1 NEW COMPOUNDS 273 The present invention relates to

cycl oal kyl -substituted al kyl esters of polycyclic amno 5 alcohols, a
process f owoto®iis#r eparati on, pharnmaceutical conpositi@scEeM@idr Ng
them a process for preparing pharnaceutical conpositions, their use
in therapy and internedi ates of use initheir preparation. Background
to the Invention 10 Muscarinic receptors are a G protein coupl ed
receptor (GPCR) famly having five famly nenbers M, M2, M3, M4 and
Mb. OF the five nuscarinic subtypes, three (M, M2 and M3) are known
to exert physiglogical effects on human |ung tissue.
15Parasyn%§§%§9ﬁ%i@g§2§e the mai n pathway for reflex
bronchoconstriction in human airways and nedi ate airway tone by

rel easi ng acetyl choline onto nuscarinic receptors. Airway tone is

i ncr eased The pesentdnyention ralaiesas gydlealiorlpulti W egiers hf palyeystihamingnd
chroni c, obgt rugcti i S nd for this.reason
muscarini cﬁéogggbét %r?c%%# agoni%%ﬁsjafﬁg)\%’e&ﬁlgga?g@%c\% of 85619 %Srcoﬂéalen"?%iem’ 2
treating girommyfod pepasiersphaivieedichhiotnpositien, tieirant iaghaiaptand iderneHisen
call ed ant ifchoJ ipergics in clinical practice, have gai ned w despread
accept anc LR ?’FSIFP"F?W@' t herapy for individuals with COPD, and
their use has been extensivliey reviewed in the literature (e.g. Lee
et al, Current Opinion in Pharmacol ogy 2001, 1, 223-229). Wen used to
treat res K it 1 muscarinic receptor antagonists are

typi cal] y 25adm ni stered by inhal ati on. However, when adm ni stered by
i nhal ation a significant proportion of the nuscarinic receptor

ant agoni stMpsgagiie es¢eptbsaroed-treien congledipcenson (GPER) tamilthiaping fivs didmilng
in report i fieqls S Addi £ ,

majority ggerﬁn%eggba{le’l “ﬁf’g‘&%r@%@rﬁ?g{%ﬁgﬂﬁ%@g }J%’/tg?é}aég L‘%#M‘Qﬁl? AR
of acti on arekpawn tngx¢rhpliysiotmpycabeffeatmnrtivetae g tsgwer al ti nes a day.
Such a nultiple-daily dosing reginme is not only 30i nconvenient to the
patient but also creates a significant risk of inadequate treatnent
due t ojspatHae3ympahetivaigples aral: @%ia @aihatae toriweildx Hrdrehddoasitiantn ih ap@ad

dosi ng schedule. . 2 There there{)o%% remai ng .a .need for novel
conpounds AWAYS HIMEUHE B RGPS PHERTAGE AFSLAIOIAT entp BRISsFiBlegecepiors.

par ti cul arairday@fslisexdrédked inQatidHRy Il ESFFdty AisorfeAG0M &taSthiladhd Bi¥sic

hi gh potency and reduced system c_side effects when adm ni stered by

i nhal at i orPPstRistizepemongry dissese 45 PEPY and for (g reapaigBUse ATl reaPRIIGIHISERISts
that exhi iabe Bech ABELIGH 3 BB iPifeating airway diseases. Muscarinic receptor antagonists,

20 often called anticholinergics in clinical practice, have gained widespread acceptance as a
first-line therapy for individuals with COPD, and their use has been extensiviey reviewed

in the literature (e.g. Lee et al, Current Opinion in Pharmacology 2001,1, 223-229).

When used to treat respiratory disorders, muscarinic recepto'r antagonists are typically

25 administered by inhalation. However, when administered by inhalation a significant
proportion of the muscarinic receptor antagonist is often absorbed into the systemic
circulation resulting in reported side effects such as dry mouth. Additionally, the majority
of muscarinic antagonists have a relatively short duration of action requiring that they be
administered several times a day. Such a multiple-daily dosing regime is not only

30 inconvenient to the patient but also creates a significant risk of inadequate treatment due to

patient non-compliance associated with the frequent repeat dosing schedule.



5 action when dosed by inhalation, and which are anenable to either
once or twi ce daily dosing. VD 98/ 04517 descri bes aryl cycl opropane,
aryl cycl obut ane, aryl cycl opentane and aryl cycl ohexane carboxylic
esters having antinmuscarinic activity on the urinary bl adder to

snmoot h nuscl 391048225 di scl oses qui nucl i dine and
their use aseﬁﬁggg%?n?c Ms receptor antagonists. Zggﬁ?%g@%g§§

di scl oses organi ¢ conpounds and their gse as nusearlnle ant agoni st s.
US2002/ 0169208 di scl oses anti chol i nergi c conpounds and net hods of
use. Qur co-pendi ng application PCT/ G82007/004350 relates to
conmpounds of Thgfeskeraforg reynains p geed fos pevelpompepnds figt macapablyef bloekingi t h t he

carbon atom tg,finfeRect G, ﬁxﬁ:@rtx@.@&*’h n@édre%% fdn@&@%ﬁﬂ aﬁtﬁ’goﬂ?s@chthave
menbered aliphatic carbocyclic rin e optional

substit ut ed wgm@nﬁ@%ﬁ@e%%@Wﬁﬁ%ﬁfests ?’PFG@%B‘H‘G‘@%%) Pw%aéqﬂeret ed from
ha:jo% ti‘ n, 3 h?lgrr?&ym%rcr, faeé? e:ghmxbew riNisehsinibliktdznifs it kyHibit a S&Kg@ﬂtﬁmﬂt'ok%' )

an al ky i,C y tio substi t ut y one
o tror e subs FITISHEL SR BrlRtin. PP ooieh a8 Pler s laek g iy

hydr oxyl ; R3 dogpg.esents phenyl or a 5 to 6 nenbered heteroaryl ring,.

each of which nmay be optionally substituted by one or nore
substituents |nd%PendentIy sel ected front hal ogen, cyano, nitro, SH,

S(0) 0. 2R9, NRAVERY/R4518 essrirmardirrippropyre ey uE ne, epylsyciopentae and

N11128(0) 211 %8y &%Q&%@h&@sﬂeﬁ(@ﬁmmﬁ%&Q&:NB?&Rﬂe%anB%ﬁdcaﬂd Cl. 6
al kyl 2s which may be ‘optionally substituted by one or

|
nore subst t 8 Emﬁﬁﬁependently sel ected from hal ogen, hydroxyl,
C3.6 al koxy, NH2, NH(C1l4 alkyl) and N(Cl1.6 alkyl),; R4 represents a

group of fo r 66@4822{5 d(sgo?c)s q&ﬁucfimg &eﬁvavfas %Qcptgénltﬁg {Q4uscarinic M,

PCT1GB2008 1001,60 tor antagomsts WO 2004/096800 discloses organic compounds and their use as
muscarinic antagonists. US2002/0169208 discloses anticholinergic compounds and
methods of use.

Our co-pending application PCT/GB2007/004350 relates to compounds of formula {I):

15 wherein
R and R® together with the carbon atom to which they are both directly attached form a7
membered aliphatic carbocyclic ring which may be optionally substituted by one or more
substituents independently selected from halggen, hydroxyl, C.s alkoxy, NHz, NH(C.¢
alkyl), N(Cy.¢ alkyl)s and C;.5 alkyl which Cy.s alkyl may be optionally substituted by one

20 or more substituents independently selected from halogen and hydroxyl;
R? represents phenyl or a 5 to 6 membered heteroaryl ring, each of which may be
optionally substituted by one or more substituents independently selected from halogen,
cyano, nitro, SH, S(0)2R°, NR'RY, S(0}:NRRY, C(O)NRMRY, C(O),RY,
NRS(0)R", NRC(O)R™, NR¥'C(O)R™, NR®CIO)NR¥R, OR™ 2nd Cy.5 alkyl

25 which Cy.6 alkyl may be optionally substituted by one or more substituents independently
selected from halogen, hydroxyl, Cy.¢ alkoxy, NHy, NH(C,.5 alkyl) and N(Cy.s atkyl)s;
R represents a group of formula (0} or (Ia) or ((0b);



wherein Y is -CH2-, -CH2CH2- or -CH2CH2CH2- and the substitution on
the ring in group (I1) may be in the 3 or 4 positions; 5a is 1 or 2;
b is | or Wo2B0%1$8700- 12-; R5 represents a group of for mdaGEIods001647
IO(RE)W .../ (QYW,R7 (1V), wherein wis O or I; R6 represents Cl.4
al kyl ene optionally substituted by one3or nore substituents

I ndependent|y sel ected from hal ogen, hydroxyl, CI1,6 al koxy, NH2,
NH(Cl1.6 al kyl) and ISN(Cl.6 al kyl) 2; Wnen wis 0, yis 0; when wis
I, yis Oor 1, Qrepresents 0, ( , -SO2N128-,
-NR8CO-, -NR§SQ2-., -QL(0)-, -

‘, yI ene; R7
represents Qi cthL 4 al kyl
group may be ,U 9y substlitut by ne or nor ‘&!

'etted from htdge droxyl, C1,4

bgtituents
i ndependent | y\s i(:;)é NH2,
NH(C, .4 al kyl)?5 Cl. 4 aflRyl)2, a ycI I c g(flp Cyc2 and OCQyuey, and
|l e may additianally represent hydrogen when Q represents 0, NRS,
- CONRS-, -SB¥ffs8-, -C(0)0-, -HC=CH or ethynyl ene;

Y is -CH,-, -CHyCH»- or -CH2CH,CH;- and the substitution on the ring in group (II) may

a/C 4 al kyl grp

be in the 3 or 4 positions;
5 aislor?2;

bis [ or2;

Zis -CH,-;

R’ represents a group of formula (IV)

(Q)
}{(HS)W P V\RT

10 (Iv),
wherein
wisQor 1;
RS represents Cy.; alkylene optionally substituted by one or more substituents
independently selected from halogen, hydroxyl, Cy. alkoxy, NH;, NH(C/ ¢ alkyl) and
15 N(Ci alkyls;
when wis 0, yisO; whenwis 1,yisOor 1;
Q represents O, S(0)p.2, NR?, -CONRY-, -SO,NR®-, -NR¥CO-, -NR®SO,-, -OC(O)-, -
C(0)0-, -HC=CH- or ethynylene;
R’ represents a cyclic group Cyc' ora Ci4 alkyl group which C;_4 alkyl group may be
20 optionally substituted by one or more substituents independently selected from halogen,
hydroxyl, Cy.4 alkoxy, NHj, NH(C,.4 alkyl), N(C,.4 alkyl),, a cyclic group Cy02 and -
OCyc? and R” may additionally represent hydrogen when Q represents O, NR®, -CONR?-,
-SO;NR?-, -C(0)0-, -HC=CH- or ethynylene;
Cyc' and éycz each independently represent aryl, heteroaryl, a 3 to 8 membered aliphatic
25 carbocyclic.ring or a 4 to 8 membered aliphatic heterocyclic ring, each of which may be
optionally substituted by one or more substituents independently selected from halogen,
cyano, nitro, SH, $(0)2R%, NR'R", $(0).NR"R", C(O)NR"*R"*, C(O);R'¢,
NR''S(0),R", NRC(O)R?, NR*C(0);,R*, NRZC(O)NR¥R¥, OR™, phenyl and C.¢



Cycl and Cyc2 each independently represent aryl, heteroaryl, a 3 to 8
menbered ali phatic 25carbocyclic.ring or a 4 to 8 nmenbered aliphatic
het er ocycl WO 204¥%igg702ach of which nmay be optionally substGwGBaee/doysione
or nore substituents independently selected from hal ogen, cyano,
nitro, SH, S(0)0_2R9, Nefti I, S(0)2NRI42R13, C(0)NR14R15, C(0)2R16,
NRI 7S(0) 2R18, NRI 9C(0) R20, NR2I C(0)2R22, NR23C(0) NR24R25, OR25,
phenyl and CL1L.5 4 al kyl which phenyl or Cl.6 alkyl nmay be optionally
subst i t ut edkplywhinke plemyher@.ssikdybnay beoftonalhydapsitcied by ynesal remt aubsfimom

arky D)2, RSP E P PleChg et Teaoer e 0B e g

i ndependenN(@, 4 tigfigsent Cl.6 al kyl, which CL.6 al kyl may be
optional |y gubstituted by one or nDre substituents independently
sel ect ed fRoffPrRaFBYRYArossar bxyrlkylel. 6 al koxy, NH2, NH(CL1.6 al kyI)

d 6 c ntlyYe
TRL R e e T

or CL. 6 al WBtltumbwnmr BorgIskstituenty ul;@p@mmtbrmlebspdfmwmmgen dtyénbxbly&

one or nore tl Ietedfromhalogen

hydr oxyl E‘J’%S%%ﬂ,é'nﬁﬁg%%ﬁ?ﬁe Ak %a d N(CL. 6 al ky1l)2; or
any of RlQRQnE” L REZRAR' PR?LZI%?)(RZ RFZ R?4R%inﬂzsla%R’6te@¢get her
with the nitro natomt ich they ot.h at ached rma 4
to 8 menbeldepelfs 5?3%5%%1“’3{%8%% B o s AT REY e ey 2
may be i®pt dudsahiel by ohs bi hore 86bskilieM enhdependBitE; sslebisd FbERtcken, hydroxyl, C).
i ndependent |y se| ected from hal O?IS(,C 15hydroxy| and Cl’]1 % b "R¥and

whi ch C1. & ke NBayNHC16 5tk Baad NCreadetlet aitaay ob% GH‘ER
substi t ueng¥ of ReRERAT EHg’ebheﬁ@itl?&E%ﬂrJgEQﬂbﬂQb%% teaﬂar@u&ﬁ Qefaehed ang X

repr esents a phar ITB.CE,‘UtI cal g accep t abl e ani on of
pol yval entfoggiad. o Sunsraheyedsiphatie hem@a@licomg, which heterocychc rmg may be

optionally substituted by one or more substituents independently selected from halogen,
15 hydroxyl and C, alkyl, which C,.¢ alkyl may be optionally substituted by one or more
substituents independently selected from halogen and hydroxyl;

and X represents a pharmaceutically acceptable anion of a mono or polyvalent acid.

Summary of the Invention

The present invention provides compounds falling within the scope of, but not specifically

disclosed in, our co-pending application PCT/GB2007/004350 referred to above.

Thus, the present invention provides a compound which has a quaternary ammonium

25 species selected from the group consisting of:

(R)-1-[(6-Methyl-pyridin-3-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-
1-azonia-bicyclo[2.2.2]octane X
(R)-1-[(6-Methyl-pyrazin-2-ylcarbamoyl)-methyl}-3-(1-phenyl-cycloheptanecarbonyloxy)-
30  1-azonia-bicyclo[2.2.2}octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-[(6-trifluoromethyl-pyridazin-3-
ylcarbamoyl)-methyl]-1-azonia-bicyclo[2.2.2]octane X;



20 The present invention provides conpounds falling within the scope
of , but not specifically disclosed in, our co-pending application
PCT/ GB2007woCdd®h0swef erred to above. Thus, the presOTiGB20852001440N
provi des a conpound whi ch has a quaternary ammoni um 25speci es
selected fromthe group consisting of: 5R)-

1-[ (6- Met hyl - pyridi n-3-yl car barmyl) -nmet hyl ] - 3- (1- phenyl - cycl ohept anec
ar bonyl oxy) - 1l-azonia-bicyclo[2.2.2]octane X; (R)-

1- [ ( 6- Met hy)- pweam[a}na)xymaquw@yimﬁﬁyth BHenyl-cycioheptanecarbonyloxy)- 1-
1- phenyl - E@Hoheg Engcéar bonyl oxy) - 301-azoni a- bi cycl o[ 2. 2. 2] oct ane X;
(R-3-(1-P XFeql ciaRe&ar bonyl oxy) - 14(6-trifl uor onet hyl - pyri daz

(R-1- {'Béﬁzof‘”?”i‘ﬁiﬂiﬁigl}Ydé}bfﬁ‘ggﬁl%g‘n’@@?Eﬁ%ﬁﬁdfﬁé‘g 3 g"&‘ﬁ“fﬁ‘gfp‘e Ao RN iane
car bonyl oxwﬂ@—blwtﬂﬁaiﬁﬁctﬁﬁe%[Z 2. 2] octane X;

e BB i i et arcar
-[ (5- Met Bytycll@emamaohrbanyb:ganbamy~b)cgnbt22wt]bct3ne(x=t hi ophen 2-yl cycl ohe
B LSS W SR g iRy st + L cBbee ahen- 2- 1 cycl oh

ept anecar b@&ldh@myﬂecérbaﬂﬂ@lﬁlmzﬁﬁiﬁlbﬂyao ii]ﬁ@tﬁw X, (R-1- [(3-F1
u oro-p he m o (.1 -thiophen-2-yl-
10cycl ohep@Réﬂe[&:’efFB‘BFWPWW@fParaﬁﬂhmﬁmﬂﬂ thiophep-Byloct ane X; (R - 1

- [ (5- Mg§ hyd cRJYlE #leBarBoy 1&@5-935}’9%@})[52&19 13 2]§é‘tane X;

1-t hi ophen-2 Ic cl ohept anecar bonyl - 1-"azoni‘a- bi cycl o[ 2. 2. 2] oct ane
X: (R)- (R)- l [(5 ethyl-pyrazin-2-ylcarbamoyl)-methyl}-3-(1-thiophen-2-yl-

Lol A ka5 BN Sl ) optn 21 el anea
1- ( Pyr azi nd2-1y(Beraohdlisoydaok Blyldajbadiogiinettyl )i tiethicphgt-2-gl¢cl ohept anecar bon
yl oxy) - 1- cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane X;

15 (R)-1-(Pyrazin-2-ylcarbamoylmethyl)-3-(1-thiophen-2-yl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;
(R)-3-[1-(3-Fluoro-phenyl)-cycloheptanecarbonyloxy]-1-(pyrazin-2-ylcarbamoylmethyl)-
1-azonia-bicyclo{2.2.2}octane X;

(K)-3-[1-(3-Fluoro-phenyl)-cycloheptanecarbonyloxy)- 1 -(isoxazol-3-ylcarbamoylmethyl)-

20  l-azonia-bicyclo[2.2.2]octane X;

{(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)- 1-(pyridin-2-ylcarbamoylmethyl)-1-azonia-
bicyclof2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)- I -(pyridin-4-ylcarbamoylmethyl)- 1 -azonia-
bieyclo[2.2.2]octane X;

25 (R)-1-[(5-Fluoro-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-
l-azonia-bicyclo[2.2.2]octane X
(R)-1-[(5-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonylox y)-
I-azonia-bicyclo[2.2.2]octane X;

(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)- I-(pyridin-3-ylcarbamoylmethyl)-1-azonia-

30 bicyclo[2.2.2]octane X;
(R)-1-[(2-Methyl-pyridin-4-ylcarbamoy!)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-
1-azonia-bicyclof2.2.2]octane X;



azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(R)-3-[1-(3-Fl uoro-phenyl)-cycl ohept anecar bonyl oxy] -

1- (pyrazi nwd-2gdoziasioanoyl net hyl ) - 1-azoni a- bi cycl o] 2. 2. AcIotEH0es/061647
(R -3-[ 1 -(3-Fluoro-phenyl)-cycl ohept anecar bonyl oxy] -

1- (i soxazol - 3-yl car banoyl net hyl )- 201¢azoni a- bi cycl o[ 2. 2. 2] oct ane X;
(R) - 3-(1- Phenyl - cycl ohept anecar bonyl oxy) - 1- (pyri di n- 2-yl car banoyl net h
yl ) -1-azoni abi cycl o[ 2. 2. 21oct ane X;

(R -3-(1- PﬂeﬂyPhemyIchrbhmmﬂmBmgzm-bbmehgbb(c}y):}ohelﬁtm}&érdbmékyy-ll cashanoyl met h
yl)-1- azon ab| ¥r2 %‘F <2l octane X; 25(R)-

1-[(5-F uo ?CI di 'car banoyl) - net hyl ] - 3- (1- phenyl - cycl ohept anec

ar bonyl oxy(r)-3l¢ agRyiayblo ¢ .
1- [(5yMet hO |)-3;1)(>}r| yla? ﬁé(}:ﬁg}n a%%ong'f) me% ﬁ;ﬁl]nﬁdm(df)lgﬂte)%@oy}n(};ﬂl?)kllgpz)?rgerllec
ar bonyl oxy: ICYCiQ[%’lZ@d‘P%ﬁ“B%%yCI o[ 2.2.2] octane X;

R) - 3- P ri.dLns 3- [ met h
V-1 srond i ENELEPERYBARGRLAK Y L) %“@WTW bl RuiBRT D
yr i din -azgnia-bjcytlof2. 2Rcane ¥; y1)- meth yl]-3 -

é_ E)g)e f‘yl ()ﬁ‘:f IOHE‘EQH:IHUGO%Q rp eny}f:ar% Xx))yl) me?h ?Jrg ?1 ;t))hcnylccy%[o%ep%anel:arg Poxyggl-
1- Phenyl catzbaigtydyor{hy. 21odtafidlXphenyl - cycl ohept anecar bonyl oxy) - 1- azoni a
bi cycl o[ 2.

(R)-3-(1- F@-ﬁy@-(é@rcl?%%ﬁ#aw@égiﬂbéﬁ&)r%@%ﬁi -{ L-phapyl-guclphgptancoarbemiaingt ne

thyl) - - azeBhiabiG¥eI2L. i}o&aﬁ’&xct ane X; 5(R)-
1-[(2- Fl uoro- phen;l/JI car banoyl)-net hyl]-3-(1- Phenyl {cl ohept anecar bony
| oxy) - 1- 4R =i @w g*@ogy)?}@&%ﬂepbmyl cycloheptanecar onyloxy?—l—azonia-

bicyclo[2.2.2]octane X
(R)-3-(1-phenyl-cycloheptanecarbonyloxy)- 1-(pyridazin-4-ylcarbamoylmethyl)- 1 -azonia-
bicyclo[2.2.2]octane X
15 (R)-1-[(5-Fluoro-pyridin-3-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-
1-azonia-bicycio[2.2.2]octane X;
(R)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-[2-(pyridin-3-yloxy)-ethyl}- [ -azonia-
bicyclo[2.2.2]octane X
(R)-1-[(6-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-
20  l-azonia-bicyelo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(o-tolylcarbamoyl-methyl}-1-azonia-
bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(2-pyrazin-2-yl-ethyl)-1-azonia-
bicyclo[2.2.2]octane X;
25 (8)-1-(3-Phenoxy-propyl)-3-(1-phenyl-cycloheptanecarbonyloxy)- I -azonia-
bicyclo{2.2.2]octane X;
(R)-1-{[2-(3-Fluoro-phenoxy)-ethylcarbamoyl]-methyl }-3-(1-phenyl-
cycloheptanecarbonyloxy)- 1-azonia-bicyclof2.2.2)octane X; .
(R)-1-[(3,5-Difluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)- 1 -
30  azonia-bicyclo[2.2.2]octane X
(R)-1-[2-(4-methoxy-benzyloxy)-ethyl]-3-(1- phenyl—cycloheptanecarbonyloxy) l-azonia-
bicyclo[2.2.2]octane X;



(R)-

1-[ (2, 3-Di fl uoro- phenyl car banoyl) - net hyl ] - 3- (1- phenyl - cycl ohept anecar
bonyl oxy) - WO 200943877 bi cycl o[ 2. 2. 2] oct ane X; (R - PCT/GB2008/001647
142- (2, 3- Di hydr o- benzof uran-5-y1l)-et hyl]-3-(1-phenyl - cycl ohept anecarb
onyl oxy) - 1- 10azoni a- bi cycl o[ 2. 2. 2] octgne X; (R)-

142- (4- Fl uor o- phenoxy) -et hyl]-34 1 -phenyl - cycl ohept anecar bonyl oxy) -
1-azoni abicycl o[ 2. 2. 2] octane X;

(R)-3-(1- pb’ﬁnw%ﬂ}eﬂbthhl@ﬁﬁ-ﬁm?napfﬂqihﬁﬂl)@éyéloﬁep(alﬂwa!rbiﬁ?loﬁy)”&-}ﬂ&eat banoyl e
t hyl) - 1- az gzyc] .2l octane X; 15(

1-[ (5- FI uo “g?b/ﬂz ﬂ"t ‘car banoy1) - net hyll 3- (1- phenyl - cycl ohept anec
ar bonyl oxyg)- llﬁgéﬂﬂﬁorlalﬁhﬁﬂ)tl&{r@an%y?)lrﬁ&ﬁﬁpg (f(phérg) -eytldheptanecarbonyloxy)-1-
- phenyl - cycl ohept anecar bonyl oxy) - -yl ox y)-et hy”)- 1

- azoni abi c§Zerisfcyzlafideiestrac X (R) -

L L 0 YOO AL ey bSO e e

(R) - 3- (1- Preniptbigyi[2R2pdcaane &ar bonyl oxy) - 1- (o-t ol yl car banoyl - net hyl ) -

b 2l oct
heny! - oy @b aRa B orprFH Paescoplapepagaeagpmypyy-1-asonia-
1- bi siyediep 2. ot X
25?§§m|1a(|3 gﬁeﬁ% Hodtiie a[]g (1- phenyl - cycl ohept anecar bonyl oxy) - 1- azo

ni a- bi CyC(LRé-[ L %(-é gmrgwgegylca(qg)noym mc{thyl -3-(1-phenyl-cycloheptanécarbonyloxy)-1-

[2-(3-F uogzgmgtb%@wjzg dovhe &: banoyl | - met hyl ) - 3- (1- phenyl cycl ohept ane

car bonyl ox 1-azoni a- b| cyclo[2.2.2]octane X, (R -1-[(3 ,5

-Di fl uor o- ryHé-CrapedhenzyIoxy)-ethylhy 1] -pBenyl- (:mlqihetﬁwcarb@yyloxy) 1-azonia-

ConP R ) 20%zon ) ©ycl ol 2,2 Boctone X (9

cl ohept ane@3HdRhkoWycycloliepgamecdrbdniytorg)- off @-tA fl2drombapkepyddin-2-ylcarbamoyl)-
methyl]-1-azonia-bicyclo[2.2.2]octane X

15 (R)-1-{(4-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-( I -phenyl-cycloheptanecarbonyloxy)-
1-azonia-bicyclo[2.2.2]octane X;
(R)-1-{(5-Chloro-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonylox y)-
I-azonia-bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(p-tolylcarbamoyl-methyl)-1 -azonia-

20  bicyclo[2.2.2]octane X
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(m-tolylcarbamoyl-methyl)- 1-azonia-
bicycle[2.2.2]octane X;
(R)-1-(Oxazol-2-ylcarbamoylmethyl)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2]octane X;;

25 (R)-1-[(6-Methyl-pyridazin-3-ylcarbamoyl)-methyl]-3-(1-phenyl-
cycloheptanecarbonyloxy)-I-azonia-bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-2-ylcarbamoylmethyl)-1-azonia-
bicyclo[2.2.2]octane X;
(R)-1-[(5-Cyano-pyridin-2-ylcarbamoyl)-methyl}-3-(1-phenyl-cycloheptanecarbonyloxy)-

30 1-azoma-bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-5-ylcarbamoylmethyl)- 1 -azonia-
bicyclo[2.2.2]octane X;



7 (R)-

142- Phenet hyl oxy- et hyl ) - 3- (1- phenyl - cycl ohept anecar bonyl oxy) - 1- azoni a
bi cycl o] 2. Wo2pwassme X, (R)- PCT/GB2008/001647
1-[ (2, 6-D fl uoro-phenyl carbanoyl) - met hyl ] - 3- (1- phenyl - cycl ohept anecar
bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2l oct afe X; 5(R)-

1-[ (Met hyl - phenyl - car banoyl) - net hy1]-34 1

- phenyl - cycl ohept anecar bonyl oxy)- 1 - azoni a-bi cycl o[ 2.2.2] octane X;
(R) - (R)-1-((3-Fluoro-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonylox y)-

1-[3-(4-Cyp ﬂfgﬁ%@’lpﬂﬁﬁ%ﬁ]ﬂ (1- phenyl - cycl ohept anecar bonyl oxy) - 1

-azoni abi cyclo oct (R -

%- [ ( |2 5- ;DI ﬂ)ﬂ%ﬁFblbgﬂwa-@?!mmgmg?ﬁﬁ?ﬂﬂl}% K—ﬂ?@;?mhffgemﬂwmgwﬁr
onyl oxy) - 1- zoni a3 hi.cycl ol.2. 2. 2] oct ane X; - - - a no

-be%zylg xgl/'?zo-m S 1ﬁ3§f1<i[f5§?¥€‘a(ﬂi%p he nyl - cy clohept anecarbon

yl oxy)s - (R)BZQEneR}IGYElbRdprandcatd RS IR 12 ine-2-carbonyl)-amino]-ethyl }- |-
(R) - 3- (51- P(F??an.)zl(l - cyg oﬁe t gﬁagc%r bdg(r%yl g);y-?(- 1[(-p[yfaél-n§r i(i‘ﬂlr l?g%lt%r?gl'tl?]o)]/le- gy}r I di
n- 2- yl car AEPRaPIgYClofe? Rlpctang Xaz oni a- bi cycl o 2. 2. 2] oct ane X; 15(R) -

1- [ (4- Met hyeh 30y Ippdhi-cde P! 5. -1-
- phenyl - cyc gﬁgpthg%%(g ?lggﬁﬁng%w Mf-x g}z?g ' a?]ﬂ?%aﬁ:alzgl[ %Y lférgf%lgwglﬁgw Q;l
(R azonia-bicyclo[2.2.2]octane X

1--5-Chl E Ldin-2- 1) - I.1-3-.(1=ph | < | ohept

2 bony | oxl0 S EEh TSN ReATRY b FE-0Y cbsila o RAREX Y oD BBy
- Phenylo cyabaképiyalofrajootayd KXy) - 1 - (p-tolyl carbamoyl -methyl)- 1

- I a- 2Qbi 2.2.2 t X

(g)z?gl_ ?1- F‘%S‘Irﬁcﬁlz(:%bybﬂg @%b‘%’gfc%ﬁw&]}"ﬂqwﬂ(ﬁltﬂ?ewléar banoyl - net hyl ) -
1- azoni abi §yehéitahedarBItdx3Ne-a26nid-Beycldp2. A Dodazx0 1 -2- y 1 ¢ arb anp

y meth y1)-3 -
1- phenyl - c,(%?(}:llﬂféMeHWbE&F%@M'ﬁ%ﬁﬁbﬁ@ﬂiﬁﬁk&'ﬂr%ﬁcwﬁp21.' 2.2] octane X;

cycloheptanecarbonyloxy)-1-azonia-bicyclof2.2.2]octane X;

15 (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{2-[(pyridine-2-carbonyl)-aminol-ethyl }-1-
azonia-bicyclo[2.2.2])octane X; and
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)- 1-(3-pyridin-4-yl-propyl)- 1 -azonia-
bicyclo[2.2.2]octahe X;

wherein X represents a pharmaceutically acceptable anion of a mono or polyvalent acid.

The compounds of formula (), referred to above, and those of the present invention
comprise an anion X associated with the positive charge on the quaternary nitrogen atom.
The anion X may be any pharmaceutically acceptable anion of a mono or polyvalent (e.g.
bivalent) acid. In an embodiment of the invention X may be an anion of a mineral acid, for
25 example chloride, bromide, iodide, sulfate, nitrate or phosphate; or an anion of a suitable
organic acid, for example acetate, maleate, furmarate, citrate, oxalate, succinate, tartrate,
methanesulphonate, p-toluenesulphonate, benzenesulphonate, napadisylate (naphthalene-
1,5-disulfonate) (e.g. a heminapadisylate), 2,5-dichlorobenzenesulphonate, 1-
hydroxynaphthalene-2-sulphonate or xinafoate (L-hydroxy-2-naphthoate).
30
According to the invention, there is also provided a compound selected from the group

consisting of:



25(R)- 1-[(6-Methyl -pyridazin-3-yl carbanoyl ) -net hyl ] -3-(1-phenyl -

cycl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(R) - 3- (1- PNern194a870F ohept anecar bonyl oxy) - PCT/GB2008/001647
1- (pyri mdin-2-yl carbanoyl nethyl)- 1 -gzoniabicyclo[2.2.2]octane X;
(R)-

1-[ (5- Cyano- pyri di n- 2-yl car banoyl) - net hyl ] - 3- (1- phenyl - cycl ohept aneca
rbonyl oxy) - 301-azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(R) - 3-(1-Phenyl - cycloheptanecarbonyloxy) 1- (pyri mdin-5-yl car banoyl ne-
t hyl ) - 1- azoni abi cIo[2 2.2]octane X; 8 (R)-

1-[ (3- Fl uoro- n %Icarbannyl) met hyl ] - 3- (1- phenyl - cycl ohept anec
ar bonyl oxy) - unla blcyﬂlo 2.2.2]octane X; (R)-

1-[ (3-Fl uore ;- e- met hyl ] - 3- (1- phenyl - cycl ohept aneca
r bonyl oxy) % C cIo . 2] octane X;

5(R) - 3- (1- Ph€nyl - | O eptane rbonyloxy) 1-f

2-[ (pyrazi ne- 2- can@onyl) anlno]ethyl )-1- azoni a-bi cycl o(2. 2. 2) oct ane
X;

(h)-3-(1-Phen ycl ohept anecar bonyl oxy) - 14[ 1, 2, 4] t hi adi azol -5-yl carb

yoni a-bi cycl o[ 2. 2. 2] oct ane X; (R -3-(
| - Phenyl - cycl oBept angcarb yI XYy) - 1-{
3-[(pyrid|\?- \Zgﬁﬁé) aniyio) Npr opyl - 1-

b

1, 3azoni a- bveycl 6% ] ctane X; (R)-

1-[ (2- Met hyl - pyri g di n-4-yl car anDyl) met hyl ] - 3- (1- phenylcycloheptane
car bonyl oxy) - 1- azohi a- bi cycl o[ 2. 2. 2] octane X; (R)-

1-[(6-Methyl -p m di n- 4-yl car banoyl) - net hyl ] - 3- (1- phenyl cycl ohept ane
car bonyl oxy) - oni a- bixcycl o[ 2. 2. 2] oct ane X;

| s(R) - 3-(1-Phe Lcy Iohepﬁanecarbonyloxy) 1- (24( pyri di ne- 2- car bonye-

ani noket hyl A 329nj .2.2]octane X; and
hsp anegar onyloxy) 1- (3-pyridin-4-yl-propyl)-1-

(R -3-(1-Phg 3 g
azoni abi cycl o] 2. 2. Z] oCt ane X erein X represents a pharnaceutically

accept abl e ani on of a mono or pol.yval ent acid.

-
F 0 N. N
ml\
'O, O -
z N
H

X
H
F o /. N
N/\n/ \ﬁ‘l}o
O: o ———
H )
.
H
O f ~AUNUN
NN
0 o =



20 The conpounds of formula (1), referred to above, and those of the
present invention conprise an anion X associated with the positive
charge on wbeomuasm®y nary nitrogen atom The ani on X maydraGBE2008/001647
pharmaceutically acceptabl e anion of a nono or ponvaIent (e.qg.

bi val ent) acid. In an enbodi nent of thedinvention X may be an anion
of a mneral acid, for 25exanple chloride, brom de, iodide, sulfate,
nitrate or phosphate; or an anion of a suitable organic acid, for
exanpl e acetateg al eate, fumarate, citrate, oxal ate, succinate
tartrate, net rlphonate p-t ol uenesul phonat e, benzenesul phonate,
napadi syl ate ( ' Ieﬁ%llﬁ dlsulfonate) (e.g. a hem napadi syl ate),

2, 5-di chl or uI hydr oxynapht hal ene- 2- sul phonat e or
bat 30 WO
1 47 ereln X represents a

xi naf oat e

2009/ 138707

pharmaceutical ly acgeptable anion of a nono or polyvalent acid. It

w Il be understood that certain conpounds of the present invention
may exist in spfvated, for exanple hydrated, as well as unsolvated
forms. It is t underxst ood that the present invention enconpasses
all such sol vated f8r

o

tain conpounds of the present invention

may exi st g autefer 8§ and m xtures thereof also forman
aspect of ifve Lg . The conpounds of the present
i nvention drspl ay cial pW¥armaceutical properties. For exanple,

the conpounds of the invention display activity as antagonists of
muscarinic receptors, particularly nuscarinic M3 receptors. Moreover
the conpounds afsg display 15desirable plasna protein binding
properties. PI protgrn binding nay be an advantageous property
for conpounds adp/njy steredfvla inhal ation as it can | essen the inpact
of any systemhc e ec +t d may have. The conpounds of

t he i nvent &) arnaceutlcals in particular as
20anticholinérgic a ents |nclu I ng muscarinic receptor (M, M, and
MB) antagonists, inH

wherein X represents a pharmaceutically acceptable anton of a mono or polyvalent acid.

It will be understood that certain compounds of the present invention may exist in solvated,
for example hydrated, as well as unsolvated forms. It is to be understood that the present
invention encompasses all such solvated forms. Certain compounds of the present
invention may exist as tautomers. Tautomers and mixtures thereof also form an aspect of

10 the present invention.

The compounds of the present invention display beneficial pharmaceutical properties. For
example, the compounds of the invention disp[gly activity as antagonists of muscarinic
receptors, particularly muscarinic M3 receptors. Moreover, the compounds also display

15 desirable plasma protein binding properties. Plasma protein binding may be an
advantageous property for compounds administered via inhalation as it can lessen the

impact of any systemic effect the compound may have.

The compounds of the invention have activity as pharmaceuticals, in particular as

20  anticholinergic agents including muscarinic receptor (M1, M2, and M3) antagonists, in



WO 2009/ 138707PCT/ 02008/ 0016, 17 11 particul ar M3 ant agoni sts.

D seases and conditions which may be treated with the conpounds

i ncl ude: Wo20@sps#atory tract: obstructive di seases ofpdiiesreesi00es

i ncludi ng: asthma, including bronchial, allergic, intrinsic,

extrinsic, exercise-induced, drug-induggd (including aspirin and

NSAI D- i nduced) and dust-induced asthma, both intermttent and

persistent and of all seventies, and other causes of airway

hyper - r espparsicularM3 antagdnists Diseadas hddumhdidensputticivmay Ye tesaiagith the€OPD) ;

~bronchitis, includi i nfecti ous and eosi nophilic bronchitis;
enphysena; “BISHE ‘Qgﬁ%i s; cystic fibrosis; sarcoidosis; farner's

llung and r el atgsl @522 L BbstYHRY BRARS bf Mk hi¥wRRGHIBAhE: aSthmh URQuding

fibrosis, including cryptogenic fibrosing alveolitis, in idi opat%n c

interstiti 'arpnﬁem@uar'rgrﬁﬂasf}mn&l%ﬁétsmslc,@éﬁ«ﬁlsf:@umeﬁigd@zﬁtmdwefbbn@lsiiﬁg:asmrin

t her apy. an { ¢ A 0f i | i i .

asper gi T I o%}dgﬁéa'ﬁgj gxtd I’]]%rd ?%dndélgq-mpﬁr}%ggg?@?fsbgougg%ﬁugﬁaﬁgﬁ%glg(reml B rqéJ fall

t r anspl ant sevenitres, and othek cduses dpitwah hyrbotspansitvesas;dbranicodbstringive pulghonary

vascul at ur an nmpnary.hypertension: anfitussive activit ]
el ud ng TSt SRDEPRBTh R eirgiedins AL aebtioRRR iR i bvman
secretory lgonchidcta8i3scydfic fil@sigishiBM8sis; Fatthel s lung a0 RIMtEd diHdgly; acute
and chronic rhinitis includi nﬁgr hinitis nmedi canentosa, and vasonot or
rhinitis; W@F’éﬁ‘l‘ﬁ“}a‘l“yé’ﬁﬁ“’%%% Bﬁ&quﬁr '@Fledﬁﬂﬁicﬁ‘ipfqggr_np ﬁé{"ﬁ’ﬂg ﬁ’d_"?lﬁlsni tis
nervosgy ( hibph@uahiistiAATREuRMHiKPEBLSS cofplicaiing dilnebph@ftihspy gl udi ng
the common cold, and infection due to respiratory syncytial "virus,

i nf | uenza, cheoremdREtiPH dnqladies Wherayosrard)aspagill edieanshqthas Sungal infgetimsand
joints: artrdiil I s i L

ost eoart hr i({ﬂfﬂsh}dggbﬁlggglr%tﬁ %%@F%ﬂta%%g? %B%tl#‘?&rrjlglr{gﬂogﬁgu%%‘(S:ngﬁfa?fyth% lc%l,ngf or
exanpl e, cowgdatiteaindipivpnehasypltypsitensiopeantitussive aatitity inchalingsrembpt oft i s,

and low b iR -k idarthritis and Stil.l's di sease;
cer onegat | SRR SuAE EiaPRED i IR Blctls ik RoR Dl bsalufis FRE.
psori ats c iatrdgdenictdosgh; heac hndwhranid thinids incladidg rhiniti§ frediemhénddsa chnd
spondart hropat hy; ,septic arthritis and other. .i.nfection-rel ated

2 Uhopat hi BRI BERES afetr tant Sue Ayie BUr LR G GoLE ThRgr dtr g (ay
Potts' di sfeas) nasllpRSRene afutsvity MécabE incREiHzhddthié @, @nd infection due
crystal -induced synovitis including urate gout, calcium pyrophosphate
deposi t i orfOdFBEASH SYARHabUIvSi iHYLBEAcPIona YR Ainglyding Rddte) aﬁﬁ%@%ﬂ"”%}ﬁd

synovi al inflRpeBkd piis: BeRGRfes SssoliSERRRR oPinbIfBinY ofRekBEE95daMhrosis,
Sjogren's syndrone; system c sclerosis and |limted scl eroderns;

systentc | upfuBrimary apd pagRARisto. for seaRio sprgenital din dysplasiadesisaband lambar
1 s RISl S84l SRS s AL SIFS ALY 0P o
juveni | e aetdaegative spandylaaitimopatiiesopeuding ankyldsmgspomiylitiapsduiatic antheBisof
what ever | rgjic@ikle g}tﬁrﬁt{si alﬂHhriuﬁﬂer%Htgated spondarthropathy; septic arthritis and other infection-
related arthopathies and bone disorders such as tuberculosis, including Potts’ disease and
25 Poncet’s syndrome; acute and chronic crystal-induced synovitis including urate gout,
calcium pyrophosphate deposition disease, and calcium apatite related tendon, bursal and
synovial inflammation; Behcet’s disease; primary and secondary Sjogren’s syndrome;
systemic sclerosis and limited scleroderma; systemic lupus erythematosus, mixed
connective tissue disease, and undifferentiated connective tissue disease; inflammatory
3  myopathies including dermatomyositits and polymyositis; polymalgia rheumatica; juvenile
arthritis including idiopathic inflammatory arthritides of whatever joint distribution and

associated syndromes, and rheumatic fever and its systemic complications; vasculitides



associ at ed syndronmes, and rheumatic fever and its systemc
conplications; vasculitides 12 including giant cell arteritis,
Takayasu' sWer0&yi38i0%, Chur g- Strauss syndrone, pol yart erRGT/GBIoRIss&t7
m croscopi c polyarteritis, and vasculitides associated with viral

i nfection, hypersensitivity reactions, lZryogl obulins, and

par aproteins; |ow back pain; Famlial Mediterranean fever,

Muckl e-Wel | s syndronme, and Fam lial Hi bernian Fever, Kikuchi disease;
dr ug- i ndudeduding biahigiedrtetien Teknyadutd alesiis, Lhdrgnitoss syindrome, Bolyqpritis and
connective, t.i SS [ el ing. of cul.oskel et.al . di.sqQkder ue to
iury 11 oriegatfrb SORE R, VAR R A MRy

exanpl e rhgpaRémitiditqiddotiods| @yogdetinting ahdpirkproteingduty back paiy.Saalilial

art hr opat r%%p ot her %oi nt di seaﬁe (such as int,erve]gqt{e,bral disc .
degener at i BIGFraRERSorEMarE s et syndiome. snddfeamiiial Hibsian bgyes Kikuchi
remodeld i ngedics 8@ andiRUE MBSy AORAIGARRIO 3hS mybRadts; s di sease or
osteonecrosi s), polychondritits, scleroderna, m xed connective tissue
di sorder, 3sp@Rmhandaprraceyraisskarsmodellyey of sksenaskeldiat diserdenssiue to ingery [for
periodontiftjs): Sski LAaSiS i rgg\ﬂ At act
dermatiti s‘esdé)'?‘3 lgts Ole%s lg}g‘?g r?ﬁtgi?cfg&ssle%%lrh?r%dtcgggg%xgjgﬁg e a%@f‘{‘g‘g@

hyper sensidsievarthyitis egoat doexgstal pttitopathgnoth@tjoinodierasasith 45, intspleetrilaicc
15dermatitjs, dermatjtis herpetiform.,s, lich | anus, ..l i chen

scl er osus SESIPGRAT IPoEaREHAT B grisneati: e Feruckleline discate (ugh

| upus &I ytdseopdress) Pagdle dRbisg UBostddABIbIIQ Opdllychemiriiey, BElbxdérmapilde@sa,
urticaria, an%i,oedema,_ vascul itides, toxic erythenas, cutaneous

eosi nophi [SPRRECt Vg isacdisorderesnondyloaiiheonstiies oF Reripdepiabdiseasefaeh ass

syndr one, p\@gaﬁfmi@ggi stian syndrone, erythema nultifornme; cellulitis,
both infective and non-infective; 20panniculitis;cutaneous |ynphonas,
non- el andma Sgki PsoUAS elopisrtigriaatitisrconlpsslepmatitis of ethpissemaipipfiermaloesd

di sorders ' ' : I ONS el [

coni unot | urg RSt o tEfefliehy RARbAC Bivvo, aid pRYBRerm AR Biboirhici

conj unoct i dematitis] dermaté)s Ierpesfurmis, behdn pestsehchen scemits & atrepghaoraopidennss
aut oi mmune,_degenerat.i ve or i nfl.ammato di sorders .affecting.the
Fotina  oghrRat i S fed disou MR e Rl PR BEhalibid Gos o
i nf ect i ongpidahalghinigulloss, akticarid, ungiatderranehsbidcidey, telc eryfiemas, cutaneous
gastroi ntest.i n%h.tr ct:. q’%ossi ti S, gi jﬁlVi ti§, Eeri %donti I.S; Christi
oesophagi tPEMORPHES AIPRTG 38T A eyl fﬂg% PSS S WL FYRAERRG Y §iek Christian
mast ocyt osigdrort, GtheémansRisthe; 6lulitid, Bothigtbetle Agd Hb-Rif@tive:e col itis,
proctitis, pruritis ani; coeliac disease, irritable bowel syndrone,
and f o8d- IPéF'H?LéH'S%EP‘iaB‘F‘b’FéﬂnRM?F@h nRayhelpReBe gkip sancst sndathes dysiait he gut

(for examlsndl ghaidced dlsdidr fcRbing %ix6F &8 B Ruptiors; abdomi nal :
hepatitis, 1ncluding autol mmune, al Goholic and viral; fibrosis and

ci rrhosi s Sof eyaseblephagitis; conwheytsst including parserialand viemnal allsraic eninnetiefiss
chroni c; iritis; anterior and posterior uveitis; choroiditis; autoimmune; degenerative or
inflammatory disorders affecting the retina; ophthalmitis including sympathetic
25 ophthalmitis; sarcoidosis; infections including viral , fungal, and bacterial;
6. gastrointestinal tract: glossitis, gingivitis, periodontitis; oesophagitis, including reflux;
eosinophilic gastro-enteritis, mastocytosis, Crohn’s disease, colitis including ulcerative
colitis, proctitis, pruritis ani; coeliac disease, irritable bowel syndrome, and food-related
allergies which may have effects remote from the gut (for example migraine, rhinitis or
30 eczema);
7. abdominal: hepatitis, including autoimmune, alcoholic and vizal; fibrosis and cirrhosis

of the liver; cholecystitis; pancreatitis, both acute and chronic;



13 8. genitourinary: nephritis including interstitial and

gl omer ul onephritis; nephrotic syndrone; cystitis including acute and
chroni c (iwoenmsbisssal ) cystitis and Runner's ul cer; acutcr/cEndosdoiani C
urethritis, prostatitis, epididymtis, oophoritis and salpingitis;
vul vovagi nitis; Peyronie's disease; erddtile dysfunction (both nale
and female); 59. allograft rejection: acute and chronic foll ow ng,
for exanple, transplantation of kidney, heart, |iver, lung, bone
marr ow, ské.n gitgermaea nophritis Iirbc:dlmmmintetatidai and glvsfeugor@phritdy, neghraiei ¢
graft versus ,host e and, ot her
derrent | ng- reBPRerEuinBF Blirades S Eonont AR et et R R Siife
sclerosi s s amtjhﬁ:bnfdemtmnmpiom@gmsmdrdspmuﬁ, odpBOARY Al salpingitis; vulvo-

| aat heroscl erosi s and vascul1tis; tenporal arterltls ast heni a

gravis; acYRSEUBHHEYARIEdSCHs ?{e‘(“é%ﬁ!ts@ncil?ﬂ@ia%”{l%l%ﬁtd smalsdir si st ent
whet her; of g celopal RlecRSs h&#ﬂ%ﬂ' chpan&cgfonzw;ng%ygea lr%?faﬂ!an&%f“ .
headache m grarne, trigemnal neural gia, atypical faci pali n, joint
and bone peflney, lp@rtnluem lgng fote marevarssmror gerges errfollowing hlod transfusion; or
neur opat hi udi ng di abetic, post-herpetic, and
HIV-assomcg.ltr‘Blg‘E gﬁxgggoﬂﬁ?dﬁgﬁéurosar00|d05|s central and

15peri pher Hl. @Yés: \szlmlmgrgtcbsmmnﬁloﬂmaﬂemmng)ﬂxsm&xk gmmlﬁng CM acltdvalB; or
aut oi nmune esses; ot her tQ-i ne and aller i sorders
el udt ng. FRURRGE SR fote e e bl ¢

di sease, ditkdd€cRsosFRn Ivhsbtﬁhnd (Hn‘i{j@)@dl RtterittshmPaERA M PHAMAS Béte Wdhkb’ni’c pain

eosi nophi | | c fasciitis, per-1gE syndrone, anti phaospholip

syndr one; (Brio IntFmpent gy %?‘Efé‘i‘tswmtb?{ of fentrat grperiptiesn! prigin) }WH’@IVMF@EI
conponent ; a&mkaadwegmegqué rtﬁgknhﬁil‘ﬁ@ﬁ‘ra%]%f x?blemyaaﬁxpaﬁr PR aﬁﬂ&%)pam

| eprosy, Sezary syndrone, and paraneop I ¢ syndrongs,;

car di ovas HMmArISINgtFRER easeercang $ar8or ipYasiont nedppethis mmsan@rpsneamludmg

per ! pher al kit oalleic AR AFLELdd fed ARNBEARAL e frocar HALATIRAN 22"
aut o-i nmune car at’hies i nc ocard sarc¢o

i schaermi c peelpbﬁrralmr\@ns $m]em¢®milcarMQoémdlugnam, infezmtious| qrtauls;mlamb
aortitis | &?% ||g infective (for exanple syphilitic); vasculitides;
di sorders € proxi mal and peripheral veins including phlebitis
and t hr onbidsicgher amoJimdiung a:diaﬁkarg«rceﬂinorﬂérs ﬂﬁhﬂﬁigi—la’ihidloﬂﬂﬁmyi‘(ﬁcﬂitii,(ﬂﬁve@f
vari cose veins; at nent 0 n _cancers

el udh ng ieB% Apdsorts w8@se. dfbss 02k Hibbats GREPRRR e B GRBtang
col on, st auEiabphilskiastiitstybérdigh syriTons, anphosptldipiansdesmeaf f ecting

20 12. other disorders with an inflammatory or immunological component; including

acquired immune deficiency syndrome (AIDS), leprosy, Sezary syndrome, and
paraneoplastic syndromes;
13. cardiovascular: atherosclerosis, affecting the coronary and peripheral circulation;
pericarditis; myocarditis , inflammatory and auto-immune cardiomyopathies including
25 myocardial sarcotd; ischaemic reperfusion injuries; endocarditis, valvulitis, and aortitis
including infective (for example syphilitic); vasculitides; disorders of the proximal and
peripheral veins including phlebitis and thrombosis, including deep vein thrombosis and
complications of varicose veins;
14. oncology: treatment of common cancers including prostate, breast, lung, ovarian,
30 pancreatic, bowel and colon, stomach, skin and brain tumors and malignancies affecting

the bone marrow (including the leukaemias) and lymphoproliferative systems, such as



t he bone marrow (including the | eukaem as) and | ynphoproliferative
systens, such as 14 Hodgkin's and non-Hodgkin's |ynphoma; including
the prevention and treatnent of netastatic di sease and tunour
recurrences, and paraneopl astic syndrqges; and, 15. gastrointestinal
tract: Coeliac disease, proctitis, eosinopilic gastro-enteritis,

mast ocytosi s, Crohn's disease, ulcerative colitis, mcroscopic
colitis, Hodlkies rindah-algkin’s lyrhphomaathcudiogehe giesentdar and fredtindfd 6f
bowel syndrone, non-inflammatory diarrhea, food - related allergies
whi ch hav‘é‘eté¥tﬁ%%‘§}§eaﬁ%%témPP’blﬁF‘f1FﬁélC@%Pf}d pArgneoplastigrsynremenindi t i s and
eczema. ApE ot Nbkinal PEPESIRBUisAUSRLERR, édgrnfogﬁae gggtgbv—elﬁ' Fisa
conpound of "the present invention, as herei nbefore define for use
i n t her apspastqoytosinofredn’s ghigseset ulcetdve enligint misrospapdy ¢aigis, intieterodmand folis,
conmpound of i i el nbefor fi,ned. in fhe
rant act uf do R SaREEAE e AR S SRR ShARF AL B8 od 7 e
present spitddfdlleati¢sovhictt hevetefeans tdnwe py'thabspe. g naligrdias, rhinithpdad| axi s
unl ess there are specific indications to the contrary. The terns

"t her apeut®®and "t herapeutical |l y" shoul d be construed accordingly.
A nmethod of treating a disease state in a mammal suffering from or
at risk of, said disease, nmay conprise adm nistering to a mamml in
need of styederdinglstthe present iyeptgreluttherdirpyidesta eompioved aftbentesett inyention,
conpound é%fhePJﬁ?oePJrQ?%Hedif%Yﬁ e’ s her ei nbef ore defined. The
present invention also ptovides a nmpound of the present invention,
as hereinbefore defined, for treating chronic obstructive pul nonary
di sease (,COPD) (such as.irreversihle COPD). The present invention

o) S0 pr ovidBehy’ BB BRI B HREGERIS AhaCATPOR AahHe R BeP OIS
defined, dsMerdiiiRadt BERRA!MMRe makiFackiie of b @SRNameAVBALdR tRk59. Provi des
the use of a conpound of the present invention, as herei nbéfore
defined, in the treatnent of chronic obstructive pul nonary di sease
(COPD) (s LT ISl T i a
provi des I;ﬂ%ge %J;héé%f) ?gﬁcpg!ﬁ%gﬁwﬁg At%oﬁléh%rtglgrgﬁ?é}l V%St% iq%ér%{,?&assln%BhylmlS
her ei nbefwiess détienad, speaifichedigadatsrentthofcoastdynmdhe TiRenpr'dseaptutic” and

i nventiongal so pravides, the use of a conpound of the present

i nvent i on}heé@’eﬁgé)?a@?’n%'@fﬂgrbéa °887tf"r‘?g&f’°°ﬂ‘ﬁng§e manuf acture of a

medi cament for use in the treatnent of chronic obstructive pul nonary
di sease (COPD cf}such as irreversi bl e COPD). The present invention

al so provideghed gt freatingra gdissesgpiiadn ¢f mammap selisme frefpent porisk g6 said
her ei nbef b [0 t reRufactyre ed] L. '

t he treat(?rgeeﬁiggl%h)ég?ﬁngg?c Ag&rrgt hod ftctjraeg{aﬁlggalgﬁr%%iﬁgggtgg{}?ﬁlg |vgl[ L
pul nonar ythetapagisdly @lpiye fsowt ods compewel ofithd pre@@PBvention, as hereinbefore
war m bl oo(%ﬁld (gni mal , such as nman, may conprise adm nistering to a
mamal in need of such treatnent an effective amount of a conmpound of
the present invention, as hereinbefore defined.

