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Bi cycl of 2. 2. 11hept-7-yl am ne Derivatives and Their

wOaew/Efeabd of the Invention This invention rePar@&B200/002957

bi cyclo[2.2.1 ] hept-7-yl am ne derivati ves,
pharmaceutical 5 conposrtlons nmet hods for their
pr epar at i gBicyelg22¢]hep garnineDerivatives ah@ Theindlsasi ni c
receptor nedi ated di seases, for exanpl e respiratory
diseases Background to the i nventi on

eilmezrgion agents prevent the passage of, or
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There are f| ve subtypes og muscari ni c acgtyl CEO! [ neh

BaeRBLIg BB aeR T 00 each di apl aye uni que
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CRyBindeg td e MARRANEE Shdifhegiceeshie. Caul fiel d, 1993,
Pharmac. 20 Ther., 58, 319 - 379). In the Iungs

muscari ni c receptors ML, M2 and MB have been

deEE afd Weeéﬂrbtﬁeg%f mh%b‘?ﬁﬁc%%g/ﬁ:ﬂg rﬁar cérﬂ&% Ahﬁ&%‘t’rﬁsﬁ’ biifed

trachea, the bronchi, submuco

M A5, apd eaeh isdhe ar@wn@pf@rminevmer amdreayb displags ua!qoey ,
3 a1t 585 e iy A 8 e e Soars

regdi these receppibrsaaani meuratecbotmrehrefmry @nd excitatory actions. For
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sma rmcums mbdiateccthedctié B3pbhdaaqrdvitived Wy CBIUFRRS, 1998, Pharmac.
tylchol i ne receptors has been noted in a 30

v “1‘%?9 P wPfPerent pat hophysi ol ogi cal st at es

i ncludi ng asthma and COPD. In COPD, vagal tone may
either be increased (G oss et al. 1989, Chest;

dp tlings MussAtnie recepinys P oVglaad Mhhayecreetsigmonsisited to be
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MYEPSGHIIBRPS EBSUls indpucusggeretion.f e Sci ., 64, (6-7)
449-455). The resul tant

Increased signalling through muscarinic acetyicholine receptors has been noted in a
variety of different pathophysiological states including asthma and COPD. In COPD,
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

receptor activity which results in increased levels of acetylcholine release following



i ncreased activation of M3 receptors | eads to enhanced
ai rway obstruction. Thus the identification of potent

wousaniatoc receptor antagoni sts woul d be usef BCTIGB2006/002957
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the therapeutic treatnment ot those di sease states
wher e enhanced MB receptor activity 5 is inplicated.
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di stributed throughout the body the ability to
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Aadministarad. ihei qesignraagdiusenof pivaliyaadise idnigs vetht salgogidstation of
MREHORLRE thetard REaihdLEH R cdbtor P iRe 1A would allow reduction of
unwanted side effects that could be seen with systemic administration of the same
drugs.

Tiotropium (Spiriva ™) is a long-acting muscarinic antagonist currently marketed for

the treatment of chronic obstructive pulmonary disease, administered by the inhaled
route.

Tiotropium



HOH OO0 Ipratropium 5 Other muscarinic receptor
nodul at ors have been referred to. For exanpl e:
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[2.2.1 Jazabi cycl oheptane 3ing system EP418716 and
US005610163 descri be various [3.2.1]azabi cycl ooct ane

r iAnigitispaityepratroMOGs @ IMust8ritle aatagbRst marketed for the treatment of
['}{:@:> ] azabi cycl ononane ring systens.
[ 272

] azabi cycl ooct ane systens (qui nuclidi nes) have
been previously described, for 10 exanple in
US2005/ 0209272 and W06/ 25.

[ 3. 1. 0] azabi cycl ohexane have been descri bed

S
in, for exanple in W06 5 H H.1

] azabi cycl ooct ane systens have |pbeen described in for
exanpl e W06/ 035303. The cl a 0 drenergic

receptor agonists is well knowy. known J
2-agonists, 15 in particylar.. |long-acting

(32-agoni sts such as sal n@agrf)%'vmand fornmoterol, have a
role in the treatnent of asthma and COPD. These
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mEYEENs have bernadraelibedin fQUDHRMPEOBLID6NAS8P8hes t he

conmbi nation of ipratropiumwth [32-agonists and
W02/ 060533 descri bes the conbination of oxotropium
wihe clage obig adrenergicdiebeptongyoaistsig evell khown.(\32nyekgomingi2-agonists,

1 - 957 .4 conbinations e
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r s ' 32-agonj st _activity present, .
SRR ARk oo PRl RE 8P e po

agonists are described in Expert Opin. Investig. Drugs 14 (7), 775-783 (2005). A well
known B2-agonist pharmacophore is the moiety:

*

A OH
HN

| OH
NH

Also known in the art are pharmaceutical compositions that contain both a muscarinic
antagonist and a f2-agonist for use in the treatment of respiratory disorders. For
example, US2005/0025718 describes a 2-agonist in combination with tiotropium,
oxotropium, ipratropium and other muscarinic antagonists; W002/060532 describes
the combination of ipratropium with $2-agonists and W0O02/060533 describes the

combination of oxotropium with B2-agonists. Other M3 antagonist / B2-agonist



5 provide bronchodilation through two separate nodes
of action whilst possessing single nolecule
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formul ate for therapeutic #45se as conpared to two
separate conpounds and coul d be nore easily
c SoOMbinatiors ae deisciibea in NV ©OK/203750eandng OBgdiognbg7 f or
exanpl e a steroid. Such nolecules are described in
for exanple, WO04/074246, WO04/089892, WO05/111004, 10
V\d’(b‘@/ low3mdT thenart mmhmﬂﬁ@possbbm@@ bohintiscHERC receptor antagonist

di f | ent | | k
G e B ol E5Fhy bREe T e Bimestiiepuia: suh binetionel mlecules
spfmmelbrenmﬁodllaﬂma thnonbl& twd S6hafftb notie8 OF a&tiontvifig! gpotsgessmg

r t1es IS IS not surprising sinc
il &eg]ﬂé BP%%P"'P%%H% ?'lé\"g‘ % Bolgquler shopide ensiando feBmulate for
aﬂlﬁ@@ume vephecempanedlit MesitRllte coﬂaéo@\ﬂhy BaYeofld BdYRore easily
ere is

