compounds of general formula (Illa)



(vi)(vii) WO 2010/ 072338PCT/ EP2009/ 008870 263 wherein m= 1,2 or 3; n =1,
2 or 3; AT is a physiologically acceptable anion; 5R4 is a group of
formul a (WP 2010/07€H8) p---P--- (CH2)g---W(Y) wherein 10pPC3/EP2@9/008870 nt eger
froml to 4, gis O or an integer fron%éoto 4; P is absent or is
selected fromthe group consisting of 0, S, SO SO, CO NR5 CH=CH,

N(R5) S02, N(R5) C00, N(R5)C(0), S2N(R5), CO(O)N(R5) and C(O)N(R5); 15Wi s
sel ected from the group consistiy of H (Cl-C6)-alkyl,
(C3-C8)-cycloal kyl, aryl and heterogry], optionally substituted by one or
nore substituents selected fromthe consi sting of hal ogen atons, OH,
oxo (-0), SH, N2, CN, CON(R5)2, C®H, NH2, NHCOR5, CO2R5,

( C1- C10- al koxycar bonyl , ha O

20( C1- C10) - al kyl sul f anyl , (CL- C10) - al &YFsul fi nyl , (CL- C10) - al kyl sul fonyl ,

(C1-C10) - al kyl - - o1 R5 is selected fromthe group
consi sting of tﬂ%?%&%(g%gl)gﬁ%&q%m&& Q/kyl hal o, (C2-C6)al kynyl ,

(C2-Co6) al kenyl, (C3-C7)cycloal kyl, (C3-C7)cycl oal kyl - (C1-C6) al kyl
heteroaryl, (Cl-C6)alkyl-heteroaryl apd aryl 25 optionally substituted by
one or nore substituents selected fromiie group consisting of hal ogen
atoms, OH, oxo (=0), SH, N2, CN, CONHZ,, COOH, (Cl-Cl0)-al koxycarbonyl,
(C1- Cx0) - al kyl sul fanyl, (C1-Cl0)-al kyl su{ finyl, (G -C10)-al kyl sul fonyl,
(C1-Cl10) - al kyl and (C1-C10)-al koxyl WO 2010/ 072338PCT/ EP2009/ 008870 264
for the prepartatyiold odmpoordi(@ggent for the prevention and/ or treatnent of
broncho-obstructive or inflammtory di seases, preferably asthma or chronic
bronchitis or chronic obstructive pul nonary di sease (COPD). 29. A net hod
for prevention and/or treatnment of bwoncho-obstructive or 5 inflammuatory
di seases, preferably sel ected froPt e group consi sting of asthma or
chronic bronchitis or chronic obstruCiN pRELmonary di sease (COPD), which
conprises adninistering to a subjéct in need thereof a therapeutically
effective anmount of a conpound accordi®g to clains 1 to 16 30. A nethod for
prevention and/or treatment of bronchqxpbstructive or 10 inflammatory

di seases, preferably selected fromthe group consisting of asthma or
chronic bronchitis or chronic obstructive pul nonary di sease (COPD), which
conprllses admiwhisheisimgcted witbub awiné of femaukahdeof a therapeutically
effective anount of conpound (XIX) as defined in claim27. 31. A device
conprising the pharnmaceutical conposition of claim?2l. 15 32. The device
according to claim30 which is a simike- 8% nmulti-dose dry powder inhaler.
33. The device according to claim31 wfich is a nmetered dose inhaler or a
soft m st nebulizer.

)

to obtain compound (VTI)

V1)
15

and converting the compound to a further compound of formula (I),
wherein R1, R2, R3 and R7 are defined according to claims 1 and 9 and
wherein W’ is LG as defined in claim 18 or hydroxy.

22. A pharmaceutical composition comprising a compound of claims 1 to

20 16 in admixture with one or more pharmaceutically acceptable carriers and/or
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15

20

25

WO 2010/072338 PCT/EP2009/008870
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excipients.

23.  The pharmaceutical composition of claim 21 suitable for administration
by inhalation.

24. The pharmaceutical composition of claims 21 or 22 wherein said
composition further comprises a second component selected from the classes
of beta2-agonists and corticosteroids.

25. A compound of claims from 1 to 16 for use as a medicament.

26. The use of any of the compounds of the claims 1 to 16 for the
manufacture of a medicament for the prevention and/or treatment of
broncho-obstructive or inflammatory diseases.

27. The use as in claim 25 wherein the disease is selected from the group
consisting of asthma or chronic bronchitis or chronic obstructive pulmonary
disease (COPD).