The present invention also provides a compound of the present invention, as hereinbefore
defined, for treating chronic obstructive pulmonary disease (COPD) (such as irreversible
COPD).

The present invention also provides a compound of the present invention, as hereinbefore

defined, for treating asthma.



A nmethod of treating asthma in a warm bl ooded ani mal, such as man,
may conprise admnistering to a manmal in need of such treatnent an
effecti ve anount of a conpound of the present invention, as

herei nbefore defined. In order to use ;g conpound of the invention for
the therapeutic treatnent of a warm bl ooded ani mal, such as man, said
ingredient is normally formulated in accordance wth standard

phar maceurhe glesddt atlehdh dso proRfiRk MRCEdtdf GonGRIROST tHeGesehRK &ftRhEad N
anot her aspect the present 1nvention provides a pharnaceutical

conposi t i kscinbrdpreds ‘?‘1 4 thereabpgnd gh sluenicofairyctiye pelmenarydisease (COPD)
here|nbefeﬁg“geﬁbnggmgnQH?)pharnaceutlcaIIy accept abl e adj uvant,

di | uent carrier thher aspect the presen 16 invention
provi des a process for the preparation of said conposition, which

comp 1 e 508, e DR SOLEDI A 3 AURGIRE bRl acesmiy

admi ni st r}aetml@whfoﬂehleﬁnéuammeaeémeaﬂ ofGefpAsi tion will, for exanple,
conprise fromO0.05 to 99%w (per cent by weight), such as fromO0.05 to
80%w, 5for exanple fromO0.10 to 70%v, such as fromO0.10 to 50%w, of
active ingregient mv@hﬁonoﬁg&ﬁmg?%hebe{sewa%&np%ﬁwgf BRS5% ANl HiRh, a
conposi tion.” The pharnaceut conpositions o I's invention nay %e
adm ni st elreednbafonstdaﬁm@is th themaevfatiore dfhendiicessefoc osdintthomedmeantt oft i s -

dest 0 L1 REATR S S0P e 08 0

adm ni stration. For these purposes the conpounds of this invention
may be faormul ated, by means known in the art into the formof, for
exanpl e, S et invgntjonoalsqimiovidss te useiad dsconpapnd pkthe pagseny wyention, as
Syrups, poWdfForeHARL 85 th@%ﬁgﬁiém&r oPh Infedf@hithi RFSuse"in %Hés H@fﬂﬁl'eﬁ)tnéf
(lipid) enulsions, dispersible powlers, suppositories, ointnents,
creans, distper.and sterile injectable aqueous 15or oily sol utions or
suspensions. A suitabl e pharmaceutical conposition of this invention
is one suitable for oral admnistration in unit dosage form for
exanpl e aA madthodt of dfcatirgdudrec obﬂmhﬁﬁvdijﬂfhhaﬁd}ﬁ dieisee€0PD) (sigh adigrel @sidfe
active iﬁg@gﬁ'ent. I n noth qect a pharmaceuti cal conposition of
the inve L8 b ETRTIRdER @niiet i o BABUTAY SABBUEArSRISSEnS 10 3

i ntranuscyhdmal H f&H dFucliEaehnRat heRifedRY dnffusl Mﬁa chi Bon«}aamhepr@s@m
i ntravenous, subcutaneous or intramuscul ar dose of

100ngke dmvﬁﬁ@ﬂdﬁﬁﬁﬁmﬁ@ﬁn¢éﬁhedanple in the range of O Ilngkg 1to

20mgke of this invention, the 25conposition being admnistered | to 4

times per day. The intravenous subcut aneous and i ntranuscul ar dose

may be giAenethyd m’aa&ﬁmgfasﬂm’moin% wianjrtdoded anifital eguditab Wedny niaf@omprise

i ntravenous .dose mm be en b ont i nuous |nf si.on over % peri od of
SOl e ot o

time. At %eﬂeveg 11 ResE ohFYan treatany an "cfé‘i"? gy g&ewpound
which is @Qﬁglgpégegﬁﬁlegmloeqwﬁé%l@ggm{?geﬁﬁ@ daily parenteral dose, the

conmposi tion bei ng adm ni st ered to 4 times per day
In order to use a compound of the invention for the therapeutic treatment of a warm-
blooded animal, such as man, said ingredient is normally formulated in accordance with

standard pharmaceutical practice as a pharmaceutical composition.

Therefore in another aspect the present invention provides a pharmaceutical composition
that comprises a compound of the invention as hereinbefore defined and a

pharmaceutically acceptable adjuvant, diluent or carrier. In a further aspect the presen



30 17 compounds of the invention when treating respiratory di seases
such as chronic obstructive pul nonary di sease (COPD) or asthma. Wen
adm ni st erweo 2b80/138eal at i on t he conpounds of the presentPaTvENGZDIG4TRY
be used effectively at doses in the,ug range, for exanple 0.1 to 500
pg, 0.1 to 50g, 0.1 to 40 My, 0.1 to 3Qettg, 0.1 to 20 My, 0.1 to 10
My, 5to 10 jig, 5to 50 5to 40 1lig, 5to 30 vg, 5to 201ig, 5to
10 lig, 10 to 50 ps, 10 to 40 ttg 10 to 30 lig, or 10 to 201.tg of
active i ngireeditemtprovidesarpresetsddi e piepafatithef dam\tﬁﬂﬁabﬂﬂon,mmgoin risers1

rovi ded a pharnmaceutical copposition conprising a, conmpound of the
anent i on HLMIRERAVR H@F‘?ﬂ?eé‘t H’é‘g}; II?E%FPWFW“’&%I oalf’Fﬁ’lt?bg‘??CWVtaFlt’ diluent or carrier.

| ophar macepkpena]nsonARECRBAAN 8malit A44SR ihe V@al-iﬂfc@&tidafcdhﬂfoﬁ;lji@% willMdich i's

formul ated for inhaled adm ni strati on. en adm ni stere

i nhal at i oncXale ceyPEwdEm Ao % (fics eent hinyetsht)usel as fsom @5re 80%w,
the actjvegd i .0 fH J i I - : it h or
i thout aqit ey B0, f SABIAE SR Folth O Dol S fod @ s 60, W

| ubr i cant spacensagabby weightheangdased. onSotial @inipesifipmpel | ant s i ncl ude
hydrocar bon, chl orofl uorocarbon and hydrof | uoroal kane (e. g.

hept af | uor oal kane) propellants, or m xtures of any such propell ants.

Preferred profiatmatscabé@ngdlitidas @Mblis FA2dtionaagbedddmibibteiad ibytaddardus ed
alone or in co tion with other propellants and/ or surfactant

i na . ] _
and/ or ot hBAIRSK Kr Hhefisease qaditipp dabit ilsaisrddo sigalplon exagte By topical (such as

pref er abl Yio tBOlubE bRIS RQY ordb B2 RE) R RY@For phtehfird banidhiatdn. For
suitable pH and/or tonicity adjustnent, either as a unit-dose or

mul t i - dos ethessa¥Roses thheommtgdsd ikie invewiinal eayberfaymiaediaygieans known in the
admi ni st er,d i, A€ kdrior! f%g Fﬁ%@?é? bero@IQ 'aﬁr ﬁwdef}fo?ﬂmgﬁ&g:[ faﬂ@ts%aﬁ)&l&.
e car | e as a

phar maceutically accepta rrer, ater case elthe
finely 25diwipderbyystsvid graniles, agueaws aradgselgtionsxir anspensidne, (Hipi) govisiens,

i nhal er A . E e | ti.-dose _an uti lise a d owder
o pondeRE B Borl) 3850 Horl T i AR, s Wl SR B BARS
dry powderoridilgablerioterisespsnséome. wel | known and a variety of such
devi ces are avail abl e.
A suitable pharmaceutical composition of this invention is one suitable for oral
administration in unit dosage form, for example a tablet or capsule, which contains

between (.1lmg and 1g of active ingredient.

In another aspect a pharmaceutical composition of the invention is one suitable for
intravenous, subcutaneous or intramuscular injection. Each patient may receive, for
example, an intravenous, subcutaneous or intramuscular dose of 0.01mgkg ™' to 100mgkg™
of the compound, for example in the range of 0.1lmgkg™ to 20mgkg™' of this invention, the
25 composition being administered 1 to 4 times per day. The intravenous, subcutaneous and
intramuscular dose may be given by means of a bolus injection. Alternatively the
intravenous dose may be given by continuous infusion over a period of time. Alternatively
each patient will receive a daily oral dose, which is approximately equivalent to the daily
parenteral dose, the composition being administered I to 4 times per day
30 _
Another suitable pharmaceutical composition of this invention is one suitable for inhaled

administration, inhalation being a particularly useful method for administering the



30 18 invention, is adm nistered concurrently or sequentially or as
a conbined preparation with another therapeutic agent or agents, for
t he treat nWe209/138#9e¢ or nore of the conditions |isted. PEITVGB2008/001647
particular, for the treatnent of the inflammtory di seases such as
(but not restricted to) rheunatoid arth¥itis, osteoarthritis, asthng,
allergic rhinitis, chronic obstructive pul nronary di sease (COPD),
psoriasis, and inflammatory bowel disease, the conpounds of the

i nventi on ¢rapoyrdsoit ineehtinh Wemyenting rdspisdten direbessuch@blolrosic ebaiuddave

anti-infl reipaft |.Ds cl.u n-sel ec e
eyl o oxy unRBir Y RERR IS sl Foeh et ent L e iisrpardy o
syst eni cal thy pfesent ihvastiqu moxbeorsd efficalay eniees PRI mgé £ eimpldIg. taS
napr oxen, f| urbiprofen, fenoﬁg}rofen ket opr of en an grofen

fenamat es 2048 &d 989 Bl to 40d4eq 0.1 t%%%t%’a&%ugsgﬂltﬁél Bg. Sto10pg, Sto

Senrri ey N B B8R ORZOE RPN 1M A0S0 w0l BRRTR EE R
r of ecoxi b, orvi@ltel 2@ px obactive irgi@iiaxi b, parecoxi b and etori coxib);

cycl o- oxygenase inhibiting nitric oxide donors (CLNODs);
gl ucocorticosteroids (whether adm nistered by topical, oral,

I Nt ramuscuhah emhBdihRHESTWSinvEHtioh rlhéréh@p’r&h&é& hahﬁétfeﬁ%al CW£ﬁBﬁ exat e;
| ef | unom de; hydroxychl or oqui ne; d-penicil auranofi'n or ot her

par ent er al COgIPrGINER cgBPENSr [ﬂ@rlmﬁinéwsas h&lmmt@éfyﬁ dsﬁnedl in@ssoeiation with a
intra-grt ;@H}ﬂce@gnﬁ&@@g@ﬁaggbagn?mnyn% OHERAb ﬁl%h%  BEhONEH kY B

nutrition suppl e ucosam ne. esent - T nvent

still furtadennistedtiapes to the conbination of a conpound of the
invention together with a cytokine or agonist or antagonist of
cytoki ne function, (including 75agents which act on cytokine

signal | i ngWha’t Mmamste&!ddi? mtmlmduhaeled dosefinHalse dlsm rﬁe}&ﬂ:\‘e&:ﬁ@% foREmiHNEY
al pha-, interferon |ns n-1.i r owt actor type
UG 1 The i TelRL GepEed el S probelapang v b AR RT

ant agogi Stc&cx@fents@hd'ﬂhsteﬂfaﬁols stk thc@Bts A0Bals dr sthbilRHE aftR6! SfilableircdeQints
al pha ( TNE- a i nhibitors such as anti- INF nonocl ohal anti bodi es (for

exanpl e i Arglide hydrpcarham) chinspfiiprocarhgn exstbystrefjuosgadkannie. g dertpflusroalkane)

propellants, or mixtures of any such propellants. Preferred propellants are P134a and P227,

each of which may be used alone or in combination with other propellants and/or

surfactant and/or other excipients. Nebulised aqueous suspensions or, preferably, solutions
20 may also be employed, with or without a suitable pH and/or tonicity adjustment, either as a

unit-dose or multi-dose formulations.

Dry powder inhalers may be used to administer the active ingredient, alone or in
combination with a pharmaceutically acceptable carrier, in the later case either as a finely
25 divided powder or as an ordered mixture. The dry powder inhaler may be single dose or

multi-dose and may utilise a dry powder or a powder-containing capsule.

Metered dose inhaler, nebuliser and dry powder inhaler devices are well known and a
variety of such devices are available.

30
The invention further relates to combination therapies wherein a compound of the

invention or a pharmaceutical composition or formulation comprising a compound of the



30ant agoni sts i ncl udi ng i nmunogl obul i n nol ecul es (such as etanercept)
and | ow nol ecul ar- wei ght agents such as pentoxyfylline. 19 In

addi tion tWe 200vVB8W07on relates to a conbination of a corpoGRIIGIE4TE
invention with a nonocl onal antibody targeting B-Lynphocytes (such as
CD20 (rituximab), MRA-alLl6R and T-LynpBocytes, CTLA4-1g, HuMax
11-15). 5The present invention still further relates to the

conbi nation of a conpound of the invention with a nodul ator of

c he m)l ci neinvetiopt i adminiderederrsuisentiyor seyuenttady onasst confbi@BRtgpaBORR with

A CromonE el o B 0 o ook SN el oL RS 1o

the C X-C hiswd.l y) and CX3CR1 for the CX3-C famly. 10 The present
invention further relates to the conbi nation of a conpound of the

invention with an inhibitor of matrix netall oprotease (MWs), i.e.
the strpneinysislartBehe %&taﬂﬁnﬁsﬁémﬂﬁﬁﬂaﬁo xﬁéé%h&ﬁa%%ut Iﬁﬁrexv%ued@&
aggrecanase; especially collagenase-1 | agenase-2 ( MWP

col | agenas@egnatpidrrihiits, ostgeartwiss.asthmay al{CM\WDﬂIBI)IUS EBFOQICK@HBIOW‘I‘» nulmonary
(MWP-10), n udi ng
Sgent s suchPasiGOTS) hiss Wit So bt Mimpoings biNES

rel at es tomtx¢ne100mﬂy|bnabmbme¢bfmtaagmq)hmmhbehfwthe i nvention and a
| eukotri ene biosynthesis inhibitor, 5-1ipoxygenase (5-LO inhibitor
or 5- |ipoxygenase activating protein (FLAP) antagoni st such as;
zi | eut en; N&Fsiémidal ﬁ:&ninﬁummtory e herBina MRINBATDEPihd1dinf\abRbdledtind 61;

N- (5- subst t t - al kyl sul f d
‘3 6- <(j| -ts grﬂ‘tsyc ué‘véﬁ{?éﬁﬁp%ia? ‘&98%%&%1%0@%&%?&@3@%&9&%@%@% as
Zeneca ZD‘%\J&&S PArBRicsR @&Hﬁﬂacsﬁro%m%a%lds@u@bﬂs n%r@)(én ﬁUR‘rﬁrbfthf@ﬁBprofen

2- cyanonapht hal éne conpound such as L-7 2- cyanoqui nol i ne
conpound slif&pr%%ﬂ pod7ipgprofey; fegpmatps ish amgﬁe@aw a@fdi indpreibacio Ay thdagl

such as Mg, C%%?ﬁzoléﬁ'& Eé‘hY sé;h%f?ﬁﬁ:t%m? t @%é&%uéﬂ‘é’s%@{nhﬁ? s%lé'étfv@er

relates to t nbi'nation o oun nvention
recept ox a(ﬁ@ngbmh@!tmedwChemmtomoamesel(cm‘)a lBﬂecomW,Oth,ldetch,lumMCchx'l‘tE4

651, 392: PopB At eSHEONEI A bivheflce INRAIERRRE dads AP, °°
such as o rglmbmsbsterbﬂm pelreeica himigiswretbiny Weisals oi@h) imsinsdul A Sihira@bousa b

onpounds .such as zafir] uk st abl el ukast, ., pranl ukas
vem)ukast IPRRABI BT ¢ Oﬁé— Lregie:d f%“dergmtf rogkise "gg‘ﬂ%ﬁ?m‘"&nd

BAY x 719%auranofin or other parenteral or oral gold preparations; analgesics; diacerein; intra-articular

20  therapies such as hyaluronic acid derivatives; and nutritional supplements such as

glucosamine.

The present invention still further relates to the combination of a compound of the
invention together with a cytokine or agonist or antagonist of cytokine function, (including

25 agents which act on cytokine signalling pathways such as modulators of the SOCS system)
including alpha-, beta-, and gamma-interferons; insulin-like growth factor type [ (IGF-1);
interleukins (IL) including IL1 to 17, and interleukin antagonists or inhibitors such as
anakinra; tumour necrosis factor alpha {TNF-@) inhibitors such as anti-TNF monoclonal
antibodies (for example infliximab; adalimumab, and CDP-870) and TNF receptor

30 antagonists including immunoglobulin molecules (such as etanercept) and low-molecular-

weight agents such as pentoxyfylline.



20 The present invention still further relates to the conbination of
a conmpound of the invention and a phosphodi esterase (PDE) inhibitor
such as a wethgpiiggmt hani ne i ncl udi ng theophylline and aurremslobicae;
a selective PDE isoenzyne inhibitor including a PDE4 inhibitor an

i nhi bitor of the isoform PDE4D, or an ilBhi bitor of PDE5. The present
invention further relates to the conbination of a conpound of the
invention and a histam ne type 1 receptor antagoni st such as

cetiri zi neln dddrtmndleh inegntide sdlaseseto adpmbinati@xaffaeoagpume of slerinveaston with a
terfenadine,_ astem zol azel agti ne, |evocabastine, . .

ochl or phentPafT BT iBaTLREEHEE T BRber SRR 3S TR rygimepl MR G
orally, tomdPLyymphtcyRarCTLA1-8d, HuMax II-18)e present invention still
further relates to the conbi nation of a conpound of the invention and
a proton punp inhibitor (such as oneprazole) or a gastroprotective

hi st ani ne Rt HERnPintELBRLQN ARMEAYRRL % the THELIRERHIN chRY&Mdlophef Ur t her
relates to the conbination of a conpound of the invention and an

ant agoni st ingentionewith 3 madylater efqhemakine resprton funcriea spehaas aprntagnpishof on
still furt r I(Fﬂﬁ iak EE RS

i nventi on gﬁglhﬁég?’gﬁﬁ%’a p %B?gﬁggf Ee;tr?g?:’eg{:%?’ agoni st \’/gfs:oR%’ong(s:lt{?’i ctor
synpat hom @G€RI¢ ambetR ] | Gacthe 6C famujyy) CreR HrEHER 2, MIOR3, {TR4md CXCRS
phenyl propanol am ne, ephedrine, pseudoephedri ne, naphazoline

hydr ochl of feidhe G bmHs) MR IoBRIRS G de-C BBilahydr ool | ne

hydr ochl ori de, xyl ometazoline hydrochloride, tramazoline

hydrocﬁ‘i oride 25or ethyl norepi nephrine hydrochl ori de. The present

i nventi on Bid présehitiibdn€ibn fiihet Ratds o thaRoMmBHRIiGHAd1a@BmPburdl SFAEIRHAECPT
the invention and_a beta-adrengcept or wni st (including beta

recept or sWi ghwaibionsf raqiriy mgtallpprgsass {AYIRY, i o dhptioaIshisins 8% not er ol |

sal met er ol golthdnRsek adnld AR gePliinhdas, A8 Yell B8 ag e dadst SsPciahy) fds&1 (MMP-
pi rbuterol, or indacaterol or a chiral enantionmer théereof. 21 The
present i nVetnllaggnasas? {MMP-§letliagenase3 (MMF: bhibitiomelysin- bfMMPDmpound of

the ianemﬁ-tl%%eﬂ@gl—?(ll}gmm,%d st?b‘rﬁélgﬁﬁ-.as(f&fikﬁ-. fénglrjnr?gﬂﬁgg;ﬁh Pip-12

nedocrom | sodi'um e présent 1 nvéention sti rellates”to the
conbi nat i oncloding agemtsrodnes dsikyeielngi nvention with a gl ucocorti coi d,
such as flunisolide, triantinolone acetonide, becl onet hasone

di propi onate, budesonide, fluticasone propionate, ciclesonide or
nonet asonelleypresantanvention still further relates to the combination of a compound of the

invention and a leukotriene biosynthesis inhibitor, 5-lipoxygenase (5-LO) inhibitor or 5-
20  lipoxygenase activating protein (FLAP) antagonist such as; zileuton; ABT-761; fenleuton;
tepoxalin; Abbott-79175; Abb'ott-85761; a N-(5-substituted)-thiophene-2-
alkylsuifonamide; 2,6-di-tert-butylphenolhydrazones; a methoxytetrahydropyrans such as
Zeneca ZD-2138; the compound SB-210661; a pyridinyl-substituted 2-cyanonaphthalene
compound such as 1.-739,010; a 2-cyanoquinoline compound such as L-746,530; or an
25 indole or quinoline compound such as MK-591, MK-886, and BAY x 1005.

The present invention further relates to the combination of a compound of the invention
and a receptor antagonist for leukotrienes (LT) B4, LTC4, LTD4, and LTE4 selected from
the group consisting of the phenothiazin-3-1s such as L-651,392; amidino compounds such
30 as CGS-25019c; benzoxalamines such as ontazolast; benzenecarboximidamides such as
BIIL 284/260; and compounds such as zafirlukast, ablukast, montetukast, pranlukast,
verlukast (MK-679), RG-12525, R0o-245913, iralukast (CGP 45715A), and BAY x 7195.



The present invention further relates to the conbination of a
conpound of the invention io with an agent that nodul ates a nucl ear
hor none r eweppeyissweh as PPARs. The present invention sigi/ésRoosrdonar
relates to the conbination of a conmpound of the invention together
wi th an i mmunogl obulin (Ig) or Ig prepaeation or an antagoni st or
anti body nodul ating Ig function such as anti-IgE (for exanple
omal i zumab). 15 The present invention further relates to the

conbi nati on of a conpound of the invention and another system c or
topi cal | y- |ied.anti.-inf to agent, such as thalidom de or a
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corticosteroids such as budesonide. 25The present 1nvention further
relates to the conbination of a conmpound of the invention together
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ritonavir, and saquinavir; a nucl eoside reverse transcriptase

i nhi bi t or PEEFRKFTAY- di danosi ne, |anivudine, stavudine, zalcitabine or
zi dovudi ne; or a non-nucl eoside reverse transcriptase inhibitor such
as nevirapine or efavirenz. 22 The present invention still further
rel ates t olbetpeeseminyentien sil yfthes rearpouheicambindtionofiy eernpamd afithea

car di ovasg : B -cal G I N .
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i nhi bi tsor typer? @pgptotaptagomst2 5recept or antagonist; a lipid | owering
agent such as a statin or a fibrate; a nodul ator of blood cel

nor phol ogy such as pentoxyfylline; thronbolytic, or an anticoagul ant
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further relates to thefép i nation of a conmpound of the invention
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i nhi bi Yor I&EFsEY igueatier stillfyriher selatatioshe ¢nmbipatign ghwtrapqued of tre

i nhi bi tor inBidiMX AHFEOMIsHa-2 ?dr&&@étbﬂ%%o%@%k&ronstﬁctglosgzﬁ{ﬂaﬂlsmﬂgaﬁ' st
or an inhibitor of neuronal nitric oxide synthase), or an
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pseudoephedrine, naphazoline hydrochloride, oxymetazoline hydrochloride,
tetralrydrozoline hydrochloride, xylometazoline hydrochloride, tramazoline hydrochloride

25 or ethylnorepinephrine hydrochloride.

The present invention still further relates to the combination of a compound of the
invention and a beta-adrenoceptor agonist (including beta receptor subtypes 1-4) such as
isoprenaline, salbutamol, formoterol, salmeterol, terbutaline, orciprenaline, bitolterol

30 mesylate, pirbuterol, or indacaterol or a chiral enantiomer thereof.



15rivastigmne, tacrine, a COX-2 inhibitor, propentofylline or
metrifonate. The present invention still further relates to the

conbi nat i owochesasgwrpound of the invention and an agentpdaEBABR01647
treatment of acute or chronic pain, such as a centrally or

peri pheral | y-acting anal gesic (for exadple an opioid or derivative

t hereof ), carbamazepi ne, 20phenytoin, sodium val proate, amtryptiline
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ki nase inhibitor such as an inhibitor of tyr05|ne ki nase (such as

Btk, Itk, Jak3 or for exanple Gefitinib or Imatinib nesylate), a
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15
The present invention further relates to the combination of a compound of the invention
and another systemic or topically-applied anti-inflammatory agent, such as thalidomide or

a derivative thereof, a retinoid, dithranol or calcipotriol.

20  The present invention still further relates to the combination of a compound of the
invention and combinations of aminosalicylates and sulfapyridine such as sulfasalazine,
mesalazine, balsalazide, and olsalazine; and immunomodulatory agents such as the

thiopurines, and corticosteroids such as budesonide.

25 The present invention further relates to the combination of a compound of the invention
together with an antibacterial agent such as a penicillin derivative, a tetracycline, a
macrolide, a beta-lactam, a fluoroquinolone, metronidazole, an inhaled aminoglycoside; an
antiviral agent including acyclovir, famciclovir, valaciclovir, ganciclovir, cidofovir,
amantadine, rimantadine, ribavirin, zanamavir and oseltamavir; a protease inhibitor such as

30 indinavir, nelfinavir, ritonavir, and saquinavir; a nucleoside reverse transcriptase inhibitor
such as didanosine, lamivudine, stavudine, zalcitabine or zidovudine; or a non-nucleoside

reverse transcriptase inhibitor such as nevirapine or efavirenz.
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The present invention further relates to the combination of a compound of the invention
together with a parenterally or topically-applied (including inhaled) local anaesthetic agent

25 such as lignocaine or a derivative thereof.

A compound of the present invention can also be used in combination with an anti-
osteoporosis agent including a hormonal agent such as raloxifene, or a biphosphonate such
as alendronate.

30
The present invention still further relates to the combination of a compound of the

invention together with a: (1) tryptase inhibitor; (ii) platelet activating factor (PAF)
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such as t rpefancafiTeH-like receptors (TLR), (xxvi) agent modu ating the activity of purinergic
receptors such as P2X7; or (xxvii) inhibitor of transcription factor activation such as

20 NFkB, API, or STATS.

A compound of the invention can also be used in combination with an existing therapeutic
agent for the treatment of cancer, for example suitable agents include:
(1) an antiproliferative/antineoplastic drug or a combination thereof, as used in medical
25 oncology, such as an alkylating agent (for example cis-platin, carboplatin,
cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan or a
nitrosourea); an antimetabolite (for example an antifolate such as a fluoropyrimidine like
3-fluorouracil or tegafur, raltitrexed, methotrexate, cytosine arabinoside, hydroxyurea,
gemcitabine or paclitaxel); an antitumour antibiotic (for example an anthracycline such as
30  adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C,
dactinomycin or mithramycin); an antimitotic agent (for example a vinca alkaloid such as

vincristine, vinblastine, vindesine or vinorelbine, or a taxoid such as taxol or taxotere); or a



wi th cytokines such as interleukin 2, interleukin 4 or

gr anul ocyt e- macr ophage col ony stimulating factor, approaches to

decr ease Twoebby/asmrgy, approaches using transfected i nameswed/dosss7
such as cytokine-transfected dendritic cells, approaches using

cyt oki ne-transfected tumour cell |ines2dand approaches using
anti-idiotypic antibodies. 10 In a further enbodi ment the present

I nvention provides a pharmaceutical product conprising, in

combi nat i ompogofmirast inhibitbw(fori engmpld iar afipsdvbhiyllotsximsuch apaupstidef tehipbside,
present inventi.on her ei nbef OQ%ilS_escri bed, and at |east one

. a
further ac?‘?’@aénp?ld?pé%cé?\f’r%@“@é‘ft rom- is a phosphodiesterase

i nhi bi tor, (i)a cyBRtatiadiNOCERE A arB&MoSin (fordxAMBIE kb XifeRf oohBRRKI ne
receptor function, an_inhibitor of kinase function, a protease
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' [ ' . Lxture. At tLvel th ceutical product
g Ctor e bt hehatng o it FRR ot Beton; PR ePURLEROEN n Gromttis s <
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sequential _or separate adm nistration to a patient in need thereof.
The phar mec®tRAIERse Fl asiGHdghi s enbodi nent is of particular use in

treating r@spPinRbAWhic HEBRESanstRl Hvadst B0PexaibRR Retalldptdiihiss inhitkRr

like marimastat or an inhibitor of urokinase plasminogen activator receptor function);
(iv) an inhibitor of growth factor function, for example: a growth factor antibody (for
example the anti-erbb2 antibody trastuzumab, or the anti-erbbl antibody cetuximab
[C225]), a farnesyl transferase inhibitor, a tyrosine Kinase inhibitor or a serine/threonine

15 kinase inhibitor, an inhibitor of the epidermal growth factor family (for example an EGFR
family tyrosine kinase inhibitor such as N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD1839), N-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774) or 6-acrylamido-N-(3-
chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-amine (CI 1033)), an

20  inhibitor of the platelet-derived growth factor family, or an inhibitor of the hepatocyte
growth factor family;
{v) an antiangiogenic agent such as one which inhibits the effects of vascular endothelial
growth factor (for example the anti-vascular endothelial cell growth factor antibody
bevacizumab, a2 compound disclosed in WO 97/22596, WO 97/30035, WO 97/32856 or

25 WO 98/13354), or a compound that works by another mechanism (for example linomide,
an inhibitor of integrin av33 function or an angiostatin);
(vi) a vascular damaging agent such as combretastatin A4, or a compound disclosed in WO
99/02166, WO 00/40529, WO 00/41669, WO 01/92224, WO 02/04434 or WO 02/08213;
(vii) an agent used in antisense therapy, for example one directed to one of the targets

30 listed above, such as ISIS 2503, an anti-ras antisense;
(viii) an agent used in a gene therapy approach, for example approaches to replace aberrant

genes such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme
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pharmaceuti cal product according to this enbodi nent include a PDE4
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20 » asteroidal glucocorticoid receptor agonist, and a

* anon-steroidal glucocorticoid receptor agonist.

The pharmaceutical product according to this embodiment may, for example, be a
pharmaceutical composition comprising the first and further active ingredients in

25 admixture. Alternatively, the pharmaceutical product may, for example, comprise the first
and further active ingredients in separate pharmaceutical preparations suitable for
simultaneous, sequential or separate administration to a patient in need thereof.
The pharmaceutical product of this embodiment is of particular use in treating respiratory
diseases such as asthma, COPD or rhinitis.

30



2,3,6,7-tetrahydro-2-(nesitylimno)-9, 10-di met hoxy- 3- met hyl- 4H pyri m
do[ 6, 1- a]isoquinolin-4-one (trequinsin) and 27

31[ 3- (cycl woentwisgny) - 4- net hoxyphenyl | - et hyl ] - N- et hyl -i&1¢(dB308sdoydset h
yl)-3H purine6-anmine (V-1 1294A). Exanpl es of a 132-adrenocept or

agoni st that may be used in the pharnmageutical product 5according to
thi s enbodi nent include netaproterenol, isoproterenol, isoprenaline,
al buterol, salbutanol (e.g. as sul phate), fornoterol (e.g. as

f umar at e) , Esahpted ﬁra(ﬂhoé;&o@est&ssexnmBiid?&lﬁa@}nayﬂ)e okudtia tHepBarmaceutical product
orciprenaline, bitolter as rre]%&ate pi rbuteraol or

i ndacat er ofccOfg tgihléﬁ‘f“g%é'%‘ﬁgf&]“d&@@ Mk inkibitonsch asppdehibios of the sy

| ong- act i ngp&413; @HDBB sihsbitof fd amlnﬁlbﬁérl Eﬁ&rﬁﬁl% ink18dSthe @(ﬁnﬁ% F@J oate),
form)terolé)ﬁ(% fumarate), banbuterol (e.g. as iohydrochloride),
car not er ol (9P ziaéﬁshlo%%mrecbﬂ)r%z[%@en@anvlow-ﬁasetmﬂyl% pYdidyHptoperenitgle,

hydr o 54 | l,=.am.n th
T renshy g oA Entio S el P S ageste
Abst ract SﬂﬂpﬂrldmeaegarMyudw&be@M137888 11- 0 and di sclosed in U S
R R )
15(f or nyl acmrm)amﬁehydroxyphenyl] 2- hydroxyet hyl }am no) hexyl i oxy}-buty

1)- benzen ul fo s_disclosed in WO 2002/ 769
benzenesul ST 06+ &@?Xcﬂﬁ% P dgple2-ylox g mettpquhe{lyutemhydm 2(1H)-

(2R) - 2191y ﬁwd%{;em% - 3- (hydr oxy- net hyl ) phenyf | et hyl | am no) -
hexyl i oxy} uty benzenesul fonam de as disclosed in WD 2002/ 88167,

aryl ani | i Nd3psichinre rygdinyh sl | {4-fupebrrsybeb-hysirony- H0080LA2 164 and VO
2005/ 025553, bdpdRe (RRes bygt i ves as disclosed in WD 2004/ 032921 and
US 2005/ 222144, and conpounds’ 05K 159797, GSK 159802, GSK 597901, GSK
642444 andB- C%(Cyﬁlﬁﬁﬂﬁﬁloxﬁadamplhmpbénya m)dﬂnb(a:toelr 3-dfoxc ERBRAdRe- pecept or

function that in the phar maceuti cal product according to
this enbodi ﬁ%%?"’ﬁ??ﬁgg:s&g)’ receptor antagonist. 25 Exanpl es of

an i nhisi tIH9-afetiisil-Aas@- prmﬁwmé Uh@fahﬁ&%pﬁﬁu]b{%@@ jkﬁ[lwh&nzodlazepm 3(R)-
phar naceutlfﬂz;!fig r oduct accordl ﬂ(ﬂﬁto this enbodi nent 1 nclude a p3

ki nase i nh! cAabetengr ChH8ht or . 28
cis-[4-cyano-4-(3-cyclopentyloxy-4-methox yphenyl)cyclohexane- 1 -carboxylic acid
(Cilomilast)
8-amino-1,3-bis(cyclopropylmethyl)xanthine (Cipamfylline)

20 N-(2,5-dichloro-3-pyridinyl)-8-methoxy-5-quinolinecarboxamide (D-4418),
5-(3,5-di-tert-butyl-4-hydroxybenzylidene)-2-iminothiazolidin-4-one (Darbufelone),
2-methyl-1-[2-(1-methylethyl)pyrazolo[ 1,5-a]pyridin-3-yl]-1-propanone (lbudilast),
2-(2,4-dichlorophenylcarbonyl}-3-ureidobenzofuran-6-yl methanesulphonate (Lirimilast),
(-)-(R)-5-(4-methoxy-3-propoxyphenyl)-5-methyloxazolidin-2-one (Mesopram),

25 (-)-cis-9-ethoxy-8-methoxy-2-methyl-1,2,3,4 4a,10b-hexahydro-6-(4-
diisopropylaminocarbonylphenyl}-benzo[c][1,6]naphthyridine (Pumafentrine),
3-(cyclopropylmethoxy)-N-(3,5-dichloro-4~-pyridyl)-4-(difluoromethox y)benzamide
(Roflumilast),
the N-oxide of Roflumilast,

30 3,6-diethoxybenzo[b]thiophene-2-carboxylic acid (Tibenelast)
2,3,6,7-tetrahydro-2-(mesitylimino)-9,10-dimethox y-3-methyl-4H-pyrimido[6, 1 -

aJisoquinolin-4-one (trequinsin) and



Exanpl es of a steroidal glucocorticoid receptor agonist that may be
used in the pharnmaceutical product according to this enbodi nent

i ncl ude buWex00H/KG8707f | uti casone (e.g. as propi onate estBr)GB2008/001647
nonet asone (e.g. as furoate ester), becl onmethasone (e.g. as 17-

propi onate or 17, 21-di propi onate esterg), ciclesonide, |oteprednol
(as e.g. etabonate), etiprednol (as e.g. dicloacetate), trianctinolone
(e.g. as acetonide), flunisolide, zoticasone, flunoxonide,

r of | eponi da;[[3blaytlamaotxy)-d-methasgpipnginmtal N esiyé:8)(1 -nitiedah@ B EARrine-

pr edni sone teroid esters e.qg.
6a, 9a- d|fIB5FHR4$gP¥§§A -ur anyl car bonyf | oxy] - 113- hydr oxy16a- met hyl - 3- o
Xx0-androsta-1, 4-di ene-1713-carbot hioic acid S-fluoronethyl ester,

6a, 9a- difluoro-11
p- hydr oxy Eeanples af pB3dsreceptpa aganisp thotmioke/usad it e pharmackutca peodidt p-

| ecarbo Qécgrdﬂ‘%lg ?‘?ﬁélﬁbgﬁ( me:%t%c’iu%g derta%rgtgrgg lsoprgte)enoelsltsgprenaﬁlme

6a, 9a-di f | uor o-
16a- et hy lalbatero], (sdlbmﬂmbyde-glas?sulﬂhatax dreoferalde.ponlhaiie), sAnRipol dngrast a
-1, 4-di ene-17 car bot.hi oic. acid quogEneth yl ester, steroid esters

accor di ng ’E‘Baf%ﬁe)df EsyEaline, acippegplie, %% 2 BeefRioh pishuierela indagpterol.
2005/ 041989y B}[ad%n%ﬁéﬂt&%g% o8 HROBGbodfARN ﬁﬁ? 808 |cHathHRNBLABARR; fol' S

Exanpl es of a nodul ator of a non-steroidal glucocorticol 4 receptor
agoni st t hexampigsalsectergb@.gi asmméoqmiaﬂona@wl {ecgals tnrrmdajc)t bzamnmrdl(ng 450

this enpo

|nLentﬁ£nq?s(?%Fﬂggfg¥§5&%§§?ﬁgﬁé Qngml E§Q%O$ aﬂ%ﬁ%&ﬁg pl es

Ei _hfef f ol | oviyrigoxfyGLIF le;&lfr@«gez [imfmﬁmly p&rguiﬁm&tli:lykfﬂyﬂyarqﬁﬁwﬂdmy]] "
iffraction 0 e i ay powder

di ffracti of° @t‘/{'fé’F ogge. I'L-Igr(ﬁ%ﬁ ﬁﬁ‘%&%ﬁﬁ* i ?é’scr‘%gﬁqﬁ‘%ﬁ‘ﬁaé"é( 'ﬁ%ﬁé&‘s‘fhe
NMR spect ridumbdrd 3nEs8s LI-@ thddisclos@ini B, mmwolmmassapﬁcdaémt(@A@do
proton fre 300 or. 400 or on _a Bruker DRX

f h
spect r omet 5$§f3%%p9gbéﬁgér@ﬁﬁ@ﬂ@?dﬁpmﬂﬁﬁ %EZ%Gb“QQHZR&? [Bn a Bruker
Avance.sspe(%rfr@mahﬁc@oawh§d?o;am9£r@i]ozlhfcﬁ&%&99xmﬁfo)&9g% WfyRr on a

Bruker Avance DPX spectroneter roton req uency of 300

MHz. The NEnagpesiogamideas diselesed auWEh2Q02(76843, henzapgseBenamidaderivsives e.g.

Spectromer ey BP LER)B g5 PR BB EE SotulR oA amino)-

hexylJoxy}butyl)benzenesulfonamide as disclosed in WO 2002/88167, aryl aniline
receptor agonists as disclosed in WO 2003/042164 and WO 2005/025555, indole

20  derivatives as disclosed in WO 2004/032921 and US 2005/222144, and compounds GSK
159797, GSK 159802, GSK 597901, GSK 642444 and GSK 678007.

Examples of a modulator of chemokine receptor function that may be used in the

pharmaceutical product according to this embodiment include a CCR1 receptor antagonist.

Examples of an inhibitor of kinase function that may be used in the pharmaceutical product

according to this embodiment include a p38 kinase inhibitor and an IKK inhibitor.

Examples of a protease inhibitor that may be used in the pharmaceutical product according

3  to this embodiment include an inhibitor of neutrophil elastase or an inhibitor of MMP12.



29 Waters M cromass ZQ2000 spectroneter. Nanmes were generated using

t he Aut onom 2000 (version 4.01.305) software supplied by MDL. XRPD
data were WOIZMKIBEW7usi ng either a PANal ytical Cubi X PRETGBHS@IONT a
PANal ytical X-Pert machine. XRPD - PANal ytical Cubi X PRO Data was
collected with a PANal ytical Cubi X PROZachine in 0- 0 configuration
over the scan range 2 to 40 20 with 100-second exposure per 0.02
increment. The X-rays were m generated by a copper |ong-fine focus
tube oper aE&amples aGiksjeraidel gl@trmortwmé regeptet agogishthatfmayHe wepipahe X- r ays

i o~ 2 REerpOiE R dBrack B il Afbob el MERISP R R bR e

si ngl e cryat piopiohate eitext)m‘nommﬁsoﬁa(d:@ds ﬁ]e&n: &ieh), bdcluigetiasb@c @l A rRCt i ng
pl ane and then EOlIiE’E? on an | flat finish., The X-rays

i nci dent uB'ES’IR‘Ot" feQr g{?éol?/\%‘i CSBS}ldBrl‘éﬁ@rcqi@éﬁatslerﬁcF'iaB‘?ﬂate)

PANal yt k cakti Zﬁﬁacﬁﬁ)l tas e%aﬂlﬂlo\ﬂ@e'iatébolriaﬁﬁfnﬁﬁné@ 814s chﬁ’ﬁhﬁb qu‘nﬁ@hdeng ?c'é%]one
machi ne in configuration over e scan range 2

100- secondfl é&lﬁb@meequgpomd@iwhm@é@ws PrepienXe egigs, mm@omegwhnmed

vl ongt naPEPe AR cBF e oo ARELE' 20 it Ry AL Bomnr e

on zero ba¢mm@@3tb<ibd@mst@n Mtaﬁ‘dﬂl’)‘ﬁ Garbihi O atib G- TTRALIAN S4RS, 60,90
placed. The holder was made froma single crystal of silicon, ‘whi ch

had been céiflugroobg-tydrrxy- '&Wmﬁtéléltﬁ orEp- %P@Planﬂoxh@lmrm i StiehedBan
t I T f
gggi’if Zdé’ %y&lé?éatglglcggfﬁk G e i uranrrgSe Qélﬁ’gg 9§ rgga@tjﬁ%gﬁ‘jg‘?ﬁgr%y TA

QLO00 Di f f efcenietial-1 Tea@nhagyCas ﬂﬁamtﬁearbmr)bxﬂismomnumsaamdazast17[3
pierced lids. The sg{g&ale vvelg&ts varied between 0.5 to

procedur e SROtRigicacKlS-Fueroms ¥335f'f5F96Q$d6?‘6%?%9055@1‘09}%%4{35%%@@%@%
and the 30a&6ﬂm%rtatwﬂ®90§é/wﬁ7©d\ﬁd ﬂmsib‘i@s% &%@&mﬂé ﬁ%K‘%%éé@@sK st
tenperature increase of 10C per m nute. ermograns were
measur ed udId{gSI 7929486500 Ther nogr avi netr | c Anal yser, with platinum
pans. The sanple weights varied between 1 and 5 ng. The procedure was
carried out under a flow of nitrogen gas (60 nL/mn) and the

t enperatu rExesmmm @ d nicduint @ f b 0oB3OO0idel glacmronsbﬂrrlacepmtr egaiist tanpay at ur e
i ncrease of m_nu wer.e .neasur
Dynani ¢ Va'f)sgur C@ PpteR E%—pio‘j%%/ts CEﬂﬁ‘gﬁfo t?“lgﬁg’bgg'l”?e&t g ‘Fg‘oéea‘?es‘i@@dng
was pl acediniwO0@/@gl6a36 vessel and the wei ght of the sanple was

20 The invention is illustrated by the following Examples. In the Examples the following
Figures are presented:
Figure 1. X-ray powder diffraction pattern of Form A of Example 14.
Figure 2: X-ray powder diffraction pattern of Form A of Example 15.

25
In the examples the NMR spectra were measured on a Varian Unity Inova spectrometer at
a proton frequency of either 300 or 400 or 500 MHz, or on a Bruker DRX spectrometer at
a proton frequency of 400 or 500 MHz, or on a Bruker Avance spectrometer with a proton
frequency of 600 MHz or or on a Bruker Avance DPX 300 spectrometer with a proton

30  frequency of 300 MHz. The MS spectra were measured on either an Agilent 1100 MSD
G1946D spectrometer or a Hewlett Packard HP1100 MSD G1946A spectrometer or a



recorded during a dual cycle step nmethod (40 to 90 to O to 90 to 0%
relative humdity (RH), in steps of 10% RH). 10 Abbrevi ations used in
t he experi WO@¥138®Et i on: Aq = aqueous DCE = 1, 2-di chl or@&GBUNKINDEY =
di chl oronet hane is DMF = di net hyl f ormam de DMSO = Di net hyl sul f oxi de
Et OAc = ethyl acetate EtOH = ethanol GU$ = Gavinetric vapour

sorption 20 HATU = _
0-(7- Azabenzotriazol -1-y1)-N, N, CN -tetranet hyl uroni um
hexaf | uor OWNE@W@”"&M@ZOO@@&MWHII‘@M@&Hre:gemmmamsihg RE Autéoni206G0

retention tine T. etrahﬁ Satd = saturated DSC =
Differenti Vlers?él%% %89:5)6%'? oﬁr?ﬂﬁ’\é ?qu*gﬁﬁ“ Ther mogravi metric anal ysis
XRPD = X-Ray Powder Diffraction
XRPD data were collected using either a PANalytical CubiX PRO machine or a
5  PANalytical X-Pert machine.

XRPD — PANalytical CubiX PRO
Data was collected with a PANalytical CubiX PRO machine in - & configuration over the

scan range 2° to 40° 28 with 100-second exposure per 0.02° increment. The X-rays were
10 generated by a copper long-fine focus tube operated at 45kV and 40mA. The wavelength
of the copper X-rays was 1.5418 A . The Data was collected on zero background holders
on which ~ 2 mg of the compound was placed. The holder was made from a single crystal
of silicon, which had been cut along a non-diffracting plane and then polished on an
optically flat finish. The X-rays incident upon this surface were negated by Bragg

15 extinction.

PANalytical X-Pert

Data was collected using a PANalytical X-Pert machine in 28 - &configuration over the
scan range 2° to 40° 28 with 100-second exposure per 0.02° increment. The X-rays were
20  generated by a copper long-fine focus tube operated at 45kV and 40mA. The wavelengths
of the copper X-rays was 1.5418A . The Data was collected on zero background holders
on which ~ 2 mg of the compound was placed. The holder was made from a single crystal
of silicon, which had been cut along a non-diffracting plane and then polished on an
optically flat finish. The X-rays incident upon this surface were negated by Bragg

25 extinction.

DSC thermograms were measured using a TA Q1000 Differential Scanning Calorimeter,
with aluminium pans and pierced lids. The sample weights varied between 0.5 to 5 mg.
The procedure was carried out under a flow of nitrogen gas (50 mL/min) and the

30  temperature studied from 25 to 300°C at a constant rate of temperature increase of 10°C

per minute.



WD 2009/ 138707PCT/ GB2008/ 001647 31 Exanple 1:

(R -1-[(6-Methyl - pyridin-3-yl carbanoyl ) -net hyl ] -3-(1-phenyl cycl ohept a
necar bony| woypeslisgmmoni a- bi cycl o[ 2. 2. 2] oct ane chl ori de acT/GB2008/001647

1- Phenyl - cycl oheptanol 5 To nmagnesium (1.2 g) in anhydrous
tetrahydrofuran (60 nL) under an envirg@anent of nitrogen was added a
crystal of iodine followed by bronobenzene (7.85 g) at such a rate
that the reaction maintained a steady reflux. The reaction m xture

was stirr eﬂTGanherﬂﬁgrﬁmuimm‘memd@ymg@h@pQﬁ@Wﬂ&r:ﬁégréﬁnﬁﬁucwaﬁlﬁéld@dh
with care. After stl for 10 m nutes saturat ed aﬂgeous anmoni um

chl oride (BBURHTH P*was leyweishin garjed hetyasn Laad S g (hheipecedpre was
bet ween Vﬁézﬁ‘fiec(é@@nd’@;)l RWD InFRIZEX ?J!Qﬁ(ﬁ ﬁqgﬂnmj—)md thE ?cn@'éﬂiﬁﬂé GtubiBy ﬁ'?m%s

dried (M and evaporated to afford the Sub-titled conpound

g) as an o'i0| 007G atja thzaeompermmyrew of30°C erainyten 2H), 7. 36
-7.29 (m 2H), 7.26 -7.19 (in, 1H, 2.07 (ddd, 2H), 1.97 - 1.50 (m
11H). IS b) 1- Met hoxy-1-phenyl-cycl oheptane 1-Phenyl-cycl oheptanol
(Exanpl e | 6)/5(p?ofﬂesgk)femma@mismln\ged)jnanﬁcewmyEasrpﬁmr BHS{11i09rument. 2Tkaend
sodi um hydr. i stirred at

200 Tor "L SeRe R s B Platsihiol HES petitl B oHBR sampp s

mai nt ai nedreaérd&ﬂﬁrmg@l’dﬂhlgi?b]e arfl nielted (daiktdveas oqkuetmtd 0% fgatDE heMdiilym
hydride (6Q0%.in oil {B?O % and i odonethane (7.1 g) were added and
the reacti Sibwastepsef (%8 70 hours. The reaction m xture was
partitipned between water (100 m.) and i sohexane (100 nL) and the
organi c | ayer 25separated, dried (MySO4) and evaporated to afford the
sub-title E@%gm u{@lng@eggerlmental section:

Aq = aqueous
DCE = 1,2-dichloroethane
DCM = dichloromethane
15 DMF = dimethylformamide
DMSO = Dimethylsulfoxide
EtOAc = ethyl acetate
EtOH = ethanol
GVS = Gravimetric vapour sorption
20 HATU = O-(7-Azabenzotriazol-1-yl)-N,N,N', N '-tetramethyluronium hexafluorophospahte
MeCN - Acetonitrile
MeOH = methanol
RT =RT
Rt = retention time
25 THF = tetrahydrofuran
Satd = saturated
DSC = Differential Scanning Calorimetry
TGA = Thermogravimetric analysis
XRPD = X-Ray Powder Diffraction

30



WO 2009/ 138707PCT/ GB2008/ 001647 32 NVR (300 MHz, CDC13) 37.43
-7.37 (m 2H), 7.37 - 7.30 (m 21-1), 7.24 - 7.19 (m 1H), 2.98 (s,
3H), 2.12-wbB&/Gemo74H), 1.88- 1.45 (m 8H). sc) PCT/GB2008/001647
1- Phenyl - cycl ohept anecar boxylic acid Potassium (2.62 g) and sodi um
(0.52 g) were heated together at 120C izn mineral oil under an
environment of nitrogen for 30 mnutes and then cooled to room
tenperature. The oil to was renoved and replaced wth ether (100 ni)

and 1- met h@xymmqomnyl{@ymbmyapyﬁm :{ﬁmhﬁyi)hﬁetﬁﬂﬁ( Pph¥@yd- added

and the reaction was stirred under nltro en overnlg‘l_d(9 room
¢ ca

t enper at ur SYclqlptancearbppyoxyd- ﬂ?ﬁﬁlaédqtclp[ Fedockans b rbon di oxi de
(-20 g) wag) agdeaghpicidlothlahsll Ng. The reaction was allowed to warmto
roomtenperature and” water (150 nmL) was added carefully under an

envi ronnment of nogen. The aqueous | ayer was i sseparat ed,
neutralised wt jcentrat ed hydrochloric acid and extracted with

di et hyl ether ). The organic |ayer was dried (MgSO4) and
evapor at ed af the sub-titled conpound (4.15 g) as an oil.