Ip?% 3(? egﬂ%d\@gl‘? 5%#3.3 glf/e ]ttng;? nrﬁefg; éx%r;nqj@ aRterpid. $eh molsaules are
(2 plyscnme.@rreﬁonex:ampue,aNcmmmmm@tvoc1sotl>ﬂosgzlzsrﬂauIW@d)&/ﬁeill?]ldcrlgg2 .
2Wdodiodasy anfri SR Yeg, Bl P 89 Gt ke mcicafeior
ogmalegltlyy linkingZthidRA%RA ka g oistato GieORPa &n@%&i@ﬁgqhaﬂﬁe §tructure of

9@%@%5?_&1 r'%lg%??ﬁ c?f:'gal?% R@S%g{ﬁ:ﬂ‘)oﬂ’b%::tl@iles c’%usalg [@9? surnrlsmg since

wiiegholea e istrive reqjuire @ geiter @ Mith Sha B Ehaido rb§ Orﬁ&ﬁs%ﬁﬂﬁgneously
is a quaternary 25 nltrogen and carrie

cgaég!:za! %rt [Igéh)v Rtl and R3 together with the nitrogen

tached forma heterocycl oal kyl

r Avaprdingtb R inventiorh ytre GRmTodbEdTR cOMpaurt GYBmRR ():0T 2
group, -Z-Y-R5, or a group -Z-NR9 RE or a group
-Z-CO-NROR10, or a group BQye- Z- NRO- CORS or a group
-Z-C02-R5, or a group - H, in which cases the
nitrogen atomto whichjit is attached is a quaternary
nitrogen and carries a pogitive charge; or (iii) Rl
and R2 together with ttheJnitrogen to which they are
attached forma WO 2007/ ®LZ670 PCT/ GB2006/ 002957 5
het erocycl oal kyl ring, said ring beifig substituted by
avigEre@Hp - Y-R5, or a group -Z-Y- R5, or a group
é NROR10; or a group -Z-CO NROR10O; or a group

'wawmtonb?fﬁﬁoulgﬁ&(ﬁ)) ;Z- CO2- R5; or a group
-Z-CO2H and R3 is a lone pair, or Cl-C6-al kyl in which

(i) R" is C4-Ce-alkyl or a hydrogen atom: 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 -Z- |
NR®-CO-R’; or a group -Z-CO,-R®: or a group -Z-CO2H; and R® is a lone pair, or Cy-
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 —-R5, or a group, —Z-Y-R5,
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, 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



case the nitrogen atomto which it is attached is a
guaternary nitrogen and carries a 5 positive charge;

weao0i7138bect ed from one of the groups of formBCWEB2Y06/002957
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(b), (c) or (d); ~Rfa 2 1 )f Rea Ar Q Rea kK R Ar 8b Bb
N/ Rl Are RBR (R-bymQ~ R8B ORsc O (a) (b) (c)

( d\bter&:ybl%alﬂyl%gcgéid AhK ¥EiRY %ubs@@.ﬂé&lﬁy FOSIBYJYSIE{E oP& group -z-Y-
5CL6-al kyn Qroup; 10 0 10 on en

C%b,nc?r q:@'opé é,{\lﬁ;ﬁ CBL AI9KHP, -Z;QQ,—NR R"; or a group -Z- NP{9 CO-R%ora

algydupf-23805-RY & @fﬁrdﬁ)id Z- @O arfidJﬁeQ ahSﬁ@béiP%?bo"{‘}I KMyt in which

het er paryl , 29 2‘!
h&8eS T@gmrqg@m_a@;n wplpbl Jt s @t;a@ g@swqua@ernary nitrogen and carries a

hebsifiecotErgal kyl group; 15 R6 i s Cl- Cé-al kyl or a
hydrogen atom R7 and R7b are a Cl-C6-al kyl group or

hal ogen; 20 n and mare |ndependently 0, 1, 2 or 3

R lﬂ&eo?&pfr&h%nb%@%ed?gﬁﬁgdﬂfo @ZQH) idél%ggcf)he group

consi sting of aryl, aryl-fused- roc kyl ,
heteroaryl 7 1 C6- al kyl , cycloalk« 25 RBCis -OH
Cl- C6- hydr oxy- Cl- Cﬁ&alkyl Qle, a grefp
CONR8d2 oﬁfa hydrogen oR8d i s\ Cl-)CH- a LKX' Rea
hy dvQ m 30 RO an 9 ar e™t ridegardent 'y 2o
hydr gen o¥a - C6- alkyl aryl, ar¥l sed-

het erocycC -aIkyI aryl - fused cycloalkyl het er oaryl ,

aryl (Cl 06 al kyI) or heteroaryl (Cl- C5- al kyl) -
group; & R9 and R10 togéher wth(ehe nitrogetdat om

tz.sn@oqlc % -BRYleAs, Q:ZVQG%%WIQHJW@ £& '@@9'2%'%@5?57 6

attached torma heterocyclic ring o
optionally containing a further nitrogen or oxygen

ayosh bBAd of Sxygén @&mal kyl or a hydrogen atom 5

R’ is an C;-Cg-alkyl, aryl, aryl-fused-cycloalkyl, aryl-fused-heterocycloalkyl, heteroaryl
aryl(C+-Ce-alkyl)-, heteroaryl(C;-Cg-alkyl)-, cycloalkyl or heterocycloalkyl group;

R°® is Cy-Cg-alkyl or a hydrogen atom;
R™ and R™ are a C;-Cg-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, aryl-fused-
heterocycloalkyl, heteroaryl, C-Ce-alkyl, cycloalkyl;

R® is ~OH, C4-Cs-alkyl, hydroxy-C,-Ce-alkyl, nitrile, a group CONR®, or a hydrogen
atom;

R* is C4-Ce-alkyl or a hydrogen atom;
R® and R" are independently a hydrogen atom, C,-C-alkyl, aryl, aryl-fused-

heterocycloalkyl, aryl-fused-cycloalkyl, heteroaryl, aryl(C4-Ce-alkyl)-, or heteroaryl(C;-
Ce-alkyl)- group; or R® and R'® together with the nitrogen atom to which they are
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Ar' is aryl, heteroaryl or cycloal kyl; Are are
i ndependently aryl, heteroaryl or cycloal kyl; and 10

wQ20w/arm7oxygen atom -CH2-, -CH2CH2- or a bon#CT@B2606/002957

pharmaceutically acceptableésalt, solvate, N oxide or
prodrug thereof. In one subset of the conpounds of

t | . ., { . I - - " .
(B! i ftorc| e Mg O KRS Gl QMg T ihar nitrogen
AP KPM; a hydrogen atomor a group -Z-Y-R5, or a
group -Z-NROR10; or R and R2 together with the
nitrogen to which they are attached forma

hBt d% Gcierln o@ hydraggn 2@nR3 is a | one pair; or

Cl1- C6-al kyl, in which case the nitrogen atomto which
it is attached is a ckuaternary nitrogen and carries a
pBKiis aryk heterragd or gyclqalkyind R3 together with the
nitrogen to which they are attached forma

het erocycl oal kyl ring and R2 is Cl-C6-al kyl, in which
cAE&re wéemﬂdeaéembh@herqasylquayoéqaﬂws@ddand carries a
positive charge; 25 R4 is selected fromone of the
groups of fornula (a) and (b): f R7a) R8a k R6 Ar'
RRltis amoxyEep ptane, -Chly-, (GH2CHz- pra koreti - C8- al kyl ene,

