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I nvention This invention relates to bicyclo[2.2.1] hept-7-yl am ne
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In the lungs, muscarinic receptors M1, M2 and M3 have been demonstrated to be
important and are localized to the trachea, the bronchi, submucosal glands and
parasympathetic ganglia (reviewed in Fryer and Jacoby, 1998, Am J Resp Crit Care

25  Med., 158 (5 part 3) S 154 — 160). M3 receptors on airway smooth muscle mediate
contraction and therefore bronchoconstriction. Stimulation of M3 receptors localised
to submucosal glands results in mucus secretion.

Increased signalling through muscarinic acetylcholine receptors has been noted in a
30 variety of different pathophysiological states including asthma and COPD. In GOPD,
vagal tone may either be increased (Gross et al. 1989, Chest; 96:984-987) and/or
may provoke a higher degree of obstruction for geometric reasons if applied on top
of oedematous or mucus-laden airway walls (Gross et al. 1984, Am Rev Respir Dis;
129:856-870). In addition, inflammatory conditions can lead to a loss of inhibitory M2

35 receptor activity which results in increased levels of acetylcholine release following



i ncreased activation of M3 receptors | eads to enhanced airway
obstruction. Thus the identification of potent nuscarinic receptor
ant agoni sts woul d be useful for the therapeutic treatnent of those
di sease states where enhanced M3 receptor activity 5 is inplicated.
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adm ni stered. The design and use of topically active drugs with a
| ong duration of,  action and that are retained on the receptor or in
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once-daily dosing regimen. Since muscarinic receptors are widely distributed
throughoui the body, the ability fo deliver anticholinergic drugs directly to the
20  respiraiory tract is advantageous as it allows lower doses of the drug to be
administered. The design and use of topically active drugs with a long duration of
action and that are retained on the receptor or in the iung would allow reduction of
unwanted side effects that could be seen with systemic administration of the same
drugs.
25
Tiotropium (Spiriva ™) is a long-acting muscatrinic antagonist currently marketed for
the treatment of chronic obstructive pulmonary disease, administered by the inhaled
route,

30 Tiotropium



OO Ipratropium 5 Other muscarinic receptor nodul ators have been
referred to. For exanple: US4353922 descri bes nuscarinic nodul ators
based upon a [2.2. 1] azabicycl oheptane ; ring system EP418716 and
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The class of B2 adrenergic receptor agonists is well known. Many known B2-agonists,

15 in patticular, long-acting p2-agonists such as salmeterol and formoterol, have a role
in the treatment of asthma and COPD. These compounds are also generally
administered by inhalation. Compounds currently under evaluation as once-daily 2
agonists are described in Expert Opin. Investig. Drugs 14 (7), 775-783 (2005). A well
known B2-agonist pharmacophore is the moiety:
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Also known in the art are pharmaceutical compositions that contain both a muscarinic
antagonist and a J2-agonist for use in the treatment of respiratory disorders. For
example, US2005/0025718 describes a p2-agonist in combination with tiotropium,

25 oxotropium, ipratropium and other muscarinic antagonists; W002/060532 describes
the combination of ipratropium with p2-agonists and WQ002/060533 describes the
combination of oxotropium with B2-agonisis. Other M3 antagonist / B2-agonist



5 provide bronchodil ati on through two separate nodes of action whil st
possessi ng single nol ecul e pharmacoki netics. Such a nol ecul e shoul d
be easier to formulate for therapeutig use as conpared to two
separate compounds and could be nore easily co-fornmulated with a
third active torgbigdionstre dedtr i o ecul es are
described in for exanple, V‘l)(l)t%}ég%ﬁo@1%8 %%B’@%/ 111004, io
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A, Rzé (ICZa méheﬁanewcu@eaa conpared tmmeparawmoumgﬁr%)mm &qn&b)eaﬁﬂg
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group - Z-GO2Kyoapm2EEs7 @d%b@@@z‘@@éd all us%nf%r%é:l f\%fsﬁpcase

the nitrogen atomto which it is att aehedt “Ts a qua trogen
and carries £ONYEMY;ilipkng fer\fR antagonistity thrB2mgdniR3 indiogtirighiaat the shucture of
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and R2 is a It:;é%/dro%n[ or a grou
group - Z- NROREDMO F“ﬁ'@'?‘ﬁu?ﬂ”"?d m‘ﬁm@ th@r“ﬂaaafyiﬁﬂmc@ﬂombmmtaneousiy
19-CO R, or a group -Z-C2-R5, or a group -Z-CQ2H, in which cases the
ni trogen i5at MMthached is a quaternary nitrogen and
carries a po ii1) R and R2 together with the
nitrogen to CEJ’}?F’P&Q@‘%%&%B”Q?’{%@%%&) FrodRdA @?mﬁ?é'f’g%f@gfﬁll‘f@ﬁ)ikyl ring,
said ring being substituted by a grogp,-Y-R5, or a group -Z-Y- R5, or
a group -Z-NRR10; or a group -Z-CO Np#R10; or a group -Z-NR9- CO- R5;

or a P\R

wherein

a

Ais an oxygen atom or group —N(R'3)-;

20
(M R'is C; -Ce-alkyl or a hydrogen atom: and R s a hydrogen atom or a group -R5, or
a group, -Z-Y-R®, or a group ~Z-NR°R'®; or a group -Z-CO-NR°R™: or a group -Z- |
NR®-CO-R®; or a group -Z-CO,-R"; or a group -Z-COzH; and R® is a lone pair, or Cy-
Ce-alkyl in which case the nitrogen atom to which it is attached is a quaternary

25  nitrogen and carries a positive charge; or

(i R" and R® together with the nitrogen to which they are attached form a
heterocycloalkyl ring, and R?is a hydrogen atom; or a group ~R°®, or a group, ~Z-Y-R°,
or a group ~Z-NR°R’°, or a group -Z-CO-NR°R™, or a group

30 -Z-NR*-CO-R®, or a group -Z-CO.-R, or a group -Z-CO,H, in which cases the nitrogen
atom to which it is attached is a quaternary nitrogen and carries a positive charge; or

(i) R' and R? together with the nitrogen to which they are attached form a



group -Z-C02-R5; or a group -Z-CO02H and R3 is a lone pair, or
Cl-CS-al kyl in which case the nitrogen atomto which it is attached
is a quaternary nitrogen and carries & 5 positive charge; R4 is

sel ected fromone of the groups of formula (a), (b), (c) or (d);

a3 o bty S o el e P o

C2- C15- al kenyRefica gioug2Z®BRL kymgiosm e7-GONRR'; 20a Youp -BNBBOD-BF: or a

oxygen atom | 5.60...64--CS- L, Vi ryl i -cycloal kyl . .
aryl - f used- heﬁ#do'?y%{?%glg; I?ﬁ ,gﬂ#g{grco%& y%nfj ﬁé%%/iob%ﬁggﬁ?gfﬂa;@%n which

het er oar y| ( C1e2e81hg nijaden ateny &1 waitikiy Is ainchedtisa geateinea ridydgeg mod parridba R6
i's Cl- C6-al kydoshive endiyélr ogen atom R70 and R7b are a Cl-CS-al kyl
group or halogen; 20 n and mare independently 0, 1, 2 or 3; Rea and
Rab are i ndependently selected fromthe group consisting of aryl,

aryl -fused- IRftiessieoted ﬁ@rhloy\b,oftﬂ@tged(%abvﬂorm@&(ﬁbﬁl(&ﬂr(d)pycl oal kyl ; 25
Ris -OH Cl1-C6-al kyl, hydroxy-d-Co-al kyl, nitrile, a group CONR 8d2
or a hydrogen atom Y. is C-C6-alkyl or g drogen atom 30 R and
R10 are i ndependeﬂsl y! a hydrogep at Cl- Co<3 , aryl, R&ryl -fused-
het er ocycl oal-kyl , Tar W'- f used- cyclwal & *hqt\er Ve R

aryl (C1- C5- al k¥t N, het eroaryl ( §1g*Ce- al Kfli).- oup; orp’Re and R10
together with t n 7")@.tomtoowhich they Fare= attached forma
het erocyclic ring of 4-8 atons, optionally containing a further
nitrogen or oxygengat om R12 is Cl(-b§26- al kyl 8{ a hydrog?cﬁ atom 5

Zis a C4-Cye-alkylene, Co-Cys-alkenylene or C,-Cys-alkynyiene group;
10

Y is a bond or oxygen atom;

R° is an Cy-Cg-alkyl, aryl, aryl-fused-cycloalkyl, aryl-fused-heterocycloalkyl, heteroaryl,
aryl(C4-Cg-alkyl)-, heteroaryl(C,-Cg-alkyl)-, cycloalkyl or heterocycloalkyl group;
15

R%is Cy-Ce-alkyl or a hydrogen atom:
R and R™ are a C,-Cg-alkyl group or haloger;

20 nand m are independenily 0, 1,2 or 3;

R and R® are independently sefected from the group consisting of aryl, aryl-fused-
heterocycloalkyl, heteroaryl, Ci-Cs-aikyl, cycloalkyl;

25 R™is ~OH, C-Ce-alkyl, hydroxy-Ci-Ce-alkyl, nitrile, a group CONR®, or a hydrogen
atom;

R™ is C,-Cg-alkyl or a hydrogen atom;
30  R’and R' are independently a hydrogen atom, Ci-Ce-alkyl, aryl, ary-fused-

heterocycloalkyl, aryl-fused-cycloalkyl, heteroaryi, aryl{C,-Ce-alkyl)-, or heteroary}(C-
Ce-alkyl)- group; or R® and R together with the nitrogen atom fo which they are



Ar' is aryl, heteroaryl or cycloal kyl; Ar2 are independently aryl,
het eroaryl or cycloalkyl; and 10 Qis an oxygen atom -CH2-,

-CH2CH2- or a bond; or a pharnmaceuticg)ly acceptable salt, solvate,
N- oxi de or prodrug thereof. In one subset of the compounds of the

invention: A, ; ) Ry~ IN( : (R ,

Cr G5 al ky1 " GhERR R SNeRiiTl Bhg 88 Bioi, ety oPiaif ¢ Brperaivasep
or a group ZOX¥ORBAIOR: a group -Z-NROR1O; or Rl and R2 together with
the nitrogen to’ which they are attached f-orm a heterocycl oal kyl

ring; 20 R3 ig,a lohe pair; or Cl-C6-alkyl, in which case the

ni trogen at oMt ti§ Cuteroy] @r 4 RydageR@EH is a quaternary nitrogen and
carries aspositive charge; or RL and R3 together with the nitrogen

to which they are attached form a heterocycloalkyl ring and R2 is
Cl- C6- al kyl , Ari 5 aphihetereador eYRoalivk r ogen at om i s” quat er ni sed and
carries a positive charge; 25 R4 is selected fromone of the groups

of formula ( and (b): 7a  Rea R Ar' NO(R7’b O (a) (b) z
is a Cl-C8-al yqxrglqp&zp@e@gygqykgﬁt?[ogwéo@yﬁgikw% kynyl ene group; 30 Y
is a bond or oxygen atom R5 is an aryl, heteroaryl,

aryl (Cl1- C3-alkyl)-. or hete ry. -C8-alkyl)- group; 7 R6 is

C, - C6- al ﬁ@l gxé‘}"ﬁ?%%gaé?l‘t‘a@%ﬁ? "%&é'n?f a%og&are i ndependently a

Cl- C6- al kyl @r spparorachaticalearceptbia salh donaiar M-oixidd epprodertthere®, 1, 2 or
3; R8 and Rob are independently selected fromthe group consisting of

aryl, heteroaryl, Cl-C6-alkyl, cycloal kyl; 10
In one subset of the compounds of the invention:

Ais an oxygen atom or group —N(R'?)-:

15
R is Cy-Cs-alkyl or a hydrogen atom and R? is C,-Ce-alkyl, a hydrogen atom or a
group —Z-Y-R?, or a group —Z-NR°R'% or R and R? together with the nitrogen to
which they are attached form a heterocycloalky! ring;

20  R%is a lone pair; or C;-Ce-alkyl, in which case the nitrogen atom to which it s attached
is a quaternary nitrogen and carries a positive charge; or R' and R® together with the
nitrogen to which they are attached form a heterocycloalky! ring and R? is Cy-Cg-alkyl,
in which case the nitrogen atom is quaternised and carries a positive charge;

25 R‘is selected from one of the groups of formula {(a) and (b):

Ta
6 1F: )“ Raa
¥ E AT * \')('Hﬂb
w Ir " I RSC

(a) (b)
Z is a Cy-Cg-alkylene, C;-Cs-alkenylene or Co-Cg-alkynylene group;

30 Yis abond or oxygen atom;

R® is an aryl, heteroaryl, aryi(C,-Cg-alkyl)-, or heteroaryl(C,-Cs-alkyl)- group;



Rao is -OH, Cl-C6-al kyl, hydroxy-Cl-C6-al kyl, or a hydrogen atom R9
and RYO are independently a hydrogen atom C1-C6-al kyl, aryl,.
heteroaryl, aryl (Cl- C6-al kyl)-, or heteroaryl (Cl-C6-al kyl)- group;
or RO and R70 together with the nitrogen 15 atomto which they are
attached forma heterocyclic ring of 4-8 atons, optionally containing
a further nitrogen or oxygen atom and R12 is Cl-C6-aikyl or a

hydr ogen at orft’ i96+Ceafsgsiadvdrgematomavent i on exi st in either the syn-
or anti- forms Rl F12 2 RL RN 4R3 R~ A RA A R4 syn- anti
Conpounds of e inyention also exist with the %roup -AR4 in either
the exo or e oan%ﬁl "t mdppndently a5 Rralivd orouR o1 halagery 25 endo- exo 8
Currentlysit |s preferred that the conpounds of the invention be
predom nantly in the L anti-endo configuration. R'RR R3.N 4H A-R4
anti-, endo Cﬁ)ﬁ%@?r?d%‘”gﬁp?w&"ilmén?% can al so exist as optical

i soners since substituted 5 bicyclic ring systems can |ack a plane of
symmetry. The_gbsolLute confiqur n of th nol ecul e ca be . defi ned
121 hg. Can- | TiAE B e, Goparriiens SR fie oFoupicots St gRar oA
each positi orc,-Gaaiw,amydoalkyif usi on the ring nunbering used below is
errployed.10

R is —OH, C;-Cs-alkyl, hydroxy-C;-Ce-alkyl, or a hydrogen atom:;

R® and R'® are independently a hydrogen atom, C-Ce-alkyl, aryl, heteroaryl, aryl(C+-
Ce-alkyl)-, or heteroaryl(Ci-Ce-alkyl)- group; or R? and R™ together with the nitrogen

15 atom to which they are attached form a heterocyclic ring of 4-8 atoms, optionally
containing a further nitrogen or oxygen atom; and

R" is Ci-Ce-alkyl or a hydrogen atom.

20  Compounds of the invention exist in either the syn- or anti- forms;

Al _4 A q*
syn- anti-

Compounds of the invention also exist with the group ~AR* in either the exo or endo

orie nfation;
1 1
- HS \R3
H A\. H4
A. H
R*
endo- axo-

25



7 62 10 5 4 3 However, conpounds of the invention include
racemates, single enantioners and mxtures of the enantioners in any
ratio, since all such fornms have nuscarinic M3 receptor nodul ating
activity to varying extents. 15 A preferred class of conpounds of the
i nvention cofsirenty it prpteteetettiye oML tsainventioh b @FMihanty in the

wherein the in formula (lI) is quaternary nitrogen,
carrying a p(g)‘ls‘l ﬁf&@)ﬁé&gﬂ@ﬁgen 20 Conmpounds of the invention may be

useful in the treatnent or prevention QT di seases in which
activation of nuscarinic receptors é?é ni nplicated, for exanple the
present conpounds are useful for tﬁéatl g a variety of indications,
including but not limted to respirato tract disorders such as
chronic obstructive lung di sease, chro Honchitis of all types

(1 ncl uding dyspnoea associ ated therewith), asthma (allergic and non
25 allergic; 'wheezy-infant syndrone'), addﬂttacute respiratory

di stress syndrone (ARDS), chronic resgmr%B@ry obstruction, bronchi al
hyperactivity, pulnonary fibrosis, pulnoﬁary enphysens, and allergic
rhinitis, ex§@@p¢umd’ﬁ®htrmin\mntmaqaﬂw:ﬁrem$asbp’uuat igonen Singe embsiituted ot her

drug t herf‘pYbicmé T'nH éﬂ}sf’ernllé’ céﬁtlﬁ@?{ a blgné"&‘:sgrr@‘é g'? 'Hée&l’bg&ﬁte c%ﬂ@@m%ﬂ%lf Rl s

(for exanple 03|s ant hracosi s 0SI'S alic

ptilosis, si EI‘@P@%'P §an be pefingsi usingdahnngpichBielpadiias kyassiandiss Blor S

gastroi nt est uéb@gnatuds@@teadh POSIAET. 3‘0%U&B cBFubibn inkalh FuPB¥Elg u%\éa deRiB:
spasnodi ¢ coI | t gast roduodenal ul cers, gastrointestinal

convul si ons © HV%%ranaklneS|a dlvertlculltls pai n acconpanyi ng
spasms of gastrointestinal smooth nusculature; urinary-tract 5
di sorders acconpanying mcturition dlsogders i ncl udi ng neurogenic
pol | aki suria, neurogenic bl adder, nocturnal enuresis, psychosomatic
bl adder, incontinence associated wt ladder spasns or chronic
cystitis, urinary urgency or poll akiur} 2noti on sickness; and
cardi ovaggul ar di sorders such as vagakl ¥ iynduced sinus bradycardi a.
10 For treatnent of respiratory conditions, adm nistration by
inhal ation will often be

How=ver, compounds of the inveniion include racemates, single enantiomers and

mixtures of the enantiomers in any ratio, since all such forms have muscarinic M3
receptor modulating activity to varying extents.

15
A preferred class of compounds of the invention consists of quaternary ammonium
saits of formula (l) wherein the nitrogen shown in formula (1) is quaternary nitrogen,
carrying a positive charge.

20  Compounds of the invention may be useful in the treatment or prevention of diseases
in which activation of muscarinic recepiors are implicated, for example the present
compounds are useful for treating a variety of indications, including but not limited to
respiratory-tract disorders such as chronic obstructive lung disease, chronic bronchitis
of ali types (Including dyspnoea associated therewith), asthma (allergic and non-

25 allergic; ‘wheezy-infant syndrome’), adult/acute respiratory distress syndrome (ARDS),
chronic respiratory obstruction, bronchial hyperactivity, pulmonary fibrosis, pulmonary
emphysema, and allergic rhinitis, exacerbation of airway hyperreactivity consequent to
other drug therapy, particularly other inhaled drug therapy, pneumoconiosis (for
example aluminosis, anthracosis, asbestosis, chalicosis, ptilosis, siderosis, silicosis,



preferred, and in such cases adm nistration of conpounds (1) which
are quaternary amoniumsalts will often be preferred. In many
cases, the duration of action of quaternary ammonium salts of the

i nventi on adm ni stered by inhalation is may be 15 nore than 12, or
nore than 24 urs fo i.cal dose. For treatnent of

gastroi nt est it O?‘? g by&?@égﬁ)ers and cardi ovascul ar di sorders,
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-COCH3 ang -COCH(CH3)2. "Acylam no" neans a -NR-acyl group in which R
and acyl are as described herein. Exenplary acylam no groups include
- NHCOCH3 and Fon{réxBieadnsspiratopl domijionsa adminisirRidndoyyrhatadian willkotien®eal Kyl
group in whi I
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Exenpl ary al kyl, GLo4BS.] &%Ewggwmﬁe n%&%%g;esfér{e%r opyl and 2-propyl .

"Al kenyl " as fa group or’ par rou 0 a straight or
branched chain hydrocarbon group haV| ng from2 to 12, preferably 2

to 6, carbon %‘H{E‘fa Kt OMBe ﬁv@rﬂfoﬁ%"a Bﬁdrﬁgébtﬁ%%ﬁp@é?ﬁ% dofhphEiﬁg ghai n.
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branched chain
Anc ther aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for the treatment or prevention of a disease or
condition in which muscarinic M3 receptor activity is implic'ated.
25
Terminology
Unless otherwise qualified in the context in which they are used herein, the following
terms have the following meanings:
"Acyl" means a —~CO-alkyl group in which the alkyl group is as described
30 herein. Exemplary acyl groups include ~COCH; and -COCH(CHj)..
“Acylaming” means a -NR-acyl group in which R and acyl are as described
herein. Exernplary acylamino groups include -NHCOCH; and -N(CH3z)COCHs.
“Alkoxy” and “alkyloxy” means an -O-alkyl group in which alky! is as described
beluw. Exemplary alkoxy groups include methoxy (-OCHas) and ethoxy (-OCzHs).
35 “Alkoxycarbonyl” means a -COQC-alkyl group in which alkyl is as defined below.
Exemplary alkoxycarbonyl groups include methoxycarbonyl and ethoxycarbonyl.
“Alkyl” as a group or part of a group refers to a straight or branched chain



hydrocarbon group having from2 to 12, preferably 2 to 6, carbon
atons and one carbon-carbon triple bond in the chain. Exenplary
al kenyl groups include ethynyl,1- 10 propynyl, and 2-propynyl.

"Al kyl am no" means a - NH al kyl group in whi ch al kyl is as defined

PR O S T o
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I n which g ky, asndis above 25 Exerrpl ary al kylthi o groups
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in which Ris as hé}ké’?ﬁ“f@eg@ﬁ”%d‘m -alE @ryipdm ylh@zhﬁmasr;ds E@mgpbove
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i ncl ude - CH2NH2. 38kyﬂ'|1r‘? M68%H b ﬁ‘%’"gﬁ?{éaﬁ‘s"""ﬁc"‘ alyy iIsgydejpedipreViaushhi ch R
i s as herei n Ekesplanpaidylendgrongs |acrll)dsam-aos(ol~l£)9ranld -O[CHpsCIHAC| ggﬁm o
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car bocyclic rﬁie\é@tgslyeﬁxamwwolheoyiarm graugsonclutect@H=CHb| €fHIGHBH,- faham 6
to 10 carbon @ngm;cmuch as phenyl or naphthyl. The aryI group may 35

be substituted ne or nore substituent groups. ylal kyl " neans
an aryl -al kyl - groﬁ'ﬁyqyll?“ﬁhméﬁﬁ%a@ww GEP 1B MRIEh aﬁwmétaa@sﬂean@ as
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gg'pﬁ: KI enerre'ltzﬁye/lnp %ﬁés@{ riﬂ" means ag§8 ﬁ<y| group in which atkyl is as defmed above
Exemplary alkylsulfinyl groups include methylsulfinyl and ethylsulfinyl.

“Alkylsulfonyl” means a -SO-alkyl group in which alkyl is as defined above.
Exemplary alkylsulfonyl groups include methylsulfonyt and ethyisulfonyl.

“Alkylthio” means a -S-alkyl group in which alkyl is as defined above.

25 Exemplary alkylthio groups include methylthio and ethylthio,

“Aminoacyl” means a -CO-NRR group in which R is as herein described.
Exemplary aminoacyl groups inciude -CONH; and -CONHGCHS.

“Aminoalkyl” means an alkyl-NH, group in which alkyl is as previously
described. Exemplary aminoalkyl groups include —CHaNH,.

30 “Aminosulfonyl” means a -S0-NRR group in which R is as herein described.
Exemplary aminosulfonyl groups include -SOsNH, and -SO.,NHGH,.

“Aryl” as a group or part of a group denotes an optionally substituted
moenocyclic or multicyclic aromatic carbocyclic moiety of from 6 to 14 carbon atoms,
preferably from 6 to 10 carbon atoms, such as phenyl or naphthyl. The aryl group may

35 be substituted by one or more substituent groups.

“Arylalkyl” means an aryl-alkyl- group in which the aryl and alkyl moieties are

as previously described. Preferred arylalkyl groups contain a C, , alkyl moiety.



part thereof may be substituted by one or nore substituent groups.
"Aryl al kyl oxy" neans an aryl -al kyl oxy- group in which the aryl and
al kyloxy noieties are as previously described. Preferred

aryl al kyl oxy groups contain a Cl1 5 al kyl noiety. Exenplary aryl al kyl
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cycl i ¢ am nesnérastibstitiepygroops. The aryl-fusedhétdiongclodiyt grood imae be attached to
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atons, and nore ‘E)re_ erablé from3to carbon atons. Exenpl ary
nmonocycl i c cytdBSHRsHUept 9rgePs-i ncl ude cycl opropyl, cycl opentyl,
cycl ohexyl and cyeCwliepinide” isEspeeprtazalokHet@bOPaRY or “heterocyclic” and

means an optionally substituted 3 to 8 membered monocyclic cycloalkyl ring system

25 where one of the ring carbon atoms is replaced by nitrogen, and which may optionally
con’ain an additional heteroatom selected from O, S or NR (where R is as described
herein). Exemplary cyclic amines include pyrrolidine, piperidine, morpholing,
piperazine and N-methylpiperazine. The cyclic amine group may be substituied by
one or more substituent groups.

30 “Cycloalkyl” means an optionally substituted saturated monocyclic or bicyclic
ring system of from 3 o 12 carbon atoms, preferably from 3 to 8 carbon atoms, and
more preferabiy from 3 to 6 carbon atoms. Exemplary monocyclic cycloalkyl rings
include cyclopropyi, cyclopentyl, cyclohexyl and cycloheptyl. The cycloalky! group may
be substituted by one or more substituent groups.

35 “Cycloalkylalkyl” means a cycloalkyl-alkyl- group in which the cycloalkyl and
alkyl moieties are as previousiy described. Exemplary monocyclic cycloalkylaikyl
groups include cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl and



be substituted by one or nore substituent groups. 35
"Cycl oal kyl al kyl " means a cycl oal kyl -al kyl - group in which the
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“‘Heteroarylalkyl” means a heteroaryl-alkyi- group in which the heteroaryl and
alkyl moieties are as previously described. Preferred heteroarylalkyl groups contain a

25 lower alkyl moiety, Exemplary heteroarylalkyl groups inciude pyridyimethyl. The
heteroaryl part thereof may be substituted by one or more substituent groups.

“Heteroarylalkyloxy’ means a heteroaryl-alkyloxy- group in which the
hete oaryl and alkyloxy moieties are as previously described. Preferred
heteroaryialkyloxy groups contain a lower alkyl moiety. Exemplary heteroarylalkyloxy

30 groups include pyridylimethyloxy. The hetroatyl part thereof may be substituted by one
or more substituent groups.

“Heteroaryloxy” means a heteroaryloxy- group in which the heteroaryl is as
previously described. Exemplary heteroaryloxy groups include pyridyloxy. The
heteroaryl part thereof may be substituted by one or more substituent groups.

35 “Heteroaryl-fused-cycloalkyl” means a monocyclic heteroaryl group, such as
pyridyl or furanyl, fused to a cycloalky! group, in which heteroaryl and cycioalkyl are as
previously described. Exemplary heteroaryl-fused-cycloalkyl groups include



het e, oaryl and al kyl oxy noieties are as previously descri bed.
Preferred heteroaryl al kyl oxy groups contain a | ower al kyl noiety.
Exenpl ary heteroaryl al kyl oxy 30 groupssi ncl ude pyridylnethyloxy The
hetroaryl part thereof may be substituted by one nore substituent
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hydrocarbon group wh:ch may be stralght or branched having 1 to 4 carbon atoms in
the chain, i.e. methyl, ethyl, propyl (propyl or iso-propyl) or butyl (butyl, /iso-butyl or ter-
25  butyl).

“Sulfonyl” means a -SO;-alkyl group in which alkyl is as described herein.
Exemplary sulfonyl groups include methanesulfonyl.

“Sulfonylamino™ means a -NR-sulfony! group in which R and suifonyl are as
described herein. Exemplary sulfonylamino groups include -NHSO,CH;. R means

30  alkyl, aryl, or heteroaryl as described herein.

*Pharmaceutically acceptable salt" means a physiologically or toxicologically
tolerable salt and includes, when appropriate, pharmaceutically acceptable base
addition salts, pharmaceutically acceptable acid addition salts, and pharmaceutically
acceptable quaternary ammonium salts. For example (i} where a compound of the

35 invention contains one or more acidic groups, for example carboxy groups,
pharmaceutically accepiable base addition salts that may be formed include sodium,
potassium, calcium, magnesium and ammonium salts, or salts with organic amines,



"Lower al kyl" as a group neans unl ess otherw se specified, an
al i phatic hydrocarbon group which nmay be straight or branched having
1 to 4 carbon atons in the chain, i.g, nmethyl, ethyl, propyl (propyl
or iso-propyl) or butyl (butyl, iso-butyl or tert- 25 butyl).
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salts, oriosalts witvil Bs Ofdtro@dInBE 8s uddh he?égﬁgﬁf}a%gc%éﬁgﬁé/ Lf]ﬁggﬁ[ﬁd otih

N- et hyl - gl uc ng\'/\ﬁe di et hanol am ne, or amn : S1'ne) —an
the like; (i i'S?" N} ¥e eaghig Asednelyde the pharasrutienlly espaniaie salisbasi c
@J(r]I gultO, suclht as afiPradiugbrefsre tpa CW_U&&?mbhiisI@JaniﬁlF%%@B} Rebbif
addition sa o) . i.ncl ude. rochl ori des, .
hydr obr oni desrﬁeingﬁ'g'@?ﬁ%ﬁg%bﬁgﬁggp 053)8(%’2‘9%? a§°mPPP'?ﬁj gidhe inygntigp dRor
tartrates, mEX§Mplees esienpwaugxnf afcomppariced thesinomitiomtasaiang atHyeroky #oip
(ii1) whese anfERHRshi ' r i r,

acceptabl e counter- ?&tﬁtgé)?ryasy dgilys?sf g’%ﬁ%{mﬁéf gﬁﬁ %rc F@e@?’%&ﬁ%ﬁ%@ﬁ
sul fates, mettRIRBYIISOH HgtiRentioneamainieg hydemytaselp, ats foeersenpld anettes

(tosyl ates), chespheiaRs, taRe&sai@bna®h id ' i t
nmesyl at es, | eat es, f!gé}g\% grtl %@\ﬂ sSgci nf:ft?4 E?gésnagéﬁgé}pﬁjepﬁai% ' %@E@?FF'

be under st ood"THAES B3 epis-PhyEpymapkingaies, igenissinsoigailionates,
the inventi ehpdieyieaatestmethresulidhatdsdaniMSuhatd¥bssitbhetibates,

accept abl,g sal y g fers.to a compaund ich is convertible
a0CCPY 20kE > B BenesBictlialdeycl Rty s AaTBIrEe Y mroieg ssagps o

oxi dati on) t &Sigr progpawhd compoung of thesmtdntion cdrtaining aambry GouEHES be
prodrug of agg mm, i ' LI hydr ox ro 15
may be converc t I;Ntﬁ%e by }ﬁé?ﬂ%ﬁ lé?%?ﬁlmg%%ﬂ{%&% ﬁ“ela%égg]ﬁtésr?&é@ﬂ?r é_IJngs
Sui t abl e est @f&thgse described by F. J. Leinweber, Drug Metab. Res., 1987, 18, 379.

It will be understood that, as used In herein, references to the compounds of
25  the invention are meant to aiso include the prodrug forms.

“Saturated” pertains to compounds and/or groups which do not have any
carbon-carbon doubie bonds or carbon-carbon triple bonds.

“Optionally substituted” means optionally substituted with up to four
susbtituents. Optional substituent groups include acy! (e.g. -COCH,), alkoxy (e.g., -

30 OCH,), alkoxycarbonyl (e.g. -COOCH,), alkylamino (e.g. -NHCH,), alkylsulfinyl (e.g.
-SOCH,), alkylsulfonyl (e.g. -SOZCHS), alkylthio (e.qg. -SCGH,), -NHg, aminoacyl (e.g. -
CON(CHs)z), aminoalky! (e.g. -CH_NH,), arylalky! (e.g. -CH,Ph or -CHE-CHz-Ph),
cyano, dialkylamino (e.g. -N(CH,),), halo, haloalkoxy (e.g. ~OCF; or -OCHF,),
haloalkyl (e.g. -CF)), alkyl (e.g. -CH3 or -CH,CH,), -OH, -NO, ary (optionally

35  substituted with alkoxy, haloalkoxy, halogen, alkyl or haloalkyl), heteroaryi (optionally
substituted with alkoxy, haloalkoxy, halogen, alkyl or haloalkyl), heterocycloalkyl,



conmpounds of the invention containing a hydroxy group, are for
exanpl e acetates, citrates, lactates, tartrates, malonates,

oxal ates, salicylates, propionates, sygcinates, funarates, naleates,
met hyl ene- bi s- ( 3- hydr oxynapht hoat es, genti sates, isothionates,

anesul f
ot of o gty EEISEERL 10 B MRS SO Epacn
ui nates. As aFyMee (@aﬁ’dﬁ@céh) S@fmﬁammpcﬁelgu-gu—m‘og@Hg)on@@Mﬁq;]myl e
i tion conj@ingi(8g. RopRbIREXY B RLb 1Dl
i nven
hydrol ysis in V|nrv(g F oﬁa ! a?(er?%ﬁoqféém%l | %%%%’eéytﬁ‘ 3’@%‘{1"’%}% ugs
are those des@??ﬁ@@aﬂ‘yoﬁy J Lei nweber, Drug Metab. Res., 1987, 18,
379. It widl be unalryieie)amtetyise, orﬂﬁyrﬁy‘i&ﬂ réélcegfggiz Be oéﬁnﬁﬂfﬂﬁﬁﬁ’t grthe

meant to ude

For e Sat ur QP %@?@a;rﬁt@'r%s?{) TR é@ﬂ@ag&omelegg, g’@"fgbt
A i A G A R SRR L i GRSl Lo
Sluibt i t uent s. aligyihiodeal Sﬁh‘lgglt-mltiueginroglg;duag -IOMéNnga@lauty[ k9. g;k}-)lf lf:»glg?,lr-]lg)
?e Sxy- (Nacge) %%ﬁ%’?ﬁ%d 515““0 @&}%& )a)l R@'Pélﬂlqa&m (q.@. @CF or

- | ka (CH3) 2),
aminoal Kyl (o0 2 oraary 2 orH iy -8R, BRRSHeHAR gy R85 )

cyano, di al kyl am rﬁpmwugds oﬂ\wmerﬁmn rrkwlem,st ihane at ore/gdoenedricat, @gﬁ;’m or

OCHFZZir I hal@?rmerfcsdﬁsteregﬁ%}l? %‘xlﬁci[ iég!orrﬂeﬁ% WE%@S&I%?L& Cuﬁ'g%pd to cls-
ha| ogen, yal ky"“p ddrangdpras kyand Zesns ryafyand(ragacioms, kgto-, sntstdlforrad

wi th al koxy, Uradssadtiranvise shiddgrRReretlelty b %\;cﬂlﬁ* W%cludes all such

het er ocyc).oal am ngac : ]
ani nos ul>/f onyllé(%r@er'a fornwﬁﬁg ¥§®§T\ﬁ—%ﬂﬂther mixtyresdheiect Whgre anprmdaiasuch
sul f onyl ani ndsdreerg can DiHSEAGag frOlh@ﬁ@fr@lﬁmés&JyKNé aphi¥@iohGr aééﬂtﬁl‘%n(o? g.

and het Q?Z,ar\“gf’*b Bthery T B Ay Ehton ikl s mngp .

radi cal s may BEFQQPP@ﬁaﬂitB?U@UIB@UB!Bmw@e pra‘nared)lngaﬂqe spplisaiidrueidapaions

in the foreg%e@nmo@alé | GG @j@(e g., -OCH3), alkylanino

(28-8) - NH | t h?lok)(llasgl fl gﬁi) Nilfg am noa?lkwl ?gl gonyai(zﬁi-lgj "0

ak{'g‘?&%y' ﬁely’—"ﬂi"&’ﬁ—ﬁ o ook Cya”"og‘i'p% Vel oal kyl (e g
- , a al aa . . g.
_CF3), alkyl @ETeg?fe?@%Cﬂﬁb'-%qg&%gmpscﬁ aﬁEF

In combination (i) R* is C-Ce-alkyl or a hydrogen atom; and R? is a hydrogen atom or

25 agroup -R’ or a group, ~Z-Y-R’, or a group -Z-NR°R"; or a group -Z-CO-NR°R'™: or
a group -Z-NR®*-CO-R®; or a group -Z-CO,-R®; or a group -Z-CO,H: and R® is a lone
pair, or C4-Ce-aikyl in which case the nitrogen atom to which itis attached is a
quaternary nitrogen and carries a positive charge;

30 In combination (i) R" and R® together with the nitrogen to which they are attached
form a heterocycloalkyl ring, and R? is a hydrogen atom; or a group —R?, or a group,
~Z-Y-R®, or & group -Z-NR°R®, or a group -Z-CO-NR°R™, or a group
-Z-NA™-CO-R’, or a group -Z-CO.-R’, or a group -Z-CO,H, in which cases the nitrogen
atom to which it is attached Is a quaternary nitrogen and carries a positive charge. In

35 particular R and R® together with the nitrogen to which they are attached may form a
monocyclic ring of from 3 to 7 ring atoms, in which the hetero-atoms are nitrogen.



of the invention may exist in one or nore geonetrical, optical,
enantiomeric, diastereoneric and tautonmeric forns, including but not
limted to cis- and trans-fornms, E- apg Z-fornms, R, S- and
mesa-forms, keto-, and enol-fornms. Unless otherw se stated a

reference to 15 isomeric

forms, incl ud?ﬁ%ﬁé’éaéc‘g%bgﬁ gn%’m@tﬁdéé?a ﬂc)?(hb%ﬂninsen? aﬂg ég raz‘U‘ﬁe'}l gubstituted
appropri ate skieprazing gHelt as wathyipipersalyuly andanyrblicnyl tigsi r i xt ures by t he
application or adaptation of known nethods (e.g. chromatographic
techni ques and recrystal|ligation techniques). Were appropriate such
i soners may b¥ CBF@MF'%("BF @Rd Rijpgetheawitohesitrogea st whichothepfire dtacvaa

nmet hods (& 9. foBf YWRaRY ,aﬁad
Ther e ar(e tﬁr % %}, |{?1dgt§i|0 iﬂrf}f/sltng Séafﬁz)rbng%m-&%ggﬁlﬂwﬁ)ﬁgg{ouggorrbi’%%gmlllﬂp
k

(i) RLis Cl- 2 GPug AT Bge?f aaqrwﬁ -Zefplg- N&Fh 5018 OrpUp eBR-BO
or 25 2 %gnuqvadﬁﬁup @-CO,-8F;va.gro ZfRi}Hé?ﬂFﬂlQé Re paif: d}l%@?%&ﬂ& a
group - grou

or a group - %ﬁseﬁﬁ%m&g&qrgﬁﬁmﬁ%wgﬁg B4 ?ﬁac@‘?d '@f qestema{x/mtrpsﬁwwnch
case the ni ; r ageas apasitive chavge.ch paﬁncmar R’téggnili?ﬁdgétﬁerawth%@ﬁl%g’@ft& whlch
ni t rogen char inatiaon