11-1 NWMR ( : 13) 5 7.40 - 7.20 (m 5H), 2.49 -2.35 (m 2H),
2.16 - 2.0 20211), 1.76 - 1.47 (m 8H). d)

1- Phenyl - cycl ohept anecar boxylic acid nethyl ester 33

1- Phenys} - cYe hﬁ@ﬁ@t@ﬂ@%g)bﬂﬁﬁyﬂfbuﬁfdudh;(ﬁéﬁﬁ@'(60 fh(L) ufider #Perdlrod@ent of
refluxed in_nethanol, (150 and concentrated hydrochloric acid (5

n) for 24nwaafff’swa51%‘8€%fr‘%ﬂt°f mgwé%wﬁdéwéworaﬁwn%% (1-8% g hAf suGhasrate
di ssol ved {nar @ h@btidnlR8ntaltbd a YBAGABS MRIELH oMMl liuid@a8 StirkehG: fd-)

sat urated sodi um bi carbonate é450 m.) and water (100 rnL), dried
(MySO4) antimgssAheprcxelobentanoas “eASH) tW@é agde withtdaeeg Mmmtaungi fqr30migytens
an oil. 1"&3%\@3& §@.‘$0M¥nmm%§lo§?ﬁ7 { 1%1‘3),Vzaf?a%‘{d@ffii'?rfﬁﬁ"‘g%ag Eartléc.')_rl)ed

2.47 - 2.35 (m 2.08- 1.9
10 between water (100 mL) and isohexane (100 mL). The organic layer was dried (MgS0O4)

and evaporated to afford the sub-titled compound (7.6 g) as an oil.

"H NMR (300 MHz, CDCl3) §7.53 - 7.47 (m, 2H), 7.36 - 7.29 (m, 2H), 7.26 - 7.19 (m,
1H), 2.07 (ddd, 2H), 1.97 - 1.50 (m, 11H).

b) 1-Methoxy-1-phenyl-cycloheptane

1-Phenyl-cycloheptanol (Example la) (7.6 g) was dissolved in tetrahydrofuran (100 mL)
20  and sodium hydride (60% in oil, 2.0 g) added. The reaction was stirred at 60°C for 5
minutes and iodomethane (7.1 g) added. The mixture was maintained at 60°C overnight
and then further quantities of sodium hydridé (60% in oil, 2.0 g) and iodomethane (7.1 g)
were added and the reaction was refluxed for 70 hours. The reaction mixture was
partitioned between water (100 mL) and isohexane (100 mL) and the organic layer

25 separated, dried (MgSO,) and evaporated to afford the sub-titled compound (11.31 g).



i oe) |-Phenyl -cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester

1- Phenyl - cyel 0ttéssmmecar boxyl i c acid net hyl ester (ExanpteGRI)S/§16H0
g) and (R - quinuclidin-3 -ol (0.39 g) were refluxed in heptane (50
m.) containing sodium (-5 ng) in a 15 Bgan and Stark apparatus for 24
hours. Heptane (20 nL) was replaced with toluene (20 nL) and the
reflux was continued for 3 days. The reaction was partitioned between
wat er (50 nmL) and ether (50 m_) and the ether | ayer was separat ed,

dried (MySO4) and eva or at ed crude product was purified by
col umn chr SHRGLF 98N] 6@%@1&%4%11@7&@ &{xﬁsarﬂyaO(abeaPat’ézet 749 (m,

triethyla t ff | d as an oil (0.83
g). 20 rn?le ﬁ%g%\ﬁ_}ﬂ) 218; &/%E? g%§8 %DC?CWSS 7.27 (m 4H),
723-716(m 1H, 4.78 - 4.71 (m 1H, 3.12 (ddd, IH, 2.79 - 2.32
(m 7H) 16- 1. 9 2 .91.- 1.80 (m IH, 1.70 - 1.34 (m
12H). 255 f‘}) g‘-’%ﬁﬁ“ﬁ&%?&ﬁhf%t%ﬂ]?ﬁﬁ‘ﬁﬁédi n-3-yl)-acetam de WO

2009/ 138707PCT/ GB2008/ 001647 34 A m xture of 6-nethyl pyridi n-3-am ne
(1g) and triethylamne (2.2 nL) in dry THE (20 nlL) was stirred and

cool ed to -60C, &hl oroacetyl chloride (1.567 g) was added via
syringe to the p
m xt ure was sti ed

ed m xture formng a yell ow suspension. The
at - 60C until analysis showed conpl ete

di ssappear ar gf ~sgt-arting material. The reaction slurry was poured
into water t he l[products extracted with ethyl acetate (2 x 150
0)5ec” nganl c extracts were dried over magnesi um sul phate

m.). The c
and concentrated to dryness. The crude brown solid was recrystallised
f r om et herPatassiaff (@68 g Iamd sxdbim (0. ﬁcg) mwerclgaed mgétt(eﬁ'mm?ﬂ in minefdMRI (120

MHz, DMS 1 1 1H 7.22 (1H
d), 4. 270(%)5 vigcinrr?eft a&é ﬁn féé 30 T gﬁ% t@e&coo?e dto r(gom ferrg)(gzature e ogl ’
(R - 1- |d 6- %trbmbvdd)éhtl (ﬂd:l:ﬂ'acad Wiite (he ATy knl) aRd mﬁelhoiy(llpuahﬂraykroh OFtane
cycl ohept anecar bonyl] oxy) - 1- azoni a- bi cycl o[ 2. 2, 21oct ane chl ori
(Example lby(4 9 g)'was added and the reaction was stu'rcd under nitrogen overnight at

room temperature. The reaction was cooled to -78°C and solid carbon dioxide (~20 g) was

added with stirring. The reaction was allowed to warm to room temperature and water

(150 mL) was added carefully under an environment of nitrogen. The aqueous layer was

15 separated, neutralised with concentrated hydrochloric acid and extracted with diethyl ether

(150 mL). The organic layer was dried (MgSQ,) and evaporated afford to the sub-titled

compound (4.15 g) as an oil.

"H NMR (300 MHz, CDCl3) & 7.40 - 7.20 (m, 5H), 2.49 - 2.35 (m, 2H), 2.16 - 2.03 (m,
20 2H), 1.76 - 1.47 (m, 8H).

d) 1-Pheny!-cycloheptanecarboxylic acid methyl ester



201- Phenyl - cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple le) (52 ng) was

di ssol ved wo e@ebottrile (2 nL) and 2-chl oro- N- ( 6- met prayshéiodedr
yfl acetam de (Exanple if) (29 ng) was added. The reaction m xture was
stirred for 10 days and diluted with etfayl acetate (4 nmL) and

i sohexane (14 nmL). The m xture was left standing for 5 days,

wher eupon the resulting crystals were separated and washed with

25di et hyl  etfRhyI{Qeldhdpraned @AV iOidd tH@miple e ﬁ%mb'%huﬁ (36
ng). 35 Pak 476 QF&’l vaRfy 400 ﬁnﬁzn{pb\}s?ogos ] lae ?,ﬁé}ﬁdn@l
8.70 (d, 1{l0mb) @ﬂ C(J@F&ntrqﬂhydwce@m"ﬂc@(ﬁmh)fczrﬁﬂ homszTh%wvenHyvas 7.28

4. 16 4. Oy TRy g Mooty oy cp as Waghlrwigh gl

(5, 3, 2(48 mLRs@Bsedrodid bcarbbave (.00 dihwagt 100 1 0Gied (gSOand
1.83- 1.71 Ex | 2:
(3 17 Co- RERRpITy pldine Spriles smﬁ?(%g%aroé Ao eyt o

eyel ohept anecar bonyI oxy) 1- azonl a- bi eyel o[ 2 2. 2] octane brom de a)

2- Brono- N- ( 6- et %) razi X)b acet am_d

| S6- Met hy! -Fh 1B (FROM Faﬁﬁ’fﬁ'eﬁ( 3 F‘rﬁ?('anéHb&tﬁéé%u%%é?béﬁét(e, @5r1
) were a d i rﬂfreltxga@[e m). 2-Brompacetyl brom de

(0.120 nl) g'(\;évgsl'tagzéﬁll %Pﬂ)ol t he suspenée[?%n with stirring. The reaction

was stirred overnight then water (0.1 nL) was added with further

or omoaddt yP) Er AR R ERp SR CIRL I AUORER Sabl Tulllher Ue

hours until the 20 reaction had proceeded to conpletion. The reaction
was diluted with water (100 nL), carefully acidified with
hydrochloric a 'd and extracted with dichloronmethane (2 x 50 nli)

whi ch was dri ed and evaporated to afford the sub-titled conpound

whi ch was used 3 5 rrg 25TH NVR (400 MHz, CDC13) 59.45 (s,
3]\(5 4.05 (s, 2H), 2.51 (s,

1-Phenyl-cycloheptanecarboxylic acid methyl ester (Example 1d) (1.0 g) and (R)-
quinuclidin-3-ol (0.39 g) were refluxed in heptane {50 mL} containing sodium (~5 mg) in a

15 Dean and Stark apparatus for 24 hours. Heptane (20 mL) was replaced with toluene (20
mL) and the reflux was continued for 3 days. The reaction was partitioned between water
(50 mL) and ether (50 mL) and the ether layer was separated, dried (MgSQ,) and
evaporated. The crude product was purified by column chromatography on silica eluting
with ethyl acetate / triethylamine (99/1) to afford the titled compound as an oil (0.83 g).

20
m/e 328 [M+H)*
'"H NMR (300 MHz, CDCl3) § 7.35 - 7.27 (m, 4H), 7.23 - 7.16 (m, 1H), 4.78 - 4.71 (m,
1H), 3.12 (ddd, 1H), 2.79 - 2.32 (m, 7H), 2.16 - 1.98 (m, 2H), 1.91 - [.80 {m, IH), 1.70 -
1.34 (m, 12H).

25

f) 2-Chloro-N-(6-methyl-pyridin-3-yl)-acetamide



3H). Exanple 2:

(R -1-[(6-Methyl - pyrazi n-2-yl car banoyl) - net hyl ] - 3- (1- phenyl cycl ohept a
necar bonyl wxnepsolizgmponi a- bi cycl o[ 2. 2. 2] oet ane brom de \MOT/GB2008/001647
2009/ 138707PCT/ GB2008/ 001647 36 1-Phenyl -cycl ohept anecarboxylic acid
(R -(1l-aza-bicyclo[2.2.2]oct-3-yl) estad (Exanple le) (70 ng) and

2- br ono- N- (6- et hyl pyrazi n- 2-yl )acetam de (Exanple 2a) (49.2 ng) were
di ssolved in acetonitrile (1 nL) and left to stand overni ght.

Crystal s separatedHdon standing and were filtered and washed with
acetonitri Idj/(’i\ﬁ/?ﬂ 0] ethyl acetate (2 x 3 nL) and diethyl ether
(2 x 3 nL) and djied eId the titled conpound (24 ng). me 477
[M 1H NWMR (400 (D/Hz) 5 11.33 (s, 1H), 9.09 (s, 1H), 8.37 (s,
1H), 7.38 - 7.31 i0 (mN4H) 7.27 - 7.22 (m 1H), 5.15 - 5.09 (m

1H), 4.36 -4.25 (m 2H), 4.16- 4.07 (m 1H), 3.68 -3.56 (m 4H), 3.46
- 3.33(m 1H), 2.47 (s, 3H), 2.42 - 2.29 (m 2H), 2.24 - 2.11 (m
2H) , I2 04- AlmBiuré of 6-BehhylpdriBid-3-ariing 8l g and diebhylainifsB32.2lmBHin(day TAE)20
Exanpl e 3: . ° . . .

(R) - 3- ( 1- PREAYRS 8radamnd 5eFbioaP B on g1Cusrpacett elgotide (1565 bt aed¥py r i d
azi n- 3-yl caprhasnythd sireddiiklurd foRARBIade 66 YeshOlston2 TR ABLAE &P EEade- a)
2-Brono-N-(6-trifluoronethyl-pyridazin-3-yl)-acetam de CF3 )

206- Tri f | ub?énustihgnalysisrshewed ¢pniplsse dissappearamcpabxtating maispalr Sop yctign
procedure §i,mA i ! P43 } in
di chl or orre?hglr'\ga % ﬁ%&%{?%aﬁﬂ%ﬁ? lrﬂ%zgo%{e%s\ﬁ&%%?%ssﬁ u‘?ﬁﬁ%lér gtﬁg% ?%?@TA
g). 2- Br onbbeemtinddrasgdnitecx(ractd wereldyiedvaver amigachivam sulphaty imdgosentratedied
for 1.5 ho ter 24 1), was, added the reaction m re was
st rreq fofviess Helhudeldyfily SRR BB O me er CRE B Tt
reacti om ntothpouad §800migd for a 37 further 1.5 hours. The

di chl oronet hane was separated, dried (MgSO4) and evaporated to afford
the sub-titled conpound as a white solid (0.053 g).

'H NMR (400 MHz, DMSO-Dg) § 10.40 (1H, s), 8.60 (1H, d), 7.91 (1H, dd), 7.22 (1H, d),
4.27 2H, s), 2.42 (3H, s).

15 Example 1: (R)-1-[(6-Methyl-pyridin-3-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]Joctane chloride

Ct
z
o 1,
N
0 O /
4 N

20 1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example

II’“

le) (52 mg) was dissolved in acetonitrile (2 mL) and 2-chloro-N-(6-methylpyridin-3-
yl)acetamide (Example 1f) (2% mg) was added. The reaction mixture was stirred for 10
days and diluted with ethy! acetate (4 mL}) and isohexane (14 mL). The mixture was left
standing for 5 days, whereupon the resulting crystals were separated and washed with

25 diethyl ether (0.5 mL) to afford the titled compound as a solid (36 mg).



me 284/286 [ MtHr 51 H NVR (400 MHz, DMSO-D6) 5 11.04 (s, 1H), 8.79
(d, 1H), 7.91 (d, 1H), 4.31 (s, 2H . Exanmple 3:

(R) - 3- ( 1- PRV 18YY ohept aneear bonyl oxy) - 1-[ ( 6-t ri f | uorRaGBRANGIMMS4daz
i n-3-yl carbanoyl) - net hyl ] - 1-azoni a- bi cycl o[ 2. 2. 2] octane brom de 10 C
F3 1-Phenyl -cycl ohept anecar boxyl i c aci3d

(R -(1-aza-bicyclo[2.2.21oct-3-yl) ester (Exanple le) (61.1 ng) and
2-bronmo-N-(6-trifluoronethyl-pyridazin-3-yl)-acetam de (Exanple 3a)
(53.0 nmg) were dissolved in acetonitrile (2 nL) and |l eft overnight.
The sol vent,, %?y% %ﬁevaporated and the product was purified by colum
chr omat ogr ap on'silica eluting with 10% nmet hanol in dichl oronet hane

to afford fH\BIMR'(éiOB(MH@rmMBOdDd)BQZ 3643, wm! 376@;1&1!){]791 (NHRH)‘W@SW%O
DVSO- D6) 5 40 - 7.32 20

(m 4 (gt 723501 185 780 . ik 5116 (o7 vy (FDLABF L. 1), 4516y
2H) , 2 : B 7

20, %] 1}&@4% (4r07 (H‘DlH)% 75. 3§4ﬁ% ggﬂ _341@ 3331(% 2%19_]00'24&@ g}ﬁ f‘%
(m 1|-|) 12.2 (m,12H)12(2(2, Zg}cb(m 2H) Eﬂambﬁé(m, 3H) 183 1.71 (m, 1H), 1.69 - 1.41
(R)-1-03en [ soxazol - 3-yl car banoyl net hyl ) - 3- (1- phenyl 25
cycloheptaﬁgcar%onyloxy) 1- azoni a- bi cycl o[ 2. 2. 2] oct ane brom de a)
N- Benzo[ a] i soxazol - 3-y1- 2-chl or o- acet am de 38

Example 2: (R)-1-[(6-Methyl-pyrazin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

10 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane bromide

a) 2-Bromo-N-(6-methyl-pyrazin-2-yl)-acetamide

H
Br /\n/N N\
Iy
N
ts  6-Methyl-pyrazin-2-ylamine (150 mg) and potassium carbonate (571 mg) were added to
dichloromethane (25 mL). 2-Bromoacetyl bromide (0.120 mL) was added to the
suspension with stirring. The reaction was stirred overnight then water (0.1 mL) was
added with further stirring. Further quantities of potassium carbonate (571 mg), 2-
bromoacetyl bromide (0.120 mL}) and water (0.1 mL) were added over 2 hours until the
20  reaction had proceeded to completion. The reaction was diluted with water (100 mL),
carefully acidified with hydrochloric acid and extracted with dichloromethane (2 x 50 mL)
which was dried and evaporated to afford the sub-titled compound which was used crude

(365 mg).

25 'HNMR (400 MHz, CDCh) §9.45 (s, 1H), 9.37 (s, 1H), 8.33 (s, 1H), 4.05 (s, 2H), 2.51 (s
3H).

»

Example 2: (R)-1-[(6-Methyl-pyrazin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-
cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane bromide

30



To a m xture of benzo[cflisoxazol-3-ylamne (1 g) and cesium
carbonate (2.42 g) in dry DV (20 nL), stirred at it, was added

br onpacet ywochdvassde (0.62 rnL) by dropw se 5addition. pETi@Es206sd01d4v NQ
the m xture for 8hours, the reaction was poured into water (100 mi)
and the products extracted into ether G8 x 200 nlL). The conbi ned
extracts were dried over magnesium sul fate and concentrated to
dryness. The crude product was purified on silica gel using ether /

i sohexane (4 / afford_the sub-titled conmpound as a col ourl ess
solid (0.5 g). 210[ H Exanpl e 4:

(R -1-(Benzo[ d]

ar bonyl oxy) - N2, t ane chI ori de 15 |
- Phenyl - cy yliic aqjd
(R -(1-aza-l te3-y er (Exanple le) (114 ng) and

N—benzo[d]lszazol 3; chl or o- adét am de (Exanple 4a) (89 ngy) were
di ssolved in acetonifgrile (10 nth) and left for one week. The
resulting crystals were filtered 20off and washed with diethyl ether
(3 x 10 nl)-PhenybtfdolgkptanecathiokylRchcRi(RpOL-aLh- ﬁSyo@o[SQlZl]d:tGJ}msfégDExaﬂﬁ)&
502 [ M

8.16 (d, 11 74mghandg- bffil?j’bl"w oty ppragen- ?cwacg@mf: Eperie 79 (%93?

111) 7. 38wereai33&védmn abnitrile @711'11:) ahd ISt (d@tan@l'd)vem?ghﬂ-%fyséls %%:aﬁa’i@d 011H)
39 4.63 - 4.46 (m 214 4,17 , 111), 3.

(dd, 11%),standyg angd wege %lﬂfﬁr dzﬁ)wasfzedmth acztoamrﬂ(eri? xziHyL) ot mlaasetate@x @m
311), 1.8
(i) (oA o lbond o 5 g AIDIA

cycl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane brom de
m/e 477 (M]*

"H NMR (400 MHz, DMSO-Ds) § 11.33 (s, 1H), 9.09 (s, 1H), 8.37 (s, 1H),7.38-7.31

o (m, 4H), 7.27 - 7.22 (m, 1H), 5.15-5.09 (m, 1H), 4.36 - 4.25 (m, 2H), 4.16 - 4.07 (m,
1H), 3.68 - 3.56 (m, 4H), 3.46 - 3.33 (m, 1H), 2.47 (s, 3H), 2.42 - 2.29 (m, 2H), 2.24 -
2.11 (m, 2H), 2.04 - 1.87 (m, 3H), 1.83 - 1.73 (m, 1H), 1.68 - 1.45 (m, 9H).

Example 3: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{(6-trifluoromethyl-

15 pyridazin-3-ylcarbamoyl}-methyl]-1-azonia-bicyclo[2.2.2]octane bromide

a) 2-Bromo-N-(6-trifluoromethyl-pyridazin-3-yl)-acetamide

N N
Br/ﬁ'r | N

O =
CF,

20 6-Trifluoromethyl-pyridazin-3-ylamine (0.042 g) (prepared by a procedure similar to that
described in WO2007048779) was dissolved in dichloromethane (40 mL) and stirred with
potassium carbonate (0.214 g). 2-Bromoacetyl bromide (0.12 mL) was added and stiring
continued for 1.5 hours. Water (0.24 mL) was added and the reaction mixture was stirred

for 1.5 hours after which water (40 mL) was added and the reaction mixture stirred for a



a) 2-But-3-enyl-2-thiophen-2-yl-hex-5-enoic acid ethyl ester Ethyl
2- (thi ophen-2-yl)acetate (2.35 g) was dissolved in tetrahydrofuran
(30 nmlL) anwoizo@nesmd to -78C. Lithiumbis(trinethylsilyp)mobes/ 26431
g) in THE (1M solution, 13.8 nL) was added and the solution was
stirred for 30 minutes. 4-Brono-but-1-éde (1.4 nlL) was added and the
reaction mxture was allowed to warmto roomtenperature and stirred
for 1 hour., The reaction m xture was re-cooled to -78C and |ithium
bi s(tri met fwihes 1.5 houiei The dichicgameharewarsgpagatod, duedEMgH0.) 481 &aporkipd was

dded and | Ut i ' j\nut es.
?1- B?orrgfl bu%f?%c_iZ{%éﬂ%-ljt_f.ﬁgd%\@?p@ég5%%%(};&9%%%9?#?@2;0? ?on m xt ure was

allowed to warmto roomtenperature and stand overni ght. HPLC M5

anal ysi s i ndi +the reaction was inconplete so the reaction
was again ?%oﬁg@%géw%c and further aliquots of |ithium

bi s(trijrethyNMR wobamideomedLngbutioans, &8, &9 () 4r.Ar Bylks
(1.0 nL) were ad?jagd foll ow ng 6'?he prg%:e(]ﬁ}re Ol(.lt| i ?feddqa(gggg)%’)uﬂt(sé%'
stirring for a further 2 hours, 20 water (30 nlL) was added and the

reaction a 1 i e X The conbi ned
organic ei@%&@%ﬁ g Bi/\gér)ggg\r,'\?% ¥ ?—k;gt:%w&%garéglgyé%yaﬁgﬂr}‘t%orpggﬁ‘yﬁ ng oil
was puri f i pdidaginedlylearbahoydmedyapiwoniaabisydie[22. 290 dtdrnelroniidd et hyl
acetate / isohexane (1/99) to afford the sub-titled conpound (3.18

g). 251HNMR (400 MHz, DMBO-135) 67.21 (dd, 1H), 6.97 -6.94 (m 2H),
5.79 (ddt, 2H), 5Q1l (dgq, 2H), 4.95 (dq, 2H), 4.17 (q, 211), 2.22

-2.08 (m 4H, 1.85 Bh 4H), 1.24 (t, 3H). 40 b)

1- Thi ophen-2-y ohept - 4- engcar boxylic acid ethyl ester To

2- but - 3-eny RO pIEN/| 2 - ic acid ethyl ester (Exanple
5a) (3.18 § di ghl or t hpne (1100 ) was added G ubbs Catal yst

(2nd Generatign, Si icgh Ltd) (0.100 g). The mixture
was warnmed t9 refluxiunder nitrogel. Af€@ky 20 hours the m xture was
allowed to cool to rgpomtenperature and evaporated to an oil.
Purifitation by colum chromatography on silica eluting with ethyl
acetate / isohexane (10:90) to yield the sub-titled conmpound (2.60 Q)

50 B b IR Rl L o B
(m 6H), LeP®I1(ttmg)3Hr}.2-bromo-N-(6-trifluoromethyl-pyridazin-3-yl)-acetamide (Example 3a)
(53.0 mg) were dissolved in acetonitrile (2 mL) and left overnight. The solvent was
15 evaporated and the product was purified by column chromatography on silica eluting with

10% methanol in dichloromethane to afford the titled compound (107 mg).

m/e 531 [M]*

'H NMR (400 MHz, DMSO-Dg) 8 12.17 (s, 1H), 8.50 (d, 1H), 8.36 (d, 1H), 7.40 - 7.32
20 (m, 4H),7.28-7.23 (m, 1H),5.17-5.10 (m, 1H), 4.57 - 4.42 (m, 2H), 4.22 - 4.14 (m,

1H), 3.76 - 3.61 (m, 4H), 3.47 (dd, 1H), 2.43 - 2.30 (m, 2H), 2.25 - 2.12 (m, 2H), 2.07 -

1.88 (m, 3H), 1.86 - 1.73 (m, 1H), 1.72 - 1.44 (m, 9H).

Example 4: (R)-1-(Benzo[dlisoxazol-3-ylcarbamoylmethyl)-3-(1-phenyl-

25 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane bromide

a) N-Benzo[d]isoxazol-3-yl-2-chloro-acetamide



c) 1-Thi ophen-2-yl-cycl ohept anecarboxylic acid ethyl ester

1- Thi ophen- 2-yl - cycl ohept - 4- enecar boxylic acid ethyl ester (Exanple
5b) (2. 86 wp@gsghssol ved in ethanol (30 m) and PCT/GB2008/001647
tris(triphenyl phosphi ne)rhodi um(l) chloride (0.100 g) was added. The
reaction mxture was stirred rapidly uABer 5 atnospheres of hydrogen
20overnight. Further tris(triphenyl phosphi ne)rhodiun(l) chloride
(0.050 g) was added and the reaction m xture was stirred under 5

at mospheres of hydrogen 3 days. A third addition of
tris(triphenyl pho i um(1) chloride (0.050 g) was nade and
the reacti m B /rred under 3 at nospheres of hydrogen
overni ght. The ntenkts Were evaporated to dryness and purified on
silica eluting Wth 8yl acetate / isohexane (5 / 2595) to afford
the sub-titled conpound (2.500 g) as a clear alnost colourless oi

41 me 253 [NHH+1 111 NWR (400 MHz, DMSO D6) 57 17 (dd, 1H), 6.95

;I_ 67(9)1 g- m50 [‘l[;]e%f &%B@OX%%%Sylé%gde (%H} and? ccsmm car%ongfe éﬂZ gz)l_pl dry

1- Thi ophenDMFWZQ o) Sﬂhethla‘n@mmb@d)ﬂrorﬁoa&euyﬁchlonde (0.62 mL) by dropwise

(R-(1-aza-hic oct - 3-
" rh opmer PRt A Gcifingt CiRdint Sl PRte ety wosionyras sevred ineeaep( 60 gy
(2.5 g) anshd(t pro@es dittﬁdtd:tﬂﬂnfbéihé?'(z ﬁ20@8119)T%Qbﬁbfﬁb@éﬂ}a\é@%r@dﬁéal digne
(350 nL) and sodi um hydrid ? ded under nitrogen. The m xture
was. heat edmigeHRR spifats axd %C%&ﬂﬁeg %@fﬂ@ffssmec:ﬁldm@dtueq wasrparified on silica
careful I'y gy §§1!(1)é Legd / (?Afot'leﬁage 5 laéé@o afbd (i subbtiedc uﬁﬁgi e?golglﬂfti:s%ﬁﬁed
with water , dried and evaporate e crude product
was purlfﬂéééﬁy colunn chronatography on silica elutlng with ethyl
acetate / triethylamne (99/1) to afford I Sthe sub-titled conpound
(2.84 g). nVe 334 [ MH]

m/e 210 [M+H]*

Example 4: (R)-1-(Benzo[d]isoxazol-3-ylcarbamoylmethyl)-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chioride

Cl
N
Q
N
0 O  N—g
;

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example
le) (114 mg) and N-benzo[d]isoxazol-3-yl-2-chloro-acetamide (Example 4a) (89 mg) were
dissolved in acetonitrile (10 mL} and left for one week. The resulting crystals were filtered

20 off and washed with diethyl ether (3 x 18 mL) to afford the titled compound as a solid
(120 mg).

m/e 502 [MJ*
"H NMR (400 MHz, DMSO-Dg) § 12.15 (s, 1H), 8.16 (d, 1H), 7.74 (d, 1H), 7.72 - 7.67 (m,
25 1H), 7.44 - 7.39 (m, [H}, 7.38 - 7.30 (m, 4H), 7.27 - 7.19 (m, 1H), 5.18 - 5.11 {m, 1H),



1H NVR (400 MHz, CDC13) 57.18 (t, 1H), 6.95 - 6.92 (m 2H), 4.77
-4.72 (nn, 1H, 3.14 (ddd, 1H), 2.83 - 2.64 (m 4H), 2.59 - 2.50 (m
3H), 2.18 wo2o@Bény 2H), 1.95 - 1.90 (m 201H), 1.71- pbride600iskt)
1.34- 1.23 (m 1H). e) 2-Brono-N pyridazin-3-yl-acetam de 42 To a
suspensi on of pyridazin-3-ylamne (2.73¢g) and diisopropyl et hyl am ne
(6.3 nmL) in dichloronethane (100 nL) at O0C was added bronpacetic
anhydride (9.0 g) in dichloronethane (10 nL) by dropw se addition.

The mi xt ure63/va-$46(mr2ki&)d4av (@43, 14y, 30653fmleﬁl$4la)”ld 49*@@@ @)Imyedzig)(rﬂvar m

tort. The i.ng .suspension was fil

5 chi or ot - 2r1d @ 28 205 ArPar Hhd Boyt. 7 e Ath.deMrodHelm 9H
solid (2.0 g). 1H NWR (400 MHz, DMSO-136) 8 11.51 (s, 1H), 9.00 (dd,
1H), 8.28 (dd, I H, 7.74 - 7.68 (m 1H), 4.15 (s, 2H). io Exanple 5:
(R)-1-(Pyr raﬁlzplﬁ5Bﬂi)fleﬁ?mmwrmmwa?wshﬂelhxlhaémnpﬁewz-yl-

C clohet n 2. 2 e brom de

1¥Thi ophen- gﬁﬂFﬁg% Pﬁ%%’ %ﬁgégr o'i%{%lm%ﬁgﬂ %‘Mtanl’ anﬁ

(R -(1-aza-bicycl o[ 2. 2. 2] oct - 3- y1) ester 15 (Exanple 5d) (80 ng) and

2- br omo- N- pyr.i i n-3-yl-acef anpl e 5e) (52 ng) were
di ssol ved EB%%@%%W?%%P@CP% %ﬂx“ Ogctﬁgﬁreél?ﬁS ® night. Ethyl acetate
(9 mL) and isokhexane (4 nL) were added and stirred overnight. The
resulting cryst re filtered off and then triturated with ethyl
acetate to aff he titled conpound (14 ng). 20 me 469 [W 114 NWR
(400 MHz, DMVBQ D6) 11.68 (s, IH, 9.05 (dd, 1H), 8.25 (d, 1H), 7.79
H, 7.03 (dd, I H), 6.99 (dd, 1H), 5.14- 5.09
, , 4.17 - 4.08 (m 1H), 3.76 - 3.57 (m 4H), 3.57
-3.46(m\1 2.A8 - 2.42 (m 1H), 229-222(m1H) 2.21 -2.11
4H), 1.90- 1.80 (m 1H), 1.78- 1.68 (m IH),
251.66- 1.46

‘Ethyl (Zr?thlopli"?en 2-yDacetate (2.35 g) was dissolved in tetrahydrofuran (30 mL) and
10 cooled to -78°C. Lithium bis(trimethylsilyl)amide (2.31 g) in THF (IM solution, 13.8 mL)

was added and the solution was stirred for 30 minutes. 4-Bromo-but-1-ene (1.4 mL) was
added and the reaction mixture was allowed to warm to room temperature and stirred for |
hour. The reaction mixture was re-cooled to -78°C and lithium bis(trimethylsilyl)amide
(2.31 g) in THF (1M solution, 13.8 mL) was added and the solution was stirred for 30

15 minutes. 4-Bromo-but-]-ene (1.4 mL) was added and the reaction mixture was allowed to
warm to room temperature and stand overnight. HPLC-MS analysis indicated that the
reaction was incomplete so the reaction was again cooled to -78°C and further aliquots of
lithium bis(trimethylsilyl)amide (1M solution, 10 mL) and 4-bromo-but-1-ene (1.0 mL)
were added following the procedure outlined above. After stirring for a further 2 hours,

20 water (30 mL) was added and the reaction was extracted with diethyl ether (2 x 60 miL).
The combined organic extracts were dried (MgSO,) and evaporated. The resulting oil was
purified by column chromatography on silica eluting with ethyl acetate / isohexane (1/99)

to afford the sub-titled compound (3.18 g).

25 'H NMR (400 MHz, DMSO-De) 8 7.21 (dd, 1H), 6.97 - 6.94 (m, 2H), 5.79 (ddt, 2H), 5.01
(dq, 2H), 4.95 (dq, 2H), 4.17 (q, 2H), 2.22 - 2.08 (m, 4H), 2.00 - 1.85 (m, 4H), 1.24 (t,
3H).



Exanmpl e 6:

(R -1-[(5-Methyl -i soxazol - 3-yl ear banoyl) - net hyl | - 3- (1-t hi ophen-2-yl ey
cl ohept anewarbmngtoxy) - 1- azoni a- bi cycl o 2. 2. 2] oet ane bregycE2008W01 647
2009/ 138707PCT/ GB2008/ 001647 43 a)

2- Brono- N- ( 5- met hyl -i soxazol - 3-yl) - acet4am de 5To a stirred

suspensi on of sodi um bi carbonate (1.242 g) and

5-net hyl -i soxazol -3-ylam ne (1.45 g) in dichloronmethane (50 nL) was
added 2- br bbabieplydn-bybeyichberfté-@Bcarbx iy acld ephyl seer addi ti on. The
reaction mxture was stirred overnight and then washed with water (2

1H NWVR (400 DVESQ D6) 5 11 32 (s, 1H) 6.62 (s, 1H), 4.06 (s
2H), 2.38 ( 2
(R -11(5- -1 sxazol 3- yI car banoyl) - net hyl ] - 3- (1-t hi ophen-2-yl cyc
| ohept aneca " : -azoni a- bi cycl o[ 2. 2. 2] oct ane brom de |

- Thi ophen- 2-yl - cycl ohept anecar boxylic acid (R)-(1-az a -bic y clo[2
.2 .2Jo ct -3 - yl) ester (Exarrple 5d) (68 ng) and

2- br ono- N- { b Qﬁg)% ?gr %{%().5 §§i£ Qg& gtﬁyl(elg?é?‘{ﬂ%la% f%%)a?,l 341%@%@'

were di sso |n ace 0n| rPed over ni g

acet at es ( 1diclnib1)on&ﬂlaamd (}szdr)evaalaedeﬁg’jmbbs Queal st gohd €@kneaadors Signiaedldrich

overni ght. .The r | £ crystals were filtered of f and washed with

oty Scer S L B0 e b i Y seti e Bty Tiag R 7atir ok npts

lgll\/gg( 488 MHZ leﬂh/ﬁ@dﬁﬁlloﬁe(ﬂ-tb 08! t6 Soond tdmperénddadddapctild toan@R. Petekicadd |
( by column chromatography on silica eluting with ethyl acetate / isohexane (10:90) to yield

the sub-titled compound (2.60 g) as a coloured oil.

'"H NMR (400 MHz, DMSO-Dg) 8 7.19 (dd, 1H), 6.98 - 6.92 (m, 2H), 5.72 (t, 2H), 4.15 (q,
2H), 2.66 - 2.59 {m, 2H), 2.25 - 2.14 (m, 6H), 1.21 (t, 3H).

¢) 1-Thiophen-2-yl-cycloheptanecarboxylic acid ethyl ester

= o

\ S O NP
1-Thiophen-2-yl-cyclohept-4-enecarboxylic acid ethyl ester (Example 5b) (2.86 g) was
dissolved in ethanol (30 mL) and tris(triphenylphosphine)rhodium(I) chloride (0.100 g)
was added. The reaction mixture was stirred rapidly under 5 atmospheres of hydrogen

20  overnight. Further tris(triphenylphosphine)rhodium(I) chloride (0.050 g) was added and
the reaction mixture was stirred under 5 atmospheres of hydrogen for 3 days. A third
addition of tris(triphenylphosphine)jrhodium(I) chloride (0.050 g) was made and the
reaction mixture was stirred under 3 atmospheres of hydrogen overnight. The contents
were evaporated to dryness and purified on silica eluting with ethyl acetate / isohexane (5 /

25 95) to afford the sub-titled compound (2.500 g) as a clear almost colourless oil.



-3.55 (m 4H), 3.53 - 3.43 (m 1H), 2.54 - 2.42 (in, 1H, 2.41 (d,
3H), 2.27 -2.22 (m .1H), 2.19 - 2.13 (in, IF'), 2.07- 1.90 (m 4H),
1.89- 1. 77wbOrmookbB7p71. 77- 1.65 (m 1H), 1.63 - 1.48 ( mpc3ldB2068/001647
Exanple 7:

(R) -11(3- Met hyl -i soxazol - 5-yl ear banoyed4het hyl j - 3- (1-t hi ophen-2-yl cyc
ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 21oct ane brom de a)

2- Brono- N- (3-net hyl -i soxazol -5-y1)-acetam de 10

3- Met hyl -i soxazol -5-ylamne (2.9 g) and potassium carbonate (9.8 Q)
wer e suspe i i«chl or onet hane (100 nL) at room tenperature and
2-bronnac€?%ﬁggggﬁ?%£ (6 g was added dropw se. The m xture was

al | oned t o'FSNMR (N6 MELGIDIMS WD 6 7(10.(&d, 1H), 6655 G9ides 119, egetqien)wsh a
further quantity of potassium carbonate (3 gé and the reaction

m xture st{@Ardg: B¢ - 208wy RED, BY -l SHITRE0 fledidt-i on ni xture was
poured jnto water (100 nlL) and extracted with dichloronethane (2 x 50
m.). The conbi ned organic extracts were dried over nagnesium sul fate
and t hen ed)dpbiriapled-2-yi-oyslobeptanterebaxyliclacip (Rl ara-hisyclpl22.2jed-3vyl) etdrumm
chromat ography on silica eluting with ethyl actetate / isohexane
(50:50) to give 20sub-titled conmpound (4.8 g). 11-1NWR (300 MHz,
CDC13) 5 11.97 H, 6.16 (s, 1H), 4.09 (s, 2H), 2.19 (s, 3H).
Exanple 7:
(R -11(3- Met hy gxazol - 5-yl car banoyl) - net hyl | - 3- (1-t hi ophen- 2-yl 25
cycl ohept aneg sQyLOXyll - 1- azoni a- bi cycl o[ 2. 2. 2] oet ane brom de 45

1- Thi ephen -cy¢l oh anecar boxylic acid

(R -(1-aza-\u ) ct-3-yl) ester (Exanple 5d) (50 ng) and

2- brono- N- (3- et hyl i Soxazol -5-y1)acet am de (Exanple 7a) (32 5ng) were
di ssolved in acetongfrile (2 m) and left overnight. Ethyl acetate

(10 nL) and
1-Thiophen-2-yl-cycloheptanecarboxylic acid ethyl ester (Example 5¢) (2.5 g) and (R)-

10 quinuclidin-3-ol (2.08 g) were dissolved in toluene (350 mL) and sodium hydride (0.1 g)
added under nitrogen. The mixture was heated to reflux for 20 hours after which the
toluene was carefully distilled off to leave ~100 mL which was cooled and washed with
water (100 mL), dried (MgSQs) and evaporated. The crude product was purified by
column chromatography on silica eluting with ethyl acetate / triethylamine (99/1) to afford

15 the sub-titled compound (2.84 g).

m/e 334 [M+H']
'H NMR (400 MHz, CDCly) 8 7.18 (t, 1H), 6.95 - 6.92 (m, 2H), 4.77 - 4.72 (m, 1H), 3.14
(ddd, 1H), 2.83 - 2.64 (m, 4H), 2.59 - 2.50 (m, 3H), 2.18 - 2.08 (m, 2H), 1.95 - 1.90 (m,

20  1H), 1.71 - 144 (m, 11H), 1.34 - 1.23 (m, 1H).

€} 2-Bromo-N-pyridazin-3-yl-acetamide

N_ N
Br/\l-( | QN
@] .

25



i sohexane (10 nlL) were added and the crystals filtered off, washed
with ethyl acetate and dried to afford the titled conpound (37 ng).
me 472 (lwoékoeosdnt NVR (400 MHz, DVSO D6) 8 12.21 (s,rchdyB20ds/dbics7
(dd, 1H), 7.03 (dd, 1H), 6.99 (dd, 1H), 6.18 (s, 1H), 5.15 -5.07 (m
1H), 4.35 (d, 1H), 4.30 (d, 1H), 4.14 424.05 (m 1H), 3.73 -3.54 (m
4H), 3.54 - 3.43 (m 1H), 3.17 (d, 1H), 2.47 -2.42 (m 1H), 2.27 -
2.20 (m 14, 2.21 (s, 3H, 2.19 - 2.12 (m 1H, 2.08- 1.77 (m 4H,
1. 77- 1. 651p gsuspepsiomofgryridaziug-ylaming () 7 g)ied disbopra@ylethylamine (6.3 mL) in

(R -1-1(3- - vAa).: -3-(1-thi ens 2-Yy.l cycl ohept
aneear bo nﬁ%‘i@@@%@%%@g %%Vfgg&%i(lg]ang’ﬁé&%rag n’f%‘g'gc Q‘}&gy mn

2: Br ono- N- dighlbtanstienp hﬁhyf LI ) b)admp‘air'e d@:lit(i&oTae sspe ﬁh?is @ﬁhrlrddf at eﬂﬂir"]dﬂ ms

bi car bonat 1 and, 3-fl uoroanilinpe (0. 46 i n di chl oronet hane.
(100 ni) mﬁ%“(f%a@e‘la%ﬁq{w&%%@&%io Grraalipg .S%)eeww Wy ety asked wigh
addi ti on. dithlefonfettaht kDARBAQS BIfEAlhd H18-(IIRACSHASInTLX IR (¥a%) Washed
with water, dried with magnesi um sul fate and evaporated to yield the
sub-titled conmpound (1.07 g). tn/e 232 [M+He] 511-1 NWMR (300 MHz,
CDCl 3) 58.1 : C B)ey (7. , : vyl
657 (1dd, TN (RMIL ISP (L4P, 0 taa e 895 (&, 159747 s
(R) - 1- [ ( 3-(a&h,udhot phenyfear banoyl) - net hyl ] - 3- (1-t hi ophen- 2-yl cycl ohept
aneear bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oet ane brom de 10

1o Example 5: (R)-1-(Pyridazin-3-ylcarbamoylmethyl)-3-(1-thiophen-2-yl-

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

ey

Br
H
Cc /. N Nx
AT Y
S O. O /
H

1-Thiophen-2-yl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]Joct-3-y1) ester

15 (Example 5d) (80 mg) and 2-bromo-N-pyridazin-3-yl-acetamide (Example 5e) (52 mg)
were dissolved in acetonitrile (3 mL) and stirred overnight. Ethyl acetate (9 mL) and
isohexane (4 mL) were added and stirred overnight. The resulting crystals were filtered off

and then triturated with ethyl acetate to afford the titled compound (14 mg).

20 mfe 469 [M*]
'"H NMR (400 MHz, DMSO-Dg) 8 11.68 (s, 1H), 9.05 (dd, 1H), 8.25 (d, 1H), 7.79 (dd,
1H), 7.44 (dd, 1H), 7.03 (dd, [H), 6.99 (dd, 1H), 5.14 - 5.09 (m, 1H), 4.37 (s, 2H), 4.17 -
4.08 (m, 1H), 3.76 - 3.57 (m, 4H), 3.57 - 3.46 (m, 1H), 2.48 - 2.42 (m, 1H), 2.29 - 2.22 (m,
1H), 2.21 - 2.11 (m, 1H), 2.07 - 1.90 (m, 4H), 1.90 - 1.80 (m, 1H), 1.78 - 1.68 (m, 1H),

25 1.66 - 1.46 {m, 8H).

Example 6: (R)-1-[(5-Methyl-isoxazol-3-ylcarbamoyl)-methyl]-3-(1-thiophen-2-yl-

cycloheptanecarbonyloxy)-1-azonia-bicycloi2.2.2]octane bromide



1- Thi ophen- 2-yl - cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 5d) (96 ng) and

2- br ono- N-¥8-2bdouas@7 phenyl ) - acet am de (Exanpl e 8a) (67 prd)GRYe6sR001647
di ssolved in acetonitrile (2 nL) and |left overnight. D ethyl ether
(10 nmL) and | Si sohexane (8 nlL) were addged and the m xture was |eft
overnight. The resulting crystals were filtered off and washed wth
diethyl ether to afford the titled conpound (90 ng). nile 485 [ Me]
NVR (400 MHz, DWBC)EB) 8 10. 84 (s 1H), 7.58 (dt, IH), 7.46 - 7.39

m 2H), 7. 33 - 20 7 04 (dd, 1H), 7.02 - 6.96 (m 2H),
z(s 15 - 5. 108 FPromeN- (inzﬁéhylztsowoz ﬁjyl)zqqyfamadel - 4.07 (m 1H), 3.77 -
3.58 (m 4H), 3.51 (dd, | H, 2.56- 2.44(m 1H), 2.28 - 2.22 (m 1H),
2.21 -2.12 (m 1FD 2.08- 130 (m 6H), 1.66- 1.47 (m 8H).

Exampl e 9:

(R) - 1- [(5-gpmggﬂ§ 2-yl car banoy1) - met hyI] 3- (1-t hi ophen- 2-yl 25
cycl ohept anecar hpnyl xy)Cﬂ azoni a- bi eyel o[ 2. 2. 2] oet ane brom de a)

2- Br ono- N- ( 5- metthyl - zin-2-yl)-acetam de 47 To a mixture of
5- met hyl - pyrazi n- 2-yl ame and cesium carbonate (11.2 g) dissolved in
dry DMF (30 nL) was added by dropw se addition bronpacetyl brom de
(2.89 ¢ dhdga tti‘r&dﬁsltri;pehsimeoﬁstoﬂfuﬁeldcz&borfate (142 g) dd-BethYhis@lazgl20Patitne

Bnd ar§ ed Guer® REGRESIARTED 1PGIE: i et & HERIRCON thaade K Fiel) b s

m. and adddrbpme @ddlﬂ.@prrﬁma@mmgem?@amv@dbt@mgmnalmelne;@bsﬁéammﬂmas
a solid (1, i 011- INVR (400 MHz, DMS0-135) 8 11.06 (1H, s), 9.17

(1H, s), 23:15(%51_1) T(l”: Organi¢ @(agtppn w38, separgied, dged with magnaesiin sulfgte and
(R -1-[(5- é\é%goxﬂea RYJigiithe &bﬂtl@@[:&ﬁﬂ&l%&%l%@)" ] -3-(1-thiophen-2-ylcyc

| ohept anecar bonyl oxy) - 1-azoni a- bi cycl o | octane bromde IS
10

'"H NMR (400 MHz, DMSO-Dg) 3 11.32 (s, 1H), 6.62 (s, 1H), 4.06 (s, 2H), 2.38 (s, 3H).

Example 6: (R)-1-[(5-Methyl-isoxazol-3-ylcarbamoyl)-methyl]-3-(1-thiophen-2-yl-

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

Br

1-Thiophen-2-yl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yI) ester

(Example 5d) (68 mg) and 2-bromo-N-(5-methyl-isoxazol-3-yl)-acetamide (Example 6a)

(45 mg) were dissolved in acetonitrile (2 mL) and stirred overnight. Ethyl acetate (10 mL)-
20  and isohexane (9 mL) were added and stirred overnight. The resulting crystals were

filtered off and washed with ethyl acetate to afford the titled compound (82 mg).

m/e 472 [M1
'H NMR (400 MHz, DMSO-D;) 8 11.55 (s, 1H), 7.44 (dd, 1H), 7.03 (dd, 1H), 6.99 (dd,
25  1H), 6.61 (s, 1H), 5.13 - 5.08 (m, 1H), 4.31 (d, 1H), 4.26 (d, 1H), 4.14 - 4.05 (m, 1H), 3.72



| -Thi ophen-2-yl -cycl ohept anecarboxylic acid (R -( |
-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 5d) (48 ng) was dissol ved
i n acet oni woi2e/380m.) and 2- br ono- N- ( 5- net hyl - PCT/GB2008/001647
20pyr azi n-2-yl)-acetam de (Exanple 9a) (33 ng) was added. After
stirring for 1 week diethyl ether (8 nm#¥ and i sohexane (5 nlL) were
added. The crystals were collected by filtration, washed wth ethyl
acetate (2 x 4 nL) and dried to afford the titled conpound (26 ng).
48 1H NVR {300(nivi4H), DAVBECS.BBYmS1H)12.36 - 042 (thl 1B, 291 1& 368,2.3H) 2. 2:8(11361H}§,

111)7 & a8 a3t b, 957330 e, V5954 %, B0 22 g 188 55 46

(m 1H), 2148 8M)3H), 2.50- 2.44 (m 1H), 2.28 - 2.22 (m 1H), 2.20
- 2.11 (m 1H), 2.08- 1.90 (m 411), 1.90- 1.80 (m 111), 1.79- 1.69
(m 1H), 1.64- 1.48 (m 58H). Exanple 10:

(R -1- (BenE%ﬁQ’?aéS'r-ﬁ3M .CWQ% llb)am% g%nﬁpgysgﬂm%pxénczgiOhep

t anecar bonyl oxy) - 1- azoni a- octa

1- Thi opherey2lohtptayedavayionyed sazixplidyclofiZ:2.2loctane bromide

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 5d) (71 ng) and

N- benzo[ d] i soxazol - 3-yl-2-chl oro- acetam de (Exanple 4a) (54 ng) were
di ssol ved &) 2-Brogioav(3-riettgl-(sbRazol-3-yhrdethfde t o stand for 6 days. The
resulting crystals were filtered off and washed with diethyl ether (3
x 10 mL) to afford the titled IS conpound (82 ng). me 509 [ Mt] 1H
NVR (400 MHz, DM@ D6) 8 12.16 (s, 111), 8.17 (d, 1H), 7.74 (d, 1H),

772-765,m»\[rw; 044-739(m 2H) ,

3-Methyl-isoxazol-5-ylamine (2.9 g) and potassium carbonate (9.8 g) were suspended in
dichloromethane (100 mL) at room temperature and 2-bromoacetyl bromide (6 g) was
added dropwise. The mixture was allowed to stir overnight. Water (0.3 mL) was added

15 together with a further quantity of potassium carbonate (3 g) and the reaction mixture
stirred for a further 30 minutes. The reaction mixture was poured into water (100 mL) and
extracted with dichloromethane (2 x 50 mL). The combined organic extracts were dried
over magnesium sulfate and then evaporated in vacuo. The crude product was purifed by
column chromatography on silica eluting with ethyl actetate / isohexane (50:50) to give

20 sub-titled compound (4.8 g).
'H NMR (300 MHz, CDCl3) § 11.97 (s, 1H), 6.16 (s, 1H),4.09 (s, 2H), 2.19 (s, 3H).

Example 7: (R)-1-[(3-Methy!l-isoxazol-5-ylcarbamoyl)-methyl]-3-(1-thiophen-2-yl-

25 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane bromide



7.04 (dd, 1H), 6.98 (dd, 111), 5.16- 5.11 (m 1H), 4.64 - 4.50 (m
211), 4.21 -4.13 (m 111), 3.82 - 3.64 (m 4H), 3.59 (dd, 1H), 2.56 -
2.44 (m 2wp,20@vd8707 2.22 (m 1H), 2.22 - 2.13 (m 1HpcTA:E808/0b1439
(m 3H), 1.89- 1.81 (m 1H), 1.80- 1.69 (m 111), 1.64- 1.47 (m 8H).
Exanpl e 11: (R)-1-(Pyrazin-2-yl car bamoysnet hyl ) -3-(1-t hi ophen-2-yl 25
cycl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane brom de a)

2- Brono- N- pyrazi n-2-yl -acetam de WD 2009/ 138707PCT/ GB2008/ 001647 49

To a stirred su||!si on of pyrazin-2-ylamne (1.87 g) and potassium

carbonate (8. 1f n di clor omet hane (25 nL) was added by dropwi se
addi tion 2-brono yl bromde,(1.72 nL). The reaction m xture was
stirred overpj ght<andt wasgied v@)th water (2 x 50 nL). 5 The

or gani ¢ pha s dépar ged, dri Wit h magnesi um sul fate and
evapor at ed No-gi el @t syub-2itl gohpound (0.70 g). NVR (400
MHz, CDC13) 8 9.51 (d, 1H), 8.63 (S\ 1H), 8.42 (d, 1H), 8.30 (dd,

1H), 4.06 (s, 2H).

[-Thiophen-2-yl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester

(Example 5d) (50 mg) and 2-bromo-N-(3-methylisoxazol-5-yl)acetamide (Example 7a) (32
5 mg) were dissolved in acetonitrile (2 mL) and left overnight. Ethyl acetate (10 mL) and

isohexane (10 mL) were added and the crystals filtered off, washed with ethyl acetate and

dried to afford the titled compound (37 mg).

m/e 472 [M"]

10 'HNMR (400 MHz, DMSO-Dg) § 12.21 (s, 1H), 7.4 (dd, 1H), 7.03 (dd, 1H), 6.9 (dd,
1H), 6.18 (s, 1H), 5.15 - 5.07 (m, 1H), 4.35 (d, 1H), 4.30 (d, 1H), 4.14 - 4.05 (m, 1H), 3.73
- 3.54 (m, 4H), 3.54 - 3.43 (m, 1H), 3.17 (d, 1H), 2.47 - 2.42 (m, 1H), 2.27 - 2.20 (m, 1H),
2.21 (s, 3H), 2.19 - 2.12 (m, 1H), 2.08 - 1.77 (m, 4H), 1.77 - 1.65 (m, 1H), 1.65 - 1.46 (m,
SH).