5 I . IS a
B A e e e B T A e A
aryl (Cl-C8-al kyl)-, or heteroaryl (Cl-C8-al kyl)- group;
VR HRAG8 BF T BHoTRAO0RNORRERon: 7 6 1 Cl-C6-al kyl
or a hydrogen atom Rra and R7b are independently a
A isan @xveen alpborareP h(Rgen; 5 n and mare
i ndependently 0, 1, 2 or 3; R8a and R8b are
i ndependent |y sel ected fromthe group consisting of
aRyis Ci{etalifybar ¢ hydrogen aemandR® is Ey-Sls@éityk vl hydmgeraton or a
- Ch- s )| 0]~ = y . rﬁgﬁ\’z
a?gtrjrﬁ) %{Bpgri? é?'(r)oug%? Pﬁ ep’end@%@yha{oﬁgﬁ%gggﬁ%gt om nto

oybielsthey irye attaghed formea betameydloaligd ying:C1-

R? is a lone pair; or C-Ce-alkyl, in which case the nitrogen atom to which it is 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 heterocycloalkyl ring and R? is C;-Cg-alkyl,
in which case the nitrogen atom is quaternised and carries a positive charge;

R* is selected from one of the groups of formula (a) and (b):

7a,
fF: )“ RBa

. ~ Kk Re®
N1 " | R

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

Y is a bond or oxygen atom;

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



C6-al kyl)-, or heteroaryl (Cl-C6-al kyl)- group; or R9
and R10 together with the nitrogen 15 atomto which

woOhey/are@oat t ached form a heterocyclic ring of PaT&B2006/002957
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atons, optionally containing a further nitrogen or
oxygen atom and R12 is Cl-C6-al kyl or a hydrogen
atom 20 Conpounds of the invention exist in either
the.syn- or anti- forns 1R 2RLIN RBRRBNA R4
A.EQFM 1'Qyﬂ‘[<y'§.ﬁ?.hyd@8ﬁ58ms of the invention also
exist with the group AR4 |n elther t he exo or endo
oriLent atj on, NR3I H4 4A, R4 A R4 H
2R e%ﬂﬂ’o“ @52%’”9@9219@‘??'30‘1%% aﬂ@wr@weo@a'm@w 8
Currently it is preferred that the conpounds of the
i nvention be predom nantly in the anti-endo
cBrﬁ"Fdﬁlaée('PS?FP endeptly O.332Qr 34 H A. R4 anti-, endo
Corrpounds of the invention can al so exist as optical
ELT; since substituted 5 bicyclic ring systens can
nd %| aringerandeniy wect%téoraﬁ%g@v@ cepwistinguf anil. digteroaryl,
ot; Jdg@kynei,@&gk@ can be defined using
Cah ngold Prel'og rules to assign the Ror S
deS| gnation to each position. To avoid confusion the

E‘rhggs DO €, ICIGIKE BYdRRY-BVOs aikyE BPh BYy&Bger atbm:6 2 10 5
R® and R'® are independently a hydrogen atom, C,-Cs-alkyl, aryl, heteroaryl, aryl(C;-
Ce-alkyl)-, or heteroaryl(Cs-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
containing a further nitrogen or oxygen atom; and

R'?is C,-Cs-alkyl or a hydrogen atom.

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

R' 2
1 _R 2 i
. R=
N‘R3 RS'N
A\R4 A\R4
syn- anti-

Compounds of the invention also exist with the group —AR* in either the exo or endo
orientation;

" "
~ RS \R3
H N
A gt
A. R* H
endo- exo-
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However, conpounds of the invention include racenates,
single enantioners and mxtures of the enantioners in

wanyow|td’o, since all such forns have nuscari nPCTNB2006/002957

receptor nodul ating activisy to varying extents. 15 A
preferred cl ass of conpounds of the invention consists
JPUrERISlY gr’%@rrefﬁr&ﬁ’rﬂ}%two@mlt@s@ﬁ thednvantian pe pradoerirntly in the
tdihi-dhidolceafigurgiwn in fornula (1) is quaternary

nitrogen, <carrying a posrtlve charge. 20 Conpounds of
the invention may be usef Hn the treatnent or

prevention of diseases \\ml ch activation of
muscari ni ¢ receptors are R rrpI Ncated, for exanple the
present conpounds are useful [ treati ng a variety
of indications, including b Hlimted to

respiratory-tract disorders sucAr as chronic
obstructive |ung disease, chroni ®'bronchitis of all
types (including dyspnoea assocg]%t ed therevvrth)
asthma (allergic and non 25 §ic; “wheezy-infant

SSonpames ))f thadilentione cdrealse skt & é}ﬁhtaldécﬁﬁér@ $hcs $IsLHATEd

c) onlc r.e tory obstruction, bronchi al
igERng SRS (a0 aPGne Pl riRunety fhe ABbal conforation of he
en@bgise oam badelnrmldl usi‘r@I @arrmmgorarmrogmeefd%tsrgﬂnh@h orS

%e%tgg&rm ﬁ@a%g j%&VR@:coﬂﬁﬁ e apgjaurph%rfw%ed below is

Gﬂgmwmdon|05|s (for exanple aIuninosrs ant hr acosi s,
asbestosis, chalicosis, ptilosis, siderosis,
silicosis, WO 2007/017670 PCT/ GB2006/ 002957 9

t abacosi s and byssinosis); gastrointestinal-tract

di sorders such as irritable | syndrome, spasnodic
colitis, gastroduodenal ule gastroi ntestinal

convul si ons or hyperanaki ne diverticulitis, pain
acconpanyi ng spasnms of gastdr di 8 estinal snooth

muscul ature; urinary-tract 5 disorders acconpanying

m cturition disorders including neurogenic

PIOEXRY, sempends i edigesiition inchutesncemates aingid erantivesissand

mﬁﬁfééiﬁmﬁ érfanBbRERSH an FHiBn&h&eé\F&chqgﬁ%cﬁa%%S%EMC e M3

bl adder asnms or chronic cystitis, urinary urgency
pOAaPIEIM “5“'“9 RBHvity 0 ‘L@%’F@ﬁ%@”tsand car di ovascul ar
di sorders such as vagally i nduced sinus bradycardi a.
0 %r trEFtnE respiratory conditions,
é\R{P fred class 9 C%ppqlrm’él%rhedﬂv PP coRsisin Obuatespasy @Mmeenium
3aits d>fﬁor$ru.ﬂeh(l)3ﬁﬁ@©m&l5l€hmﬂo§bﬁ thbmm%rn%ﬂ&rgf’fé'?%ﬁte@ﬂ%ry nitrogen,
uaternary anmmoniumsalts w | en be