R3 1 oget har v reERahediBnl o 5 SieRR i ioB SRy AR Jh Hh e
het er ocycl oal hj¢roratereg argmitrogen. Bxaanplegdi etgmmngs owlude azetiofyh piperidi®yl, or
a group, -Z- r r

2 Oroup - 2- N GO N SuSRAR e B A B o ot B

whi ch cases the nitrogen atomto which it is attached is a

quat er nary mwne@emgramﬂ-n%ragﬁ;uaﬂoiﬁnﬁ oY & gFUBI-SANRIAY; 0Bz gRAp 2.6k ar
R1 and R3 to J&g& ii’\mncgg?bn to vvhlgc#ath areoattqacE @wy
forma rmr?ocagﬁ Pfﬂ&roéjf)' ] OF 9y gtcﬁ?ﬁsﬂ PR WQHE hE- Pﬁ’eH is

het er o- at ons mesenhintpgethe ridgforzabpRE R ahd Seattrdgen 86 whibk kied are
azetidinyl, pigperdpinyl, piperazinyl, N-substituted piperazinyl such

as net hyl pi perazinyl, and pyrrolidi nyI rings. In conbination (iii) Rl
and R2 toget her wi4May b for axamgien-(CYz)wlei toe lattheeiny eptianaliychbstiiied arup a

het erocycl oal kyl 1 e &tbshs'ih 1 g iRl i tuted by a group - v- RS,
or a grou -Z-Y-RS, or a group -Z-NRIRLO; a group -Z-CO NROR1O;

or a gro -Z-NR9-CO-R5; or a group -Z- 002 R5 or a group -Z-CO2H
and R3 is a | one paisi,bodd o100 al kyl in  which case the nitrogen
atomto which it is attached is a quaternary nitrogen and
R® may be
G1-Ce-alkyl, such as methyl, ethyi, n- or isopropyl, n-, sec- or tertbutyl;
25

Optionally substituted aryl such as phenyl or naphthyl, or aryl-fused-

heterocycloalkyl such as 3,4-methylenedioxyphenyl, 3,4-

ethylenedioxyphenyl, or dihydrobenzofuranyl;

30 Optionally substituted heteroaryl such as pyridyl, pyrrolyl, pyrimidinyt,
oxazolyl, isoxazolyl, benzisoxazolyl, benzoxazolyl, thiazolyl,
benzothiazolyl, quinolyl, thienyl, benzothienyl, furyl, benzofuryl,
imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazoly],
isothiazolyl, triazolyl, benzotriazolyl, thiadiazolyl, oxadiazolyl,

35 pyridazinyl, pyridazinyl, triazinyl, indolyl and indazolyi:

Optionally substituted aryl(C-Ce-alkyl)- such as those wherein the aryl



carries a positive charge. In particular RL and R2 together with the
nitrogen to which 10 they are attached may form a nonocyclic ring of
from3 to 7 ring atons, in which the ;hetero-atons are nitrogen

Exanpl es of such rings include azetidinyl, pi peridinyl, piporazinyl,

N-substituted piperazi net hyl plperazinyl.. and pyrrolidinyl
rings. Were a group T’é& 's%gbéﬁlf f8ﬁ8°'x%g@%§%@6?yrgb%?d;%[ dﬁ%‘%ﬁ@&i@y
or a group -Z-CO 15 NRORZOCs-akylapan BuHEH.ArNRMLOB-R5; or a group
-Z-CQZ-R5; or a group -Z-CO2H, is present in R2, or the ring forned
by R1, R2 and the n|tr en to which they are attached Z may be, for
exanpl e - (CH2) 1. 10- ntiatl%"&rsultﬁélmﬁ@i arptivsedaayeigalisyh Bech asindanyboer 183,41 0
three carbpns in the C hxtdhy@bndprini¥eny; 20 Y is a bond or -0-; RS may
be Cl-C5-al kyl, such as metyhyl et hylv n- or isopropyl, n-, sec- or
tertbutyl; 25 Optionally substltut ed aryl such as phenyl or

napht hyl, or aryl-f use@ptlbﬁﬁ!l@rsﬁlﬁsmh@ﬁiéféfba@I@h:@@kyl such as those wherein
3, 4- nethylenedloxyphen enedi, 0X

di hydr obenzof ur anyl ; %‘%ﬁ%?@ﬂ%(ﬁﬁ%}y%%\’s‘t ﬂ?%%’&ﬁ"’ﬁéﬁ@?%%‘f meplioned s
pyridyl, pyrrolyl, pyrihetedbamytlgrouperad theyC:-Csalixglz phryls,—~CHz- or ~CHaCHg+;
benzisoxagplyl benzoxazol yl, thiazolyl, benzothiazolyl, quinolyl,
t hi enyl, benzothienyl, furyl, benzof uryI i m dazol yl,

benzi m dazol yl, isot hi mpwliy Sb*éﬁifmt@bﬁmﬁoalkﬁlswh aqoc;yr:@@@tayﬂ gyclobutyl,

i sothi azolyl, triazolylecloemapbidyeigRéyl: or t hi adi azolyl, oxadi azol yl,
35 pyrlda2|nyl pyrlda2|nyl tr|a2|nyl I ndol yl and |ndazonI

Optional ly substl tuted aryi (Cl C6- al kyI) such as those V\/nerel n the

aryl 17 part is any ofom:baairycsumait@tmm@cfohmt¢1ycarm|m)i Qnada@mtsée
groups and. the -(Cl-C6-

Ly
JubSCTtatBa Aryl - f usea Mg i RAA bRl PR f atoicy Diescinyh Ry,
t et r ahydr onapht hal enyl ;N- @ﬂ:tsh’mt@lﬂzger&mﬂyls&uch as ewethylpiperazinyl, or pyrrolidinyl and

het er oaryl ( Cl- C8- al kyI)t ta; %ﬁ{ tb%ﬁ%v@g' ! rthdil_g_;heteroaryl part

is any of the foregO|ng spe oned

R® and R'® may be independently selected from hydrogen; C,-Ce-alkyl such as

20 methyl, ethyl or n- or isopropyl; or any of those optionally substituted aryl, aryl-
fused-heterocycloalkyl, aryi-fused-cycloalkyl, heteroaryt or aryl(C,-Cg-alkyl)-
groups specifically mentioned in the discussion of R® above; or

R® and R'® together with the nitrogen atom to which they are attached may

25 form a heterocyclic ring of 4-8 ring atoms, preferably 4-6 ring atoms optionally
containing a further nitrogen or oxygen atom, such as azetidinyl, piperidinyi,
piperazinyl, N-substituted piperazinyl such as methylpiperazinyl, pyrrolidinyl,
morphaolinyl, and thiomorpholinyl.

30 Currently preferred are compounds of the invention wherein, in the group -NR'R°R?,
R' is methyl or ethyl, R? is a group -Z-Y-R® as discussed above, especially wherein R®
is a cyclic lipophilic group such as phenyl, benzyl or phenylethyl, Y is a bond or
-0-, and —Z- is a straight or branched alkylene radical linking the nitrogen and —YR®
by a chain of up to 12, for example up to 9, carbon atoms, and R® is methyl, so that

35 the nitrogen is quaternised and carries a positive charge.



het eroaryl groups and the -(Cl-C5-al kyl)- part is -CH2- or -CH2CH2-;
10 Optionally substituted cycl oal kyl such as cycl opropyl, cycl obutyl,
cycl opentyl or cyclohexyl; or Optionakiy substituted

het er ocycl oal kyl (Cl1- C8-al kyl )-, such as those 15 wherein the

het er ocycl oal xnd rifE4I A S azetidinyl, piperidinyl, piperazinyl,
N-substitute | perazi ngll such as hyl pi per%;i nyl, or pyrrolidinyl
and the - (Cr>EENANGAN ator o groug ~NERD-, WhereingRY d3-8+-Cs-miByldsuthRRGNatBY obe
i ndependent | yetisy®l o2 ¢t'&id afriyendgbly 81orQ € 0irer@y piierdd<y kneSsaeh wisre 2R TBRL hY!
ethyl or n- or isopropyl; or any of those optionally substituted
aryl, aryl- fused-heterocycl oal kyl, aryl-fused-cycloal kyl, heteroaryl
or aryl (Cb- Cortel drolp & gr oups specifically nentioned in the discussion
of R5 above; A R70 toget her w the nitrogen atomto which
they are attaﬁ%%ﬁgggggn%? ﬁ?@eﬁétu?BtL@qu%@i % (‘810"@8 ring atons,
preferably 4-6 ring atons opfdonally containing a rther nitrogen
or oxygen atom such as azeﬁeﬁ nyl, piperiginyl, erazi nyl R
N-substituted piperazi nijlf fuch as neth)LLpi sazd nyl-\ pyLrolidin |Hab
nor phol i nyl , and t hieopNphali nyl . 30 CUtpéhily prefdrrbglare™~1
conpounds of the inventio lf,gian, in the'group -ANRERRR3, R1 i
methyl or ethyl, R2 i & a p -2’-"Y— R5 as di scussed above, especially
wherein R5 is a cyclic lipophilic group such as phenyl, benzyl or
phenyl ethyl, Y is a bond ® -0-, and -Zz- (Ps a strai@ht or branéfed

al kyl ene radical linking the nitrogen and -YR5 by a chain of up to

the ni trogon T o qRiFaRh e G AR e pLasch a5y GESEHAr §EVToeen ARE:

Radi cal AOA /8" may bxgyeryl groamsush agiphopyl, -3y grefiesRihmsignyi,s

Gur rent 1y pr & e 2 B adigoff blolp et EoioBiBof SR o Shbropy

sel ect ed f r ofr Gysiobutyl; ting suprstitnestsdd™ &ret R ey (ba)indepbidentle i GHCetatky| group,

JR7a 2 s 1) auBeadiNethii;e®f, n- or isopropyl, n-, sec- or tertbutyl, or halogen such as fluoro,
chloro or bromo; and m and n may be independently 0, 1, 2 or 3.

15
In the groups (b) and (d), R* and R®™ may be independently seiected from any of
those aryl, aryl-fused-heterocycloalkyl, aryl-fused-cycloalkyl, heteroaryl, Ci-Cg-alkyi, or
cycloalkyl groups spegcifically mentioned in the discussion of R® above. R* may be —
OH, a hydrogen atom, C-Ce-alkyl such as methy! or ethyl, hydroxy-C4-Ce-alkyl such

26 as hydroxymethyl, nitrile, or a group CONR®™, wherein each R¥ is independently C;-
Ce-alkyl such as methyl or ethyl, or a hydrogen atom. Presently preferred is the case
where R is ~OH. Preferred combinations of R® and R®, especially when R is ~OH
include those wherein (i) each of R® and R* is optionally substituted monocyclic
heteroaryl of 5 or 6 ring atoms such as pyridyl, oxazolyl, thiazelyl, furyl and especially

25 thienyl such a 2-thienyl; (i) optionally substituted phenyl; (iii) one of R®™ and R® is
optionally substituted phenyl and the other is cycloalky! such as cyclopropyl,
cyclobutyl, or especially cyclopentyl or cyclohexyl; and (iv) one of R* and R® is
optionally substituted monocyclic heteroaryl of 5 or 6 ring atoms such as pyrigvl,
thienyl, oxazolyl, thiazolyl, or furyl; and the other is cycloalkyl such as cyclopropyi,

30 cyclobutyl, cyclopentyl or cyclohexyl,

In the group (c), R* may be —-OH, a hydrogen atom, C4-Cs-alkyi such as methyl or



RAr * Rab * Rab N b ec Arz Be 'V rl1ll O(R7b) ORRec Rm Il (a)
(b) (c) (d) In the group (a), R8 may be Cl-C6-al kyl such as net hyl
or ethyl or a hydrogen atom fo Arl gpy be an aryl group such as
phenyl, a heteroaryl group such as thienyl, especially 2- thienyl or

a cycloalkyl roup such as cycl ohexyl clopentyl cl opr

i ¥ obut | : SRl SIoRPE Ry B07 e ARRRT Lypharen
Cl- C6- albkyl l&c‘ﬂtﬁfd is iISdEpRndshtiel nyalkyrdubl bs rrléthypdirdﬂﬁ,mmalhydirogéhatomec-
or terthbhuty

an ens asfluog hi nd m and
oy be. | BER RS e onsgnste A81s it ietef AR ah A, nafdseru
Rea and Rob @S&i@ab@l rmgchﬁnﬂemyam foy esaah;aetaagl of those amly hetbroatyh @ «qaliyl, or
aryl -fused- het cycl oal k ar 5 r
& oo at kg e el Iordtoal EEon T B F HELRREN L Y HERE PRI A
di scussi on oﬂng@Sne:lﬂaiﬂmenRoTﬁhmyigbe-Qbmerdhﬁw&lﬁéng%lsaﬁ- -CHe-@Bal kyl
such as net h?f r _ethyl, hydroxy-Cl-C6-al kyl such 20 as
hydr oxynet hy frite, or a group CONRod2 wherein each Rod is
i ndependent |y C7 C6- al kyl such as nmethyl or ethyl, or a hydrogen
atom Presen N gn@ &1 8tis e eﬂrédthﬁ‘ﬂ‘lféf@ Bl or
conbi nat i onsb(lg gﬂégfpg%ﬁ@@, @ gpec?ﬁl yw\/\éﬁenyggég is -OH i ngl uggq
t hose whéfei F) (1) each of RBa and Rob is optionally substituted
nmonocycl i c heteroaryl of 5 or 6 ring atons such as pyridyl,

oxazolyl, thiaz furyl and e i all t. ;

2 thi enyl - (Prreteed ity oEBuERREE Wl e el s S Ragonsiste o
Rsb is opti twaébffosolis(iA} ut ed phenyl and the ot her is cycl oal kyl
such as cycl opropyl, cyclobutyl, or especially cyclopentyl or

cycl ohexyl; and (iv)-—oRre of Roa and R G is optionally substituted
nmonocycti c het er oaf [ ﬁ ring atoms suci-as pyridyl, thienyl,
oxazol yl, thiazolyl furyl \and the other is cycloal kyl such as
cycl opropyl, 30 cyclobutyl, cqugp C‘%Im—-qu"'cyclohexyl In the group
(c), Ro may be -OH, a hydrogen at om suchgas nethyl or 19
et hyl, hydroxy-d -Ca-al kyl such as hydrox , nitrile, or a group
CCNRadZ wherein each Rad is independently C1- QGidch as net hyl
or ethyl, or a hydrogen atom Presently preferre ﬁg,case wher e
Rao is -OH Each Ar2 is an aryl, HB)eroaryl or

15
wherein ring A is an optionally substituted phenyl ring, or a monocyclic heterocyclic
ring of 5 or 6 ring atoms, or a phenyl-fused-heterocycloalkyl ring system whetein the
heterocycloalkyl ring is a monocyclic heterocyclic ring of 5 or 6 ring atoms; R®is
phenyl, thienyl, cyclopentyl or cyclohexyl; R® is phenyl; thienyl, cyclopenty! or

20 cyclohexyl;sis1,2,3,4,5,6o0r7andtis0,1,2,3,4,5,60r7 provided that s+ is
not greater than 10; Y is a bond or-O-,and X' is a pharmaceutically acceptable
anion. In compounds (A), it is currently preferred that ring A is (i) optionally
substituted phenyl, wherein optional substituents are selected from alkoxy, halo
especially fluoro or chloro, Ci-Cs-alkyl, amino Cy-Ca-acyl, amino C;-Cg-alkyl, and

25  aminosulfonyl, or (i) a phenyl-fused-heterocycloalkyl ring system wherein the
heterocycloalkyl ring is a monocyclic heterocyclic ring of 5 or 6 ring atoms, such as
dihydrobenzofuranyi.

Another preferred subclass of compounds with which the invention is concerned
30  consists of those of formula (IB)



cycl oal kyl ring and may be, for exanple, any of those aryl,

het eroaryl, Cl-06-al kyl, or 5 cycloal kyl rings specifically nentioned
I n the discussion of Ra above. Preferred Ar2 rings include phenyl.
The bridge -Q between the.two Ar2 rings is -0-, -CH2- or - CH2CH2-.

O the R4 options (a), (b), (c) and (d), it is presently preferred
that R4 be a group (b) or to (c). A preferred subclass of conpounds
with which the inventign.js concerned consists of those of fornula

(1A) (CH2) \ X. Y- @ Z%HﬁRsa OOH (IA) Rab O 15 wherein ring

Ais an optionally su henyl ring r % nonocycl i c
or 6 ri n at
phenyl - fused- het er ocycl oal kyl ri né g@%ﬁw ?:

het erocyclic ring of

het er ocycl oal kyl ring is a nonocyclic hete i cwFNg~@f 5 or 6
ring atons; R8a is phenyl, thienyl, cycl open or cycl phexyl; Rab
I's phenyl; thienyl, cycl opentyl or 20 cycl ohexylO , 3, 4, 5,
6 or 7andt is 0, 1, 2, 3, 4, 5, 6IBr 7 provided I haH Is not
greater than 10; Y is a bond or -0-, and X" is a {harnmbeeutically

acceptable anion. In conmpounds (IA), it is currently preferred that
ring Ais (1) optionally substituted phenyl, wherein optional

subst it uent s isEeig é'f‘%g’t'%ﬂ" PRSRAY %%ﬁuw%amew g @ nagnogydiic isietpopilic
chl oro, Cl- C3ingldt$lor eamg ﬁﬂm@hr@&-a@ﬁ-ﬁ]sed Y200 éiéal@m@d l‘svls 1,242 60r7

am nosul f qnyl I used- er.oc oal
wherein tHe ’qu réi é1 éﬁ' Ey‘?g W Raw|d§dg] HE& Igfe@teﬁétﬂaé‘r@cgd? %/EO‘?‘P‘HQ
of 5 or 6 riren aluobm;$ asmatnnmut:oalimmtepibmaaoburlamyﬂnpommulm,m ipratetly ed
subcl ass of Jazafall)o g%
consi sts of tcpﬁose 0 {: ntagng %E&? ﬂ%‘%ﬁ%‘?%,‘mgl ﬁugglwems
are selecied from aikoxy, alo especnaliy fluoro or chloro, C4- Ca-aikyl amino Cy-Cs~
acyl, amino Cy-Cg-alkyl, and aminosulfonyl, or (i} phenyl-fused-heterocycloaikyl
10 wherein the heterocycloalkyl ring is a monocyclic heterocyclic ring of & or 6 ring
atoms, such as dihydrobenzofuranyl.

In both subclasses (1A) and (IB), s+t may be, for example 1, 2, 3, 4, 5, 6, or 7 and may
arise from suitable combinations of t and s such as where tis 0, 1, 2, 3, 4, 5 or 6 and

15 sis1,2,3,4,5,6o0r7. Incompounds (IA) and (IB), a currently preferred combination
oft, Yand sis where tis 0, sis 3, and Y Is —O-. A further currently preferred
combination is where Y is a bond and s+tis 2, 3 or 4.

In both subclasses (IA) and (IB), as in the compounds of the invention generally,
20 compounds predominantly in the anti-endo configuration are preferred.

Examples of compounds of the invention include those of the Examples herein.
Preferred compounds of the invention include:;

25 anti2-(Biphenyl-2-ylcarbamoyloxy)bicyclo[2.2.1Thept-7-yl}-dimethyl-(3-phenoxy-
propyB-ammonium salts
anti-[(1S,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclo]2.2.1hept-7-yi}-
dimethyl-(3-phenyl-propyl)-ammonium salts
anti-(+)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclof2.2.11hept-7-yi]-dimethyi-(3-

30  phenyl-propyl}-ammonium salts



0O (IB) OH\ O wherein ring Bis an optionally substituted phenyl
ring or a nonocyclic heterocyclic ring of 5 or 6 ring atons or an
aryl -fused heterocycloal kyl ring; s is 1,2, 3, 4, 5 6 or 75 and t
is 0, 1, 2, 3, 4, 5 6 or 7 provided ?hat s+t is not greater than 10;
Yis a bond or - 0-; and X- is a pharnmaceutically acceptabl e anion.

| n conpounds &#¥HB)S.2R)-2- (%Hmdmxy&?ﬁl«ldythioph@”f*%ﬁ!i‘wictxwahiwﬁb@-IB]hBB’i—T(-Vl)-

optionally s I bstit t

sel ected frotrﬁﬂﬁ%tb&lg Sﬁ%@gBWg %m a0 iUH}%ﬂ%Irgngr (S:EI grl) U(Ca:g 2:3 er Eyl :
anm no C, - C3- amyliSs, 2@&12&8 "@ﬂm@%‘?@*ﬂwop"&ﬁ@ %F%%MP?M?QT&EDWM]
phenyl - f used-fjgks l%gﬁgt%monm gm[grel n the het erocycl oal kyI ring is

a nonocyclic heteroc cli ri ng hh
di hydr obedzofa4dyi2 ﬁﬁZﬁBﬂwxga&#lé@%@“@%ﬁ %iﬂ’éy g'ICB‘jlo[2§+1t] Ry e,
1(‘: gim eﬁg{rpl e Jd;r]p&hym -pAenybbut)-a@morivaretitsay arise fromsuitable
[ I ons O t
R R U T e e o L s
gurregt IYy pr&fmeﬂ;ﬁehnmwtmmaalison of t, Yand s is wheret is 0, s is
an i's r
is a bond ano[g ) édéxvfm@ an?‘tkié%ﬁf)‘lzy(zﬁlk&faﬁ{)é?assg%h%r?%\;yl9 ééx? vvherng
in the copouligyslol®i2. 1 heptiTEdAmpim- GgRmenEnsgits 20 conpounds
predom nant | yadf,tus fyh)@rtélﬁyemmzwﬁﬂe@.wt@%to&ﬂ m@uo@@f ﬁé;stedyn difesBgrBes

of compounds of 'the inyention incl t hose’ of Exarrp es herein.
Preferred corﬁﬁ’@ﬂ??@?’%?yi)tarﬁ’@“?ﬂﬁ%ﬁﬁ%n |ncI ude: 25

fzintli ﬁeé FI ghsmﬁtr(i’s yzma;rrhétﬁmxsrphubdiw&mgM2§9H-xanthene 9-cari:|notnyioxy)t .
amoni um salts anti -
S, 2R) - 2- ( 2- m}lﬁ%!@&%%e%ﬂ'ﬁ%’%@ﬁ{“i—%ﬁ chet oxy) - bi cycl o[ 2. 2. 1 2
LE ﬂot ( Z} gls]( . ahtlrgms HgFl)-Ef(;O I-mdmxy@pratnthﬁht)@wmmni't'lum) )9@%@1@2 2|1]TEGZDPZ-YE
- acet oxy icyclo
] hept-7-yi]- dA—l¥l {hﬁl;% pf'% )@@r%:ﬂg% rop -amoni um sal>/ts 21 anti-(1
S, 2R) - 2- ( 2+ HyIHUB 2R @r xR - ORIEn BreS I BIYGioP, Hhept7 W
]Shg% Z %”2] wlgér;%fgé deméigl {mt?ﬁﬁ&ﬁlym@m@aoyl ) - anmoni um sal ts anti - [ (1
- - 0
] hept - 7-yl ] - ﬁﬁ'{%ma"t?ﬁb'ﬁ@w@g”’é%#h%%g df%’x') 2 pRer2-Grabetony)-
20 bicyclo[2.2.1]hept-7-yl]-dimethyl-ammonium salis
[2-(2,3-Dihydro-benzofuran-5-yi)-ethyll-anti{(18,2R)-2-(2-hydroxy-2,2-di-thiophen-2-yl-
acetoxy)-bicyclof2.2.1]hept-7-yi]-dimethyl-ammonium salts

As referred o in the Background to the invention section above, compounds with dual

25 M3 receptor antagonist and B2-adrenoreceptor agonist activity are known, and
treatment of respiratory disease with such dual activity compounds is a recognised
form of treatment. The known strateqy for the provision of compounds with such dual
activity mechanisms is simple covalent linkage of a compound with M3 receptor
antagonist activity to a compound with a f2-adrenoreceptor agonist activity. Such

30  covalent conjugates of an M3 receptor agonist compound (1) as defined and
discussed above and a B2-adrenoreceptor agonist also form part of the invention. For
example, such dual activity conjugates include compounds of formula (1), as defined
and discussed above, modified by replacement of the R? group by a —L-B group
wherein L is a linker radical and B is a moiety having 2 adrenoreceptor agonist

35  activity. Structurally, such dual activity conjugates may be represented as in formula

any:



5 anti-[(1

S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophen- 2-yl - acet oxy) - bi cycl o[ 2. 2. 1] hept -7
-yl ]- dimethyl -(4-phenyl -butyl)-ammoniym salts anti-[(1

S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophen- 2-y[ - acet oxy) - bi cycl o[ 2. 2. 1] hept - 7
-yl']- trimethyl-amonium salts (2-Benzyloxy-ethyl)-anti-[(1

S, 2R) - 2- (2- hydr oxy- 2, 2-di -t hi ophen-gt yl - acet.oxy)- 10

bi cycl o] 2. 2. 1] hept-7-yl ] - di met hyl -agr%ni umsalts anti-(1 S, 2R

2- (2- Hydr oxy- 2, 2- di phenyl - acet oxy)F birdyctdd 2. 2. 1

] hept - 7-yl ] - di net hyl - (3- phenoxy- pyi ) -amoni um salts and- (1S, 2R
D net hyl - ( 3- phenoxy- propyl)-[ 2-( ant hene-9 lﬁ?r bonyl oxy) -

bi cycl o[ 2. 2. 1] hept-7-yl ] -amonium salts 15 an(| (0SS, 2R

2- (9- Hydr oxy- 9H xant hene- 9- car bonyl O‘W) -bicyclo[2.2.1] hept-7-yl]-

di et hyl - ( 3- phenoxy- propyl ) -amonium salts anti {(1

S, 2R) - 2- (2- W@ﬁe?éﬁﬁ?%ﬁ%aﬁ&{ﬁégr%g?&&fnga Xf-'nd @lga}s%és' gﬁ&iecfﬁ' Féltacﬁ[)ﬁ tc?co]mpounds

] hept-7-yl]- Tnda anmoni um sa
( Benzyl car banihdf theatvention, &ng & divalént linker radical and B is a moiety having 2-

ol eyt of 2. 2. Hatecsely ol BROR Sl APl atorfnacophore refored o

[ 2- (2, 3- Dishy cabovée érihe Backgreuhd td jhednventidn section. [Saeh compounds (1l1) form another
S, 2R) - 2- (2- hy, Y =it hi sk ;

acet bxy) - bi oyp et Byt RUARBE!Krfeinpic of such o compound s gt of Example,
to in the Badgyridietin.o t he I nvention section above, conpounds with
dual 25 M3 receptor antagonist and [ 32-adrenoreceptor agoni st

activity are known, and t t t of i rat di Wit h h
S Vo o R e 5 8 e S g Ea IS
str ﬁt egy foor ddun emltioa/ingieﬂrent)fa c;mqmpmummha/\iht/éntiem@thehmknpoandsi may e
mechani sns is_S L0V ] t
ant agon st _aceryity i ReGs sERFeRon SR RBM Ao bl painbRERD '
activity. SuchilgOmaioyaliseasecaefthaiyng.ddius theariesuBt inverdion & alsgyenricgmed with
conpound (1) ' +H m,g L Rordr
agoni st al so ogﬁgééggﬁgﬁﬂ??%@nﬁ\%n;l 0?1%%]? tég%agarélééfﬁgggﬁ&(rmal of
activity conjheEShioRlEohaEIEYH{EA HE8a%S Cff’@‘f“ﬁﬂf%lc%g  ashEdg €FPREd  and
glr 3 CSSS %@b%Qpirdﬁfﬁbﬁ%t@ﬁt&dm pﬁl&(ljbh@@leiﬁﬁ;@fs, %flr_nbrlﬂﬂy Eﬁp@ﬁs@nﬁ, Byd allerdic B

u erein L is a_linker radi.c n is et . .
adr enor ecept ofP'"eLa*Ec?ﬁr“?f*S'%%a ﬁﬁ?Rﬁ“&"ﬁly %ﬁl ‘T’C@EGE %'Pgll"?%f??g g%ﬁoﬁ\ﬁf ﬂ%clg‘fzg'ﬂi“?@/
conj ugat es nmegndomnerce prices etheettiempeutic dgentsul a (111): 22

Other compounds may be combined with compounds of this invention for the

20  prevention and treatment of inflammatory diseases of the lung. Accordingly the
invention includes a combination of an agent of the invention as hereinbefore
described with one or more anti-inflammatory, bronchodilator, antihistamine,
decongestant or anti-tussive agents, said agents of the invention hereinbefore
described and said combination agents existing in the same or different

25  pharmaceutical compositions, administered separately or simultaneously. Preferred
combinations would have two or three different pharmaceutical compositions. Suitable
therapeutic agents for a combination therapy with compounds of the invention
include:
One or more other bronchodilators such as PDES inhibitors;

30  Methyl xanthines such as theophyliing;
Other muscarinic receptor antagonists;
A corticosteroid, for example fluticasone propionate, ciclesonide, mometasone furoate



Nt R A-'L- B(IlIl) A R4 wherein Rt, R2 and R4 are as defined and
di scussed above in relation to conpounds (I) of the invention, L is
a divalent linker radical and B is a gpiety having (32-

adr enor ecept or agoni st activity, such as the 02-agoni st pharnacophore

f d 5 h
A N R e e
exanpl e of smmoaomgpmmms/amss MDO@MB%M@/GMQ WD0BmB4e45). The
present | nverbiQ?é %?2@4%%59&%% l/é:bg@aar maceuti cal formul ations

conpri si ng, ngredi én a conmpound of the invention.
Q her corrpouriPngHMledelg!mmlﬂ@dll‘mephramnm,unds of this invention for

t he preve t| ' I

Thus the gr esen ?ancge'rﬁ%t‘) %0% fé}(lr)g%:a{o cer ?}Jg@’ol Egta&)%%%ﬁ@r‘ %@tg% ?1C;Pg
conposi tions maﬁapr@te@mehtarmgalmndfenetewd,mr@atee@pctarmm‘@roy-zmdaaatercd,u fgoradesols
such as chr oniG ARSI, Hfé&ﬁn)éf’erdt%‘@(%@?%ﬁfsé%%@gi GaK- %ﬁ.‘atdﬁéx -6a84A e,

chronic 15 respirator bstruction, pul monar nmonary

;
oy s R ag, TASDH S 418 oGy S A aPnROREBA
ef fective amyobs/edorr, nWoarssodsaisidue/0opsaHt USR00SANEIATE UB200%)5 659448,

conpoundsof Wﬁb@%@%ﬁ@@ﬁ’?@ﬁ%@ﬁéﬁ*’%@ Wt 2 RO o
i nf | ammat or y V08226933, WO B143a/ Wy 008k 060 WhQ3/4216d, WIQ0BM26B8N
i ncl udes a ?ﬂﬂ@b@}%é&”mﬂﬁoﬁ%ﬁﬂ%b Qfméjfif‘ WB&?@%B@? \ﬁgnlo %iﬁ‘,bef ore

descri bed w egor'nore anti - roncho
ant i hi st am néVO04/329819V¥EIQMM344 ., WROHLTGES W@U‘H@bﬁﬁswc@éﬁﬁéﬁent s of

the inventi 0%6@4@7@9%@3@/3 ﬁ'@éwo@@@s@@dmﬁme@w@@mm@gem s

existing in 8 ar maceut i cal ositions,
04

adni ni st efed WERHPRRH ?PMGOQIGWP%@@ oy W W%Q?G%P Mfimat i ons
woul d have t\Mszm04m24m2dm$2wm9mnf§twwwsma,lwaormosam W05/033121,

oot ate LSt RREA e iRy BB PR, ARrERERAR bADsam e
PDE3 i nhi bi t W&05/088E50EWGA5/068Mm4 M) i VIHE85/0Ted08aW QUBASABA0, W 0@5/092841,
WQO05/092860, W0O05/092887, WO05/092861, WO05/080288, WO05/092087,

20  WO05/080324, WO05/080313, US20050182091, US20050171147, WOO05/092870,
WQ05/077361, DE10258695, WO05/111002, WOO05/111005, WO05/110990,
Us2005/0272769 WO05/110359, W005/121065, US2006/0019991, WO06/016245,
WQO06/014704, WO06/031556, WO06/032627, US2006/0106075, US2006/0106213,
WO06/051373, WO06/056471;

25 A leukotriene modulator, for example montelukast, zafirlukast or pranlukast;
protease inhibitors, such as inhibitors of matrix metalioprotease for example MMP12
and TACE inhibitors such as marimastat, DPC-333, GW-3333;

Human neutrophil elastase inhibitors, such as sivelestat and those described in
WO04/043942, WO05/021509, WO05/021512, WO05/026123, WO05/026124,

30 WO04/024700, WO04/024701, WO04/020410, WO04/020412, WO05/080372,

WO05/082863, WO05/082864, WO03/053930;
Phosphodiesterase-4 (PDE4) inhibitors, for example roflumilast, arofylline, cilomilast,
ONOQ-6126 or |1C-485;
Phosphodiesterase-7 inhibitors;
35  An antitussive agent, such as codeine or dextramorphan;
Kinase inhibitors, particularly P38 MAPKinase inhibitors;
P2X7 anatgonists;



Ot her nuscarinic receptor antagonists; A corticosteroid, for exanple
fluti casone propionate, ciclesonide, nonetasone furoate 23 or
budesoni de, or steroids described in \W02/88167, W02/ 12266,

W02/ 100879, W02/00679, WO03/35668, WO03/48181, W03/ 62259,

W03/ 64445, W03/ 72592, W04/39827 and W04/ 66920; A non- st eroi dal
gl ucocort i cIN@SHRURISISr agoni st: 5 A (32-adrenoreceptor agonist, for

exanpl e al bug g&btefokdl thf-ﬁ?aﬂélhﬂwatoﬁﬁdg@ﬁi (RISAID), foRBkaiil® e pRl or

terbutaline, fenoterol, procaterol, carnoterol, indacaterol,
fornot erol , XMt erol , pi cuneterol, GSK-159797, GSK- 597901,
GSK- 159802, ASipdotiddtdbece t%f@j&ﬂﬁﬂ? TA 2005 and al so conpounds of

EP1440966, JP05025045 \W93/ 18007, W99/ 640 S2002/ 005

US2005/ 01%34J‘f"?'§“1'§“%§@&}/‘§f§@2@8 a"f"I%P\W"(S‘BHP é‘ﬁg’% ﬂ %@‘?Cade
%8%; jgifgg éMQﬂjOB/F@%%ind W@gé&@%@Mmum%ﬂlmaécutéwgmm;el

W04/ 16578, ’%0‘290 Mh%@% Eggni?ed%gfg%d\%gﬁ%glz

W04/ 37768, ANDORIONES; sM@dﬂ@'ﬁS@%cnb&@M@?B@/@mA,/ 39766,

W04/ 45618,

v004! 085142, M@@@ﬁ?@%ﬁé’ie*“@%%%ﬁ@"m“@?o04?@%'%‘5%8“‘%%%3%?}“8z23304
W04/ 108675 COBBAINORS HCR $XE6FH vd CCRip suphpedihgs2

D04/ 071388, >RG5/ SHn8255ho MBBS! 6-53)8%6043\@3)5&%5@"201N0w9@4@66140

W05/ 070908, WDOS/092840 92841 092 W05/ 09
W05/ 092861 CHBREINGSHH m%@%‘?g’@?ﬁwf’ﬂ?s\%ﬁ@/ G%Q?gﬁ ’\/%%%‘P%ég%ﬁ@?
U82005018209(DP1U>$ZIFQ5@;)7&h4tﬁ:owm%1mmmpnlsﬁﬂm#ﬁﬁ‘m1 DE10258695,

w008/ 110350, CYBBAFDS Ribe el 2Rt BBt BB PP A9 847 0s,

W06/ 031556, Inabiogkin 3262plor GBRO0BSS,IVEN IS KINSSE006/ 0106213,
W06/ 051373, Inygl]l% ﬁffﬁ%é&mstg%ueh Eﬁﬂﬁdﬁcéklﬁne modul ator, for exanple

nont el ukast , ran r ot ease i nhl bitors,.such as

inhibitors OHM%@% i@%@ﬁﬁi@ﬂﬂ‘tﬁ'ﬁéﬁé‘@ﬁ der eé‘%'é]ﬁﬁ?l rasUVRBAtin Meyaiatifa e
i nhi bitors spgistam, SBivesBed, PravabiRin adFuvEMAiBB33; Human neut rophi |

el astase inhipitors, such t t hos e :
004/ 043942, W@%%@%i@@s”%ézé‘%%gﬁé%q@g g %%ﬁ'gg%kﬂ%ﬂt DK
333, MSI-1956, gefitinib;
Antiinfective agents (antibiotic or antiviral), and antiallergic drugs including, but not
limited to, anti-histamines.

The weight ratio of the first and second active ingredients may be varied and will
25  depend upon the effective dose of each ingredient. Generally, an effective dose of
each will be used.

Any suitable route of administration may be employed for providing a mammal,
especially a human, with an effective dosage of a compound of the present invention.

30 In therapeutfic use, the active compound may be administered by any convenient,
suitable or effective route. Suitable routes of administration are known to those skilled
in the art, and include oral, intravenous, rectal, parenteral, topical, ocular, nasal,
buccal and pulmonaty.