Example 8: (R)-1-[(3-Fluoro-phenylcarbameyl)-methyl]-3-(1-thiophen-2-yl-

cycloheptanecarbonyloxy)-1-azonia-bicyclof2.2.2]octane bromide

a) 2-Bromo-N-(3-fluoro-phenyl)-acetamide

H
N F
Br/\ﬂ/
0 U

To a suspension of sodium bicarbonate (1 g) and 3-fluoroaniline (0.46 g) in

dichioromethane (100 mL) was added 2-bromoacetyl bromide (0.36 mL) by dropwise



|0 Exanple 11:

(R) - 1- (Pyrazi n- 2-yl ear banoyl net hyl ) - 3- (1- t hi ophen- 2-yl eycl ohept anecar
bonyl oxy) -woxas@nisgrobi cycl o[ 2. 2. 2] oet ane brom de PCT/GB2008/001647

| S1- Thi ophen-2-yl -cycl ohept anecar boxylic acid (R- (1- az a -bic y cl
o[2 .2 .2.]oct -3 - yl) ester (Exanpleg5d) (116 ny) and

2- brono- N-pyrazi n-2-yl -acetam de (Exanple | la) (75 ng) were

di ssolved in acetonitrile (2 nL) and left overnight. D ethyl ether

(10 nl) angiditeRhRRaNEirfit GHemipR it raadesmdlitke e wabHAdUie) Wasr, beddtwitip
stand overnight. The resulting crystals were filtered off and washed

with di et hijpenssingysuifate and eyagorasd (9 yielddbe woriplsd sempaurd (b8hg) . nve 469
[M] 1H NVR (400 MHz, DVSO-D6) 8 11.38 (s, 1H), 9.28 (s,
1H), 8.50 - 8.45 (m 2H), 7.44 (dd, 1H), 7.04 (dd, 1H), 6.99 (dd,
1H), 5.15 m& 338 [MRHIH), 4.36 (s, 2H), 4.18 -4.08 (m 25l H), 3.76 -

2.5, i S D, 1% o b o st

(m 3H), é‘;@’ﬁ(tddjlﬂzg:mms,iﬁb 1.79 - 1.72 (m 1H), 1. 64 1.48 (m
anpl e

(R) 341- (3- Fl uor o- phenyl) - cycI ohept aneear bonyl oxy] - 1- (pyrazin-2- 5

yl ear bar noj} ?x! 1R3! 31 MOl bamby I nR%h ALS-(RRBh G- 2)1-

2-But - 3-enyl- 2- 3-%%0&0 }fs ﬂex 5me gl C ay’grd(mat %ﬁﬁ er

(3- Fl uor o- tp'lthypt)anmbtilwlmﬁ-d -agenipybicyelof2:2.2]o4taB6 bydmiges di ssol ved in

tetrah é:lrofuran (20 m.) and cooled to -78C. Lithium

bi s(trl met hyl silyl)amde (25.6 nL, 1M THF sol ution) was added and the

sol uti on was sd for 30 m nutes. 4-Bronp-but-l-ene (2.60 nL) was

added and the yon coffents were allowed to warmto room

t enper at ure ang for an | Shjour. The reaction m xture was again
cooled to -78C. B0um| bis(t LNt byl si
sol ution) as~hdded andNthe 6ol ut as stirred for 30 m nutes. 4-

Fyl)anmide (25.6 nL, 1M THF

on
: . - the reaction m xture was
aIIowed to warmto rrbomterrperatur and stir for an hour. The
contents were agai nHooled to -78C and further aliquots of Lithium
bis(trinethylsilyl)am de (25.6 nL, 1M THF sol ution) and 4-brono- 1-
20but ene (QTEGPMI)Z-MH)@IOQGMQ@CWNMMQ (B -p3n-dicyaiet 2. dlect-3-e @stebove.

After sti r('iikzrﬂgple 5d) (96 mg) and 2-bromo-N-(3-fluoro-phenyl)-acetamide (Example 8a) (67 mg)
were dissolved in acetonitrile (2 mL) and left overnight. Diethyl ether (10 mL) and
15 ischexane (8 mL.) were added and the mixture was left overnight. The resulting crystals

were filtered off and washed with diethyl ether to afford the titled compound (90 mg).

m/e 485 [M*]

'"H NMR (400 MHz, DMSO-Dg) § 10.84 (s, 1H), 7.58 (dt, 111), 7.46 - 7.39 (m, 2H), 7.33 -
20 7.29 (m, 1H), 7.04 (dd, 1H), 7.02 - 6.96 (m, 2H), 5.15 - 5.10 (m, 1H), 4.33 - 4.24 (m, 2H),

4.17 - 4.07 (m, 1H), 3.77 - 3.58 (m, 4H), 3.51 (dd, 1H), 2.56 - 2.44 (m, 1H), 2.28 - 2.22 (m,

1H), 2.21 - 2.12 (m, 1H), 2.08 - 1.70 (m, 6H), 1.66 - 1.47 (m, 8H).

Example 9: (R)-1-[(5-Methyl-pyrazin-2-ylcarbamoyl}-methyl}-3-(1-thiophen-2-yl-

25 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]Joctane bromide

a) 2-Bromo-N-(5-methyl-pyrazin-2-yl}-acetamide



overnight, water (20 nL) was added and the reaction m xture extracted
with diethyl ether (2 x 60 mL). The conbi ned organic extracts were
dri ed wi t hwoegtvasgiom sul fate and evaporated. The resul tre@GBIcoRH0ULRAS
purified by colum chromatography on silica eluting with ethyl
acetate / isohexane (1 / 99) to afford4¥he sub-titled conpound (5.0
g). 25 me 277 [MH b) 1-(3-Fl uoro-phenyl)-cycl ohept-4-enecarboxylic
acid nethyl ester 51 To

2- but - 3- eny1- 2- (3-H1 uor - phenyl) - hex-5-enoic acid methyl ester

(Exanpl e lg%y»gjﬁdw n di chl oronet hane (100 nL) was added G ubbs
Cat al yst (2nd eralion, Si gma- Al drich Conpany Ltd) (0.05 g). The
m xture was war k&d t X under nitrogen. After 20 hours the

reaction was cool ed to'Yyoomtenperature, evaporated to an oil and

purified by colum chromatography on silica eluting with ethyl

acetate / isohexane (5 / 95) to yield an oil. Analysis of the product

showed t hato simgxtifeiof aﬁamelaybp.}mﬁzin-@fylzﬁmaé hrichgsmtcﬁftioaite WBEIs2 grdisentd im
to are etltlon of the

reacti on MNP RRLIMA0E PRGoPuRE AEh EiamuealtromdedheS BLs b o

conmpound  afixeure Stireddrae et f6d 4 hduds. #atsh) (200 AK) $4PaddMt Fd thec'ﬁﬁxture extracted with
1- (3- Fl uor o- phenyl ) - cycl ohept anecar boxyl 1 ¢ acid net hyl ester

1- ( 3- FI uordpAestite 5%%%%1)@%&@?1@&%@@@9&@@ suléate] G@e@mmnwféhe extract
(Bxanpl e 1ghbo ek G ik o‘f@s%hékaﬁ@tI\OG%L)rgaU@ttthﬂ?bt}f(d?c%m%%n%ﬂ bAgH um

on carbon 350 ng) added and m xture stirred un ro en
over ni ght .{I&)-sol uti on was filtered and evaporated to afford the
sub-titled conmpound (1.09 g).

10 '"HNMR (400 MHz, DMSO-Dg) & 11.06 (1H, 5), 9.17 (1H, 5), 8.31 (1H, d), 4.16 (2H, 5),
246 (3H, s).

Example 9: (R)-1-[(5-Methyl-pyrazin-2-ylcarbamoyl)-methyl]-3-(1-thiophen-2-yl-

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

H
O f.~_ _N_ _N
NW\
I DY
z N
H

1-Thiophen-2-yi-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester
(Example 5d) (48 mg) was dissolved in acetonitrile (2 mL) and 2-bromo-N-(5-methyl-

20 pyrazin-2-yl)-acetamide (Example 9a) (33 mg) was added. After stirring for | week
diethyl ether (8 mL) and isohexane (5 mL) were added. The crystals were collected by
filtration, washed with ethyl acetate (2 x 4 mL) and dried to afford the titled compound (26
mg).

25 m/e 483 [M*]



me 251 [MtHr WD 2009/ 138707PCT/ GB2008/ 001647 52 d)

1- (3- Fl uor o- phenyl ) cycl ohept anecar boxyl i ¢ aci d

(R) - (1- azawio oyeisefo2. 2. 21oct - 3-y1) ester PCT/GB2008/001647
1- (3- Fl uor o- phenyl ) - cycl ohept anecar boxylic acid nethyl ester (Exanple
12c) (0.280 g) was dissolved in toluenag(100 nL) and

(R -quinuclidin-3-0l (0.320 g) was added. Toluene (10 nlL) was
distilled off in a Dean and Stark apparatus and after cooling sodi um
hydri de (1 WRW Mﬁaamwsfﬁtmﬁ) Baaczs l(s) mH‘}\/@SISY(QfﬂPHX@Qé {(sh1\), Beﬁf'(ddirl@l)

St ark apparat us ours after which tine an extra anount of

Sod um hydr D8 16,699 (GhaFceibs SHTMED 51 B0, A3 (et 81306 -7
reflux forg dursbers 413 RAUIED. 2 4% Eseﬁﬂ)',izlﬁwﬂgf (&101ﬁ53%dzr8 dﬁ%@g‘é&f%ﬁd

tenmperature, the 1o tol uene was was ter

evapor at ed2. 1Thm, HBs2.88 e L. RA$mpiH), 1986 180 (mol Hipnh.78 hi GAdno G R P I6¢ -dl48t(mg
wth et yI )cetate / isohexane / triethylamne (50 / 50 / 1) then

et hyl aceta el triethylamne (99 / 1) to afford the sub-titled
conmpound (0.200 g). mle 346 [ MrHr 1s11-1 NWR (399. 824 MHz, CDCl 3)

67.26 (td, 7.04 (d 6. 90 ddd |
4.78 -( @"‘Q’fv‘elmﬂ%) 13&-’?!12‘([éi@?xaﬁ%ﬂ'%w‘(’oﬂ?e@gq)(%1 -thigphen-2ey] i

> 5a 3e ) 2.13- 1. 99
oy Ml e e, 2,

1H). 20 Exarrpl e 12
(R) - 341- ( 3- Fl uoyo=phenyl ) - cycl ohept anecar bonyl oxy] - 1- (pyr azi n- 2-

yl car banoyl nmet iyl ) -\L- azoniCk- bi eyel o[ 2. 2. 2] oct ane brom de WO
GB2008/ 001647 53

2009/ 138707P

1- (3-Fl uoro- - @ycjohept ic acid
(R -(1-aza- ycl off2. oC - > (Exanmpl e 12d) (0.100 g) was
di ssol ved Yy | e7(8! nL) land/ 2- br ono- N- pyr azi n- 2-yl acet am de

(Exanmpl e 11a) (0.0 s &ddedNThe reaction m xture was stirred
for 3 days, 5diluteg;with diethyl ether (8 nL), stirred for a futher
10 mnikes, the resulting solid was

1-Thiophen-2-yl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester

(Example 5d) (71 mg) and N-benzo[d]isoxazol-3-yl-2-chloro-acetamide (Example 4a) (54
mg) were dissolved in acetonitrile (10 mL) and left to stand for 6 days. The resulting
crystals were filtered off and washed with diethyl ether (3 x 10 mL) to afford the titled

15 compound (82 mg).

m/e 509 [M*]

'"H NMR (400 MHz, DMSO-Dg) 8 12.16 (s, 1H), 8.17 (d, 1H), 7.74 (d, [H), 7.72 - 7.67 (m,

1H), 7.44 - 7.39 (m, 2H), 7.04 (dd, 1H), 6.98 (dd, 1H), 5.16 - 5.11 (m, LH), 4.64 - 4.50 (m,
20 2H),4.21-4.13 (m, 1H), 3.82 - 3.64 (m, 4H), 3.59 (dd, 1H), 2.56 - 2.44 (m, 2H), 2.29 -

2.22 (m, 1H), 2.22 - 2.13 (m, 1H), 2.08 - 1.89 (m, 3H), 1.89 - 1.81 (m, [H), 1.80 - 1.69 (m,

1H), 1.64 - 1.47 (m, 8H).

Example 11: (R)-1-(Pyrazin-2-ylcarbamoylmethyl)-3-(1-thiophen-2-yl-

25 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane bromide

a) 2-Bromo-N-pyrazin-2-yl-acetamide



filtered and washed with diethyl ether (3 x 8 nL) to afford a solid
whi ch was recrystallised fromhot butanone (8 nL) to afford the
titled conwowosh/ms7oa solid (0.081 g). nile 481 [M i oNMRT{G$:90s%06547
MHz, DMBO- D6) 5 11.42 (s,9.28 (s, 1H), 8.49 - 8.45 (m 2H), 7.40 (td,
1H), 7.19- 7.12 (m 2H), 7.09 (td, 1H) 495.17 - 5.10 (m 1H), 4.40 -
4.30 (m 2H), 4.16 - 4.07 (m 1H), 3.71 - 3.57 (m 4H), 3.52 - 3.41
(m 1H), 2.43 -2.27 (m 2H), 2.26 - 2.19 (m | H, 2.19 - 2.09 (m
1H), 2.05- 1.87 (nH SH%] 1.86- 1.76 (m 1H), 1.71 - 1.46 (m 9H). 15

Exanpl e 13:

(R -311- (SBIJ—: | uorip- ph y cycl ohept aneear bonyl oxy] - 1- (i soxazol - 3-
yl car banoyl net hy®) - 1- a- bi eyel o[ 2. 2. 2] oet ane brom de 20 a)

2- Brono- N-i soxazol - 3-yl'¥ acet am de Isoxazol 3-ylamne (1.14 g) was

di | ved i: t a m 25car bonat 3.74
0 “ves  adadd 2 QLRI SR AR Dm0 £ WA bR R AP SRR b B
stirring adxdhlbhﬁn@hﬁﬁp(ﬂﬁ&hbmwaaﬁdaib)rdreplw@w%d’u@m brogi@a:etﬁaﬁdrm@g(l 72
t t t ri and evapor at e
br oduct waBtydiyeelet pudie pis e Pk e i Rans ( bodmiar o
t he subs t i TheskgBQOPRUIE Ghag %gé’ra@ll -dridd Miin ﬁﬂ%ﬁe&@rﬁ%ul%@am F&% %)yzéiﬁ 4
1H), 8.34 1 , anpl e 13:

H)
(R) 311- ( 384brijf GDQH%‘H’sdi?jQﬁbl ohept anecar bonyI oxy] 1- (i soxazol - 3-
yl car banoyl net hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane br om de
1- (3- Fl uoro-phenyl) - cycl ohept anecar boxylic acid

(R) - (1- aza thNMR (46D 21z, )-8 §110d, €14}, Br63((EX RS 42 28, 830 (ddy ) 06
2- br ono- N-{ ﬁg zoI 3-yl -acetam de (Exanple 13a) (30 ng) were
di ssol ved cetonitrile (4 InL) and stirred overnight. The solution

was di hwted with 10di ethyl ether (12 nL) and stirred overnight. The
resultin st al re filtered off,
9 }%xz}/ 1? &% (Pyrazrin -2-ylcarbamoylmethyl)-3-(1-thiophen-2-yl-

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

Br
H
~ ON+/YN N
N5 0 0ol
N N
H

15 1-Thiophen-2-yl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester
(Example 5d) (116 mg) and 2-bromo-N-pyrazin-2-yl-acetamide (Example I 1a) (75 mg)
were dissolved in acetonitrile (2 mL) and left overnight. Diethyl ether (10 mL) and
isohexane (8 mL) were added and the mixture was left to stand overnight. The resulting

crystals were filtered off and washed with diethyl ether to afford the titled compound (117

20 mg).

m/e 469 [M']

'"H NMR (400 MHz, DMSO-Dg) & 11.38 (s, LH), 9.28 (s, [H), 8.50 - 8.45 (m, 2H), 7.44

(dd, 1H), 7.04 (dd, 1H), 6.99 (dd, 1H), 5.15 - 5.09 {m, 1H), 4.36 (s, 2H), 4.18 - 4.08 (m,
25 1H), 3.76 - 3.58 (m, 4H), 3.58 - 3.46 (m, 1H), 3.33 - 3.29 (m, 1H), 2.55 - 2.43 (m, 1H),



washed with ether (3 x 10 nL) and dried to afford the titled conpound
as a solid (48 nmg). me 470 [M 1H NWR (399.826 MHz, DWMSO-135) 8

11. 69 (s, wd)20093907(d, 1H), 7.40 (td, 1H), 7.18 - |s 7d/cK2008/08tH7
6.91 (d, I H, 5.16 - 5.10 (m 1H), 4.31 (d, 1H), 4.25 (d, 1H), 4.09
(ddd, 1H), 3.68 - 3.53 (m 4H), 3.43 (44, 1H), 2.42 - 2.27 (m 2H),
2.25 - 2.19 (in, 1H), 2.18 - 2.09 (m 1H), 2.04- 1.88 (m 3H), 1.85-
1.75 (m 1H), 1.69- 1.51 (m 9Fl). Exanpl e 14:

(R - 3- (1- PREAyR-22yrl bHpBt2an&clar(imo i), 309 )1 B]((py BHYi1rB82-1.79 (m, 1H), 1.79 -
20yl car ba t - i azhicyclo[2.2.2]octane chloride a)
Cyclohept;?ygﬁghgqiﬁggﬁgﬁgzg’s 5 Phenyl magnesi um br om de (3. OM
solution in diethyl ether) (271 nL), was added dropwi se to a stirred
(over head ﬁtirreﬁé aglution of cycl oheptanecarbonitrile (50 g) in 229
mL di et hyl E¥mRle 1ahH8r3-Hir Grigyene-shenirereleheptane carbongloyyr nfraravinént | e
ref I ux. s ThecaasdoyBitethy bl LzEnidbicy eI BRalage bAdmiaef | ux for 3 hours.
TLC indicated no starting material present in gﬂe reaction 5 m xture.
The reaction m xture was allowed to cool to roomtenperature and

st ood unde i ' [ ' was cooled to 0C
and treat e@ j;jra%{)jv)\ng@g Zs&gﬂdaﬁ‘%@;eﬂﬂwﬁ‘ ﬂ%@%ﬁé‘?g l?{ege%l5 %%&t he tenperature
bel ow 20C. 4N sul furic acid (203 nL) was added dropwi se rapidly to
start with and then nore slowy towards the end. The ice bath was
renoved and the diethyl ether was distilled off. The reaction mxture
was heated at | 08¢ C for 3.5 hours then allowed to cool to room
tenperature and stood jovernight. The m xture was diluted with ether
(approx 450 m) ater (100 nL). The | ayers were separated and the
aqueous | afjer mag €xtgdeted with ether (2 x 400 mL) The organic

| ayers were ned land washed wi th saturated aqueous sodi um

hydr ogen carbegste (69Q nmL) and brine (600 ni), dried over magnesium
sul phate, filtered and evaporated to give the 15sub-titled conmpound
as an orange liquid (86.5 g). 11-1 NWR (300 MHz, CDC13) 5 7.96-7.91

(1%8_2? é87(?%4ﬁ%?§9 e@’ﬂg@%@ gﬂ'f] @%@91%@%3 g4(..{p§ ) dissolaed i teraharbfurad (20
(1- Cnl or o-mErdmhepkey 19 <7Bh@ Mythiviesh@naaRyl§lyhamide (25.6 mL, IM THF solution)

was added and the solution was stirred for 30 minutes. 4-Bromo-but-1-ene (2.60 mL) was

added and the reaction contents were allowed to warm to room temperature and stir for an

15 hour. The reaction mixture was again cooled to -78°C. Lithium bis(trimethylsilyl)amide
{25.6 mL, IM THF solution) was added and the solution was stirred for 30 minutes. 4-
Bromo-1-butene (2.60 mL} was added and the reaction mixture was allowed to warm to
room temperature and stir for an hour. The contents were again cooled to -78°C and further
aliquots of Lithium bis(trimethylsilyl)amide (25.6 mL, 1M THF solution) and 4-bromo-1-

20  butene (2.60 mL) were added following the procedure outlined above. After stirring
overnight, water (20 mL) was added and the reaction mixture extracted with diethyl ether
(2 x 60 mL). The combined organic extracts were dried with magnesium sulfate and
evaporated. The resulting liquid was purified by column chromatography on silica eluting
with ethyl acetate / isohexane (1 /99) to afford the sub-titled compound (5.0 g).

25

m/e 277 [M+H]*

b} 1-(3-Fluoro-phenyl)-cyclohept-4-enecarboxylic acid methyl ester



20 Sul furyl chloride (210 nL) was added dropw se to neat

cycl oheptyl - phenyl - net hanone (Exanple 14a) (86.5 g) at OC over

appr oxi mat wioyzods/39er. Gas evol uti on and an exot her m wergabsabs@tse7
The internal tenperature was kept below I 5C during the addition and
t he evol ved gas was scrubbed by passinglthrough a | 0.2M aqueous
solution of NaOH The 25 reaction m xture was heated to refl ux
overnight. The reaction m xture was cooled to OC and poured slowy
onto ice (1 L) with stirring. The | ayers were separated and the
aqueous | ayer was extracted with ether (2 x 400 nL). The conbi ned

i mshed with water (600 nL), saturated aqueous
sodi um hydr ogen darborate (600 nL), and brine 56 (600 nL), dried
over nagnhesd - filtered and evaporate to give the
sub-titled Al as brown oil (100 g). "H NWMR (400 MHz,
CDC13) 58. 10-i8 (d,\2H), 7.52-7.46 (t, 1H), 7.44-7.36 (t, 2H), 2.50
s(ddd, 2H), 27%¢f (dddD\QFD 1.84-1.73 (m 2H), 1.68-1.58 (m 2H)
1.58-1.43 (m 41-1). c) 1-Phenyl-cycl oheptanecarboxylic acid A
sol ution of (1-chloro-cycloheptyl)-phenyl-nethanone (Exanple 14b)

100 n N r
f:l oudg) slol E%?%Hp%fe h)q%-@m%—%(g h???f%ﬁg a?ﬂ%vxeg 18&%8@ rXrTV\fe SI e
pr eci pi t at & dichldromethanEH{@00 mhf wanmlded Grubbe Cwalysr(éadl Gdndraxlo?ﬁsighﬂrAldn&l

hour s. The reactl was, cool ed to, roo erature e

(1t or ed aRAPBENIER. PP &l e MR irr gt bR, A5 T yovsig
et her ( 300thakdacia easaddied tmdmtt&apéramr SvapeprRt & &l erepuaxtﬁlé@ajd Sothayer
was extracted with et herlé?éZ X. 25 . The | s conbined organic |ayers

were ext r Ao ¥RGeERhy oy lics Ghting Wé‘B&FlUHCGE‘F%dF@Féa"E@ 49940 Yisld) an ofhe

conbi ned bagilgsiCHtthesrbSucEidvel it & nm@ar@%o&m%fﬂﬁnﬁ% ﬁuﬁeﬁﬁ@d@ résémn
cooled to roomterrperature and acidified with concentrated

The redtl t hAGIHHEEWA thegnixrewyas subjecisd & spetitionns H@de%ilmcmtéms @1%12)
and dried MRERAIME dbEVAS 120G I f ol (40
1) gave the subrtried csnpoa%%“ﬁ?ﬁ%&hﬁééﬂ%a&%@"&%‘l’?%f’% .
11-1 NWR (400 MHz, CD30D) 37.36-7.26 (m 4H), 7.21-7.15 (m |
2.43-2.35 [ % % 07-1.98 (m 2H), 1.70-1.53 (m 8H). d)

1- Phenyl - cycl 0 épta ecar boxylic acid nmethyl ester

15 ¢) 1-(3-Fluoro-phenyl)-cycloheptanecarboxylic acid methyl ester

F O
O.

1-(3-Fluoro-phenyl)-cyclohept-4-enecarboxylic acid methyl ester (Example 12b) (1.09 g)
20  was disolved in methanol (20 mL), palladium on carbon (50 mg) added and mixture stirred
under 4 atm of hydrogen overnight. The solution was filtered and evaporated to afford the

' sub-titled compound (1.09 g).

m/e 251 [M+H]*

25



57 A 2.0 Msolution of trinmethylsilyl diazonmethane (29.2 nlL) was
added dropwi se to a solution of 1-phenyl-cycloheptanecarboxylic acid
(Exanmpl e 1wo)204413870g) i n net hanol (85 nlL) and tol uene (KROGcEde)s/cender
an atnosphere of nitrogen. After 45 mnutes the reaction m xture was
concentrated under vacuum and the crudé2product was purified by

col um chr onot ography eluting with 0-10% ethyl acetate / cycl ohexane

to give the %-oduct as a pale yellowoil (9.25 g). NVR (300
MHz, CD30 D)d) (F-Fyprplrayreyclahgpiangeaghpx ylicaeid (R)- (Magwblsyc@m@s?,]ocmwl)
2. 43- 1 02. 3ge(Mm 2H), 2.07-1.96 (m 2H), 1.65-1.58 (m 8H). e)

1- Phenyl - cycFoheptanecarboxyIic acid
(R -(1-aza-bicycl .2]oct-3-yl) ester A solution of
10.13 g) and 1-phenyl -cycl ohept anecar boxylic

acid 15 net hyl le 14d) (9.25 g) in toluene (90 nL) was
heated to , y n-Stark trap for 30 mn. The reaction
m xture was 4 to roomtenperature and the trap was

renoved. Sodik i % dispersion in mneral oil) (3.19 g) was
added portionw Se under:nitrogen and the reaction m xture was heated
to reflux overnight under nitrogen. The reaction mxture was cool ed
in an ice bath and diluted with ethyl acetate 20 (200 nL) and water
(200 n). ‘HﬁéF&rim@-gh@yﬁ/ﬂ:&c!bhdptmewoagﬂc ddiembthy beseer giepaipid £24d) (07188 o)

conbinet of el RRE ot pdalh Wi fadng- o Sadvins %ﬁ%@?&?

sul fate an(:lOeanmmﬂflle& Off@h ¥ Bedighd So&tk ppietRudUn@dBed coblthe€ SbdWAS hydride
purified b silica g@?bi romat ogr aphy el uting with Et 0Ac cont ai ni ng

1% tri et hy ‘Qw@ewﬁs& % fractiop b"aﬁ rfuged ivGydnsad arkeanparas fpekhouss |

(7.63 g) . after MR trObh Mﬁ%an@ﬁ%@locﬁ]m%ﬁdr?de?%&@wﬁlﬂddeg ardxhd re%Ztlc(nm
IF),480475$m1 , 53.12 (ddd, , 2.53-2

(m  4H), 2W¥asbeateddo rsfjux fexya furthegg hougsAftenalloping tqcc@}slqrosm tEpperatord) ¢ the

1.54- 1,42 {NGent EJLS w%sh@éwith%ﬂate@ &' 1p$8,) and
2. Chl o1 0 N py T G g Y o éle kﬂdg 4) and evaporated. The residue was purified

by column chromatography eluting with ethyl acetate / isohexane / triethylamine (50 / 50 /
1) then ethyl acetate / triethylamine (99 / 1) to afford the sub-titled compound (0.200 g).

m/e 346 [M+HJ*

s 'HNMR (399.824 MHz, CDCl;) § 7.26 (i, 1H), 7.10 - 7.07 (m, 1H), 7.04 (dd, 1H), 6.90
(ddd, 1H), 4.78 - 4.73 (m, 1H), 3.14 (ddd, 1H), 2.79 - 2.66 (m, 3H), 2.66 - 2.56 (m, 1H),
2.53 - 2.46 (m, 1H), 2.46 - 2.36 (m, 2H), 2.13 - 1.99 (m, 2H), 1.90 - 1.85 (m, 1H), 1.73 -
1.40 (m, 11H), 1.29 - 1.18 (m, LH).

20  Example 12: (R)-3-[1-(3-Fluoro-phenyl)-cycloheptanecarbonyloxyl-1-(pyrazin-2-

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

F A;\rr\o

I:,,



SN: i nA solution of 2-am no-pyridine (1.0 g) in dry dichloronethane
(10.6 nL) under nitrogen at 0OC was treated with triethylamne (1.63

mL) fol | ovwwd 20yp/8870w addi ti on of chl oroacetyl chlori de HQy&2osonis47 e
reaction mxture was allowed to warmup to roomtenperature. After 2

hours, the mixture was partitioned betw#en dichl oronet hane and water.
The phases were separated and the aqueous |ayer was extracted with
di chl oronet hane (x2). The 15conbi ned organic |ayers were washed with
brine, dried over rragnesi um sul phate, filtered and concentrated to
give the c ro uct WhIC S puri ilica gel ~
chr omat ogrgggﬁ OuPher?éiD\X’ny?lﬂ WQ@XH acé{’c&%‘éf é”}“b’EXFg‘P[Sﬁe%l%@ leesﬁ‘ifve
the title (Exapelnddf . W g@baﬁﬁlsﬁ)l@dﬁﬁa&mnhﬂ}e (EH{L) R 2 RHrhd- NeRrAA 2 W

achieved by trituration wmth 40-60 petroleumethér to give 1.15 g

the desiretFepiHgR Exampie,ld ﬁ)dpiﬂﬁgéwwdm The eagUorgmizgire iwen sttedXon hdays,
Compount oo i W0 Ras B ditesd e oRncEab AINES iieifind sl §fes
111), 8. 32filtes andwhecewmdneduyl dthdd)(3 x B.0719) t¢ difkd akbhid which vas debelystaliifed
4.20 2

(R) - gs( 1- |Is%eny? cyﬂ{mhép% Né)cagfoﬁd tRy g4 sompopnd asiafofd 60081 g).

yl car banoyl net hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] octane chloride WO

2009/ 13870@3(%,/ i@[zg%/ 001647 59 A sol ution of

1- phenyl A necar boxylic acid

(R) - ( 110z aTbNmret30 828020 0hSH wa PRALLS (@9@@@1111@49( 2045 (o

acetonltrlle((S rrL) was treat ed | or o- N-

0(d, 1H), 7.19-7.12 (m, 2H), 709 (td lH) 5.17-5. 10(m 1H), 4.40 - 4.30 (m, 2H),

4.16 - 4.07 (m, 1H), 3.71 - 3.57 (m, 4H), 3.52 - 3.41 (m, 1H), 2.43 - 2.27 (m, 2H), 2.26 -
2.19 (m, 1H), 2.19 - 2.09 (m, 1H), 2.05 - 1.87 (m, 3H), 1.86 - 1.76 (m, 1H), 1.71 - 1.46 (m,
9H).

Example 13: (R)-3-[1-(3-Fluoro-phenyl)-cycloheptanecarbonyloxy]-1-(isoxazol-3-
Ylcarbamoylmethyl)-1-azonia-bicyclo]2.2.2]octane bromide

20 a) 2-Bromo-N-isoxazol-3-yl-acetamide

H
N
Y \E_/O
O =/

Isoxazol-3-ylamine (1.14 g) was dissolved in dichioromethane (50 mL) and potassium

25 carbonate (3.74 g) was added. Bromoacety] chloride (1.12 mL) was added slowly with
stirring and the suspension was stirred overnight. The reaction mixture was washed with
water (2 x 50 mL), dried and evaporated. The product was recrystallised from

dichloromethane / isohexane to afford the sub-titled compound (2.3 g).

30 '"HNMR (299.946 MHz, CDCls) 68.94 (s, 1H), 8.34 (s, 1H), 7.06 (s, 1H), 4.03 (s, 2H).



52-yl -acetam de (Exanple 140 (146 ngy) and the resulting yellow
solution was stirred at room tenperature overnight during which tine
a solid prwoipixas®d. The reaction m xture was treat ed pamidB208/00is40f
ether and the solid was filtered off, washed with ether and dried
under vacuumto give the title conpound4as an off-white solid (217
ng). Crystallisation fromrefluxing acetonitrile (20 nL) gave 98 ng
of the titled conpound as a white 10crystalline solid. me 462 [M+
"H NWVR (400 MHz, DVMSO-D6): 8 11.09 (s, IH), 8.34-8.32 (d, IH, 7.97

(d, 1H, 7 = 1149 hta il 7. 33-7 25  £.21-7..13 ., :
507" (1 ERgelE R G -phetudp ety ity i ontesartiomio b LfoRhag 2

3. 41- 3. 29 glearbhijoylidetBPh-2-a28niashicy2i)2.2.2]ot#@ne bodmidey 2H), 151.99-1.81
(m 3H), 1.78-1.66 (m IH, 1.77-1.19 (m 9H). Preparation of Exanple
14: (R)-3-(1-Phenyl -cycl ohept anecar bonyl oxy) - 1- (pyri di n- 2-

yl car banoyl net hyl ) azoni a- bi cycl o[ 2. 2. 2] octane chloride Crystalline
Form A 20A sol uti 1- phelByl - cycl ohept anecar boxylic acid

(R -(I-aza-bicycl .2]oct-3-y ester (Exanpl e 14e) (254 ny,
0.78mmmol ) FD a S reated with

2- chl or oN- py f Iﬁp e 140 (146 ng) and the

resul ting vyel hJ tirr room tenperature overnight
during which a [ Xci pi reaction m xture was treated
with a couple of nis o,g ether and the solid was filtered off, washed
25 with* ether and dried under vacuumto give the title conpound (217
ng) as an off-white solid. Crystallisation fromrefl uxing
acetonitriL? EI‘ZO mﬂ ave 98 ng of the title conpound as a white
crystal | i ntsBlupEp-phe )ﬁwlwétamfbowlnmd(%@l -ApazbicyolaER?.- @B)ft 3g1)esteno
(7 S331|7'|) 258(59;(15,1131%312(1)((@0 Iﬁb!;umd ibl%ﬁlo(ld-ﬂlsogtﬁoi 3 l%éetarzmz ?E)&afnglel l@a) 9 mg}
4.07 (ddd W@fﬂ}!mscévqs‘anac%qnl(rm (4414)) ang smedsu\@gughhﬂmplungn s'as @1@@1 ith
2H), 2,417- cg%tlgﬁll AHEr (122_})11,) b sﬂﬁ‘edloéilmé}m Tﬁ(ﬂe’sulang §rygta]§ Q«e erﬁlte}(l,zp off,

1.77-1.19
washed w1th ether (3 x 10 mL) and dried to afford the titled compound as a solid (48 mg).

m/e 470 [M"]
"H NMR (399.826 MHz, DMSO-Dy) § 11.69 (s, 1H), 8.90 (d, 1H), 7.40 (td, 1H), 7.18 -

s 7.07 (m, 3H), 6.91 (d, {H), 5.16 - 5.10 (m, 1H), 4.31 (d, 1H), 4.25 (d, {H), 4.09 (ddd, 1H),
3.68 - 3.53 (m, 4H), 3.43 (dd, 1H), 2.42 - 2.27 (m, 2H), 2.25 - 2.19 (m, 1H), 2.18 - 2.09 (m,
1H), 2.04 - 1.88 (m, 3H), 1.85 - 1.75 (m, 1H), 1.69 - 1.51 (m, 9H).

Example 14: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-

20 ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride

a) Cycloheptyl-phenyl-methanone



Anal ysi s of Exanple 14: o

(R) - 3- (1-Phenyl - cycl ohept anecar bonyl oxy) - 1- (pyri di n- 2- _

yl car banoywoedbyisp7i- azoni a- bi cycl o[ 2. 2. 2] oct ane chl or i gter/&n3088/@sdrne
Form A to A sanple of crystalline Exanple 14 Crystalline FormA

obt ai ned by the procedure described abé%e was anal ysed by XRPD

(PANal ytical X Pert system, DSC and TGA. The nelting tenperature
of Exanple_14 chloride Form A as determ ned by DSC was found to be
239C ( onsethenylnmenesium yramide 6x0M selativneid dpﬁthycb pthe (27 ol h gyabyd dEGAropasse

(o v at oW oy it SR oY BB R EtL B8 o PAE BT Gty
A i s preseethagdinder dﬁr@gnat duch B(i)?)tExsmmmmdlﬁ gentlerrflef('ljr.llxn TI;: reaction mixture was
)(/ :?)C é?ﬁi;rgc %Fféﬁ?‘ﬂ?‘%ﬁ nig%rr% 3@‘?‘]0‘ X% é]%@%lf e mateyak Rﬂeeseat)m the reaction

2- Br onos N- pijAtire Tl‘h@reﬁ&txo%@ﬂkﬁﬁé a8s dlwed ©codl E%Q!)M‘Pl 'té?ﬁbe?dtture and stood under
2-am nopyridine (48.8 mmol) in anhydrous THF (98 ) at room

t enper at urBUGERD oYgEIsEht £ BNERS BN gnNiEs Waséﬁ@le@JFQﬂTﬁa?@étthte@ﬂW@@ wWithsl08
ol ) dr opi g H(_Eﬂﬁ‘cp'ﬁeéﬂlh'é fhe Wpobhink b QYL DN AE i @30&%@%3& th

sat. NaHCO3 (aq). EUOAc was a to the mXxture
separ at ed. adiipddregwise napigih & garhvevith end tha tneck siavill tastDdscthe pt. I-Hhe tdadath

nbi ned n vacgua to.a brown
Sor e 6 RS Tec a6 Gl eter AL S ARGER, B SEeckiOn MBTHR y S Pl
With 112%38%9MC for3.6 hbas drmtananed Qave b h@nsmbm&mnﬁe&maawaglgg@ 7’2116
yel | ow sol i

d(1.14 1 400 MHz, CDCl 3):
(s, 1H), %&% &aﬁd&ﬁ‘% wit ethey @EPW&%&O fm;/R @;‘ Waid ¢ 100 ). ?ﬁe la¥ery Wers,
1H), 3.94 s(aparatzﬂ‘i}md #h¥ agitlo8s h9er was extracted with ether (2 x 400 mL). The organic layers
(R)-3-(1-Phenyl - cycl ohept anecar bonyl oxy) - 1- (pyri di n- 2-

yl car banoyY§fe EeRpbined and sashed witk %‘I‘%‘FQ aquepnsedehysrqpen gerbonate (600 mL)

and brine (600 mL), dried over magnesium sulphate, filtered and evaporated to give the

15 sub-titled compound as an orange liquid (86.5 g).

'H NMR (300 MHz, CDCl3) § 7.96-7.91 (d, 2H), 7.54-7.49 (m, 1H), 7.48-7.40 (t, 2H),
3.48-3.37 (m, [H), 1.98-1.88 (m, 2H), 1.85-1.44 (m, 10H).
b) (1-Chloro-cycloheptyl)-phenyl-methanone

Cl o

Sulfury! chloride (210 mL) was added dropwise to neat cycloheptyl-phenyl-methanone
(Example 14a) (86.5 g} at 0°C over approximately ! hour. Gas evolution and an exotherm
were observed. The internal temperature was kept below 15°C during the addition and the
evolved gas was scrubbed by passing through a 10.2M aqueous solution of NaOH. The
25 reaction mixture was heated to reflux overnight. The reaction mixture was cooled to 0°C
and poured slowly onto ice (1 L) with stirring. The layers were separated and the aqueous
layer was extracted with ether (2 x 400 mL). The combined organic layers were washed

with water (600 mL), saturated aqueous sodium hydrogen carbonate (600 mL), and brine



1- Phenyl - cycl ohept anecar boxylic acid (R -(1- aza-bicy clo[2.2.2]oct-3
-yl) ester (Exanple 14e) (0.79 mmol) and

2- br onp- N-woro@ins7@7 yl - acet am de (Exanpl e 15a) (0. 87 mmin)Gnveésf0ics?
stirred together in anhydrous MeCN at roomtenperature for 2.5 days.
The reaction 15 mi xture was concentraté@fl in vacuo and the yell ow
solid purified by flash silica gel columm chromatography eluting with
2-8% MeOH / dichl oronet hane to give a tan solid which was

cryst al | i sé§0mlondrisdidvenmagvedimtsolphite.diltered ani tVapdragomgonit aub-taledhi t e
solid (211 ‘\H NVR (400 MHz, DMBO D6) 8 11.02 (s,
IH), 8.33 ‘i%%) ,““%ﬁ%%&%&%@?m, 7.86-7.80 (m 1H), 7.32-7.25 (m
4H), 7.23-7.12 (m 2H), 5.09-5.04 (m 1H), 4.23 (s, 2H), 4.06 (ddd,

1H), 3.63- : -3, 29 1H), 2.37-2.22 (m _2H),

> 073" 04 ThtMs oo s Chds a0 shS e, 2Hhig. 28 {5, 17265 21,050
(m 9H) dd, piBhenyldddy eliphest-aneear Bgx vl dsc1. 8¢ 58-1. _
(R -( 1-5:'12a(-abi c]:zyc?l o[ 2.(2®2(10(§:)t - 3- yl)g%gs?g(n(éécxlaﬁ% rg 2fﬂ'e)l 5?&.4;émﬁ%IP)
and 2-brono- N pyridin-2-yl-acetam de (Exanple 15a) (0.87 mmol) were

stirred tngtmﬁ¥lhg}gga£%g{eg%0%%igt roomtenperature for 2.5 days.

The reacti on m x concent ed in vacuo and the yellow solid
purified by flagtrsjlica gel colum 5 chromatography eluting with
thane to give a tan solid. The solid was

2- 8% MeOH/ di ch
di ssol ved up i uxi ng MeCN and the solution was allowed to cool
down to roomtenperature. The resulting crystals were filtered off
and washed y srdPl quantity of cold MeCNto give the title
conmpound ( § J) ‘As a white crystalline solid. io nVe 462 [M 'H NWR
(400 MHz, DABO )O 6 11.02 (s, 1H), 8.33 (ddd, 1H), 7.97 (d, 1H),
7.86-7.80 (m 1H), 7.32-7.25 (m 4H), 7.23-7.12 (m 2H), 5.09-5.04(m

1H), 4.23 £ soluddof (ﬂc@l@rd—@@ﬂnheﬂ%l?p?%ﬁd-g%ﬂﬁn%% g(gfalm@g')l ?b%%i%%%_%ﬁn 78 fol)

1H), 2.37-2.22 (m 2H), 2.17-2.1 I , . _ . :

1. 78- 1196 9ana pips traatsilrapvaise papidliowith 2 elsudysluion of eifveExisrais! (83719 in

(R - 3- (1- RhRdvks &Y § E%ﬁ@taﬂﬂ@c@ﬁ{a%%lf&%yﬁﬁf%éa@m{ﬁ hofnie S7as heated to 75°C for

yl car banoyl net hyl%f; 1-azonia-bicycl o] 2. 2. 2] octane brom de ystalTine
Form A A ahiuss. ofhegesesipa ixtnee Vs saglbdtorsodigmytesdtine tien Fdterad And bt ai ned

X pert oyspan rapER 4RRAGHAY BORNC, WS A0S Bl e 0l LiER athe™
brom de Fendihk lagrdepantein®he mpe@SCywasaf ounced ovithethi28QG F59nskEL JThe
(29 e Sl R RRSARS BT R PlR R (B
mL). The combined basic extracts were heated to 90°C over 40 minutes and then cooled to
room temperature and acidified with concentrated HCI (aq). The resulting brown solid was
filtered off, washed with water (x2) and dried under vacuum at 50°C. Crystallisation from
hot ethanol (40 mL) gave the sub-titled compound as pale brown crystals (9.83 g).
20
'H NMR (400 MHz, CD;0D) & 7.36-7.26 (m, 4H), 7.21-7.15 (m, 1H), 2.43-2.35 (m, 2H),
2.07-1.98 (m, 2H), 1.70-1.53 (m, 8H).

d) 1-Phenyl-cycloheptanecarboxylic acid methyl ester



25(0.2% . An XRPD spectrum of Exanple 15 brom de Form A is presented
in Figure 2. 30 Exanple 16:

(R) - 3- (1- PveryessByol ohept anecar bonyl oxy) 4- (pyri di n-4-  pc1/GB2008/001647
yl car banoyl met hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] octane chl oride 63 a)

2- Chl oro- N-pyridi n-4-yl -acetam de A su$pensi on of 4-am nopyri di ne
(0.96 g) in dry dichloronmethane (10 nL) under nitrogen 5 was cool ed
to OCin an ice bath. Triethylamne (1.56 nlL) was added, followed by
the sl ow additi chl oroacetyl chloride (0.89 nmL). The ice bath
was renoved an eaction mxture allowed to reach room

t enper at ur e. .ction m xture was diluted with water (20 niL) and

di chl or onet hane < The solid was filtered off, washed with
pent ane and i€ ve the title conpound as a brown solid (0. 87
g). The | aye .he lofiltrate were separated and the organic | ayer

ater, dried and the solvent was evaporated to give a
dark brown glass Trituration with pentane gave another batch of the

titl i 1
8!_ 47e( g?mz)ﬂ lzf.uix;l_(sglgu%g oF t2nme|thy:l—s l?MBaf Ms'%zlg Sﬂ}E(EFbRﬁQddéd ddpifetsa 1H)

(R)-3-(1- iﬁpDé%ﬁ‘@ﬂéﬁﬂ%lﬁ@%ﬂwmw%mquwbdﬁw@ﬁ g) in methanol (85
yl car banmoyl,ires by b%e&a@é@ﬂﬂ,u9&§§95€%§gﬁﬂ%éﬂﬁ%§¥ﬁ chloride

2- Chl oro- N- pyri |n 4 (30 ng) was added to
a sol uti onAtdr 45-midGish theytactg mittep wam eomelicxed undera@iwhim and the crude

(R)-(1-az 6\5;9}]._%}’&;'5‘9 é\?riﬁzéd%Jy%gfu}n%_c%ggmo%gérgphygﬁlngpvlt% 0- llb% ethyl acetate /

cyclohexane to give the product as a pale yellow oil (9.25 g).

'H NMR (300 MHz, CD;0D} § 7.32-7.24 (m, 4H), 7.21-7.12 (m, 1H), 3.60 (s, 3H), 2.43-
10 2.32 (m, 2H), 2.07-1.96 (m, 2H), 1.65-1.58 (m, 8H).

e) 1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester

A solution of (R)-(3)-quinuclidinol (10.13 g) and 1-phenyl-cycloheptanecarboxylic acid

15 methyl ester (Example 14d} (9.25 g) in toluene (90 mL) was heated to reflux with a Dean-
Stark trap for 30 min. The reaction mixture was allowed to cool to room temperature and
the trap was removed. Sodium hydride (60% dispersion in mineral oil) (3.19 g) was added
portionwise under nitrogen and the reaction mixture was heated to reflux overnight under
nitrogen. The reaction mixture was cooled in an ice bath and diluted with ethyl acetate

20 (200 mL) and water (200 mL). The mixture was filtered and the layers separated. The
aqueous layer was extracted with ethyl acetate (2 x 250 mL) and the combined organic

layers were washed with brine, dried over magnesium sulfate and evaporated to give the



(53 mg) in acetonitrile (1 nL). The reaction mxture was stirred at
roomtenperature for 24 h. Diethyl ether (2 nL) was added and the

reaction nwetusessves filtered to give a light brown solpicd/cebossafdst d
was washed several times with diethyl ether and dried under vacuum at

40C. Purification by colum chronmat ogr&@ghy eluting with 0-10% MeOH /
25 di chl oronet hane gave the title conpound as a white solid (20 np).
64 ink 462 [M 'H NWMR (400 MHz, DMsO- D6) 8 11.34 (s, 1H), 8.46 (d,
2H), 7.55 ¢uide préfinctwideh wasfirifind byiica gl 2Fematbgraphi eldthlg, with B®Acm

) 2. .11-4.0 11),.3.65-3.51 5 4H), .3,42-3.30
(b 20, baighg ) o diedagtingo e st ibrita Simsbind 5 Bjouslebs ofl (43
1.79-1.67 (m 1H), 1.69-1.2|6(mb 9|—|).1Exarrﬁlilg:(1 ] I ohent

- - - i.di.n-2- - met -3-(1- phenyl cycl ohept an
Sonr oyl o ST RG2S B30T 55 bt o o b canH;, 4 5075 e &,
0 ) : , . ;
oo oL R IR ool Aot BB 20, 20ARNCED 16 | o,

met hod used 15i n EX but” usi

NVR (400 MH). DABGSHEN. BHI0 194- 142 (nh i), 8335.2¢dm. IHY), 8.10 (dd, 1H),
7.80-7.74 (m 1H), 4.34 (s, 2H). 20 Exanple 17:

(R) -1-[(5-Fluoro-pyridin-2-yl carbanoyl) - net hyl ] - 3- (1- phenyl cycl ohept a
necar bonyl BXyQhlaroa¥-ppridini2- diacttaqitle?. 2] oct ane chl ori de

2- Chl oro- N- (5-fl ugro-pyridin-2-yl)-acetanm de (Exanple 17a) (31 np)

was added to soljti oy of 1-phenyl -cycl ohept anecar boxylic acid _
(R - (1-azadlbi cyqgto[ 272. ct-3-yl) ester 25 (Exanple 14e) (49 ng) in
acetonitrile (1 ). |The/ eaction mxture was stirred at room 65

10 A solution of 2-amino-pyridine (1.0 g) in dry dichloromethane (10.6 mL}) under nitrogen at
0°C was treated with triethylamine (1.63 mL) followed by slow addition of chloroacetyl
chloride (0.93 mL). The reaction mixture was allowed to warm up to room temperature.
After 2 hours, the mixture was partitioned between dichloromethane and water. The phases
were separated and the aqueous layer was extracted with dichloromethane (x2). The

15 combined organic layers were washed with brine, dried over magnesium sulphate, filtered
and concentrated to give the crude product which was purified by silica gel
chromatography eluting with 0-30% ethyl acetate / cyclohexane to give the title compound
(1.43 g) as a pink solid. Further purification was achieved by trituration with 40-60
petroleum ether to give 1.15 g of the desired product. Crystallisation of a 0.94 g portion of

20 the material from refluxing acetonitrile (2.4 mL) gave the sub-titled compound as a pink
solid (0.73g).

"H NMR (400 MHz, CDCl3): 3 8.96 (s, 1H), 8.32 (ddd, IH), 8.21 (d, 1H), 7.76 (ddd,
1H), 7.12 (ddd, 1H), 4.20 (s, 2H).

25
Example 14: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride



tenperature overnight. Diethyl ether (2 nL) was added to the reaction
m xture and the white solid was filtered off, washed several tines

wi t h di et hwl 2edohes7oand dri ed under vacuum at 40C to gi weTtidoedsidbied7
conmpound (49 ng). nme 480 [M '"H NWR (400 MHz, DMSO-D6) 6 11.19 (s,
1H), 8.36(d, 1H), 8.02(m 1H), 7.81 (dd8®, 1H), 7.33-7.26 (m 4H),
7.22-7.17 (m 1H), 5.07 (m 1H), 4.26 (s, 2H), 4.11-4.03 (m IH),
3.64-3.50 (m 4H), 3.41-3.29 (m 1H), 2.36-2.23 (m 2H), 2.17-2.05
(m 2H), 1.99- m 3H), 1 78-1.65 (m 1H), 1.70-1.41 (m 9H)
Exanpl e 18:

di n- 2- yI caHbarmyI) met hyl ] - 3- (1- phenyl cycl ohept a
i gycl ofy2. 21\2] octane chloride a)

necar bonyl ox

2- Chl or o- @ i Ng-y am de The title conpound (0.50
g) was prep Ny di he th used in Exanple 14f but using
2- am no- 5- pieol i ne. 400 7 DMSO-D6) 5 10.69 (s, 1H), 8.17
(dt, 1H), 7.95 (d, 1H)— 7.63 (dd, 1H), 4.32 (s, 2H), 2.25 (s, 3H).
Exanpl e 18: H

(R) -11(5- Met hyl - pyri di n-2-yl car banmoyl ) - net hyl ] - 3- (1- phenyl cycl ohept an
ecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] octane chl oride 25

2009/ 1337062 @ﬂﬁﬁmnﬁﬂdﬂﬁﬂ@émhﬁ;ﬁznec&hﬁcylw ndie (xp(rrmmdyéllsﬁ Y bctVRs)
prepared accordin od used t pare Exa e 17 usin
2-chl or o- ]’ri‘j@fr&’sﬁ Pﬁ&%a “?fb n VFson‘érélét(gﬁié &ag E%aé?fjp‘f”éh 1ghlpra-N- Pﬁ{‘g'ée
5of 2-ghl CH -9k d‘de(aﬁndd (mmﬁplexﬂnfélrrlé rﬂg»éiha zr@qs»stuﬁmf%nmm ga@ueﬂﬂﬁas[smrem

(400 MHz, DWVSO-D6) 8 10.98 gs
(dd, room temperature overnight during Wthh time a sohd precxp;tated The reactlon mlxture

was treated with ~2 mL of ether and the solid was filtered off, washed with ether and dried
under vacuum to give the title compound as an off-white solid (217 mg). Crystallisation
from refluxing acetonitrile (20 mL) gave 98 mg of the titled compound as a white
10 crystalline solid.
m/e 462 [M]*
'H NMR (400 MHz, DMSO-Dg): § 11.09 (s, 1H), 8.34-8.32 (d, IH), 7.97 (d, 1H), 7.85-
7.79 (t, 1H), 7.33-7.25 (m, 4H), 7.21-7.13 (m, 2H), 5.07 (m, 1H), 4.29 (s, 2H), 4.07
(ddd, 1H), 3.65-3.51 (m, 4H), 3.41-3.29 (m, 1H), 2.36-2.23 (m, 2H), 2.17-2.04 (m, 2H),
s 1.99-1.81 (m, 3H), 1.78-1.66 (m, IH), 1.77-1.19 (m, SH).