8?@"&9?883'9‘{%(:%%?/ cases, the duration of action of

quaternary anmoni um salts of the invention

SRR B ohBRTOR) b D e P pohion A soases
trr@hithracifvatén of muscarinic receptors 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 all types (including dyspnoea associated therewith), asthma (allergic and non-
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,

2



gastrointestinal -tract disorders and cardi ovascul ar
di sorders, admnistration by the parenteral route,

wagoEliy7o he oral route, may be preferred. AnOPOEIGB2006/002957
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aspect of the invention is @ pharnmaceutica
conmposition conprising a 20 conpound of the invention

aﬂaga@osfgf}a?{df@%g”ﬁééal l'y acceptable carrier or
no

excipren t aspect of the invention is the use

o@asuomtﬁspmmmcbcﬂlsmrldersi suckas iirdtabfednowehsyndmmfsaas;mocﬁc oblitis,
e@?r%ﬁ@dgﬁgf uléeq'é gia%ﬁoi‘w{e‘%ﬁﬁvﬁgﬂvu@ior@%‘?%ﬁﬂérh%ﬂ(ir?gsiaa d'{verticulitis,
Feease of Fon 1n I'ch muscarini ¢ receptor

amalm aceoynpagyingspasas etgasibinestingl solootiymudduladgs; urinary-tract

O& E s%%c%ﬁ%wdgrelﬂllc d?m&bSISSHQFS%EIH&@%W?%@E?%$ﬁ%l{%ﬂi%gria,

use ere n
nesmdgeds bladktey) rocisaal eneresBOpsickgsomptio bfaddar, tootnanie

LIt B, 30 SR s IR e

naten sicknels;@egdl group in which R and acyl are as

RO SR e SRR B R U

means an -0-al kyl group in which alkyl is as described
b
R ey BT BBl O B TRARSY r S
M@tsrr@rik@/md igsoalp casesvasdnuristation|of empeiings () waighisee avaternary
ExBmRhRiY st KKy @&%*en%(jol%ﬁﬁadyr&ké’éj &he dlljratlon of action of

met hoxycar bonyl and et hoxycar
gfeRipnary asypeniem saltg Pl 'ﬁVéﬂ’éQrba‘%/f@imﬁteéqq Ry 'Qh@'a"dﬂ“ is may be
brBRCASA 18 Nati ok AW A&l @7@ tSicdl %&9%4 Q%%ﬁt of10

sat ur at ed hydr ocar bon group havin roml to

pgz@@tr@mtlyalltrqcbdlgordgésrqj}gpaéq:gy?@culghdlsqrﬁgrscmlms{ratlon by the

Exsaniest Yould, KisLialg/ tRe! BRal rdufé tml@ gEiraetred €t yl, 1
-propyl and 2-propyl. "Alkenyl" as a group or part of

a group refers to a straight or branched chain

hp(dcﬁtﬁ@rgds}p@a d ItKHJﬁvétﬁMh nga bh@rfﬁaaemarla)mws&‘og lb@ﬁhbl;lsnﬁg BO
car U e

v e e SR RER( s Bl e rpIARR ROt
1- propenyl, and 2-propenyl. "Al kynyl" as a group or

-BpnELasi M e Pedah oA dMbola AR RIgROR 8 e
6macafabiore efteomediaardenirfer the snebiorent ar reverttion pf & diseask om

B TR Bt RSB GBS Sk, ot vy

propynyl means a
-NH al kyl group in which alkyl is as defined above.
}ng;a/ | kyl am no groups include nethyl am no and

Uniess 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
herein. Exemplary acyl groups include -COCH3; and -COCH(CHs),.

“Acylamino” means a -NR-acyl group in which R and acyl are as described
herein. Exemplary acylamino groups include -NHCOCH; and -N(CH3)COCHs.

“Alkoxy” and “alkyloxy” means an -O-alkyl group in which alkyl is as described
below. Exemplary alkoxy groups include methoxy (-OCHj3) and ethoxy (-OC;Hs).

“Alkoxycarbonyl” means a -COO-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 {o a straight or branched chain



"Al kyl ene means an -al kyl- group in which alkyl is as
defined previously. Exenplary alkylene groups include

wWeehZ/017670 CH2) 2- and - C(CH3) HCH2-. 15 " Al kenyl ea®/GB2006/002957
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means an -al kenyl - group inowhich al kenyl is as
defined previously. Exenplary al kenyl ene groups

i rsatwated h@heEbon 9ot fronﬁﬂfé 12, prai&eabihHo 6, car on 1 afoms, in

I ou in which’ yny
A S IR R o g P et ot
i ncl udeAkagy, as—eCQIGbBor p@ﬂdfa@d@&?efen;s otﬁ@ stralght or branched chain
, Debbghon o 1aT8 Horia s Bupye R 2l pavper gtomch one
i watbodeartmnidoublel Hond i thertaidt Bxdriplhiyiaéenyl groups mﬂude ethenyl, 1-

u ans a -S02-al kyl group in
A;Fféh?l Mooé%e%peﬁ d above. Exenplary alkyl suI fonyl

gr oups “Ahyriylide angrodyy bispdrf efrzydroas ebierk iy h %ﬂb‘ﬁﬁf&' branched chain

'ﬁ&/ }Sk err? gro@E?@ InSl ggngt)nﬁ R fergglp(;gﬂf)%?g@?@gﬁg@s and one

i ﬁ@llbod@arb@nhmﬂe homd iartide etdiy.| Bxairplary éﬂb@@g?ﬁpg érg&ﬁféseﬂ%/nyl 1-
e