35  The magnitude of prophylactic or therapeutic dose of a compound of the invention
will, of course, vary depending upon a range of factors, including the activity of the
specific compound that is used, the age, body weight, diet, general health and sex of



30 W04/ 024700, W04/024701, WO04/020410, W04/ 020412, WO05/080372,
W05/ 082863, W05/ 082864, WO03/053930; Phosphodi est erase-4 ( PDE4)

I nhibitors, for exanple roflumlast, g/ofylline cilomlast,

ONO 6126 or | C 485; Phosphodl esterase-7 inhibitors; 35 An antitussive

S0er o, BRI AR AR iR B o
I nhi bitors; Aheose stayetitalrugsatsanditng sevaritabbihy degase urRIBMIAg treafrient, In

| b 1.
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Reni cade and®- @IIPI‘BE?EDUM@NUMW k@b@m‘f(ﬂlgm aiaIhiwA breférablydl1eg ti asout 8.6ch

Saiite. &ﬁﬁnﬁgﬂé@nﬁﬁfﬁﬁ% oI O 305 bR, e e B SR oF
Mbdul at or s oft %ﬁ@ﬁbk@%’eﬂﬁ@a@sm?%ﬁw&q vsﬂwdosmﬁs @Mﬁﬂh@sealnntﬁg@nwses of

CCR1, CCR2, éa@em o6& suitaRER? adfe
SB- 332235, SB 933 610 5002 15;9 76 RS 5043 3,

SB- 26
MLN- 1202, | Nd@,‘J ieks ARY R ALeTR f@E Bvafos sl shieh PQJHPQ?I"“O"S The
prost anoi d r emaypositisn mip corexia €098 Wght(o?)ﬁ’diwebonﬁﬁﬁﬂﬂﬁ) Pre@éralﬁy, a unit
I orboralle KeuB U ARRIL T 506 BRI SHBRRYLAR Wel AP o T
receptor ant a@:tmmmsmon §u1lﬂrblaa@SK$ aeridyug perkgso| 180k g perliky, agxbsnabiy sOugsmmh
as || odecaki ng hMmR4 Kgeduct ase i nhibitors (statins); for exanple

rosuvastatin, rrevas atin, lovastatin, simvastatin, pravastatin and
fluvastatin; Micus regul at ors such as I NS-37217, d| quaf osol ,

si benadet, CSafi¥br a&@éoﬂGﬁtﬂ@'psesQNlﬁweaﬁbrﬁﬁ&ndé\@h’aﬁna%@ﬁhcagé‘cfmédsﬂibhs which

Antiinfectjve agents (anti or .antiviral), and anti al

drugs ol oGS ohBPbln dnedndgo and § bRracA il Bobseaie fayfer. The
ratio of the ﬁamn Sompositiad cawid pharnaceuticalgoambsitars isrmty nde tu@nmmbaad

wi product comprising the aclive ingredient(s), and the inert ingredient(s)

(pharmaceutically acceptable excipients) that make up the carrier, as well as any
product which results, directly or indirectly, from combination, complexation or

20 aggregation of any two or more of the ingredients, or from dissociation of one or more
of the ingredients, or from other types of reactions or interactions of one or more of
the ingredients. Accordingly, the pharmaceutical compositions of the present
invention encompass any composition made by admixing a compound of the
invention, additional active ingredient(s), and pharmaceutically acceptable excipients.

25
The pharmaceutical compositions of the present invention comprise a compound of
the invention as an active ingredient or a pharmaceutically acceptable salt thereof,
and may also contain a pharmaceutically acceptabte carrier and optionally other
therapeutic ingredients. The term “pharmaceutically acceptable salts” refers to salis

30  prepared from pharmaceutically acceptable non-toxic bases or acids including
inorganic bases or acids and organic bases or acids, and salts of quaternary
ammoniurn compounds with pharmaceutically accepiable counter-ions.

For delivery by inhalation, the active compound is preferably in the form of
35  micropaniicles. They may be prepared by a variety of techniques, including spray-
drying, freeze-drying and micronisation.



25 depend upon the effective dose of each ingredient. Generally, an
ef fective dose of each will be used. Any suitable route of

adm ni stration may be enpl oyed for prq iding a manmal, especially a
human, with an eff ective dosage of a“conpound of the present
invention. 30 In therapeutic use, the active conpound nmay be )
adm ni st er ed Byyvas ) exacHl 8 eAOosiden efe BVYTios MaybeineParesiAsa sISpri®! e
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vary dependi n f ctors, .including the activity of the
specific éonggﬁgﬁgﬁwiﬁkggggéﬁﬁ%ﬁ§ﬁa Eagﬁa%%dy wei ght, diet, general
health and sex of 25 the patient, tine of adm nistration, the route
of adm nistrat| .00, ] E
drugs, and ¢ fbo et @incth offhE LELARR, 5 obBothR o nelilr ST ary
general , the pawiénforinder delivaneusing a dryiraivder infhalen (PPH Manydyees of ik are
range of fromhgﬁgut 0.1 pg to about 10 ng per kg body wei ght of a
human, preferably 0.1 pg to about 0.5 5 ng per kg, and nore
preferably 0.1 pg to 50pg per kg, in single or divided doses. On the

ot her hand, il\ﬂic:’ﬁﬁc%rtié]@s f@eg@%@waﬁmg}m@]g&omge@ tormlBtedenithhesigichisthataid
in some cases, sjtions suitable for admnistration .

| hal at i on- s EIVERGHR TSRS, ey SRR i dBLpePeBt Sty AlroRbcisies wavie
are known f orfomsiatédwithulelgecanieo paticlenthat aitl dow drormptbs PP oo thejungoBititaible
0.01 -99% by i . t,) n%rlllfé- fer i e
conpri ses thec\ﬁgrlcei3 P"\s/’ga%%%%o@é\gn’i%%ggn arré%‘%&d‘% n?ﬂ%éthlg gn%gh%r‘ée.@g%r%or al
admi ni st r gt i gnediarn acipdysaaissiameiecof DMjatertean o 100ny per kg,

preferably 40pg per kg to 4 ng per kg. Another aspect of the present
i nvention provides pharnmaceutical conpositions which 15 conprise a

c
conmpound of tIR&E 6B AL ABHRErasRbassHE B0t 3P ECept abl e carri er.
The term "conposigdnpdund 85thé hvphtihmage g /cahiseenposi tion, is

i ntended to enconpass.a r.oguct conpei,si ; ctive ingredient(s),
and the inert i n%&ﬁ%ﬁ@)‘q-ﬁ%‘ﬁar mac [ﬁ*@gﬁr{ﬁ%@cept abl e exci pi ents)
t hat nmakezup the daichioefliyoramethahe, Nis 4925 gdcedigier whi ch results,
direct|y or i ndi r afidroafiiBmERERd, NE oA reaRk@Kation or 20

aggregation of any two or nore of the i1ngredients, or from
di ssoci ation of one or nore of the ingredients, or fromother types

of reactions f{g dclitEERRIIURAS maY b AEscRIrasdEribel depending on the inhaler system
used. In addition to the active compounds, the administration forms may additionally
25  contain excipients, such as, for example, propellants (e.g. Frigen in the case of
metered aerosols), surface-active substances, emulisifiers, stabilizers, preservatives,
flavorings, fillers (e.g. lactose in the case of powder inhalers) or, if appropriate, further
active compounds.

30 For the purposes of inhalation, a large number of systems are available with which
aerosols of optimum particle size can be generated and administered, using an
inhalation technigue which is appropriate for the pafient. In addition to the use of
adaptors (spacers, expanders) and pear-shaped containers (e.g. Nebulator®,
Volumatic®), and automatic devices emitting a puffer spray (Autohaler®), for metered

35  aerosols, in particular in the case of powder inhalers, a number of technical solutions
are available (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhalers for example as
described EP-A-0505321). Additionally, compounds of the invention may be delivered



the ingredients. Accordingly, the pharmaceutical conpositions of the
present invention enconpass any conposition made by adm xing a
conpound of the invention, additional,active ingredient(s), and
pharmaceutically acceptabl e excipients. 25 The pharnmaceuti cal
conposi tions of the-present invention conprise a conpound of the

i nvention as BMutehamber W‘@élt@ﬁalféwmﬁf?j’@hm@@@mﬁﬁmn agecispt abl e
salt thereof, and nay also contain a pharmaceutically acceptable
carrier and optjonal,l ther therapeutic ingredients. The term
"phar maceut i c@ﬁ%e salts" refers to salts 30 prepared from
phar maceut i caffeycoapoapdsadilice mmbﬁxfar@b@p@@@e@@cm@dg t0 tA6 htedbdbes of the

b d
quat ornary - aakemafPeER B0 el iAt, SonaRRuce s BafFes heae bibe”
count er - i ons. exeoplifthel iniies fplidoying abedifiatexemples.Héorater \by utiteinapthe dracsdures
preferably i rhetsgﬁoed%l’ﬁ]tﬁ’é dlégf?éﬂrg E&ﬁé\ﬁéd ﬁér&ﬁ,rongbﬂﬁrmgﬁl @rtﬁeoe?r[ & by

a variety of techn rying and

m croni sat i orfeagi§g pr@ajare,@;dlt@nalg;@g}mp@ds ﬁﬂ‘@ﬁfp%ﬁn‘t tﬂV@ﬁloﬁfCHfh%d ihet@iantheon

nmay be prepar@ehRsnds lﬁmﬁ%ﬂsmfwaexaﬁapiggatéxaé&r%mfeva;ﬁoaoerb%%uea% QHmirRS

an aerosol in a liquid ant in

pressuri s¥d rige 8?'33 EaﬁlgFR.ﬂ W? '”VWtGBeT'Teaﬁ’ﬁaﬂ‘p?ﬁlf‘t"Hﬁ dustgite yse

i|—|EAa1§'4\1/D| HErA@;d;mvmhé prebﬁ@tg@‘ktbﬂth%gowmg@of tg\@ gresa?lucr;ﬁgt&dzﬂztﬂwd% ,skilled in
a an - n

| Sobutane. || a4k it ERa st Ao ol o2 e RO Rl tseses.

of the i nventofcﬂm fioliowing pheparati@wrereducasmanibeuseidtol prepare these gorapalmgs.

powder inhaler (DPl). Many types of DPl are known. 10 Mcroparticles

for delivery by adm nistration may be formulated with excipients that
ai d del i Ver yTher@nneradse therdpvendich mslyde isolated inthe eanabiner srarTaaeytisaly

m croparticl ee&c@ﬁﬁblb%ansf 8lidRAsthSsk ddskhbddHr@fouERHetdd, particles that
aid flowfromthe DPI into the lung. Suitable "carrier particles are

known, and include | actose particles; they may have a mass 15 nedi an
aer odynam c di mwbehecﬁss@ywmmfect RagtivaQuitiondl grouipe (@ $daky, amino, thio or

22 gl cant SeuoR oo e PR lebarap S BPQMHOR e d inUeHBh i
20  avoid their unwanted participation in a reaction leading to the formation of the
compounds. Conventional protecting groups, for example those described by T. W.
Greene and P. G, M. Wuis in “Protective groups in organic chemistry” John Wiley and
Sons, 1899, may be used.

25 Compounds of the invention may be prepared according to the routes
illustrated in Scheme 1.



20 Trichl orof | uoronet hane, NF 4.025 g / cani ster

Di chi orodi fl uoronet hane, NF 12.15 g /canister. The active conpounds
may be dosed as described depending oggthe inhaler system used. In
addition to the active conpounds, the adm nistration forns may
additionally 25 contain eXC|p|ents such as, for exanple

propellants (e.g. Frigen in the ca$ b Of netered a%resols) HDH
surface-active subgtances, enul si mers stabiliz %, preser vanives,
flavorings, fill izﬁe.g. | act gsélin the case of powder inhalerg) or,

i f appropriat® er—acti V& ou-m&r*-B(P the-pu-r'pose

i nhal ation, a | rg@ nunber of systéns are avaiTable w th whicf

aerosol s of opt| m particle size ®an be generated and adm nisd)edied,
usi ng an inhal at'f’on techni que wii¥eh is appropr“@Tﬂ for the patjent.
In addition to the use of adaptors (spacers, expanders) and
pear - shaped containers (e.g. Nebulator(r), Volumatic(r)), and
automatic devices emtting a puffer spray (Autohaler(r)), for tered
35 aerosols, in particular in the case of pomder inhalers, aanﬁber
of technical solutions are available (e.d >iskhaler(r), ™

Rot adi sk(r), Turbohaler(r) or the i nhal er sRY or exanpl e as descrjbed
EP- A- 0505321). Additionally, conmpounds of th venti on nmay be
delivered 27 in multi-chanber devices thus wi ng for delivéryYof
conbi nati on agents. Methods of Synthesis The coagbunds of the O—~g*
i nvention can be prepared according to the pt¥cedures of the 5fla)
fol l owi ng schemes and exanpl es, using appropriate materials, and are
further exenplified by the follomﬂﬁgbspe0|f|c ex&mples NbreoverH;@y
utilising the proceduaes describeg'wi th the di s¢Mosure contai neg’

her ei n, one o :ﬁ?y skill i tihe art can .readily prepare
additional of The pres i nventron d "her & nfO
conmpounds |IIust@aUed in the exanpl are not,

O

hovever, to be
construed as formng to the only &e us that is coﬁ%wﬁered as tQRﬂgwf
invention. The exaf¥es further iKViBtrate det®"8 for the

preparation of the conpounds of the present invention. Those skil{ed
in the art will readily understand that known variations of the
conditions and processes of the follow ng preparative procedur esf can

be used to prepare these conpounds. ;$5 The conpound f t he |nvennfop
may be isolated in the form of theer harnaceutlca acceptable R
salts, such as those described preéﬁI obisly herein. t may be nece ary

to protect reactive functional (e<g—hydr auLnn?_t
O~Rd
(i-b) {Il-b) (XH-b}
Scheme 1
5 Compounds of formula (I-a) and (I-b) wherein R?, R® and R® and R“ are as

defined for R, R?, R® and R* in compounds of Formula (I} can be prepared from
compounds of formula (ll-a) or (ll-b):



carboxy) in internmediates used in the preparation of conpounds of the
invention to 20 avoid their unwanted participation in a reaction

| eading to the formation of the conpoypds. Conventional protecting
groups, for exanple those described by T. W Geene and P. G M
Wits in "Protective groups in organic chem stry" John Wl ey and

Sons, 1999, may be used. 25 Conpounds of the invention may be

prepared acce gga@gor{\gitﬁ.glgorﬁ a%ffohhﬂj[g fiagted in Scheme 1. 28 a a N'b
N, R RAN HO% ;SB!In §I( (IX-a) (MIll-a) (IV-a) OH
R: M RORd ORd (I-a) (11a) aaaRI Ro RNRo Hp N N HOB(
I 1 --- 0. ~pxX Qa) HOBr HOH O d O d (XV) (XIV-b) (X111-b) R

(I'V-b) RElIl b NaRo NRaRb ~4 ORd ' OQRd ORd (I-b) (I I-b) (XlIl-b)
Scheme 1 B Compounds of fornula (1-a) and (I-b) wherein Ra, Rb and R
and Rd are asvhechrf X iseadlebdng oup Righ d8hatogen,Rdsyiaie, cmﬁmiatmabeMacﬁmmanlba

(Rlb) gagdb e PLERANRA if b YRge SPERAHRIS LS ad Refiilide, (Chibrétdr? DA dr BISORA

optionally in the presence of a tertiary amine base such as DIPEA, at a {emperature
from 0 °C to the reflux temperature of the solvent, preferably from ambient
10 temperature to the reflux temperature of the solvent.

Compounds of formula (ll-a) and (il-b} wherein R?, R® and R? are as defined
for R', R? and R* in compounds of formula (1) can be prepared from compounds of
formula (li-a) or (ii-b), where RP = H, by reaction with a compound of formula (ill-b):

15
R°-CHO (lil-b)

In the presence of a suitable reducing agent such as a metal borohydride, especially
sodium triacetoxyborohydride. The reaction can be performed in a range of solvents

20 suchas 1,2-_dichloroethane, chloroform, dichloromethane, alcohols, optionally in the
presence of an acid such as acetic acid, at a temperature from 0 °C to the reflux
temperature of the solvent, preferably from 0 °C to ambient temperature of the
solvent. Compounds of formula (lli-a) and (111-b) are well known in the art and are
readily available or can be prepared by known methods.

25

Suitable methods for the preparation of compounds of formula (Il-a) or {ll-b),

where R = H include reaction of (ll-a) or (ll-b), where R® = benzyl, with hydrogen in
the presence of palladium on carbon or palladium hydroxide on ¢arbon in suitable
solvents such as methanol, ethanol, acetic acid, ethyl acetate and mixtures thereof.

30  Alternatively, reaction of (l1-a) or (il-b), where RP = methyl or benzyl with 1-chloroethy!
chloroformate in suitable solvent such as 1,2-dichloroethane at reflux temperature of
the solvent then subsequent reaction with methanol is a preferred method for the
preparation of compounds of formula (ll-a) or (ll-b), where RP = H.

35 Compounds of formula (ll-a) and (I1-b) exist in two enantiomeric forms which
can be separated by chiral preparative HPLC using conditions know to those skilied in
the art and exemplified below. Alternatively, as the absolute configuration of



pl-a) 29 by reaction with a conpound of formula (Il1l1-a): RX
(I'1r-a) 5 wherein X is a |eaving group such as hal ogen, tosyl ate,
nmesyl ate. The reaction can be perfoHéEd in a range of solvents, such
as acetonitrile, chloroform DV or O optionally in the presence
of a tertiary am ne base such as DIPEA, at a tenperature fromO Cto
the reflux tesprauats fea)emdding) argidickaied byshe pBsQE FoRiasFAtianef eampoupds

tenperature bgahh &W)@Béd%tiwgﬁl ﬁémRﬂo@gR%g 04 BRd BOh\Ra knov@gﬁmwgéiatuﬂaf

formula (l11-a) and II-bé)SO erein, {;‘nd Rd, are as defined for
RL, Rz and RéepkPOBMISEARoNsskiled iminear Wil recagnise that dse PEPIqasiR!
conpounds  of staftifg Métdial Wil ddllve® horbdchira)prodveeselieRhedsttteobhentigact i on
with a conpound of forrmula (lI11-b): 15 Rb-CHO (Ill1-b) In the

presence f a suitable reduci ng agent such as a netal borohydride,
especial ly sodi udpmpouncisiobioyhaa Ghydehiedsn Rfisihe geoupiobformala (deand R® is

performed in_a.r f N - dj 3
chl orof orm Ic-lllaag ﬁ%ﬁ'?egdn&eﬁoﬁgﬁéé\{&gﬁh%éﬁi% svsb %S?@E%%ﬁ"ﬁ?%ﬁ%ﬁ@gg’? gngrgﬁlgélvoaf)
an aci d suchwhsrelndRtand Ricirelas definad abersebyreastontwitha eonmaupd phiermeda (Vux
tenperature of the solvent, preferably fromO0O C to anbient
tenperature of the solvent. Conpounds 01;, formula (111-a) and (I111-b)
are well known in the art and are readFIa'yn avai |l abl e or can be
prepared by known net hods. 25 Suitable thods for the preparation of
conpounds of formula (11-a) or (11-91), where Rb = H include reaction
of (Il-a) or (Il-b), where Rb = be#z i t h,hydrogen in the
presence of palladiumon carbon & pa ifin Rydr oxi de on carbon in
sui t abl e 10sol vents such as nethanol, ethanol, d¥ktic acid, ethyl
acetate and m xtures thereof. 30 Alternatively, reaction of (Ha) or
(I'1-b), where Ro = nethyl or benzyl with 1-chloroethyl chloroformte
in suitable solvent such as 1, 2-dichloroethane at reflux tenperature
of the sol venbreieh, Rbhsasiante seddtihedor Worinblan®t Trenekction mayialef paceed

whero Ro = HREREB BTG PR o Lol i O oBhe 8fa ebbe B

enanti onasi c tdngrenstiurelsj mraferably between 0 °C and the reflux temperature of the solvent.

Compounds of formula (V) are well known in the art and are readily available or can
be prepared by known methods.

20  Compounds of formula (ll-a) in which RYis the group of formula (b) as defined above,
may be prepared from compounds of formula (IV-a) by reaction with a compound of
formula (VI):

LG b

(V1)
25
wherein R®, R® and R® are as defined for formula (1) and LG is a leaving group, for
example, an O-alkyl, halogen or 1-imidazolyl group. The reaction is conducted in the
presence of a strong base such as NaH in a solvent such as folueng, THF or
dichloromethane at a range of temperatures, preferably between 0 °C and the reflux
30 temperature of the solvent.



can be separated by chiral preparative HPLC using conditions know to
those skilled in the art and exenplified below Alternatively, as

t he absol ute configuration of 30 corn:h)i)unds (I'r-a) and (Il-b) are
dictated by the absolute configuration of conmpounds (X) and (XV)
respectively, and conpounds (X) and (XV) are known in the literature
(see EP00743mpéd)dswt orsilal (Vodvherein RE, Ai°tand B areessigfinastfot toamulade of

honochi r al rtin L i . i W f
defined st @?‘if}@ﬁ%ﬂq %’E%ﬁ’%b@%'ﬁgotlrm gaegglfy}/&glr@m a (;}wﬁﬁ‘%r?@'fr @;bgfnr?gll%j Si S
t he group of fofrouianVih byahowanmgtrRgsi s H as defi ned above for fornula
(I') may be prepared from conpounds of fornmula (IV-a) wherein Ra and
Ro are as defined above, by reaction with a conpound of formula (V):
JR7a Are ~N O | (R7b )m10 (U),, . witfein R7a, R7b, n and mare as
defined for formula (1). The reactd ¥ take place in a range of
non- nucl eophi lic organi c sol vents ch®as DVF or toluene at a range
of 15 teéenperatures, preferably between O cVdhd the reflux t enperat ure
of the solvent. Conpounds of formula (V) are well known in the art

and are readily avail abl can e prepare :

Conpounds &OMAGHARR &f f?fmufaa& H ﬂfevWﬁ“S‘HO\%a "‘\ng ?ﬁ 3% ?%‘3 %*@%V%E%Eﬁ%ﬁ’é C%rg)
as defi ned pakmyrired hpshoe ratepdrsedh s those degosbediis WOOT/B4HA a (| V- a)
by reaction with a conpound of formula (VI): Rea LG Rab Rec (VI)

25 wherein Rea, R8b, and R80 are as defined for fornula (H_ agag)PLG i's
a | eaving gangounioof fomsafl-a,in whicoRaisdhe groﬁgpb@gﬁulg,(c)fhsid ined Ve

group. The }8hkr | _BSHEACHOh with Alcompguriaste
ljlf;ﬁdétaﬁrg%‘?rbé frﬁﬂ%tlﬁbﬁl%s'd?lﬁrﬁnﬁla (M. Gt @pgu

such as Na vent su as toluene, THE o di chl or onet hane at
a range of foEiHRetM®@lres, preferably between 0 C and the refl ux

()~
LG Bc

(Vl-a)

0o R

15  wherein Ar?is as defined for formula (1) and LG is a leaving group, for exampleg, an O-
alkyl, halogen or 1-imidazolyl group. The reaction is conducted in the presence of a
strong base such as NaH in a solvent such as toluene, THF or dichloromethane ata
range of temperatures, preferably between 0 °C and the reflux temperature of the

(W)~
HO @

(Vil-a)

solvent.

Hec
20 O

Compounds of formula (Vi-a) wherein R* and R™ are as defined for formula () and
LG is an O-alkyl, halogen or 1-imidazolyl group can be prepared from compounds of
25  formula (Vil-a) by known methods.

Compounds of formula (Vii-a) are well known in the art and are readily available or
can be prepared by known methods.



30 tenperature of the solvent. 31 Conpounds of formula (VI) wherein
Rea Rob and Reo are as defined for fornmula (1) and LGis an O al kyl,
hal ogen or 1-im dazolyl group can bekﬁéepared from conpounds of
formula (VI1) by known nethods. Rea Reb 5 O\R 8c (VII)
Compounds of fornmula (VI1) are well known in the art and are readily
avai l abl e or can be prepared by known nethods such as those

descri bed i “CWJL( ﬁé%ﬁ-ﬂ% ma (R Qﬂﬁ’%ﬂ%ﬁ Fﬁfs tﬁé’bl‘@db%f &%ul&-kd)'a@ d\é‘ﬁrhédhbede' s

t he group of a(c as def prepared from
conpounds of Mayerprearer Fog) copypoppdaat fQSW“lﬁn (i\ha)ePVC"B@FﬁBG W&h BCOMPBYIAATa
(VI-a): Are @mh Wi O Rec (M -a) 15 wherein Ar2 is as defined for
formula (1) and LG is a |eaving group, for exanple, an 0- al kyl,

hal ogen oY 1-im dazolyl group. The reaction is conducted in the
presence of a strong base such as Nagt2ipn a solvent such as tol uene,
THE or dichloronethane at a range g F(Et:rrperatures preferably
between 0 C and the ref |ux tenperature OfVI solvent. Are Q HO
Arz O Rec 20 (VII-a) Conpounds of forrrul(a (VI-a) wherein Red and RB
are as defined for formula (1) and LGis an O alkyl, halogen or 1

-imdazolyl group & ?‘ﬂs g&qcﬂ@gg ﬂ{tﬂg gf'ersgﬁaeccﬁ %‘ﬂ’dﬁé’f suclg as NQH'WE @o!vent

(VI'1-a) by known I1-a) are wel|l known
in the art aﬂ@theaséOIr!%@dTHf RIG aMMS@rataéwet% SRSFEYES: RS?fe[a‘?va

met hods. between 0 °C and the reflux temperature of the solvent.

Compounds of formula (VI-b) are well known in the art and are readily available or
can be prepared by known methods.

15  Compounds of formula (IV-a) can be prepared from compounds of formula (Vlll-a) by
reaction with a suitable reducing agent, preferably a bulky reducing agent such as
LiAIH(O'Bu)s. The reaction Is carried out in a polar organic solvent preferably THF ata
range of temperatures, preferably from -78 °C up 1o the reflux temperature of the
solvent.

20
Compounds of formuia (VIil-a) can be prepared from compounds of formula (1X-a) by
reaction with a tin reagent, preferably BusSnH and a radical initiator, preferably AIBN.
The reaction can be performed in a range of solvents, preferably toluene, at a range
of temperatures, preferably between ambient temperature and the reflux temperature

25  of the solvent.

Compounds of formula (IX-a) can be prepared from compounds of formula (X} by
reaction with an amine formula (XI):

30  R*R°NH XN

The reaction is performed in a range of solvents, preferably THF/DCM at a range of
temperatures, preferably between 0 and 100 °C.

35  Compounds of formula (X) are known in the art: J. Chem. Soc. Perkin Trans | (1975)



32 Conpounds of formula (l11-a) in which Rd is the group of formula
(d) as defined above, may be prepared from conpounds of fornula .
(I'V-a) by reaction with a conpound of _,formula (VI-b): 5 RBaRac O
(VI-b) The reaction is conducted in tsfle presence of a strong base
such as NaH in a solvent such as toluene, THF, preferably DVSO at a
range of tenpm7at7aseSynthesial(©d3mh)| {B5i166bet ween 0 C and the refl ux
tenperature of the solvent. Conpounds of formula (VI-b) are well
known in the art and are readlly avai l abl e or can be prepared by
known net hod@omﬂ@rﬁanﬁbﬂh@is (1 areovethknew IMibejrt aathcandeRrepre gy MQWH

conpounds of Yavaidction with a suitable reducing
agent, pref errné o?gn(e\q(bdnﬁﬂé Itgylar\]ra agent such as LiAIH O Bu)3. The

reaction ¥s carri ed out in a polar organic solvent preferably THF at

a range of b@ﬁﬁp&i@%%‘i %u!ﬁr(m Qﬁ e)bré;:fa‘?éﬂ frc?rﬁc&npmlrijg otimﬁmnlaf(!hb)(bya
tenperature of

prepared f romeﬁﬁﬁﬁﬁ?]\%g?\/tﬁg pp@gﬁﬂp%of@%pgyn%pf ?@%‘F@A’W ??{%OL{%%OP
reagent, prefenal |(1Y-aﬁ&tﬁ3$@ft@ﬁ|ﬁbmd$ affowalla (iHb)tmMaterpregared EomisompAUrEN,
Lot uene. a8 PiBORED araph fiff 1A EEef, pRRART T ol Al

t enper at ug e matdrrpeefemblyLMBNemmnea@t@n@an ks p@lfformﬁé i rapsa f saifounds
of formula ( h?gf@};b, raqgagee%t%rﬁﬁ?%@@gg%ﬁﬁ% ﬁe’aﬁl&iﬁ%@elﬁtx) by

reaction wt ) The reaction is
per f or ned |nt%nneaaigfé&ﬁﬂt@%i@ﬂ@hﬁeg‘peﬁ%?@fr@ﬁﬁ?v%/DCIVI at a range of
tenperatures, preferably between 0 and 100 C. 35 Conpounds of fornula

(1>7%7ar1$7§n0%8$d§ C(f 1@5@171}]&1 (X%)E may ge preparedl?rom c?gn?ﬂz)%naé &ﬂmméﬁv -b} by
15 reaction with a brominating agent, preferably friphenylphosphine in carbon
tetrabromide as solvent.

Compounds of formula {IV-b) can be prepared from compounds of formula (Xiil-b} by
reaction with a suitable reducing agent, preferably sodium borohydride. The reaction

20 s carred out in a polar organic solvent preferably THF at a range of temperatures,
preferably from -78 °C up to the reflux temperature of the solvent.

Compounds of formula (X1i1-b) can be prepared from gompounds of formula (XIV-b)
by analogous methods to those used fo prepare compounds of formuia (li-a) from

25 compounds of formula (1V-a).

Compounds of formula (XIV-b) can be prepared from compounds of formula (XV):

H
Oy
Br H (XV)
30
by reaction with an amine of formuta (X1). The reaction is performed in a range of
solvents, preferably THF/DCM at a range of femperatures, preferably between 0 and

100°C.

35 Compounds of formula (XV) are described in GB2075503,



Compounds of fornmula (XI) are well known in the art and can be
prepared by known nethods, or are commercially available. 5
Compounds of fornula (I-b) nay be prepared from conpounds of fornula
(11-b) by a method simlar to the préparation of conpounds of
formula (1-a) fromconpounds of fornula (l1l1-a) above. Conpounds of
formula (I1-b) may be prepared from conpounds of forrmula (Xl I-b) by
reaction with a tin reagent, preferably Bu3SnH and a r dical 1o
initiator, preferabIM\RIBN The reacgf_ Qn can be per R d in a range
of solvents pref erab™y t ol uene, at aNrange of tenpera ures,
preferably betmeen anbi efit tenperature jand the refl ux nper ature of
t he sol vent. Conpounds ormula (X1, y be prep from
conmpounds of formula (I V- by 15 reacti with a brom n&ji ng agent,
preferably triphenyl phosphFne in carbon t ®1Phbr oni de mxgpfvent
Conpounds of formula (lynl) can be prepéXed fronrconpounds of formula
(X111-b) by reaction mnth a suitable reducing agent, preferably
sodi um borohydride. The reaction 20 is carried out in a|polar
organi ¢ solvent preferably THE at a range of tenperatureg,
preferably from-78 Cup to the reflux tenperature of the sol vent.
Conmpounds of forny#ii(X111 b) can be prepared from comgeunds of
formul a (Xl V-b) QV al ogous nethoﬁsﬁto t hose used FDN repare

mu

conmpounds of for Il1-a) from 25 c ounds of formulu (1V-a).
Conmpounds of for nul V- b) can be pr red tom-conpo s of
formula (XV): H p Br eagyion with n‘ir@ of
formula (XI). The reactl |s perforrred iI'N range of solw ,
preferably THE/ DCM at a rH? of terrperattir Rpreferably Het no
and 100C. 35 Conpounds O ormul a (XV) aréodescri bed in GB2075503.
34 R-Na Rte, | R Na OXWtd)OH NH2 (XVll-a) (XViil-a)
Scheme 2

5  The preparation of compounds of Formula (1) in which A is a group -NR-, is outlined in
Scheme 2.
Compounds of Formula (XVI-a) may be prepared from compounds of Formula
(XVIl-a) by similar methods as used to prepare compounds of Formula (I-a) from
compounds of Formula (il-a).

10
Compounds of Formula (XVIl-a) may be prepared from compounds of Formula
(XVlil-a) by treatment with an organometallic reagent of Formula (XXl-a);

R-M (XXl-a)

15 Where M is a metal species such as lithium or Mg-halide, especially a Grignard
reagent in a suitable inert solvent such as THF or diethyl ether ata temperature
between -78° and the reflux temperature of the solvent, preferably between 0° and
ambient temperature. Compounds of Formula (XXi-a) are known in the art or may be
prepared according to known methods.

20
Compounds of Formula (XVIil-a) may be prepared from compounds of Formula
(XIX-ak



(XIX-a) (Mll-a) (XXxa) 1 RNRNaR I OOO NHRN\ Re INI17
Re HOHORF O (XVIi-a) (XVII-a) (XVI | I-a) Schene 2 5 The B
preparation of conmpounds of Fornula (%g in which Ais a group -NR-,
is outlined in Schene 2. Conmpounds of Fornula (XVl-a) nay be
prepared from conpounds of Forrmula (XVIlI-a) by simlar nethods as
used to prepar® conpounds of Forrmula (I-a) from conpounds of Formula
(rr-a). 10 wils of Forrmula (XVIl-a) nmay be prepared from
conpounds of "Formula (XVIll-a) by treatnment with an organonetal lic
reagent of FormuPa (XXKb@d); R - M (XXI-a) 15 Were Mis a netal

speci es suc I\ L. : - 'o‘?aeflgz ' e AGent
in a sui tablr\gﬂ?rﬁe* %%slg{o\g/ﬁ]g#gg%%ﬁb%s ﬁ?@?%?@? E’y@t@%‘g?ﬁgt‘g pgés@
t err?er a’lt3 Iur e a bdiahiesolvemgsughds tigblorasietnang, Ndigiisabes @ REPSPAR Okdpbagent |
preferably b&l-wegRiifofifletdfidiisd) CoRRRAIsAd frula e Sor@inekcRigul a
(XXl -a) are known I nptﬁﬂ_% art or rrag{@nbe re aregggg?ordi ng to kgch)vm
net hods. 20 VEHFBRATSadl Rrepared acce gltPj‘g’)i't We prepared from
conmpounds of Fornmula (XIX-a); 35 ORa X 0 (Xl X-a)
Compounds of Formula (XIX-a) may be prepared from compounds of Formula (XX-a)
by reduction of the oxime with a suitable reducing aget, such as a borohydride
reagent, specifically NaBH/NiClz in a suitable solvent such as methanol at a suitable

10 temperature, such as 20° C.

Compounds of Formula (XX-a) may be prepared from compounds of Formula (Viil-a)
by treatment with hydroxylamine or a sait thereof in the presence of a suitable solvent
such as methanol, optionally in the presence of a base such as sodium acetate, ata

15 temperature between 0° G and the reflux temperature of the solvent, preferably at
ambient temperature.

The following non-limiting Examples illustrate the invention.

20 @General Experimental Details:
All reactions were carried out under an atmosphere of nitrogen unless

specified otherwise.

Where products were purified by column chromatography, ‘flash silica’ refers
25 to silica ge! for chromatography, 0.035 to 0.070 mm (220 to 440 mesh) (e.g. Fluka
silica gel 60), and an applied pressure of nitrogen up to 10 p.s.i accelerated column
elution. Where thin layer chromatography (TLC) has been used, it refers to silica gel
TLC using plates, typically 3 x 6 cm sifica gel on aluminium foil plates with a
fluorescent indicator {254 nm), (e.g. Fluka 60778). All solvents and commercial
30 reagents were used as received.

All compounds containing a basic centre(s), which were purified by HPLC,
were obtained as the TFA salt uniess otherwise stated.