Preparation of Example 14: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-
ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride Crystalline Form A

20 A solution of 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclof2.2.2]oct-3-yl)
ester (Example 14e) (254 mg, 0.78mmol) in acetonitrile (5 mL) was treated with 2-chloro-
N-pyridin-2-yl-acetamide (Example 14f) (146 mg) and the resulting yellow solution was
stirred at room temperature overnight during which a solid precipitated. The reaction
mixture was treated with a couple of mLs of ether and the solid was filtered off, washed

25 with ether and dried under vacuum to give the title compound (217 mg) as an off-white
solid. Crystallisation from refluxing acetonitrile (20 mL) gave 98 mg of the title compound

as a white crystalline solid.



1H, 7.33-7.25 (m 4H), 7.23-7.17 (m 1H), 5.07 (m 1H), 4.24 (s,
2H), 4.10-4.02 (m 1H), 3.64-3.50 (m 4H), 3.40-3.27 (m 1H),
2.37-2. 22 yom200Hps702. 23 (s, 3H), 2.17-2.04 (m 2H), 1. SericiEbosoncs7
3H), 1.78-1.66 (m 1H), 1.66-1.35 (m 9H). Exanple 19:

(R) - 3- (1- Phenyl - cycl ohept anecar bonyl oxy80- 1- ( pyri di n- 3-

yl car bamoyl met hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane chloride a)
2-Chloro-N-pyridin-3-yl-acetam de NN A m xture of 3-am nopyridine
(350 ng) afde 4@dMIm hydroxide (0.6 g) were dissolved in water (8 niL)

Ade
and the re | ) o) | [ . I C I
chi ori de 20 M RPN DUSHBI 00 8.7, % Gl oI RRNRRY 0 53
al | owed t 0789t 1H], 7.3)3}?{125empdﬂﬁt'hﬂle‘?.méeﬁ,rr‘]ﬂ}gh'ﬁ,O’lTrh?ll—;[)@&CEQI(Q,HZH)) Ylour e
was extrac .t ' r opet e and the organic | ayer was
concent r at Ldgg’al\r%’ gﬁ’fg L&"lﬁ@scgﬁgrﬁ?@éﬁ% SHRut %é_ -ApR{m, %ﬁ/)utz'r -G om 20,
60% et hyl a0@t &, 3Hy,01.m1¢.>663ﬂ, II@),Ql‘Mﬂ.W@u}g %J e conpound (0.10g) as
a white solid. WD 2009/138707PCT/ 0OB2008/ 00164

Analysis of Example 14: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-

ylearbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride Crystalline Form A

10 A sample of crystalline Example 14 Crystalline Form A obtained by the procedure
described above was analysed by XRPD (PANalytical X 'Pert system), DSC and TGA.

The melting temperature of Example 14 chloride Form A as determined by DSC was found
to be 239°C (onset) (£2°C). Weight loss observed prior to melting by TGA was negligible.
15 GVS determination gave a neglible weight increase (%w/w) at 80% RH (+0.2%).

An XRPD spectrum of Example 14 chloride Form A is presented in Figure 1.

20 Example 15: (R)-3-(I-Pheny[-cycloheptanecarbonyloxy)-1-(pyridiq-z-

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

a) 2-Bromo-N-pyridin-2-yl-acetamide

H
N N
Br/\-r | X
O %

25

To a solution of 2-aminopyridine (48.8 mmol) in anhydrous THF (98 mL) at room
temperature was added Et;N (58.6 mmol) and bromoacetyl bromide (58.6 mmol) dropwise.
The mixture was stirred overnight and quenched with sat. NaHCOj ). EtOAc was added
to the mixture and the layers separated. The aqueous phase was extracted with EtQAc and

30 the combined organics dried (MgSQ,) and concentrated in vacuo to a brown solid.



67 '1-1 NWR (400 MHz, DMSO-D6) 8 10.51 (s, 1H), 8.73 (d, 1H), 8.30
(dd, 1H, 8.03 (ddd, 1H), 7.40-7.35 (m 11-1), 4.30 (s, 2H).
Exanpl e 19wo(28)9/138701- Phenyl - cycl ohept anecar bonyl oxy) - 1-Kqayeebsmodes7 S
yl car banmoyl et hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] octane chloride The title
conmpound (78 nmg) was prepared by an and®logous nethod to that used in
Exanpl e 15 using 2-chl oro-N-pyridin-3-yl-acetam de in place of
2-brom)-N-8 yridin-2-yl-acetanmide. 10 me 462 [m '1-1 NVR (400 MHz,
DVSO- De) g irifiestion by Tlaghysilicg gelehomatagmphygluwng (dé, 1-2%MeOH 68 (ddd,

1H), 7.37 ﬁﬂﬁl@mﬂxé‘ﬂaneéa?&hg St%st t(eché‘?Qung aég%\%l?qg%%ohﬁﬁi%kg 5.07 (d,

1H), 4.28 (dd, 2H), 4. 3.41-3.29
(m 11-1), 2.37-2. 21(m 2H), 2.19-2.05 (m 2H), 1.97-1.83 (m 3H),

(R 11 (o- NERRER ool oy oo, SERTTD 8 e, 7 g gt o

necar bonyl moyldd&- dHpre.2¢ @i 2yl o[ 2. 2. 2] oct ane chl ori de a)
2-Chl oro-N-(2-net hyl -pyridin-4-yl)-acetanmide 0 20 The title conpound
(1.0 g) was prepared according to the nethod used in Exanple 14f but

usi ng 4-a =t (L Rybkl -
(R - % [(ZHENeﬂ?ﬂgtle {I??Odg;)?ll 4- n?%g;;ckﬁﬁpﬁ%ﬁ@{m HylF- £ (F{“dlﬂeznyl cycl ohept a
necar bonyl ﬂﬁwamoaé@ﬁhabﬂrazpwd{-qcm }ah)ptime brémnidei de

H
O f ~ALN_N
N
O_ O =
H

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example
14¢) (0.79 mmol) and 2-bromo-N-pyridin-2-yl-acetamide (Example 15a) (0.87 mmol) were
stirred together in anhydrous MeCN at room temperature for 2.5 days. The reaction

15 mixture was concentrated in vacuo and the yellow solid purified by flash silica gel column
chromatography eluting with 2-8% MeOH / dichloromethane to give a tan solid which was

crystallised from boiling MeCN to give the titled compound as a white solid (211 mg).

m/e 462 [M]*

20 1HNMR (400 MHz, DMSO-D) 6 11.02 (s, 1H), 8.33 (ddd, (H), 7.97 (d, IH), 7.86-7.80
(m, 1H), 7.32-7.25 (m, 4H), 7.23-7.12 (m, 2H), 5.09-5.04 (m, 1H), 4.23 (s, 2H), 4.06
(ddd, 1H), 3.63-3.49 (m, 4H), 3.41-3.29 (m, [H), 2.37-2.22 (m, 2H), 2.17-2.04 (m, 2H),
1.98-1.83 (m, 3H), 1.78-1.66 (m, 1H), 1.65-1.39 (m, 9H).

25  Preparation of Example 15: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-
ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane bromide Crystalline Form A



SThe title conmpound was prepared using an anal ogous procedure to that
used to prepare Exanple 17. Further purification was achieved by
silica gel wormavmasogr aphy el uti ng,vm'th 0-20% MeOH / di cidmGBrved/tiase
to give the title conmpound as a white solid (57 ng). me 476 [M i0o'H
NVR (400 MHz, DMBO-D6) 8 11.32 (s, 1H) 628.31 (d, 1H), 7.43 (d, 1H),
7.35-7.26 (m 5H), 7.22-7.16 (m 1H), 5.09-5.04 (m 1H), 4.30 (dd,
2H), 4.09-4.01 (m 1H), 3.64- 3.49 (m 4H), 3.41-3.29 (m 1H), 2.38

s, 3H), 2;3%s = hm. @ - 146
178 1 65 (e o gty acky 9. Baibhetord 2 fock a3 blEk bipte
(R) - 1- PheniAes & Bamonplraat BytteiBe-(VLpyalitnglyl-aoseintbe @ixanpras R0 Xl here
azoni a- bi cycl Q[ 2. 2. 2] oct ane brom de a) 2-Brono- N phenyl - acetam de
BK.'y O Gf# pegthepin anhydory MBEU b Eroat ompeseisre fae2-p daw. Miby resaton

i ) ' e (1 s added
o T BSESP et A CLAIEL A%, B 5 S
to get sarchranaographyi dietingrvaic P8 %aEOHAihWrbmethideds gibe 2ad B8 BRGHII@N

m xture was poured into water. shaken for several mnutes and then
the phases™#xisoedup it isfuxingMeGNpnditee soliyion was ellaweesie doalidown watoem

| 09/ 138707PCT/ GB2008/.001647
55 r eoul 11 baoratind Inerabs EvodR WIEmerd Gpdhd GBeR Y el gt
gi ve the swiiMeCNad gbenpoitctonPotnd @) 1 af) & Phiteere@dliish solid.

0 m/e462 [M]*
'"H NMR (400 MHz, DMSO-Dq): § 11.02 (s, 1H), 8.33 (ddd, 1H), 7.97 (d, 1H), 7.86-7.80
(m, [H), 7.32-7.25 (m, 4H), 7.23-7.12 (m, 2H), 5.09-5.04 (m, 1H), 4.23 (s, 2H), 4.06
(ddd, 1H), 3.63-3.49 (m, 4H), 3.41-3.29 (m, 1H), 2.37-2.22 (m, 2H), 2.17-2.04 (m, 2H),
1.98-1.83 (m, 3H), 1.78-1.66 (m, 1H), 1.65-1.39 (m, 9H).

Analysis of Example 15: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane bromide Crystalline Form A

A sample of crystalline Example 15 Crystalline Form A obtained by the procedure
20 described above was analysed by XRPD (PANalytical X'Pert system), DSC and TGA.

The melting temperature of Example 15 bromide Form A as determined by DSC was
found to be 230°C (onset) (+2°C). Weight loss observed prior to melting by TGA was
negligible. GVS determination gave a neglible weight increase (%w/w) at 80% RH

25 (20.2%).

An XRPD spectrum of Example 15 bromide Form A is presented in Figure 2.

30 Example 16: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-4-
ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2)octane chloride



111 NWR (400 MHz, CDCI3): 5 8.10 (s, 1H), 7.53 (d, 2H), 7.40-7.33 (m
2H), 7.17 (t, 111), 54.03 (s, 2H). Exanple 21:

(R) - 1- Phemyibadoagiay| met hy1- 3- (1- phenyl - cycl ohept anecardggiys9s8oh1ck7
azoni a- bi cycl o[ 2. 2. 2] octane brom de io0To

1- phenyl - cycl ohept anecar boxylic acid 63

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e) (50 nmg) in
acetonitrile (1 n) was added 2-brono-N phenyl acet am de (Exanpl e 21a)
(36 nmg). The reaction m xture was stirred at roomtenperature for 3

days. Ether, ided t.0 eaction mxture and the resultant solid
was col | ec%) §10%?R’e ynd aé:ﬁtﬁmd#l ed to afford the title compound as

a colourl ess SO|IdH(39 ng) ISme 461 [M 'H NWR (DVSO-D5): 5 10. 49

(s, 11-1), 1] 2H), 7.35-7.24 (m 6H), 7.21-7.16 (m IH),
7.12-7.07 Pﬁ?ﬁf/ 5.]p8 1H), 4.21-4.11 (m 2H), 4.06 (dd, 1H),
3. 64- 3. 49 (m 4y, 3.27 ¢, 1H), 2.37-2.21 (n, 2H), 2.18-2.04 (m
2H), 1.98-1.88 (m 3H),”1.77-1.66 (m 201H), 1.70-1.30 (in, 9H).

Exanpl e 22, I rim d
yl car banoyl ﬁg@ﬁﬁ%é %fﬁ%@ﬁ%ﬁ@zr@%y@{ég%_ﬁ}%_ﬁg?{&?@ane %(Sll:bl "é@y unggs nlegen
sol uti on oWwatdtioladda 0¥ inl angéd tethi. dBrictliyl @@ nerins 6 mLhwaqﬁ’aixdd:r GolowetiEl the( 2. 4
tnL) was naQ r|md|ne nmol )
and Et 3N (gg‘ggd(ﬂlg (ihrrllor%ar‘fﬁ%? g?fé eéﬁ!%i?"?% HE%/ ath WFWWP§%&F% ure.
The :JI‘I ghtrey@loh@mme(ﬁllmmd gﬂaﬁhha’obm t&xhpbi Az]icl?zd ’ﬂfc?@gﬂoﬁﬂﬁi;%ta&t“?g drhubd F,ﬁhthe
reaction was ¢ er stirring for mn the
mxture wa%? t%ﬁﬁé'?cﬁ flgﬁh@’ %8572} ‘%]hhe?hersé%ﬁ’éﬁ filtgredseff) mashad vith e
0 chl o O R g e A Al /3t b 26 WFKbof e

10 filtrate were sepgrated and ¥1e organic layer was washed W1th water, dried and the solvent

was evaporated to give a dark brown glass. Trituration with pentane gave another batch of

the title compound (0.91 g).
‘H NMR (400 MHz, DMSO-Dg) 8 10.79 (s, 1H), 8.47 (d, 2H), 7.59 (d, 2H), 4.33 (s, 2H).

Example 16: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-4-

ylcarbamoylmethyl)-1-azonia-bicyclo{2.2.2]Joctane chloride

C
H
O N
N
O_ O N
H

2-Chloro-N-pyridin-4-yl-acetamide (Example 16a) (30 mg) was added to a solution of 1-
20  phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example 14e)
- (53 mg) in acetonitrile (1 mL). The reaction mixture was stirred at room temperature for 24
h. Diethyl ether (2 mL} was added and the reaction mixture was filtered to give a light
brown solid. The solid was washed several times with diethyl ether and dried under
vacuum at 40°C. Purification by column chromatography eluting with 0-10% MeOH /

25 dichloromethane gave the title compound as a white solid (20 mg).



10NMR (400 MHz, DVMSO-D6): 8 11.21 (s, 111), 8.93-8.90 (m IH), 8.70
(d, 1H), 8.03 (dd, 1H), 4.40 (s, 2H). Exanple 22:

(R) - 3- (1- Pverpgsorieyol ohept anecar bonyl oxy) - 1- (pyri m di n- 4pcT/GB2008/001647
yl car bamoyl met hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane chloride 15

1- Phenyl - cycl ohept anecar boxylic acid 64

(R -(1-aza-bicyclo[2.2.2]oct-3-y1) ester (Exanple 14e) (0.44 mmol)
and 2-chloro-N-pyrimdin-4-yl-acetam de (Exanple 22a) (0.48 mml) in
anhydrous MeCN (2 nL) were stirred together at roomtenperature for
2.5 days. Th 6 #ion m xture was concentrated in vacuo and the
resi due puri flash silica gel 20 chromatography (2-10%

I\/EPHG dl( ig|4 & Nm (OO He CDMISOEDY) 136 113414, EIHQOWG(H]QH@,S’I gs td g, vghhgg)
SOl 1

8 11. 44 (s(“%) 9@971?%@["\{11‘11»50%(‘?21@@14% 2H, éd(l 2 (EBiH)) 3.65-3.51
7.32-7.25 (i) 7

2H), 4.10-4 ( 042H[b H%zz?’o%g 138 ogggc%/hg)ézms%gzo?agg gf?%%qﬂllgg% ég(”%?}g 49
(m 4H), 314918748, (H) L.63).268ma¥Hp 21 (m 2H) 2.18-2.04 (m 211),
2.00-1.84 (m 311), 1.75-1.66 (m 111), 1.66-1.39 (m 911).

Exanmpl e 23: (R)-1-[(2-Fl uoro-phenyl ear banoyl) - rret hyl]-3-(1-phenyl 5
cycl ohept abxample dy (Rxds)(5-Flewospysidbi-2ykadiadndy]2hethyse(1pleayHe a)

2- Bromo- N 4()%1 h'p,b'f%&a@ﬂo ny)fm)y) qgaezgr?ig]blcycizif £ 2]octane chloride

10

a) 2-Chloro-N-(5-fluoro-pyridin-2-yl)-acetamide
H
N N
YL
O =
F

The title compound (0.99 g, 73%, white solid) was prepared according to the method used

15 in Example 14f but using 2-amino-5-fluoro-pyridine.

'H NMR (400 MHz, DMSO-Dg) & 10.91 (s, 1H), 8.35 (d, IH), 8.10 (dd, 1H), 7.80-7.74
(m, 1H), 4.34 (s, 2H).

20  Example 17: (R)-1-[(5-Fluoro-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

\AWU

2-Chloro-N-(5-fluoro-pyridin-2-yl)-acetamide (Example 17a) (31 mg) was added to a
solution of 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]Joct-3-yl) ester

25 (Example 14¢) (49 mg) in acetonitrile (1 mL). The reaction mixture was stirred at room



0 To a mxture of 2-fluoroaniline (2 nmL) and potassium carbonate
(4.3 g) in dichloromethane io (50 nL) was added bronoacetyl brom de
(3.6 nL). Whespaghton m xture was stirred for 4h then pgaids00891647
added and the phases separated. The organic | ayer was concentrated,
the residue treated with ether and evaggrated again to give the
sub-titled conpound (4.98 g) as a creamsolid that was used w t hout
further purification. 11-1 NWR (400 MHz, CDCl13): 5 8.38 (s, 111),
8.26 (t, Iltembpratufe dEmigiODIeMyl &hdr)(2 nfl.)Qds b8ded2diihe rddtiGX RS anBihe

(R -11(2-Fl oro phen | car banoyl) - net h I] 3- éé phenyl cycl ohept anecar bo
nyl oxy) - 1- ¥ ’6?’1?(5‘ b’faéiw s of QWQSPB‘HGXW@ dietky}§thar gpgdigd under

1- phenyl - cyghehepiceas afve eret tle(éoﬁi?blﬂld (49 mg).
(R -(1l-aza-bicyclo[2.2.2]oct-3-yl tg (Exanmpl e 14e) (56 ng) and

2- br ono- N-(2 fl uoro- phenyl) acetam de (Exanple 23a) (44 ng) in
acetonifri 3 was stirred at roomtenperature for 30 h. The
resul ting premd ate was collected by filtration, washed with ether
and dri ed WhNMR {80 Mz, wmgmgwe; tHE 8.36 {de 1y oo 1652780 ddls a

col ourl ess_ sol : 10,34 111
7.83-7.77 ‘tﬁa i%)”%&%%&é ?ggﬁ( Mﬁﬁ %% )4(2%(3 fl’%)“(lzh“é‘é‘ ((%
2H), 4. 10- 0% da3. 5(1trl) 4H3 @31% @](rrf, rrH) 43133223 (1411213) 22917@1)5 énl‘b)Hf 1,99-
237223 2I—%) é} 1.98-1.88 (m 3H),

(m 1H), g%im, P991(7’§ I@I-ﬁfﬂ ! ,ah?)@é%&m 9H).

(R) - 14¢, 3 Di f |1 uor o- phenyl car banoyl) - met hyl ] - 3- ( 1- phenyl cycl ohept anec
ar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane brom de a)

2- Br ono- N-Exangpldt§] (Ford d (pMethplpyvidut-Ziylcdebamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(5-methyl-pyridin-2-yl)-acetamide

H
N N
o \E/\l\

The title compound (0.50 g) was prepared according to the method used in Example 14f

but using 2-amino-5-picoline.

20 'HNMR (400 MHz, DMSO-Dg) § 10.69 (s, 1H), 8.17 (dt, 1H), 7.95 (d, 1H), 7.63 (dd,
1H), 4.32 (s, 2H), 2.25 (s, 3H).

Example 18: (R)-1-[(5-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-
cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octaﬁe chloride

25



Br-r O 10 To a m xture of 2,3-difluoroaniline (630 ng) and potassi um
carbonate (1.01 g) in dichloronethane (30 nL) was added bronpacetyl
brom de (Ow@coedass70The reacti on m xture was stirred foreré&hcBivesiomedrer
was added and the phases separated. The organic | ayer was
concentrated to give a 2:1 mixture of ®he sub-titled conpound and
brompacetyl 15 brom de. The residue was di ssolved up in
di chl or onet hane and washed with water. The volatiles were evaporated
to give the sub; ed conpound (1.15 g) as an off-white solid that
was used witho bhher pur¢ﬁica1ion 11-1 NWMR (400
MHz, CDC43): 5 8 0 7.12-7.05 (m 1H),

k]
(R) 11(2,3

d, anple 24
ar t hyl | - 3- (1- phenyl cycl ohept anec
ar bonyl oxy 2 oct ne brom de WO
2009/ 138707P&t 1 7 3 Th conpound (col ourl ess solid,

28 ny, 31% was prepared by a simlar procedure to that used for
Exanpl e 23 using 2-br -N- (2, 3-di fl uoro-phenyl)-acetam de (Exanpl e
24a) in place of 2-bronmpo-N (2-fluoro-phenyl)-acetamde. 5 nVe 497 [ M
[l NWVR (400 MHz, DMSO-D6): 5 10.54 (s, IH, 7.58 (t, 1H), 7.32-7.16
(m 7H), SI‘tib&itle&oﬂl@o(mﬂ (36m)g) whs PEphisd a&bbd,mgﬂto k- Aet@2d (3 td piepare
3.62-3.49 , 7-.2. 06
(e 2b el Woedtig Zailp o ittt 2ol sccaingde Exhipvisfodnpiicao
Exanpl & Z%f 2-chloro-N-(5-fluoro-pyridin-2-yl)-acetamide.

(R)-142- (2, 3-Di hydr o- benzo(uran % yl)-ethyl]-3-(1-phenyl cycl ohept anec
ar bonyl oxy) - 1- azoni a- bi eyel o[ 2. 2. 2] oet ane formate

m/e 476 [M]"

'H NMR (400 MHz, DMSO-Dg) 6 10.98 (s, I1H), 8.17 (d, IH), 7.88 (d, 1H), 7.65 (dd,

IH), 7.33-7.25 (m, 4H), 7.23-7.17 (m, 1H), .5.07 (m, IH), 4.24 (s, 2H), 4.10-4.02 (m,
10 1H}, 3.64-3.50 (m, 4H), 3.40-3.27 (m, 1H), 2.37-2.22 (m, 2H), 2.23 (s, 3H), 2.17-2.04

(m, 2H), 1.97-1.84 (m, 3H), 1.78-1.66 (m, 1H), 1.66-1.35 (m, 9H).

Example 19: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-3-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-pyridin-3-yl-acetamide

H

A mixture of 3-aminopyridine (350 mg} and sodium hydroxide (0.6 g) were dissolved in
water (8 mL) and the reaction mixture was cooled in an ice bath. Chloroacetyl chloride
20 (1.19 mL) was added dropwise and the reaction mixture was allowed to stir at room
temperature overnight. The reaction mixture was extracted with dichloromethane and the
organic layer was concentrated and purified by column chromatography, eluting with 0-

60% ethyl acetate / cyclohexane to give the title compound (0. 10g) as a white solid.



15A m xture of 1- phenyl -cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e) (126 ngy) and
5- ( 2- br onowetahasl 135787 3- di hydr o- benzof uran (105 ng, 0. 46Ee8}0B2b03/001647
acetonitrile (1.5 mL) was stirred at roomtenperature for 22h. The

vol atil es were evaporated and the resi @ue purified by silica gel
chromat ography eluting with dichl oronethane then 5% then 10%

MeOH/ di chl or onet hane. The rel evant fractions were 20 conbi ned and
evapor at ed 'la NMR (MOONEHE,AMESOFID) Br1atse ds, Wiy, 8. 78 @hi o @B tdiang), t opidde, an
off-white f/ﬁ anwtherH%url fication was achi eved by reverse-phase
HPLC ( 5- 989 30 (BoHaimi{y 2601% formic acid) to give the title
conpound (70 ng) as a white gumry solid. me 474 [M 25NVR (400 MHz,
DMSO-D6): 8 8.35 (s, 1H), 7.35-7.26 (m 4H), 7.24-7.18 (m 1H), 7.12
(s, 1H), 6Essmplg 191(5)-3-0-Bgnykicyclalieptapeggbonybaxy]-hy(paridin-34. 46 (t, 2H),

3.87-3.78 i 7 11-1), 3.47-3.25
(m 5H)Z y %rbé‘wgé?'?a% %.%%Z%Eﬂéygﬁgﬁ’ ?iﬁg%?é“"ﬁ‘ﬁ%e 2.75 (m 2H),

2. 39- 223(m F-2.18-2.10 (m 2H), 2.01-1.78 (m 3H), 1.69-1.44
(m 10H). Exanpf e 26. (R - 1d|2 (4- Fl uor o- phenoxy) - et hyl ] - 3- (1- phenyl -
5 eyel ohept aneefar bonj -azqni a-bi cycl o[ 2. 2. 21oetane formate A
m xture of 1-phe ﬁg oxylic acid

(R -(1-aza- (o] ctyg-y estiger (Exanple 14e) (50 ng) and
1- ( 2- br onpog ene ) in ioacetonitrile (1 n)
was stirred e fo . Purification by prep. HPLC

usi ng 5-98% MeCN H20 containing 0.1%formic acid gave the title
conpound (19 ng) as altolourless oil. me 466 M

The title compound (78 mg) was prepared by an analogous method to that used in Example

15 using 2-chloro-N-pyridin-3-yl-acetamide in place of 2-bromo-N-pyridin-2-yl-acetamide.

10 mle 462 [M]*
'H NMR (400 MHz, DMSO-Dg) 8 11.27 (s, 1H), 8.76 (d, 1H), 8.30 (dd, 1H), 7.98 (ddd,
1H), 7.37 (ddd, 1H), 7.33-7.25 (m, 4H), 7.22-7.15 (m, {H), 5.07 (d, 1H), 4.28 (dd, 2H),
4.11-4.03 (m, IH), 3.65-3.50 (m, 4H), 3.41-3.29 (m, 1H), 2.37-2.21 (m, 2H), 2.19-2.05
(m, 2H), 1.97-1.83 (m, 3H), 1.78-1.66 (m, 1H), 1.71-1.27 (m, 9H).

Example 20: (R)-1-[(2-Methyl-pyridin-4-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(2-methyl-pyridin-4-yl)-acetamide

z
oYY
O _~N

The title compound (1.0 g) was prepared according to the method used in Example 14f but

20

using 4-amino-2-methylpyridine.

'H NMR (400 MHz, DMSO-Ds) § 10.64 (s, 1H), 8.32 (d, 1H), 7.44 (d, 1H), 7.38-7.35 (m,
s 1H), 4.30 (s, 2H), 2.42 (s, 3H).



15'H NWR (400 MHz, DVsSO-D6): 68.39 (s, 1H), 7.28-7.23 (m 4H),
7.20-7.11 (in, 3H), 6.97-6.92 (m 2H), 5.06-4.99 (m 1H), 4.39-4.28
(m 2H), 3wddodordshor 1H), 3.70-3.56 (m 2H), 3.56-3.46 (FﬁT/éﬁilmsmmm
3.15-3.03 (m 1H), 2.35-2.20 (m 2H), 2.15-2.03 (m 2H), 1.97- 1.78
(n, 3H, 1.73-1.61 (m 1H), 1.61-1.39 6 9H) . 20 Exanple 27:

(R) - 3-(1- phenyl - eyel ohept anecar bonyl oxy) - 1- (pyri dazi n- 4-

yl car banoyl net hyl ) - 1- azoni a- bi cycl o[ 2. 2. Thetane formate a)

2- Chl or o- N- pyri dazi n-4-yl -acet ar ni de V\D 2009/ 138707PCT/ GB2008/ 001647

75 A solutjon of Byl‘l dazin-4-ylanmn dry di chl or onret hane
(10 ni) unfxampeZPodan- %@’Iﬁbﬂrml%‘la@arharwl? methyll-3r(1-phendd-hy | ani ne

(1.6 n) \(’\%-ﬁslsf'zhdﬂnﬁlfecafgi&ﬁ Wl%oﬁb%ﬁ%ﬁiﬁ%ﬁﬁtﬁ% cﬁi&hﬂgoacetyl

chl ori de etion of the addition the ice bath was
renoved and the A €agtion mxture was all owed to reach room
t enper at ure and ed for @ hours. The reaction m xture was dil uted

wth water (25 and di chl orﬁmethane (30 mL). Asolid was filtered

of f and washe pent n wagjer d re pentane to gi ve the
subtitled . own solid. "H NMR (400
MHz, DVBO 6 : d, 1H), 9.07 (dd, 1H), 7.94
(dd, io0lH), Ie

(R -3-(1- phenyl cycio pi aneear bonyl oxy) 1- (pyridazi n-4-
yl ear banmoyl met hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2j oetane formate O

| s2- Onl o rOrﬂ%tmérao%aaarwasyar%ﬂpﬁ%tugﬂgQE aéﬁggagph[%&d@ tolet ubBro PRGaR00E

to a sol ution of tan
(R) - ( 1- azaEinpye | o Fartizer phodtati8a yvis achitved by Ekemgﬂl ehrbmebog(aﬂnﬂﬁ)em@)g with

Fempor ot 2 5 SR Brarae R B RS e RE Bn alhore i o Ladl i on

m xture and stirred for 15 mnutes. The solid was filtered off,
washed with %‘Xgip[ij et her, and dried under vacuum 20at 40C overni ght.
The filtrdt& vaporated conbined with the solid and purified by

col um, £ hngnRteouer Mz, ﬁmmm)mrm@ itﬁ)% / dirg; M oF QB ass-7.26
Further purification by reverse- hasenfw HPLC with gradl ent el ution

from 15% NEERHI6223ri04mat HYy 00304 GRitD, 4630ddd.REDe 4P i) Iyn, 15h.p2h4-
2162‘1} E’I gave4d (e 4! 58120ANNE) (193 FUIHAS -£95 AH 185 S. GWs gr, 2K
1.97-1.82 (m, 3H), 1.78-1.65 (m, 1H), 1.65-1.41 (m, 9H).

15 Example 21: (R)-1-Phenylcarbamoylmethyl-3-(1-phenyl-cycloheptanecarbonyloxy)-1-

azonia-bicyclo[2.2.2]octane bromide

a) 2-Bromo-N-phenyl-acetamide

Br/Il/ N\©

20  To asolution of bromoacetyl bromide (9.6 mL} and potassium carbonate (11.4 g) in
dichloromethane (100 mL) was added aniline (5 mL) dropwise over 15-20 mins causing
the reaction mixture to get warm and a white precipitate to form. After 4.5h the reaction
mixture was poured into water, shaken for several minutes and then the phases were

separated. The organic layer was washed with water and concentrated to a smaller volume



76 'H NVR (400 MHz, DVMSO-D6): 39.17 (s, 1H), 8.89 (d, 1H), 8.41 (s,
1H), 7.80 (dd, 1H), 7.32-7.25 (m 4H), 7.21-7.15 (m 1H), 5.08-5.02
(m 1H), 4wd3odyibgrotm 2H), 4.04 (dd, 1H), 3.66 (d, 2HpcricEdoshofddr
(m 2H), 3.45-3.33 (m 1H), 2.37-2.23 (m 2H), 2.14- 2.05 (m 2H),
1.96-1.83 (m 3H), 1.75-1.62 (m 1H), %¢56-1.42 (m 9H). 5 Exanple
28:

(R -1-[(5-Fluoro-pyridin-3-yl carbanoyl) - net hyl] - 3- ( 1- phenyl cycl ohept a
necar bonyl %Nﬂm% rpp%ai?ls@meh ey&éo@ih%’ha% wai ﬁﬁér@a@ff@&gl% thfé%u@ litled compound

2- Chl oro- N uoro-p din-3-yl)-acetamde io sol ution fn

3-am no- 5- {3 Q@mgmyﬁm;tﬁeol(dl g) in dry dichl oronet hane (10 L) under
nitrogen was cooled to OCin an ice bath. Triethylamne (1.36 nL) was
added foll owed by slow addition of chloroacetyl chloride (0.78 ni).
On conpl et IIDNMR (400ME2 EDCIONG 811D ¢s, i1ER, hEst d, Wl 740y an,2H), The (1, 1H),
reaction 65? 2 ¥vas all owed to reach roomtenperature and 15was
stirred fofY3 el The reaction mxture was diluted with water (25
m.) and di chl oronet hane (30 nL) The organic | ayer was washed with
water (2 x_20 nmL), dried (My304) and evaporated to give the crude

product. PBramplead; dh-1nBheny rl@m;vlrwhsl {Enhepuil-crdioheptansearhpmyloxy)-1-

el uting w fhth Bvasthye L%'ﬁﬁt cIohexaneto give the sub-titled
conmpound (1. (])] ?‘Q}/ﬂ an col our e solid. /0 "H NWR (400 MHz,

DMSO-D6) : 8 10. ¥ 1H), 8.56 (t, 1H), 8.33 (d, I H), 8.04 (dt,
Exampl e 28:
0 di n-3-yl can banmoyl) - net hyl ] - 3- (1- phenyl 25cycl ohep

1H), 4.33 (s,
(R -21-[(5-Fluor

t anecar bonyl oxy) >k=azagni - bi.cyglo[ 2,.2. 2] octane chloride 77
2- Chl or o- uor g< pyr [pdi -yl ot am de (Exanpl e 28a) (53 np)
was added ft hen cl ohept anecar boxylic acid

(R -(1-aza- bz -yl)~e&8ter (Exanple 14e) (84 ny) in
acetonitrile (2 nL). ﬁ:ereaotlon m xture was allowed to stir at room
tenperature for 24h. e solid was filtered off and dried under

\S’gf |u3 'mugg ’gtgg—p[-n%aygl:yc?ol'}epﬁnécialtblofylﬁ%mc&?-gl-Qz%?big%io[i%%oc@iyﬁ e\é\@,l' te
(Example 14¢€) (50 mg) in acetonitrile (1 mL) was added 2-bromo-N-phenylacetamide
(Example 21a) (36 mg). The reaction mixture was stirred at room temperature for 3 days.
Ether was added to the reaction mixture and the resultant solid was collected by filtration

and dried to afford the title compound as a colourless solid (39 mg).

m/e 461 [M]*

'H NMR (DMSO-Dg): 8 10.49 (s, 1H), 7.53-7.50 (m, 2H), 7.35-7.24 (m, 6H), 7.21-7.16

(m, 1H), 7.12-7.07 (m, 1H), 5.08 (m, 1H), 4.21-4.11 (m, 2H), 4.06 (dd, 1H), 3.64-3.49 (m,

4H), 3.27 (s, 1H), 2.37-2.21 (m, 2H), 2.18-2.04 (m, 2H), 1.98-1.88 (m, 3H), 1.77-1.66 (m,
2 1H), 1.70-1.30 (m, 9H).

Example 22: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-4-
ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride

25 a) 2-Chloro-N-pyrimidin-4-yl-acetamide



NVR (400 MHz, DMSO-D5): 5 11.53 (s, 1H), 8.58 (s, 1H), 8.34 (d, IH),
7.99 (di, 10 1H), 7.32-7.25 (m 4H), 7.21-7.15 (m 1H), 5.09-5.04 (m
1H), 4.29 ¥e200Hpg704. 10-4.02 (m 1H), 3.63-3.51 (m 4Hpeciicrbesiozdr
(m IH, 2.37-2.23 (m 2H), 2.16-2.05 (m 2H), 1.96-1.83 (m 3H),
1.78-1.65 (m 1H), 1.65-1.39 (m 9H). 70 Exanple 29:

(R) - 3-(1- phenyl - cycl ohept anecar bonyl oxy) - 112- (pyri di n- 3-yl oxy) - et hyl ]
- Isl-azonia-bicyclo[2.2.2]oetane fornate a)

2- (Pyridin-3-yl oxyH- et hanol HON The sub-titled conpound (0.99g,
63% was pgg ng to the procedure described 20 in

W)2004/ 000 3- (|p- Brpno- et hoxy) -pyridine N WO

2009/ 138707PCT/ @120 647 78 A solution of

2- (pyridin-3-yloxy)-ethanol (200 ng) in 5 nlL dichl oronet hane was
cooled to br f,ol

byt 1 phonpSlaon Rf S5t HloRE! 122 defonl AhRTGR CHER (¥l B B8
stirred at sla-@:lyftora nBlturg ofsl-mampmldmom Ilarrmet)ahdlEQN(drﬁﬁétﬁnmns The
volatiles t he residue i.fied silica 5

chr omat og r 08? ﬁ?‘ﬁ@%ﬁ A OISR S Hgﬁ %”élﬁlg YFBO‘}{; W’ét“f%éaq“
conpoungd (@ekdMBdngdandafepl GHthee&stidd QLN dheiéheg kmmm@eﬂlgwmw bﬁmng for
further purification. NVR (400 WMHz, CDCl 3)

8 28-8. 22 Hﬁmq thﬁ)mxtyrez)gasyo%m(qﬁ:d tgﬁfynegp gger(rpducgmpresglr@@d(tpe re21|d|)1c | 0
Exanpl e 29 ur1ﬁed by flash silica gel chromatography (1-2% MeOH/dlchIoromethane) to give a
(R-3-(1- ﬁ% | - Cycl oheptanecarbony?oxy -112- (pyridin-3-yl oxy)-ethyl]
- 1-azoni ayqblpw@héglzﬂzng] octane formate 0 z The title conpound (10
ng, 13% col ourless gun) was prepared using a procedure 15anal ogous

to that used for the preparation of Exanple 25 using
3- ( 2- BronpHENNEX{A00 MHz, DMSO-Dy): § 11.21 (s, 1H), 8.93-8.90 (m, 1H), 8.70 (d, 1H), 8.03

(dd, 1H), 4.40 (s, 2H).

Example 22: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-4-
ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride

\AW\O

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example
14e) (0.44 mmol) and 2-chloro-N-pyrimidin-4-yl-acetamide (Example 22a) (0.48 mmol) in
anhydrous MeCN (2 mL) were stirred together at room temperature for 2.5 days. The
reaction mixture was concentrated in vacuo and the residue purified by flash silica gel

20  chromatography (2-10% MeOH/dichloromethane) to give the title compound as a light
yellow solid (134 mg).

m/e 463 [M]*
TH NMR (400 MHz, DMSO-Dg): & 11.44 (s, 1H), 8.91 (s, IH), 8.72 (d, 1H), 7.94 (d,
25 1H), 7.32-7.25 (m, 4H), 7.22-7.17 (m, 1H), 5.10-5.04 (m, 1H), 4.30 (s, 2H), 4.10-4.02



pyridi ne (Exanple 29b) in place of

5-(2-brono-ethyl)-2, 3-di hydro-benzofuran. ink 449 [M NWVR (400 MHz,
DVSO- D6) : w8.2bd/1Gsw7 1H), 8.29 (d, 1H), 8.21 (dd, 1H), 7dEf:Br 027
(m 2H), 7.28-7.24 (m 4H), 7.19-7.14 (m 1H), 5.06-4.99 (m | H),
4.51-4.39 (m 2H), 3.99-3.90 (m 1H), 3174-3.59 (m 2H), 3.57-3.37
(m 3H), 3.14-3.05 (m 1H), 2.36-2.22 (m 2H), 2.14-2.05 (m 2H),
1.98-1.82 (m 3H), 1.74-1.62 (m 1H), 1.62-1.38 (m 9H). Exanpl e
30: (m, 1H), 3.61-3.49 (m, 4H), 3.40-3.28 (m, 1H), 2.36-2.21 (m, 2H), 2.18-2.04 (m, 2H),

(R-1-[(6- |- pyri.di n:2- ar yl) - h - 3- (1- phenyl 25cycl ohep
t anecar bon%@iii%-(% %f%nllyzb?éh i @?ﬁ%ﬁzﬁﬁ@%%cm oride a)

2-Chl oro-N-(6-net hyl -pyridin-2-yl)-acetanmide 79 The sub-titled
conmpound (0. 95&, 58% white solid) was pres)ared by a simlar
procedur e Expmpla£3y&ed- (¥ uare-pheeylearhameyi)-gretislbpntl -pheawd- usi ng

2- am no;z 6- Qi 1 i food3=: 31 Ldine. 5 NVR
(400 M, '%\c/%%%%&dagb%.”?@ g,azﬁrﬁf }i&;g&%?h&f%&?i}ﬁ%@e(t C1H),
7.03-6.96(m 1H), 4.32 (s, 2H), 2.41 (s, 3H). Exanpl e 30:

(R) - 14(6- | - i-4n- 2- yl car ba -nmet hy11- 3- (1- phenyl m

cydobept a%tczta]tgr%ﬁ%'&%y}]Qr%iﬁé%r%qf_%qe%‘?n}é%%I o[ 2.2.2] octane chloride The
title conpound (34 ny, F43% white solid) was prepared using a simlar
nmet hod to that us to|prepare Exanple 17 using

2- chl or o- Ngf-6- yhepyRidi n- 2-y1) - acet am de (Exanple 30a) in place
of 2-chl oro-N—(ofI ug pyri din-2-yl)-acetam de. 15 Ink 476 [M +

To a mixture of 2-fluoroaniline (2 mL) and potassium carbonate (4.3 g) in dichloromethane
10 (50 mL) was added bromoacetyl bromide (3.6 mL). The reaction mixture was stirred for 4h

then water was added and the phases separated. The organic layer was concentrated, the

residue treated with ether and evaporated again to give the sub-titled compound (4.98 g) as

a cream solid that was used without further purification.

"H NMR (400 MHz, CDCl3): 6 8.38 (s, 1H), 8.26 (t, 1H), 7.18-7.09 (m, 3H), 4.05 (s, 2H).

Example 23: (R)-1-[(2-Fluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl-

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

Br
o N
N Y
O O
H

A mixture of 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl)

20  ester (Example 14e) (56 mg) and 2-bromo-N-(2-fluoro-phenyl)-acetamide (Exampie 23a)
(44 mg) in acetonitrile (1 mL) was stirr.ed at room temperature for 30 h. The resulting
precipitate was collected by filtration, washed with ether and dried under vacuum at 50°C

to give the title compound (52 mg) as a colourless solid.

25 m/e 479 [M]*



"H NVR (400 MHz, DMBO-D6): 6 11.01 (s, 1H), 7.79 (d, 1H), 7.71 (t,
1H), 7.32-7.25 (m 4H), 7.23-7.16 (m | H), 7.02(d, 1H), 5.09-5.04
(m I'H, 4wdkogwi3s@dH), 4.06 (ddd, 1H), 3.63-3.50 (m A4kBcr/SB2e8/R1629
(m 1H), 2.38 (s, 3H), 2.38-2.23 (m 2H), 2.17-2.04 20(m 2H)
2.00-1.82 (m 3H), 1.78-1.66 (m 111), 734.65-1.40 (m 9H). Exanple 31:
(R) - 3-(1- Phenyl - cycl ohept anecar bonyl oxy) - 1- (o-t ol yl ear banoyl - met hyl ) -
1-azoni a-bicycl o[ 2. 2. 2] octane brom de WO

2009/ 13870 THPEMIER0031RA1M8D-189: sTHesssbrH), t7183c7. zoaRaind7 (8- B0m, 4850
off-white SO|Id repar ed _us rocedure simlar to that used
Lo prepar eS B @ 3Hh 485 (1628 ol -0 1B THR. Hi63ceo lofm. S 300 (m,

fl uoropyri 389! 09\ %) : §9-1. 84
IH, 7.23- ngez 3%2 2%*ﬁ)hl I\By fzigﬁ(i;@#%)%??g 1@5%“’33??’ L9 1%2%1%? I'el)o’glf{(lpl
(R -3-(1- Phéﬂym H).cl ohept anecar bonyl oxy) - 1- (o-t ol yl car banmoyl - net hyl ) -
i 0l-azopi a-bicyclo[ 2. 2. 2] octane brom de The title conpound (25 ny,
35% white solid) was prepared using a simlar nethod to that used to
prepar e ExBryphpleld: (RHIR[2, 3-[ﬁﬂhmfoqaﬂ‘dn9}chﬂiayﬂoyaaﬂéthmld€(1([El)éﬁ}iﬂp| e 3la)

in place of ch or o - f rid de. 15 In/e 475
[ PLESS NerdoraBtsmgmirbortyliae-bavvonia-bieyclols. £ 2lockans beontls (g 1ty
7.31-7.25 (m 4H), 723 7.09 (m 4H), 5.11-5.05 (m 1H), 4.31 (dd,
2H), 4.07 (ddd, 11.1) 68352(m4,340331(m1l—|)

2.38-2. 22 Pri-Bramo-N4: Eéhfé@ro-l?}inbﬂyl)?c‘?ﬁm €06 (m 2H), 1.97-1.84 (m
203H), 1.79-1.67 (m 1) 1.65-1.39 (m OH).

H
N F
Bﬁ/ﬂ\n/
I tf

To a mixture of 2,3-difluoroaniline (630 mg) and potassium carbonate (1.01 g) in
dichloromethane (30 mi) was added bromoacetyl bromide (0.86 mL). The reaction
mixture was stirred for 5h then water was added and the phases separated. The organic
layer was concentrated to give a 2:1 mixture of the sub-titled compound and bromoacetyl
15 bromide. The residue was dissolved up in dichloromethane and washed with water. The
volatiles were evaporated to give the sub-titled compound (1.15 g) as an off-white solid

that was used without further purification.

IH NMR (400 MHz, CDCly): § 8.38 (s, 1H), 8.03 (t, 1H), 7.12-7.05 (m, 1H), 7.00-6.92
2 (m, [H), 4.05(d, 2H).

Example 24: (R)-1-[(2,3-Difluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl~

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

Br E
0 N F
N
8] 0

I Ly



Exanpl e 32:

(R) - 3-(1- Phenyl - cycl ohept anecar bonyl oxy) - 1- ( 2- pyrazi n-2-yl -ethyl ) - 1-
azoni a- bi cwol20§92138202] oet ane bromi de BrN To a sol uti on mfr/GB2008/001647
2-(2' - hydroxyet hyl )pyrazine (0.91 g) in 30 niL dichl oronethane at 0C
was added carbon tetrabrom de (2.65 g) 780l |1 owed by tri phenyl phosphi ne
(2.1 g) portionwi se. The solution becane very dark. After stirring
for |h the reaction m xture was 5 adsorbed onto HW di at onaceous
earth and Phetitld @thpoyndsicbiondesy sdlid; D8 ovypl I6) egshyeratadtiyraginilirtprétedife to
MeOH di chl Qr one eto ve a.crea i 3.0 that was purified
Fur  her by P8 1 SR ER 08 B3 PR Aot AP pb O SO e pRPRe
to give thi ot bbleh AOmIGASpIEa 4 aanid®) as a yel low oil . 10" H
NMR (400 MHz, CDCI3): 5 8. 8.48 (m 3H), 3.78 (t, 2H), 3.37 (t,

2H) . Exanpl e 32:

(R -3- (- W{; Mgel ohept anecar bonyl oxy) - 1- ( 2- pyrazi n- 2-yl -et hyl ) - 1-
azoni a- b| cyclo -2[ 2] oet ane brom de 152-(2-Bronop-ethyl)-pyrazi ne

( Exanpl e gmmaowﬂmmu 3t19.5 (s,dH)t 768 (0L HL-DBRANE (m, 7TH), 5.13-

(Banpl o 10 Coabyr ot R T S8 e b e e
was al | owezi31-9.28 (ir 218, 2 17el106 @ry2Ehat 98 . $500m, B8N 1.The.6v@hal H), eseonene

evapor at ed ggl the product was purified by silica gel chr omat ogr aphy
el uting wi fh “82-20% MeOH di chl or omet hane. The rel evant fractions were

20combighed and concentrated, dissolved up in dichloronethane,

filtered and evagorated to give the title conpound (30 ng) as a
yel | ow gurispngpieds: (R)-12433-Dikydro-benzofurpps-yhethwi-(1-ebsob) . 88. 60

d, 1H), b A 4 5411) .
TR {%ﬂhélﬁ')w,c;s.ogl"%.yg%a%%ai’ﬁgy,l‘@%%r{ ﬁd,&{r%f‘jz 3 ey (t, 211),
3.49-3.30 (m 82 311), 3.24-3.12 (m 311), 3.08-2.97 (m 1H),
2.36-2.19 (m 211), 2.15-2506 (m 2H), 1.97- 1.78 (m 311), 1.71-1.59

(m 1H), 1.57-1.37 (m 9H) Exanpl e 33:
(S)-1-(3-Phenoxy pyl) -phenyl - cyclohept anecar bonyl oxy)-1- 5
azoni a-bicyclo e oetth or maf e

Jg

15 A mixture of 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2}oct-3-y1)

ester (Example 14e) (126 mg) and 5-(2-bromo-ethyl)-2,3-dihydro-benzofuran (105 mg,
0.46mmol) in acetonitrile (1.5 mL}) was stirred at room temperature for 22h. The volatiles
were evaporated and the residue purified by silica gel chromatography eluting with
dichloromethane then 5% then 10% MeOH/dichloromethane. The relevant fractions were
20  combined and evaporated and the residue triturated with dichloromethane to give an off-
white foam. Further purification was achieved by reverse-phase HPLC (5-98% MeCN/H,O

containing 0.1% formic acid) to give the title compound (70 mg) as a white gummy solid.

m/e 474 [M]*
25 'H NMR (400 MHz, DMSO-Dy): 8 8.35 (s, 1H), 7.35-7.26 (m, 4H), 7.24-7.18 (m, 1H),
7.12 (s, 1H), 6.95 (d, 1H), 6.68 (d, 1H), 5.08-5.01 (m, 1H), 4.46 (¢, 2H), 3.87-3.78 (m,



a) 1-Phenyl -cycl ohept anecar boxylic acid
(S)-(1l-aza-bicyclo[2.2.2]oct-3-y1l) ester A solution of
(S)-(+)-3-woizoasei3s@y nol (299 ng) and 1- phenyl - cycl oheptromacsesaeydsy C
acid io nethyl ester (Exanple 14d) (455 ng) in 6.5 nL dry tol uene
under nitrogen was treated with a 60% ggspersi on of sodi um hydri de
(94 nmg) and the m xture was heated to reflux for 24h then cooled to
roomtenperature and allowed to stand over the weekend. EtOAc and
Sﬂ.t NaHCOBH], aqz}*z-wgs emaﬁ@eEd JOFBI08 (e 3my as ea~zsgaqaf aHgagz 86Dhas @ﬂumyl 2.39-
phase was rac he conbi ned organic | ayer
was was hedgé/% {m: i}ﬂ rin)'e18 ary é’ﬂ 2&@%&‘)1 F"Iss(”hﬁg)'ebé%ét‘l&t(@dl -afford the
crude product. Purification was achieved by silica gel chromatography
eluting with 0-10% MeOH di chl oronet hane to give the sub-titled
conpound (BgamplgR6aEt)al-I2edtvere: phenoxy) i1k 306phaxl- CD30D): 5

7.39-7.27 111 203 16 (ddd,
111), 23 8363%108%&1%}'“3 P@]‘é‘yﬁ"’%&gﬂ4’@%"“@1?%"("’%%5§ % (m 211),
1.91-1.86 (m 111), 1.72-1.44 (m 11H), 1.38-1.25 (n1 111). Exanple
33: (S)-1-(3-Phenoxy-propyl)-3-(1-phenyl - eyel ohept anecar bonyl oxy) - 1-
azoni a- bi cycl o[ 2. 2. 2}oeta;§ifornate WO 2009/ 138707PCT/ GB2008/ 001647
83 A m xture of ,3-phenox ﬁg. brom de (0.026 nL) was added to a
sol ution of 1- ycldhepfhnecar boxylic acid

(S)-(1-aza-bic 2.2]oct-3-yl) ester (Exanple 33a) (50 ng) in
acetonitrile (1 . e reaction mxture was allowed to stir at room
' %.50C for 3 days. The volatiles
wer e evapot ed by silica gel chromatography
eluting w tNa_8~10% | oromet hare _to give 57 ng of a
hygroscopi c foam Further purification was achi eved by reverse phase
HPLC using a C18 col umn eluting with 5-95% MeCN H20 contai ning 0.1%

formc acid over 30m ns gave the title conpound (43 ng).as an oil. ID
ink 462 [ vk mixture of I-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl)

ester (Example 14e} (50 mg) and 1-(2-bromoethoxy)-4-fluorobenzene (50 mg) in
10 acetonitrile (1 mL) was stirred at room temperature for 22h. Purification by prep. HPLC
using 5-98% MeCN/H>0 containing 0.1% formic acid gave the title compound (19 mg) as

a colourless oil.

m/e 466 [M]*

15 'HNMR (400 MHz, DMSO-Dg): 3 8.39 (s, 1H), 7.28-7.23 (m, 4H), 7.20-7.11 (m, 3H),
6.97-6.92 (m, 2H), 5.06-4.99 (m, 1H), 4.39-4.28 (m, 2H), 3.93 (ddd, iH), 3.70-3.56 (m,
2H), 3.56-3.46 (m, 4H), 3.15-3.03 (m, 1H), 2.35-2.20 (m, 2H), 2.15-2.03 (m, 2H), 1.97-
1.78 (m, 3H), 1.73-1.61 (m, 1H), 1.61-1.39 (m, 9H).