. ' ich Ris as herein
Exge%mr%dg%p%%@%ﬁ" ;rouplssi ncl ude - CONH2 and _
CONHCHukylamimbhmaaks/a “Nitsadaisgrap il vlfl‘}ldgh Akid lsgéstklﬁgﬂreB above.
e
St g S U B RS R o,
means & Mmmsgarmﬂ(yi- grmbmmhzhiéh:aﬁ(yaxs ab@\é&méb: prg\élously
u
SIS R o 2 I TR,
gr oup d%kﬁiw@eame@pﬁarmmehyl giokip tin wnlbbdlke:;r}dnma:sydéﬂr@dor
{
ny.lemogwyl E@nﬁnmﬁ@%@% @EF%"C'#‘F@%&%F'%T% -gg{ L% -

car bon atons
a g H=GHeh as phenyl or naphthyl. The aryl group nay

22 Ppies it GRS R YT BB
apry%ogﬂ& %eﬁwa'}‘rﬁlik@'ﬁﬂ'@? @Hpeps 'ﬁ@uﬂdﬁ e0CouECEHieand FOidsCC-.
Ty T e -
Ay oy kD s o ipVISul A pg Aiskii

napht HIAH{yEimMyy’lmea'FB% @Oélalkyp%’rbhp irhﬁﬁlﬁi‘i’glk{mé/ a?@efmed above.

d 0 r t1tuent

AR oL in s, Bl ek and eBuBuamyu 1

t he ar wlkymmd” raédmd aaéatalkwyr@lp nﬁs\/hajhealmfsws%ﬂﬁé@ b¥ove.
g ,{ rred r a%/ roups contain a
?ﬁfejﬁﬁ WF ! Fé’f’?f‘ c ﬁ[ﬂﬁt 5'7 r&ﬂg‘%{hﬂ - gr oups
i ncl udénirracyl’ ovegns ALEOMNRR gRaUptin WARHEPIs d88kreiR Bescribed.
titu [ QuUpS.

Aryld%rg ﬁﬂ‘ %I%'?cﬁp% CWD({?EQW% g@\!’ﬁ?@ aryl ring,
such éwmqaﬂgyl” means ad alkyl-NH, group in which alkyl is as previously

described. Exemplary aminoalkyl groups include —CHoNH,.

“Aminosulfonyl” means a -SO-NRR group in which R is as herein described.
Exemplary aminosulfonyl groups include -SO.NH, and -SO,NHCH;.

“Aryl” as a group or part of a group denotes an optionally substituted
monocyclic 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
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 1.4 alkyl moiety.



a cycl oal kyl group, in which the aryl and cycl oal kyl
are as described herein. Exenplary

wanyd7/fiuged- cycl oal kyl groups include PCT/GB2006/002957
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tetrahydronapht hyl and indanyl. The aryl and 10
cycl oal kyl rings may each be substituted by one or

n”ER@mﬁldl@édryltalkﬂrgfroﬁthkﬂﬁde Jereyapheénett §ﬁdjn§pfﬁh|@§érﬁé/thyl Bhe aryl
rgal_gﬂ_Sia be attached to the’ remai nder he conpoun

i3y besiubstiidied by onesmmore substltuent groups
"Aryl - fArgiamtyloRp mm@n@wu@w lox{EgBEp M mé}OfFﬁéQir*l fén%}k'yloxy

heterocyclo

G Dtkes By e ORI dsaybod Hreleded A BIONdrgHpeoptainsa C,
Q?W‘?ﬁ b Bferf A aRg ot SRR Tnflude benyiory, The anvt part hereof may

t Be putBfibiterhloy ereg emyore Suba'ﬂtumt)arounsenzodl oxi nyl ,
b dé f S | [, .
T

sﬁ@%‘f'@ﬂ"&t‘ QUDUBydemC e anthand symealky awras dasotipesl heTeis. Exemplary
aébf/‘ fu%é’@-@%l&%ﬁ?l‘bﬁﬁ§ ‘rf&ﬁ]d%%tr@ﬁ@r‘éﬂaﬁﬁ“g%ﬂd %c%:]ﬂglh?ﬁe %l&l and

remai nder "o val | a

o?yqlﬁadhvbrg’m ra@wchzhe? § on&ﬁt%?dﬁv qmaxﬁ@cuﬁ sulgstizuept gigupsiThe aryl-
i fﬂjsté@-'c%loa?ﬂw grdué RS ét%%ﬁe@ﬁpﬂ‘l@ refrSRER Aife ?&ﬁn%clﬁg)by any

roups i ncl'ude phenoxy. The aryl part thereo
sﬁ‘f?é?'i’?&?@?nkﬁ}o’ﬁne or nore substituent groups.

"Cycl i mrﬂ%ﬁﬂ hétt‘-iro@ycffdila@}l(—‘yI”aneeﬁ%saemefwocy‘ﬂ?f,t é‘rSIIq POC QR el@’dhgnyl
o][ulsshet% clic" and neans an opti onal ubst 1

&%IO%H@M mW%t%a%thﬂegoos/y@ﬁMar%s
whedcEbed Berefh, Eh@nblb%rﬂ&%&%@%@%@ﬁﬁcl%&%ﬁ{i gilQJuag IR
SRR ERE R EY Pl PLer Bl @h pedrrcirosl. SirvHIRbenssirany and
Rsbliaddsnyieﬁw airbleﬂ\d Hetsrecytloalkdpk@igel rﬁéWeé‘dﬁQ:le' SubstitliR@Dy one or
I NcCl U rr.o
e bR he BB e B el IR A dyBi way e qttached to

gtheupmaiagesf tIsmb@hdemid&'ﬁ}' dvy avairdledcarbd 6r fitbiyen diovant

gr oups. al k neans.an. opt |y

subst i tAl'ﬁ% g’&” e%ﬂggf'e Y FEHp Wh cg}ar}gll%a%q%leed Abgyg- Exemplary

swloeyrgmms mmnda phend3d. The byhpat thiersof pragibersabstituted ®ode or
% ta , and nore preferably from3 to 6

car on at ons enpl ary nonocyclic cycl oal kyl rings

i ncl udEyejcaroipebisy Specyltd:aﬂaerﬂtIyétﬁrocycibadh;d’mrl“hetenbcychc” and

CM%E@%PBWOM@‘&D%W& e 10 mgﬁm%%d'@%noc%lc Ok LI@‘JhS system

one or nor bstituent
‘@9@‘?@85 le the! ringl carbaseatema lazlyeclaoacli Ry hitrabéy, land gvhichpmayioptionally

WedrdIn bR %d&l‘! Ghat %@%at@lﬁgeleﬁ*ew on{® gtdr‘ﬁfﬁ @\Vh%réaﬁ is as described

previously descri ary nohoc

c%ﬁ@blﬁ&ﬁmlawpych@ ABINSS if mcmqelmerowae amemmemrgnoune
gb’cg_érﬁﬁﬁéta)ib REMBNY IpideY i ?ﬁ%lc E%Hlncﬁgr%ugﬂaé%au%’tﬁﬁtég by

/ GB2006/ 00295 12 cyclo
c98 YANRpIsuBsiityent GEIUPST  may be substituted by one or

mor e gybphkyit fMRhnghR ¥Pfonally substituted saturated monocyclic or bicyclic
ring system of from 3 to 12 carbon atoms, preferably from 3 to 8 carbon atoms, and
more preferabiy from 3 to 6 carbon atoms. Exemplary monocyclic cycloalkyl rings
include cyclopropyl, cyclopentyl, cyclohexyl and cycloheptyl. The cycloalkyl group may
be substituted by one or more substituent groups.