35 Preparative HPLC conditions:



Wiere X is a | eaving group, especially a hal ogen group, optionally in
the presence of a suitable solvent such as dichl oronethane, in the
absence or presence of a base such asgdiisopropylethylam ne.
Compounds of fornmula (Xl X-a) are commercially 5 available or readily
prepared according to the literature. Conpounds of Formula (Xl X-a)
may be prepared fHRLG sysigpolnds of Fornmula (XX-a) by reduction of the

oxime with a sui (@fley&edlfbaooif (100 4P sfma ety doluff wihgagant
specifically NaB i Cl 2 | n a sultable solvent r{s_g[g%’rga Finok&au} a
suitabl e 109@@%@@ eleing withcharadientof &: Welshp 8 ‘EGPRD 2)
nmay be prepatedaf 4 MW GATBBMARInGIndoeddBnt 8f 1 ¥lrhih-rteasing it Beavmemt:tmmth
hydr oxyl am ne or a salt thereof in the presence of a suitable sol vent
such as n®t hatfoMbptionally in the presence of a base such as sodi um
acetate, at a 15 terrperature between 00 C and the reflux tenperature
of the solvent, ? 'ﬁ anbi ent tenperature. The foll ow ng
non-limting Exa Ie Y5'% gtratethelnventlon 20 Ceneral

Experi ment al Det aPheyl Hdxl! cobmot @608 2020 enne Arme esturom withy i ¢ pagticle size),

at nosphere o |tr n i 4o I h

were purifief %Hrcéhﬁ%?atv%ge?% (i{f /eeh:% @{Oﬁﬁl%;%e?%fﬁpgﬁ%g%&t 0
silica geb fmte orﬁmﬁmtrnlgﬁdp)‘ﬁylﬁteﬁlm}%%‘bn@ 070 mm (220 to 440 mesh)
(e.g. Fluka silica gel 60), and an applied pressure of nitrogen up
to 10 p.s.i accelerated colum elution. Were thin | ayer

chr omat ogr aphy ( TLMS8¥@BEN used, it refers to silica gel TLC
using pl ates, typ'TﬁéileMldQ)rPfolﬁat@@’eﬁm} e Srektraszopy (WIS epsfenis| uspti:at es
with a fluorescent indicator (254 nn), (e.g. Fluka 60778). All

sol vents and comercial 30 reagents were used as received. Al
conpoundsiscont ai nLogi@miadisidct centre(s), which were purified by HPLC,

wer e obtai ned as &Ec%%(g{éﬁ%&r{ntﬂ&eﬁlﬁﬁg%pé%%_ ggumg@dﬁ@@gmﬁl ve

HPLC condi ti ons: ver se- phase cool c?ﬁ?(
22.5 mmi.d (Bégm@hpewwmmmwﬂwlq)ﬁie)p%{hﬂtﬂﬂdw@ Ps“%a”“od {at‘?fﬁbc WER a

gradi ent of ﬁgﬁ}rﬁé+b10%¥c{ﬂn-rffeld Bira@gatonitrile + 0.1 % TFA at a
flow rate of mn and gradient of 1 %nin increasing in B. W

detection
20 Gradient — Time flow mi/min %A %B
0.00 1.0 a5 5
1.00 1.0 95 5
15.00 1.0 b 95
20.00 1.0 5 95
25 22.00 1.0 95 5
25.00 1.0 a5 5
Detection - MS, ELS, UV (100 pl split to MS with in-line UV detector)
MS ionisation method - Electrospray (positive ion)
30
L.C-MS method 2
Micromass Platform LGT with a C18-reverse-phase column (30 x 4.6 mm
Phenomenex Luna 3 pm particle size), elution with A: water +0.1% formic acid; B:
acetonitrile + 0.1 % formic acid. Gradient:
35

Gradient — Time flow ml/min %A %B
0.00 2.0 95 5



5 at 230 nm HPLC system 2: Phenyl hexyl colum (250 x 21.20 nm Luna
colum with 5 pmparticle size), eluting with a gradient of A water
+ 0.1 % TFA, B: acetonitrile + 0.1 % TFA at a flow 10 rate of 5
mM/mnwith UV detection at 254 nm LC M5 Systens The Liquid

Chr omat ogr aphy Mass Spectroscopy (LC/ MS) systens used: 15 LC-MS
method 1 M cromas®5® atform LCT2M th a C1Breverse-Hhase col um (100
X 3.0 mm Higginsgkhipeus with pgpmpartigle size),gselution with A
water +0.1%formc acid; B: acetonitrile_+ 0.1 %fgrmc acid.
Gadient: 20 Gad8t-Time flow2f /nmin %@ 0.00% 0955 1.00 1.0
95 5 15.00 1.0 5585 20.00 1.025%95 25 28500 1.0 % 5 25.00 1.0 95
5 Detection - M, ELS, UV (100 pl split to MSwith in-line W
detector)?® MS ionisation method - El ectrospray (positive ion) 30

LC- M5 et hod 2 M petections NI, LSO UM (LEDTRIwplitho MSGHB-indnebYdsise®de col um
(30 x 4.6 M Phe . ) j Sl : Ao Wi th A
water + 0.1 %for%gggrﬁ%?ﬁab%&éa%dgﬁﬁr?fipgsﬁ\y%% r(z);:(‘)ﬁ ? %kyrelr:‘l@‘? aci d.
Gadient: 35 Gadient- Tine flowm/mn %\ %8 0.00 2.0 95 5 37 0.50

2.0 95 5 4.50 2. 0595615430 2.0 5 95

10 Waters Micromass ZQ with a C18-reverse-phase column (30 x 4.6 mm
Phenomenex Luna 3 pm particle size), elution with A: water + 0.1% formic acid; B:
acetonitrile + 0.1 % formic acid. Gradient:

15 Gradient— Time flow mi/min %A %B
0.00 2.0 95 5
0.50 2.0 95 5
4.50 2.0 5 95
5.50 2.0 5 95

20 6.00 2.0 95 5

Detection - MS, ELS, UV (100 pi spiit to MS with in-line UV detector)
MS ionisation method - Electrospray (positive and negative ion)

25 .C-MS method 4
Waters Micromass ZQ with a C18-reverse-phase column (Higgins Clipeus
Smicron C18 100 X 3.0mm or equivalent), elution with A: water + 0.1% formic acid;
B: acetonitrile + 0.1 % formic acid. Gradient:

30 Gradient — Time flow mifmin %A %B
0.00 1.0 95 5
1.00 1.0 95 5
15.0 1.0 5 95
20.0 1.0 5 85

35 22.0 1.0 g5 5

25.0 1.0 95 5



6.00 2.0 95 5 5 Detection - M, ELS, UV (100 pi split to M5 with
in-line W detector) MS ionisation method - Electrospray (positive
and negative ion) LG Ms nethod 3 10 ters Mcromass ZQwith a
018-reverse-phase colum (30 x 4.6 mm Phenonenex Luna 3 pmparticle
size), elution with A- water + 0.1 %formc acid; B acetonitrile +
0.1 %formc aci thetdctiael W8} ELS ING1@diubspit to MS with inHioe UM deteeionA 9B
0.00 2.0 95 5 0.50. 2. 0.95 ‘:‘1 éllﬁo 2.0 5 g%g 2 Qiodp 20 6.00
2.0 95 5 Det ect M5miOMSRES RRR0d {/epiispray (PVF ¢ dréggveiody 20 P ho Ly
idgtn)ectzgr?_c I\/Ng |otni sation nmethod - Electrospray (positive and negative
- me . : r Li-R. a C18- -
col um (Higgins é@?%g%&%%e@g%ﬁ%&%%ﬁsg@ﬁg% or 2qlr1$x:|r Ze prase
elution with A \REMrdialorometbans dHEe gtrahydrofigagi ek Fi"ﬁ“‘éh%“"gﬁow

formc acid. G adi . i - W : _
forme acid, & adigibi; pRfSEL amhisuioRieTEIOAOwaTY! dmetuS@Inga ~01-00 1.0

25.0 1.0 95 5 38 iswr%'@ihvéﬁ%iﬂfﬂe?I@,CS’Eﬂé%“%@‘%’bg'ﬁgi’\%’gmgﬁ?'s%‘rg’@%W%dgrﬁ'td%

; Edl In ggatuivvge;[ gﬁ';r%a'gggwﬁjé;q%uﬁaé dioetiyeniiochbyridiEs;eT + espiealtemperiturty e
revia ' kO

DCM = di chl or onetal&E0O zgﬁeggq%pagzﬁﬁﬂylg&d\?,Eﬁ[‘lgﬁégfgqb@%? Hgfg ; hl%jt?%]-lS:

10 phosphate; TFA = trifluoroacetic acid; Rt = retention time; Satd = saturated

Example 1
(x)-anti-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1]hept-2-yi
ester. (Il-a): R% R® = CH;, R = biphenyl-2-ylcarbamyl

|
N\

a. (i)-anﬁ-S-Bromo—?-dimethvlamino-bicvclofz.z.1]heptan-2-one. {IX-a): R®, RP = GHs

To a chilled (-10 °C) DCM (20 mL) solution of ()-2,3-dibromo-bicyclo[3.2.0}heptan-6-
one was added a THF solution of dimethylamine (2 M, 8.23 mL, 16.5 mmol) dropwise.
The reaction was allowed to slowly warm to ambient temperature over several hours,
20 After 17 hours the reaction mixture was concentrated and the residue dissolved in
Et,O and filtered. The filirate was absorbed onto diatomaceous earth and
chromatographed on a column of silica gel eluting with 25 % Et:0 in pentane to give
0.88 g (58%) of the fitle product as an orange solid. "H NMR (CDCls, 400 MHz): 8 1.70
(1H, ddd, J = 14.2 Hz, 4.4 Hz, 1.3 Hz), 2.18 (6H, s), 2.2 (1H, m), 2.47 (1H,d, J=1.2
25 Hz), 2.60 (1H, d, J= 4.8 Hz), 2.80 (3H, m), 4.66 (1H, m).

i
N\

)

-

b. {(0)-anti-7-Dimethylamino-bicyclo2.2.1thepian-2-one. (Vlll-a): R®, R® = CHs

Toluene was degassed prior fo the reaction by vigorously bubbling nitrogen gas



et hanol ; DMSO = di net hyl sul f oxi de; EtOAc = ethyl acetate; DI PEA = di-
i sopropyl et hyl am ne; EDCI

=1- (3-di met hyl am nopropyl ) - 3- et hyl car bgdi | m de hydrochl ori de; DVAP =
di met hyl am nopyri di ne; RT = anbi ent tenperat ure;

HATU=0O ( 7- Azabenzotri azol -1-yl)-N, N, N , N -t et ranmet hyl ur oni um

hexaf | uoro 1@:5pRA % AAt0eMInUES “fo (4)15‘ lbrumbdaﬂﬁbihglamtrioebicyﬁb[z—:e.ﬂ]eemm-Eon
time; Satd = saturated Exa (S -anti -g(glﬁen bog I-lﬁﬁr b@g‘ic aci d
7- di net hyl an®1e028¢ egeP-dp mmolng isobyfyronitt i é%/mo CH3,
Rd = bi phe”Yétn%sﬁ!ﬂeQ@Wﬁ@E&dedhheéege@ssé&to&@neEBm(_) Tnthis viasBddedtriButyltin

di met hyl am no- bi cvcl or 2

chilled (-10hydyidexad! eV §g)'nrgqj %[q tgﬁsglfltlon was stlrrgd ur%?‘er amroge%osgﬁeré‘
(t)-2, 3-di br argydpl @YHWQ%TS ;?QD%H@?O@ éﬂ_ﬁsohﬁi@:ﬁ oMRBUBRH Agdrle Tstus olut i on

of di met hyI am ne | dropw se. The reaction

was al | owed thoadlandiayfewdiakastaf aa@fﬁﬁtélﬁwomfé‘ﬁﬁ\@%@@ﬁeé’ 290 dhe wagtiondfasihsaied

20 After 17 h h t
resi due di ssﬁﬁo@reog;{ ?5é}%§% gﬁé&re;gcﬁ er eEW%&%?ﬁ%dﬁgaag?@%g%g%w
onto diat orramwmaamzs thrametogaphedan agolaph efisiing ge! elglingnwitrgrentang; then

gel eluting b 1(bch,€ tin
title pr oduc?6 %hEéﬁ %&ghg Lid]ﬁoqga ﬁ#ﬁmg&l Cgb%ﬁe&l\(}ﬁl—lgs%n h 00
(1H, ddd,10J=resitug cbntanmaiioszL@ Rf 0-86) (50 % ERO[mRentaye): Y BMP{(CHCleg0
2.47 (1 H d 313, 4=5.4183), 1.35 8H,(3H .61 ,
4.66 (1 H, H]Z)_&ﬂtl%d@ Wsmgmﬁgsﬁé&;ﬁloﬁa(m cl ogé ®H A Hz)
211hel 3t an- Z(Zhhen)( ViPB (2R )m), RAS (ith ra), (BH S erd a&%é’d] p{i}l or”
to the reactiqg M ylﬂp;gmﬁby bubbl i ng nitrogen gas 39 through it
for 30 m nutes. LI' brono- 7- di met hyl am no-bi cyclo[2.2. 1

] hept an- 2- one (200 ng, 0.75 mml ) and azgqj sobutyronitrile (12 ny,

0.07 mmol ) in a nitrogen atnosphere was ed the degassed tol uene
(8 mL). To this was added tributyltin hydride (221 L, 0.82 nmol) and
the solution was stirred under a nitro t rosphere 5 at 80 C for 1
hour. A toluene (300 L) solution of tr ltin hydride (30 L, 0.11

nmmol ) and a few fl akes of azoi sobutyrogHtrile were added and the

reacti on was heat ed
15  ¢. (+)-ant-7-Dimethylamino-bicyclo[2.2. {lheptan-2-ol. (IV-a); R® R* =CHa,

To a chilled (-10 °C) THF (4 mL) solution of (£)-7-dimethylamino-bicyclof[2.2.1lheptan-
2-one (214 mg, 0.75 mmol) was added lithium tri-fert-butoxyaluminohydride (380 mg,
1.49 mol.) The reaction mixture was stirred at 0 °C for 1.5 hours and then another
portion of lithium tri-tert-butoxyaluminohydrice (190 mg, 0.75 mol) was added and the

20  reaction mixture was stirred for a further 1.5 hours. The reaction mixture was diluted
with DCM and directly evaporated on to diatomaceous earth and chromatographed on
a column of silica gel eluting with 5 % MeOH in DCM with a 2.5 % MeQH gradient up
fo 20 % MeOH in DCM to give 120 mg (100 %) of the title product as a white solid. M
NMR spectroscopy indicated the solid was a 93:7 mixture of the title product and its

25  {&)-2-epiisomer. The isomers were not separated. TLC: Rf 0.1 (75 % E&0O in
pentane); 'H NMR (ds-MeOH, 400 MHz): 8 0.96 (1H, dd, J = 4.0 Hz, 13.2 Hz), 1.31
(1H, m), 1.56 (1H, m), 1.80 (1H, m), 1.93 (1H, m), 2.01 (1H, m), 217 (1H, m), 2.28
(8H, s), 4.14 (1H, m).



at 80 Cfor 1.5 hours. The reaction m xture was evaporated to give
0.5 g of a yellow liquid that was chromatographed on a col um of
silica gel eluting with pentane, then, 20 % Et20 in pentane up to 100
% Et20 to provide a col ourless oil 213 ng (>100% tin lo residue
contamnation). TLC. Rf 0.25 (50 % Et20 in pentane); 1 H NVR (CDCl 3,
400 MHz): including signals for tin residues;y 5 0.90 (3H, t, J =7.4
Hz), 1.35 (6H, m, 1.61 (2H m, 1.98 (2H 2.09 (2H m, 2.18
(6H, s), 2.25 (1 H s), 2.53 (1 H, J = 4.4 Hz), 2.58 (1 H d, J =
4.8 Hz). OH 15 c. (+) anti 7 D ng i am notkhj cycl of 2 2 || hept an- 2- ol
(I'V-al: Ra. Ro = CH3 To a chilled 4 mL) solution of
()-7-di met hyl am no- bi cycl o[ 2. 2. 1] hept aﬁ}- (214 ng, < 0.75 nmol)
was added lithiumtri-tent-butoxyaf unfnoffydride (380 ng, 1.49 nol.)
The reaction m xture was stirred ? Cdor 1.5 hours and then
another portion of lithiumtri-tert-butoxyal um nohydride (190 ny,
]9 75hrTDI ?L wagl. aglded- muh t@nﬁl*ﬂ@[-ﬁ&b&ﬁ@@ci@difﬁemvtghlmmﬁwwﬂ.Bﬂng;ADK/I ?ter
urt her react i on m xtur s dil ut with, an
irectly evapOrdUE (of ' 30 isnaiSh AT sitar st EimeliBiiphed on
a colum of ddidycloR. Qthemhmniond 20righ0.55 vartGvhd dt!c@@b’bmétpbw&er@dBA% MeOH
gradi ent yp itle
pr oduct alé ar\%ﬁ?ﬁ%garssﬁ dﬁp%&o&%ﬁaﬁe éégn{’@ P%’?ﬁ?@“ dﬁeﬁégcglgf‘l d
was a 93:7 mm!tlureeivaﬁstméatm1beopﬂ@alncursamdmswenzﬂiufeymmhémm asher .
The isomers Wsﬁe&‘ﬂ@lcesﬁﬁf\kﬁéleﬁrenﬂﬂgbn% dﬁe&(?ﬁaééo% ftordd éd@i %E&E@ﬁ@)to
1H NWVR (d4- MeCH, 400 0. 96
(1L H m, 1. %ve(sj_ssmg ﬁi)a coioqglgsqwnm Tﬁ’s was @gmgqo:p.p cp,lijn@f gihca(g_el p;utlrpg
(2) 17 El g hrf)wuh& -248% SO irBDCMAirG tvd ftacions (43 mi) INffefthg plrities. The
anti-Bip
7 di et hyi%am AMETRENRD SResta ol mid s resphvampioprepbedom eI SR g8l
t ol uene (0.5 gidiing wtb 18014 BROG péntane givingthingd featiions; tHei priyest of vihiéh dontained
| hept an- 2- oi
nol ecul ar si e@%s%aé%’pfgggéfﬁéa 4‘?“&%@&5’?\%&29 e%gggmgpw%ﬁ@gqi% -5&3 ﬁ102
reaction mi xt(@P@%EiO B‘tﬁetnfaéé) &E I\E@(Mﬁth@i 1)15t59&§m S/ R8T B+t

diluted with Eb@f\ 4WHd) she(émvadcg_wéhz%teqqa 158 Hinh Gété"i'-ﬁm)
dried (NaZSOa evaP
15 83(1H m), 205(2H m), 2 3(1H t J 44 Hz), 2.18 (6H, s), 2.56 (1H, m), 4.95
(i1H, m}, 6.60 (1H, bs), 7.13 (1H, di, J= 1.2 Hz, 7.4 Hz), 7.22 (1H,dd, J=1.6 Hz, 7.6

Hz), 7.33-7.44 (4H, m), 7.49 (2H, m), 8.09 (1H, d, J = 8.0 H).

Example 2
20  anti-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1]hept-2-yl ester.
(ll-a): R%, R® = CHj, R® = biphenyl-2-ylcarbamyl (first eluting enantiomer)

N

(J

The title compound was isolated following preparative chiral HPLG of example 1
(Chiralpac 1A, 250 x 20mm i.d.;12 % fert butyl methyl ether/heptane/0.25 %

25  diethylamine; 14 mL/min; Rt 20.6 min). LC-MS (Method 1): Bt 7.03, m/z 351.2 [MH]+;
NMR as obtained for exampie 1.



give 358 ng of a colourless syrup. This was purified on a colum of
silica gel eluting with 2 - 4 %MOHin DCMgiving two fractions
(143 ng) of differing purities. The 1g purer fraction collected (91
ng) was re-chronat ographed on a colum of silica gel eluting with 80
% Et20 in pentane giving three fractions, the purest of which

cont ai ned the title conpound effectively free of the ()-2-epi

i soner, 1q0 . TLC. Rf 0.2 (100 %Et20 in pentane); LC M5
(Method 1 mn, mz 351 [MH +; 1H NMR (CDCI 3, 400 MHz): S
1.11 (1 H dahtr-Bthanﬁ a-pl-catiBarsiclarid 7-gimehylamino-gicyclel2s2:11hept-2+y) estars

152 (11 e Ui oy i s el 2,

Hz, 7.4 Hz ,722(1Hdd J = 1.6 Hz, 76|Hz)733744(4Hr'r)
7.49 (2H, m, 8.09 (1 H d, J=8.0 Hz). Exap~e 2 20

anti - Bi phenyl - 2-yl -carbam c acid
7-di met hyl am no- bi cycl o[ 2. 2. 1] hep " R
Rd = bi phenyl - 2-yl carbanyl (first ® ut!|_|ntiomar) 6NYO O The
title conpound was isolated follo 0 ;pregarati ve chiral HPLC of
exanple 1 (Chiralpac 1A, 250 x 2( ;12 % tent butyl nethyl

et her/ heptane/ 0. 25 % 25 di et hyl am™neg? 143 nUm n, RR 20.6 m n) LC M5
(Method 1§: Rt 7.03, niz 3512[ +;  NMR as obtalrll_f\Pdeor r’rpllel
41 Exanpl e Zheite copinshesyps Bolafeddalicning Rrepasptiye chiral HPLC of example

7-di net hyl a matyagyglg@,b;’( 20mhkl AL <2 taH buds inethyl etbéiheplaneeRs Ro = CHB,

T o conpou Tl Aldahy éﬁ’%wrﬁgtw%wﬁ@?“ﬁ%ﬁf%%é’%@g

exanple 1 ( QR & @agingd\or kdinple 20mm i . d. ;12 % tert butyl nethyl

et her/ heptane/ 0.25 % diethyl am ne; 14 m_/mn Rt 24 mn). LCGM

( Met hod fg). Rt 7.07, mz 351.2 [MH +; NMR as obtained for exarrple 1.
10 Exanpl e 4Ekamplnt i - [ 2- (Bi phenyl - 2-yl car banoyl oxy) - bi cycl of 2.

] hept-7-yi]- t(_.r.)' ant:-a lg,pheny[.z.ylcarbamoyloxv) bicyclo[2.2. 1]hept-7-yl]-trsmethyl-

ammonium iodide. (l-a): R, R®, R® = CH3, R® = biphenyl-2-ylcarbamyl

Yy

A solution of (x)-biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1hept-2-yl
ester in methyl lodide (2.5 mL) was stirred at 40 °C for 21 hours. The reaction mixiure
was evaporated and the resultant solid was chromatographed on a column of silica

20  gel eluting with 10 % MeOH in DCM to give 61 mg (41 %) of the title compound as a
slightly yellow coloured solid. LC-MS (Method 3): Rt 2.2 min, m/z 365 [M}+; LC-MS
(Method 1): Rt 7.16 min, m/z 365 [M]4; M NMR (CDCls, 400 MHz): §1.13 (1H, dd, J=
3.2 Hz, 13.6 Hz), 1.80 (1H, m), 1.81 (iH, m), 1.99 (2H, m), 2.06 (1H, s), 2.41 (1H, m),
2.78 (1H, s), 3.11 (1H, t, J= 3.8 Hz), 3.52 (9H, s), 4.00 (1H, ), 5.02 (1H, m), 6.63

25 (1H, s), 7.13 (1H, dt, J= 0.8 Hz, 7.2 Hz), 7.22 (1H, dd, J= 1.6 Hz, 8.0 Hz), 7.31-7.51
(6H, m), 7.95 (1H, d, J= 6.4 Hz).

15



ammonium i odide. (l1-a): Re, Rb, R = CH3, Rd = biphenyl -2-yl carbanyl
N~1 NyO 15 A solution of ()-biphenyl-2-yl-carbamc acid
7-dinethylanino-bicyclo[2.2.1]hept-2-¥# ester in nethyl iodide (2.5
m.) was stirred at 40 C for 21 hours. The reaction m xture was
evaporated and the resultant solid was chromatographed on a colum of
silica 20 gel eluting wwth 10 % MeOH in DCMto give 61 ng (41 % of
the title c ound. as a slightly yeIIOM/coIoured sol id. LC-NB
(Met hod 3): mn, mz 365 [M+, LCGM (Mthod 18

Mz 365 [ M f)-syr-BidReryGRaI-8arkaoic Rbld)7-digethylaminorbicygiol22. 1199@-3&‘
13.6 Hz), 141 - aﬁg}ﬁm) 206(1H s),
241 (1 H, ﬁf‘oe’ (éhl?*a“% FeH R biﬁfﬂw%gﬁﬁ = 3.8 Hz), 3.52 (9H,
s), 4.00 (1 H s), 5. 02 1 H n) 6.63 25/(1 H, s), 7 13 (1H, dt, J=
0.8 Hz, 7.2 Hz), 7. 22 (1 H dd, J= 1.6 . 8.0 Hz), 7.31-7.51 (6H,
m, 7.95(1H, d, J =6.4 H). 42 EX e 5

() -syn-Bi phenyl - 2-yl - carbanic acid

7-di met hyl am no- bi cycl o[ 2. 2. 1] hept - 2-yl 0Igster (I'1T-b): Ra, Rb = CH3;
Rd = bi plienyl - 2-yl carbanyl I N OOH 57 a. (+) 7

Di et hyl ami o ¢5-twokeewidnitg-6heddx2hityenie aii@pts

CH3 A | ut 2 .

rtided o a <ot g %%@%#ﬂ&%ﬁ”f@%ﬂ@] T"‘tﬁta‘ﬁé@*"de“r“%g s
19.5 mmol ) igt2acehobieyddd.20lepian-8oDE.00 496 1mem sataﬁﬁt@naﬁodma Q%:
warm to ambi Adind. ﬁﬂﬁg& Al 18 Wefm lo AmeiBgk t§rhbéréﬁt¢e @&erl% anstead at

t t | ut
11117t elonnsamaentfemesaina oy HGfMos, oreige 0k e NLGres AnfiPE e

col um chr 0'?&8&%%%% dAfess. PuRati@ehasisintyed by clbGh chmnmgrwyyméluda
3.01 g (91 ¢

0. 37 21 n, mgel ﬁ;@é ggf %&?&mh@ﬁto ylelgg o7 % V@’FE/O) of ng p%tfc{\@ fed p%)mdeﬂ

LC-MS (Method 2): Rt 0.37 min, m/z 170.09 [MH]+.

m n,

o N
\\g
15 b, () — syn- Biphenyl-2-yl-carbamic acid 7-dimethylamino-5-oxo-bicyclo[2.2. 11hept-2-
vi ester, (Xlll-b) : B, R® = CH,; R® = biphenyl-2-vicarbamyl
2-Biphenylisocyanate (80 pl, 0.52 mmol) was added to a sotution of 7-dimethylamino-
5-hydroxy-bicyclo[2.2.1]heptan-2-one (90 mg, 0.53 mmol) in toluene (1 mi} and the
mixture heated at 70 2C overnight. The solvent was removed in vacuo and the residue
20 purified by column chromatography using 100 % DCM followed by 1 % MeOH in DCM
to yield the product as a white powder, 144 mg (75 %). LC-MS (Method 1): Rt 6.50
min, m/z 365.15 [MH]+.

i
ﬂfé%«n ()
0

¢. (x)-syn-Biphenyl-2-yl-carbamic acid 7-dimethylamino-5-hydroxy-bicyclo[2.2.11hept-
25 2.yl ester, (IV-b); R®, R® = CHg; R® = biphenyl-2-ylcarbamyl




O- % N 0 15 b. (+) syn- Biphenyl 2 ylI ' '
_ _ _ yl" carbam c acid
7R£)d| rreC}_"hy:QSm ng_— 5;10)(0- bicvclor2.2. 11 hept-2- yl ester. (X111-b) : Ra

= = bi phenyl - 2- vl car banyi 24Bi phenyl i socyanat -
nmol ) was added to a sol ution of dlﬁet ﬁyl a?/n no- y ° (50 pl, 0.2
5- hydr oxy- bi cycl o[ 2. 2. 1 ] hept an- 2 one (90 ng, 0.53 mMmol) in toluene
(1 m) and Sdukim Monshydride Kﬁ'amem%mml)waﬂ@q@@rﬁom%éf RiphaditYnas

LS n” 100" AFRENTG BN Zife bt AR bl ““@"‘mbﬁm"“‘gfﬁ‘sﬁ%[ aQL‘y
a white povdeol) tnlaMWﬂI‘gU% PO at 0% avstrqu@t%%iaweﬁrt&wemsg’ “ﬁ? q

22:5 d1§ Ej:\ﬂr;ﬂécgwgyalﬁre QférQh We\solbent%aﬁ ferﬁdvea\lrﬂvdiﬂub aediHe résitle mamedam c

am no- b- hvdr oxv- b

(1V-b): Ra qRIEn @Jmma’lqaraﬂhbp%ﬂ%ﬁ% /o?C;M E%Pﬂa?lwgﬁ%{%“ﬂg@“i“ BovB el
Blo|ro ?\2%3[ i de15(42§% g? oé?ﬁafgﬁe proaligt asaswiad gederol @-Msh{Mathiasht Joftt 6 31, mz

- aci d
7-di net hyl sl !W'g?o bicyclo[2.2.1] hept-2-yl ester (200 ng, 0.55
mmol ) in anhydrous MeOH at 0 4C and the ture allowed to warmto
anbient tenperature over 1 h. The vet as renoved in vacuo and
the residue purified by 5 col unrBr¢hponmat 0g phy usi ng 100 % DCM
followed by 2 % MeOH in DOMto yi 194 ny (97 %9 of the product as
a white ppvvder LC-M5 (Method 1): Rt A6. : 367.16 [MH +. N ~
Br$i N O0-(\ ~ 0d. ()svn BipheRy arbanmic acid
5- br ono- 7- di net hyl ami no- bi cvcl of 2. 2. |Il93pt 2- 10 vl ester. (Xl b) Ra

Re = CHa Rd d. tP-syPnr-‘&%Xenvﬁzld-Ea%%Mmd 5-bromo-7-dimethylamino-bicyclo[2.2.1lhept-2-

10 viester. (Xll-b): B2, R® = CHg; B® = biphenvi-2-ylcarbamyi
A suspension of biphenyl-2-yl-carbamic acid 7-dimethylamino-5-hydroxy-
bicyclo[2.2.1]hept-2-yl ester (180 mg, 0.49 mmot), polymer-supporied
triphenylphosphine (2.18 mmol/g, 0.80 g, 1.96 mmo), tetrabromomethane (1.56 g,
4.71 mmol), and imidazole (130 mg, 1.91 mmol) in acetonitrile (4 mi) was stirred

15 gently at 50 °C overnight. The solvent was removed in vacuo and the residue purified
using HPLC (System 2: flow rate 18 mi/min, gradient of 0.25 %/min increasing in B).
The :esulting TFA salt was converted to the free pase by loading onto an SCX-2
cartridge followed by efution with NHz/MeOH 1o give 45 mg (21 %) of the title
compound. LC-MS (Method 3): Rt 2.25 min, m/z 429.19/431 .14 [MHT+.

(O
N
AL
o~
0
e, (+)-syn-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2. 11hept-2-vl ester
A solution of tributyltin hydride (40 Wi, 0.15 mmol) in anhydrous toluene (200 W) was
added to a solution of biphenyl-2-yi-carbamic acid 5-bromo-7-dimethylamino-
25 bicyélo{2.2.1]hept-2—yl ester (45 mg, 0.10 mmel) and 2 2'-azobis(2-methylpropionitrile)
(10 mg, 0.06 mmol) in anhydrous toluene (0.8 ml) at 50 °C before stirring at 80 °C for
40 min. The solvent was removed in vacuo and the residue purified using HPLG

(System 2: flow rate 18 mi/min, gradient of 4 %/min increasing in B. UV detection at
210 nm). The resulting TFA salt was converied to the free base by passing through

20




A suspensi on of biphenyl-2-yl-carbamc acid

7-di met hyl am no- 5- hydroxy- bicycl o[ 2.2.1] hept-2-yl ester (180 ny,
0.49 mmol ), polyner-supported triphepyl phosphine (2.18 mmol/g, 0.90
g, 1.96 mmol), -tetrabrononethane (1.56 g, 4.71 mml), and im dazole
(130 mg, 1.91 mmol ) in acetonitrile (4 M) was stirred 15 gently at
50 4C over njrodtx-2 EaericyRlty gne 29aw (Vem)\oeﬂheltJﬂevzammwnafnch-N&(Me@mddMé?t

purified wusing HPLC te fa 0.25
% min i ncreatd r‘i‘@fz PRl- EéﬁxﬁTh@D%&é gq\gﬁzjﬁﬂ‘ﬁ% Eﬂm 10%& er't d 1(:)'0 t he
free base b(yHItqaﬂumgfzprﬂ.mHm SCR- ( 1Ha1mi,r&5§déHf’foUI=dvﬁiféﬂ ,b§'26I(U1,|'TBn

wi th NH3/ Mg ve, 4 ( £ y L O )
(Met hod 3): 3.5 ﬁ?hﬁ%"z% e OREI MJ ?%p%plg)‘ 500" e ()
svn Bi pl“aaanh) 27.98 (Baraitiad (Hdine), 7.49 (2H, m), 8.11 (TH, d, J— )

7-di net hyl am no- bi cycl of 2. 2. 11hept-2-vl ester A solution of

tributyltin hydride (40 pl, 0.15 mml) in anhydrous tol uene (200 pl)
was added Exampled ution of bi phenyl - 2-yl -carbam c acid

o *;gom';n? LR ARAN. &Mﬁ%t@i Airdethy bR iy olb[R 1 ek 251 o

bi § th t 06 |
in anhydr ouﬂl-hbﬁuﬁeaé&,b m'%‘iﬂnget“ 6'%?% Py r({é" kf"%'ﬁ Ba?ﬁd"%%)c f?rTD )

40 m n. I£ﬁ'he sol vent was renoved in vacuo and the residue purified

using HPLC (System 2: flowrate 18 mi/mn, gradient of 4 %Ymn
increasing in B. UV detection at 21g nny==The resulting TFA salt was
converted to the free base by passifig.t @o 44 an SCX-2 cartridge
to give 28 ng (76 %9 of the title ound{ LC-MS (Method 1): Rt
7.18, mz 351.19 [MH +; (CDC13) 9 (1 m, 1.36 (2H, m, 1.66
(2H m, 2.13 (1 Ht, J = 4.3H), 4%:} ), 2.34 (1 H m, 2.54
(1 H t, J=4.0H), 526 (1L H m, Hs)?ll(l,th
= 7.5 1.21-1z), 7.21 (1 H, dd, J:75 1.6Hz), 7.34 (1 H 5 m,
7.38 (2H, Mrnefind dorhpourd wak isofatetfoldiing prppargtivelchiral HPLGIOf examgleBy)
Exanple 6 syn-Bi : d 1): Rt 7.16min,
7-di met hyl afAgE ‘ﬁf‘@%%‘?&gr%diﬁg‘gﬁb%fﬁgg{"é" A s S T
Rd = bi phenyﬁ/zzsy[ma]ﬁbﬂwms(qbtairﬁdf@ﬂ&mmﬁ@%nant| omer) 10 N\ / N

(5

Example 7
syn-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1 Thept-2-yl ester.

(Il-b): R?, R® = CHa; R” = biphenyi-2-ylcarbamyi (second eluting enantiomer)

N O
4%

20 The title compound was isolated foliowing preparative chiral HPLC of example 5
under conditions reported for example 2 (Rt 20.4 min). LC-MS (Method 1): Rt
7.14min, m/z 351 [MH]+; NMR as obtained for example 5.

Example 8
25 (i)—syn-[z-(Biphenyl-2-ylcarbamoyloxy)~bicyclo[2.2.1]hept-?»yl]-trimethyl—

amrionium iodide. {I-b): B% R’ R® = CH, R? = biphenyl-2-ylcarbamyl



O The title conpound was isolated follow ng preparative chiral HPLC
of exanple 5 wunder conditions reported for exanple 2 (Rt 19 mn).
LCGMS (Method 1): Rt 7.16mn, mz 35L [MVH +; NVR as obtained for
exanple 5. t5 Exanple 7 syn-Bi phenyl-2-yl-carbam c acid

7-di nmet hyl am no- bi cycl o[ 2. 2. 1] hept-2-yl ester. (11-b): Ra, Rb = CH3;
Rd = bi phenyl - 2-yl carbanyl (second elpyting enantiomer) N\1 H O 20
The title conpound was isol ated fol | g ng eparative chiral HPLC of
exanpl e 5 under conditions report for anmple 2 (Rt 20.4 min).
LCMS (Method 1): Rt 7.14mn, n 1[HM—I]+' NMR as obtai ned for
exanple 5. Exanple 8 25

()-syn-[2-(Bi phenyl - 2-yl car banoyl oxy}
hyl - amnoni um i odide. (1-b): Ra, Rb,

bi phenyl - 2-yl carbanyl 45 0 The title co repared usin
condi ti ons déedile 5eEPeUNd WasP PRREYLYSIRG (R ?”3 %;;%dﬁo@ge E@%@ ﬂ/gﬁ hod
})15 ?t g gaz exHingle gztgécill\h&';l tMeth6dPO: B) 7.64, 42 363 [N+ (DDCI:) 55043 (1H, hi), 4ap J
i 2 2 1o, Sl ofp i Sog e i, %ﬂ*@%}ﬂ?%
s), 4.3141 zHrs @H,,tamaﬁor(::a; 18,96 (M1 1, = BBHEL 354 (O), 5)7 487 ({11, $% 5633, 111 25
(1 H m, ( 5 1
br). The foI'T?{)O\ﬂ(%;1E’5<n§)r’r&"eYS i &%H{)rzge%HZH ?nsegglgl nfhdg(r?a%ﬁrr{gr?tk%zﬁha
descri bed fan), 4.20 @xadpdre 1. Ex. Nanme Structure H NVR (400 MHz)
Rt/mn (Method 1); [MH+ or [M+ 9 anti-Biphenyl-2-yl- PhO~
(CDCI3) 6 1.09 (1H, dd, J= 8.63; 471

The iollowing exampies were prepared in a similar manner to that described for

of 2 2 1]hept 7-yl]-trimet

10 example 1.

Ex. | Name Structure "H NMR (400 MHz) Rt/min
(Method 1);
{MH]+ or
[M]+
9 | ant-Biphenyl-2-yk- Pho\ (CDClp) 6 1.09 (1H, dd, J= | 8.63; 471
carbamic acid-7- N 13.6, 3.6Hz), 1.16 (1H, m),
[methyl-(3-phenoxy- | ‘;5 O 1.57 (2H, m), 1.79 (1H, m},
propyl)- OE(H O 1.90 (2H, pent, J = 6.6Hz),
amino]bicyclo[2.2.1]h 2,05 (1H, m), 2.14 (1H,1, J=
ept-2-yl ester. 4.4Hz), 2.16 (3H, s), 2.29
Enantiomer 1. (1H, s}, 2.51 (2H, m), 2.56

(1H, 1, J= 4.0Hz), 3.98 (2H,
t, J = 6.6H2), 4.93 (1H, m),
6.57 (1H, s), 6.88 (2H, m),
6.92 (1H, m), 7.12 (1H, m),
7.21 (1H, m), 7.26 (2H, m),
7.36 (3H, m), 7.41 (1H, m),
7.48 (2H, m), 8.08 (iH, d, br,
J = 8.0Hz)




carbamc acid-7- N 13.6, 3.6Hz), 1.16(1 H, m, [nethyl-(3-phenoxy-
| C1.57 (2H, n), 1.79 (1 H nm), ProPY9 o 1.90 2H, pent, J = 6.6Hz),
am no] bicyclo[2.2.1 ]h 205 (1 H m,,2.14 (1 H t, J = ept-2-yl
ester. 4.4Hz), 2.16 (311, s), 2.29 Enantioner 1. (1 H s), 2.51 (2H,
M, 2.56 (1 H t, J =4.0H), 3.98 (2H, t, J = 6.6Hz), 4.93 (1 H,
?)1, F ' ntéaigi%er@uz-ylﬁ.n? P 7((;11:0!5;6 ijQ(ﬂ-iJcEl (ZH, 28);310; im 21
, M, . 2, . i ) -1,

n | 8.0808(”13"11[038'%9&, J ket p1h n{i é’) PhO
(CDCI 3) | fnethydB-fHenkixy-ddl, drayaeHemaci BQW-HNHLB 6,
3.6Hz), (1 H m, | [ 7,4 1.79 (1H,
m,| pr 3%@%@-@%1‘”%&)]- h X 1. rqxéb(zh ‘ﬁﬁ—lﬁzd 88nzf))
bi cB| o Bicwic{2.Bdjepp2- |2. 05 (1H ~2 | e R, M), 2.34 (It Sstler .
Enaffiti o 16 (3H 2.29 4.4 43 Hp.18X3H,2)58.002H,| M), 2.56
(1 H, tTﬁfSé’%%MTger 98 (2H, t, J = sk Xéﬁr{.l m|,  6.57
(1 H s)26.88 (21-1, ), 6.92 (1 H, n(1H'7S),1§5(‘i }1)2567 21 (1H
?), 7.3 l(32H m, 7. 36)(31-1, n, (7.41 (B H, J2},0HzJ. aaa((zm)n)b, 8. 08
1 H, r, J =28.0Hz) 11 anti-2-(Bip en P | 3 1.10
(1 H, dfi, J= 8.84; 485] yi car banoyl oxy)bi ¥66'2" &3‘{]-%“%%&), 1.58 (1
H m, 657 (1H, s), 6.88 (2H, m),

6.92 (1H, m), 7.12 (1H, m),

7.21 (1H, m), 7.26 (2H, m),

7.36 (3H, m), 7.41 (1H, m),

7.48 (2H, m), 8.08 (1H, d, br,

J = 8.0Hz)

11 | antr-2-(Biphenyl-2- | PO (CDCly) 5 1.10 (1H, dd, J= | 8.84;485

ylcarbamoyloxy)bicy
clof2.2.1lhept-7-yl]-
dimethyl-(3-phenoxy-
propyl)-ammonium
iodide. Enantiomer
prepared from
example 2.