20 Example 27: (R)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-(pyridazin-4-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane formate

a) 2-Chloro-N-pyridazin-4-yl-acetamide

J
)
o] N



"H NVR (400 MHz, DVMSO D5): Et 8.38 (s, | H), 7.34-7.24 (m 6H),
7.23-7.17 (m 111), 6.94-6.87 (m 3H), 5.07-4.97 (m 1H), 3.98 (t,
211), 3.87w®.2000/168m071H), 3.44-3.26 (m 5H), 3.16-3.09 (roT/dBHVS/001647
3.01-2.90 (m 1H), 2.38-2.23 (m 2H), 2.16-1.77 (m 7H), 1.69- isl.43
(m 1011). Exanple 34: 75

(R) - 1-{[2- (3-Fl uoro- phenoxy) - et hyl car banmoyl | - met hyl } - 3- ( 1- phenyl cycl o
hept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 21oct ane brom de 20a)

2- Br ono- N4 A-spBrtioh uﬂpﬁrdaﬁamquyammet(ha bkir%(fzﬁj‘r alﬁhldﬁbmetﬁéﬁb (10 mL) under nitrogen
2009/ 138707PCT/ g 8/,001647 84 A m xture

2- (3-f1 uor ¥ph 9 8t hin alnirsgath. oT%hxjamlaﬁéll %tlég@ﬁ adfeddicewed by flaw 24
g) in di chhanqses

brom de (111%{1 ﬁ&ﬁ%ﬁoeaet%gladch%%gﬁr(% xt W?%@%‘?&P\r&g% aﬁélggR @g%gﬂ Frq S e
then at r otﬁmotvefﬂrp@rtée igaetidhgpixgiie wmll@wed\asreadtde@mamparmerem& stirreg fom3
stirred, un 2SC d
and t he orﬁéidrﬁ e[thg({/%l?& r‘1?1151(%;5‘1\3/g’%jléI éd wgtF '?@ggﬁf)he cralc,f%OIB‘%% E?dmi?
whi ch was msbhd wedﬁlngred;oﬂfamhwgmhd whhpmﬁmgwapﬁmdehm&pagaw tb lai et dMb-
EtOAc/pent ) to cleot e{j%%tlt ed compound (1.17 g) as a brown oil.
NVR (400 Og7s fnsogdoo (s, 1H), 6.71-6.66 (m

2H), 6.63 (dt |01H) 4. 06 (t 2H), 3.90 (s, 2H), 3.71 (q, 2H.

Exanpl e 34;

(R - 1- 1] 2- FBNMR,6108 Mie RMP-Rabi leldr(bakbyd-32 (96t Hf) )98 @4 Bhefy4dgdl o
hept anegar pgyyd xy)zHy; azoni a- bi cycl o[ 2. 2. 2] oet ane bromide Br 1."1 IS
The title conpound (7)0 ng, 76% vyellow foam was prepared by a
simlar procedure to that used to prepare Exanple 32 using

o ceeor PR D BRI SR .
DVSO- D6) : Be@barhogbmettiH)-1-aZordia-bicy2B[% 212 ]obtiahe foknmi2de 7. 16 (m 1H),
O

M-

H

\;WT*

15 2-Chloro-N-pyridazin-4-yl-acetamide (Example 27a) (58 mg) was added to a solution of 1-
phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example 14e)
(100 mg) in acetonitrile {2 mL). The reaction mixture was allowed to stir at room
temperature for 24h. Diethyl ether {2 mL} was added to the reaction mixture and stirred for
15 minutes. The solid was filtered off, washed with diethyl ether, and dried under vacuum

20 at 40°C overnight. The filtrate was evaporated, combined with the solid and purified by
column chromatography, eluting with 0-15% MeOH/dichloromethane. Further purification
by reverse-phase prep HPLC with gradient elution from 15% MeCN/H;O containing 0.1%
formic acid increasing by 1% per minute gave the title compound (19 mg) as a colourless
gum.

25

m/e 463 [M]*



6.79-6.71 (m 3H), 5.09-5.02 (m 1H), 4.03-3.94 (m 5H), 3.57-3.40
(m 6H), 3.33-3.22 (m 111), 2.35-2.20 (m 2H), 2.10 (d, 2H)

1.96-1. 82 wwmao®pg7ot. 74-1.62 (m 1H), 1.62- 1.40 (m 9EPrcRbedanedip! e
35:

(R -1-[(3, 5-Di fluoro-phenyl ear banoyl) - mét hyl ] - 3- (1- phenyl cycl ohept ane
car bonyl oxy) - 1- azoni a- bi cycl o 2. 2. 2] oet ane brom de 85 a)

2-Bronmo- N- (3, 5-di fl uoro-phenyl)-acetam de The sub-titled conpound
(2.02 g, cHiiOMR ¢ MEx\DMEDHD): 337 (s EFpreetd (dsiy S4isismMH)arz.8o (dd,

rocedure t d r e rati I but _usin
B S i 1 ot Bl 1A Bl ot SRt 1B O b, & 2R 30D A
EXDCI 3|) ; g5&1d;LYH1,s3.66de) 2HY - 3162-§.48 (BHH), 6.483 1 @, 1) 2.34-202 (hS2HZH. 14-

anpl e ;

(R 1- [ (3, BOBXTY Uk d-HnbRy (03D akdy ) Ser A L 561 426met 10
cycl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oet ane bromi de A
m xture of 2-bronmo-N-(3,5-difluoro-phenyl)-acetam de (42 ng) (Exanple
35a) and 1ExphpleyB: @icl-lifrdhraneysidirodyldachamiyd)-methyl]-3-(1-phenyl-

(R -(1-aza;hi 2.2} oct-3-vyl|,) ,ester anpl e, 14e) (50 ng) in
MeCN (1 mﬁ’%&‘hﬁ%ﬁ{sﬂ?‘%r’ é%i'“]é\?"yﬁ'3%3‘8%?%%5%[%?@%%"?E‘r%‘.’ 1@he sol i d
precipitate 15was filtered off, washed with ether and dried at 50C
under vacu ver nj . _The nmother liquors were evaporated, treated
with et her5%§hlf’%kgg‘bﬂ?‘l"fﬂ“}@'ﬁgbﬁ’é‘aﬁ%@mﬂf’I tered off. The solids were
conmbi ned and crysti@allised from hot isopropyl alcohol to give the
title conp 5.a colourless solid. 20 mle 497 [M '"H NWR
(400 MHz, O Dp) : 39 (s, 111), 7.33-7.17 (m 7H), 7.01 (tt,
1H), 5.13- 5.06Gm 4.26-4.14 (m 2H), 4.10-4.01 (m 111),

)
3.63-3.49 (m 411), 3.43-3.32 (m 1H), 2.38-2.23 (m 211), 2.18-2.06
(m 211), 1.98-1.86 (mg 3H), 1.79-1.67 (m 1H, 1.65- 1.41 (m OH).
1

A solution of 3-amino-5-fluoropyridine (! g) in dry dichloromethane (10 mL) under
nitrogen was cooled to 0°C in an ice bath. Triethylamine (1.36 mL) was added followed
by slow addition of chloroacetyl chloride (0.78 mL). On completion of the addition, the ice
bath was removed and the reaction mixture was allowed to reach room temperature and

15 was stirred for 2 hours. The reaction mixture was diluted with water (25 mL) and
dichloromethane (30 mL). The organic layer was washed with water (2 x 20 mL), dried
(MgSOy4) and evaporated to give the crude product. Purification was achieved by silica gel
chromatography eluting with 0-30% ethyl acetate/cyclohexane to give the sub-titled

compound (1.0 g) as a tan coloured solid.

TH NMR (400 MHz, DMSO-Dg): 8 10.77 (s, 1H), 8.56 (t, IH), 8.33 (d, 1H), 8.04 (dt, 1H),
4.33 (s, 2H).

Example 28: (R)-1-[(5-Fluoro-pyridin-3-ylcarbamoyl)-methyl]-3-(1-phenyl-

25 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride



86 Exanple 36: (R)-142-(4-nethoxy-benzyl oxy)-ethyl]-3-(1-phenyl -

cycl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] octane formate 5 A
m xt ur e ofwd-20y1Bg01m0- et hoxynet hyl ) - 4- met hoxy- benzene (p&d/Ehosaths7
1- phenyl cycl ohept anecar boxyl i ¢ aci d .
(R -(1l-aza-bicyclo[2.2.2]oct-3-yl) estgr (Exanple 14e) (50 ng) in
MeCN (1 nmL) was stirred at roomtenperature for 16h then heated to
80C under nitrogen overnight. A further 1.1 equival ents of

1-(2-bronD-ethox|“I‘hyl)-4-nethoxy- 10 benzene were added and the

m xture was heafed aty 80C fgr a further 48h. The volatiles were

evaporated and {he cyude product was purified by silica gel :

chr omat ogr ap TNgaW £ h 0-1”@60f a 1E96conc. NH3/ MeOH sol ution in

5 0 N84 was purified further by

} tM phenyl columm) eluting with 5-95%
N NI NG O\ ri?c acngBver 30nmin with UV detection at

15 220nm The rel evantzfractions we conbi ned and evaporated to

afford the title conpddnd (34 ng) as an oil. ink 492 [M 'H NVR (400

VHz, CD30D): 8.4 , 1 o 7.31-7.16 (m 7 6.91-6.86 (m 2H),
0, 065 Ok Chlrs AEsb-fipropiiiding siviocismyde (Bxemmb 268 (Lhmebigs Agedb s’ 20
m 5H), 2 fofR-02 8- i i} 7 AL este
S Mson 6 proa ot iyl blohccathol pid B0 B ot idrclol32 280 30 ster
g, 77% PloEHB4RE iprceivaitilg (Aador Ghagadtion anisturg Wasrallpwed woitir at

to that, us f ' = JeTer d e
in place J?Qnggggégﬁg?g%ﬁg;y%%?%Q%%ﬁ&%ﬁg?ﬁggggﬁenzen%ﬁkﬁ¥#ép§?EﬁFN]
"H NVR (400vovilig litlDMS0paB8 )47 Bg,73530)-a8 a whitg molidlOH) , 5. 00-4.92 (in, |H),
3.80-3.65 (m 3H), 3.60 (t, 2H), 3.41-3.11 (m 6H), 2.99-2.88 (m
1H), 2.77 (t, 2H), 2.38-2.21 (m 2H), 2.17-2.04 (m 2H), 1.99-1.89
(m 1H), 1Ime#430.[B7 " (m 2H), 1.67-1.32 (m 10H).

'H NMR (400 MHz, DMSO-Dg): 8 11.53 (s, 1H), 8.58 (s, I1H), 8.34 (d, 1H), 7.99 (dt,

w  1H), 7.32-7.25 (m, 4H), 7.21-7.15 (m, 1H), 5.09-5.04 (m, |H), 4.29 (s, 2H), 4.10-4.02
(m, 1H), 3.63-3.51 (m, 4H), 3.41-3.29 (m, 1H), 2.37-2.23 (m, 2H), 2.16-2.05 (m, 2H),
1.96-1.83 (m, 3H), 1.78-1.65 (m, 1H), 1.65-1.39 (in, SH).

Example 29: (R)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-[2-(pyridin-3-yloxy)-ethyl]-

15 l-azonia-bicyclo[2.2.2]octane formate

a) 2-(Pyridin-3-yloxy)-ethanol

Ho™ 0 N
o

The sub-titled compound (0.99g, 63%) was prepared according to the procedure described
20 in WO2004/000829.

b) 3-(2-Bromo-ethoxy)-pyridine
O
B Y

=



Exanpl e 38:

(R -11(2,6-D fl uoro-phenyl carbanoyl) - met hyl | - 311- phenyl cycl ohept aneca
r bonyl oxy)wb-2amens@a7 bi cycl o[ 2. 2. 2] oet ane bromi de a) PCT/GB2008/001647

2- Brono- N- (2, 6-di fl uoro-phenyl)-acetam de 15 To a m xture of '
2,6-difluoroaniline (1.12 g) and potasg8um carbonate (1.8 g) in 50 nL
di chl or onet hane was added brompacetyl bromde (1.5 nL) and the

m xture was stirred at roomtenperature for 17h. Water was added and

t he m xt ur & sstution efi2 {pyridée-gloal)-dbanok (200 @ig) imﬁmplmomemales\embamd

on a hydrophghic frit e or anlcl er ed. The 20
crude pr od&b@g\ﬁﬁg tre3fpd ’f"?tgﬂarg i rﬁ'ﬁldﬁé@/ )\gﬁﬁ‘@? &%W%PW@IWM(‘EW.
0- 100% Et OAfg) prEibAMeX IME rdabtidh M ulrd G asibreliat d)"@qoﬁmmé%n(agro%% g) as
a white solid. WD 2009/138707PCT/ GB2008/ 001647 88 Exanple 38

(R) - 1- [ ( 2, Ermerwin e 4p mins, Taydlatiies wore seapriatgd apd (he-rpsidueynusified bhefieane
e br ome: . FY chroR b Anp LKA 0)dF0A00KAR0ARERAT B b MSliiEBuRl g4

sphenyl - Cyuigbhmml@wlbpmlmch was whed without further purification.

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e) (50 ng) in
MeCN (1 nmL) was stirred at roomtenperature for 19h. A further 20 ny
2- br ono- NH RMR o Mgz, SIptieny B B4 add t Hyi scbs-8ves (mddnd 7 apd. 8t (ind, HN 0435
conti nued & %%6her 2h. The vol atiles were evaporated and the

resi due wa %—QFI - silica gel chromatography eluting with 0-10%
MeOH/ dighl or onet hane to give the title conpound | o(41 ng) as a
colourless_foam me 497%!\# H NVR (400 MHz, DMSO-D6): 8 10.40 (s,
1H), 7. 42-¥xamplegd: @h3-( l@rybcrz@henﬁanmqrborwlozcz) F-I2-yridin-3gylyxy)-ethyl]-

5.12-5. 05 . 4.10-4.02 (m | H), 3.66-3.49
(il 4H)i 50@5?’”%'?@22%&2"%*&?3?;)2 21 (in, 2H§, 2 175 06 (m
HJ\O‘

oH), 1.99-1.85 (in, 3H),
0 0
N+/\/ |\N
o =
H

The title compound (10 mg, 13%, colourless gum) was prepared using a procedure
15 analogous to that used for the preparation of Example 25 using 3-(2-Bromo-ethoxy)-

pyridine (Example 29b) in place of 5-(2-bromo-ethyl)-2,3-dihydro-benzofuran,

m/e 449 [M]*

TH NMR (400 MHez, DMSO-DG): 58.51 (s, 1H), 8.29(d, IH), 8.21 (dd, 1H), 7.38-7.33
20 (m, 2H), 7.28-7.24 (m, 4H), 7.19-7.14 (m, 1H), 5.06-4.99 (m, [H), 4.51-4.39 (m, 2H),

3.99-3.90 (m, [H), 3.74-3.59 (m, 2H), 3.57-3.37 (m, 3H), 3.14-3.05 (m, 1H), 2.36-2.22

(m, 2H), 2.14-2.05 (m, 2H), 1.98-1.82 (m, 3H), 1.74-1.62 (m, 1H), 1.62-1.38 (m, 9H).

Example 30: (R)-1-[(6-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

25 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(6-methyl-pyridin-2-yl)-acetamide



1.77-1.66 (m 1H), 1.68-1.25 (m 9H). Exanple 39:

(R -1-[ (Met hyl - phenyl - car banoy1l) - met hyl ] - 3- (1- phenyl cycl ohept aneear bo
nyl oxy) - 1-wopaessiocycl o 2. 2. 2] oct ane formate 20 a) PCT/GB2008/001647
2- Brono- N- et hyl - N- phenyl - acet ami de Brnr O To a m xture of

N-net hyl aniline (5 nL) and potassi um garbonate (9.6 g) in 100 nL

di chl oronet hane was added bronpacetyl brom de (8.1 nmL) (exotherm.
The m xture was 25stirred for 4.5h then water was added. The phases
wer e separ at ed andHt he organl c layer was 89 concentrated. The crude

pr oduct vvag;rk ca gel chromatography eluting with QL00%
Et OAc/ cycl ohexa re evant fractions were conbi ned and
evapor at ed and t(he r was taken up in dichloronethane and washed

with water. The organlc | ayer was stirred with anot her portion of

h
wat er for gpd ﬁ:‘fy t!’{leEl‘éBﬁlﬁolﬁﬂqo bljlg? Ba4/ Ghf t@%ﬁwwﬁ @[ﬁ?ed co l%garr%oc(‘3 %reﬁo

Evaporation of the organic layér gave the su nmpou
g) as a st haipsedfauthapieprsitiod.of ERMNE2]ABMN eNH-HminGHaid)line fn fla&®di3: 36

grgn 3H), alﬁ&lojs_&@or&mndm 3.67 (s, 2H), 3.31 (s, 3H). 10 Exanple
(R) - 11(3dvet hyl - phenyl - ear banoyl) - net hyl ] - 3- (1- phenyl eyel ohept anecar bon

LS RN PR ot O DA e ul Ay o

1H), 4.32 (s, 2H), 2.41 (s, 3H).

Example 30: (R)-1-[(6-Methyl-pyridin-2-ylcarbamoyl}-methyl]-3-(1-pheny!-

10 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

\Aﬂ” |04

The title compound (34 mg, 43%, white solid} was prepared using a similar method to that
used to prepare Example 17 using 2-chloro-N-(6-methyl-pyridin-2-yl)-acetamide (Example
30a) in place of 2-chloro-N-(5-fluoro-pyridin-2-yl)-acetamide.
15
m/e 476 [M]*
"H NMR (400 MHz, DMSO-Dg): § 11.01 (s, 1H), 7.79 (d, IH), 7.71 (t, 1H), 7.32-7.25
(m, 4H), 7.23-7.16 (m, 1H), 7.02 (d, lH), 5.09-5.04 (m, IH), 4.24 (s, 2H), 4.06 (ddd,
1H), 3.63-3.50 (m, 4H), 3.38-3.29 (m, 1H), 2.38 (s, 3H), 2.38-2.23 (m, 2H), 2.17-2.04
20 (m, 2H), 2.00-1.82 (m, 3H), 1.78-1.66 (m, LH), 1.65-1.40 (m, 9H).

Example 31: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(o-tolylcarbamoyl-methyl)-

1-azonia-bicyclo[2.2.2]octane bromide

25 a) 2-Chloro-N-o-tolyl-acetamide



i sphenyl - cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e) (50 nmg) in 1
mL MeCN wagoSisorizg@drat room tenperature for 48h. The val@hdB6s0084¢
evaporated and the residue purified by silica gel chromatography
eluting with 0-10% MeOH di chl oronet hanegg Further purification by
reverse phase HPLC eluting with 20-90% MeCN H20 contai ning 0.1%
formc acid gave the title conpound (17 ng) as a colourless 20 gum
me 475 [M 111 NWR (400 MHz, DMSO-D6 with a drop of TFA-D): 88.08
(s, IH, 7.47 .39 (dd, 3H), 7.32-7.23 (m 4H), 7.20-7.15
(m IH, 5 , 4.01-3.83 (m 3H), 253.61-3.34 (m 5H),
3.16-3.09 (s, P1 (m 211), 2.16-2.05 (m 2H), 1.96-1.75
(m 311), 1.71- 936 ( OH). WD 2009/ 138707PCT/ GB2008/ 001647 90
Exanpl e 40:

(R)-113-( 4Tﬁt;/arbaitmi€enmp(yt)ndm0 8P, Ub %3 off Ivtiia e Blyd) s bebapd afeg apleaitkoXxy)

-1-azoni a- hi o oct ane bro of

4- (3- br ono® Hﬂﬁb@% uBeéirf BIPEF| "ém(’g'f(gﬁﬂﬁm%%o@d'ﬁﬁéhwce of 3-amino-5-
cycl ohept anesaphaipd. i ¢ acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester
(Exanple 14e) (52 ng) in MeCN (1 mL) was stirred at roomtenperature
for 16h°then heated to 80C under nitrogen for a further 16h The

vol atil es i t e

o give an of FICHROMBLTMSOmO PR, M7 208 iD. HRRVR sl kA2l
under iovaddum-2olsgille the title conpound (61 ng) as a whi te solid.

Example 31: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(o-tolylcarbamoyl-methyl)-

1-azonia-bicyclo[2.2.2]octane bromide

e

The title compound (25 mg, 35%, white solid) was prepared using a similar method to that
used to prepare Example 17 using 2-chloro-N-o-tolyl-acetamide (Example 31a) in place of

2-chloro-N-(5-fluoro-pyridin-2-yl)-acetamide.

m/e 475 [M]*
'H NMR (400 MHz, DMSO-Dq): & 10.26 (s, 1H), 7.34 (dd, 1H), 7.31-7.25 (m, 4H), 7.23-
7.09 (m, 4H), 5.11-5.05 (m, 1H), 4.31 (dd, 2H), 4.07 (ddd, 1H), 3.68-3.52 (m, 4H),
3.40-3.31 (m, 1H), 2.38-2.22 (m, 2H), 2.19 (s, 3H), 2.17-2.06 (m, 2H), 1.97-1.84 (m,

2 3H), 1.79-1.67 (m, 1H) 1.65-1.39 (m, 9H).

Example 32: (R)-3-(1-Phenyl-cycloheptanecarhonyloxy)-1-(2-pyrazin-2-yl-ethyl)-1-

azonia-bicyclof2.2.2]octane bromide

25 a) 2-(2-Bromo-ethyl)-pyrazine



15 me 487 [M 'H NWR (400 MHz, DVMSO-D6): 8 7.78-7.73 (m 2H),
7.33-7.26 (m 4H), 7.22-7.17 (m 1H), 7.09-7.04 (m 2H), 5.05-4.99
(m 11-1), wh.081Gs7w72H), 3.82 (ddd, 1H), 3.43-3.26 (m fheBBeshbicdy 08
(m 1H), 3.02-2.90 (m 1H), 2.39-2.22 (m 2H), 2.17-2.00 (m 4H),
1.99- 1.78 (m 3H), 1.68-1.43 (m 10HBI Exanple 41:

(R -1-1(2,5-Di fluoro-phenyl car banoyl) - net hyl ] - 3- (1- phenyl cycl ohept ane
car bonyl oxy) - 1-azoni a- bi cycl o[ 2 2. 21oct ane brom de 20 a)

2- Brono- N- (2, 5-di f | udko- phenyl ) - acet am de 91 The sub-titled
conmpound (3.6g, 90% 0|] nge solid) was prepared by a simlar
procedure to 0 prepare Exanple 38a using

2, 5-di fl uoBoani Mne W place of 2,6-difluoroaniline. 1H NWR
(400 MHz, CDC13): 88 .42 (s, 1H), 8.13 (ddd, 1H), 7.08 (ddd, 1H),
6.82-6. 75 b¢ ﬁfOllﬂJ{)n off2- @hxgoxmml)pmgmﬂglmm 0 mL dichloromethane at 0°C

o bony | ok e Gl b SRS Y R iy BRI ) O e o
2- br ono- N- gatignvdisd. [Tho lsmiuqntbrehwzhjle mrgtlakmxfﬂse s@iEbag fpd kh thd eepct{oh Tnity)e wmd
(R P A b SRS 3830 3 S qurifies e aek shropstoeragyy pipine
MeCN (1 miyithas % MeOtBdickibroethiand @rEnes Adrednesdliar 3. 808). that heis hasRHdt ffiger
o Pvsc e st ek LBk o s

col our | essconspouil (0. @gnzwoﬂa% yelbw oil.

10 'HNMR (400 MHz, CDCl;): § 8.56-8.48 (m, 3H), 3.78 (t, 2H), 3.37 {t, 2H).

Example 32: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(2-pyrazin-2-yl-ethyl)-1-

azonia-bicyclof2.2.2]octane bromide

Br _N
o 1 L
N N
0
H

15 2-(2-Bromo-ethyl)-pyrazine (Example 32a) (43 mg) was added to a solution of 1-phenyl-
cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example 14e) (50
mg) in acetonitrile (1 mL). The reaction mixture was allowed to stir at room temperature
for 68h. The volatiles were evaporated and the product was purified by silica gel
chromatography eluting with 0-20% MeOH/dichloromethane. The relevant fractions were

20 combined and concentrated, dissolved up in dichloromethane, filtered and evaporated to

give the title compound (30 mg) as a yellow gummy glass.

m/e 434 [M]*
TH NMR (400 MHz, CD;0D): & 8.60 (d, 1H), 8.54 (dd, 1H), 8.51 (d, 1H), 7.31-7.24 (m,
25 4H), 7.21-7.15 (m, 1H), 5.05-4.98 (m, 1H), 3.86 (ddd, 1H), 3.57 (t, 2H), 3.49-3.30 (m,



1H NVR (400 MHz, DMSO-d0O): 8 10.51 (s, IH), 7.82-7.75 (m 1H),
7.38-7.26 (m 5H), 7.21-7.16 (m 1H), 7.09-7.01 (m 1H), 5.12-5.06
(m 111), woBoyss702H), 4.05 (ddd, 1H), 3.61-3.48 (m 4dT/cBr06f6036429
(m 1H), 2.36-2.23 (m 2H), 2.17-2.06 (m 2H), 1.98-1.85 20(m 3H),
1.76-1.67 (m 1H), 1.66-1.41 (m 9H). BRanple 42:

(R) - 142- (4- Cyano- benzyl oxy) - et hyl | - 3- (1- phenyl cycl ohept anecar bonyl oxy
)-1-azoni a- bi cycl o[ 2. 2. 2] octane brom de WO

2009/ 138703ﬂm‘3/%30®8m03ﬂbz37089297 (mAMH 2t36¢219%din, 2H), 2.15-2.06 (m, 2H), 1.97-
4- (2-brono X z 4 0.17nmol ) and

1- phenyl cyclﬂ%%ﬁﬁe%b helcrztlrb g Olrﬂ)aé Séel 57(1 gﬁ)

(R -(1-aza-bicyclo[2.2.2]oct-3-y1l) ester (Exanple 14e) (51 ng) in
MeCN (1 nmL S irred at roomtenperature for 16h then heated to
80C under #F?WB‘@@%‘ @elr@rlawpoxrrﬁ’é’ nBsﬁailfl?h?gﬂsfaﬂCIann@wFlrlrwi@d) -&f
washed wi t frotdficy@dR. X)b&MmdRdRktevacuumto give the title corrpound
(70 ng) as a white solid. me 487 [M 1H NMR (400 MHz, DVBO D5):
6780(dd 2H), 7.48 (d, 2H), 7.31-7.22 (m 4H), 7.22- lo 7.16 (m

(m 5E|) 06- Lbzlgﬁ}’e('xg? %ﬁea}é@e@%&&%fc%b%é&s%a%_al_%dcygla 2?62]§ctf'gyléjy 6 3 35
2.08 (d, 2H), 198_77 m 3H), 1.72-1.60 (m 1H), 1.60- 38(m

9H) . Exanpl e_43: N
19hept anecar bonyl oxy) - 1-[ (6-trifl uoronet hyl 15pyrid

i n-2-yl car bamy ~Y-azoni a- bi cycl o[ 2. 2. 2] octane chl ori de a)
2-Chl oro- N- (3-% orpmet hyl - phenyl) -acetam de The sub-titled
conmpound ( 3 0t-Q white soli d) was prepared by a sinmlar
procedure t hat used to prepare Exanple 14f using

2- am no- 6-

A solution of (8)-(+)-3-quinuclidinol (299 mg} and 1-phenyl-cycloheptanecarboxylic acid
10 methyl ester (Example 14d) (455 mg) in 6.5 mL dry toluene under nitrogen was treated
with a 60% dispersion of sodium hydride (94 mg) and the mixture was heated to reﬂilx for
24h then cooled to room temperature and allowed to stand over the weekend. EtOAc and
sat. NaHCOj (,q) were added and the phases separated. The aqueous phase was extracted
with EtOAc (x3) and the combined organic layer was washed with brine, dried (MgSO,)
15 and evaporated to afford the crude product. Purification was achieved by silica gel
chromatography eluting with 0-10% MeOH/dichloromethane to give the sub-titled

compound (384 mg) as a yellow oil.

'H NMR (300 MHz, CD;ODY: & 7.39-7.27 (m, 4H), 7.25-7.14 (m, 1H), 4.80 (dt, 1H),
20  3.16(ddd, 1H), 2.83-2.64 (m, 3H), 2.56-2.34 (m, 4H), 2.15-2.04 (m, 2H), 1.91-1.86 (m,
1H), 1.72-1.44 (m, 11H), 1.38-1.25 (m, LH).

Example 33: (5)-1-(3-Phenoxy-propyl)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-

azonia-bicyclo[2.2.2]octane formate



am no-pyri di ne and addi ng the chl oroacetyl chloride at room
tenperature rather than at 0C. WD 2009/ 138707 PCT/ GB2008/ 001647 93
Exanpl e 43wo 2009/138707 PCT/GB2008/001647
(R) - 3-(1-Phenyl - cycl ohept anecar bonyl oxy) - 1-[ (6-tri fl uoronmethyl pyri di

- 2-yl carbanoyl) - met hyl ] - 1- azoni a- bi cycke[ 2. 2. 2] oct ane chl oride The
title conpound (66 ngy, 76% white solid) was prepared by a simlar
procedure to that used to prepare Exanple 14 using

2-chl oro-N-(3-trifluoronethyl ¢phenyl)-acetam de (Exanple 43a) in

pl ace of 2-chloro-Npyridin-2{yl-acetamide. mie 530 [M io0"'H NWR (400
MHz, DMS0-135): 8 11.48 (s, 8.25 (d, 1H), 8.14 (t, 1H), 7.67 (d,
1H), 7.33-7.26 (m 4H), 29 97( , 5.12-5.05 (m 1H), 4.28
(s, 2H), 4.11-4.03 (m 1 4H), 3.41-3.29 (m 1H),
2.36-2.23 (m 2 700- 1.82 (m 3H), 1.79-1.66

: NS Exarrpl e 44:

(R) - 11(4 Met h I-pyr car banpoyl) - met hy1l- 3- (1- phenyl cycl ohept an
ecar bonyl oxy) - -az i a: bi cycl o[ 2.2. 2] octane chloride a)

2- Chl or o- N- (4 | -gyridin-2-yl)-acetam de 20The sub-titled
compound (|
t hat used t\q bpar © Exanpl e 14f using 2-am no-4-nethyl pyridine in
pl ace of 2-am no-pyridine and addi ng the chloroacetyl chloride at

room t enpepahithfe bE-Hifhok by broRfde (0.026 mL) was added to a solution of 1-phenyl-
cycloheptanecarboxylic acid (5)-(1-aza-bicyclof2.2.2]oct-3-yl) ester (Example 33a) (50

mg) in acetonitrile (1 mL). The reaction mixture was allowed to stir at room temperature
5 for 72hrs then heated to 50°C for 3 days. The volatiles were evaporated and the residue
purified by silica gel chromatography eluting with 0-10% MeOH/dichloromethane to give
57 mg of a hygroscopic foam. Further purification was achieved by reverse phase HPLC
using a C18 column eluting with 5-95% MeCN/H,O containing 0.1% formic acid over

30mins gave the title compound (43 mg) as an oil.

m/e 462 [M]*

'H NMR (400 MHz, DMSO-Dg): § 8.38 (s, 1H), 7.34-7.24 (m, 6H), 7.23-7.17 (m, LH),

6.94-6.87 (m, 3H), 5.07-4.97 (m, 1H), 3.98 (t, 2H), 3.87-3.77 (m, 1H), 3.44-3.26 (m,

5H), 3.16-3.09 (m, 1H), 3.01-2.90 (m, 1H), 2.38-2.23 (m, 2H), 2.16-1.77 (m, 7H), 1.69-
s 1.43 (m, 10H).

Example 34: (R)-1-{[2-(3-Fluoro-phenoxy)-ethylcarbamoyl]-methyl}-3-(1-phenyl-

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

20  a) 2-Bromo-N-[2-(3-fluoro-phenoxy)-ethyl]-acetamide



WD 2009/ 138707PCT/ GB2008/ 001647 94 'H NWMR (400 MHz, CDC13): 68.77 (s,
1H), 8.17 (d, 1H), 8.03 (s, IH), 6.93 (d, 1H), 4.19 (s, 2H, 2.39 (s,
3H) . Exanpive a6tbiissror PCT/GB2008/001647
(R -1-[(4-Methyl - pyridin-2-yl car banoye- et hyl ] - 3- (1- phenyl cycl ohept-an
ecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] o@ane chloride CI NN To a

sol ution of 1-phenyl-cycl oheptanecarboxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-ye ester (Exanple 14e) (100 ng) in 1
m. MeCN wad rﬂlddﬂdoﬂz-(ihﬂmmpﬂﬂﬂ@x%dmﬂhmhe (/93 ghiand Petagsiym ecBdmaE (024 g) in
(Exanpl e 4§a irred erature

For t o2ih, degteprutin AL oo skl Fomperet Pien i gt T i a1

50C to gi Veatht® hiktok@weOdRRH At C8E: fﬂﬁﬂmﬁtﬁeﬁat‘ﬂ%rﬁ ?engﬁl'dtd}e fo?%h‘l’\x’@te[' Mas
"H NVR (400 Mz, DVBO DB): 8 10,98 (s, 1H),

H), 7.33- 7adigd pad theminge was sigredruntif efferyestetice cerascnz The gmamp hayen wgs

5 11 g 913 %eB%rsgeFDand %%%ga%ﬁ: i&%ﬁbe\%ak?ragaé&g ;f&;rq}}q ]2’;% ?00%@[2\%1 519 &;QQ

1 98 1. 84 purifieB My silita g&-chrodiat¢gnaphy keduting witB 015034 EtOA c/[@hbane to givetkasyil-e
45: . .
(R) - 11( 5- S SMBIPIU 7 2) 81 2898888y 1) - met hy! | - 3- ( 1- phenyl 20cycl ohept

anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane chI oride a)

3Gl o N 83 0L o (£ 250 0092 i Brns o, 66

10 1H), 4.06 (t, 2H), 3.90 (s, 2H), 3.71 (q, 2H).

Example 34: (R)-1-{[2-(3-Fluoro-phenoxy)-ethylcarbamoyl]-methyl}-3-(1-phenyl-

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

Br
o H /@\
-0 O
H

15 The title compound (70 mg, 76%, yellow foam) was prepared by a similar procedure to
that used to prepare Example 32 using 2-bromo-N-{2-(3-fluoro-phenoxy)-ethyl]-acetamide
(Example 34a) in place of 2-(2-bromo-ethyl)-pyrazine.

m/e 523 [M]*

20 'HNMR (400 MHz, DMSO-Dg): § 8.74 (t, 1H), 7.33-7.23 (m, SH), 7.23-7.16 (m, 1H),
6.79-6.71 (m, 3H), 5.09-5.02 (m, 1H), 4.03-3.94 (m, 5H), 3.57-3.40 (m, 6H), 3.33-3.22
(m, 1H), 2.35-2.20 (m, 2H), 2.10 (d, 2H), 1.96-1.82 (m, 3H), 1.74-1.62 (m, IH), 1.62-
1.40 (m, 9H).

25 Example 35: (R)-1-[(3,5-Difluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2}octane bromide



The sub-titled conpound (0.33g, 20% was prepared by a simlar
procedure to that used to prepare Exanpl e 14f using

2- am no- 5- wiol weepEy7r di ne in place of 2-am no-pyridine &@h@ﬂﬁibmﬁme
chl oroacetyl chloride at roomtenperature rather than at 0C.

NVR (400 MHz, CDC13): 68.80 (s, 1H), 8.88 (d, 1H), 8.19 (d, 1H), 7.70
(dd, 1H), 54.20 (d, 214). Exanple 45: '

(R -1-[(5-Chl oro-pyridin-2-yl carbanoyl) - net hyl ] - 3- (1- phenyl cycl ohept a
necar bonyl ax¥-Brdmaabi3iadillueyphedyd)-ateBh@dt ane chloride io The title
compound (103 ngy, 63% white solid) was prepared by a simlar
procedure tog;h\gﬁ/ ed fo pli:epare Exanpl e 44 using

2- chl or o- NH5- chjyor o>y g’ n-2-yl)-acetam de (Exanple 45a) in place
of 2-chl oro- N (4 net r|d|n 2-yl)-acetamde. me 496 [M Is'H NWR
(400 MHz, DI\/SOIfa): 8™~%26 (s, 1H), 8.41-8.39 (m 1H), 8.02-7.94 (m
2H), 7.32-7.25 (m 4H),|7.22-7.17 (m 1H), 5.12-5.03 (m 1H), 4.27
(s, 2H), 4.09-4.02(m 1FF—|), 3. 63- 3 50 (m 411) 3 42-3.32 (m 1H),

2m37 1|2_|) Zsl(l'g]%s%kpg?d(cmnp \ 0(% Qé ga@ﬁweés wexy sohd) was prlr*}apar |::l|)usm]g- a7s§m11ar65
(R)-3-(1- Pb@eydm&wqhamemame ﬁfe?%ﬁl’é%xafhp(e%ﬁ thydsﬁ@rﬁmwma}ﬁmylh) -
1-azoni a- bi cycl O’él 2] oct ane” brom de a) 2-Brono-N-p-tol yl-acetam de
Br-M N0 Pbeeqf %dkf](yp@@ﬂlbncof p-toluidine (2.35 g) in 100 nL

di chl or onet hane was added potassi um carbonate (6.21 g). The reaction
m xture was flushed with argon then bronpacetyl bromde (1.6 nL) was
added dr opiit BMRADOINIHR, GIDEL: ) 8 8dF i Hyi ktaude2Mp .63t (id, 1E), 4.02 (s17H).

Wat er was added and the | ayers were separated. The organic | ayer was
treated with cycl ohexane and the volunme was reduced in vacuo causing
a solid t oEpample®5t ¢R)el- wh,'scmﬂm phienyRaniyl)-heahal] 8qu ghefa-

Vrr, oL apvelaeptaggesr o e iagaiercif 2 facipge gom%% S a1 (s

2H), 2.33 (s, 3H O Exanpl e 46:
(R) - 3-(1- Phenyl hept anggar bonyl oxy) - 1- (p-tol yl car banoyl - net hyl ) -
0

1-azoni a- bi cycl 2] oct ane br om de

Y

A mixture of 2-bromo-N-(3,5-difluoro-phenyl}-acetamide (42 mg) (Example 35a) and 1-
phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example 14e)
(50 mg) in MeCN (I mL) was stirred at room temperature for 72h. The solid precipitate

15 was filtered off, washed with ether and dried at 50°C under vacuum overnight. The mother
liquors were evaporated, treated with ether and the resulting solid was filtered off. The
solids were combined and crystallised from hot isopropyl alcohol to give the title

compound (15 mg) as a colourless solid.

0 m/e 497 [M]*
'H NMR (400 MHz, DMSO-Dg): 8 10.89 (s, [H), 7.33-7.17 (m, 7H), 7.01 (tt, 1H), 5.13-
5.06 (m, 1H), 4.26-4.14 (m, 2H), 4.10-4.0! (m, 1H), 3.63-3.49 (m, 4H), 3.43-3.32 (m,
1H), 2.38-2.23 (m, 2H), 2.18-2.06 (m, 2H), 1.98-1.86 (m, 3H), 1.79-1.67 (m, 1H), 1.65-
1.41 (m, 9H).



To 1-phenyl -cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2)oct-3-yl) ester 15 (Exanple 14e) (51 ng) in
acet oni t ri Wwe 0do/isep7was added 2-brono- N-p-tol yl - acet am i/ ¢Eoeamhar
46a) (39 ng). The reaction was stirred at roomtenperature overni ght
and the acetonitrile was renoved under ggeduced pressure. The materi al
was recrystallised fromacetonitrile/ethyl acetate to afford the
title conpound as a colourless solid (16 ng). FL:de 475 [M NVR
(400MHz, DVSO D6): 8 10.40 (s, 1FD 7.40 (d, ZFD 7 33-7.25 (m 4H),
7.21- 7.16_(m 1@, 7.13&8"1 5115045} 4.13 (q, 2H),

4. 09- 4. 00( Fxampfe 363 (F)Al-R-Wemethoxyrbgnzybpxyoethylya- (emhe-m) 2.37-2.23 (m

(m 11y 1 Elobpherbbpal i s SRR BB on 001647 07

2-Bromb-N-mtolyl-acetamide BrN O To a solution of mtoluidine (5.35
g) in 150 m . dichloronethang,was added potassium5 carbonate (17.3
g). The reaction m xture was [fl ushed with argon then bronopacetyl

brom de (3.6 rn waSs added w se over - 15 mins and the reaction
m xture was stifred Yor 2. 5h. ter was adged and the | ayers were
separated. The prganfc layer was evap6r ared and the residue was
treated with EtOA

di scar ded. et

pitate was filtered off and
,évaptr at ed and purified by silica
gel chromat bgr aphy g with 0-100% Et OAc/ cycl ohexane to give
t he sub-tithed” conpoiwy 13 g) as an off-white solid. '"H NVR (400
MHz, CDC13): 5 8.06 (s5 1H), 7.38-7.28 (m 2H), 7.27-7.21 (t, 1H),
698(d; 1H), 402(sH2H), 2.36 (s, 3H). 15 Exanple 47:

(o (T PRoahysal anepianseas eyl 9l (Lol YR PR )1
cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2}oct-3-yl) ester (Example 14¢) (50
mg) in MeCN (1 mL) was stirred at room temperature for 16h then heated to 80°C under
nitrogen overnight. A further 1.1 equivalents of 1-(2-bromo-ethoxymethyl)-4-methoxy-

10 benzene were added and the mixture was heated at 80°C for a further 48h. The volatiles
were evaporated and the crude product was purified by silica gel chromatography eluting
with 0-10% of a 10% conc. NHa/MeOH solution in dichloromethane give 61 mg of an oil
that was purified further by reverse phase HPLC (Gemini SuM C6 phenyl column) eluting
with 5-95% MeOH/H,0O containing 0.1% formic acid over 30min with UV detection at

15 220nm. The relevant fractions were combined and evaporated to afford the title compound

(34 mg) as an oil.

m/e 492 [M]"
‘H NMR (400 MHz, CD;0D): 6 8.48 (s, 1H), 7.31-7.16 (m, 7H), 6.91-6.86 (m, 2H),

20 5.09-5.03 (m, 1H), 4.44-4.39 (m, 2H), 3.92-3.63 (m, 6H), 3.46-3.29 (m, 5H), 2.99-2.88
(m, 1H), 2.43-2.28 (m, 2H), 2.24-2.20 (m, 1H), 2.15-1.86 (m, 4H), 1.75-1.51 (m, 10H).

Example 37: (R)-1-(2-Phenethyloxy-ethyl)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-

25 azonia-bicyclo[2.2.2]octane bromide



To 1-phenyl -cycl ohept anecar boxylic acid
(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester 20 (Exanple 14e) (50 ng) in
acet oni t ri we Rdoxkp7was added 2-brono-N-mtol yl - acet am wqydiapha7
47a) (38 ng). The reaction was stirred at roomtenperature for 26
hours and the acetonitrile was renoved ggnder reduced pressure. The
material was purified by silica gel chromatography eluting with 0-10%
MeOH/ di chl oronet hane to afford the title conpound (37 ng) as a

& me 475 [M 1H NWVR (400MHz, DMSO-136): 6 10.40
(s, IH, 7.39 ( 7.32-7.25 (m 511), 7.22- 7.15 (m 2H), 6.92
(d, 1H), 5.11-5 1H), Bri4 (q, 2H), 4.11-4.01 (m 1H),
3.64-3.48 (m__4HN3. 43- 34 30 ( 1H), 2.39-2.21 (m 5H), 2.18-2.05
(m 2H), 1.87°% AéS ae)’,\s*lnb . IH), 1.65-1.39 (m 911).
Exanpl e 48:

(R -1- (Oxazo -yl e&t ; met hyl ) - 3-( nyl cycl ohept anecar bonyl oxy
)-1-azoni a- bi cycl o[ 2. 2: 2] oet ane brom de i 0o a)

2- Brono- N- oxazol - 2-yl -Ricetamide Br 0 01 J A solution of bronoacetyl
brom de (0T44_rrLgﬂ¥i?n dre/ CHCL3 (5 nL) was added dropw se to a
suspensi on 187 titke comReynd (68 mg, 7% grnumy s9idy yvas pigpared eqcpiding i asingibr 96
nL) in drypftkdd to9%at Bel fALEN WE?&EER@; alshfomol QU MER
al | oned topsti r for 16h, ther? I's quenc [e V\/l?qtnho {:}ﬁ% %W;Heﬁgﬁgégh rred
f or 20ni nsobkfbbremestcximethyi-dgneihererbenesiaced pressure to a |ight
brown sgplid. The crude product was purified by silica gel

chromat ography eluting with 1-3% MeOH di chl oronet hane to give the
title conpoladV6(d56g) as an of f-white solid. 20'H NVR (400 Mz,

o BonoLIgge tiobRand Dhiso-D 3 2527 b 10f! S.0b o2t 145} 20485 (m,
(R) - 1- ( Oxaiid), -260/1.ea)b a0yl Iteid) gH),- 899-2.8p anyiy; yci7oheph apsgarhqay | oxy

)-1-azoni azly oy f) ObL i h°T 9B eo e T ® 1 84-1.67 (m, 2H). 1.67-1.32 (m, 108D).

10

Example 38: (R)-1-[(2,6-Difluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyelo[2.2.2]octane bromide

a) 2-Bromo-N-(2,6-difluoro-phenyl)-acetamide

F
H
N
Br/\ﬂ/ .
O
F

To a mixture of 2,6-difluoroaniline (1.12 g) and potassium carbonate (1.8 g) in 50 mL
dichloromethane was added bromoacetyl bromide (1.5 mL) and the mixture was stirred at
room temperature for 17h. Water was added and the mixture stirred for several hours then
the phases were separated on a hydrophobic frit and the organic layer was evaporated. The
20 crude product was purified by silica gel chromatography eluting with 0-100%
EtOAc/cyclohexane to give the sub-titled compound (0.92 g) as a white sotid.

'H NMR (400 MHz, CDCla): 6 7.74 (s, 1H), 7.31-7.21 (m, 1H), 6.98 (t, 2H), 4.08 (s, 2H).



99 1- Phenyl -cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-y1l) ester (Exanple 14e) (0.31 mol)
and 2- br onwoNo@¥@g0h - 2-yl -acet am de (Exanpl e 48a) (0. 3lpdidshosiRiar
stirred in anhydrous MeCN at room tenperature for 18 hours. The
reaction m xture was concentrated in vagua and the yellow solid
purified by flash silica gel colum 5 chromatography eluting with
0- 15% MeOH/ di chl oronet hane to give the title conpound (100 ng) as a

white sol i Examplecs3846R)-1- MZ, -]DifMM:é ﬁ%@]c%&m dplyEt0ho1] 33(53ﬂﬂeny187 67 (s,
1H), 7.35-7. 7.02 (s 5.14-5.05

Johebifeirbapylos

(m 1H), 45%¢ E’"(ef:ﬁ gwjlox leﬁoglaégcy(c}ﬁp gf.EBocta;gle@golgldgo (m 1H),
2.42-2.29 (m 2 2.12 (m 2H), 2.10-1.86 (m 3H), 1.82-1.70
(m 1H), 1.70- @ 9H). B Exanple 49:

(R) - 14( 6- Met hyl dazi n- 3-yl car barpoyl) - met hyl ] - 3- (1- phenyl 15

eyel ohept anecar bs 0 - azon“a bileyel o[ 2. 2. 2] oct ane brom de a)

2- Br onp- N- (6~ e i MR=3-y agcetamde ,N -1 A solution of
OHC13 (4 nL) was added slowy to
dazi ne (0.24 g) and
triethylamne (0.47 rnl) in dryFCHC13 (45 nlL) at room tenperature.
The brown m xture was Kl lowed to stir for 3.5hr, then quenched with

-190 (1.5 nmL) and stirred for 20m ns before concentrat | ng under
reduced prédaigtuge ef2-bropodVni2.&difludro-phisayltacethenige dikampledls) (2 mig) pedll-by

P i e e A ek e S T S

conpound (G02s)d) B@@Mlphln}oifahﬁbei qwmta@crattﬁemrﬂmrﬁpmthémo mg 2-
(R -11(6 I zi n-.3- vyl car ba y cl. ohept
anecar bonl\{Fé%)N azlonl i he“i‘é PoTamae gog’i%acdge‘i@}/‘ids}‘gﬁﬁ%“é’"&"e for another

22h. The volatiles were evaporated and the residue was purified by silica gel

chromatography eluting with 0-10% MeOIH/dichloromethane to give the title compound

10 (41 mg) as a colourless foam.

m/e 497 [M]*

'H NMR (400 MHz, DMSO-D): 8 10.40 (s, 1H), 7.42-7.35 (m, 1H), 7.31-7.25 (m, 4H),

7.22-7.16 (m, 3H), 5.12-5.05 (m, 1H), 4.32-4.27 (m, 2H), 4.10-4.02 (m, 1H), 3.66-3.49
15 (m, 4H), 3.43-331 (m, 1H), 2.36-2.21 (m, 2H), 2.17-2.06 (m, 2H), 1.99-1.85 (m, 3H),

1.77-1.66 (m, 1H), 1.68-1.25 (m, 9H).

Example 39: (R)-1-[(Methyl-phenyl-carbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]Joctane formate

a) 2-Bromo-N-methyl-N-phenyl-acetamide

Br/j)r rL\@

To a mixture of N-methyl aniline (5 mL) and potassium carbonate (9.6 g) in 100 mL
dichloromethane was added bromoacetyl bromide (8.1 mL) (exotherm). The mixture was

25 stirred for 4.5h then water was added. The phases were separated and the organic layer was



1- Phenyl - cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e) (0.20 mmol)
and 2- br ongoMNugeBzgmy hyl - pyridazi n-3-y1) - acet am de (Exarghfoghddooiddy 20
nmol ) were stirred together in anhydrous MeCN at roomtenperature ?
18 hours. The reaction m xture was congentrated in vacuo and the
yell ow solid purified by flash silica gel colum chromat ography
eluting with 0-15% MeOH di chl oronethane to give the title corrpound
(65 ng) ascehckficdOThebru rﬂddét oy dulﬁledb silly E(lﬂﬂfgrnl}dd%ra éﬁ)

8. 19(d 1%738d|&q’7 7 (4, WW% f% 09
(In, 074 E fcyp_kohexa@e 1Hhegelgwn ﬁ@ct@rag werg cemb(r@g amvapcsatacv anzd tBe

(2.mos-1 T) 96 ?%ﬁuéﬁf,éﬁ‘?"suf-%ﬁ%g e e“miﬁ@—%is}%‘éa’?h% w CHBE s,

50: (R)-3- (tmeﬁhém)dneﬁmwﬂh@mfmiwrt&fﬂyllmnyt):s and(tpgnthmmerﬂ-wﬁfe scparated

5. Ch or b NETPPRPhp RSB 1 Cahin Bequitt P orgotnd (g2 eyafa Sl egponyec

am no-pyrigslidi ne (2.0 g) in dry dichloromethane (17 nL) under
nitrogen at 0C was treated with triethylamne (2.6 nm.) followed by

sl ow addi tion of chloroacetyl chloride (1.5 nmL, 18.4mvol). The
reaction MpKANIEOBMIRL, \CDRAY: § 9 sHarR\(HP 31 7@@011262@& OFRES. @it(%”ﬁ-l) Afdher
2h, the mixture was partitioned between di'chl oronet hane and wat er.

WD 2009/ 13873PPCT/ GB2008/ 001647 101 The phases were separated and the
aqueous, | ayer was extracted w th dichloronethane (x2). The conbi ned
organic | ayers were washed with brine, dried over sodi um sul phate,
filtered aEthpinB%r(ﬁ)-at[dﬂetlul-ghwl—tmé)amouﬂenghﬂdiﬁdﬂ -phlandh was

II[\)/E{)II-J :jlegh:) F%irli’eﬁl’cgne Xnygtlﬂ%g%{nﬁ% ?’?tlya@ﬁ/%ﬁé’ \tﬁ@? g"rgtai‘??bllg;/fj and

evaporated to give the titDe conpound (1.20 g) as a green solid. NWMR
(400 MHz, CDC13),—8 8.84(/&,\1H), 8.65 (d, 2H), 7.09 (t, 1H), 4.46
. H -

6

(s, 2H). O

o ok
A0

A mixture of 2-bromo-N-methyl-N-phenyl-acetamide ((Example 39a) (38 mg) and -

15 phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example 14e)
(50 mg) in 1 mL. MeCN was stirred at room temperature for 48h. The volatiles were
evaporated and the residue purified by silica gel chromatography eluting with 0-10%
MeOH/dichloromethane. Further purification by reverse phase HPLC eluting with 20-90%
MeCN/H;0 containing 0.1% formic acid gave the title compound (17 mg) as a colourless

20 gum.

m/e 475 [M]* |

'H NMR (400 MHz, DMSO-D; with a drop of TFA-D): & 8.08 (s, 1H), 7.47 (t, 2H), 7.39

(dd, 3H), 7.32-7.23 (m, 4H), 7.20-7.15 (m, 1H), 5.09-4.98 (m, 1H), 4.01-3.83 (m, 3H),
25 3.61-3.34 (m, SH), 3.16-3.09 (s, 3H) 2.37-2.21 (m, 2H), 2.16-2.05 (m, 2H), 1.96-1.75 (m,

3H), 1.71-1.36 (m, 10H).