“Cycloalkylalkyl” means a cycloalkyl-alkyl- group in which the cycloalkyl and

alkyl moieties are as previously described. Exemplary monocyclic cycloalkylalkyl
groups include cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl and
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"Di al kyl am no" neans a -N(al kyl )2 group in which al kyl
is as defined above. Exenplary dial kylam no groups

wonaed7wdss7di net hyl ami no and di et hyl am no. 5 " Habo't/GB2006/002957

“hal ogen" neans fluoro, chliero, brom) or iodo.
Preferred are fluoro or chloro. "Hal oal koxy" neans an

- Oyeioheptyimeibylp The cyatoadity! pdiretrﬁkéoj’rnay?ae%w%ﬁtiubub?@n@)ﬂr more

0 al ogen atons. Exenpl ary hal oal kyl groups
| %g St@j IiIB{oﬁpgoromat hoxy and difl uoronet hoxy. 10

" Hal oafﬂllylkylammm%ns al-Nydikydb Qugupihivtich Bkys iskstdetiné €5bove.
o atons. Exenplary hal oal kyl groups

P R S IRG, ateurn CmdedimeaRiapin asd ety rsn:

art ofHa&lo'sron a t
p{)%ﬁ?t' c ﬁocgg?’@gﬁfn@rﬂn?@gwgﬁ%bgﬁ giﬁf)@% '%fégfegfafe fluoro

¥ o 14 ring atons, preferably from5 to 10r|ng
at ons, “Haloatkdxyhmeaes @rﬁ -0k %Bué M%ﬂnémge%‘ilﬁﬂﬁ sh?étﬂftgd by one

1 t th
gr rggfgnrfﬁﬁ] ggeun) q;tcgms e%@ nr)éEe?lrgglkylgﬁqpsgmmmtnﬂmornel@oxy and
b@ﬂuwrmmyyl benzoxazol yI benzot hi azol ylI ,
b f w D t furyl d |yl
ol yIP A MEATRAN ald Goubean s subsitateoby pnd or more halo
i stotridm Exehyihry hawaaqlpgmups n¥iads &m@bbdmetfﬁ%' r aZ: nyl,
ri razo rimidin
Bzr " o?ﬂé?é@ogwﬁ%g;&rp%?r &%{ﬁfr%grpwg%j/enqt@q ar@igmoy\ally substituted
1arematic hoadeyalio bymultlbyvhabqjemlc mélbiy%‘ﬂffbmaﬂ@ 1t4rrir@7a%r¥§
ar
2‘88%{ rg%ﬁ @eréﬁ(ﬁ?o r'%g’@l‘fﬁﬁnﬁtou Bipre ofgt%@, upg atomgds/are
[@?@E@@))ﬁth@ ﬂhﬁuﬁaﬂw e wh?ﬁggﬁﬁbd@ bi}@eg erg!g{ﬂxg@(;xgﬁ%ens of
[
ogrlﬁnl o ggﬂ@%qg bentzml_gézreb:{yzg%e)pg%a%éylaB%ﬁggﬁgazglyl benzofuranyl,
Heangeibianyl, fuaylkiglidazglyb inuolyh inglolizifyl; gbm(ah% rS@é\ﬁlbf(l)llr@In Qotglazolyl
S ferre
L P S MBS bt o
rAdtinazglin iy, ytetrazobt, da&,wmadwiong,rtmamyu thléhwd#nd trlazolyl
R6USEY h’H’@thé'roaJ @%@%%9@%2 bE%LEJ%té% gy 800 gymore substituent

substituted by re substl
‘greinsy Hhe 9?@!’9@}" SK3LP Mk atiadhed ¢o therryinankieydfaey/eompound of

Qh@lmemﬂbnvﬂva?ﬂa‘\/ﬁi?ablé“@é@%@énf Mfgoiéfﬁdaté‘rhkyl oxy nieties

are as, Brew ously descri
het er o gﬂr%qu@'mx?‘e@?%@lB@te&ﬁﬁ!'@”?ﬂ - @roupyie whidhkiiyé heteroaryl and

rm«yEMy)LetlEs(Qlfélﬁsﬁ}jruwblﬁl@&éé%ﬁMé@'ﬁfé@eﬁ‘éé( hé‘% éﬁ#%wﬂ@g UdSain a
Ml E%bg é’ﬂeg%eh%;g/%@gﬁ%mwg pmqyknethyl The
hleMmrsuarayﬂ tbé&ryéof MBRDS sabduffied g;f‘{)b/é &Wore%rugyﬁ%(rﬁ Yqﬂgg h

the he roa revi ou descri b
het er o r)%)/al@{lg;fya @qaﬁé p@g@r@ylr@wmﬁygromm WhICh the
lh\etemacmram atytoxy tﬂwmefarérae/pﬁéeuo{aW%édr%& %rierge or

i.tuent
%? °as'@ \}'P’“f QFSB%ﬁg%‘%fw Bal 'Wr alkybmpiety Expmplapchateroarylatkyloxy
DBIU@B drmlyde ridyimetryloxi TR hepivbiyryar: Plerdos Frfé?ftﬁ% éuﬁé{ﬁ@tgd by one

?@Sﬁﬁg%fg@ oup, in which heteroaryl

“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.