—}q;th H O
OTN

13.7, 3.4Hz), 1.58 (1H, m),
1.80 (1H, m), 2.00 (2H, m),
2,37 (3H, m), 2.77 (1H, 1, br,
J=23.8Hz), 3.11 (1H, 1, br, J
=3.8Hz), 3.39 (3H, ), 3.41
(3H, 5), 3.87 (1H, 5), 3.90
(2H, m), 4.11 (2H, 1, J=
5.4Hz), 5.02 (1H, m), 6.63
(1H, s), 6.90 (2H, m), 6.93

1,2Hz), 7.24 (3H, m), 7.34
(3H, m), 7.42 (1H, m), 7.49
(eH, m), 7.98 (1H,d, br, J=
7.4Hz2)

(1H, m), 7.13 (1H,id, J=7.5,




clo[2.2.1 Jhept-7-yl]- 1.80 (1 H m, 2.00 (2H, M, H
di met hyl - (3- phenoxy- yN 2.37 (3H, m, 2.77 (1 H t, br,
propyl)-amonium J= 3.8Hz), 3.11 (1 H t, br, J iodide. Enantioner
= 3.8Hz), 3.39 (3H, s), 3.41 prepared from(31-1, s), 3.87 (1 H, s),

3.90 exanple 2. (2H m. 4.11 (2H, t, J= 5.4rHz). 5.02 (1 H ). 6.63
(1 1 %S ant@;—l@ib?)r(eﬁjrﬂ,z-g)’) Pfg'. (53: nm) (cusla)galuwuwd, i:z 7 (5,31; 4185
m .ébyi'{aibﬁﬂgeyﬁ”‘%)mcy ) = 7V4by) 4 1354 ﬁﬁ(‘éﬁ%ﬁ‘énlfﬁgz- PhO-\ ~
(1 ?)1 @o[2.2H(hept-74]- d [2=28.] 1 ‘ '(V‘l aRr B&W&Hmk)&gﬁﬂ:;Z/HIBgHz),
. 0 . L. 1 )
2. H%m%ylhélp%ggo henoxy- yN 3 3“&(“5)757@4‘*’@'*’9 %
profy! ) | mepstrarameniam11| (1 H s br), 3. 381044, 95‘)) 3.89(BrHe) Enanti oner
3. 3 H,s), dif 0 4.12 (2H,
> ]:( HodrﬁélEer%Eggmérl t)?)S_Ogr(egaL? rarmsﬁ s‘a( %@2%14)s)m) % (21511
m, | 6. 9spfereqrﬂﬂffpm 7.13(1H t,J= 7.5Hz), 3?902(&'4 (BhAf2 @4t = 3h (311,
E)X, 7|.42i)(§;np|,é1gn 7.49 (21-1, n), 7.98.4Hg 502 (1ot m),) 8.637. 4Hz)

anpl e

(1H, s), 6.90 (2H, m), 6.93
(1H, m), 713 (1H, 1, J=
7.5Hz), 7.24 (3H, m), 7.34
(3H, m), 7.42 (1H, m), 7.49
(2H, m), 7.98 (1H, d, br, J=
7.4Hz)

Example 13

anti-[(1S8,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)bicyclo{2.2.1 Thept-7-yli-

dimethyl-(3-phenylpropyl)ammonium bromide: ({l-a): R? R° = Me, R"= 3-Phenyl-
5  propyl, R = 2,2-di-thiophen-2-yl-acetoxy.

The title compound was prepared from (18,2R,3R)-2,3-dibromo-bicyclof3.2.0}heptan-
i0  6-one and N-methyl benzylamine using analogous methods to those in Example 1.
LC-MS (Method 2): Rt 0.76 min, m/z 232 [MH]+.

&; _
SR
5 OHS
0 \ /

b. anti-Hvdroxy-di-thiophen-2-yl-acetic acid (18.2R)-7-(benzylmethylamino)-

bicyclo[2.2.11hept-2-yi ester:
15  To a cooled (0 °C) solution of anti-(18,2R)-7-{benzylimethylamino)-




anti-[(1

S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophen- 2-yi - acet oxy) bicyclo[2.2. 1

] hept 7-yl]- dinet hyI (3- phenyl propyl geammoni um brom de: (l1-a): Ra,
R Me, Rb= 3-Phenyl- 5 propyl, Rd = 2,2-di-thiophen-2-yl-acet oxy.

OH a. anti-(15 2R)-7-(Benzvl rrethyl am no) bi cyci of 2. 2. 11 heot an-2-0l :
The title coltpoo@d. Weeptarr2phil ad4Smamell was added sodlum hydride (432 mg of 60 %

S, 2R 3R) - 2, %U%;egg,gmﬁ ﬁ%g}éﬂ)@héeﬁ%@l}lpﬁ}&&ﬁwsé ?h@nﬁ%@ﬂe%@ ahbWé%ﬁtBWarm

benzyl am ne “0S1ng anal ogous ose in
(Met hod 2): tcRam@emEiempefathﬁe for nglr[qmsﬂtb.en 19 coogd e Cﬁggyd@ny-du%ophen 2-

gg}?') - '7"" ‘(j[)g)r(] ?f-?deﬁ& E& ?B{Fﬁfbs?ér\(’l 30664.b fnasy whs(ddded portionwise and then the

- b | of
e oA e o s, AR i Bk i gt
? .4 g)zlc Img[ f,f 2 é%dqs}ﬁ@ﬁ.ﬁmnar&bu&rlw@s qlfbnahemw o)ropwise adified of eguesws Rydonge
% in,.m

The- i mt ur o cRECR bR SenareBEhEh i aper TR paPEabEH oc-

mt Eult es Eherbrle&%(ﬁ(wdrednéd)o@r ity duitatey fidkred Ancbenpoarated ipla yelew Pk aci d
et hyl ester

i ur e was TR gy o BT 0P BB o5 10OP b BRE et S |
cool to a)nblmmwttheeb'perﬂathwéaaﬂf@luﬂ‘é'ddﬂﬂ%%{a%thﬂ@éﬂtéﬁégDS\}'? 6\1\]%'3%
addi tion of BAYSS P&@H&E&hg&ﬂm%@a%eummm@msﬁ@etﬁba 2}: IRe D.4@ i, aw/k 664

with ethyl acet nbi ned organics were dried over
sodi um sul f dMli+filtered and evaporated to a yellow oil.

Purification by flash colum over silica gel using 5-10 % et hyl
acetate in hexane as io eluent then by a further flash col um using
0-5 % ethyl acetate in DCM gave 1H 2 g (57 % of the title conpound

as a yellowoil: LC M5 (Method 2)- mn, mz 454 [MH+ HN~ S
OOHS 0 15 ¢. anti Hydroxy di thioo vSacetlc acid (1S
2R1- 7- met hyl am nobi cvcl 012. 2. 11heo

15 c. anti-Hydroxy-di-thiophen-2-vl-acetic acid { 18.2R)-7-methvlaminobicvc!of2.2.1]hept-
2-yl ester:
To a solution of ani-hydroxy-di-thiophen-2-yl-acetic acid (18,2R)-7-(benzyimethyl-
amino)-bicyclo[2.2.1]hept-2-yi ester (400 mg, 0.88 mmol) in 1,2-dichloroethane {5 mL)
was added 1-chloroethyl chloroformate (0.57 mL., 5.3 mmol) and the mixiure was

20  heated at 80 °C for 8 hours. The solvent and excess 1-chloroethyl chioroformate were
remnoved under reduced pressure leaving a yellow/brown oil. This was re-dissolved in
methanol (5 mL) and stirred at ambient temperature for 1 hour then evaporated {0 a
yellow foam. The residue was suspended in water (10 mL) and basified using sodium
hydroxide (0.1N) then extracted with ethyl acetate (4 x 20 mL). The combined

25  organics were dried over sodium sulfate, filtered and evaporated to a brown solid.
Purification by flash chromatography over silica gel using 5-10 % methanol in DCM as
eluent gave 180 mg (56 %) of the title compound as a yellow solid: 1.G-MS (Method
2): Rt 2.20 min, m/z 364 [MH}+.




2-vi ester: To a solution of anti-hydroxy-di-thiophen-2-yl-acetic
acid (1 S, 2R)-7-(benzyl met hyl - am no)-bicycl o[ 2. 2. 1] hept-2-yl ester
(400 ng, 0.88 mml) in 1,2-dichloroethane (5 nL) was added 1

-chl oroethyl chloroformate (0.57 nL, 5.3 mml) and the m xture was zo
heated at 80 C for 8 hours. The solvent and excess 1 -chl oroet hyl

chloroformate were renoved uygder reduced pressure | eaving a

yel |l ow/ brown oil. This was r in nmethanol (5 nl-) and
stirred at anbient tenperaturafo th evaporated to a

yel l ow foam The residue was suspended i S (10 nL) and basified
usi ng sodium hydroxide (0.1 N) then e ted gwyth ethyl acetate (4
x 20 mL). The conbi ned 25 organics were dr®

sodi um sul fate,
filtered and evaporated to a brown solid.
chr omat ogr aphy over silica gel using 5-10-%nmet hanol in DCM a

el uent gave 4180 B¥hx Q-abbild £id0812R ‘ praoyld d:
LC-I\/IS(I\/lethmlﬁj)q“?;E : z 364 [MH+. 49z SOOHIS Od.
anti Hvdr ox :

2 R% -7-f iTn et hpy al— ohtiBh @n?hﬁ-m{dpcpﬁlcﬁ-%hicmmn_ﬁwl-(b@&ﬁy ﬁbbf(?@?ﬂﬁ@fw@m@ .

ester: To a sol utj 0 i - a8 |

S, 2R) - 7- et tﬂﬁya‘ﬂfzr?gﬂﬁe%izg‘aéf"g[ égé‘?‘%yﬁggt"‘@*’@ﬁ bl C ?E’%ﬁ gém r8_941 °

Em)lo ) 4i1 n i, %@b@rﬁimempmaml((as)um)41vmmol)-érd@é@lxtgtemﬁﬁﬁiwes tﬁﬁ?ﬂa‘t (5i0
, 0. mol ) . Xt e - - 082 nfreol

i nut es theﬁg@%f?ﬁ’ﬁﬂof }'QE‘@’%@@%@%& g%;ﬁﬂit%get?%%wndgﬁ%gﬁ%l@ was)

added and t heasrddedaed el mixie @t‘trred@ba@h@n&f@'ﬁﬁ%’ﬁg‘?%ﬁoéQ BHSoAREIHE .

Aqueous s Odéoﬁ[ﬂr#ﬂﬁé{:t@ﬁ r&a%ﬁ@@@é’:?‘l d $Bf wasldtideé hnivae raistileslsepachteche

m xture separated 10 rough a phase separation car

t he aquetmg hieagl apnase mv%at‘?ﬂégmtd@ﬁb‘i”?%ﬁ‘g%%ﬁ?ﬁe@gs ;%(éé%q@gla%%@ﬁ%g to

PRSI 4 L i vl v e SR A P Sy

- 0
title conmpoufiderngiedy h‘(Wﬁ@ﬁaD%Y!us'ﬁ?%éﬁég&R?%?&#ggggy i | iﬂﬁgiﬁs 1e.
anti f (1S 2Rng276 %) bitde titteyc@niound: LC-MS (Method 2): Rt 2.65 min, m/z 482 [MH]+.

di -t hi ophen- 2-yl -acet oxv) - bi cvcl of 2. 2. 11 hept - 7-vI | -

di met hvl - (3- phenyl - propel ) -ammoni um brom de: / | Br .
15( g. antf};( 1 SF.)ZR)PZ-(ZZHvdroxv—Q.2-di-thiophen—2—vl-aceto><\%-b|cvclc>T2.2.1 lhept-7-vii-

dimethvl-(3-phenyi-propyl)-ammonium bromide:

Q\N\l+ >
N —_—
& RS
0 OHS
0 \ 4

A solution of anti-hydroxy-di-thiophen-2-yl-acetic acid (18,2R)-7-{methyl-(3-phenyl-
propyl)—amino]—bicyclo[z.2.1]hept—?.—yl ester (150 mg, mmol) ina 30 % w/w solution of

20  methyl bromide in acetonitrile (5 mlL) was heated in a sealed tube for 3 days at 60 °C.
The solvent was removed and the residue purified by flash chromatography over silica
gel using 5-10 % methanol in DCM as eluent to give 100 mg (65 %) of the title
compound as a white solid: LC-MS (Method 1): Rt 8.43 min, m/z 496 [M}+ H NMR
(DMSO, 400 MHz) 5 1.01 (1H, dd, /=134 Hz, 3.1 Hz), 1.356 (1H, m), 1.69 (2H, m),

25 1.95 (1H, m}, 2.04 (2H, m), 2.19 (1H, m), 2.61 (3H, m), 2.93 (1H, 1, br, J=3.5 H2),
3,07 (3H, s), 3.06 {3H, s), 3.39 (2H, m), 3.63 (1H, ), 5.0 (1H, m), 7.01(2H, m), 7.10
(2H, m), 7.22 (1H, m), 7.27 (2H, m), 7.32 (2H, m), 7.39 (1H, s), 7.51 (2H, m).




S S OCHS O A solution of anti-hydroxy-di-thiophen-2-yl-acetic
acid (1S, 2R -7-[nethyl-(3-phenyl -

propyl)-am no] -bicyclo[ 2. 2. 1] hept - 2-y}, ester (150 ny, mol) in a 30
%V w solution of 20 nethyl bromde in acetonitrile (5 nL) was heated
in a sealed tube for 3 days at 60 C. The sol vent was renoved and the
resi due purEgdngole iy ahbld®h chr omat ogr aphy over silica gel using 5-10

comound astaSREPESATE- e R Ept i ipciia halllokll? © 11 ° o

[M+; 1H NMRcy€IBI2S0] ThepB7-yii ymethyB4-phanyipipgddiniura bignige and cis-1-apgH |

% 12 s e e i S g e s (

t-?-%l]-’h9
3 06 (3H;  sinetiyl-3phediipipgridirdu®dromide: (!ke)) NB’ mpﬂ!dlnyl R‘/—U@( |§—|= n ,
7.10 (2H, -y oMy 27 (2H, ,732(2H m, 7.39 (1 H,
s), 7.51 (2H d%;‘?'géBé'}E:?éﬁg%tg" 4 and 15 trans-1 -anti-[(1
S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi n- 2-yi - acet oxy) -
bi cycl o[ 2. 2. 1] hept-7-yl]-1- - 4- phenyl. pi peri di ni um brom de and
cis-l-anti- [(1
S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophent2-
]hept-7-yl]-1 5 nethyl -4-phenyl pi peri di
piperidinyl, R = M, Rd = 2,2-di-thi
OHS o I/ a. anti Hvdroxv d| t hi ophen
2R) - 7- (4- phenvl - pi peridin-i-vD bicycl 012

-acetoxy)-bicyclo[2.2.1

i umbripm de: (li-a): NRORb=
gl-acetoxy. N~ ~S O
B acid (1S

-2-yl ester: io The

title conpound was prepared from O

(1S, 2R 3R) -2, 3-di br ono- bi. 2. -

4- phenyl pi p&rEdHRero/aiiiah . fh s Xar 1 and
13. LC M5 ( Meiberd.229h -eﬁ@rmn rﬂz 494[M—I]+ Br NN _ ~ S

10 Thetile compound was prepared from (15,2R,3R)-2,3- -dibromo-bicyclo[3.2.0Jheptan-
6-one and 4-phenylpiperidine using analogous methods to those in Examples 1 and
13. LC-MS (Method 2): Rt 2.60 min, m/z 494 [MH]-+.

N'” _
% Yo
O OHS
) \ 4

15 b. rans-1-anti[(1S 2R)-2-(2-Hydroxy-2 2-di-thiophen-2-yl-acetoxy)-bicyciof2.2. 1 Thept-
7-yil-1-methyl-4-phenyl-piperidinium bromide and ¢is-1 ~ant-[(18,2R)-2-(2-Hydroxy-
g,_z-di-thioohen-2-vl-acetoxv)-bicvclorz.z.‘l1heDt—7-vI1-1 -methyl-4-phenyi-piperidinium
bromide:

The title compounds were prepared from anti-nydroxy-di-thiophen-2-yl-acetic acid

20 (18,2R)-7-(4-phenylpiperidin-1 -y)bicyclo[2.2.1]hept-2-yl ester using a method
analogous to example 13, then separated using column chromatography over silica
gel using 5-15 % methanol in DCM as eluent:
trans-1-anti{{1 8,2R)-2-(2-Hydroxy—2,2-di-thi0phen-2~yl-acetoxy)-bicycIo[2.2.1 Thept-7-
yi]-1-methyl-4-phenylpiperidinium bromide: LC-MS (Method 1): Rt 8.06 min, m/z 508

25 [M]+; (CDClg) 8 1.27 (1H, m), 1.57 (1H, m), 1.77 (1H, m), 1.86 (1H, m), 2.06 (3H, m),
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22 dit hi ophen 2 vi
| hept-7-ylI-I
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trans
-acet

acet

1 anti
oxy) - bi cvcl o(2. 2
onm de and ci s

oxy)-bicyclol2£5
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.1l hegt- 7 vil 1 neth

yl

anti-1(1 S 2R)-2-(2- Hydr oxy-

t hi ophen 2 vl

acet oxy) - bi 09:2062&. R JE= 1663, 240 (1H, Im)mB8p-(110dv pip & FiSdThie) u 803 it i tted =

The title co
hydr oxy-
(1S, 2R) - 7- (4dpheﬁ§ﬁk#)péir5%ﬁ2

a nethod anal Boousmh 07 .88 WIS

chr omat ogr aphy over Silica ge

anti -

el uent:

S, 2R) - 2- ( 2- H)t@ﬁOémtr aszszz-szmm@mﬁdyhsommww)cem@)mdye[o@ 21 hept-7-yll-

]hept 7- yI]
Rt 8.06 mn,
n,

J=15. 3Hz) ,

br,

tfans-1 -anti-

[

[

u3|ng
(1

-15 % et hanol

539‘2{‘ é’\ﬁhe[rgr%ﬁ‘ éﬁgtspgﬁ’g%péi d,J=18.6H2), 8,69 (1H, 5), 3.62 (1H,
1)y 4Bt 6). 6118 BHaphehP BHy me & 2Hhghg

¥33 hhqa separated using col um
in DCM as

sygpresf B B . Lo BheRa T b e pog,

1 77 (1 m+noqoc:3)86t 161(1H, dulr)J ].06.08y, 1.6 (1HIn), 2.7202H21), 2108 (5H,

J=

2
3. 7THz

=13. 6Hz) ,103. 63,61 #B2 &H

4.66 (1H,

m,

726(1H

s),

D255, i 2.8 iR, L -

55 nslﬂil (nl, UQG?H Y, GO

&

d3J822(2j;iz},1 3.

S, 2R) - 2- ( 2- Hydr oxy- 2 2- d|-th|ophen 2-yl -
-yl ]- 1-net hyhe fbubhm@)ek@hﬂeﬁ indtaproparsd inr dheilar lianivBr folvedt leskribld fdrt

,7.%4 @57—1

-anti -

('r?T?EH)EH nZ) 2

acet oxy) - bi cycl of 2. 2.

t%ﬁ-lar 8, oé:émggﬁﬁze)zo a+03 tfr)l dhet,
@Hk J1=31%€f.|1i2)) 4.@35134 82H5 Oy 1H, s),

SNy

3(21-1,

1] hept -7

8.10 min, mz_ 50 (CbCl3) 5 1.16 (1 H, dd, J=13.8, 3.0Hz),

1.52 (1 H, e"arip% ﬂ , 2.08 (5H, m, 2.59 (1 H_m, 2.86(1 H,
t, HrEx | Nam@ OHz), 3. 09 thcid,ren'), 3. 20 |('B MMR440MMKz) 3. 36 10| Rgning,
s), [3.82 (2H, d, J = 13.2Hz), 3.99 (2H,| t, J=12.2Hz), 4.63 (yé hod)1);
5.01 (1|H, s), 5.32 (¥ H mM, 6.96 (2H M, 7.16 (2H m, 724 (5H
nm, |7.31 (2H, n). The flol | owing exanpl es were prepared in a [SMAlt &F
manner fo that describgd for exanples |13-14. Ex. Name Structmne 11-1
NVR (400 MHz) Rt/min_ (Method 1) [MHl or [M<+ 16 () :
ant/H@dr&ﬂMﬂydlﬁbed'-(cﬂ&?B\)\\s 1.08 (1 HCDrﬁ‘a)'ﬁﬂ Ofy(1R), 116, 1-49g| 8-16; 498

thiophen-2-yl-acetic
acid 7-[methyl-(3-
phenoxy-propyl)-
amino}- -
bicyclo[2.2.1]hept-2-
yl ester

N
o 0%
s} |/

(1H, dd, J = 13.7, 3.4Hz2),
1.40 (1H, m), 1.56 (1H, m), 3
1.77 (1H, m), 1.89 (2H, pent,
J=6.5Hz), 2.09 (1H, m),
215 (3H, s}, 2.19 (1H, m),
2.28 (1H, 5), 2.50 (2H, m),
2,52 (1H, m), 3.98 (2H, 1, J=
6.5Hz), 5.07 (1H, m), 6.87
(2H, m), 6.93 (1H, m), 6.98
(2H, m), 7.16 (1H, dd, J=
37, 1.3Hz), 7.19 (1H, dd, J =

3.7, 1.3Hz), 7.27 (4H, m)




t hi ophen-2-yl-acetic N (1 H, dd, J = 13.7, 3.4Hz), acid 7-[nethyl-(3-
si 1.40 (1 H m, 1.56 (1 H m, 6 phenoxy-propyl)- 0 oH8 1.77 (1
H m, 1.89 (2H, pent, amno]- 0 J= 4 5Hz), 2.09 (1 H m,
bi cyclo[2.2.1] hept-2- 2.15 (3H, s), 2.19 (1H, m, yl ester 2.28 (1 H,
3)25‘!9I—Irﬁ 252 (1H m, 3.98 (2H, t, J= 6.5Hz), 5.07 (1 H,
M. 6787 D@2y 6. 93 m\gt\ g‘j\ 6. 98 | (CBGL) @)1, 101H6dd,/+, HE20: 592
3. 7,1 1. 3Hgproxy-2 pXi{ 1H, |dd 307 1. 3Hgg8 275#5 qg{gléﬂg)m)SZ 17 (+)
anti-2l(§1 PhO2%I(CDCI 3) 6 1—;1 , dj d
Hy drfoxy- 1R 13.6, 2. 45 ‘(‘i3HHﬁ3) 178K dpRbn-p-yl - S
(1233 ﬁr)l leigetnyy)- 1. 75 (11rh m, . ) 1eegﬁbm'§ Q&B(é‘@?)’”’l H2-28
A i 2. ept-7- o , S,
yi ] |mbﬁ€+lﬁ??ﬁiﬁ)%t% .07 (1 H 8, 29,%7 "Bhg)ﬁg%%'lp%opy Y- (3H,
s), 3. 24 y{-dinethyj-(3-3. 70 amoni um acet at ebr{ 2307 (H, sFerR73.64 H | s), 4.04
2H[ t {14 (1 H, , H. 94 (3H,| m,
2 (2}1!’“6”0%’%’&?@ 4H| m 18 ant) ! ééﬁs% ?%Bz‘SHP?? %7(0 chol 3) ' 8
1.24 (1 ﬁmw'unla@ats 15; 512 Hydroxy 2B, w),- Bel(ﬂﬂ,sme;ozl 68 (1 H,
m, i1.76 thiophen-2-yl |s ~ (1 H m, H, acetoxy)- o
OHS (2H,) m br), 2.53 ((1H, m, Dbi cyclog(%H o 5;;,)?2 gngﬁH .82 (1
H t, bi, J= 3.0 Hz), |yl]-dinethyl-(3- @)1@8 EHAm) 6.98/(3H.0 | 3.0
Hz), m), 7.14 (2H, m), 7.24 (4H,
m)
18 | ant-(1R,28)-2-(2- (CDCly) § 1.24 (1H, m), 1.57 | B.15; 512

Hydroxy-2,2-di-
thiophen-2-yi-
acetoxy)-
bicyclof2.2.1]hept-7-
yl]-dimethyi-(3-
phenoxy-propyl)-
ammonium jodide

{1H, m), 1.68 (1H, m), 1.76
(1H, m), 1.97 (1H, m), 2.38
(2H, m, br), 2,53 (1H, m),
2.82 (1H, 1, br, J=3.0 Hz),
3.13 (1H, 1, br, /= 3.0 Hz),
3.38 (3H, ), 3.39 (3H, 9),
3.95 (2H, m), 4.05 (1H, 8),
415 (2H, {, J= 4.8 Hz), 4.62
(1H, s), 5.21 (1H, m), 6.89
(2H, m), 6,99 (3H, m), 7.16
(1H,dd, J=8.7, 1.3 Hz) 7.18
(1H, dd, J= 3.7, 1.3 Hz), 7.29
(4H, m).




phenoxy-propyl)- 3.38 (3H, s), 3.39 (3H, s), ammoniumiodide 3.95
(2H, ), 4.05 (1 H s), 4.15 (2H, t, J = 4.8 H), 4.62 (1 H s),
5,21 (1 H 1), 6.89 (2H ), 6.99 (34, m, 7.16 (1 H dd, J= 3.7,
1.3 Hz) 7.18 (1 H, dd, J= 3.7, 1.3 H), 7.29 (4H m. 53 19
anti-(+J-2-(2- - i N e~ (CDBOD) S1.16 (1 H, dd, J= 8.28: 496
'i'y | ?.Laﬁa@n?tz 1307(13 1|a46 (4 (BD:;%JD)M.HBi(ﬁthadQ;ﬂ 13-223?1‘25
. ] r ce - . .
(24 m Hydfe?%%db 1] hept 213%%?’,“% ggﬁﬁ'"ﬂ?)-t, J=
32” di('fﬂﬁcﬁvﬁbﬂ@?ﬂ j aZ)F b ﬂm(ﬂrEm).l(UthH Iﬂﬂopzll)(zTZH)
. 1 = , arrrmnl u r I
M| 3.5 C'?tRXVPJ 45 (1 H, rr) 7.0 f%ﬁrﬂrﬁw}?ﬁ@% °7.20 (1
H m) BlCE@O[@&H]hHﬁ?- 40 (2H, m). 20| 28602H MERIRLU=E PhO |
(CB 3 M, 157825 512 y di (1 H m,
1.68 (1 E{dﬂnréhdy[ g3176 t i ophen-2-yl - (1H 4%;#&9"20?@7(2@ 7 r‘rz5 . 38
acet oxyphemy-orasylF2H, m br), 2.53 (1 H Hﬁ)294bﬂ‘bﬂ?c‘f'0f’ﬁ 1] hept - 7-
g- ZHS'dmnﬁonuJ?ﬁbro%T:de? 0| ;42),3 %”@ﬂi met Byb (48 s), 344326 mi, t} br, J =
: ,  phenoxy-propyl)- 3. , S . : DNi UM
i odi de'|3.95 (2H, m), 4. 05 (1H, s), 4. 153-(58#;‘?3155’%?’5_5%3@)'%@ 4.62 (1
H ls), |5.21 (1 H n), |6.89 (2H, m), 7.15 (2H, m), 7.20
(1H, m), 7.29 (4H, m), 7.40
(2H, m}.
50 | ant(18,2R)2-(2- F’ho\ '_ (CDCly) 5124 (1H, m), 157 | 8.25; 512
HydrOXY“2,2'di' e (1 H, m)! 1.68 (1H: m)! 1.76
thiophen-2-yl- ’% 5> | (4H, m), 1.97 (1H, m), 2.38
acetoxy)- oK% | (2H, m, br), 2.53 (1H, m),
bicyclo[2.2.1jnept-7- o L2 282H,1, br, J= 3.0 Hz),
yi]-dimethyl-(3- 3.13 (1H, 1, br, J= 3.0 Hz),
phenoxy-propyl)- 3.38 (3H, s), 3.39 (3H, s),

ammonium iodide

3.95 (2H, m), 4.05 (1H, s),
4.15 (2H, t, J = 4.8 HZ), 4.62
(1H, s), 5.21 (1H, m), 6.89
(2H, m), 6.99 (3H, m), 7.16
(1H, dd, J= 3.7, 1.3 Hz) 7.18
(1H, dd, J=3.7,1.3 Hz), 7.29
(4H, m)




(2H, m, 6.99 (3H m, 7.16 (1 H dd, J = 3.7, 1.3 Hz) 7.18 (1 H,
dd, J =3.7,1.3 Hz), 7.29 (4H m 54 21 anti-(1S 2R [2-(2- ' ..0
(CDCI3) 81.13 (1 H, dd, J = 8.25; 512, PhO Hydroxy-2,2-di- 1 13.86,
3.1 Hz), 1.47 (1 H m, thlophen 2 vit 11.63 (1 H m, 1.71 (1 H,
n, acetoxy)- 4s /CH1.91 (1 H m, 2.29 (3H s)

bi EZTT o423, amapie-7-| 1 2. 29 (2FR,an | (@@ U+ (I dd, J= | 8.25,512

LS A 2 L Tt g tlon

rrm)nl um-t ol ue s), 3.3l
(3H, s mlophersﬂ-IyFonate 3. 795{ J

. 3.)8&3(1HHm), )71 (FHoo) (2H, t, 5
Hz), 4 H, 5 , (1/H,

6. b8 %‘%t‘”‘gf ;H d 33 ?2917(6'4%) m(gn'igé >(2m, ml,
7.@ (ztpicydg[227 m-zzH, m Ph & dks @29831'103) EHHIFGR), 317.87: 482
22

nt ydéﬁqe{% 2(8) 2 Br Hydroxy-2, ¢2di'2'(1Fl]¢ b|4JH2358z)1 I-b), 1.37 ({L
H | th Ay m), 172 (2H m | 2001 gLoxy)l- o O
m) 2. Dahe(nfxwfow) 2.70 (L H t, bi cy@rQ?[( HQt 8% He*f‘“c br, J =
3h5 Hz am&oﬂllnn{St&lugT_le-t ;)r, yl ] -di met hyI3:30%3H, §, $.3HEOH, sB. 09 (2H, m,
phenet g

m | 5. 0 St"i‘ﬂ?a 7.01 ’(2?1}7@(,3'47.?2) (32@&@3&#?&'8@ g 3459 (sn
4,00 (2H, t, J=5.3 Hz), 4.83
(1H, 5), 5.13 (1H, m), 6.82
(2H, m), 6.95 (1H, m), 6.98
(2H, m), 7.09 (2H, d, J= 8.1
Hz), 7.15 (2H, m), 7.25 (2H,
m), 7.29 (2H, m), 7.74 (H,

m)

22 | ant-[(15,2R)-2-(2- | Ph o {ds-DMSO0) 51.03 (1H,dd, J | 7.87; 482
Hydroxy-2,2-di- -}\r = 13.4 Hz, 3.1 Hz), 1.37 (1H,
thiophen-2-yl- ;b P m), 1.72 (2H, m), 2.00 (1H,
acetoxy)- o KO 1'm),2.22 (1H, m), 2.70 (1H, ,
bicyclo[2.2.1]hept-7- o U2 lur,J=35Hz),3.01 (1H,tor,
yll-dimethyl- J=3.5 Hz), 3.09 (2H, m),
phenethyl- 3.15 (3H, s), 3.17 (3H, 8},
ammonium bromide 3.59 (3H, m), 5,08 (1H, m),

7.01 (2H, m), 7.10 (2H, dd, J
=3.6, 1.3 Hz), 7.29 (1H, m),
7.36 (4H, m), 7.39 (1H, s),
7.51 (2H, m)




= 3.6, 1.3 Hz),

7.29 (1 H nm, 7.36 (4H m, 7.39 (1 H s), 7.51
(2H, m 55 23 Benzyl-anti-[ (1S, 2R) Br (d6-DMSO 6 1.05 (1H, dd, J
7.38; 468 2-(2-hydroxy-2, 2-di - = 13.4, 3.2Hz), 1.37 (1 H m,
t hi ophen-2-yi- % 1.67 (1 H m, 1785(1H m, acetoxy)- OH2.02 (1
H m, 2.18 (1 H m, bicyclo[2.2.1]hept-7-_ s 2.63 (1 H t, br, J =
4. Beﬁhﬂl-adi‘i-[(msm- 2.98 (d-H t, b(ds-D0MSQHZ).05 BHO, Annb.aBLAsS
brom d 1- Shio g: 99l H, s), 4.60|( 1S M, 7.01
(21} 1, rﬁ‘é]h}’%%y%f’l&l ‘%5'4 §?§'z)4 E%SIE:@ 50 (2H,
m i 2P mv(uﬁ,maon 78 AHvEDholl 4:

Hydr ox 6ol 2H83H, BL0

t hi a?" . é?‘ ) (otzH ; s / 1.91
(1 .L?ﬁ MH? R4 (BH, m,
o |( but 3_ 3.66 (2H, Qea%ﬂg%r”@mg} (m L’féa (1
phenyl - e 4.

H 5), # O%flimlhm"%*?é 5.15 (1L H, m), 6 @SL'@&W"P% ’ngdn( 51-1, m,
7.26 (2H m, 7.29 (2H m 25 anti-[(1(2,2R)4.98 (1 MN7BM (d6- DVSO)
1.04 (1 H dd, J 6.35;]|392 Hydroxy-2,2 = Hzdg 1.35 (1 H,
m,| thjophen-2-yl- o H1.68 (21-1, m, (gfhé’g %310|A_(‘QH3m)Q’ cet oXy) -
2.17 (14 H m, 2.67 (1{H, t, br, bicyg¢ KH‘!E)27§?K‘@'bﬂH)77 69= 4. 0Hz),
2.98 (1Ht, br, J= yl]-tinethyl- 3.9Hz)a3a13 (9H s), 3.5%

24 | ant-[(18,2R)-2-(2- P (CDCla) 6 1.14 (1H, dd, J= Method 4:
Hydroxy-2,2-di- B 13.9, 3.1Hz), 1.48 (1H, m), 7.73; 510
thiophen-2-yl- —-‘l,\l‘“ 1.62 (1H, m), 1 .73 (5H, m),
acetoxy)- ;b S/ 1.91 (1H, m), 2.44 (1H, m},
bicyclof2.2.1jhept-7- o °|”s 5.70 (3H, m), 2.98 (1H, 1, br,
yll-dimethyl-(4- o /| y=38Hz), 3.29(3H,s),
phenyl-butyl)- 3.30 (3H, s), 3.66 (2H, m),
ammonium bromide 4.04 (1H, s), 4.80 (1H, s),

5.15 (1H, m), 6.98 (2H, m),
7.17 (8H, m), 7.26 (2H, m),
7.29 (2H, m)

25 | anti-[(1S,2R)-2-(2- \N,, Br (ds-DMS0) & 1.04 (1H, dd, J | 6.35; 392

Hydroxy-2,2-di- / P = =13.4, 3.3Hz), 1.35 (1H, m),

S

thiophen-2-yi- 5 OHs 1.68 (2H, m), 1.96 (1H, m),

acetoxy)- 1, 2.17 (1H, m), 2.67 (1H, t, br,

bicyciol2.2.1]hept-7- J=4.0Hz), 2.98 (1H 1, br, J =

yil-trimethyi- 3.9Hz), 3.13(9H, s), 3.55

ammonium bromide (1H, s), 4.97 (1H, m), 7.01
(2H, m), 7.10 (2H, m), 7.39
(1H, s}, 7.51 (2H, m)




ammoni um bromde (1 H s), 4.97 (1 H m, 7.01 (21-1, m, 7.10 (21-1,
m, 7.39 (1H, s), 7.51 (2H, m 56 26 (2-Benzyloxy-ethyl)- P (CD30D)
S1.11 (1 H dd, J Method 4: anti-[(1g 2R -2 (2- Br 13.6 Hz, 3.3 Hz),
1.47 (1H, 7.35; 512 hydroxy-2,2-di- m, 1.75 (1H, nm), 181(1H
thiophen-2-yl- s / m, 2.00 (1 H m, 2.15 (1 H OH acetoxy)- o s n
2. 6026 1 (BtBenzyigky=etiyi)}i . bicyci o[ 2. R(CDEPB-1711 (DH(dd,3/=01] (Methad 4t |
ampni ul_gr%’t[% %@42 (% s), 70 ¥2H, m AS@?—&Q %%5_{1 é”bH =40
Hz)| 4. B}ydroemﬂﬁj 4.90 (1M : )m),(12?$ m); 7t q14(1(r*2H m), 7. 26-
7.38 (9hy, Fvd0 (2H ). | g@ 2{51(1‘116 DMSO) 6
1.01 (1 H Fiofflar- 6. 78: | 490 ,'"§ (1B 2.5 { tz)| 1,23
(2Hy, M ace'ioPiY)Ophen 2-yl- -N Br ¥y .LWE%“HltE/f‘H"W m,
ic6802<z%4mcycm§21135@(7(1aH, m;i, J=| %961 lsmmwcwis/ar% Jalam?pt-% m;) oHS
) ] ) , yl]-dinmeth 1|H, ,
2.64 (1 %J%?théf, (tetrahydro-pyran- 41 @'J’L[Sg Bﬂ(ﬁz#’H S) 5%9(1 H t, br,
J yl) -|eddmbjiv@iononiden = 3. 5Hz), 3. 04 (3H, s5)3.703285m), I % de (3H, s),
3.2/ (2H, m, 3.39 (2H m, 3.50 (1 H, [r% 01 (1H,
M, 7.0 (2H ), 7.10 (2H dd, J= 3.?“13%@74(0%3’9 E;LH s) |
7.50 (2H, m 28 anti-(LL S, 2R (CDCl 3) |62H.spg.90HH, M), 7.00 19 {Met hod 4:
(2H, m), 7.14 (2H, m), 7.26-
7.38 (5H, m), 7.40 (2H, m).
27 | ant-[{18,2R)-2-(2- o (de-DMS0) 5 1.01 (1H, dd, J | 6.78; 490
Hydroxy-2,2-di- Q\ =13.4, 3.2Hz), 1.23 (2H, m),
thiophen-2-yl- o, 1.35 (1H, m), 1.51 (1H, m),
acetoxy)- ! k I 1.60 (2H, d, J = 13.1Hz),
bicyclo[2.2.1]hepi-7- o OHS 1.68 (4H, m), 1.97 (1H, m),
yij-dimethyl-[2- & L) | 220(1H, m), 2.64 (1M, br,
(tetrahydro-pyran-4- J=3.7Hz), 2.96 (1H,t, br, J
yl)-ethyl]-ammonium = 3.5Hz), 3.04 (3H, s), 3.05
bromide (3H, ), 3.27 (2H, m), 3.39
(2H, m), 3.50 (1H, s), 3.84
(2H, m), 5.01 (1H, m), 7.01
(2H, m), 7.10 (2H, dd, J =
3.6, 1.3Hz), 7.39 (1H, s),
7.51 (2H, m)
28 | ant-(1S, 2R) /\C\ (CDClg) 6 1.09 (2H, m), 1.19 | Method 4:
Ph N
Hydroxy-di-thiophen- % e (2H, m), 1.44 (2H, m), 1.59 |7.48,508
2-yl-acetic acid 7-(4~ o koH, (3H, m), 1.76 (3H, m), 2.06
benzyl-piperidin-1- L2 (H, m), 210 (1H, s), 2.15
vi)- (1H, t, J= 4.3Hz), 2.51 (8H,
bicyclo[2.2.1]hept-2- m), 2.81 (8H, d, J=11.4Hz),
yl ester 4.76 (1H, s), 5.05 (1H, m),
6.98 (2H, m), 7.12 (2H, m),
7.18 {3H, m), 7.27 (4H, m)




Hydr oxy-di -t hi ophen- Pn N% A (2H m, 1.44 (2H m,
2-yl acetic acid 7 (4- o (3H, m, 1.76 (3H, m, 2.06
benzyl -pi peridin-1- (1H m, 2.10 (1H,s), 2.15 yl)- (1 H t, J =
4.3Hz), 2.51 (3H, Dbicyclo[2.2.1]hept-2- nm), 2.81 (2H, d, J=11.4Hz),
yl ester 4.76 (1 H s), 505 (1 H m, 6.98 (2H, m, 7.12 (2H m,