Exanpl e 50: (R)-3-(1-Phenyl-cycl oheptanecarbonyl oxy)-1-(pyri m di n-2-

i 0 yl car banoyl net hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane chl ori de

1- Phenyl - cywol ohepgamnecar boxylic acid PCT/GB2008/001647
(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e, 0.30 nmol) and
2-chl oro- N-pyrim di n-2-yl -acetam de (Eganple 50a) (0.36 mml) in MeCN
(1.5 nL) were stirred together at roomtenperature overnight. The
reaction | Sm xture was concentrated in vacuo and the residue purified

by silica Eﬁmplamongnogpa(gbgyae,b HeRGk Mk Mafid di chl or onet hane
to give the t|tIe cogoun as aLii eltey*ﬁ“spolliir)glj-@fﬁp 20 mMe 463 [M

1H NMVR (409rclohs EE)‘OXYM?ZQ@H(‘BCYCIO@22133067618(11&011121%), 7.32-7.24
(m 4H), 7.23- 7.14 (m 2H), 5.09-5.03 (m 1H), 4.48 (s, 2H), 4.06
(ddd, 1H), 3.65-3.51 (m 4H), 3.45- 3.3 (m 1H), 2.37-2.21 (m 2H),
2.15-2.07 (m ‘ .96-1.80 (m 3H), 1.75-1.64 (m 1H), 1.63-1.38
(m 9H). 25 Ex 51: Br CN

(R)-11(5- Cyano- n- 2-y1eanam)yI hyl ] - 3-(1- phenyl cycl ohept ane

car bonyl oxy) o[ 2.2.2 e chloride WO
M’z\r@

2009/ 138707
2- Chl or o- 2-yl)-acetam de A solution of

2-am no- 5- cystio pyri .0 g) in dry dichloronethane (17 nlL) under
nitrogen at 0C was tr?_gted with triethylamne (2.6 nL) followed by
sl ow addition of 5 chlforoacetyl chloride (1.5 nL). The reaction

mxturewa u er 2h, the

m xture Wa&s ngjéljlllfe\,@q‘ @0068‘@5%%8 })3)«35% oroﬁe@ﬁ‘gzgnd’?ahwier The phases
wer e separcarbbﬂe;amd:carbm}élqlaadtm) (laz;mrbmaoals[m(zjroalsz-gt}l evedt (@xample 14e) (52

di chl or onet e caonbi,ned organic S was i th

o nes o iee B b et TR e oR P oA e el Cirteery o
the crude diresbd Gbr aduttaer M8 STHRWOlileR Gvelyevapbrhed afkBihe residue was triturated

with ether to give an off-white solid that was triturated with EtOAc and dried under

10 vacuum to give the title compound (61 mg) as a white solid.

m/e 487 [M]*

'H NMR (400 MHz, DMSO-Dg): § 7.78-7.73 (m, 2H), 7.33-7.26 (m, 4H), 7.22-7.17 (m,

1H), 7.09-7.04 (m, 2H), 5.05-4.99 (m, 1H), 4.08 (t, 2H), 3.82 (ddd, 1H), 3.43-3.26 (m,
(s 5H), 3.21-3.08 (m, 1H), 3.02-2.90 (m, 1H), 2.39-2.22 (m, 2H), 2.17-2.00 (m, 4H), 1.99-

1.78 (m, 3H), 1.68-1.43 (m, 10H).

Example 41: (R)-1-[(2,5-Difluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl-
cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane bromide
20

a) 2-Bromo-N-(2,5-difluoro-phenyl)-acetamide

H
N
oY
O



i 0o chromat ography eluting with 50% Et OAc/ cycl ohexane. The rel evant
fracti ons were conbi ned and evaporated to give the title conpound

(2.17g) aswa Zosgis7obr ownn sol i d. NMR (400 MHz, CDCl3)pcizciroo(ey
1H), 8.61 (dd, 1H), 8.36 (dd, 1H), 8.00-7.97 (m 1H), 4.23 (s, 2H).
| S Exanpl e 51: g1

(R -1-[(5-Cyano- pyridi n-2-yl car banoye- net hyl ] - 3- ( 1- phenyl cycl ohept ane
car bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 23oct ane chl ori de

201- Pheny| Thy aibotivedtcamonidy@6g) 90%.agdngde solid) was prepared by a similar procedure to
(R -(1-aza-bi ﬁg I 0&2. 2. 2] oct -3%21)_ ester_ (Exanple 14e) (0.30 mmol)
and 2-chl offgt e% £0 106RaAe EXrRle PR vsing 3.2 -dilorpaniliac inmlagsof &.ogtBnoreanilss.
nmmol) in MeCN (1.5 nmL) were stirred together at roomtenperature
overnight. The reaction m xture was concentrated in vacua and the

resi due pubtil NMERY (499 MHE. (Clgk b 842 (ontdd) oy Bfoidg, 1D LTi08 Gddd, 1 H),06.856675

MeOH/ di ¢hl t give the title conpound as 25a white solid
(60 ng).? %@%ﬁj‘%i@%ﬁ) "H NVR (400 MHz, DVMBO-D6): 8 11.56 (s, 1H),

8.81 (dd, 1H), 8.31 (dd, 1H), 8.09 (d, 1H), 7.32-7.25 (m 4H),

1272 8] bl ot Db g * "

2.17-2. 05 (yatohdpbanechrBbnylosd3-1taBonfdticyclo[Z82Jochime bTomidd) . 1. 65- 1. 40
(m 9H). Exanple 52:

(R) - 3- (1- Phenyl A ohept anecar bonyl oxy) - 1- (pyri m di n- 5-
yl car banoyl net azoni abBbi cycl o[|_2. 2.2]octane chloride 10 a)
5-yl -acet api de

2-Chl oro- N-pyrin
O . N
N
_ O

Itn

F

10 A mixture of 2-bromo-N-(2,5-difluoro-phenyl)-acetamide (Example 41a) (47 mg) and 1-
phenyl-cycloheptanecarboxyiic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example 14e)
(56 mg) in MeCN (1 mL) was stirred at room temperature for 30h. The resulting
precipitate was filtered off, washed with ether and dried at 50°C under vacuum overnight

to afford the title compound (65 mg) as a colourless solid.

m/e 497 [M]*

H NMR (400 MHz, DMSO-d0): § 10.51 (s, [H), 7.82-7.75 (m, 1H), 7.38-7.26 (m, SH),

7.21-7.16 (m, 1H), 7.09-7.01 (m, 1H), 5.12-5.06 (m, 1H), 4.25 (s, 2H), 4.05 (ddd, 1H),

3.61-3.48 (m, 4H), 3.42-3.29 (m, 1H), 2.36-2.23 (m, 2H), 2.17-2.06 (m, 2H), 1.98-1.85
2 (m,3H), 1.76-1.67 (m, 1H), 1.66-1.41 (m, 9H).

Example 42: (R)-1-[2-(4-Cyano-benzyloxy)-ethyl]-3-(1-phenyl-

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



Cl 0 5-Am nopyrimdine (450 ng) was suspended in DCE (2 m.) and
acetonitrile (2 m) in a mcrowave vial. Chloroacetyl chloride (0.377
M) was adWechwisirostirring. The vial was 15seal ed and gdigzaRaddiQn
m xture was heated in the mcrowave at 80C for 5 m nutes. The solid
was filtered off, washed with acetonitrgyle (2 x 5 nL), DCE (2 x 5 nlL)
and pentane (2 x 30 nlL) and then partioned between saturated sodi um
bi cabonate and DCE (50 nmL/50 nmL ) ensuring the aqueous | ayer was

still basic. The_ erganic | ayer was separated and the aqueous | ayer
was extracted (2 x 75-m.). Theg comyyned organic |ayer was
N

dried 20 over um sul f &e and g¥apgrated to give the sub-titled
conpound (200 VR (400 WHz, DVSO-D6): 5
10.71 (s, lsH , 4.35 (s, 2H). 25 Exanple
52: (R)-3-( cycl tanecar bonyl oxy) - 1- (pyrimdin-5-

yl car banoyl| wegf fbicyclo[2.2.2]octatte chloride WO

2009/ 138707PCT/ GB2008/ 801647 104 1- Phenyl - cycl ohept anecar boxyl i c
acid (R -(1-aza-bi cycIH[Z 2.2]oct-3-yl) ester (Exanple 1l4e) (115 np)
in acetonitrile ( was treated with

2- chl or o- mﬁwrw eﬁ ‘hi sorpmogehopame ) beseanistile ($mg. G Benmel) andl-ghangl-a
dark b

The resul t P rhAGalbdB R (R) L ARbiBl R RE IR Bt (Ratpl e lsFe
(2 nL) andmgkitMeeN (Bmi) vas stiredrat spnukohperatnaciou mﬁtatﬂ]emmtetdoo @O“@aurtdhxe

title c Q n 63 400
DVEO- D6§ np%ﬂ?gen%' %éhqrﬁ% rg%lﬂw%]sgldw lterf‘éF cgg v»(aélgelgl’\ﬂ;th et r§§d rlﬁidJn%{HZ
4H), 7. 22-vaclém ¢orgivd lb)titleTohpeimdqB0 (@) aslHyhitedsoB4. (s, 2H), 4.12-4.04
(m 1H), 3.67- 3.52 (m 4H), 3.43-3.31 (m 1H), 2.37-2.22 (m 2H),
2.17-2.06 (m 2H), 1.99-1.83 (m 3H), 1.79-1.67 (m 1H), 1.65-1.40
(m 9H) . m/e487 [M]*

'H NMR (400 MHz, DMSO-Dg): 5 7.80 (dd, 2H), 7.48 (d, 2H), 7.31-7.22 (m, 4H), 7.22-

10 7.16 (m, [H), 5.06-4.96 (m, 1H), 4.57 (s, 2H), 3.94-3.78 (m, 3H), 3.56-3.35 (m, SH),
3.27-3.18 (m, 1H), 3.11-3.00 (m, 1H), 2.36-2.18 (m, 2H), 2.08 (d, 2H), 1.98-1.77 (m,
3H), 1.72-1.60 (m, 1H), 1.60-1.38 (m, 9H).

Example 43: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-[(6-trifluoromethyl-
15 pyridin-2-ylcarbamoyl)-methyl}-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(3-trifluoromethyl-phenyl)-acetamide

F
NN -
CI/Y | X E
o _

The sub-titled compound (1.1g, quant., white solid) was prepared by a similar procedure to

20 that used to prepare Example 14f using 2-amino-6-(trifluoromethyl)pyridine in place of 2-
amino-pyridine and adding the chloroacetyl chloride at room temperature rather than at
0°C.

TH NMR (300 MHz, CDCI3) 8 8.90 (s, 1H), 8.42 (d, 1H), 7.92 (t, 1H), 748 (d, 1H), 4.22
25 (s, 2H).



| SExanpl e 53:

(R) - 14( 3- Fl uor o- pyri di n-2-yl car banoyl ) - net hyl ] - 3- (1- phenyl -

cycl ohept oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] oct ane }

2- Chl or o- al\ﬁ?%&?}qgﬂﬁ) pyridin-2-yl)-acet am de PR fofdly
202- Ami no- 3-fluoropyridine (1.5 g) was di ssolved in DCE (15 nL) and
chl oroacetylchloride (1.1 nL) was added dropw se. The reaction was
heated in a mcrowave at 80C for 5mns. The reaction m xture was
cooled and the resulting solid was filtered off, washed w th DCE,
MeCN and pentane then suspended in dichl oronmethane and aqueous NaHCO3
(sat) was Haample 4fhR)ctabhenybrrdeheptaneswrbonydoxdtld fEtrifheromethylis

| ayer was Sracf | o di chl.or onet.han a1he canbi ned
organic | agglﬁléﬁvc\ie?@a'ggra F‘@aﬁgg%bﬁiécﬁzu%asbd?yﬁ Og‘%gg)ﬁt&ne fb‘gr' Bncent r at ed.

The crude producky—wys purified by silica gel chromatography eluting
with 0- 100% Etclohex@me to give the title conpound as a white

solid (800 ny). H NVR (400, MHz, DWVS 126): 5 10.61 (s, 1H), 8.27
(dt, 1H), . H. 7.41s7.,35 (lr"1H), 4.37 (s, 2H). Exanple
53: N, F _

(R-1-1(3- j di -’Efarb |my1 -met hyl] - 3- (1- phenyl cycl ohept a
necar bonyl oXyF<1- azom ~yct of 2. octane chl ori de

i 01- Phenyl - cycl ohept arrecar boxylic acid
(R - (1-aza-bicyclo[2. H2]oct-3-y1) ester (Exanple 14e) (0.30 mol)

and 2-chl orpo-N: (3-fl uoro-pyridin-2-yl)-acetanmd Exanpl e 53 0, 36
ol VEEReOEmREY (R (B Bie sl el Y @M Gy alirg it
The react i asad B pepur€EX@SPIE ONGERY zameda-Nm-mm@%haloyl)e&adﬂme
purified by sil] cg gel chrchrra%ogrg’ohy. eluting with 0-10%

MEOH di chi GramBlert Ao It Riaggiol &-cplpzo-M RN HnhasEadideés a white solid (86
ismg). ink 480 [M 11-1 NWVR (400 MHz, DVMSO-D6): 8 11.07 (s, 1H), 8.25
(dt, 1H), 7.81 (ddd, 1H), 7.39 (ddd, 1H), 7.31-7.24 (m 4H),
7.22-7.15 %539&3“,] 5.11-5.04 (m 1H), 4.36 (s, 2H), 4.11-

10 'HNMR (400 MHz, DMSO-Dg): & 11.48 (s, 1H), 8.25(d, 1H), 8.14(t, 1H), 7.67 (d, 1H)
7.33-7.26 (m, 4H), 7.22-7.17 (m, 1H), 5.12-5.05 (m, 1H), 4.28 (s, 2H), 4.11-4.03 (m,
IH), 3.66-3.49 (m, 4H), 3.41-3.29 (m, 1H), 2.36-2.23 (m, 2H), 2.18-2.06 (m, 2H), 2.00-
1.82 (m, 3H), 1.79-1.66 (m, IH), 1.66-1.40 (m, 9H).

h ]

15 Example 44: (R)-1-[(4-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(4-methyl-pyridin-2-yl)-acetamide

H
No _N
Ci/\n/l\

20 The sub-titled compound (1.3g, 74%, solid) was prepared by a similar procedure to that
used Lo prepare Example 14f using 2-amino-4-methylpyridine in place of 2-amino-pyridine

and adding the chloroacetyl chloride at room temperature rather than at 0°C.



204.04 (m 1H), 3.66-3.52 (m 4H), 3.44-3.32(m 1H), 2.37-2.21 (m
2H), 2.19-2.06 (m 2H), 1.99-1.82 (m 3H), 1.77-1.65 (m 1H),

1. 65- 1. 38 Wwimzo08hibsrolrxanpl e 54: PCT/GB2008/001647
(R) -11(3-Fluoro-pyridin-4-yl earbanoyl) - met hy11- 3- ( 1- phenyl cycl ohept an
ecar bonyl oxy) - 1-azoni a- bi cycl o[ 2. 2. 2] ogiane chl ori de 25 a)

2-Chl oro-N-(3-fluoro-pyridin-4-yl)-acetam de WO

2009/ 138707PCT/ GB2008/ 001647 106 A sol ution of

3-f | uor o- py N (4bONIAR] (Y8R 5 2. 79)(5 1M, Y7 m %@J@tf}?‘%%?(dmﬁ) 4.19
under nitrogen at OC was treated with trie ylarnlne

fol | owed b dHbw-24@i 3Hbn of chl oroacetyl chloride (0.16 ). The
reaction mxture was allowed to warmup to room Stenperature. After
2h, the m xture was partitioned between dichl oromethane and wat er.
The phasesEwnpleslépéR)al-E(d-MctHylbmuﬁn]-aqmmbhmyﬂD mutsyl E3(T-phérgtlt Wi t h

di chl or onet hane (x2). i ned .qr r S. washed with
brine, ﬁri%ycf?ogvggang%?dp %’EYSBbF?&P%‘a 31%?2# g& °§¥ﬂ!‘eé’£ﬁ’5'é‘ﬁt rated to give

i ch was purified by silica gel chromatography

eluting with O- t OAc/ cygl ohexane. The rel evant fractions were
i oconmbi ned and -vapo ated to give the title conpound (0.11g) as a
pi nk solid. : , o : 8 10.55 (s, 1H), 8.56(d, 1H),
8.35 (d, 1k W 2H). | SExanpl e 54:
(R-21-[(3- licar bdjmoy 1)) - rrethyl] 3-(1- phenyl -

cycl ohept an Jafdni a-kigFcl o[ 2. 2. 2] oct ane chl ori de

To a solution of [-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-y1)

ester (Example 14e) (100 mg) in 1 mL MeCN was added 2-chloro-N-(4-methyl-pyridin-2-

yD-acetamide (Example 44a) (62 mg) and the mixture was stirred at room temperature for
10 21h. The precipitate was filtered off and dried under vacuum at 50°C to give the title

compound (80 mg) as a white solid.

m/e 476 [M]"

'H NMR (400 MHz, DMSO-Dg): 6 10.98 (s, 1H), 8.18 (d, 1H), 7.85 (s, 1H), 7.33-7.26
s (m, 4H), 7.22-7.17 (m, 1H), 7.02-7.00 (m, [H), 5.11-5.04 (m, 1H), 4.24 (s, 2H), 4.10-

4.02 (m, 1H), 3.64-3.50 (m, 4H), 3.40-3.29 (m, 1H), 2.42-2.20 (m, 5H), 2.17-2.06 (m,

2H), 1.98-1.84 (m, 3H), 1.79-1.67 (m, 1H), 1.73-1.31 (m, 9H).

Example 45: (R)-1-[(5-Chloro-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

20 cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(5-chloro-pyridin-2-yl)-acetamide

H
N N
Cl ~
/\Lr UCI



1- Phenyl - cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Exanple 14e) (0.30 mmol)
and 2-chl 0@@-2%9(138751, uoro pyridin-4-yl)-acetam de (Exanyg,Gshadsoolyp0
20 nmol) in MeCN (1.5 L) were stirred together at room tenperature
overni ght. The reaction m xture was comgentrated in vacua and the
residue purified by silica gel chromatography eluting with 0-10%
MeOH/ di chl oronmet hane to give the title conmpound as a white solid (110
mg). 107 ‘ihd SHReied 06m d wa

835 (d, 11 8. 03 ddm (@ngo? )7 §pr39ar&12?_}§§31m31'£9pr0&d§1@ t&@hatlhsléﬁ to
5.11-5.05 l(f?@af'?:LEb(aine Aﬁﬁwnzg“& woéﬂ)hlorqpymlnem place(fy2-amipo- pm@se amdso

m 4 6 (m 2
108 1 B ey Ol PNride oo ool Bl ol 6™ L P s,
(R -3- (1 F’EIHﬁMR@QGN&HIEMQC&BBGWIIHX&)ZSJ@(M( Bylodd) 118; Z-10addbamy,l) -
am noj - &t h % oni a- bi cycl o[ 2. 2. 2] oct ane brom de a)

Pyr azi ne- 2% q'db%gél ic acid (2-brono-ethyl)-amde N Br 100 2-Pyrazi ne
carboxylic acid (1 g) in dichloromethane (30 nL) was treated with

triethylam ne 1 27 L) and HATU (3.6 g) and the m xture was stirred
For 10" m rinewte 45 o pTsgirg sy ene b hopheasl (1 5 o)
and tri et WEBH@ SndchrEohy m‘x%() ﬂ&z&ilﬁlﬁ&%ﬂﬁ?}g@ﬁné &offht Was added and

the reaction mxture was Irred for 15 Water (50 nL) was
added and the c | ayer was separated and washed with water (3 X

50 mL). The or@anic yayer wak dried over magnesi um sul phate and

evaporated to dive the crude prgduct which was purified by silica gel
chr omat ogr aph S ) 0- 100% ﬁ OAc/ di chl or onet hane. The
rel evant f nbithed apor ated to give a residue

i 40

0Ac nd washed wi th saturated sodi um
20hydr ogen c3 y ng the | | ayer was basic. The
organic |layer was dried over nmgnesi um suI fate and evaporat ed to give
the sub-titled conpou (1.0 g as a white solid. "H NMR (400

2’:_‘:)2 | gggo;?@}lﬂe 5&n8&unﬁ&)1oall'ﬂ)g 639b %n(atsohé 'd)as p&p%%d 69a mmar pl%cgd%rétg(iihat

2009/ 138701$¢nt;qj/p€mmyagm1e64ﬂ7usmg 2—chloro—N (5 chloro ~-pyridin-2-yl)-acetamide (Example
45a) in place of 2-chloro-N-(4-methyl-pyridin-2-yl)-acetamide.

m/e 496 [M]*

15 TH NMR (400 MHz, DMSO-Dy):  11.26 (s, 1H), 8.41-8.39 (m, 1H), 8.02-7.94 (m, 2H),
7.32-7.25 (m, 4H), 7.22-7.17 (m, 1H), 5.12-5.03 (m, 1H), 4.27 (s, 2H), 4.09-4.02 (m,
1H), 3.63-3.50 (m, 4H), 3.42-3.32 (m, |H), 2.37-2.23 (m, 2H), 2.17-2.05 (m, 2H), 1.99-
1.84 (m, 3H), 1.78-1.65 (m, 1H), 1.65-1.39 (m, 9H).

20 Example 46: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(p-tolylcarbamoyl-methyl)-

1.azonia-bicyclo[2.2.2]octane bromide

a) 2-Bromo-N-p-tolyl-acetamide

g ae



108 Pyrazi ne- 2- car boxyli c acid (2-brono-ethyl)-anm de (Exanple 55a)
(87 my) was added to a solution of 1-phenyl-cycloheptanecarboxylic
aci d (R) - (Woasesmeycl of 2. 2. 2] oct-3-y1) ester (Exanple gk4edpldskdid)
in acetonitrile (2 nL). The reaction mxture was allowed to stir at

5 roomtenperature for 16h. A solid pregi pitated out and was filtered
of f, washed wth cold acetontrile and dried under vacuumat 40C to
give the title conpound (96 ng) as a white solid. Ink 477 [M io0lH
g'V7R2( ?88 N?L:B a S@ﬁﬁ@r? 33&?;}3-%)15ﬁ?n3@4ﬁ g) id- 160 5 mL%claYo(r&r@lethéié@as a@de%%o(agsmﬁll H),

. ) m
1H), 3 89 tagbrnate ] 3. Tﬁsreastiwm(wrems ﬂysheéwstbagowh@r’qroma@tyl lso:zgie

(2d§_7 > 06@1 é]-r%ngggac{d@I dljo%élv)?sg ?d ﬁﬁg%egfgafﬁg%nﬁg ( s§t@ri%111%%m V\)’ﬁl‘é})\vas

Exanpl e 56added and thelayers were separated. The organic layer was treated with cyclohexane and
(R - 3(1P necar bon 1t hi.adi azql - 5-

yl car bahoy! rre%{]‘ﬁlﬁe)x“?ai Azon e Vﬁf”&fglj%'f %;“f gg{egwgatgmhg?ni%?{gfred off to

2- Chl or o- I\hffdkdB‘;e&]:b-lﬂtl&ditcﬁiﬁdun&fﬂﬂ@Q@hﬁﬂffdﬂu@sbhﬁ.ZOA sol ution of
[1,2,4]-thiadiazol-5-ylamne (3.0 g) in dry dichloromethane (30 ni)
under nitrogen at 0OC was treated with triethylamne (4.6 nL) foll owed
by sl ow adgi kiMr406 Mt @TA0eS Blos el e 1708 (@ 2219), Tds (4118, rzﬁﬁ% 'ﬁﬂ, 2.33
m xture was allowed to warmup to room tenperature. After t he

m xture wel§ P& titioned between dichl oronet hane and wat er. The phases
were sgparated and the aqueous |ayer was extracted with

di chl oronet hane (x2). 25 The conbi ned organic | ayer was washed with
brine, drikxhmpleA6s@&di3cihrBiehphatckhhepiaht@rkenyl@&Qd1dpmtolglomdantoyhinethyl)o
gi ve the rified by silica gel

chr omat og?{’ig ?"EPP%? %%P?C{a%‘b rfgg}ﬂﬁt OAc/ cycl ohexane to give the
title corrpound 80 g) as a yellowsolid. 5 'H NWR (400 Mz,
DMSO-D6): 5 13 1H), Br51 (s, 1H), 4.52 (s, 2H). Exanple 56:
(R)-311- Phenyl ghept anecar nyI oxy)-1-([1, 2, 4] t hi adi azol - 5-

yl car banoyl % cl o[ 2.2. 2] octane chl oride

To 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester

15 (Example 14€) (51 mg) in acetonitrile (1 mL) was added 2-bromo-N-p-tolyl-acetamide
(Example 46a) (39 mg). The reaction was stirred at room temperature overnight and the
acetonitrile was removed under reduced pressure. The material was recrystailised from

acetonitrile/ethyl acetate to afford the title compound as a colourless solid (16 mg).

w  mled75 [M]
'H NMR (400MHz, DMSO-Dg): 8 10.40 (s, 1H), 7.40 (d, 2H), 7.33-7.25 (m, 4H), 7.21-
7.16 (m, 1H), 7.13 (d, 2H), 5.11-5.04 (m, 1H), 4.13 {q, 2H), 4.09-4.00 (m, 1H), 3.64-3.48
(m, 4H), 3.42-3.36 (m, 1H), 2.37-2.23 (m, 2H), 2.23 (s, 3H}, 2.17-2.04 (m, 2H), 1.95-1.86
(m, 3H), 1.78-1.66 (m, 1H), 1.65-1.40 (m, 9H).

25
Example 47: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(m-tolylcarbamoyl-
methyl)-1-azonia-bicyclo[2.2.2]octane bromide



i 01- phenyl - cycl ohept anecar boxyl i c acid

(R -(1-aza-bicyclo[2.2.21oct-3-yl) ester (Exanple 14e) (0.30 mol)
and 2-chl oy 0hLagr4] t hi adi azol -5-yl -acet atui de (0. 36 m}&zéﬁﬁgﬁgﬁe
56a) in MeCN (1.5 nL) were stirred at roomtenperature overnight. The
reaction mxture was filtered and the sglid obtai ned was washed with
cold MeCN to give the title conpound (30 ng) as a solid. IS nfe 469
[M "H NWR (400 MHz, DMSO-D6): 5 13.70 (s, 1H), 8.51 (s, IH),
7.34-7.27 (m 4H), 7.22- 7.17 (m 1H), 5.11-5.05 (m 1H), 4.54-4.43
(m 214), 4.12-4.05 (m IH), 3.67-3.53 (m 4H), 3.45-3.33 (m 1H),

2.38-2.24 ghg-Beamo-Nan1igybacgsmign 2H), 1.99-1.83 (m 3H), 1.80- | .67
(m 1H), 1.67-1.404(m 9H). Exanple 57:
(R) -3-(1-Phe - cyNl ohept anecar bonyl oxy) - 1- { 3- Upyri di ne- 2- car bonyl ) -

n
am nol - propfi} - Zazo bicycl o[ 2. 2. 2l oct ane bromi de WD

2009/ 138707PCT/ G200 547 O VO \\0O Isobutyl chloroformate
(3.35 nL) was added to~& solution of 2-pyridine carboxylic acid (2.10

I TR R R M a8 A NIORE NN

stirredsovedrbah (17.3R8 THREdcti & mixture was flushed with argon then bromoacetyl bromide
(3.6 mL) was added dropwise over ~ 15 mins and the reaction mixture was stirred for 2.5h.
Water was added and the layers were separated. The organic layer was evaporated and the
residue was treated with EtOAc/cyclohexane. The precipitate was filtered off and
discarded. The mother liquors were evaporated and purified by silica gel chromatography

1o eluting with 0-100% EtOAc/cyclohexane to give the sub-titled compound (6.13 g) as an

off-white solid.

IH NMR (400 MHz, CDCl3): 5 8.06 (s, 1H), 7.38-7.28 (m, 2H), 7.27-7.21 (t, 1H), 6.98 (d,
1H), 4.02 (s, 2H), 2.36 (s, 3H).

Example 47: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(mn-tolylcarbamoyl-
methyl)-1-azonia-bicyclo{2.2.2]octane bromide

Br
o f~ N
N
o) O
H

To 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester

20  (Example 14e) (50 mg) in acetonitrile (1 mL) was added 2-bromo-N-m-tolyl-acetamide
(Example 47a) (38 mg). The reaction was stirred at room temperature for 26 hours and the
acetonitrile was removed under reduced pressure. The material was purified by silica gel
chromatography eluting with 0-10% MeOH/dichloromethane to afford the title compound
(37 mg) as a colourless foam.

25



5m xture was concentrated to a pink solid in vacua and was passed

t hrough a pad of silica (1-5% MeOH di chl oronet hane). The resul t ant
brown oil wWasedoakedr up i n dichl oronmethane (85 nl) and GRGl@HodsRoRSer
To this solution was added Et3N (4.75 nL) and net hane

sul fonylchloride (2.0 nL). After 30 mng the reaction was warned to
roomtenperature and stirred for 2.5 h before quenching with 1420 (50
m.). The |ayers were separated and to the organi c phase washed with
sat. NaHCOgyd #g)[ngnd dried (MgSO4). Concentration under reduced
pressure gave an or?ﬁ%e oil which was purified by silica gel

chr omat ogr dpMME (460 WMID-De)d HOGRE K ED oh#k@nET) 833728 (mh&H), 7.22-

sub-titled d )z &S rang I LS,

cDCI 3): 5 é?%@ﬂ%—@dﬁﬁ%ﬁgql—@%@ 1B R Eéﬂ#%ﬁ'ﬁfﬁiﬁﬁ’ﬁg@t%gﬁm

114), H)7 4g(n(1,d1d|ﬂ, 3.42—@30411135—5))( 2.3|921—:91,(n13 gﬂ? 32( ?;2.@5—011;, ZH)DIZ??(—'»‘.B&; gﬂm%H) gbll
, 2H), ri.di ne-2-car I.C.. aci - br ono- propyl) - am de A

gnpxt ur € of ?ﬁa#gﬂ@s&{féﬁgclgé% 9&),[ (pyri di ne-2-carbonyl ) - am no} propyl

ester (Exanple 57a) (1.96 g) and lithiumbromde (3.29 g) in acetone

(19 nL) was heated to refl ux 2 h. The reaction m xture was cool ed

for h
to room t ebarRle df e rantlrZayletr bamoynethyrdd 1phenylesi due
par L | oned RALNAREAEbAMARE. obflaitRlyclob L biocTHhe s were
separ at edegr(l:d tﬁ% a(?ueous ’Jgﬁageggﬂr{ elro%zext]rogét egp{)/}mﬂtﬁﬁ Et 0Ac (2 x 25
rnL). The conbi ned organics were 25 dried (MJSO4) and concentrated in
vacua r oy {shysalidi.fied on standing. Purification by
sili caqgeﬁa)?hl?%%é’?%hg%F%HlﬂgéV\,i th 0-100% Et OAc/ cycl ohexane gi ves
ound (1.5 g) as a white solid. WO
1647 111 'H NVR (400 MHz, CDC13): 88.55 (ddd,
1H), 8.25-8.12 , 1 .19 (dt, 1H), 7.85 (td, 1H), 7.43 (ddd, 1H),
3.64 (q, 2H), 3®0 (O~2H), 2.22 (p, 2H). 5 Exanple 57:
(R) - 3-(1-Phenyl. - cgfcl ohept anecar bonyl oxy) - 1-{3-f(p%ri di ne- 2- car bonyl) -
am nokpr opfy FPIuHon; dﬁ?%‘-’%?%/@ﬁ‘ﬂd?.@-ﬁ}‘ﬁét’&ﬁ@’ GHGhi(iel) was added dropwise to
1- Phenyl - cygkahsivh an2aAidoXY. ok £085039 gt) and triethylamine (0.96 mL) in dry CHCI
(R -(1-aza-bicyclo[2.2.2.]oct -3-&1 ester (Exanple 14e) (O. 3?’ ol
and pyri di @2l @hiopenymperatyes dhe Brownanintupy wasallpwadicoic (Bl Gmphen 57b)

15 quenched with H>O (2 mL) and stirred for 20mins before concentrating under reduced

the sub-titled co
2009/ 13870%?

pressure to a light brown solid. The crude product was purified by silica gel
chromatography eluting with 1-3% MeOH/dichloromethane to give the title compound
{0.56g) as an off-white solid.

20 'H NMR (400 MHz, DMSO-Dg): § 11.61 (s, 1H), 7.89 (s, 1H), 7.12 (s, 1H), 4.11 (s, 2H).

Example 48: (R)-1-(Oxazol-2-ylcarbamoylmethyl)-3-(1-phenyl-

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

Br
O N*YHYN
O\% O O\)
H



io (0.31 nmmol) were stirred together in anhydrous MeCN (3 nlL) at room
tenperature for 16 days. The reaction m xture was concentrated in
vacuo and ywheomaks@; purified by silica gel chronmatogr agig@dHésidd sy

wi th 0-15% MeOH di chl oronet hane to give the title conpound (145 np)
as a white solid. 15ink 490 [M+ 11-1NwR (400 MHz, DVMSO-D6): 8 8.94
(t, lii), 8.62 (ddd, 1H), 8.03-7.95 (m 2H), 7.58 (ddd, | H),
7.31-7.24 (m 4H), 7.19-7.13 (m IH), 5.01-4.95 (m 1H), 3.76 (ddd, |
H), 3. 51- 3108edyReydlbleptatie@PookylidacdidR) ¥ Hhza-BicRcdo[3 26

2.36-2.22 (m 2”{)1 2. 14-2. 06 m 5 ,):kl. 99- 1?%0[ (8@0&{%¥li{4}eé£§>%wie
(m 4H), 11984385 and@hromodV-gsaspli-H-wetamide (Example 48a) (0.31 mmol) were

R -1-[(2- ; - phenyl cycl oh
{ anecar bor s 1 SaRs s IR I ity 3ht Gl MRS
2- Chl or o- Neqneenixatedyh vespoiand thieryellow ddlidgmeitiedrbyl Badh sila gdllcdlumn
2- Met hy] - iLmdin-4-vl.am. ded. in DCE (5 nL
and c hlylor oé{g%%tﬁgrﬁPﬁr %llé%r?g(n‘]&l.t e&ﬁ%%é@){g‘gggﬁg ’IH%E%\% t‘g El.vle %lﬁé‘qeégf&'?‘?'{?ﬁ

was heat ed(100 ) i3 g whikeweidat 80C for 5mins. The reaction m xture was
cooled to give a solid that was fitered, washed w th dichl oronet hane
t hen suspended in dichloronethane and sat. 5 NaHCO3 (aq) was added.
The organi g/episagpivas col l ected and the aqueous | ayer extracted with
di chl or onet hane (x2). The conbined organic |ayer was dried over

sodi um sul {5hd Al M%h@%%@a&ﬁﬁkﬁ&-@? (30 BTt 29 (astibuiZbi7ets (oy
silica,gel hr7qma( a | ' -1 100 ' r oyt

give t r'fg Sll}-@-’ titl g’glg?b%g)guﬁédéj gjlé’qgl) %ﬁ?ﬁ%“i‘g‘r@@%g‘%%k ?“?’. %@r}%ﬁ)&&
NVR (400 Ngiz IHDNVBER-RE0.(m, 2IH),15624-3.12 (k) 2JH)8 2518- .86 (r,19H), 78B4.70dn, M),
4.37 (s, 2hn.1 2~ 3H). Exanpl e 58:

(R-1-[( 2@% hé?légyé‘?)m di n- 4-yl car banoyl) - net hyl ] - 3- (1- phenyl 15cycl oh
ept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 21oct ane chl ori de

1- Phenyl - cycl ohept. r lic acid

(R - (1 ar RIS T3 i ity Biltlu epicqrhmpph anctadt) 361 pbempbol ) and
2- chl ors0- NytlshepthiachriynyloXy it Azdhiy-bicyas Rl Aobtiané Fxginiake 58a) (0. 35
nmmol) in MeCN (2.0 nmL) were stirred together at roomtenperature for
16h. The 20reaction m xture was concentrated in vacuo and the residue

purified y29binéav-gRlnethyl-pyridazin-3-yl)-acetamide

No N
B r/\“/ I N
O =

A solution of bromoacetyl bromide (0.22 mL) in dry CHCl; (4 mL) was added slowly to a
20 suspension of 3-amino-6-methylpyridazine (0.24 g} and triethylamine (0.47 mL) in dry
CHClI; (45 mL) at room temperature. The brown mixture was allowed to stir for 3.5hr,
then quenched with H>O (1.5 mL) and stirred for 20mins before concentrating under
reduced pressure to a brown solid. The crude product was purified by silica gel
chromatography eluting with 1-2% MeOH/dichloromethane. The relevant fractions were

25 combined and evaporated to give the title compound (0.20 g) as a pinkish/beige solid.

'H NMR (400 MHz, DMSO-Dg): 8 11.41 (s, 1H), 8.18 (d, 1H), 7.59 (d, 1H), 4.17 (s, 2H),
2.57 (s, 3H).



chr omat ogr aphy eluting with 0-10% MeOH di chl oronet hane to give the
title conpound as a white solid (55 nmg). mle 477 [M 25" H NVR (400
MHz, DVBO %8)si 40 (s, 1H), 8.61 (d, IH, 7.75 (d, el 25
(m 4an), 7\9933?0795%73-,('”] IH), 5.10-5.03 (m 111), 4.28 sf’%%ffz“s%gl& -
4.09-4.01 (m 1H), 3.62- 113 3.48 (m 44D, 3.40-3.30 (m 111), 2.50
(s, 3H), 2.36-2.24 (m 211), 2.17-2.05 (m 211) 1.98-1.84 (m 3H),
1.78-1.65 (m 1H), 1.64-1.41 (m 911) npl e 59:

(R-1-[(6 m;,}.libél

cycl ohept a%&%%oﬁgbg%gb?né}%i ag%?%%pcf f)onégtg 1}3Ft %g‘ﬂ“ae a)

2- Chl or o- Neydeheptamgrarhynylonydilrazaniathicychod?. aﬂicutamelb@onude

6- Met hyl -pyri m din-4-yl am ne (545 ng) was suspended in DCE (5 nlL)
and chl oroacety ide (0.4 nL) was added dropw se. The reaction
was heated in a gwave & 80C for 5mins. The reaction mxture was
cooled, filtered ) a so]id obHained. The reaction was repeated a

Iayer extract ed W th chl oronet hane” (x2). The conbi ned organic | ayer
was dried over sodi umﬁul phat e and concentrated. The crude product
was purified by silica gel chromatography eluting with

0- 10%ve0H ﬂi%mmmcpan@atmxgimid (R-( Eaia-bibydoéﬁzammpaq@cbsas(mcawlel ow

(0, 1ry 5 719t 20 hp N wleo Wt mytiin & Degaml R el R 5o,
(R-1-[(6- mdmhmpweremtmem 1ckethkbcinrabayipyk )M EE bmbbmaelﬂpe@hmyarlsaﬁurs
cycl ohept a’?ﬁfg 1%21(9%231/1'11%)51}9 \ﬁés%(zlr?crt!:int%e_ltg& g1y v%lczgcl at2nd2the2 e?l(c:)a'asgl?d Sumf%tilbgeﬂash
silica gel column chromatography eluting with 0-15% MeOH/dichloromethane to give the
title compound (65 mg) as a tan solid.
10
m/e 477 [M]*
'H NMR (400 MHz, CDCl3): 6 8.19 (d, 1H), 7.38 (d, I1H), 7.27 (d, 4H), 7.20-7.12 (m,
1H), 5.18-4.96 (m, 3H), 4.41 (dd, 1H), 4.11-3.95 (m, 3H), 3.81 (d, 1H), 3.47-3.37 (m,
IH), 2.66 (s, 3H), 2.45-2.27 (m, 2H), 2.26-2.13 (m, 2H), 2.08-1.96 (m, 3H), 1.81-1.68
15 {m, IH), 1.69-1.30 (m, 9H).

Example 50: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-2-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride

20 &) 2-Chloro-N-pyrimidin-2-yl-acetamide
NN
O N .=

A solution of 2 amino-pyrimidine (2.0 g) in dry dichloromethane (17 mL}) under nitrogen
at 0°C was treated with triethylamine (2.6 mL) followed by slow addition of chloroacetyl
chloride (1.5 mL, 18.4mmol). The reaction mixture was allowed to warm up to room

25 temperature. After 2h, the mixture was partitioned between dichloromethane and water.



114 1- Phenyl - cycl ohept anecar boxylic acid

(R -(1-aza-bicyclo[2.2.2]oct-3-y1l) ester (Exanple 14e) (0.30 mol)
and 2- chl o@-2bbofBsAa®t hyl - pyri m di n-4-y1) - acet am de ( EXgigalé¢paddnia7
(0.36 Mol ) in MeCN (2. nmL) were stirred together at roomtenperature
for 16h. The reaction m xture was concggjrated in vacua and the
residue purified by silica gel chromatography eluting with 0-10%
MeOH/ di chl oronmet hane to give the title conpound as a white solid (125

t
gg)76 ( 3 nlI |I‘Be ﬂl?azes[ Wre ?répjarw?ﬁ?)df %M'c%s l%ﬁ%ﬁlract%iz%ﬂth ﬁgh]%l?bmeﬂ%c (x2)..

5 10 5. 04 mmedztorsfzw( yers pipre w:asn@Lwﬂollm(eniinmver Ddtun sidpae, filgred

3. 43- 7- 3. 18-2. 06
(m 2ny, 1 ghopeqaielo g 6 ch prbdc ey gty Sikaed 1005 ™
Exanpl e 60chromatography elutmg with 10% McOH/dlchloromethane The relevant fractions were
(R -3-(1-Phe t apnecar bon (pyridi ne- 2 ear bonyl) -
am noPet hyfc’}&;f/ eﬁg%‘ﬁleé(a %VE‘IO@F? tge %%%Bn%ao%éé‘s a preen solid.
Pyri di ne-2-carboxylic acid (2-brono-ethyl)-am de BrN)-CN 200
Picolinic laci d éo. 991%%) i n_dichloronmethane (30 nL) was treated with
triethyl amhBM %, Cefel 2384 (8 1ED P05 (Mt 0P (s dHhdt6d8.i2Hed f or
10 mnutes then a solution of 2- bronoethylam ne hydrobromde (1.5 g)
and triethylamne (1.27 nL) in dichloronmethane (20 nL) was added. The
reacti on rxarople SRadt)st- (hP@!M—@fleshptamaebor(mym_)(pwamuadded and zs

t he | hed th t 3
X SO 613{ga‘rsyrl egnﬁ’?@t%{zq aﬁ%‘gﬁé’gygﬂn’ﬁs Jp Shat'e “an g'd\é\eZpgra}tMed t\glaaﬂ oﬁd

t he crude produ ich was purifed by

H
0] N N
0: o) N .=
H

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example
14e, 0.30 mmol) and 2-chloro-N-pyrimidin-2-yl-acetamide (Example 50a) (0.36 mmol) in
MeCN (1.5 mL) were stirred together at room temperature overnight. The reaction

15 mixture was concentrated in vacuo and the residue purified by silica gel chromatography

eluting with 0-10% MeOH/dichloromethane to give the title compound as a white solid (90
mg).

m/e 463 [M]*

20 'H NMR (400 MHz, DMSO-Dg): § 11.19 (s, 1H), 8.66 (d, 2H), 7.32-7.24 (m, 4H), 7.23-
7.14 (m, 2H), 5.09-5.03 (m, 1H), 4.48 (s, 2H), 4.06 (ddd, 1H), 3.65-3.51 (m, 4H), 3.45-
3.34 (m, 1H), 2.37-2.21 (m, 2H), 2.15-2.07 (m, 2H), 1.96-1.80 (m, 3H), 1.75-1.64 (m,
IH), 1.63-1.38 (m, 9H).

25 Example 51: (R)-1-[(5-Cyano-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride



silica gel chromatography eluting with 0-100% Et OAc/ di chl or onet hane.
The relevant fractions were conbi ned and evaporated, dissolved up in

Et OAc (40 wb)zo@ndsmshed wth saturated sodi um hydrogerpcqmmmgm
sol ution, ensuring the aqueous |ayer remained basic. 5 The organic

| ayer was dried over magnesi um sul phat gpand evaporated to give the
sub-titled conpound (0.88 g) as a white solid.. '"11 NWR (400 Mz,
DMSO-D6): 8 9.01 (t, 1H), 8.66 (ddd, IH), 8.07-7.98 (m 2H), 7.62
(ddd, 111) a) BCERrd-Iy-(52no-@Buidih-{-¥1)-a2éhimidt0 Exanpl e 60:

(R) - 3-(1-Phenyl - cygl ohept aneear bonyl oxy) - 1- 12-[ (pyri di ne- 2- car bony1) -
am nol -ethyl }-1- az@m a-\pi eyel o[ 2. 2. 21oet ane brom de

Pyri di ne-2Qtarb (2-brono-ethyl)-am de (Exanple 60a) (75
ng) was added tagla 1 Eolu i on of 1-phenyl-cycl oheptanecarboxylic acid
(R -(I-aza-bi cyé?o[Z gn3-y1) ester (Exanple 14e) (98 ng) in
acetonitrile (2 nm). The reaction mxture was allowed to stir at room

t enper at ur & sblkiod 6f12- arﬁmfol-ﬂ &ags pﬂrﬂilﬁ@@(ﬂf )Y By dhEoremSBARQXY LS uAGdrd
(2-brono-ethyl)- am de was added d the reaction mxture was stirred

for 8h. Th@tr%ﬁ“a?ct Pl(‘egfa%\fé?aéﬁdévﬁvaﬁfamw@r{a 6trple) fpldasyadihy siews agsiitiontofed by
silica gel pauaRh cRbARY. 5%}3} 'THQre‘M:tH?I W#Qe/evzsﬂd\/{&gg‘ﬁ EHI \%}EC&PQX?B&R' le

to give the title corrpound as a te solid. "1-1
NVR (400 MempeVBoOADEY ZhS@thL(r@ Waipi‘)rgltlc&e@betaeﬁﬁdlciﬂvromnan@ar@ﬁwﬂe@7

2H), 7 7 N 1.22-
§M27% b6 P?ne]ph%g?)g?”eée.@gmf‘%g%d b Ti\je,{"q%laﬂ s glracied “Qﬁtfﬁ HBpory tang (X2,
(5H) , 2% 221Tldfgq01nﬁid)e% d oBgah - Ifﬂjeﬂﬁ/a{ gnsfig'%ath%nﬁ&-dﬂetﬂ@veﬁ' B%duﬁ‘l‘ﬂ)sulpﬁ?é,?iétfrdﬂ?
, 1,96-1. e
(-3 1- PRy Rt et Eloaii e Eame pRgra e en e sbiiged U S pr opyD) - 1-
azoni a1bi cohedrodidgrdptd] d@ingRathBOgE@A c/cyclohexane. The relevant fractions were

combined and evaporated to give the title compound (2.17g) as a light brown solid.

'H NMR (400 MHz, CDCl): 5 8.99 (s, 1H), 8.61 (dd, 1H), 8.36 (dd, 1H), 8.00-7.97 (m,
1H), 4.23 (s, 2H).

Example 51: (R)-1-[(5-Cyano-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

\;NU

20 1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-y]) ester (Example

T s

14e) (0.30 mmol) and 2-chloro-N-(5-cyano-pyridin-2-yl)-acetamide (Example 51a) (0.36

mmel) in MeCN (1.5 mL) were stirred together at room temperature overnight. The

reaction mixture was concentrated in vacuo and the residue purified by silica gel

chromatography eluting with 0-10% MeOH/dichloromethane to give the title compound as
25 a white solid (60 mg).



a) 4-(3-Brono-propyl)-pyridine hydrobromde N 5 A solution of
3-pyridin-4-yl-propan-1-01 (2.88 nL) in hydrobromc acid (16 ni,

141. 43 mowp wes3gmat ed at reflux at 135C for 18h. The ramadEdos/ o1647
sol ution was concentrated under vacuum and the resi due was

re-di ssolved in isopropanol and re-condestrated (this process was
repeated three nore tines). The residue was dissolved in isopropanol,
decol ourised by 10boiling with activated charcoal, filtered, and the
clear solution left to crystallise in a freezer over 48h. The

resul ting %{"ﬁ%?@ swere renoved by filtration, washed with

i sopr opanol ]nyl ether (1:1) followed by diethyl ether and then
dried undenHagRwWoEMH40SMBOADALS | OMNst AP & At A 0 gafyf h
sub-titled corrgogﬂ‘r?d as a pal e rovvn%smo] ??)%9565& ’Sl)}b’ f?ll(g%qmg?%é%

Mz, D20): 18%. 642{@> (myfH), 7.267. { §({m.2E), 53 157204((m, 1) 4.33(s1 2H], t4.1R#p]

2. 30 (quing., . 6aE 1: 49, )

(R)-3- (1. P! ﬁ?f?ﬁé#e@t"?ﬁ@b%ﬁ%gﬁﬁ B3 215280 Pofth: £ V20 epAD: 1-
azoni a- bi cY&Pa82 (2, 2Hhct . @8re.6b(mni ke 1.6501.40 (13-9BHono- pr opyl) - pyri di ne
hydr obr om de( Exanpl e 61a) (0.210 g) was added to diethyl ether (10

m ) and sodi um hydroxi de solution (4 nL) (10% in a separating funnel

and the m Examples2akpms-arBhaePayciiRptandbrbeiienyeal(pyausdinas washed
with water (2 x 10.nL dried and evaporated to afford the

, | (MySOA i
free base ¥ a'&?‘i’“ﬁ’lyf".‘edi'lﬁ[)‘tlf‘f’éo’t“é igyglolin&2lostime ghloride
251- phagpyl - cycl ohept anecar boxylic acid (R)-(1-aza-bicy
clo[2.2.2]oct-3 -yl) ester (Exanple le) (0.245 g) and acetonitrile (2
m), and | &4Chigrasiayamidip-Syldegamidaddi ti on of diethyl ether 117
(20 nL) gave an oil, the supernatant was renoved by decantation and

t he residue he i thwethyl acetate (2 x 20 nL). The oil was
crystallisé@ by [stir ﬂng ith diethyl ether (20 nL) and the solid
washed tw ce wi di et hyl) ether (2 x 20 m.) to afford the titled
conpound as a solid (ONJ94 Q).

5-Aminopyrimidine (450 mg) was suspended in DCE (2 mL) and acetonitrile (2 mL) in a

microwave vial. Chloroacetyl chloride (0.377 mL) was added with stirring. The vial was
15 sealed and the reaction mixture was heated in the microwave at 80°C for 5 minutes. The

solid was filtered off, washed with acetonitrile (2 x 5 mL), DCE (2 x 5 mL) and pentane (2

X 30 mL) and then partioned between saturated sodium bicabonate and DCE (50 mL/50

mL ) ensuring the aqueous layer was still basic. The organic layer was separated and the

aqueous layer was extracted with DCE (2 x 75 mL). The combined organic layer was dried
20  over magnesium sulfate and evaporated to give the sub-titled compound (200 mg) as a

yellow solid.
'H NMR (400 MHz, DMSO-Dg): 6 10.71 (s, 1H), 9.00 (s, 2H), 8.93 (s, 1H), 4.35 (s, 2H).

25 Example 52: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-5-
ylcarbamoylmethyl)-1-azenia-bicyclo[2.2.2]octane chloride



5 me 447 [M 'H NWR (400 MHz, DMSO-135): .5 8.51 (d, 2H), 7.35
-7.30 (m 4H), 7.30 - 7.27 (m 2H), 7.24 - 7.18 (m 1H), 5.07 - 5.01
(m 1H), 3wékowidgrnr1lH), 3.43 - 3.27 (m 2H),.3.21 - 3. IeridE20ddMoies7
3.10 (d, 1H), 2.97 - 2.88 (m 2H), 2.59 (t, 2H), 2.40 - 2.27 (m 3H),
2.18 - 2.10 10(m 2H), 2.04- 1.76 (m 5B, 1.72- 1.43 (m 10H).

Phar macol ogi cal Analysis M3 Receptor Activity Assay 15 The affinity
(pl C50) of conpounds to the M3 receptor was determ ned by conpetition

bi ndi ng of [311]t hyl scopol ami ne (NV5) to CHO KI (Chi nese

Hanst er Ovary) nbrar@g expressing the human nuscari ni c
acetyl choline gptor (MB-ACh) in a scintillation proximty assay
hgad were“precoat ed with nenbranes and then

. Flgh with serial dilutions of the
[BHI NN at|0.2nM half Kd (experinentally
: ! st(ant) assay buffer (20 mM HEPES pH
7.4 containing 5 mM Myl 2). The ass was conducted in a final vol une
of 200 gL, in the preddnce of 1% (v/v) dinethyl sul phoxide (DVSO) .
Tot al bi ndi of gc?ié.—félNl\/S was. 25 determned in the absence of
conpeting ORISR BTSRRI FIATR heiergeisiolt 21qAe Dter (Example
det er m nedjdd) (fI3am@if a@RGEi® (2 \ L e Rini MRl Lyl i
i ncubat ed fodr)'(16 h%)urs at rqo(mjf?lg%ag?lg?ﬁ gﬁgﬁyﬂtﬁ)ﬁgﬁﬁgn &@njeyll\aﬁcftggnde
M cr obet antfix@mply Hah6p mg) tesige @,pmggmwmﬁorrﬁ@t PROCB0red dbfoomedmagratuiee

ti I ith [ ' 50%
reduct | on | B TRe st SARTER TRl OlerPPRRIDR, LGSR, hP]ar”
shows t he pinGEO (BOLH perdressl under vaomm #tapT@ wegitethe de Eorapuhé as a thalblkid 1
118 Corrpouaglg{g)‘pl Cso Exanpl e No.

(SPA) format.

m/e 463 [M]*

1o 'TH NMR (400 MHz, DMSO-Dg): & 11.70 (s, 1H), 9.01 (s, 2H), 8.93 (s, 1H), 7.33-7.26
(m, 4H), 7.22-7.16 (m, 1H), 5.11-5.05 (m, 1H), 4.34 (s, 2H), 4.12-4.04 (m, 1H), 3.67-
3.52 (m, 4H), 3.43-3.31 (m, 1H), 2.37-2.22 (m, 2H), 2.17-2.06 (m, 2H), 1.99-1.83 (m,
3H), 1.79-1.67 (m, 1H), 1.65-1.40 (m, 9H).

is  Example 53: (R)-1-[(3-Fluoro-pyridin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azenia-bicyclo]2.2.2]octane chloride

a} 2-Chloro-N-(3-fluoro-pyridin-2-yl)-acetamide

H
N N
Cl S
/EI/FI./J

20 2-Amino-3-fluoropyridine (1.5 g) was dissolved in DCE (15 mL) and chloroacetylchloride
(1.1 mL) was added dropwise. The reaction was heated in a microwave at 80°C for Smins.
The reaction mixture was cooled and the resulting solid was filtered off, washed with DCE,
MeCN and pentane then suspended in dichloromethane and aqueous NaHCO; (sat) was
added. The organic phase was separated and the aqueous layer was extracted with

25 dichloromethane (x2). The combined organic layers were dried over sodium sulphate and



19.1509.4 13 10.1 Table 2 gives 1C50 strengths for the conpounds
of the exanples. Table 2 Exanple No. M3 binding |ICso Exanple No. M

bi ndi ng
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concentrated. The crude product was purified by silica gel chromatography eluting with 0-

100% EtOAc/cyclohexane to give the title compound as a white solid (800 mg).