“Heteroaryl-fused-cycloalkyl” means a monocyclic heteroaryl group, such as
pyridyl or furanyl, fused to a cycloalky! group, in which heteroary! and cycloalkyl are as
previously described. Exemplary heteroaryl-fused-cycloalkyl groups include
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previously descri bed. Exenplary
het eroaryl - fused-cycl oal kyl groups include WD

waQo/dis7670 PCT/ GB2006/ 002957 13 t et r ahydr oqeCT@B2006/002957

and tetrahydrobenzofuranyl .13The heteroaryl and
cycl oal kyl rings may each be substituted by one or

”ié‘trﬁhﬁ#@@llmdhﬁﬂrbtndgétﬂ#i?érobgﬁk%fMQ dﬁ AR Neteroal P& cycloa%kyl rings

cl oal k r be attached to the renmaind
V@@?ﬁ)%% ﬁ@osaw%mﬁmn ARTe SUbLHYASH ArasPs ni e pjerparyl-fused-
abﬁiﬁalk@l groad Rfa9 e \dtmbnee theietimes bPkkbmpolRABPady available

monocycli.c heteroaryl group, such as pyridyl or
f ERTRAR PT NFRERIAPH- a” het er ocycl oal kyl group, in which

het er Oﬂ{étéroaﬂﬂfusb@h%Wé]bélﬁﬂd kenbardy @n@ﬁo@cﬁé’hé&éﬁﬂa)&l group,
des ri bed. EX het eroaryl f
egogygp)g o Zyngnyg f ,ar{@tqja@cloalkyl group, in which heteroaryl and

dhét}édi‘c?cﬂd)amyl ams“prdmawély d@bchw@u mrﬁpmnonétéio@wmdsed-

ér}édroflurlﬁnog}/ Fl%* di oxol olp | d| n}y
bSO Bt o sl Seaciy nop iy, A wREspvasloRyTiiny,
ﬁ dl?ﬁdrbtummyan afd Eb{(ﬂ@lﬁﬁldﬁ?jb S'Ft h@féli’daﬁryl @he lh@féroc'ljblﬁalkyl rings

etero et erocycl oa rou
e eRae B e e SO AR A GoHRS e Qgeroany-used-
ah@tbfo@%l@alby&g@p nﬁHy ma é’rl’a@l@dlto&h@ remaiedre)t ewysniuli by any
of II teron e e (i) an optionally substituted
09\@'8 FI%? Oé 60@ 8? ]a 4 to 8 ring nenbers which
cont ai ﬁ?etm'_oeyodnalkyﬁroe “Hmérecya:&t”mmnslﬁ) arediohally substituted

ol o R YSb A Ry by B Ptoatoms

ssejected ram<O,i ot Nﬂe(u)sau cydlozlkyl grplip ahfilord4 to 8 ring members which

CLihe GOt ) SonFED [EREREH SO bhe gl FReifighrana 2

hexapywelidinwaT ey hetgrooygioatisy gtoep anaydeehsrisubstitulesl by one or more

:“Ql%@g ggﬁfs ag{?&;ﬁst gﬁe ﬁ%{b%?@%}@( 8?({3% q@yﬁé ?ﬁgcﬁe& & 8 PerRhinder of

" thetcompeyiad by ankanailabie saon oneltregemgtonoal kyl - al kyl -

group *Hbt%bﬂbef%&b fato? k ?%Séﬁﬁ{if%’ rﬁ’é}ﬁ( a% ﬁ@féro%lcﬁwgﬁﬁlkyl-

are as previ ous as a
ne8HB "uwh'éB &edlﬁ%'pwcg@"@b@& alky moieties are %%VIQUSW described.

hydro C‘Elbb\lél" alﬂ\yloé'spa Wriupmaamg l}?\f‘es§ toﬁfé'nglgé Sﬂéclﬁé'daﬁﬁ Qﬁtﬂw]tlc

haV|n carbon atons in hal n

CRIRPEAERIGIpHD BICOAY b SIS B RO ecavsgt o 4 dkan atoms in

| $ie-dhHinYl.c.Mfiethyd thyl Wobl £V \ )
- SO@ al iy? ger o)ﬁp Iyn%\%lif?g% p}/ or IS%IJéSr g’@y éggfgf(lﬁﬂﬁr &o-butyl or tert

Exenpl ary sul f onyl groups i ncl ude
net han'fswbﬁwrmbans aBlSCBZCH’IWI Qmum’n wﬁi%ﬁ@ﬂ(yﬁs aNBe§defe@ R¥tein.

g \NB | on escrib
Ezf%ﬁwarygy oy 8‘?‘\}"’% bﬂcﬁ‘g q‘?@“@‘?"%ps i ncl ude
- NHSOZGﬁKon)%m‘mahmealﬁ?@a a‘hmsbl:or@r up fr wiiéh BrparsylfordBare as
d scrI herg | ' Pha ma?eu.tl ca % g{gep ]a_]lgl e I?I lIJ{
SHRIOS PR HrUBPEYI SYIORaTIBR SEuPS §1oia -HRSO-CH. R means
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
invention contains one or more acidic groups, for example carboxy groups,
pharmaceutically acceptable base addition salts that may be formed include sodium,
potassium, calcium, magnesium and ammonium salts, or salts with organic amines,



tol erable salt and includes, when appropriate,
phar maceutically acceptable base addition salts,

woher7mavot i cal |y acceptabl e acid additi on sal PET/GB2006/002957
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pharmaceutically acceptablig quaternary amoni um
salts. For exanple (i) where a conmpound of the 35
i Bueas,stietieydarniaens- rrm’nleylgtucamm alethdhéla@f rsramih@ heids (e.g.

e Y maceut i ca accept abl e
o 2R S e IR NP A R com a0 B e v ton s s v grou.
péUesas ampmingl groumlphamgmeeiuoany acebpebAdid BUGHO SaltsWhat may be

e B ERY o, Bitnobinidcy, Soljes Apspnates, aceates

NCitgtasy laciglasc tanrates, niisglatesnolateatosefuniaraes RicaRAES and the like;

et AR AR Ao B e
alfinadayr bejor eampim chiotidesa bromides; eplfasd, éme’mardasawa‘iéson

d |
ﬁﬁgr‘riz%gﬁgﬁnfoggﬁX tgﬁrs?é Ifgﬁge%@%yﬁag%sé hoég@ 5%) [glé:etaées citrates,
clactalgse @nratg@trmsaratesu malezaieesemmam’@w fuceipatesng Zﬂ'ié%lﬂee

f umar af¢ay bé&%r&@é@ﬁﬁa? d t0¢ hérjgﬁn{ﬁg?r% %#tg\é\fge Compounds of the

conmpound contal ns a ernar
a@&%’ﬁpﬁlﬂf% megone @fso lh@n@ ﬂiayohbenadeuncaﬂiy aogEptable salts.