1.59 7.48, 508

7. ﬂfl- g, 2Ry <7 (4H, ,\@ Z9 anti fd)@)ﬁﬂ?@hl (nMEQ) Relod 4
(2 20 Vet hod 4 Hydraxy~di phenyl. N& (3H é _zH ,
1. .sﬁydrozwélphﬁwi-ac tic aci d%( 5 @@m"t)e 1r‘rr)H r@) e 91#;95
g. )@@l acki per-i di ni- | - I0 El ,oshgs%?(al-ﬂfn(),lzjﬂﬂ(‘tl—,l,rd)—aﬂg)) 4. 4Hz)

. H . 2.4 I cycl of 2. 2. 7. 0Hz 2.79
(1H, |beE§‘ﬁ%‘Pe“d"}f§' 26 (1 H s) ﬁ%k f)(?'WH pIg (2H m, 7.1¢
(L@ W) 7.26 (2H, m), 7.33 (6H, r‘r) 47H4R 248-{1Hpn),38.49
ci 4-B iz Br (CDCI3) 5 1.02 4
(19 2R)%%>({'b[zzphﬁ%2x 13.8, 3.0Hz), 1.8 E?(*%fHJ 9%%%’3@&‘@1’0
hydr oxy-¥Pester o i-OH 1.45 (2H, m), 1.74 ('&I—HQﬁ"ﬁH Si pABAH.- atet oxy) - d
Ph[2.00 (1 H n), 2.55 (1 H ), bicyt }Tg[%g{ggmggtﬁ@”g 6P (2H d,
J=[7.0Hz), 2.74 vyi]-1tnethyl- (1 H t H 08
pi peri di ni um bromide (L H, t, br, J= 4 ?2%2"255“):(7 88y [ 3.66 (4H,
m .| 4.30 (1 H 's), 4.55 (1 H s), 5. 28m)( Lapamm) 7 11 (2H m, 7.2d

( M

(1 BBt mamrm 8 el da 7= [WMeroa &
(1S,2R)-2-(2- "“/\C‘i‘% 13.8, 3.0Hz), 1.30 (1H, m), | 8.30; 510
hydroxy-2,2- OYPQOH 1.45 (2H, m), 1.74 (5H, m),
diphenyl-acetoxy)- I P 12,00 (1H, m), 2.55 (1H, m),
bicyclo[2.2.1]hept-7- 2,62 (2H, d, J=7.0Hz), 2.74
yi-1-methyl- (1H, t, br, J='4.0Hz), 3.08
pEperidinium bromide (1 H! t! brr J= 4.0HZ), 3.25

(3H, ), 3.66 (4H, m), 4.20
(1H, s), 4.55 (1H, s), 5.28
(1H, m), 7.11 (2H, m), 7.20
(1H, m), 7.27 (2H, m), 7.33
(8H, m), 7.41 (2H, m)

31 | trans-4-Benzyl-1- Br {CDCly) 6 1.09 (1H,dd, J = | Method 4:
[anti-(1S,2R)-2-(2- P“’\Cﬁ*‘} 13.8, 3.0Hz), 1.35 (1H, m), | 8.24; 510
Ph
OH

hydroxy-2,2- ! 1.57 (4H, m), 1.92 (3H, m),
diphenyl-acetoxy)- I Ph | 2.36 (2H, m), 2.70 (3H, m),
bicyclof2.2.1]hept-7- 2.93 (1H, t, br, J = 4.0Hz),
yil-1-methyi- 3.39 (3H, s), 3.58 (1H, d, br,
piperidinium bromide J =13.0Hz), 3.74 (2H, m},

4.05 (1H, s), 4.07 (2H, m),
5.16 (1H, m), 7.17 (2H, m),
7.21 (14, m), 7.28 (2H, m),
7.38 (10H, m)




31 trans-4-Benzyl-I- Br (CDCI3) 6 1.09 (1 H, dd, J = Method 4:
[anti-(1S,2R)-2-(2- PhN 13.8, 3.0Hz), 1.35 (1 H n), 8.24; 510
hydr oxy-2,2- 4 LOH 1.57 (4H, m, 1.92 (3H, m, diphenyl-acetoxy)- O
Ph 2.36 (2H, m, 2.70 (3H, nm), bicyclo[2.2.1]hept-7- 2.93 (1 H, t,
br, J = 4.0Hz), yl]l-l-methyl- 3.39 (3H,_s), 3.58 (1 H_d, br,
pi p B2 d aniitSbeBm de J =13s ., 3.74 (26DCk)§ 0.98 (0% ne)l 099 3§ B,62448F
7ab (LphyRedRaErl L R g B R Tk
0.99 8. bacetiageidHydr oxy-di pheny! - T |4|21ddH m),=1.48 (141, rrB‘ 3k2),
[t hyl a?‘”é*“m@;”‘a" 117((31(T Hm)rroj,'l i gk Ilme’ntsg - e?fw ) - ani no -
J=6BpHz DFOQbe?Jm(ﬂQﬁ nm, bicyclo[2.2.1] h’epéﬂ#) f%’bl’ﬁ) 2.13
(3H] s) bMi(GI@EéEa']he%tQﬁ (1 H s), 2.48 (|31 @H, m), 2063028, t,| J=
3:223)& 2)435 ,(% gs ?ZSH, 5&;)? (7.145’ ?)4i4 %6867@5(%)?&49 ?Hémng) 12[4’(2?)’
PhOl/, B (CDCI3) 6 1.08 (1 H dd, J 8. GB965@H, §, Hedd.8biz)- 2.28- |ij ~ 13.8,
Cir] | P bi cycl o[ 2.2 1] nept- 7> 0 . 41 (o g O mppes =L 0 1O
yl1{dimpthyl -(3- 2.75 (1 H, t, br, J =}42idHp) 69?pﬁéh6\>l,y7’ﬁﬁopyl)- 3.08
(1H t,|br, J=4.0Hz), (2H, m), 7.83 (6H, m), 7.42

(4H, m)

33 | anti-(18, 2R) 2-(2- o~y O {CDCly) & 1.08 (1H, dd, J= | 8.69; 500
Hydroxy-2,2- /'% 13.8, 3.2Hz), 1.36 (1H, m),
diphenyl-acetoxy)- oﬁg;i 1.51 (2H, m), 1.87 (1H, m),
bicyclo[2.2.1]hept-7- o 2.36 (2H, m), 2.47 (1H, m),
yl]-dimethyl-(3- 2.75 (1H, t, br, J=4.0H2),
phenoxy-propyh)- 3.08 (iH, t, br, J=4.0Hz),
ammonium bromide 3.38 (3H, s), 3.40 (3H, s),

3.93 (2H, m), 4.11 (4H, m),
5.23 (1H, m), 6.87 (2H, m),
6.97 (1H, m), 7.27 (2H, m),
7.35 (8H, m), 7.42 (2H, m)

34 | anti(1S, 2R) 9H- PO~ (CDCly) 6 0.83 (1H, dd, /= | 9.29; 484
Xanthene-9- /‘;}Q ® 13.7, 3.4Hz), 0.96 (1H, m),
carboxylic acid 7- S L% 1126 (1H, m), 1.44 (1H, m),
[methyl-(3-phenoxy- o O 1.69 (1H, m), 1.86 (2H, pent,
propyh-amino}- J=6.5Hz), 1.93 (1H, m),
bicyclo[2.2.1]hept-2- 2.05 (1H, t, J=4.0Hz), 2.10
yl ester (3H, s), 2.18(i1H, s), 2,38

(1H, 1, J= 4.0Hz), 2.44 (2H,
m), 3.95 (2H, t, J = 6.5H2),
4.83 (1H, m), 4.94 (1H, s),
6.86 (2H, m), 6.93 (1H, m),
7.07 (2H, m), 7.14 (2H, m),
7.28 (6H, m)




ammoni um brom de 3.38 (3H,
5.23 (1 H,

(8H m,

m,
dd,

m,

6.87 (2H m,
7.42 (2H, m) 34 anti |
J= 9.29; 484 Xanthene-9- N- 13.7, 3.4Hz),

carboxylic acid 7- 1.26 (1 H m,

s), 3.40 (3
6.9

(1S, 2

1.44 (1 H,

H,
7

s), 3.93 (2H,
(1H, m,

m,
7.27 (2H,

4.11 (4
m,

H,

7.35

911- Pho/1 (CDCI3) 6 0.83 (1H,

m,

0.96 (1 H m,

ahﬁ-(mlemgs%fl a (81@0\132510 ﬁé?e(f’nﬁ dd, Mmﬂy 3.53rd0Ao]
Fibioxgghe, | e Pty fog8 A )
, xantnéne(gH | 3, ) _og7gmqun), 1@533H(m M, 4.94
m ) , 14 (2H, m,
ﬁafb%%@%""?* nti- (1 158 M&&bcﬁ:%m H b 2l (1 H, dd,
. SmemlfJ(SwaﬂWy-gH N~ é}ﬁéﬁH tEGinOHZ),
‘é:rn?:l)@n@n 77 (H M, 1.25 (1 Hp Hsazbow—llstp acd?- 0
f 1.83 (3H, m, [neth Senkgx%‘_% 1H t,
bicyoiri)2. 1hertspy | ) - ami no] - 2. 05 é?. ' PH H [ sy,
[yileaerl hept-2-| 2.28 (1 H t, bf240 (2H,40)0818) (W1, ést or 2. 40
.91 (2H, t, U= 6.4Hz), 4.79 s), 6.8
m), 6.93 (1 H|m, 7.13 (2H njgl”?'laié% Hﬂ'ﬁ)o“éo} 26 (2H M,
2H, n), 7.50 (2H, m (1H, s), 684(2H m), 6.93
(14, m), 7.13 (2H, m), 7.19
(2H, m), 7.26 (2H, m), 7.35
(2H, m), 7.50 (2H, m)

36 | ant-(1S, 2R) o~ B (CDClg) 6 0.91 (1H, dd, J= | 9.26; 499
Dimethyl-(3- f’}*;b ® 13.7, 3.2Hz), 1.37 (1H, m),
phenoxy-propyl)-[2- A o |1.58(2H, m), 1.89 (1H, m),
(9H-xanthene-9- X @ 2,27 (3H, m), 2.68 (1H, 1, J=
carbonyloxy)- 4.0Hz), 2.89 (1H,t, J=
bicyclo[2.2.1]hept-7- 4,0Hz2), 3.32 (3H, s), 3.35

yi]l-ammonium
bromide

(3H, ), 3.75(1H, ), 3.86
(2H, m), 4.07 (2H, 1, J=

5.5Hz), 4.90 (1H, m), 4.96
(14, s), 6.84 (2H, m), 6.95
(1H, m), 7.09 (2H, m), 7.15

(2H, m), 7.28 (6H, m)




36 anfi-(1S, 2R) PhO/~ er (CDCI3) 6 0.91 (1 H, dd, J = 9.26; 499
D nethyl-(3- 13.7, 3.2Hz), 1.37 (1 H m, phenoxy-propyl)-[2- 0 1.58
(2H, m, 1.89 (1 H m, (9H—xanthene69 0 2.27 (3H m, 2.68 (1 H t,
J = carbonyloxy)- 4.0Hz), 2.89 (1 H, J = bicyclo[2.2.1] hept-7-

4.0Hz), 3.32 (3H, s), 3.35 yi]- ammnlum(BH s), 3.75 (1 H s), 3.86
br arg7de a2t S, @R) 249-07 [(25] = 5. 5I—(ﬂ)DCI32},§59D72((1H|-|dd m;_ 4} déthod 4:

11-1, , 2 2421,
E’r), 7. ?yflrg;sy ﬁi 60 3)7 59%?1‘% H?( 55‘)”“”535]16. 72
(1|H ddantienev@t hod 4: 3182(134 onz )t 371(1!131111 n,
(o (e e i)
r‘r)i 2, picgqo[azﬂhew “yI]-dimet hyl - (3F f']@ a Pt br, J %
p;1 nox gR(ZH (3_4309;Iz)(13H31 §3H4 823,,;348}3 ammmnwmbbmm ile7§93l(—l,l y
S), , S), . . )
s) | 4 @hef(%vﬂrg 183 (2H n), 6.96 5?’%3#(3*#3&85%% M, 7.26
a3 ’aé‘*“"i‘?”é‘&?‘)d‘“é%@an-?f?u(é?hf‘é’ o o aon ?4 G

| J=1.8, it- , 2R) - 2- 1
m.| 1.52 Method 4: Hydroxy-2, 2-di- - ‘%HHE)’ 6%2" . 2.03
7.42, 494 thiophen-2-yl- Br (1 H m, 5.4H7), (4179—(,1i'h}?)s 429‘81 hcet oxy) -
(LiH m, 3.11 (1 H m, 3.34- (1H, m), 6.83 (2H, m), 6.96

(1H, m), 7.18 (4H, m), 7.26
(2H, m), 7.37 (2H, m), 7.50
(1H, dd, J=7.8, 1.6Hz), 7.54
(1H, dd, J=7.8, 1.6Hz)

38 | anit{(15,2R)-2-(2- % (CDCl3) §1.16 (1H, m), 1.52 | Method 4:

Hydroxy-2,2-di- (1H, m), 1.74 (2H, 1), 2.03 7.42, 494
thiophen-2-yl- (1H, m), 2.47 (1H, m), 2.81

Br
N
acetoxy)- / B I (1H, m), 3.11 (14, m), 3.34-
bicyclo[2.2.1]hept-7- o Lo 3.46 (8H, m), 3.48-3.58 (2H,
|

ylj-indan-2-yl- m), 4.07 (1H, 5), 4.74-4.81
dimethyl-ammonium (2H, m), 5.20 (1H, m), 6.97
bromide (2H, m), 7.14-7.30 (8H, m}.

39 | Hydroxy-di-thiophen- | HQ (CCClg) & 1.20 (1H, m), 1.24- | Method 4: |
2-yl-acetic acid anti- | © 1.32 (1H, m), 1.56 (2H, m), 6.53, 422

/ et
(18,2R)-7- % 9 1.80 (1H, m), 2.11-2.22 (2H,
{carboxymethyl- o k9, m), 2.37 (3H, s), 2.58 (1H, br
W,
O

methyl-amino)- s), 2.73 (1H, br s), 3.20 (2H,

bicyclo[2.2.1]hept-2- m), 5.08 (1H, m), 6.99 (2H,
yl ester q), 7.18 (2H, m), 7.30 (2H,
m).
Example 40

anti-(1S, 2R) 2-(2—Hydroxy—2,2-diphenyl-ethoxy)-bicyclo[2.2.1]hept—?—yl]-dimethyl—
(3-phenoxy-propyl)-ammonium bromide. |



bicyclo[2.2.1] hept-7- o off s 3.46 (81-1, nm), 3.48-3.58 (21-1,
yl]-indan-2-yl- Ol / m, 4.07 (1 H s), 4.74-4.81 dinethyl-ammoni um
(2H, m, 5.20 (1 H m, 6.97 bromde,(2H m, 7.14-7.30 (8H m. 39
Hydr oxy-di thiophen- Ho (CoCl3) 61.20 (1 H, n), 1.24- Method 4:
2-yl-acetic acid anti- o N1.32 (1 H m, 1.56 (2H, m, 6.53, 422
(1S,2R)-7- / S1.80 (1 H m, 2.11-2.22 (21-1, (carboxymethyl- o CHS

m, 2.37 (31-1, s), 2.58 (1 H br nethyl-amno)- 0 s), 2.73 (1 H, br
s), 3.20 (21-1, bicyclo[2.2.1Phept“23 n), 5.08 (1 H m, 6.99 (2H,
yl ester q), 7.18 (2H, m, 7.30 (2H, , Exanmpl e 40 anti (1S, 2R

2- (2- Hydr oxy- 2, 2- di phenyl - et hoxy) - bi cycI [2.2. 1] hept - 7-yl ] - di et hyl -

( 3- phenoxy- propyl ) - ammoni um brom de. 6 hO oH Ph 0, OH Ph a.

2-(anti- (1S 0

2R) - 7- (Met hyl - (3- phenoxv- pr opel ) - am nol - bi cVcl &h2. 2.1 1 hept - 2-yl oxy}
1, 1- di phenvl - gth :

antl-(ls 2RF*= T

-2-01 (177 m_mﬂmga in5 nL Dl\/BOvvas stlrred under a nltrogen

at mosphere af . nggfgﬂ ggg&g 7%%5@1% %hmﬁyﬁymmn&]ﬁ&yamz ?_Gﬂh%tan

dlspersmn i n ol e reactjon warne r?g’"%P}” Q
m nut es bef o2-€! B&7 Mg, Q@él”@'ﬂmilﬁ S5pl. BMSP was St@'ieﬁﬁéﬂ?flae'i“ﬁ?ﬂeé' RpgE @
i el i e b i
quenched bﬁh%@&P"iqn&i‘FrB‘Fd\T\%my@%@gﬁF'H&‘?egabefoﬁ?g ﬁgg&@gg%?%qgonbl ned
organi ¢ ext rqsHesylsngibesioxide (256img, 1 mimdlpdasadsiedigybeaniandnd heating
concentrated in w@i?r%o o RStegeﬂ%HeQ&loﬂ%E %ﬁ?d‘%samﬂ?éﬂt'tém;%i'atbbé quenched

chr omat o'é’ra I""ca” isin 0 -15 % Et 20 q{l oheiwg

as eluent thy agldmen pheater, @meda@w&t@ﬁ@aﬂd e ICO("?E‘eHﬁfga“EéXF&%“ i

3): R 2.62 MbinBl Fried over MgSO4 and concentrated in vacuo. The reaction mixture was
purified by chromatography on silica using a gradient of 0 - 16 % Et,O-cyclohexane as
eluent to give the product as a clear il (22 mg). LC-MS (Method 3): Rt 2.62 min, m/z

15 472 MR+

b. ant-(1S. 2R) 2-(2—Hvdroxv—2.2-d_iphenvl-ethoxv)-bicvclor2.2.11hept~?-vi1—d_jmethvl-(3-
phenoxy-propyl)-ammonium bromide

PRO~"\,
A
A
o |ow

20
The title compound was prepared from 2-{anti-(1 8,2R)-7-[methyl-(3-phenoxy-propyl)-

amino]-bicyclo[2.2.11hept-2-yloxy}-1 ,1-diphenyl-ethanol using analogous methods to
those described in example 13. LG-MS (Method 1): Rt 8.69 min, m/z 486 [M1+;
(CDCls) 8 1.07 (1H, dd, J= 13.3, 3.4Hz), 1.60 (2H, m), 1.89 (1H, m), 2.09 (1H, m),

35 2.30 (1H, m), 2.37 (2H, m), 2.66 (1H, t, br, J=4.0Hz), 2.93 (1H, t, br, /= 4.0Hz),
3,22 (1H, s), 3.37 (3H, s), 3.38 (3H, s), 3.09 (2H, s), 3.97 (2H, m), 4.07 (1H, s},
4.4 (2H, t, J = 5.5Hz), 4.17 (1H, m), 6.86 (2H, m), 6.96 (1H, m), 7.26 (3H, m), 7.31
(5H, m), 7.40 (4H, m)



15 472 [MH +; b. anti-0S, 2R) 2 (2 Hydroxy-2
2-di phenvl - et hoxv) -bi cvcl o(2.2.1 | hept-7-vll-dinethvl-(3-
phenoxv- propyl ) -anmoni um brom de PhO 4 Br Ph OOH 20 Ph The title
conmpound was prepared from2-{anti-(1
S, 2R) - 7- [ et hyl - (3- phenoxv- propyl)
:nmalng]g bi cyc![ g[g 2. 1] heﬁt - Z-él oxy) -1, 1- di phenyl - et hanol usi ng
ous 0 t hose described in exanple 13. LC-MS (Mt hod
Rt 8. eg—ﬁlﬁiﬁré-z 486 [M+; (CDA3) 6 1.07 (1 H, dd, J (: 13. 3,
3 4Hz), 1. 66ydihiy-dRthioph@b2-ytaddticrrid QSERASTRT-HP-I(RI2-ydsoxy 284, ),

2. 37 (2H,

4. 0Hz) 3%%“’”&3"%"(";")& gthc{ §?ti?‘?r"g VW@‘%’@'% 'g’li"cﬂ'}’mméth bjmma)”

3.97 (2Hs npicydlol2.(0hepi-2) estedd. 14 (2H t, J= 5.5Hz), 4.17 (1 H rt),

6.86 (2H m, 6.96 (1 H m, 7.26 (3H, nm, 7.31 (5H m, 7.40 (4H,
62 Exanple 41 Hydroxy-di-thi 6phen-2-yl-acetic acid

(1S,2R 4S,7S)-7- ({9- [ (R) - 2- mydr oxy-2: (8<_~_-O-of

hydr oxy- 2- oxo- 1, 2- di hydr o- qui nol i n-5-yi ) - et hyI/aSi' 0] - nonyl } - net hyl -

ino)- 5 bicyclo[2.2.1] hept-2-yl ester Br SI= < )

(9- Br ono- nonvloy) tent b t I-d| rret hvl - si | ane.

Tert - but yl - @LyweRRINCIK iy P& 186.8 Mol ) was added in

portions to T@rt-bh lamteltﬁylsﬁm cﬁlbn&v(asﬂmg, e mmol)olas(eRided ingnortiaha 162 mol )

and d I

a ni It T od! gﬁoé‘g ngr lgfom?r{@n?rggg)k ?23 gy, %X e &a%rr{qazalegés Aé\c/\?a@mutn ger
RT over ni ghtmmc'ﬂhﬂ BPDCHS40Rme) atemﬁ)?ﬁédndﬁ] afrittogea einesPhergdTieEastiont r at e
was washed %)tttgre]\%é? bk 33 \ﬁ&l'rg o F%verridhe T HRlsoite wele k@ﬂox(em%)aﬂon

filtered, a ONncen rate nessto ‘afford the ti
2 yel | ow of land 15 Mrale avas aEsBEcE) oo @cidrdlotigh belgq)c%rfaq? BYigRP: gund as
et her/ cycl ohgx@Bednd coicéhtafdd b dryness to afford the title compound as a yellow oil.

15 Yield: 41.4 g, 98%.

TLC: Rf 0.91 (50% diethy! ether/cyclohiaxane).

H
/N\,/\\/\/\/\/O~

o

20 b, [9-{fer-Butyl-dimeihvl-silanyloxy)-nonvil-methyl-amine.
A solution of methylamine (120 mL, 2 M) was added to a solution of (9-bromo-
nonyloxy)-tert-butyl-dimethyl-silane (41.4 g, 123 mmol) in IMS (200 mL) at -10 °C and
then allowed to warm fo RT overnight. After evaporation of the solvent the residue
was triturated with diethyl ether and the solids were removed by filiration to afford the
25  title compound as the HBr sait. The filtrate was concentrated in vacuo, suspended in
K.Cs (aq), and extracted with DCM. The conibined organic layers were dried
(MgS80,), filtered, and concentrated to afford the title compound as an oil.
Yield: 24.1 g, 68% (11.1 g of HBr salt, 24%).
LC-MS (method 2): Rt 2.80 min, m/z 288 [MH-+].

30



20 b. [9-(tent Butyl-dinethvl-silanyl oxv)-nonvil-nethyl-amne. A
solution of nethylamne (120 mL, 2 M was added to a sol ution of
(9-bronmo- nonyl oxy)-tert-butyl - d| et hyd -silane (41.4 9,123 nml) in
IM5S (200 m.) at -10 C and then allowed to warmto RT overnight.
After evaporation of the solvent the residue was triturated with

di ethyl ether and the solids e renoved by filtration to afford the
25 title compound as the HBr ng

\MO S concentrated in
vacuo, suspended in K2CD3 (af]), and extracte The conbi ned

organic |layers were dried ( filtered, and cloncentrated to
afford the title conpound 0|I Yield: 24.1 g, 68% (11.1 g of
HBr salt, 24%. LC MS (né hod @) Rt 2.80 min, mz 288 [M#]. 30 63
Br I1° Oc. (1 S4S57S) 5 Bromo-7-{f9-(tert

but yl - di et hvl -si | anvl oxy) nonvl | - met hyl - am no} -

bi cycl ot 2. 2.cltisHAs r0-7-5 97 tertbutvhdimethyhsilgnyloxy)-nonvil-methyl-amino}-

(1S)-2, 3-di %BPbéﬁK%i}%%% 201 heptan 6-one (2.15 g, 8.02 mml) in

acetone (20
but yI - di rset Hia a stiutienyl 65832 W]Q'Wh‘ﬁ 2.lheplan-619e43-15 - §92 PRl
and the r eac&c’g%ﬂﬁf@@%ﬂfﬁag\@&deﬁt{g (téﬂ-dut@ﬂdnﬁ@thﬁ;i@' iladylakgysonylMtednyl-amine

evaporation e sol vent i due wa h
et her/ et hyl Bd&Bat@3amae) %‘ﬁ@&eﬁﬁf%m&*%%{‘"as %g%%%(-ﬁ i ?gﬁs Kher
m xture. Thenageaastsot tay soivers hearsidwovatainrt up lm@ll&#‘l}é@ﬂﬁ?ﬂe’fﬁ!l Hé‘?tateﬁﬁ‘g

conbi ned organic, |l ayers d with
concent r at ed"3s 9?@‘%8&?‘#@ lg(Fa% gf}b ’Si EQ@% g\u%h%%&}h@i’ayeﬁﬂ&’sx%xtracte "
purifiedidy mwwruhercﬁemmhu‘gadmm%@m were; drigd 4‘2393) Higpred: 5P%\d| ent
of '5-15% di el iyl ttébetro/d}\ﬁ{étséfbeaf%%i a BA®Rdwn &, Wﬁbhwaporifaidlbymomﬁm he
vol atil es ther}%é nfa npound was opt ai ne 0
oil. 15 Yiel @hroma’fegra@hv m@%ﬁl"ﬁ@%s'@%tﬁfﬂe'ﬁj’f gﬂzlé%%] %%V‘éﬁ‘e / 8%%%9%
474+476 | W%Iuen’:&ﬁer@v@&ré’hon(oi 1 vbRitiBShenitiredmpband was obtained as a light

But yl di net hy oxv) nonyl | - net hyl - am no} - bi cvcl of 2. 2. 11-
hept an- 2- Oneyeuow.fbroxn

15 Yield: 1.67 g, 44%.
LC-MS (method 3): Rt 4.83 min, m/z 474+476 [MH-+].

l
N\/\/\/\/\/O‘St
A T

0]

20 d.(15.48,79)-7-{19-( tert-Butyl-dimethyl-silanyloxy)-nonyl}-methyl-aminol-bicyclof2.2.1 =
heptan-2-one.
To a soltution of (1 S,4S,78)-5-bromo-7—{[9-(ten‘-butyl-dimethyl-silanyloxy)-nonyl}-
methyl-amino}-bicyclo[2.2. 1lhepian-2-one (1.97 g, 4.2 mmol) and AIBN (70 mg, 0.42
mmol) in dry, degassed toluene (40 mL) under a nitrogen atmosphere was added tri-

25 pbuiyltin hydride (1.25 ml., 4.65 mmol) and neated at 80 °C on a preheated sand
bath. After 2 h at 80 °C the reaction mixture was concentrated in vacuo and purified
by column chromatography over silica ge! using a gradient of 1-40% diethyl
ether/pentane as eluent. Afier evaporation of the volatiles the title compound was

obtained as a light yellow/brown oil.
30 Yield: 2.41 g, quantitative (contains butyitin residues).



To a solution of (1
S,4S,7S)-5-brono-7-[[9-(tent-butyl -di net hyi -sil anyl oxy) -nonyl ] -

met hyl - am no) - bi cycl o[ 22. 1] hept an-2-ope (1.97 g, 4.2 mol) and Al BN
(70 mg, 0.42 nmol) in dry, degassed toluene (40 nlL) under a nitrogen
at nosphere was added tri 25 n-b.ityltin hydride (1.25 nL, 4.65 mmol)
and heated at 80 IC-bI8 (ngirastBalRed!1 Gmirdm/AH3G{MHalter 2 h at 80 C the
reaction mxture was concentrated in vacuo and purified by colum
chromat ography over silica gel using a gradient of 1-40% diethyl

et her/ pentane as eluent. After |evaporation of the volatiles the title
conpound was obtained as a |]j Bhe7 30 Yield: 2.41 g,
guantitative (contains butyltin residues). 64 LC (nmethod 3): Rt
3.10 min, mz 396 [MH]. N H5e (1 S2R4
7S)-7-tf9-(tert-Butyidi nethyl si'l anyl oxy) nonvl | net hvl am no} bi cvcl of 2. 2
.11- heotan-2-ol To a sol ut®ién of (1

S,4S,75)-7-{[9-(tert-butyidi methyl silanyl oxy)nonyl ] met hyl am no} -

bi cyclo[ 2. 2.1 ] heptan-2-one (4 11 g, 10 4 nnDI nax) in dry THE (41
m-) at -5 Ceun8@R4RT7BIT-(OGE B phdsianviaxy)e; pimingthicvelo(2.2.11-
tri-tert- butﬁﬁégﬁg nun1hydr|de (3. 44 g, 10 13 5 nnDI) After 1.5 hat

-5 Cnore |i i -tert-butoxyal um num hydride (2.64 10. 4
mol ) was added soifieret (1SHE7S)T- ff%blﬁé'ﬁ@ﬁ%ﬁ’iﬁ‘1%@“&11&‘8%]%&?‘%"@'?@3atd

amJDn' ;Jm chl _?_%yéié{z 29 éﬁ&p‘t&?ﬂz -oAél4. gl 1par hinbl rﬁébt@(i’n &otreeen1 ailhut -5acenake
and wat er. e solids were r ation an

et hyl acet at &nitagen BW&C?BEWW@F@‘*Q%‘SHB@E"&H*%(@%N?W@'“ dﬁ%‘ﬁg&ﬁgﬁgﬁi ias
ext L agt e_dmr/]\n tIB 5eﬁ|hmb Aai@et 6theat -F @ mioge ngnnﬂnltmm# mutgaaiuninuay kydsides. e %,
washed wi t i t an
concentr at ed ’\?E{% P Fgﬁdﬁ] G- P u?grfegreguﬁ%w%enéﬂéq Vﬁ{hesqc?
product was ammqmunemi@}decmiuhm (ash ao@marbmg hetweee eihy] ageiaie ged walgl ng
a gradient ok g @d%%re Wbr PoVhigsncH é!ﬁ%ashé\’i %uﬁﬁ e ypé?;@faéé o8 pﬁésefshe

vol atiles a Ilg own"vi scous ol l al ned Yle d:
2.36 g, 57% WEE wa(fmci arshithe paueRUS JayeEWAS ??dfaﬁiei‘ V@Tbaeﬂtvlwﬁf]ta’fe Weyo o

15 combined organic layers were washed with satd NaHCO; (aq), brine, dried (NazSO,),
filtered, and concentrated to dryness to afford a turbid yellow oil. The crude product
was purified by column chromatography over silica gel using a gradient of 7.5-10%
MeOH/DCM as eluent. After evaporation of the volatiles a light yellow/brown viscous

oil was obtained.
20 Yield: 2.36 q, 57%.
LC-MS {method 2): Rt 2.95 min, m/z 398 [MH+].

25 {. Pydroxy-di-thiophen-2-vl-acetic acid (18,23,48.78)-7-{[9-(fert-butvidimethyl-
silanyloxy)nonylimethylaminolbicyclo[2.2.11hept-2-yl ester.
Sodium hydride (254 mg, 60% suspension in mineral cil, 6.35 mmol) was added ioa
solution of (1S,2R,4S,7$)~7—{[9—(tert-butyldimethy!siIanyony)nonyl]methyIamEno}-




S O 25 f_Nvdroxv-di-thioohen-2-vl-acetic acid (1 S 2.R 4S
7S)-7-fr9-(tert butyidi nethyl -

si | anyl oxy) nonvl | met hvl am no} bi cvcl of g, 2. 11 heot - 2-yl ester. Sodi um
hydri de (254 ng, 60% suspension in mneral oil, 6.35 nmol) was added
to a solution of

(1S, 2R 45, 73) Z|oﬁz[z91}hé;ﬁah-2bwwdndg rEes4hingly Irediy toten 20nyL.] aet Aoyl raiet ano}

m) at FRyraaay TaRpPisg R sos e SioRtiod fislac ok HERBRA-°C
subsi ded hydg- @datscdbrdtdmw%ten(ﬁﬂ mgl 2.8¢ etniad) veass atided nytoriinseandV@TEN they,

3.04 | d o I d
Che v oact ] oretoiiah Ykeihs AR YRGS ddfe 4186 -G VA d iR R
After 2.5 h dalte Aftes2Bihdhe rdaction mixiveswadpouser orte said Mk AMNerde (ad)
chloride (agez de"i’lm ﬁ{eh?}(]ers ek slﬁé(%@e% %%ﬁué&@.@éﬁ? Qﬂraciefdﬁmﬂhfﬂﬂﬂa@lﬁld the

| ayer extra nbi ned anj ers
washed wit h dombingd qu@arwamazfs@washﬁiﬂ wtap%es a%l %%ﬁée‘ﬁ %%33

dr yn]?ssdt g acfoE@érﬁra@ed tbgih}ntegé @Mﬁfo\ﬂﬂ §W§roﬂh|wscai|fseoll¢vh@&uﬂé Qdﬂod:t vmts f
puritire Yy colum chronato over lica usl.n (0]
D00 ot hyl R salamh ARpRAERDY ey stien o e SRS of 1 A UER,
very light bédévme Wi ST @S ehidnt to afford the pOdid ag.a wBMightGows visnwistaid 3) :

Rt 3.44 mn, o OH NS HOfG S O 15 p Hydroxy
di - t hi ophen- 2- vI ‘g‘%‘gt%@gt‘?%’(l S 2R 4S

7S) - 7- 1 ( 9- hvdr oxV-GrbiSuinetimet H)MRL 3. &hinino M/4H20MH61-2. 2. 11 hept - 2-yI
ester. A solution of hydroxy-di-thiophen-2-yl-acetic acid (1

S, 2R 4S,75)-7-{[9-(fert butyl- din(;

t hyl - si | anyl oxy) - nonyl ] - net hyl - am no)l- bi cycl o[ 2. 2. 1] hﬁﬁt 2-yl ester
(0.51 g, 0.82 20 mmol) in THE (7 npMNamastredted™wth 1 MHO (3.5

m.) and stirred at RT for 45 The reaction m xture was
neutralised with satd NaHCGO3 ) extracted with ethyl acetate.
The conbi ned organic | ayers ried (Na2so™4), filtered, and
concentrated to dryness t '3 @ a light brown oil, which was used

w t hout further purlflcatl\"h‘

15
a. Hydroxy-di-thiophen-2-yl-acetic acid (15,2R.48.75)-7-[(9-hydroxy-nonvi)-methyl-
aminol-bicyclof2.2.1lhept-2-yi ester.
A solution of hydroxy-di-thiophen-2-yl-acetic acid (15,2R,4S,7S)-7-{[9-(tert-butyl-
dimethyl-sifanyloxy)—nonyl]~methyt-amino}-bicyclo[2.2.1]hept—2-yl ester (0.51 g, 0.82

20  mmol) in THF (7 mL) was treated with 1 M HCI (3.5 mL.) and stirred at RT for 45 min.
The reaction mixture was neutralised with satd NaHCO; (aq) and extracted with ethyl
acetate. The combined organic layers were dried (Na,SQO.), filtered, and concentrated
to dryness to afford a light brown oil, which was used without further purification.

Yield: 273 mg, 66%.
25 LC-MS (method 3): Rt 2.39 min, m/z 506 [MH+].




Yield: 273 ng, 66% 25 LC-MS (nethod 3): R 2.39 nmin, mz 506 [ MH].
66 NO S HOO CS Oh Hydroxy-di-thiophen-2-yl-acetic acid (1S 2R
4S 75)-7-finethvl - (9-o0xo0-nonvl)-am nol- bicyclof 2. 2. 1] hept - 2- vl
ester. 5 Dess-Martin periodinane (450 ng, 1.06 nmol) was added to a
solution of hydroxy-di- thiophen-2-yl-acetic acid (I

S, 2R, 4S,7S) - 7- [ (9- hydr oxy- nonyl ) - met hp/l -am no]- bicyclo[2.2.1

] hept-2-yl ester (370 ng, 0.732 nmol Ni\Woat 0 C, and
the reaction mxture allowed to wafmto . After 1 at RT the
reaction mixture was treat ith td NaHCCa (aq) and extracted
with ethyl acetate. The organi & | 10 was washed with brine, dried
(Na2S™4), filtered, and coplpe trajed to dryness. The residue was
triturated with ether, and ids renmoved by filtration. The
filtrate was concentrated tlo affford an orange/ brown viscous oil and
used directly without fur rification. Yield: 456 ng, 0.73 mol
mx. 15 OSi NN~ NHOH SHOO 'S0O

Hvdr oxy- di - t hi ophen-2-yi-acetic acid (1S 2R 4S

79) - 7- ({ 9- T ( R) HvkirésbyadithidiHey!odjiaBéth\doid (15.2R,45.7S)-7-[methyl-(9-0x0-nonyl)-aminol-

si | anyl oxy) - 2- (8- hydroxy-2-o0x0-1 2-di hydr oo
ui nol i n-5- vl ,%5{".“%[ é’lﬁmﬂt hVI 20 ami no)bi cycl of 2. 2. 11hept - 2- vI
ester. A mi xDessMaftinipedodirgred@so tigophe mnl)wasaseed o asdhdiqniof hydroxy-di-
S, 2R 45, 75) - Tl arEh M 2 g L6 Rl R ez V!
ester (max OZh} rr% l a& [c%%(jgggyh%%ﬁpl- tert -’8’ %) eill’]y ]2
bicyclo[2.2.1]hept-2-yi ester (370 mg, 0.732 mmol) in dry DCM (3 mL) at 0 °C, and the
reaction mixiure allowed to warm to RT. After 1 h at RT the reaction mixture was
treeted with satd NaHCQ; (aq) and extracted with ethyl acetate. The organic layer
10  was washed with brine, dried (Na;SQy), filtered, and concentrated to dryness. The
residue was triturated with ether, and the solids removed by filtration. The filtrate was

concentrated to afford an orange/brown viscous oil and used directly without further

purification.
Yield: 456 mg, 0.73 mmol max.
15
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.. Hydroxy-di-thiophen-2-yl-acetic acid (18.,2R.45,78)-7-({9-[(R)-2-(tert-butyldimethyl-
silanyioxy)-2-(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-ylyethylaminolnonviimethyi-

20  amino)bicyclo[2.2.1]hept-2-yl ester.
A mixture of hydroxy-di-thiophen-2-yl-acetic acid (18,2R,48,75)-7-[methyl-(9-oxo-
nonyl)amino]bicycio[2.2.11hept-2-yl ester (max 0.73 mmol), 5-[(R)-2-amino-1-(tert
butyldimethylsilanyloxy)ethyl}-8-hydroxy-1H-quinolin-2-one (245 mg, 0.73 mmol),
sodium triacetoxyborohydride (186 mg, 0.88 mmol), and acetic acid (2 drops) in dry




but yi di met hyl si | anyl oxy) et hyl ] - 8- hydr oxy-1 H- qui nol i n-2-one (245 ny,
0.73 mml ), sodiumtriacetoxyborohydride (186 ng, 0.88 nmol), and
acetic acid (2 drops) in dry 67 1,2-dichloroethane was stirred at
anbi ent tenperature overnight. The reaction mxture was partitioned
bet ween DCM and satd NaHCO3 (aq). The organic |ayer was dried

(Na2 S%L) fiql é—&étﬁﬁoeﬁaﬁﬁ’e ?@g SRRl A b edienNtempenaturé ovaahifiolr Theredatida mixiure
green/ brown gum that _ sol i di t b
preparative WE@“‘E‘%W hehveen é@%ag&%@ %@%a%%heﬁ.ﬁrggﬁ F\g%]ésﬁ%d y
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(1S 2R 48, 75) - 7- (1{:9M (é,atr@d(aﬁ é:;tlzqo% i, m/z 822 [MH+.
butyl di nmgg hyl si | anyl oxy) - 2- (8- hydr oxy- 2- oxo- |

, 2- di hydr o- qui nol i n-5-yl) et hyl am no] - OH
nonyl } et hyl ani no) bi cycl o[ 2. 2. 1] hept - 2-yl ester {72 :ny,
and triet hyI am ne tri hydrofl
THF/ DCM (1:1, 2 L) 20
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DCM The organic | ayer
green/brown oil, whi ch

anbilent tenperature overni
M3 h d NaHCO3 (aq) and gktracted with
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rified by preparative HPBEC (system 1,
15% B + 1% B/ mn for then 6% B/ mn for 10 mn). The fractions

containing pure prodde® were concentrated, neutralised with satd
NaHCCB (aq), and extracted

ﬁ reaction

i. Hydroxy-di-thiophen-2-vi-acetic acid (18,2R,48,78)-7-({9-[( R)-2-hydroxy-2-(8-
hydroxy-2-0x0-1 .2—dihvdro-quinoIin~5—vl)~ethvlaminol—nonv!}-methvl-amino)-
15 bicyclo[2.2.11hept-2-yl ester.
A solution of hydroxy-di-thiophen-2-yl-acetic acid (18,2R,48,79)-7-({9-[(R)-2-(tert-
butyldimethylsilanyloxy)-2-(8-hydroxy-2-oxe-1 ,2-dihydro-guinolin-5-yl)ethylamino]-
nonyljmethylamino)bicyclo[2.2.1]hept-2-yi ester (72 mg, 0.087 mmol) and
triethylamine trihydrofluoride (80 pL, 0.37 mmol) was stirred in THF/DCM (1:1, 2 mL)
70  at ambient temperature overnight. The reaction mixture was neutralised with satd
NaHCO; (aq) and extracted with DCM. The organic layer was concentrated to
dryness to afford a green/brown oil, which was purified by preparative HPLC (system
1,15% B + 1% B/min for 20 min, then 6% B/min for 10 min). The fractions containing
pure product were concenirated, neutralised with satd NaHCO; (ag), and extracted
25 with THF. After concentration in vacuo a light brown oil was obtained.
Yield: 50 mg, 81%.
LC-MS (method 3): Rt 2.04 min, m/z 708 [MH+].