'H NMR (400 MHz, DMSO-Ds): & 10.61 (s, 1H), 8.27 (dt, IH), 7.83-7.77 {m, 1H), 7.41-
7.35 (m, 1H), 4.37 (s, 2H).

Example 53: (R)-1-{(3-Fluoro-pyridin-2-ylcarbamoy!)-methyl}-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

Cl
o) s N N
ST 0
0 o
: N
H

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl} ester (Example
14e) (0.30 mmol) and 2-chloro-N-(3-fluoro-pyridin-2-yl)-acetamide (Example 53a) (0.36
mmol) in MeCN (1.5 mL) were stirred at room temperature overnight. The reaction

mixture was concentrated in vacuo and the residue purified by silica gel chromatography

eluting with 0-10% MeOH/dichloromethane to give the title compound as a white solid (86

mg).

m/e 480 [M]*

'H NMR (400 MHz, DMSO-Dg): 8 11.07 (s, 1H), 8.25 (dt, 1H), 7.81 (ddd, 1H), 7.39
{ddd, 1H), 7.31-7.24 (m, 4H), 7.22-7.15 (m, 1H), 5.11-5.04 (m, 1H), 4.36 (s, 2H), 4.11-
4.04 (m, 1H), 3.66-3.52 (m, 4H), 3.44-3.32 (m, 1H), 2.37-2.21 (m, 2H), 2.19-2.06 (m,
2H), 1.99-1.82 (m, 3H), 1.77-1.65 (m, 1H), 1.65-1.38 (m, 9H).

Example 54: (R)-1-[(3-Fluoro-pyridin-4-ylcarbamoyl)-methyl]-3-(1-phenyl-
cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(3-fluoro-pyridin-4-yl)-acetamide



| C50 Exanple No. MB binding ICso 1 +-H 21 +++ 41 -H 2 +++ 22 -HF
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A solution of 3-fluoro-pyridin-4-ylamine (0.2 g) in dry dichloromethane (2 mL) under
nitrogen at 0°C was treated with triethylamine (0.28 mL) followed by slow addition of
chloroacetyl chloride (0.16 mL). The reaction mixture was allowed to warm up to room

5 temperature. After 2h, the mixture was partitioned between dichloromethane and water.
The phases were separated and the aqueous layer was extracted with dichloromethane (x2).
The combined organic layer was washed with brine, dried over sodium sulphate, filtered
and concentrated to give the crude product which was purified by silica gel
chromatography eluting with 0-100% EtOAc/cyclohexane. The relevant fractions were

10 combined and evaporated to give the title compound (0.11g) as a pink solid.

'H NMR (400 MHz, DMSO-Ds): § 10.55 (s, 1H), 8.56 (d, 1H), 8.35 (d, 1H), 8.16 (dd,
1H), 4.44 (s, 2H).

15 Example 54: (R)-1-[(3-Fluoro-pyridin-4-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo{2.2.2]octane chloride

Cl .
o) N
N
0 _ O ~N
. H

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo{2.2.2]oct-3-yl) ester (Example

14e) (0.30 mmol) and 2-chloro-N-(3-flucro-pyridin-4-yl)-acetamide (Example 54a) (0.36
20 mmol) in MeCN (1.5 mL) were stirred together at room temperature overnight. The

reaction mixture was concentrated in vacuo and the residue purified by silica gel

chromatography eluting with 0-10% MeOH/dichloromethane to give the title compound as

a white solid (110 mg).

25 mfe 480 [M]*
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'H NMR (400 MHz, DMSO-Ds): 6 10.92 (s, 1H), 8.56 (d, IH), 8.35(d, 1H), 8.03 (dd,
1H), 7.32-7.26 (m, 4H), 7.21-7.16 (m, 1H), 5.11-5.05 (m, lH), 4.41-4.29 (m, 2H), 4.10-
4.02 (m, 1H), 3.63-3.50 (m, 4H), 3.42-3.30 (m, 1H), 2.36-2.23 (m, 2H), 2.17-2.06 (m,
2H), 1.98-1.82 (m, 3H), 1.78-1.65 (m, 1H), 1.66-1.40 (m, SH).

Example 55: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{2-[(pyrazine-2-carbonyl)-

amino]-ethyl}-1-azonia-bicyclo[2.2.2]octane bromide

a) Pyrazine-2-carboxylic acid (2-bromo-ethyl)-amide

N
-~
1
B N
o

2-Pyrazine carboxylic acid (1 g} in dichloromethane (30 mL) was treated with
triethylamine (1.27 mL) and HATU (3.6 g) and the mixture was stirred for 10 minutes. A
solution of 2-bromoethylamine hydrobromide (1.5 g) and triethylamine (1.27 mL) in
dichloromethane (20 mL) was added and the reaction mixture was stirred for 3 hours.
Water (50 mL) was added and the organic layer was separated and washed with water (3 x
50 mL). The organic layer was dried over magnesium sulphate and evaporated to give the
crude product which was purified by silica gel chromatography eluting with 0-100%
EtOAc/dichloromethane. The relevant fractions were combined and evaporated to give a
residue which was dissolved in EtOAc (40 mL) and washed with saturated sodium
hydrogen carbonate ensuring the aqueous layer was basic. The organic layer was dried
over magnesium sulfate and evaporated to give the sub-titled compound (1.0 g) as a white

solid.

TH NMR (400 MHz, DMSO-Dg): § 9.21 (d, 1H), 9.14 (t, 1H), 8.90 (d, I1H), 8.75 (dd, 1H),
3.75-3.69 (m, 2H), 3.66-3.60 (m, 2H).

Example 55: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{2-[(pyrazine-2-carbonyl)-

amino]-ethyl}-1-azonia-bicyclo[2.2.2]octane bromide
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Pyrazine-2-carboxylic acid (2-bromo-ethyl)-amide (Example 55a) (87 mg) was added to a
solution of 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclof2.2.2]oct-3-yl) ester
{Example 14e) (113 mg) in acetonitrile (2 mL). The reaction mixture was allowed to stir at
room temperature for 16h. A solid precipitated out and was filtered off, washed with cold
acetontrile and dried under vacuum at 40°C to give the title compound (96 mg) as a white

solid.

m/e 477 [M]*

H NMR (400 MHz, DMSO-Dg): 6 9.22 (t, 1H), 9.17 (d, 1H), 8.88 (d, 1H), 8.72 (dd,
1H), 7.33-7.25 (m, 4H), 7.22-7.16 (m, 1H), 5.01-4.96 (m, |H), 3.89 (ddd, 1H), 3.73-
3.57 (m, 2H), 3.51-3.28 (m, 5H), 3.22 (dt, 1H), 3.13-3.02 (i, 1H), 2.38-2.30 (m, 1H),
2.30-2.20 (m, 1H), 2.17- 2.06 (m, 2H), 1.97-1.76 (m, 3H), 1.69-1.37 (m, 10H).

Example 56: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-([1,2,4]thiadiazol-5-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-{1,2,4]thiadiazol-5-yl-acetamide

A solution of [1,2,4]-thiadiazol-5-ylamine (3.0 g) in dry dichloromethane (30 mL) under
nitrogen at 0°C was treated with triethylamine (4.6 mL) followed by slow addition of
chloroacetyl chloride (2.6 mL). The reaction mixture was allowed to warm up to room
temperature. After 2h, the mixture was partitioned between dichloromethane and water.
The phases were separated and the aqueous layer was extracted with dichloromethane (x2).

The combined organic layer was washed with brine, dried over sodium sulphate, filtered
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and concentrated to give the crude product which was purified by silica gel
chromatography eluting with 50-75% EtOAc/cyclohexane to give the title compound (1.00

g) as a yellow solid.
'H NMR (400 MHz, DMSO-Dg): § 13.32 (s, 1H), 8.51 (s, 1H), 4.52 (s, ZH).

Example 56: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-([1,2,4]thiadiazol-5-

ylcarbamoylmethyl)-1-azonia-bicyclo[2.2.2)octane chloride

cl
O +,\H/HYN
N
Oxfb o S*‘N/>
H

1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example
14e) (0.30 mmol) and 2-chloro-N-[1,2 4]thiadiazol-5-yl-acetamide (0.36 mmol) (Example

56a) in MeCN (1.5 mL) were stirred at room temperature overnight. The reaction mixture
was filtered and the solid obtained was washed with cold MeCN to give the title compound

(30 mg) as a solid.

m/e 469 [M]*

'H NMR (400 MHz, DMSO-Dyg): § 13.70 (s, 1H), 8.51 (s, [H), 7.34-7.27 (m, 4H), 7.22-
7.17 (m, 1H), 5.11-5.05 (m, 1H), 4.54-4.43 (m, 2H), 4.12-4.05 (m, 1H), 3.67-3.53 (m,
4H), 3.45-3.33 (m, 1H), 2.38-2.24 (m, 2H), 2.18-2.05 (m, 2H), 1.99-1.83 (m, 3H), 1.80-
1.67 (m, 1H), 1.67-140 (m, SH).

Example 57: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{3-[(pyridine-2-carbonyl)-

amino]-propyl}-1-azonia-bicyclo[2.2.2]octane bromide

a) Methanesulfonic acid 3-[(pyridine—2-carb0nyl)-amino]—propyl ester
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Isobutyl chloroformate (3.35 mL) was added to a solution of 2-pyridine carboxylic acid

(2.10 g) and N-methyl morpholine (2.82 mL) in dry THF (85 mL) at 0 °C. After 15mins 3-

amino-1-propanol (1.31 mL) was added and the mixture stirred overnight. The reaction

5  mixture was concentrated to a pink solid in vacuo and was passed through a pad of silica

(I-5% MeOH/dichloromethane). The resultant brown oil was taken up in dichloromethane

(85 mL) and cooled to 0°C. To this solution was added Et;N (4.75 mL) and methane

sulfonylchloride (2.0 mL). After 30 mins the reaction was warmed to room temperature

and stirred for 2.5 h before quenching with H,O (50 mL). The layers were separated and

10 the organic phase washed with sat. NaHCOj3 (aqy and dried (MgSQ4). Concentration under

reduced pressure gave an orange oil which was purified by silica gel chromatography

eluting with 90% EtOAc/cyclohexane to give the sub-titled compound (2.06 g) as an

orange oil.

15 'H NMR (400 MHz, CDCIz): 8 8.55 (ddd, 1H), 8.29 (s, 1H), 8.17 (dt, 1H), 7.88-7.83 (m,

1H), 7.45 (ddd, 1H), 4.35 (t, 2H), 3.63 (q, 2H), 3.07 (s, 3H), 2.11 (p, 2H).

b) Pyridine-2-carboxylic acid (3-bromo-propyl}-amide
0

N H/\/\Br

=N

I

20 A mixture of methanesulfonic acid 3-[(pyridine-2-carbonyl)-amino]-propyl ester (Example

57a) (1.96 g) and lithium bromide (3.29 g) in acetone (19 mL) was heated to reflux for 2

h. The reaction mixture was cooled to room temperature, concentrated in vacuo and the

residue partitioned between EtOAc/H,0 (60 mL, 1:1). The phases were separated and the

aqueous phase further extracted with EtOAc (2 x 25 mL). The combined organics were

25  dried (MgS0Q;) and concentrated in vacuo to a brown oil which solidified on standing.

Purification by silica gel chromatography eluting with 0-100% EtOAc/cyclohexane gives

the sub-titled compound (1.5 g) as a white solid.
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'H NMR (400 MHz, CDClz): § 8.55 (ddd, 1H), 8.25-8.12 (s, 1H), 8.19 (dt, 1H), 7.85 (td,
1H), 7.43 (ddd, 1H), 3.64 (q, 2H), 3.50 (t, 2H), 2.22 (p, 2H).

Example 57: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{3-[(pyridine-2-carbonyl)-

amino]-propyl}-1-azonia-bicyclo[2.2.2]octane bromide

Br 0
O N+/\/\N | N\
H
O s
H

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example

14e) (0.31 mmol) and pyridine-2-carboxylic acid (3-bromo-propyl)-amide (Example 57b)
(0.31 mmol) were stirred together in anhydrous MeCN (3 mL) at room temperature for 16
days. The reaction mixture was concentrated in vacuo and the solid purified by silica gel
chromatography eluting with 0-15% MeOH/dichloromethane to give the title compound
(145 mg) as a white solid.

m/e 490 [M]*

'H NMR (400 MHz, DMSO-Dg): 8 8.94 (t, 1H), 8.62 (ddd, 1H), 8.03-7.95 (m, 2H), 7.58
(ddd, 1H), 7.31-7.24 (m, 4H), 7.19-7.13 (m, 1H), 5.01-4.95 (m, 1H), 3.76 (ddd, 1H),
3.51-3.09 (m, 7H), 3.09-3.01 (m, 1H), 2.93-2.82 (m, 1H), 2.36-2.22 (m, 2H), 2.14-2.06
(m, 2H), 1.99-1.90 (m, 1H), 1.92-1.71 (m, 4H), 1.68-1.39 (m, 10H).

Example 58: (R)-1-[(2-Methyl-pyrimidin-4-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(2-methyl-pyrimidin-4-yl)-acetamide

Cl/\c[)]/ H\C\(
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2-Methyl-pyrimidin-4-yl amine (545 mg) was suspended in DCE (5 mL) and
chloroacetylchloride (0.4 mL) was added dropwise. The reaction was heated in a
microwave at 80°C for Smins. The reaction mixture was cooled to give a solid that was
fitered, washed with dichloromethane then suspended in dichloromethane and sat.
NaHCOj; (aq) was added. The organic phase was collected and the aqueous layer extracted
with dichloromethane (x2). The combined organic layer was dried over sodium sulphate
and concentrated. The crude product was purified by silica gel chromatography eluting
with 0-10%MeOH/dichloromethane to give the sub-titled compound as a yellow solid (70
mg, 7.5 %).

'H NMR (400 MHz, DMSO-Dg): & 11.16 (s, 1H), 8.58 (d, 1H), 7.84 (d, 1H), 4.37 (s, 2H),
2.53 (s, 3H).

Example 58: (R)-1-[(2-Methyl-pyrimidin-4-ylcarbamoyl)-methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo{2.2.2loctane chloride

Q..
H

O N. _N

AT Or
O_ O =N
H

1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example

14e, 0.29 mmol) and 2-chloro-N-(2-methyl-pyrimidin-4-yl)-acetamide (Example 58a)
(0.35 mmol) in MeCN (2.0 mL) were stirred together at room temperature for 16h. The
reaction mixture was concentrated in vacuo and the residue purified by silica gel
chromatography eluting with 0-10% MeOH/dichloromethane to give the title compound as

a white solid (55 mg).

m/e 477 [M]*
'H NMR (400 MHz, DMSO-De): 6 11.40 (s, 1H), 8.61(d, IH), 7.75 (d, i1H), 7.32-7.25
(m, 4H), 7.23-7.17 (m, 1H), 5.10-5.03 (m, 1H), 4.28 (s, 2H), 4.09-4.01 (m, 1H), 3.62-
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3.48 (m, 4H), 3.40-3.30 (m, 1H), 2.50 (s, 3H), 2.36-2.24 (m, 2H), 2.17-2.05 (m, 2H),
1.98-1.84 (m, 3H), 1.78-1.65 (m, 1H), 1.64-1.41 (m, 9H).

Example 59: (R)-1-[(G-Methyl-pyrimidin-d-ylcarbamoyl)-methyl]-3-(l-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane chloride

a) 2-Chloro-N-(6-methyl-pyrimidin-4-yl)-acetamide
H
ol WN | N\W
0 =N

6-Methyl-pyrimidin-4-yl amine (545 mg) was suspended in DCE (5 mL) and
chloroacetylchloride (0.4 mL) was added dropwise. The reaction was heated in a
microwave at 80°C for Smins. The reaction mixture was cooled, filtered and a solid
obtained. The reaction was repeated a second time and both batches of solid were
combined, washed with dichloromethane then suspended in dichloromethane and sat.
NaHCO; (aq.) was added. The organic phase was collected and the aqueous layer extracted
with dichloromethane (x2). The combined organic layer was dried over sodium sulphate
and concentrated. The crude product was purified by silica gel chromatography eluting

with 0-10%MeOH/dichloromethane to give the sub-titled compound as a yellow solid (120
mg).

'H NMR (400 MHz, DMSO-Dg): 8 11.11 (s, 1H), 8.76 (d, LH), 7.91 (s, LH), 4.38 (s, 2H),
2.44 (s, 3H).

Example 59: (R)-1-[(G-Methyl-pyrimidin-4-ylcarbam0yl)—methyl]-3-(1-phenyl-

cycloheptanecarbonyloxy)-1-azonia-bicyclo{2.2.2]octane chloride
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1-Phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example

T

14e) (0.30 mmol) and 2-chloro-N-(6-methyl-pyrimidin-4-yl)-acetamide (Example 59a)

5 (0.36 mmol) in MeCN (2. mL) were stirred together at room temperature for 16h. The
reaction mixture was concentrated in vacuo and the residue purified by silica gel
chromatography eluting with 0-10% MeOH/dichloromethane to give the title compound as
a white solid (125 mg).

10 m/ed77 [M]*
'H NMR (400 MHz, DMSO-Ds): 8 11.39 (s, 1H), 8.76 (d, 1H), 7.83 (s, 1H), 7.34-7.26
(m, 4H), 7.22-7.17 (m, 1H), 5.10-5.04 (m, 1H), 4.32 (s, 2H), 4.10-4.01 (m, 1H), 3.64-
3.50 (m, 4H), 3.43-3.31 (m, 1H), 2.42 (s, 3H), 2.37-2.23 (m, 2H), 2.18-2.06 (m, 2H),
1.98-1.81 (m, 3H), 1.78-1.66 (m, 1H), 1.65-1.39 (m, OH).

Example 60: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-{2-[(pyridine-2-carbonyl)-

amino]-ethyl}-1-azonia-bicyclo[2.2.2]octane bromide

a) Pyridine-2-carboxylic acid (2-bromo-ethyl)-amide

=
Ho
Br” " N

O

20
Picolinic acid (0.99 g) in dichloromethane (30 mL) was treated with triethylamine (1.27

mL) and HATU (3.6 g). The mixture was stirred for 10 minutes then a solution of 2-
bromoethylamine hydrobromide (1.5 g} and triethylamine (1.27 mL) in dichioromethane
(20 mL) was added. The reaction mixture was stirred for 3h. Water (50 mL) was added and

25 the layers were separated. The organic layer was washed with water (3 x 50 mL), dried
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Pyridine-2-carboxylic acid (2-bromo-ethyl)-amide (Example 60a) (75 mg) was added to a

0O

15 solution of 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester
{Example 14¢) (98 mg) in acetonitrile (2 mL). The reaction mixture was allowed to stir at
room temperature for 16h. A further 10 mg of pyridine-2-carboxylic acid (2-bromo-ethyl)-
amide was added and the reaction mixture was stirred for 8h. The volatiles were
evaporated and the residue was purified by silica gel chromatography eluting with 0-10%

20 MeOH/dichloromethane to give the title compound (55 mg) as a white solid.

m/e 476 [M]*
'H NMR (400 MHz, DMSO-Dg): § 9.12 (t, 1H), 8.64-8.62 (m, 1H), 8.05-7.97 (m, 2H),
7.61 (ddd, 1H), 7.32-7.25 (m, 4H), 7.22-7.15 (m, 1H), 5.02-4.96 (m, 1H), 3.88 (ddd,

25 1H), 3.71-3.55 (m, 2H), 3.49-3.27 (m, SH), 3.22 (dt, 1H), 3.12-3.02 (m, IH), 2.38-2.20
(m, 2H), 2.17-2.07 (m, 2H), 1.96-1.75 (m, 3H), 1.69-1.38 (m, 10H).



10 buffer peak area % bound = 100 -100 buffer injection volune
S(plasma peak area/ /plasne injection volune), Table 3 shows the
nmeasur ed hwoextogisa®mma protei n binding figure using the PrRCBERHE ®1647
descri bed above for sonme representative Exanples. |sTable 3 Conpound
of Exanple No. %bound 11 95.2 13 93.2 15696.1 17

Example 61: (R)-3-{1-Phenyl-cycloheptanecarbonyloxy)-1-(3-pyridin-4-yl-propyl)-l_-.

azonia-bicyclo[2.2.2]octane bromide

a) 4-(3-Bromo-propyl)-pyridine hydrobromide

Br | =
=N

A solution of 3-pyridin-4-yl-propan-1-ol (2.88 mL} in hydrobromic acid ( 16 mL, 141.43
mmol) was heated at reflux at 135°C for 18h. The cooled solution was concentrated under
vacuum and the residue was re-dissolved in isopropanol and re-concentrated (this process
was repeated three more times). The residue was dissolved in isopropanol, decolourised by
10 boiling with activated charcoal, filtered, and the clear solution left to crystallise in a freezer
over 48h. The resulting crystals were removed by filtration, washed with isopropanol /
diethyl ether (1:1) followed by diethyl ether and then dried under vacuum at 40°C and at

room temperature to afford the sub-titled compound as a pale brown solid (3.55 g).

15 'H'NMR (400 MHz, D;0): & 8.64 (d, 2H), 7.96 (d, 2H), 3.52 (t, 2H), 3.12 (t, 2H), 2.30
(quint., 2H).

Example 61: (R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(3-pyridin-4-yl-propyl)-1-

azonia-bicyclo[2.2.2]octane bromide
Br

+ RN
O _~N

20
4~(3-Bromo-propyl)-pyridine hydrobromide(Example 61a) (0.210 g) was added to diethyl

ether (10 mL) and sodium hydroxide solution (4 mL) ( lb%) in a separating funnel and the
mixture shaken and separated. The ethereal layer was washed with water (2 x 10 mL),
dried (MgS0.) and evaporated to afford the free base as an oil. To the residue was added

25 1-phenyl-cycloheptanecarboxylic acid (R)-(1-aza-bicyclo[2.2.2]oct-3-yl) ester (Example
1e) (0.245 g) and acetonitrile (2 mL), and left to stand for 2 days. Addition of diethyl ether
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Pharmacological Analysis

M3 Receptor Activity Assay

15 The affinity (pICsg) of compounds to the M, receptor was determined by competition
binding of [3H]N~methyl scopolamine (NMS) to CHO-K1 (Chinese Hamster Ovary) cell
membranes expressing the human muscarinic acetylcholine M; receptor (M3-ACh) in a

scintillation proximity assay (SPA) format.

20 SPA beads were precoated with membranes and then incubated at 2 mg of beads per well
with with serial dilutions of the compounds of the invention, [3H]NMS at 0.2nM, half Kd
(experimentally determined dissociation constant) and assay buffer (20 mM HEPES pH74
containing 5 mM MgCl,). The assay was conducted in a final volume of 200 pL, in the
presence of 1% (v/v) dimethyl sulphoxide (DMSO). Total binding of [3H]NMS was

25 determined in the absence of competing compound and non-specific binding of [’H]NMS
was determined in the presence of 1 pM atropine. The plates were incubated for 16 hours
at room temperature and then read on Wallac Microbeta using a normalised *H protocol,
The pICso, defined as the negative logarithm of the concentration of compound required for
50% reduction in specific [*H)-NMS binding, was determined. Table 1 shows the pICsg

30  figures for some representative Examples.

Table 1
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7 ++ 27 ++ 47 ++

8 +++ 28 ++ 48 ++

9 +++ 29 4+ 49 4+

10 +H+ 30 +++ 50 - +++

11 +++ 31 ++ 51 ++

12 -+ 32 ++ 52 +++

13 +4++ 33 ++ 53 ++

14 ++ 34 ++ 54 +++

15 +++ 35 +4 55 ++

16 +++ 36 ++ 56 ++

17 +H 37 +++ 57 ++

18 ++ 38 ++ 58 ++

19 +4++ 39 ++ 59 +

20 o 40 +++ 60 =+




each 5 m nute period post weighed pad and t hese nunbers added

toget her to produce an accumul ati on of saliva over 15 mnutes. Each 5
m nut e per WORWBBVIIBW7be anal ysed in addition to the wholmTiGBIISMNN &7
recordi ng period. Baseline production of saliva was assunmed to be
constant and nultiplied by three to prddfice a reading for baseline
saliva ioproduction over 15 mnutes. Inhibition of saliva produced by
the conpound coul d he calculated by using the follow ng equation:

(1- (Test - basel i ne) / (8#eh- hasweft ne))*lOO 123 QLAI M5 1} A conpound

sel ected f ot S -

(R)-1-[ (6- mﬁ‘%ﬁqcf“éﬂ“- +§’|+c’a{FE9§n’3’&'7% St Kyr 1 19N T+ 5 ARy NokTestedhept
anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(R -1-[(6- Icar bam)yl) nmet hyl ] - 3- (1- phenyl - cycl ohept
anecar bonyo¥ ; P IRE 21oct ane X;

(R-3-(1- Phenyl cycl ohept anecar bonyl oxy)-1-[(6-trifluoromethyl-pyrida
zi n-3-yl carbanoyl) - nethyll-1-azonia-bicycl o[ 2.2. 2] octane X;

(R) - 1- ( { 3eRBoeent pEpRepoIORinbiedingwantietermite yia eqBilbliuphiysis afyac | ohept

anecar bony Q

(R - 1- (Pyr%cgﬁaz/(%uﬁ(}geta%car@]%tfy Smata%?%“e%u thfgﬁ?tc?éh%ﬁndderm&?ﬁ'P%ﬂfe‘B? ane
car bony| oxgonedntradzoof @nipiooydinahepl2snd] 6 bafer by HPLC-MS/MS.

(R -1-[(5-Methyl -isoxazol - 3-yl carbanoyl) - met hyl ] - 3- (1-t hi ophen-2-yl cy
cl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(1?)-1-[ ( 3oy 1l-i soxazol - 5-yl car banoyl) - nel hyl ] - 3- (1-t hi ophen-2-ylc
ycl ohept anecar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(R - 1- [i{ 3- Blayeisee M @midcaRk hamaydd-ofrBbhmy cl obep
t anecar bon Iggy 1- azoni a- bil@gycl o%g b(» ergPl(eﬂmwhoﬂm il baey
(R) - 1-[ (5-1EtH bbp%ﬂaﬁifsﬁl@swabam@a ;fgyammym]of?, -hoar t Bheopiblesis Buffdrcy c
| ohept anecgssiafytiOKy I'C

enzo[ cl i soxazol - 3- 15/ %gé%%ﬁg§ %g? hy%ls%lgioﬁép ﬁ%g%@ggﬁdﬁyldcnﬁ%}%ﬁué%}g%w&a
r bonyl oxy)Were aeppicd 2kl eape¢ndiatiorpofX) puMankero2én pooled Human plasma was obtained
(R -1-(Pyr@agh Uol%ntlé%:rgar bamoyl met hyl ) - 3- (i

-t hi ophen-2-yl -cyc ohept anecar bonyl oxy) - 1-

azoni aibi cycl o[ 2. 2. 2j oct ane X;

baroy ! met PR TSP Gaonpst e gatet o plasma i a o of 10T of

DMSO to each ml of plasma. This gave a [% DMSO in plasma solution with each

compound at a concentration of 5 M.

20  Dialysis cells were then prepared and one half of the cell filled with 750 ul of dialysis
buffer and the other half of the cell with 750 pl of plasma solution of compound. Once

prepared the cells were sealed and placed in an incubator box at 37°C. These cells were

then rotated for a minimum of 4 hours to equilibrate.

25 After equilibration 500 pl of the buffer samples were removed and added to HPLC vials
along with 100 pl of plasma (sample in 6-fold diluted plasma), and 100 ul of the plasma

samples were removed and added to HPLC vials along with 500 pl of dialysis buffer
(sample in 6-fold diluted plasma).

30  The samples were then analysed using HPLC-MS/MS. A four point calibration curve was

obtained by dilutions of the stock solutions with 6-fold diluted plasma at concentrations of



(R) -341- (3- Fl uor o- phenyl) - cycl ohept anecar bonyl oxy] - 1- (i soxazol- 3-yl ca
r bamoyl met hyl ) 4- azoni a-bi cycl o[ 2. 2. 2] oct ane X;

(R) - 3- (1- PHERPPYBFUI ohept anecar bonyl oxy) - 1- (pyri di n- 2- yrCITAGRNIMeuET h
yl)-1-azoni abi cycl o[ 2. 2. 2i oct ane X;

(R) - 3-(1-Phenyl - cycl ohept anecar bonyl oxyh201- (pyri di n- 4 yl ear banoyl net h
yl)-1-azonier bicyclo[2. 2.2]octane X; 124

(R -11(5-Fl UOI’#ﬁyI’I di n- 2-yl car banoyl) - net hyl ] - 3- ( 1- phenyl - cycl ohept a
necar bonyl &8} O:00aHY 0. B} glylcdnd [IZZSQJM}Adnmamme Mjected in this order followed by
(R-1-[(5 t‘ﬂ%f ri.dj [% met hyl ] - 3- (1- phenyl - cycl ohept
anecar bony:}%x Pa¥“ %%%:aatg%%hﬁgl{a oet ane X;

(R) - 3-(1- Phenyl - cycl ohept anecar bonyl oxy) - 1- (pyridin-3-yl carbanoyl net h
yl)-1- azonkgia cl o[ 2. 2. 21oct ane X;

(R) - 1- [ ( 2- MBtHAByr i di n- 4- yl car banoy1) - net hyl ] - 3- ( 1- phenyl - cycl ohept
anecar b@nynﬂwarrcémraaéﬁ)af& G4E InAhesat

(R) - 1- Phenyl car bamoyl e n?jo (n-p sén 3‘3% eré%ngrqé](s:lg B@ﬁ%y&{(ﬁ@fpaz
oni abi cycl 6{1250§W21F(§Elpglpp@d Waters/Micromass) that automatlcally calculated a calibration
gﬁ;l ;’ glasgﬁ?% ICFC%/‘% }J&Fgﬂ%{ﬁgf {ol?r?rﬁm&? yt?le cellg p%a‘sma%lrorgclﬁb}gdﬁ%rw%%myl e
(R-1-[(2- ﬁtqmmsdgmweccahiuzrammm)vemeuﬁeyﬁe}cearagaombmpwnmh@mmhﬁﬂecar

?%]yllo?{)z é-ﬁg% uo?d‘%ﬁ% %«[351?1 i g&%‘t’ﬁyl] 3- (1- phenyl - cycl ohept an

ecar bonyl oxy) - 1- azoni a- bi cycl 0[2 2. 2] octane X

(R)-142- (2, 3- D hydr o- benzof uran-5-y1)-ethyll- 3-(1- phenyl - cycl ohept ane
car bonyl oxy) - 1- azoni a- bif cybbitfrpedk apdapCt ane X;

(R -1-[2- (éfF}{?‘dH&Qlﬁb‘eT y) - et hyl) - 37/(buifetinjagtionegluinshept anecar bonyl ox
y) - 1-azoni a- Gpl

(R) - 3-(1-phenyl - cycl ohep dnecar bonyl %am@yﬂioﬂa@mm) ylear banoyl net
hyl ) - 1- azoni abi cycl o[ 2. 2. 21oct ane X;

(R -1-[(5-Fl uoro-pyridin-3-yl car barmyl) met hyl ] - 3- (1- phenyl - cycl ohept

b
(R -5 (10 phatyd st Rl B B eses G e frreipsinstig pisesdore  ny)
] - 1- azoni adsiseryhett @P@’GZOIZS]OUEU@IGSGP@UV& Examples.

15 Table3

Compound of | ¢ bound

Example No.
11 95.2
13 93.2
15 96.1
17 97.6
20 98.2
21 99.4

Methacholine Induced Bronchoconstriction in vivo

Dunkin-Hartley guinea-pigs (300 — 600g) were supplied by a designated breeding
20  establishment. Animals were dosed with test compound or vehicle either by inhalation in

conscious guinea-pigs or by intratracheal instillation (0.5ml/kg) under recoverable gaseous



(R-1-[(6- thhyl pyridi n-2-yl carbamoy1l) - met hyl | - 3- (1- phenyl - cycl ohept
anecar bonyl ox 1- azoni a-bicycl o[ 2. 2. 2} oct ane X;

(R) -3-(1- 1Yﬁé%yyﬁ@?%loheptanecarbonyloxy) 1- (o- t ol yl carkewiGRlo00sidudwyl )
-1-azoni abi cycl o[ 2. 2. 2] oct ane X; _

(R) - 3-(1- Phenyl - cycleheptanecarbonyloxwﬂil-(Z-pyra2|n-2-y|-ethy|)-1-a
zoni abi cycl o[ 2. 2. 2] oct ane X;

(S)-143- Phenoxy- propyl) - 3- (1- phenyl - cycl ohept anecar bonyl oxy) - 1- azoni a
bi cycl o[ 2. 2NFEFHEHA ;(alothglgg, Animals were allowed to recover from the anaesthesia prior

o anos oy AT ALReRRR BN RALD AWk W B¥dofing 2RO W& o

hept anecar bony! azoni a- |c o
(R -1-[(3, &-rmufalluenabsqhbtmwhhmarsbdim)plzhtolmblttmﬂ:](6Bn(g1kg9,hﬂmthch@é/€dnﬁlﬂﬁt9& an

I bi oct ane X; ) L
(R~ 142 ( a e i SRR Bian Ry Fuodhr s as Eitliine e apacapesedesnisising)
oXYy) - 1- azopf mbiheyelind. 2Tk @ﬁ&ﬁgp@gﬁve}% ventilated using a constant volume respirato
1- phenyl - cycl ohept anecar bonyl oxy)-1-a -

g(?” ;bl( gy(F: E&th hgrlzg‘xéog X&Qntllator model 683) at a rate of 60 breath/min and a tidal volumc
(R) - 14(2, 6o8% fhALug:k\QRYA ?fe?ﬁ@gé(rle Lrﬂra)% Mchgﬁ(h&r%@gﬁgﬁ@e afidl E&QP']che nec

arbonyloxy) 1- azoni a-bicyclo
11( Met hyl - ﬁﬁ%ﬁ@&mséﬂbawwymwmnéamyW$uBm@gmphepmsumy@hpﬁﬁpﬁﬁg@ﬁﬂﬂhﬂmyﬁo

(1) - 177 FARSARU AR SRS MR Convp comssy s peviaphept sammle By 1o

Xy) - 1- azona:amalswdr@femnzuﬂ (QuashsieusXidal ventilation pattern) at 60 breaths/min at a tidal

2)-1-](2 1 b 1 th henyl cl ohept
anecar bony | 305 015 PYBE T BST 7R STy pscat e 53 o vas ppiied
(R) - 142- (4R®p&mrﬁeﬁzma@>w$n&ta§urad ﬂmr?gtﬁé—F]@ﬂQ&)f|“srfa¥%9hﬁm®r(‘?§@ébp@ny| 0

1- o 2. 2. 2 tane X;
Eng 3- ?i Lcyi%[ fEnqusC ﬁédlégﬁ%?ﬁ%%&w cwpbelcmaﬁmmw&grqarpgﬁfm

n- 2- ylcar biafr@yehpos aBdikidtrdtiod o@ﬁ)@ﬂ)‘a&oﬂh@ C h@gn?d ﬁ) % t”ﬁﬁﬁ) increase, in
(R -1-[(4-Met hyl -pyridin-2-yl carbanoyl enyl - cycl ohept

anecar bo ny‘leﬁ)‘ﬁtfi“}‘le HYiog PE“@FW’@P 91[}&216%62‘]@ @@lanieted(and the effcct of the test
(R oL > oty B el oA IR LI dad dudifieiay! - cvel ohep!

anecar bonyl oxy) - 1- azonl a- |cyc
Percentage inhibition of bronchoconstncnon was calculated at each dose of methacholine

as follows:

{Chanee in resistance jn vehicle treated aroup — Change in resistance in compound treated group] x 100

20 [Change in resistance in vehicle treated group)

Inhibition of pilocarpine induced salivation by i.n. administered compounds.

Guinea pigs (450-550g) supplied by Harlan UK or David Hall, Staffs UK and acclimatised

to the in-house facilities for a minimum of three days before use. Guinea pigs were

25 randomly assigned into treatment groups and weighed. Each animal was lightly
anaesthetised (4% Halothane) and administered compound or vehicle intranasally
(0.5ml/kg) at up to 24 hours before challenge with pilocarpine. At the test time point,
guinea pigs were terminally anaesthetised with urethane (25% solution in H20, I.5g/kg).
Once sufficient anaesthesia had developed (absence of toe pinch reflex) each animal had

30 an absorbent pad placed in the mouth for 5 minutes to dry residual saliva, this pad was
removed and replaced with a new pre-weighed pad for 5 minutes to establish a reading of
baseline saliva production. At the end of this 5 minute period the pad was removed and

weighed. A new pre-weighed pad was inserted into the mouth before each animal received



(R) - 3- (1- Phenyl - cycl ohept anecar bonyl oxy) - 1- (p-t olylcar banoyl- et hyl ) -
1- azoni abi cycl o] 22. 2] oct ane X;
(R) - 3- (1- PHEPPYEFEF ohept anecar bonyl oxy) 4- (m t ol yl car baREE/EBIAAEAT) -
1- azoni abi cycl o[ 2. 2. 2] oct ane X;
(R) - 1- (Oxazol- 2-yl car banoyl net hyl ) - 3- (1:8henyl - cycl ohept anecar bonyl ox
y) - 1- awni abi cycl o[ 2.2.2] octane X;
(R -1-[(6- Met hyi - pyri dazi n-3-yl carbanoyl) - net hyl ] - 3- (1- phenyl - cycl ohe
pt anecar bofii B 3@1“2-33'215"(‘1%“6“3%]3@9%ﬂ'@[skmzit @ib@qkaﬁdlemeck (©. 6mg/kg @ 2ml/kg).
(R-3-(1-P ylcar amoyl m
Cthyl) - 1. aa o e e O P L ROREr e AR i de Bl Weffhis 5068/ e
(R) - 1-[ ( 5- @y tnb-pipptedi n- 2- y| car banoy1) - net hy1] - 3- ( 1- phenyl - cycl ohept a
necar bonyl oxy) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane X;
(R) - 3- (1- Phenyl - cycl ohept anecar bonyl oxy) - 1- (pyri m di n- 5-yl car banmoyl ne
thyl)-1s aZSﬂilvalpm]djacﬂl@]{\ﬂas?caﬂzhﬁfdd&i}%u%actmg the re~we1 hed we1 ht of the ad fro
(R -1-1(3-F -2-yl car bam)yl) et %eny ycl oﬁept
anecar bony?a(‘fg%'mf QE‘B %OSbWE‘ﬂE‘Fdd{aé apd QTF%Q"@P%I‘S)QMCCI togethef to produce an
(R) - 1- [ ( 3- WeupuReay s sdiivr dvey 15%&@&5035%& Mh\%ﬁe@a CAail BE M ys5y & ohept
anecar bonyloxy) - 1- azoni a-bi cycl o[ 2. 2. 21oct
(R) - 3- 0. - PHilign t@?@l”ﬂﬂfpi%ﬁé@é@r@@ﬂi%gpwwl Bagdinpyroduitiva-2 saanlvasy| kai
?IR;]0|3 ?Ehﬁ%ﬂéﬁd [gf?g:ag éagl![t g%cgljgglﬁ: §Ié%dlﬁ,tﬁpe%?t{l]pr8%%ceareadmg for baseline saliva

, 2, 4] t b adpragustiosoyerd Smiawrey/| met hyl ) - 1- azoni a- bi cycl o[ 2. 2. 2] oct ane
X;
(R) - 3-(1-Phenyl - cycl ohept anecar bonyl oxy) - 1-{34( pyri di ne- 2- car bonyl ) - a
m nol - pr opyihibitien aizalivaprbieyd bpite. Caﬂ@])lﬂﬂto@ﬂlﬁ b@calculated by usmg the followmg
(1?)-1-[(2- Met hyl - pyrlmd|n4 | carb ) ]-3-(1-phenyl -cycl©
ept anecar bonyl oxy) - 1- aBRPR: lSY@"éF 81521“23) ﬂf@b‘?aéﬁ‘éle)?{*loo
(R -1-[(6-Methyl - pyrl m di n- 4-yl car banoyl) - et hyl ] - 3- (1- phenyl - cycl ohe
pt anecar bonyl oxy) - 1-azoni a-bi cydo[ 2. 2. 2] oct ane X;
(R) - 3-(1- Phenyl - cycl ohept anecar bonyl oxy) - 1-{2-[ (pyri di ne- 2- car bonyl ya
m noket hyl | - 1- azoni a- bi cycl o[ 2. 2. 2] octane X; and
(R) - 3- (1- Phenyl - cycl ohept anecar bonyl oxy) - 1- ( 3- pyri di na4-y1- propyl)-1-
azoni abi cycl o[ 2. 2. 2] oct ane X;



wherein X represents a pharmaceutically acceptable anion of a nono or
pol yval ent acid. 2.A conpound according to claim1, selected fromthe
group consisting of: A wherein X regpresents a pharnaceutically
accept abl e ani on of a nono or ponvaléﬁ acid. 3. A conpound
according to claim2, which is: z |-l wgﬁrein X represents a
pharmaceutically acceptabl e ani on of LAME o or pol yvalent acid. 4. A
conpound according to claim3, which is: 5. A pharnmaceuti cal
conposition conprising a E%npﬁénd according to any one of clains | to
6

4, in associ HCPEROYRA FHece EWPicEEFPE 8 cept abl e adj uvant ,
diluent or carrier. 129 A process for the preparation of a
phar maceutical conposition as clained in claimb5, which conprises

m xi ng a Eerplenetist-ryidins glsgpameyhnmpthyHe -G rrhemdicyioheptanecarbanylorydr1-

phar maceutigaliidycRELePlodhexad uvant, diluent or carrier.
(R)-1-[(6-Methyl-pyrazin-2-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclof2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-[(6-trifluoromethyl-pyridazin-3-ylcarbamoyl)-
methyl]-1-azonia-bicyclo[2.2,2]octane X;
(R)-1-(Benzo[d]isoxazol-3-ylcarbamoylmethyl)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo{2.2.2]octane X;
(R)-1-(Pyridazin-3-ylcarbamoylmethyl)-3~(1-thiophen-2-yl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;
(R)-1-[(5-Methyl-isoxazol-3-ylcarbamoyl)-methyl}-3-(1-thiophen-2-yl-
cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane X;
(R)-1-[(3-Methyl-isoxazol-3-ylcarbamoyl)-methyl]-3-(1-thiophen-2-yl-

cycloheptanecarbonyloxy)-1-azonia-bicyelo[2.2.2Joctane X;

(R)-1-[(3-Fluoro-phenylcarbamoyl)-methyl]-3-(1-thiophen-2-yl-cycloheptanecarbonyl oxy)-1
azonia-bicyclo[2.2.2]octane X;
(R)-1-[(5-Methyl-pyrazin-2~ylcarbamoyl)-methyl]-3-(1-thiophen-2-yI-
cycloheptanecarbonyloxy)-1-azonia-bicyclo[2.2.2]octane X;
(R)-1-(Benzo[d]isoxazol-3-ylcarbamoylmethyl)-3-(1-thiophen-2-yl-
cycloheptanecarbonyloxy)-1-azonia-bicyelo[2.2.2]octane X
(R)-1-(Pyrazin-2-ylcarbamoylmethyl)-3-(1-thiophen-2-yl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]Joctane X
(R)-3-[1-(3-Fluoro-phenyl)-cycloheptanecarbonyloxy]-1-(pyrazin-2-ylcarbamoylmethyl)-1-
azonia-bicyclo{2.2.2]octane X;
(R)-3-[1-(3-Fluoro-phenyl)-cycloheptanecarbonyloxy]-1-(isoxazol-3-ylcarbamoylmethyl)-1-
azonia-bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-2-ylcarbamoylmethyl)-1 -azonia-
bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyridin-4-ylcarbamoylmethyl)-1-azonia-
bicyclo[2.2.2)octane X;



7. A conpound according to any one of clains | to 4 for use in

therapy. 8. Use of conmpound according to any one of clainms 1 to 4,

I n the manufacture of a nedi canent for Ajse in the treatnent of

chronic obstructlve pul m)nary di sease 9. Use of conpound according
nuf acture_of a nedi canent for

to any one_0 I

use in thz‘q‘l' i ?‘Pﬁ?‘} %tyiﬁ?&’am%i m”%YBﬁa(rlw&wérﬁr%ﬂaﬂleptﬁmemwloxy) 1-
conpri si ngzom@bleyumzlggdcgﬁexa first active i ngredl ent which is a
conpound 2@ ﬁé(gl‘a to agny one of clainms 1 to 4, and at |east one
further aéfhr %M&W’éﬂﬂ'2§é?aé‘@!f@dl)ﬂ%hﬁll3 -(laphspdsyeiekrptesecarbandoxy)-1-
i nhi bitor azonaa.ﬁlss?ﬁlo[@gam%@ﬁt or agonist, a nodul ator of chenokine
receptor functio nhi bi tor of kinase function, a pr ot ease

i nhi bi t or &) %(EEI?P&%’QOh@*%@WV]PEﬁrH@V@@éﬁt%@g’@ﬁh&hyl)dn&oa!a-
non-ster obggé]ol_g[mgﬁgfetx,cm d receptor agonist.

(R)-1-[(2-Methyl-pyridin-4-ylcarbamoyl)-methyl]-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]Joctane X;
(R)-1-Phenylcarbamoylmethyl-3-(1-phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(pyrimidin-4-ylcarbamoylmethyl)-1-azonia-
bieyclo[2.2.2]octane X;
(R)-1-[(2-Fluoro-phenylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;
(R)-1-[(2,3-Difluoro-phenylearbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;
(R)-1-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo{2.2.2]octane X;
(R)-1-[2-(4-Fluoro-phenoxy)-ethyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2]octane X
(R)-3~(1-phenyl-cycloheptanecarbonyloxy)-1-(pyridazin-4-ylcarbamoylmethyl)-1-azonia-
bieyelo[2.2.2]octane X;
(B)-1-[(5-Fluoro-pyridin-3-ylcarbamoyl)-methyl]-3-(1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X
(R)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-[2-(pyridin-3-yloxy}-ethyl]-1-azonia-
bicycio[2.2.2]octane X

(R)-1-[(6-Methyl-pyridin-2-ylcarbamoyl)-methyl]-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2,2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(o-tolylcarbamoyl-methyl)-1-azonia-
bicyclo[2.2.2]octane X;
(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1-(2-pyrazin-2-yl-ethyl)-1-azonia-
bicyclof2.2.2]octane X;
(8)-1-(3-Phenoxy-propyl)-3-(1-phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2]octane X;



125

{R)-1 -{[2-(3-Fluoro-phenoxy)—ethy]carbamoy]]—methyl}—3-(1 -phenyl-
cycloheptanecarbonyloxy)-1-azoni a-bieyclo[2.2.2]octane X;

(R)}-1-[(3 »5-Difluoro-phenylcarbamoyl)-methyl]-3-( 1-phenyl-cycioheptanecarbonyloxy)-1-
azonia-bicyclof2.2.2]octane X;

(R)-1 -[2-(4-methoxy-benzyloxy)-ethyl}-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2])octane X;

(R)-1-(2-Phenethyloxy-ethyl)-3-(1 ~phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2]octane X;

(R)-1-[(2,6-Difluora-phenylcarb amoyl)-methyl}-3-(1 -phcnyl—cycloheptanecarbonyloxy)- 1-
azonia—bicyclo[2.2.2]0cta;13 X

(R)-1- [(Methyl-phenyl-carbamoyl)-methyl] -3-(1-phenyl-cycloheptanecarbony! 0Xy)-1-azonia-
bicyclo{2.2.2]octane X;

(R)-1-[3-(4-Cyano-phenoxy)-propyl]-3 ~(1-phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclo[2.2.2]actane X;

(R)-1-{(2,5 -Difluoro-phenylcarbamoyl)-methyl}-3-( 1-phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;

(R)-1-[2-(4-Cyano-benzyloxy)-ethyl]}-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyelo[2.2.2]octane X;

(R)-3~(1-Phenyl-cycloheptanecarbonyloxy)-1 -[(6-trifluoromethyl-pyridin-2-ylcarbamoyl)-
methyl]-1-azonia-bicyclo[2.2.2]octane X;

(R)-1- [(4-Methyl-pyridin-2-ylcarbamoyl) -methyl]—3—(l-phenyl-cycloheptanecarbonyloxy)—1 -
azonia-bicyclo[2.2.2]octane X;

(R)-1-[(5-Chloro-pyridin-2-y1 carbamoyl}-methyl}-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;

(R)-3-(1-Pheny]—cycloheptanecarbonyloxy)~1-(p-tolylcarb amoyl-methyl)-1-azonia-
bicyelo[2.2.2Joctane X;

(R)-3-(1-Phenyl-cycloheptanecarbonyloxy)-1 ~(in-tolylcarbamoyl-methyl)-1-azonia-
bicyclo[2.2.2]octane X;

(R)-1-(Oxazol-2-ylearbamoylmethyl)-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-azonia-
bicyclof2.2.2]octane X;

(R)-1-[(6—Methyi—pyridazin—3—ylcarb amoyl}-m ethyl}-3-(1-phenyl-cycloheptanecarh onyloxy)-
1-azonia-bicyclo[2.2.2]octane X;

(R)-3-(1 -Phenyl-cycloheptanecarbonyloxy)-1 -(pyrimidin-2-ylcarbamoy1methyl)—1-azoni a-
bicyelof2.2.2]octane X;
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(R)-1-[(3 -Cyano—pyridin-2-ylcarbamoyl)—n:tethyl]-3-(1~pheny1—cycloheptanecarbonyloxy)-I -
azonia-bicyclo[2.2.2]octane X;

(R)-3-(1 -Phenyl—cycloheptanecarbonyloxy)-1-(pyrimidin~5 -ylcarbamoylmethyl)-1-azonia-
bicyclo[2.2.2]octane X;

(R)-l—[(S-Fluoro-p:,nidin-z-ylcarbamoyl)-meﬂ1y1]-3-(1 -phenyl-cycloheptanecarbonyloxy)-1-
azonia-bicyclo[2.2.2]octane X;

(R)-1-[(3 -Fluoro-pyridin—4-ylcarbamoy1)~methyl]-3~(l —phenyl—cycloheptanecarbonyloxy)— 1-
azorﬁa—bicyclo[2.2.2]octanp X

(R)-3-(1 ~Phenyl-cycloheptanecarbonyloxy)-1- {2-[(pyrazine-2-carb onyl)-aminoJ-ethyl}-1-
azonia-bicyclo[2.2.2]Joctane X;

(R)-3-(1 -Phenyl-cycloheptanecatbonyloxy)-1-([2 ,2,4]thiadiaz01-5-ylcarbamoy1methy1)~1 -
azonia-bicyclo[2.2.2]octane X;

(R)-3~( 1-Phenyl-cycloheptanecarbonyloxy)-1- {3-[(pyridine-2-carbonyl)~amino]~propy1}- I-
azonia-bicyclo[2.2.2]octane X;

(R)-1—[(2-Methyl—pyrimidin-d-ylcarbmnoyl)-methyl]-3~( 1-phenyl-cycloheptanecarbonyloxy)-
1-azonia-bicyclo[2.2.2]octane X;

(R)-1-[(6-Methyl-pyrimidin-4-yl carbamoyl}-methyl]-3-( 1-phenyl-cycloheptanecarbonyloxy)-
I-azonia-bicyclo[2.2.2]octane X;

(R)-3-(1-Phenyl-cycloheptanccarbony! oxy)-1- {2-[(pyridine-2—carbonyl)-amino]—eﬂiyl }-1-
azonia-bicyclo[2.2.2]octane X; and

(R)-3~(1-Phenyl-cycl oheptanecarbonyloxy)-1-(3 -pyridin-4-yl-propyl)-1-azonia-
bicyclo[2.2.2]octane X;

wherein X represents a pharmaceutically acceptable anion of a mono or polyvalent acid.

2, A compound according to claim 1, selected from the group consisting of:

ATy
H v
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X
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wherein X represents a pharmaceutically acceptable anion of 2 mono or polyvalent acid.

3. A compound according to claim 2, which is:

x.
0 H N
0. O -
H

wherein X represents a pharmaceutically acceptable anion of a mono or polyvalent acid.

4, A compound according to claim 3, which is:
Br
0 f.~ NN
¢ ’\ﬂ/ I S
O O =
H
5. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 4, in association with a pharmaceutically acceptable adjuvant, diluent or carrier.
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6. A process for the preparation of a pharmaceutical composition as claimed in
claim 5, which comprises mixing a compound of according to any one of claims 1 to 4 with a

pharmaceutically acceptable adjuvant, diluent or carrier.

7. A compound according to any one of claims 1 to 4 for use in therapy.

8. Use of compound according to any one of claims 1 to 4, in the manufacture of a

medicament for use in the treatment of chronic obstructive pulmonary disease.

9. Use of compound according to any one of claims 1 to 4, in the manufacture of a

medicament for use in the freatment of asthma.

10. A pharmaceutical product comprising, in combination, a first active ingredient which is a
compound according to any one of claims 1 to 4, and at least one further active ingredient
selected from:-

» aphosphodiesterase inhibitor,

» a2, adrenoceptor agonist,

* amodulator of chemokine receptor function,

e an inhibitor of kinase function,

* a protease inhibitor,

» a steroidal glucocorticoid receptor agonist, and a

» anon-steroidal glucocorticoid receptor agonist.