28.  The use of the compounds of general formula (XIX)

(XIX)

wherein:

R1 and R2 are independently selected from the group consisting of H,
(Cy-Cyp)-alkyl, aryl, (C;-Cg)-cycloalkyl, arylalkyl and heteroaryl, optionally
substituted by one or more substituents selected from the group consisting of
halogen atoms, OH, oxo (=0), SH, NO,, CN, CON(RS5),, COOH, NHCORS,
CORS5, CO,R5, CFi3, (C;-Cyg)-alkoxycarbonyl, (C;-C;¢)-alkylsulfanyl,
(C,-Cyg)-alkylsulfinyl, (C;-C,g)-alkylsulfonyl, (C;-C;¢)-alkyl and (C,-C,)-
alkoxyl;

R3 is selected from the group consisting of H, (C;-C,¢)-alkyl, aryl,



10

15

WO 2010/072338 PCT/EP2009/008870
' 262

(C3-Cg)-cycloalkyl, heteroaryl, arylalkyl and heteroarylalkyl, optionally
substituted by one or more substituents selected from the group consisting of
halogen atoms, OH, oxo (=0O), SH, NO,, CN, CON(R5),, COOH, CO,RS, CF;,
(C1-Cyp)-alkoxycarbonyl, (C4-Cyg)-alkylsulfinyl, (C,-Cyp)-alkylsulfonyl,
(C;-Cyp)-alkyl and (C;-C,¢)-alkoxyl;

R8 represents a group of formula (i) or (ii) or (iii) or (iv) or (vi) or (vii)

or (viii) or (ix)

) (CH,), A
N+ /
* R4 : * (CHz)m\
(1) (i)
N +/R4 A * 0
N N
) X\m . TLR4
(iii) (iv)
(CH,),
\
J@‘l /[ / NTT
* * (CHZ)m
(vi) (vii)

/

N
) lﬂ N
* |

(viii) (ix)



10

15

20

25

WO 2010/072338 PCT/EP2009/008870
263

wherein

m=1, 2 or 3;

n=1, 2 or 3;

A’ is a physiologically acceptable anion;

R4 is a group of formula (Y)

---(CHy)p---P--- (CH,)q---W
(Y)

wherein

p is 0 or an integer from 1 to 4;

q is 0 or an integer from 1 to 4;

P is absent or is selected from the group consisting of O, S, SO, SO,,
CO, NRS CH=CH, N(R5)SO,;, N(RS5)COO, N(RS5)C(0), SO;N(RY),
CO(O)N(RS5) and C(O)N(RS);

W is selected from

the group consisting of H, (C;-Cg¢)-alkyl, (Cs-Cg)-cycloalkyl, aryl and
heteroaryl, optionally substituted by one or more substituents selected from
the group consisting of halogen atoms, OH, oxo (=0), SH, NO,, CN,
CON(RS5);, COOH, NH,;, NHCORS, CO,RS5, (C;-Cyp)-alkoxycarbonyl,
(Cy-Cyg)-alkylsulfanyl, (C,-Cyp)-alkylsulfinyl, (C;-Cyp)-alkylsulfonyl,
(C;-Cyp)-alkyl and (C,-Cyg)-alkoxyl;

R5 is selected from the group consisting of H, (C;-C,p)alkyl,
(C-Cg)alkylhalo, (C,-Cg)alkynyl, (C,-Cg)alkenyl, (C5-Cy)cycloalkyl,
(C5-Cy)cycloalkyl-(C;-Cg)alkyl, heteroaryl, (C;-Cg)alkyl-heteroaryl and aryl
optionally substituted by one or more substituents selected from the group
consisting of halogen atoms, OH, oxo (=0), SH, NO,, CN, CONH,, COOH,
(C,-Cyg)-alkoxycarbonyl, (C,-Cyg)-alkylsulfanyl, (Cy-Cyg)-alkylsulfinyl,
(C1-Cyp)-alkylsulfonyl, (C,-C;g)-alkyl and (C;-C,g)-alkoxyl
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for the preparation of a medicament for the prevention and/or treatment of
broncho-obstructive or inflammatory diseases, preferably asthma or chronic
bronchitis or chronic obstructive pulmonary disease (COPD).

29. A method for prevention and/or treatment of broncho-obstructive or
inflammatory diseases, preferably selected from the group consisting of
asthma or chronic bronchitis or chronic obstructive pulmonary disease
(COPD), which comprises administering to a subject in need thereof a
therapeutically effective amount of a compound according to claims 1 to 16.
30. A method for prevention and/or treatment of broncho-obstructive or
inflammatory diseases, preferably selected from the group consisting of
asthma or chronic bronchitis or chronic obstructive pulmonary disease
(COPD), which comprises administering to a subject in need thereof a
therapeutically effective amount of compound (XIX) as defined in claim 27.
31. A device comprising the pharmaceutical composition of claim 21.

32. The device according to claim 30 which is a single- or multi-dose dry
powder inhaler.

33. The device according to claim 31 which is a metered dose inhaler or a

soft mist nebulizer.