Example 42
30 (Benzylcarbamoyl-methyl)-anti-[(‘lS,2Fl}-2~(2-hydroxy-2,2-di—thiophen-z-yl—
acetoxy)-bicyclo[2.2.1 Thept-7-ylJ-dimethyl-ammonium bromide.



25 with THF. After concentration in vacuo a |ight brown oil was
obtained. Yield: 50 ng, 81% LC-MS (method 3): Rt 2.04 min, mz 708
[ MH]. Exanple 42 30
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b. (Benzylcarbamoyl-methyl)-ant-[(1 S,2R)-2-(2-hydroxy-2,2-di-thiophen-2-yl-acetoxy)-
bicyclo[2.2.1]hept-7-vil-dimethyi-ammonium bromide
15 The title compound was prepared from hydroxy-di-thiophen-2-yl-acetic acid anti-
(1 S,P.R)-?-[(benzylcarbamoylmethyi)methylamino]bicyc!o[2.2.1]hept-z—yt esterusing a
method analogous to that described in example 13: LCMS (method 4): Rt 7.53 mins,
miz 525 [M+]; (CDCla) 8 1.12 (1H, dd), 1.45-1.52 (1H, m), 1.63 (1H, m), 1.72-1.80 (1H,
m), 1.88-1.97 (1H, m), 2.28 (1H, m), 2.74 (1H, br, 1), 3.06 (1H, br 1), 3.34 (3H, s), 3.36
20 (3H, s), 4.17 (1H, s), 441 (2H, d), 4.68 (2H, dd), 4.79 (1H, s), 5.60 (1H, m), 6.98 (2H,
m), 7.15 (2H, m), 7.19-7.23 (1H, m), 7.25-7.31 (4H, m), 7.36 (2H, d), 9.55 (1H, 1).

"!gas formed in

and

The following example was prepared in a similar manner to that described for

example 42.
Ex. | Name Structure TH NMR (400 MHz) Rt/min
(Method 4);
IMH+ or

[M]+




m, 1.88-1.97 ¢1 H m), 2.28 (L H m), 2.74 (1L H br, t), 3.06 (1 H
br t), 3.34 (3H, s), 3.36 20 (3H, s), 4. 17 ((1 H, s),r 4.21’1 (2H, <(:|), ’
4.68 (2H, dd), 4.79 (1 H s), 5.60 (1;4 m, 6.98 (2H, m, 7.15 (2H
m, 7.19-7.23 (1 H m, 7.25-7.31 (4H m, 7.36 (2H d), 9.55 (1 H,
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chl ori de

anti-(1S, 2R) [2-(2-Cyclohexy!-Z-hydroxy—Z-phenyt-acetoxy)-bicyclo[2.2.1]hept-‘i’-
yil-dimethyl-{(8-phenoxy-propyl)-ammonium bromide
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a. anti-(18, 2R) Oxo-phenyl-acetic acid 7-Imethyl-(3-phenoxy-propyN-aminol-

bicvclo[2.2.1]hept-2-yi ester

A solution of ant-(1S,2R) 7~{methyl-(3-phenoxy—propyl)amino]bicyclo[2.2.1]heptan-z-o!

10

(0.77g, 2.8mmol) in anhydrous THF (i OmL) was stirred at ambient temperaiure under

a nitrogen atmosphere with sodium hydride (145mg of 60% dispersion in oil) for 3
hours. Oxo-phenyl-acetyl chioride (611mg, 3.64mmol) was added and the reaction
allowed to stand for 60 hours. The reaction was quenched by addition of satd NH,Cl,
extracted into EtOAc and the combined organic extracts washed with brine, dried over

15

MgSQ, and concentrated in vacuo. The reaction was putified by chromatography on

silica using a gradient of 0 - 5 % Et;0-cyclohexane as gluent to give the product as a
yellow oil (600 mg). (CDCls) & 1.20-1.30(2H. my), 1.63-1 71 (2H, m), 1.78-1.88 (1H, m),
1.88-1.96 (2H, m), 2.14-2.25 (5H, m), 2.35-2.37 (1H, m), 2.50-2.58 (2H, m), 2.66-2.70
(1H, m), 3.97-4.03 (2H, m), 5.20-5.26 (1H, m), 6.85-6.95 (3H, m), 7.24-7.30 (2H, m),

20

7.48-7.54 (2H, m), 7.63-7.69 (2H, m), 7.95-8.00 (2H, m).



allowed to stand for 60 hours. The reaction was quenched by addition
of satd NH4Cl, extracted into EtOAc and the conbi ned organic
extracts washed with brine, dried oveJL0 15 MgSAH and concentrated in
vacuo. The reaction was purified by chromatography on silica using a
gradient of 0 - 5 % Et 20 cycl ohexane as eluent to give the product as
a yellowoil (600 ng). (CDCl3) 51.20-1.30(2H m, 1.63-1.71 (2H, m,
1.78-1.88 (1 H m, 1.88-1.96. (24 , N 14-2.25 (5H, m), 2.35-2.37
(1H, m, 2.50-2.58 (2H, m, -2.70 (1
5.20-5.26 (1 H m, 6.85-6.9 H m, 7.
7.48-7.54 (2H, m, 7.63-7.69 (2H, m, 7.
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7-r et hyl - (3- phenoxvpropvl ) - am nol - bi cvcl or202. 1 ept - 2-yl ester To
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] ) (5m) under a nltrogen at m)sphere
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usi ng proce t xanple 13. LCVMS (nethod 1): Rt 2.75
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c. ant-(1S, 2R) {2—(gn0vclohexvi—2—hvdroxv-2-ohenyl-acetoxv)-bicvciofz.z.11hent-7-
15 vlidimethyi-(3-phenoxy-propyl)-ammonium bromide

The title compound was prepared from ant-(1 S, 2R} cyclohexyl-hydroxy—phenyl-acetic

acid 7-[methy!—(3-phenoxypropyl)-amino]—bicyclo[2.2.1]hept~2—yi gster using

procedures outlined in example 13. LCMS {method 1): Rt 2.75 mins, m/z 506 [M+].

20 Example 45
anti-(1S, 2R) 2-Hydroxy-3,3-dimethyl-2-phenyi-butyric acid 7-[methyl-(3-phenoxy-

propylamino] bicyclo[2.2.11hept-2-yi ester



20 Exanple 45 anti-(1 S, 2R) 2-Hydroxy-3, 3-di net hyl - 2- phenyl -butyric

acid 7-[nethyl-(3-phenoxy- propylam no] bicyclo[2.2.1] hept-2-yl ester

71 ~0--"~NO)OH OThe title conpgund was prepared fromanti-(1

S, 2R) oxo-phenyl -acetic acid 7-[nethyl -

( 3- phenoxy- propyi ) -am noj - bi cycl of 2. 2 1] hept-2-yl ester using

procedures outlined in exanple 44. (CD§I3) 6 0.97-1.05 (91-1, s),

1.07-1.28 (21-1, rr), 1. 68 1. \?/n:)\ywl\.Sl 51.96 (3H m, 2.1-2.24

(5H, m, 2.31 (1 H 5s), 31 , 3480 (1 H s), 3.97-4.03

(21-1, m, 502511(1H S@%fz , 7.23-7.34 (51-1,

m, 7.69-7.74 (2H, nm. LCVS (nethod 4) ins, mz 466 [ MH].

Exanple 46 10 anti-(1 S, 2R)

[2-(2-tert-Butyl -2-hydroxy-2-phenyl - acet oxy) -Mi ¢ [2.2.1] hept-7y1l] -

di et hyl - ( 3- phenoxy- propyl ) -ammoni um bromde Br O- - N-~. OH OO ( /

The title conmpound was prepared fromanti-(1 S, 2R)

2- hydr oxy- 3, 3-di net hyl - 2- phenyl - butyric acid

7-[ met hyl - ( 3- phenoxy propyl am no] bicyclo[2.2.1] hept-2-yi ester using

rlnf{S nggefim : %Gfoh%gndﬂaﬁf@fiﬂjeé frd@h ar VS drYRkELpRerR)-addtic 2cBY-Mickyi-
z

R 2Ry -2 ( 2 HFRGRPOLSP BN EDRS 1 RARY Y SBieE yRingpracesiures outined

] hept-7-yl]- ewmmwl(ebefap@emnwaqeapml)eammqewnnbnmﬁm 2H, @) NB1-12

T hant anes o, PoA RN 2} GRS B 2A¥lsRsAYR), b Gh, 9, 3.07408
( 1S, 7S) - 7- [ mtHhyl)-8.@2-pHa fobtymp 686y8.95 (8Hh mb]7-25- 594 (561, )27 -89Aght(@n-mk on
LCMS (method 4): Rt 8.29 mins, m/z 466 [MH+].

Example 46
10 anti<(1S, 2R) [2-(2-tert-Butyl-2-hydroxy-2-phenyl-acetoxy)-bicyclo[2.2.1]hept-7yl]-
dimethyl-(3-phenoxy-propyl)}-ammonium bromide

Br

o, %,

The title compound was prepared from anti-(1S, 2R) 2-hydroxy-3,3-dimethyl-2-phenyl-
butyric acid 7-[methyl-(8-phenoxy-propylamino] bicyclo[2.2.1]hept-2-yi ester using
15 procedures described in example 13. LCMS (method 2) Rt 2.82 mins, m/z 480 [M+].

Example 47
[anti-{1 R,2R)-2-(2-Hydroxy-2,2-diphenyl-acetylamino)-bicyclo[2.2.1]hept-7-yl}-
dimethyl-(3-phenoxy-propyl)-ammonium bromide

@/O\/\/N

a. (1R.78)-N"-Methyl-N-(3-phenoxy-propyl)-bicycio[2.2. 1lheptane-2,7-diamine
A solution of (18,7S)-7-[methyl-(3-phenoxy-propyl)-amino}-bicycio[2.2.1]heptan-2-one

20




72 (1.35 g, 4.9 mol) was forned in nethanol (90 nL). Sodium acetate
(648 ng, 7.9 mol) was added foll owed by hydroxyl am ne hydrochl ori de
(566 ng, 8.2 mmmol ). The m xture was ?tirred at roomtenperature for
18 hours. Nickel (Il) chloride hexahydrate (2.11 g, 8.9 nmol) was
added fol |l owed by portionw se addition of sodi um borohydride 5 (1.68
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15 b. N ((1 E%r%@jsu&] H-y |hlte(r@d and eva orated to a gum. This was loaded onto an
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phenyl - acet &ﬁ)%@?t;?dgqg m@?ﬁh%\ﬁr@? metfa g;ﬁ-i[qy elu\{eck wgh b4 am%woma in methanol.
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ng, 1.09 muliX5d6m@BODEMCMSmernotsy: Fém%mmlﬁdpm%?é M!ﬂr*rb m xture was
stirred at roomtenperature for 3 hours. The solvent was evaporated
and the residue purified by chromatography over silica gel using a
gradi ent of 0-20 % et hyl acetate in DCMto give the title conpound

as a colourless oil (150 (nmethod 2): Rt 2.28 mns,
mz 407 [MH#]. N OH O 25 Hydroxv (b’ﬁhtl
(3 phenoxv- propyl ) - am nol - breycl or 2. 2.

1 R2R 7 finet hyI
2- di phenyl - acet am de

15 b.N-{(1 FL?S)-T-[Methvl-(3~Dhenoxv—nroovn-amino]-bicvciofz.g.1]hept—2-vl}-2-oxo-2-

phenyl-acetamide
A solution of (1 R,7S)-N'-methyl-N-(3-phenoxy-propyl)-bicyclo[2.2.1]lheptane-2,7-
diamine (200 mg, 0.73 mmol) was formed in DCM (3 mL) with diisopropylethylamine
(0.25 mL., 1.46 mmol). A solution of oxo-phenyl-acetyl chloride (184 mg, 1.09 mmol) in
20 DCM (iml) was added dropwise. The mixture was stirred at room temperature for 3
hours. The solvent was evaporated and the residue purified by chromatography over
sifica gel using a gradient of 0-20 % ethyl acetate in DCM tfo give the fitle compound
as a colourless oil (150 mg, 51 %). LCMS (method 2): Rt 2.28 mins, m/z 407 [MH+].

@r"\”ﬂ)% G

OH

25
c. 2-Hydroxy-N-{anti-(1R 2R)-7-[methyl-(3-phenoxy-propyl-aminol-bicvelof2.2. 1ihept-

2-y}-2,2-diphenyl-acetamide
A cooled (0 °C) solution of N-{(1 R,7S)-7-{methyl-(3-phenoxy-propyl)-aminoj-
bicyc!o[2.2.1}hept-z-yi}~2-oxo~2-phenyl-acetamide (100 mg, 0.25 mmol) was formed in




é gg;)l $d[(0t ﬁ) I S?I?)ut ihon of N-{(1
s -7-[ et hyl - ( 3- phenoxy- propyl ) - am no] - :
bi cycl o[ 2. 2. 1] hept - 2-yi } - 2- ox0- 2- pheny] - acet am de (100 ng, 0.25 nmoi )
was formed in 73 THE (5 nL). A solution of phenyl magnesium chloride
]go. 26 nL, 2Min THF, 0.52 mvol) was added and the solution stirred
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pare r - In ! -7-[ et hyl - ( 3-

pheri oxy- prggﬂf}3 0_— 2221“%0 B‘rﬁ({;@ﬁﬂ‘gﬁ%{zgﬁmﬁﬁ) [ o
hept - 2-yl') - 2, 2- di phenyl - acet anmi de using a 15 method anal ogous to that
in exanple 13: LCVMS (nethod 1): Rt 7.88 mzb; 499 mz [Mt]; (CD3CD)

S1.27 (LH n, 1.66-1.75 (L H ), IN85 t), 2.05 (1 H
2.22-2.38 (3H, m, 2.73 (1 Om : )’3.20 (ESH, ’s)fﬁ’

3.60-3.68 (3H, m, 4.11 (31- . 6. 925,965 (21- 1 -
(8H, 1), 7.40-7.45 (41-1, m). 20 Exarrplﬁ? M. 72575
Hydr oxy- di - t hi ophen-2-yi -acetic acid N
anti- (1S, 2R) - 7-[(3-di nmet hyl am no- propyl) -
net hyl - apg no] - bi cycl o[ 2. 2. 1] hept - 2-yl ester:
title conpougpq f ] ki

acid 25 (i S Z2Rj-7-1e yl am no-br cyel of 2. 7. T
( 3- Met hanes udingiy-@sBhenoxy- ropy-ammonium bromide

The title compound was prepared from 2-hydroxy-N-{anti-(1 R,2R)-7-{methyl-(3-
phertoxy-propyl)-amino]-bicyclo[2.2.1]hept-z-yl}—z,2-diphenyl-acetamide using a

15 method analogous to that in example 13: LCMS (method 1): Rt 7.88 mins, 499 m/z
[M+]; (CDsOD) & 1.27 (1H, m), 1.66-1.75 (1H, m), 1.85 (2H, 1), 2.05 (1H, m}), 2.22-2.38
(3H, m), 2.73 (1H, m), 3.00 (1H, s), 3.20 (6H, s), 3.60-3.68 (3H, m), 4.11 (3H, m),
6.92-6.96 (3H, m), 7.25-7.34 (8H, m), 7.40-7.45 (4H, m).

H
H

20 Example 48
Hydroxy-di-thiophen-2-yl-acetic acld anti~(1 S,2R)-7-[(3-dimethylamino-propyl)-

methyl-amino]-bicyclo{2.2.1 Thept-2-yl ester:

/IL\/\/IL
A,
5 OHS
6 W

The title compound was formed from anti-hydroxy-di-thiophen-2-yl-acetic acid

25 (1 S,2R)-7-methylamino-bicycio[2.2.1]hept-2-yt ester and (3-Methanesulfonyloxy-
propyh)-dimethyl-ammonium chloride using a method analogous to that in example 42:
LCMS (method 1): Rt 5.02 mins, 449 m/z [MH+]; (CD;0D) 6 1.07-1.18 (2H, m), 1.50
(2H, m), 1.77 (3H, m), 2.10 (1H, m), 2.17 (3H, 5), 2.32 (1H, 5}, 2.42 (2H, 1), 2.54 (1H,



propyl ) - di et hyl - anmoni um chl ori de using a nethod anal ogous to that
in exanple 42: LCVS (nmethod 1): R 5.02 mins, 449 niz [ MH]; (CD30D)
6 1.07-1.18 (21-1, m, 1.50 (2H m, 41 77 (3H m, 2.10 (1 H m,
2.17 (3H, s), 2.32 (1 H s), 2.42 (2H t), 2.54 (1 H 74 s), 2.61
(61-1, s), 2.79 (2H, m, 4.57 (1 H br s), 5.02 (1 H m, 6.98 (2H,
m, 7.14 (2Hy > § 6H7s)3§7©% , M), 4. 52T €), 6D2%1H, m), 6.98 (2H, m), 7.14 (2H,

(3- Drrethylamno pro t|-(1S 2R) - 2- ( 2- hydroxy 2, 2-di -t hi ophen-2
-yl - acet oxy')‘),t—n’re’@';@‘r'dl‘}z 2 1] hept - 7-yi ] - di net hyl - ammoni um brom de: O N
\' OOH OS O a. Hydroxv-di-thiophen-2-yl-acetic acid anti-(1 S

2R) - 7-{[ 2- (1_3-di ox0- 1, 3-di hvdro-

i soi ndol - 2- yEXaRRI&ZD| - et hyl - ani nol - bi cycl of 2. 2. 11hept-2-yl ester 10
The titl e5 compoitRehwmA mBq:FrBBﬂ) farmion s,2R)-2-(2-hydroxy-2,2-di-thiophen-2-yl-

anti - hydroxy-di -thio

S2R) - 7 et hweawa&wﬁpﬁa?%%ai@p% hfpivbemoptym propise

N- ( 2- br onoet hyl ) pht hal i m de usmj]g a method anal ogous to that in
exanple 42. LCVS (nmethod 2): R 7ONms, 537 mz [MH]. HZN- \ S
OOHS Ol X 15 b. Hydroxy-di - thi{ophen-2- vy{ - ac acid anti-(1 S

2R) - 7d( 2- am no- et hyl ) - et hyl 119) ' . 1] hept - 2-yl ester A
sol ution of hydroxy-di-thioph&r I@ﬂi-(l
S,2R)-7-([2-(1, 3-di oxo-1, 3-
di hydro-i soi ndol - 2-yl)-ethyl]-nmethyl -am no}-#lcy [2 2. 1] hept 2-yi
ester (80 ny, O. ol ) 18 in,. ( ‘
nonohydr at e £ bydroxy-gi-{ipnhen S—&traet o -tT 1 ated at
80 C for 1 h@urndmhzem ah'&i‘anebﬂvitaml eldic lo 2r2b ture. The

resul ting, Whirkg i G @hEs Wifed hbnh%rnﬁ.ﬂy&e@.al.%oaﬂént@ya-am Wi th

(1S,2R)-7-methylamino-bicyclo[2.2.1]hept-2-yl ester and N-(2-bromoethyl)phthalimide
using a method analogous to that in example 42. LCMS (method 2): Rt 2.70 mins,

537 m/z [MH+].
o _
)o Yo
6 OHS
O \ /

15  b. Hydroxy-di-thiophen-2-yi-acetic acid anti{1 8.2R)-7-[(2-amino-ethyh-methyl-aminol-
bicyclo[2.2.1Thept-2-y] ester
A solution of hydroxy-di-thiophen-2-yl-acetic acid anti-{(15,2R)-7-{[2-(1,3-dioxo-1,3-
dihydro-isoindol-z-yl)-ethyl]-methyl—amino}-bicycio[z.2.1}hept-z-yi ester (80 mg, 0.15
mmol) was formed in ethanol (3 mL). Hydrazine monohydrate (72 pL, 1.49 mmol) was

20 added and the mixture heated at 80 °C for 1 hour then aliowed to cool to room
temperature. The resulting white precipitate was filtered and the filter washed with
ethanol. The filtrate was evaporated to give crude title compound: LCMS (method 3):
Rt 2.03 mins, 407 m/z [MH-+].




ethanol. The filtrate was evaporated to give crude title conmpound:
LCMS (nmethod 3): R 2.03 mins, 407 mz [MH]. 75 Ol \ W/ NS OHS
O c. Hvdroxv di thiophen-2-vl-acetic acid anti-(1 S

2R) - 7- (( 2- benzovl am no- et hyl ) - met hyl - ammol - bi cycl or 2. 2. 1l heot - 2- vl
ester The crude hydroxy-di-thiophen-2-yl-acetic acid anti-(1
S,2R)-7-[(2-am no-ethyl)-nethyl-45 am no] - bi cycl o[ 2. 2. 1] hept - 2-yI

ester (0.15 mml) was dissolved |n l 5 m). Diisopropylethylam ne
(31 L, 0.23 mml) was added owe/d\b’y enz chloride (17 L,

0. 15mml ). The m xture was redlat ro t rature for 30 m ns.
Water (5nL) was added and the organics | at eabH hr ough a

phase-separation cartridge and evaporated. ation by
chromat ography over silica gel using a gradi f/0-20%t o et hyl
acetate in DCM as el uent gave the title corrpound as a colourless oil

(30 ng, 39 %ivdr heayl-apeticRicid2ant<1B2R n i - kN

HS OH O - B vi.am. g glrvp anti | (i S 2R)-2-(2-hvdroxv-2

2-di -t hi ophM—@&é&eﬂlﬁg—Mﬂy | o(2

211heot - 7- viThe dhutethiggioxpdibiopen-dyiaeetizacithant-{1 6128 7d iR ening-afag-methvh

pr epar ed cﬁhe@ﬂrﬁD 5mL
E(Z%g%eéq%cy&ﬁér!ﬁ ﬂﬁ%ﬁh%%&e&oxbnﬁﬁa § Whs @6é oh(s mL).

S, 2R)-7- no-e hyl - am no] - bi cycl o ] i I

est er usi ng Dilsoprepyieiyiamiak d)@'ldds 028 Fﬁfﬁ'a'i Wi a ﬁﬁloé"e?(? bﬁw C(k‘ﬁ'f’ﬁ Hy

1): Rt 7 25 Wdkér (Ermb

( )1 H 1 u.h@ iS@g( @.Zﬁ?eSm b M kg%étg%@%fﬁ}_ﬁe graiztél: kbr deﬂm; r 5

2.80 ( 1 H, nv)a,s Blda@ ad the, or@gmcsyciaﬁeq @1@9“ aghases f?tt?ﬂ Cagé 9933“84 3.69

( 3H, ’ ealgeér%@d Iﬁ)nﬂc%o‘ﬁ%y(cﬂardﬁnaté@raph@ .R6r iRk geMsing/a dradicBibf 0F§0%
7.40 2H£0 rr)ethyl acetate in DCM as eluent gave the title compound as a colourless oil {30 mg, 39

%). LCMS (method 3): Rt 2.47 mins, 511 m/z [MH-+.

@“N%%

d. (2-Benzoylamino-ethyh-anti-{(1 S@H)-z-(z-hvdroxv-2.2—di-thiophen-z-vl-acetoxv)-
15  bicyclo[2.2.1Thept-7-vll-dimethyl-ammonium bromide
The title compound was prepared from hydroxy-di-thiophen-2-yl-acetic acid anti-
(1 S,ZR)-7-[(2~benzoylamino-ethyt)-methyt-amino]—bicyclo[2.2.1]hept~2-yl ester using a
method analogous to that in example 13: LCMS (method 1): Rt 7.25 mins, m/z 525
[M+]; (CD;0D) 8 1.18 (1H, dd), 1.47-1.55 (1H, m), 1 .74-1.90 (2H, m), 1.99-2.09 (1H,
20 m), 2.31 (1H, m), 2.80 (1H, m), 3.12 (1H, m), 3.27 (3H, s), 3.27 (3H, s), 3.64-3.68 (3H,
m), 3.89 (2H, 1), 5.09 (1H, m), 7.00 (2H, m), 7.14 (2H, m), 7.40 (2H, m), 7.45-7.50 (2H,
m), 7.54-7.58 (1H, m), 7.85-7.88 (2H, m).

BIOLOGICAL EXAMPLES
25  The inhibitory effects of compounds of the present invention at the M3 muscarinic
recrsptor and (in the case of Example 41) the B adrenergic receptor, were determined

by the following binding assays:



m, 7.54-7.58 (1 H m, 7.85-7.88 (2H, m. BIOL.Od CAL EXAMPLES 25 The
inhibitory eff ects of conpounds of the present invention at the M
muscarinic receptor and (in the case,of Exanple 41) the t32
adrenergic receptor, were determned by the follow ng binding
assays: 76 Muscarinic Receptor Radioligand Bi ndi ng Assays

Radi ol | gancy bl fidnsLdlbPRadibddrd Biidhd Asshygret hyl scopol ari ne
([ 3H] - NVB) —conmercrarry aval I apl'e "C€ merr@r aneﬁ 3§§@&§§s¢fgg t he
human rusc aRadieligane biaging stidies plisinad "Higy-megwkscqaiaming (g ?
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[ 3H] - ONB an dtron of the above affinity assay. Antagonists
wer e i ncubafegtotiotschtifidionsoditera concentrati on 10-fol d hi gher than
their Ki as determned with the [3H -Q\B |igand, wth nenbranes

expressing the human 15 nuscarjnic receptors. At t - 1.hj

T s Tar - ek ge stavaot s e aneranirerselyy Tefliedlsrbthe |

Kd for the pg&e@hveradsigasd FHUGNESHNR adbptatiorcoitice almveadinity asrey- f or

various tinme periods from1 1 N 0 LWNeleR hiderPeA AR Knd

bound radi @P%@Bﬂ'ﬁts\)@%mfw%%ecﬂ?g? %@@rgép%% ?%ﬁ??t% in@nfggnhl al | owed to

dry over ni ght deSehintd WtathedfH-QNB lighndawitt membipaas BXPRFNHES BYHRAY

radi ol i gand - | is @K NBQabepiaed ftfa concentration

seintil At &ﬁ%%ﬁ”ﬁ‘??ﬁéﬁ%ﬁé&rﬁ?gﬁg?ﬂ@ﬁi’ch, 3%%@ Lpgfeteaadohingding

to the nusc®bieiddighetibpp B Kdifer thelespriar Daing IpRlich aRAINg iNGRRTYOR ©P

ant agoni st 4}, S3AGHHRS péricRE bRl 5 RRERS Op fo 180 minateshideibldnes afidband

tpgte eﬁg ;, agon! rgéigtigggd t\f\.'rf],\(rae t?'lgr? ﬁgrtvgsrtgd by2 atraﬁ%%%ln% %I!O\%ﬁg'dﬂgoveﬁﬁ@ﬂ%&ltiliaﬁon
fluid was then added and the bound radioligand counted using a Canberra Packard

20  Topcount scintillation counter.
The rate at which [3H]-QNB is detected binding to the muscarinic receptors is related
io the rate at which the antagonist dissociates from the receptor, ie. t0 the halt life of

the antagonists on the receptors.

25 Results:

Binding
Example | potency
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1 +++ 2 +++ Mr+4 77 12 +++ 13 +++ 14 + 15 + '
16 ' ++ 17 +++
++ 19 +++ 20 +++ 21 +++ 22 +++ 23 + 24 +++ 25 +++ 26 +++ 2%8

++ 28 +
38 ++ 39 29 + 30+ 31+ 32+ 3344 34 4% 354+ 30 +r 37 A

12 +b+
13 4
14 +
15 +
16 e
17 bt
18 ++
19 - +++
20 4+
21 ot
22 3
23 +
24 +++
25 bt
26 .
27 g
28 +
29 +
30 +
3 +
32 +
33 ey
34 -t
35 ++
36 +4+
37 +++
38 F4
39 +
40 +
41 +++
42 o+
43 4+
44 NT
45 +
46 NT
47 NT
48 NT
49 NT

In the table above, M3 binding potencies (Ki values) are indicated as follows: <1nM
bt 1-10nM 4+ >10nM L All compounds tested exhibited Ki values <5000nM. NT
= Not Tested.

B- Adrenerdic Receptor Radioligand Binding Assay
Radioligand binding studies utilising ['**I]-lodocyanopindolol and commercially

available cell membranes expressing the human B, adrenergic receptor were used to

assess the affinity of antagonists for Be-adrenergic receptor. Membranes and SPA-
16 beads were incubated with ['®*i}-lodocyanopindolol and B, antagonist at various

concentrations for 3 hours at ambient temperature in TRIS buffer. The assay was



40 + 41 +++ 42 +++ 43 +++ 44 NT 45 + 46 NT 47 NT 48 NT 14
NT In the table above, M3 binding potencies (Ki values) are indi catged
as follows: <1 nM '+++' ;1-100M ++'; HIO0M +' . Al conpounds tested
exhibited Ki values <5000nM NT' = Not Tested. 5 13- Adrenergic
Reclept or Radioligand Bi nding Assay Radi ol i gand bi ndi ng studi es
utilising [Q Stheh feaENana R dalcr weanda¢ osme theiVithllag Microhdth abldercel |
menbr anes expressing the hurran é E @ﬁn c.receptor were used to
assess the EFEIIWWPN'G&F'D'%%'@HHW k< fOp : g"%a%ﬁsgﬁergl c receptor.
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foll ow d
R8041) \?lvgs %'él’rug'%aﬁe(fcdfé@bﬁlﬁmg%ﬁ Z?%%%g@?gﬁ ?rlfﬁm::.&aﬂa,d fQad5 #

probeneci d (kLS Mjloweshbyerfidiion 055 Bl BiFRUSSRNIRIR é"fa%“é?gi’ﬁ‘{%h%he%%“ L)

was added t or't
addi tion of qg%m 1§fﬂ "rlr%es%igr@lpﬁfhgw&aweﬁal oh QYFLES(stammm(e&ltzitmhlttﬁmm by

further 15 rAMiSHIXLOIHENPHIRSERAY srt8gg ehﬁ:%gﬁ%gi&ﬂ a?q-l onT ﬁ% H@)%(?ﬁsgetuﬁ)cn

488 nm agonist Carbachol was then added at an ECgo conceniration and the fluorescence
15  measured for a further 60 seconds. The signal was calculated by subtracting the peak
response from the mean of the baseline fluorescence in conirol wells in the absence

of artagonist. The percentage of the maximum response in the presence of
antagonist was then calculated in order to generate |Csp Curves.

20  The inhibitory effects of compounds of the present invention at the M3 muscarinic
Receptor may be evaluated in the following ex-viva and in vivo assays:

Evaluation of potency and duration of action in Isolated Guinea Pig Trachea
Experiments were carried outat 37°C in modified Krebs-Henseleit solution, (114 mM

25 NaCi, 15 mM NaHCQjg, 1 mM MgSQ,, 1.3 mM CaCls, 4.7 mM KCI, 11.5 mM glucose
and 1.2 mM KH,PO; , pH 7.4) gassed with 95 % O2/5 % CQO;. indomethacin was
added to a fina! concentration of 3 M
Tracheae were removed from aduit male Dunkin Hartley Guinea pigs and dissected
free of adherent tissue before being cut open iongitudinally in a line opposite the

30 muscle. Individual strips of 2-3 cartilage rings in width were cut and suspended using
cotton thread in 10 ml water-jacketed organ baths and aftached to a force transducer
ensuring that the tissue Is located between two platinum electrodes. Responses were
racorded via a MP100W/Ackowledge data acquisition system connected to a PC.
Tissues were equilibrated for one hour under a resting tone of 1 g and were then

35  subjected to electrical field stimulation at a frequency of 80 Hz with a pulse width of
0.1 ms, a unipolar pulse, triggered every 2 minutes. A voltage-response” curve was
generated for each tissue and a submaximal voltage then applied o every piece of



em ssion 525 nn) for 15 seconds to determ ne baseline fluorescence.
The nuscarinic agonist Carbachol was then added at an EC80
concentration and the fluorescence 15,yreasured for a further 60
seconds. The signal was cal cul ated by subtracting the peak response
fromthe nmean of the baseline fluorescence in control wells in the

absence of ,anfAg BB‘Hdﬁ@ 1o HGwR RS ESﬁgeQE%I%betﬂ@s@)&lei’@lﬁmémﬁmf’r@ebm t he
presence of anta cal cul at'ed

[..to erate |.C53
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followi ng ex-viva and in vivo as
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| ndonet haci rnreggmse amde’sjcdmtrmtéd using Grapbeast Prigm saftwere andine Elsr@aialish

renoved fro nkin Hartl ey QGuinea pigs and di ssected
free of adhempg%q%lh Clr?tejf ore being cut open longitudinally in a
l'ine opp05|te t he 30 nmuscl e. Individual strips of 2-3 cartil age rings
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ensuring t hadeteninad Esogoncenirgion ok SRR g‘?ﬁf%\ﬁ %‘fag%e{dﬁf&?n 8 ag‘(r:tﬂr“:'(\)des
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f i el d stimul fgghing tiad tissué bethehdiesb Kres spiution and tae poedekafpfatheof 0.1
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curve was each tissue and vol t
applied to evmgowd&:l@e%ﬁur@ Thﬁl‘%?ﬂ'@“&'@@é’i“mt’%o %?“P? sByoW c?%gﬂhﬂg n

voltage. Tis \&?fh% QaRDBESH 8 Examislesitenadsel ECs), or0.amtd aadl haiveion of
stabilize under stinmulation prior to addition of test conmpound.

Concentrat i oﬁcti%‘sqﬁéﬁ@@“@@?'ves were obtained by a cunul ative addition
of test compound in haIf-I og increnents. .Once the response to each

addi L on R e el S B BEM AR oA ARG 07 v rrgglecul N
for each conogid G%empxgstDmmm:W%hwgg in gr@g ere
curves const r t’cﬁ%liﬂ%bﬂﬁe@ /ﬂ‘g‘hﬁ’@‘é\feﬁf LiRe8 @f Lovametine tididodaCharoundings
cal cul at ed
for at least 5 days. Throughout this time and study time animals were allowed access
to water and food ad fibitum.

25  Guinea pigs were anaesthetized with the inhaled anaesthetic Halothane (5 %). Test
compound or vehicle (0.25 — 0.50 ml/kg) was administered intranasally. Animals
were placed on a heated pad and allowed to recover before being returned to their
home cages.

Up to 24 hrs post dosing guinea pigs were terminally anaesthetlized with Urethane

30 (250 pg/mL, 2 mL/kg). At the point of surgical anaesthesia, the jugular vein was
carnulated with a portex i.v. cannula filled with heparinised phosphate buffered saline
(hPBS) (10 U/mL) for i.v. administration of methacholine. The trachea was exposed
and cannulated with a rigid portex cannula and the oesophagus cannulated
transorally with a flexible portex infant feeding tube.

35  The spontaneously breathing animal was then connected to a pulmonary
measurement system (EMMS, Hants, UK) consisting of a flow pneumoiach anda
pressure transducer. The tracheal cannula was attached to a pneumotach and the



lo Onset tinme and duration of action studies were perforned by adding
the previously determ ned ECSO concentration of conmpound to EFS
contracted tissues and the response gl lowed to plateau. The tine
taken to reach 50 % of this response was determned to be the onset
time. Tissues were then washed free of conpound by flushing the
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Hal ot hane ( oun rve
admi ni st er edhé pompoag f Eyammﬁﬁﬁéqlé 0.5end1 poka b Ghoyrspagt e GOHQ{EE

al | owed {0 rsvg%’c%'&e@ﬁrfo%tﬁncgﬁétﬁﬁloheéridirtﬂ@ébﬁ% rh10PEdMpdiATEoeRNes, ard)p O
24 hrs post sing_gui nea pigs were ternmnally anaesthetized with

Ur et hane 303heeBdn bigeie!: 2 nml/kg). At the point of surgical

anaest hesia, the jugular vein was caraulated with a portex i.v.
cannula filled with heparini sed phosphate buffered saline (hPBS) (10
UnL) for W adm nistration of nethacholine. The trachea was exposed
and cannul ated with a rigid portex cannula and t he oesophagus

cannul ated transorally with a flexible portex infant feeding tube.
35 The spont aneously breathing ani mal was then connected to a

pul nonary nmeasurenent system (EMMS, Hants, UK) consisting of a flow
pneunotach and a pressure transducer. The tracheal cannula was
attached to a pneunotach and the 80 oesophageal cannula attached to
a pressure transducer. The oesophageal cannula was positioned to give
a baseline resistance of between 0.1 and 0.2 cnmH20/nmJs. A 2 mnute
basel i ne readi ng was recorded before i.v. admnistration of

met hacholine (up to 30 pg/kg, 0.5 nL/kg). A2 mnute recordi ng of



5 the induced constriction was taken fromthe point of i.v.

adm ni stration. The software cal cuI at ed a peak resistance and a

resi stance area under the curve during each 2 minute recording
period which was used to anal yse the lbronchoprot ective eff acts of
test conpounds. The results obtained in this assay for the conpound
of Exanpl e I\? l, 0.3 and 1 pg/kg i.n.) 4 hours prior to Mch (1
Opg/ kg 10 i ‘nduced bronchoconstriction, and the conpar at or
conpound tiotropium are shown in Figure 1. S1 CLAIMS 1. A
conmpound of foﬁmw&of dﬁatad}i R3 A R4 (1) wherein Ais an oxygen
atom or group Is G -C6-al kyl or a hydrogen atom and
R2 is a hydrogen atom or a group FZ ¥- R5i - Z- NRBRi 0; -Z- CO- NROR70;
-Z-NR9- CO-R5; or -Z-CO2H;, and R3 i %slone pair, or Cl-C6-alkyl in
whi ch case the nitrogen atomto iC is attached is a quaternary
nitrogen and carries a positive ge; or (ii) R1L and R3 together
with the nitrogen to which they ‘aref attached forma heterocycl oal kyl
ring, and R2 is a hydrogen atom orA.gsgroup -R5, -Z-Y-R5, -Z-NRORI1O,
_Z-CONROR 0, -Z-NR9-CO-R5 , or -Z-CEoH, in widch cases the ni trogen
atomto which it is attached is a quaternary nitrogen and carries a
positive charge; or (iii) 4" and R2 together with the nitrogen to
whi ch they awvfereint ached forma heterocycloal kyl ring, said ring

bei ng substi g it ~RER2rZ- Y- R5, - Z- NROR70;
-Z-CONRQRloAH’?@ %eraatgmtaamﬁ_ Z- CC§ZH and R3 is a lone pair, or

Cl- C6- alkyl in which case the nitrogen atomto which it is attached

i's a quaterngrg |§CI~CQQH2{?I or aMgldregen atem; andoR’sls hihyerogéraatgem; orRAIrPUP 2R,
group of for rrul a 5( %)NR"(FI 0. s &(8 Nl%ﬂ‘é d} NFJREB RA of-z- bbgHR £ A%&a lone pair,

or G,-Ce-alkyl in which case the nitrogen atom to which it is attached is a quaternary

nitrogen and carries a positive charge; or

(i) R* and R® together with the nitrogen to which they are attached form a
heterocycloalkyl ring, and R? is a hydrogen atom; or a group ~R8, —Z-Y-R®,
—Z-NR°R'™, -Z-CO-NR°R", -Z-NR’-CO-R?, or -Z-CO.H, in which cases the nitrogen
atom to which it is atiached is a quaternary nitrogen and carries a positive charge; or

(iii) 11" and R? together with the nitrogen to which they are attached form a
heterocycloalkyl ring, said ring being substituted by a group ~Y-R?, =Z-Y-R%,
—Z-NR°R'% -Z-CO-NR®R'?; -Z-NR®-CO-R®; or -Z-CO;H and R’ is a lone pair, or C+-Ce-
alkyl in which case the nitrogen atom to which itis attached is a quatemary nitrogen

and carries a positive charge;

R*is a group of formula (a), (b), (¢) or (d);

L PTG
. R Ar " \ R
‘\ ]{! \1 RB{: @ E!c
f (ﬂ’b)m o]

o

fHt'a)n

(@) (b) (c) (d)
Z is a C+Cag-alkylene, C-Cie-alkenylene or Cz-Cqe-alkynyiene group;



RS Ar' * Rsb *Rsb N Are Rec Rso | Rey O (R7Tb)mQ O (a) (b) (c) (d)
Zis a C-Cl6-al kyl ene, C2-C16-al kenyl ene or C2-Cl6-ai kynyl ene group;
82 Y is a bond or oxygen atom RS5 isgan Cl-C6-al kyl, aryl,

aryl - fused-cycl oal kyl, aryl-fused-heterocycl oal kyl, heteroaryl,

aryl (C1-C8-al kyl)-, heteroaryl (Cl-C6-al kyl)-, cycloal kyl or

het er ocycl o r om:.C1- C6-al kyl or a hydrogen atom Rr7a and
R7b are a cﬁ%%ﬁqﬁ“’ dgﬁgltor hal ogen; n and m are independently O,

1, 2 or 3; Rea and R8b are independently selected fromthe group

t 5 )
<c::on?:|6 Sa: E3| Oﬁcsc |C§ ‘ﬁWV‘ Eg,ﬁ%ﬂn ek %g(,qw%é@aﬁ Hisbd-hBRERYO84IMI, heteroaryl,

hydr oxy- C1- @Wm1k9¢alky*ﬁr,th€?qf@aw’§31g¢«ﬁyﬂ' E@Mﬁ" rh%wﬂ%lﬂawr?m% om
Red is Cl-C6-al kyl or a hydrogen atom R9 and R10 are independently a

hydrogen atom . Cl-C6-al k aryl -fused- heterocycl oal kyl,
aryl - f used- c?c!s&m%;ﬂ‘kyl?i)éc@id@éféylao”éryl (Cl- C6-al kyl)-, or

het eroaryl (Cl- C6-al kyl)- group; or RO and R10 toget her with the

nitrogen atomto V\/I;lg,c attached forma heterocyclic ring of

4-8 atoms, offti%9f ﬁrec?o&‘téﬁ'%"‘ﬁgmé.’pfoﬁﬁ%‘]ﬂ%ern nitrogen or oxygen atom

R 12 is Cl1-C6-al kyI or a hydrogen atom Art is aryl, heteroaryl or

cycl oal kyl; Ar2 are i.n end het eroaryl or cycl oal kyl; and
- B P RO Rb 1,230 8, |

Qis an oxyg a bond; or a pharmaceutically
acceptabl e salt, solvate or N- oxi de thereof. 2. A conpound as

claimed in c éﬁd%““@@:ﬁé%eﬁﬂérﬁky@&e&é& #60 1 @Bhé%oﬁﬁblgof&%i Mused3

R is Cil-Ce6- en”at om and - al ydr ogen
atomor a heterocycloalkyl heteroary! C+-Ce-alkyl, cycloalkyl

RE is ~OH, C1-C-alkyl, hydroxy-Ci-Ce-alkyl, nitrile, a group CONR™, or a hydrogen

atom;

R is C,-Cg-alkyl or a hydrogen atom;

R® and R'® are independently a hydrogen atom, C,-Ce-alkyl, aryl, aryl-fused-
heterocycioalkyl, aryl-fused-cycloalkyl, heteroaryl, aryl{C+-Ce-alkyl)-, or heteroaryl(C;-
Ce-alkyl)- group; or B® and R' together with the nitrogen atom to which they are

attached form a heterocyclic ring of 4-8 atoms, optionally containing a further nitrogen

or oxygen atom;

R'? is C;-Ce-alky! or a hydrogen atom;

Ar' is aryl, heteroary! or cycloalkyl;

AP are independently aryl, heteroaryl or cycloatkyl; and

Q is an oxygen atom, -CHa-, ~-CHCH,- or a bond;
or a pharmaceutically acceptable salt, solvate or N-oxide thereof.

2. A compound as claimed in claim 1 wherein

A is an oxygen atom or group —N(R'®)-;



group -Z-Y-R5, or a group -Z-NROR10; or R1L and R2 together with the
nitrogen to which they are attached forma heterocycl oal kyl ring; R3
is alone pair; or Cl-C6-alkyl, in whgch case the nitrogen atomto
which it is attached is a quaternary nitrogen and carries a positive
charge; or R and R3 together with the nitrogen to which they are
attached forma heterocycloal kyl ring and R2 Is Cl1-C6-al kyl, in

oy he i ; 09 : I
charge. Fa FoB St ors PR AL RRAR: Bi-ClofAvhRRgaaRBReld Vo |
N/ I Rbc OgiQup-£R7R),mv p grdup)-ZcWR°R'Z or 8' andR’ Cgetiekyitte e nitrogen to

ctom RS 1 VAR By ere RapR AR RGN g ) 2 Pon o ooer

het er oaryi (Cl- Ge-al kyl )- group; R6 is Cl-Cé6-al kyl or a hydrogen

atom R7a apg. R7, J RAeN i Whi s R hh 2859 ¥PwIRER 1R RE@emd

n and m ar eﬁi | ?e‘@‘é%@%ﬁt‘ﬂ?%?%?%?"%"g‘r“ﬁ‘s%%aﬁ%ﬁ\ R8b are, i nde@&eat |y

sel ected fr &m quatergayujragensnd earigs ®Posifupicharget @ Baand F toggineisVly RS | |

cyel oal kyl ; RGed & ifkh inhafebabiod fomf He@iatySibalprind kod B* 1C, Ca k)
an

hydr ogen at o 0" are 1 ndependently a h?{ rogen,at om ..

01- C6- al ky! jn wiigh casedbe niyagsn atomyis fyatariseg and g3/Tigs a pgitive charge;

het eroaryl (Cl- C6-al kyl )- group; or RO and R O together with the
nitrogen atgmto which they ar? attached forma heterocyclic ring of
4-8 atoms, &S dARUPP! AMUBEINAR ng a further nitrogen or oxygen
atom and R12 is Cl-C5-al kyl or afsdrogen atom 3. A conpound as
claimed in claiml or claim?2 \M‘éeréyn"R is pethyR™or ethyl, or a
hydrogen atom and R2 is nethyl for @thyl, a hydogear®tom or a group
-Z-Y-R5, or a group -Z-NRORLQNY A conpound ad]| gi®*ai ned in claim?2
wherein RL is nethyl or ethyl ! or df’pgen

(a) : (b)
Z is a C4-Cg-alkylene, C,-Cs-alkenylene or C.-Cg-alkynylene group;

Y is a bond or oxygen atom;

R® is an aryl, heteroaryi, aryl(C+-Cg-alkyl)-, or heteroaryl{Cs-Cg-alkyl)- group;
RE is C4-Ce-alkyl or a hydrogen atom;

R’® and R™ are independently a C-Ce-alkyl group or halogen;

n and m are independently 0, 1, 2 or 3;

R® and R® are independently selected from the group consisting of aryl, heteroaryl,

C4-Ce-alkyl, cycloalkyl;
R® is —OH, C4-Cs-alkyl, hydroxy-C4-Ce-alkyl, or a hydrogen atom;
R? and R™ are independently a hydrogen atom, C+-Ce-alkyl, aryl, heteroaryl, aryl(C+-

Cs-alkyl)-, or heteroaryl(Cy-Ce-alkyl)- group; or R® and R together with the nitrogen
atom to which they are attached form a heterocyclic ring of 4-8 atoms, optionally



atomand R2 is a group -Z-CO NROR10; or a group -Z-NR9-CO R5; or a
group -Z-CO2H. 5. A conpound as clainmed in claim3 or claim4
wherein R3 is nmethyl, so that the nitgogen atomto which it is
attached is a quaternary nitrogen and carries a positive charge. 6.
A conpound as clainmed in claim1 or claim2 wherein RlL and R3, or R
and R2, togghksiing' fuithehetayenropgryyehatomiaott t hey are attached forma
nonocyclic heterocyclic ring of from3 to 7 ring atons, in which the
het ero-atom(s) are nitrogen. 7. A conpound as clainmed in claim5
wherein R amdiR3,-CoalkRor ahgtr&Ren ataget her with the nitrogen to which
they are attached form an azetidinyl, piperidinyl, piperazinyl,

N- et hyl pi perazinyl, or pyrrolidinyl ring. 8. A conpound as cl ai ned
in claim6 o8 clalcofpwingasickirérbingiaim dge alaim dmhewin RE Eptiy ogiyh k8,

or Rl and Rz, hy?cfr&bé?ntak@rﬁ BRG FE & At} BHN2E HydibderRa8h oRAYrAR-ZER" r a
positive charge. 9. A gonpound as’ claiied in any of the preceding

cl ai ms wher efraup +&NEHY group -R5, -Y-R5, -Z-Y-R5, -Z-NROR10,
-Z-CO-NROR70, -Z-NR9-CO-R5, or -Z-C2H. Zis -(CH2)1-10-, optionally

substituted on up to three carbons in the chain b thyl: Y i

bond or -0-;4R5 i%cﬂ‘B?Wp,asngm?é]‘”rﬁ‘a“B%VYenfB%'? E‘p?lr?{et Y,orélggli oroari'\y%ro%en
tertbutyl; ostoph@@R?is 3 glbupelin0-RRERIT;@x v pinemy-Z;NR°-CO-R; or a group -Z-CO:H.
3, 4- et hyl enedi oxyphenyl, 85 di hydrobenzof uranyl, naphthyl; or
pyridyl, pyrrolyl, pyrimdinyl, oxazolyl, isoxazolyl, abenzi soxazol yl ,
benzoxazol yl 6. t hhagmbgund dsetaimid izidig3 orglaimdiwherein R isriyethyl, so that the

benzt hi enyl , ni{rg%éﬂ atomqﬁﬁf\fdﬁﬁlisi aﬁdg%&jézﬁcﬂu}é{emé?ﬁHi%b&rﬁﬁ‘?c%a)‘r'ies a positive

i sot hi azol yl nzi sot hi azoly yrazol yl, isothiazolyl, triazolyl,
benztri azol ytharghi adi azol yl , oxadi azol yl, pyridazinyl, pyridazinyl,
triazinyl, indolyl or indazolyl; or arylalkyl wherein the aryl part

i h |, 3_4-nethyl dj h |, .3,4- ethyl i | o
i hydr obenz oPur and POMBRTAAR ARG el i L R B HRO RS ' o
- CH2- or - CHGHlfer withi thaelteigeatybviatik jiey ateatiacined fhen hetanoaydjic hejavoeydiig

pyridyl, pyrr.ol r1o.di ; %ﬁﬁ% IS : ]

benzi soxazol {)T‘g X#bfgoﬂ%%%?hﬁ%’/%h?hlpazo 3b¥hﬁgﬁ§aﬁﬁ?§ggﬁyqi{rogeaui nol yl ,

thi enyl, benzthienyl, furyl, benzfuryl, imdazolyl, benzim dazolyl,
7. A compound as claimed in claim 5 wherein R' and R%, or R' and R?, together

with the nitrogen to which they are attached form an azetidinyl, piperidinyl, piperazinyl,
N-methylpiperazinyl, or pyrrolidinyl ring.

8. A compound as claimed in claim 6 or claim 7 wherein the nitrogen atom o
which R and R?, or R' and R?, are attached is a quaternary nitrogen and carries &

positive charge.

9. A compound as claimed in any of the preceding claims whetein, in any group
—RE, -Y-R®, ~Z-Y-R®, —Z-NRR", -Z-CO-NR°R", -Z-NR°-CO-R’, or -Z-COH:

Z is —(CHy)1.16-, Optionally substituted on up to three carbons in the chain by methyl;
Y is a bond or ~O-;
RSis methyl, ethyl, n- or isopropyl, n-, sec- or tertbutyl; or

phenyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl,



i sot hi azol yl, benzi sot hiazolyl, pyrazolyl, isothiazolyl, triazolyl,
benztriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyl,
triazinyl, indolyl or indazolyl, andghe -(Cl-CB-alkyl)- part is
-CH2- or -OHCH2-; or indanyl or 1,2, 3,4-tetrahydronaphthal enyl; or
het er ocycl oal kyl (Cl1- C6-al kyl)-, wherein the heterocycl oal kyl part is
azeti dinyl, p|p@ﬁwgkﬁgﬁmﬁm@@@ﬁggmnyhn N-substituted piperazinyl such
as nethylplpera2|ny or tetrahydropyrrolyl and the -(Cl-C6-al kyl) -
part is -CH2- or - CH2CH2- . or cycl opropyl, cyclobutyl, cyclopentyl or

g)r/clnohg;(y! s Oapg n@nqbyiri]ﬁlﬂ Wmudnmﬂl&mefuﬂ,emdxazdwmeoglemazdﬂt berizpxazphiy |
- i
3, 4- et hyl enegl o%‘ﬂﬁ%ﬁﬁ/ebexﬁaﬁaﬁ?)ﬁrﬁiﬂé 'ﬁuraln%f%Fr rIYfPW; lbenzfur}zlf dyl ,

pyrrolyl, pyrini dimm;tolytmemzmwdzp!yi tsobh@zeiviybenzbéﬂnglwa!@mwl iSOth'aZOM
benzoxazol yl, t a"cﬂa% | YrigatiRliesibaziny!

benzt hi enyl , furq %&Lﬁé?ﬁkﬁ% l)bzéII ?xwzggng#nmad'aggﬁwl azinyl,

i sot hi azol yl, berilzazsmrt md@wmrymdazwsarzm yI i sot hi azol yl, triazol yl,
benztriazol yl, thladlazolyl oxadlazolyl pyridazinyl pyridazinyl
86 triazinyl, indol i ndazol :. 0 [ei

part is phenyl, @Malﬁiéwmé'h*@ﬂ@ﬁ&g%'@Hb?”y"é*fmeﬁ}y}???‘g F%ryi;;g’henyl

di hydr obenzof ur ar&ﬁylemuonmhwdmymntdmam(l @k nBphthyikaridjthe pEhiCeiabiyl)-
-CH2- or -CH2CHz2-; and El&% c?ether with the nitrogen atomto
which they are atqaétd?le idinyl, piperidinyl, piperazinyl,
N et hyl pi per azi nyl, yrroI i dinyl, nor phol i nyl, or thionorpholinyl
ring. 10 A conpo vl R r &hidinyl, N t he
group - NR R2R3. q‘%@erﬁ&w k?lhﬂfe%lhfhecrﬁﬂf)ﬁﬂfg is Byr éﬁb?rdm VR an d 3
i's methyl, so thaaxazoig, ﬁ@&%@@*@hﬁﬁzﬁoxwlvhHef‘%"x%o' tﬂﬁla%% epigthiazoly

quat er ni sed and C&ifd %%a@nﬂ%n&h}éﬁ VICRAT, B8nzfddd, infldgzalyp eendmigazailai med
in claim1l0 wherein

or -0-, and -Z- '§°"B‘a§‘?lY'a‘?edWFo%'fazﬁlylaﬁ)ﬁ@m gqqﬁwzg%w%ﬁty ??‘r‘éﬁ@hgond

the nitrogen andthraﬁlﬁiolblyoﬁdwzaiymppifdauwi tpyridZinyb triazioyk indoly! of incpaaivl,

atons. 12. A corrpgryfgtg a?% %@dpé{ﬂs- ogr_tctp,pcgr eg,edl ng clains

wherein Ais an o dund cfaimed in any of
claims 1 to 12 wherein Ais a group - N(R12)

indany! or 1,2,3,4-tetrahydronaphthalenyl; or

heterocycloalkyl(C1-Cs-alkyl)-, wherein the heterocycloalkyl part is azetidinyl,
piperidinyl, piperazinyl, N-substituted piperazinyl such as methylpiperazinyl, or
tetrahydropyrrolyl and the ~(C+-Ce-alkyl)- part is —CHa- or ~CH.CHp-. or

cyclopropyl, cyclobutyl, cyclopenty! or cyclohexyl; and

R® and R™ are independently
hydrogen; methyl, ethyl or n- or isopropyl;

phenyt, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl,
dihydrobenzofuranyl, naphthy};

pyridyl, pyrrolyl, pyrimidinyl, oxazolyl, isoxazolyl, benzisoxazolyl, benzoxazolyl,
thiazolyl, benzthiazolyl, quinolyl, thienyi, benzthienyl, furyl, benziuryi,
imidazolyl, benzimidazolyl, isothiazoiyl, benzisothiazolyl, pyrazolyl, isothiazolyl,
triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyl,



wherein R12 is nethyl or ethyl, or a hydrogen atom 14. A conpound as
clainmed in any of the preceding clains wherein R4 is a group (a), A6
is methyl or ethyl or a hydrogen atomg Art is phenyl, thienyl,

cycl ohexyl, cyclopentyl, cyclopropyl, or cyclobutyl; R7a and Rb are
i ndependently nethyl, ethyl, n- or isopropyl, n-, sec- or tertbutyl,

fluoro, chioro O{nagﬁﬁr}pd dﬂ@ﬂ:nﬂéz%ﬁzﬁoﬂ are independently 0, 1, 2 or 3.
15. A conmpound as clalnmed in any of clains 1 to 13 wherein R4 is a

group (b) and Rya and Bob nmay be independently sel ected from nethyl,
gt hyl', R_I or ijso @ﬁcﬂ whafein tl"&%ﬁyi pands grenylb8idyhethyemedipkyphenyl, 3,4-

4- et hyl enedi o e e — .
o O ebaneat ar oAb esoRkAy, Ghiro %’?ﬁgfugﬁ&/’ﬂo!}%hth& and the. Gy Gkl
oxazol yl, i soxazphyls-CHyeozCbEEz-0bnR’ arbd%%tmatfl@rlwlth ’fh@ ﬁlt@ﬂ@ﬂ‘ glom to
benzt hi azol yl , qglh@ﬁlﬂyggla %Q&a%ﬂ&% Pyﬂ%ﬁ%&%ﬂoﬁ'@}’bmemﬁl Ndlper&ﬁ’rﬁ‘ﬁfNJr yl,

i m dazol yl, ben2| nzj sot i.azo

pyrazol yl, isot meetwb::gerazwwh PaFdidipyl, mB@HE'E'M a&@morpft%‘!é\ér%zo| yl,

oxadi azol yl , pyridazinyl, pyrlda2|nyl triazinyl, |r|donI or

i ndazol yl ; indanyl and 1,2,3,4-tetrah ona alenyl

cycl obutyl, 1@yc|6¢@ﬁﬂppmgﬁﬂd@?@pdh@§9¥ ﬁ%ﬂaggq1 ‘%@%5 gﬁgﬁfom
methyl, et hyltis RéthylH &9 xmtehgrbup APFRS, and BY isanalindsp tmmemogmé@ ein
each R8d is i nde endentl en atom 16. A
conpound as ¥ ﬁ@é ?Wegkﬂ%}erﬁiﬁ‘%ﬂ J%%efs @qSﬁvgéﬁg\Aﬁ%r ein R4 is a
group (d) and R8a and Rob maybe independently sel ected from nethyl,

ethyl, n- 3 SO)%y %oﬂp@ a%clzi?r?e% in FiQﬂ\ ﬁ@%ﬁ@@hﬁs is PR@RYdrphenyl(Cy-Ce-

3, 4- et hyl enedl o] et hyl enedi oxy ¥| inking th
di hydr obenzcn‘lkyr aviisa bmr;?ﬁt-ﬁ)ylaﬂdp% isdgﬂtra!%y?rrt{ﬁ@% ed glypRg Edjg| linking the
oxazol yl, Srﬁﬁ&?g%ﬂ'a)ﬁh hvabs?ébwaﬁm w12, Bapaepenbor atombi azol yi ,

q

benzthlazol ui nol yl hi enyl benzthlenyl fury], benzfuryl

i m dazol yl, benzim dazolyl, isothiazolyl, ben2|soth|azolyl

pyrazolyl, jsot i affddlind ab tladddd ik lany biEthé precading glhimstwhengln &zaaly pxygen
oxadlazolyl pyridazinyl, pyridazinyl, triazinyl, indolyl or

i ndazol yl ; |?¥E‘§nyl and 1, 2, 3, 4- tetrahydronapht hal enyI cycl opropyl,
cycl obutyl cycl opentyl and cycl ohexyl; R80 is -OH, a hydrogen atom

met hyl, et hyhdep%%gﬁ#qﬁt Q%Iahm(gu ih'd! 'n%r Bi nriarnsa tsﬁwmefé@ﬂ\ﬁwgmh@m(ma)

R8d each is or a hydrogen atom 17.
conpound as whesrenéﬂaisrm&ihséphﬁﬁmﬂ erarb’ﬂ'é’igﬁi‘%’%erel n R0 is - OH. 18 A

conpound as clainmed in any of clains 15 to 16 wherein (i) each of R8a

and Rob iIs (ﬁ)t' ;)Rg%%%%subst Ia%ﬁe;m £Pn¥ %%lprec%é?@%la}'nhs whiteAZF®!iyA group

furyl, thien
(a), R® is methyl or ethyl or a hydrogen atom; Ar' is phenyl, thienyl, cyclohexyl,

cyclopentyl, cyclopropyl, or cyclobutyl; R’ and R™ are independently methyl, ethyl, n-
or isopropyl, n-, sec- or tertbutyl, fluoro, chiorg or bromo; and m and n are

independently 0,1, 2 0r 3.

15. A compound as claimed in any of claims 1 to 13 wherein R* is a group (b) and
R® and R® may be independently setected from methyl, ethyl, n- or isopropy!, n-, sec-
and tertbutyl; phenyl, 3,4-methylenedioxyphenyl, 3,4-cthylenedioxyphenyl,
dihydrobenzofuranyl, naphthyl; pyridyl, pyrrolyl, pyrimidinyl, oxazolyl, isoxazolyl,
benzisoxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, quinolyl, thienyl, benzthienyl,
furyl, benziuryl, imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl,
isathiazolyl, triazolyl, benziriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyi,
triazinyl, indolyt or indazolyl; indanyl and 1,2,3,4-tetrahydronaphthalenyl; cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; R® is —OH, a hydrogen atom, methyl, ethyl,



one of R8a and Reb is optionally substituted phenyl and the other is
cycl opropyl, cyclobutyl, cyclopentyl or cyclohexyl; or (iii) one of
R8a and Rob is optlonally substitutedg; pyridyl, thienyl, oxazolyl,
thiazolyl, or fury) and the other is cyclopropyl cycl obutyl,
cyclopentyl or cycl ohexyl. 19. A conpound as clalned in any of clains

15 to 17 V\'hg/cﬁ'b)ﬂjrr%%ﬁm nifile F'a pOsh BORRY, whareindaen H™ ieindebentightly @ethgine
of R8a and Rob i's pheny and the other is 2-thi enyi . 20. A conpound

as clai ned EHYRARA d’?,qe&ﬁji%ml or 3to 13 wherein R4 is a group (c),
and R8o is -OH, a hydrogen atom nethyl, ethyl, hydroxynethyl,

bl 5 .
methyl . et hyP: grﬁ‘@mg&%@seﬂa@?’@ﬁ Shy/LGAR £9¢ oy DlsDgRgs #%H%&dgl |
3 ﬁ H?f) Bglneraedrﬂ&wh‘é‘ yiay ba;rmeeemhmnmwmﬁ?ethyi ethyl, n- or isopropyl, n-,

| V4
iyl o1 "7 SRt M ou RGN o0 Rei BhboipRERE D) U o iiBhaE Ak e,
benzt hi azol yiihyd:qbemz@fiyamyl map@thgu nylﬁlérmfrﬁiybﬁwm‘dm?"u‘PWOW'b@H’ﬁzH%/I
i m dazol yl, b@ﬁﬂgdﬁﬁkmzﬂn%xazb[§EO{hFHzal§lobéHzthlﬁ%@Z hﬁiﬁblbl Nbenzthlenyl

pyrazolyl, ‘1sot , benzt 0:1' | azol g ,
oxadi azol yl fUW?@@M’ﬂWdazﬂylr ‘i’%ﬁ‘i“ﬂ%ﬂowl 'W‘]‘%F?ﬁ’ﬁ%"z'? 'H%‘TCWI » Pypazoyt,

i ndazol yl rh&ﬁub ), th bigp exediczolh g hewxigazimyl,

e theybrI gétﬁe‘?ﬁm?zl%lypmdzolymﬁ@ . Wy, ¢ %&E? ﬁzz? Qg;yrtd,am I&zoz.mp;gs
_ CH2CH2- azpyl, ‘“ﬂol%!b‘?{ﬂ%g’ﬁai IR A2y "é POih ISy CYRIRIOPY: 5
ri n\?\h is a pm@ﬂytbutyuayglopmyl aAd cpnigieuyloRE ﬁ-ﬂfalaigdrqmn@tf&m rﬁlﬁﬂlwlr@th%l alh m
21 erein e
formula for ﬁfia%ﬁ%ﬂd rﬁtﬁie %ﬁ%ﬁﬂ%»@e ﬁrﬁ éaehfé[ﬁdiéﬁeﬂadélﬂlvl(rr%ﬂ 0

wherein ri ngefwk,iosaehimdfoml’i @tﬁ&ll y substituted phenyl ring, or a
nonocyclic heterocyclic ring of 5 or 6 ring atons ring, or a

Pet o ooyl oalyl A sampoLBa as HaRE CRET ePEragyt VRerF RS 8O o

ring atons; R8a is phenyl t hi enyl, cycl opent yl or cycl ohexyl; R8b

's phenyl; t&l enyA tom B’ounggg% a}{'neuotn any of claims 15 to 16 wherein (i) each of R% and
RE is optionally substituted pyridyl, oxazolyl, thiazolyl, furyl, thienyl or phenyl; or (i)
one of R® and R™ is optionally substituted phenyi and the other is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl; or (i) one of R® and R® is optionally substituted
pyridyl, thienyl, oxazolyl, thiazolyl, or furyl and the other is cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl.

19. A compound as claimed in any of claims 15 to 17 wherein each of R** and R®
is 2-thienyl or phenyl; or one of R® and R* is phenyl and the other is 2-thienyl.

20. A compound as claimed in any of claims 1 or 3 ic 13 wherein B* is a group (c),
and R® is ~OH, a hydrogen atom, methyl, ethyl, hydroxymethyl, nitrile, or a group -
CONR®, wherein each R* is independently methyl, ethyl, or a hydrogen atom; each
A is selected from phenyl, 3,4-methylenedioxyphenyi, 3,4-ethylenedioxyphenyl,
dihydrobenzofuranyi, naphthyl; pyridyl, pyrrolyl, pyrimidinyl, oxazolyl, isoxazoly!,
benzisoxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, quinolyl, thienyl, benzthienyl,
furyl, benzfuryl, imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl,
isothiazolyl, triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyi,
triazinyl, indolyl or indazolyl; cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl rings;
and the bridge —Q- between the two A rings is ~O-, -CHp- or ~CH.CHz-.



cyclohexyl; sis 1, 2, 3, 4, 5 6o 7andt is 0, 1, 2, 3, 4, 5 6
or 7 provided that s+t is not greater than 10; Y is a bond or -0-,
and X is a pharmaceutically acceptablg, anion. 24. A conpound as
claimed in claiml1 having the formula (IB) (CHA X O Y OH\ (IB) O
wherein ring Bis an optionally substituted phenyl ring, or a
nonocyclic heterocyclic ring of 5 or 6 ring atons, or a

phenyl - f used- het erocycl oal kyl. ri ng sys wher ei . .

het er ocycl o&'kyl %WOH{?OPEC?QS W&%F'P%ﬂ %@%‘F%@fgpﬁép:}ﬁﬁgﬁs 3 phanylingg

ring atons; sis 1, 2, 3, 4, 5 6o 7andt is 0, 1, 2, 3, 4, 5 6

or 7 provid that_ S+t | . aqr : [.Suin @sdONEor -0-;

and X is a ar c"e"fﬂ"’.‘%@?ng'é@%gg?é‘%{meégﬁﬁﬁa %évﬂez%r? ﬁiAlq‘%:)orérlfniijund as

clained in any of the preceding clainms which is predoninantly in the

anti -endo_ conf i OW @rieiling 28 oiafndcATBAAY naling Ind HérRflil Brrhia Ry 1.

selected fromthe grdup consisting of:

anti - 2- ( Bi phenyl - 2- yl car banoyl oxy) bi cycl o[ 2. 2. 1

] hept-7-yl]-dimeth 3- ph Xy- propyl)-ammonpjumsalts, anti-[(1

S, 2R) - 2- ( 2- Hydr ox ar - Hi@phen- 2- yI - acet oxy) - bi cycl o 2. 2. 1] hept - 7

-yl ]1- dinethyl - (3-pkenyl - propy _gzérﬁrgiu_ galts,

anti-(+)-2-(2-Hydroxy-2,2-di-thiop 2/3- et oxy)-bicyclo[2.2.1

] hept - 7-yl ] -di net hyl - (3- phenyl - propyl ) - apfipni wm salR¥%, anti-(1

S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophen- 2-yl - ) - bi yc(b [2.2. 1] hept-7
- (1

icyclRP2.2.1

-yl ]- dinethyl-(3-phenoxy-propyl)-amoni um sal &
S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophena2- yl - acet oxy) -
] hept-7-yl]- dinethyl-phenethyl -a niumsalts, apti-[(1
S, 2R) - 2- (2- 8035 0h b QR G Bs e ¢ Biforshyligndekbitapt - 7
“yl]- di et Wﬁief@ﬁ‘f‘)&éﬁ??b BE@J‘?W gaﬂmas"%ﬁ?éh peR ﬁﬁg )"fa%t - {: ol e )
S, 2R) - 2- ( 2- HirdrabByor 8 1ipg @toresiinsh Red Pheny|-fugaedhelekppranadybing ystgmwherein
] hept-7-yl]- r'@%cgéﬂb-l s SRc Sic HelrGRBRMING6Y 5 8F BYihy alhist RE2(<
S, 2R) - 2- ( 2- h"{f%irhgx%T g glli-“t%iso&)hen-cg- | - acet ox ')n_g.
phenyl, thienyl, cyclopentyl rcyclohex¥l; R™is phen¥;thienyl, cyclopentyl or
cyclohexyl;sis 1,2,3,4,5,60r7andtis0,1,2,3,4,5,6 0r 7 provided that s+t is
not greater than 10; Y is a bond or-O-, and X' is a pharmaceutically acceptable

anion.

24. A compound as claimed in claim 1 having the formula (IB) .

(CHZ): X
\ \ .
YW(CH2)57N f O
O

0
(iB) I on O

wherein ring B is an optionally substituted pheny! ring, or a monocyclic heterocyclic
ring of 5 or 6 ring atoms, or a phenyl-fused-heterocycioalkyl ring system wherein the
heterocycloalkyl ring is a monocyclic heterocyelic ting of 5 or 6 ring atoms; s is1,2,3,
4,5, 60r7andtis0,1,2,3,4,5,60r7 provided that s+t is not greater than 10; Y is
a bond or —O-; and X is a pharmaceutically acceptable anion.



bi cycl o[ 2. 2. 1] hept - 7-yl ] -di net hyl -anmoni um salts, anti-(1 S, 2R)

2- (2- Hydr oxy- 2, 2-di phenyl - acet oxy) - bi cycl o[ 2. 2. 1] hept - 7-yl ] - di net hyl -
(3- phenoxy-propyl)-ammoniumsalts, agti-(IS, 2R)

Di net hyl - ( 3- phenoxy- propyl ) -[ 2- (9H xant hene- 9- car bonyl oxy) -

bicyclo[ 2. 2. 1] hept-7-yl]-amoniumsalts, anti-(1 S, 2R

2- (9- Hydr oxy- 9H xant hene- 9- car bonyl oxy) -bicyclo[2.2.1 ] hept-7-yl]-

di met hyl - ( 3-.phengxy-pr - Al ' - : .

S, 2R - (2 Bir oy u o o CEERT K g e precdfo Rk wbjeh o prgcgrinanty

] hept - 7-ylI ] 4n thedatrepdy cordiguatiory| - armoni um salts. 27. A conpound as
clainmed in any of the preceding clains, nodified by replacenent of
the R2 group by a -L-B group wherein L is a linker radical ,and Bis a
moi ety havi 2§ P2 Acepmeuréas pagieddy siaimst, saleeied e the group CeRHEBERE as
clai med in apy.oqBidnBRyRLyRaRstmFIoR))Biciiio2. LameyS Byi-Gintdiei-tpphencdB. A

pharmaceutical conposition conprising a conpound as clainmed in any of
90 clains PreRy)ASMHUTE SHfar naceut i cal | y acceptabl e carrier or

exci pi ent . 3hASEFPARIBMIdxg2l2-cianpentd- pacetsxg-biyriel@ 2 tihedtdivir 29 in
R L e o
t he treat nendntigh)-Diedgioiyen2-of thioplersgakasetixy)ddeeioid- »hihept-Twl-dimethyk-
nuscarinic reeeat ol ASinddidn ks, P! i cat ed.
anﬁ-(1S,2R)-2~(2—Hydroxy-2,2-di-thiophen-2~yl-acetoxy)—bicyclo[2.2.1]hept—?-yl]-
dimethyl-(3-phenoxy-propyl}-ammonium saits,
anti-[(18,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclo[2.2.1 Jhept-7-yl]-
dimethyi-phenethyl-ammonium salts,
antH{1S,2R)-2-(2-Hyd roxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclo[2.2.1]hept-7-yi}-
dimethyl-(4-phenyl-butyt}-ammonium salts,
anti-[(1S,2R)—2~(2-Hydroxy——2,2-di-thiophen-2~yl-acetoxy)-bicyclo[z.z.‘l]hept—?—yl]—
trimethyl-ammonium salts,
(2-Benzyloxy-ethyl)-anti-[(18,2R) -2-(2-hydroxy-2,2-di-thiophen-2-yl-acetoxy)-
bicyclo[2.2.1]hept-7-yl]-dimethyl-ammonium salts,
ant-(15, 2R) 2-(2-Hydroxy-2,2—diphenyl-acetoxy)—bicyc[o[2.2.1]hept—?-yl]—dimethyl-{B—
phenoxy-propyl)-ammonium salts,
anti-(18, 2R) Dimethyl-(3-phenoxy-propyl)-[2-(9H-xanthene-9-carbonyloxy)-
bicyclo[2.2.1]nhept-7-yl]-ammonium salts,
anti-(1S, 2R) 2-(9-Hydroxy-9H-xanthene-8-carbonyloxy)-bicyclo[2.2.1 Ihept-7-ylj-
dimethyl-(8-phenoxy-propyl)-ammonium salts, and
anti-[(1 8,2H)-2—(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)—bicyclo[2.2.1]hept-?—yl}-
indan-2-yi-dimethyl-ammonium sakis.

27. A compound as claimed in any of the preceding claims, modified by
replacement of the R? group by a -L-B group wherein L is a linker radica andBisa
moiety having p2 adrenoreceptor agonist activity.

28. A compound as claimed in any of the preceding claims, for use in therapy.

29. A pharmaceutical composition comprising a compound as claimed in any of



90

claims 1 to 28 and a pharmaceutically acceptable carrier or excipient.

30. A pharmaceutical composition as claimed in claim 29 in a form suitable for
inhalation.

31. Use of a compound as claimed in any of claims 1 to 28 for the manufaciure of
a medicament for use in the treatment of prevention of a disease or condition in which
M3 muscarinic receptor activity is implicated.