chl ori ¢8gqruf" RFErSIRS, cﬁﬁ&ﬁﬁj onat e@v%(ﬁogé%ovgv?oé@fmetabohc

benzenesul f onat es, enes
phEephia e dy haér@tya'ﬁe@dueilonroatoe:ganon) éxa abmpouricuftthe@inesntion. For

nemnhpﬂé @ﬁ est@ﬁbr‘ééh@sof a %ﬁﬁﬁgf th% gﬁ/‘éhf;@ ﬁo}é arrnllﬁ%% &firoxy group
r@ﬁé P% ﬁe%‘ée”ibéf" W}'&Vdé@)‘ﬁj%(md@ tgfthe pryeni meleculé cﬁunable esters of
neEansounds af Hie m@ﬁh&%rﬂdﬁné’gq‘ﬁ%ﬁy‘?gﬂgﬁﬁ fple ace?ates

refers to

c%{ﬁ?/tg?’t’?%?tﬁs’l tﬂg@fe\?omﬂki’“ﬁ’@ﬁa@@ﬁt%& salisylates( Eroguonb;es succinates,
fmdfatdte@lnﬁaledt@éj WedtihyiheXis- ?My@@x&%tﬂo%te% §8r§ﬂ%§%@ lsotfmonates

(g entlon For = exanpl e "an ester prod
H&‘ta&’at%éﬂ¢thﬁl@$ﬂi@l@f%ﬁﬂﬁhﬁﬁiuﬁgnaeﬁwanzmesglfmmes

lﬁtdmeb@foﬂgté‘é Edykioh b@lﬂaﬁﬁ%%‘nﬁ %‘u@a'té% Xk \éﬂoth & é){!\?quleean

ent u Sui t'able esters 0o oun

r“ef i ‘?%ﬁ g%?%ﬂ‘?ﬁ’%& ol theigvestign g%tammgaﬂ earbory grmamphg be
aloet/el’tlms by Shgldrbrysfseﬁ vivb &ﬁﬁéblﬁgerr]); fnggetcﬁlgh ggﬁrp]ﬁgtéée 8N&t&Srodrugs
ey rfoggzjgsc ﬁ)ﬁp ggfag Teinvieber, Drug Metdb. Res. 1987, 18, 379.
met hy | Hewid ioblusdérBtobpl d{i&l{@@\ﬁéﬂtlﬂﬂ ?@r‘eﬁ‘ﬁ ref@RRELSBLRS compounds of
i Q rer
R el AR i o

benzeri€siutdted! peeasins RDcampainds aﬁﬁfdf @l@[]éé ﬁ/ﬁlch do not have any

SR R Tt o

an ester disnvent I on

cont ai ﬂph@aﬁy suhsbivied” greanp opmnabﬁsut%ﬂﬂuvétf Wl'tl’buﬁtoqiéur ;
RyShiRlend. tlHné'i'sMBStfhf%w&gfgugar & gxgy@%%pc H ), alkoxy (g a.,

ester pro ugs are

IO Hh ety c |
undhgar st ooéc t h(gtg’l M?sa(gcs)g?fs %ahkér%ﬁﬁ?]o é?gef glﬁgh’ é)éélk%'!"b?ﬁ?e 9-

C%%Hﬁnalgylé‘#lfonﬂﬁ(eﬂhfSOﬁkgnalkgalthlca(eeg WBERL), tNH2kAfhoacyl (e.g. -
e "Sat urat ed" pertains to
con‘p@gﬁ)d)[s B‘Hﬁ’ﬂgﬁyf @?%dﬁé% b A1 (- @aﬁahamcH -CH,-Ph),
cyano, dialkylamino (e.g. N(CHS)Z), halo, haloalkoxy (e.g. -OCF; or -OCHF,),
haloalkyl (e.g. -CF3), alkyi (e.g. -CH3 or -CHZCH3), -OH, -NOy, ary! (optionally

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



car bon-car bon doubl e bonds or carbon-carbon triple
bonds. "Optionally substituted" neans optionally

weubwoitazbed with up to four susbtituents. OpPCDIGH2006/002957
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substituent groups include iacyl (e.g. -COCH3), al koxy
(e.g., - 30 OCH3), al koxycarbonyl (e.g. -COOCH3),
al ayihaaryh(e.d. ECONHy, NBGrBaCHg,I eiﬁsfh«%dlfbhﬂ)(é g(%CgNH'Q, HCHs),

| | k %;
aﬁ%’amé B ViCoEHy, S indesd. -NaSCuCHh betercandalkyi, cyciic
NEHE.g. rmmhﬁilnleylan(l@cyghete yoéry rafidlogy (& dh ?: oxy) and
Y %@g VRS, hal oar iy
C%@oa%%& amoréﬁ'F(Z)e hal E)al kyl (e 3 > CFg) oaaI Eylg/
(e g. -AlBner alkéihﬂfﬁid)or aﬂ@rylené\ﬁélca%f rMéy 6@8;5tio?18 sﬁtﬁted
L Qt kox% hal o, al ogen, L}q
b Rioh B8t Br s 0 e /R 0BRa el iglele elkomalang.t FOCH,),

B e (i g e
a@ikmtﬂa@w g(-scgis), meNammoa«WeczH rgm) Wﬁgﬁg' -G PB-or

acylamno (e

N .
ﬁ%’b 5‘?? r%a’(Oe d@'kylmN Clﬂﬁég)mmmmmoyy (e.g. -OCF, or

|
ﬁ)é?glr_lggrﬁ?]b a?yl ap’k k%ﬁgge Ig??'_éa éhz@%ﬁxﬂ” &Rd -NO-.
het er Oﬁbmp@hkdﬁ ehthie m5erﬁidﬁ%@5ﬁ&«st% Bﬁé‘bf rﬂgl% q%ro etrical, optical,
pti onal 1 Ut ed . optica
R b e S o g e
i aed trdes-wike )& dne. &forms QH8) and fHeKU—'fcﬁ'msnl%t& elaﬁd en?l-forms

U'ﬁ\%‘é@%@%féﬁ %rgr&qeot%@epadt%?u%@mpounmludes all such
at$pm@ad: foyins (ieclgding @d2MilRand ethyt mixkrbs fardbr, Wﬁ'él%P Rpriate such

i al k am no )A%)D
hal ﬁ%od;ﬁr%e&xﬂ%@‘p@“q LE?S BYy th%@@gh@)tlon RafRAtREN of
(@Q}Vn meihgys (ead. onnromaiog;aphléilt&:tharque@hﬁ@l’&)ystall@é'tlo@fé@hmques)

r
n%\f%regae;gﬁ? pra Ca‘?Chqgo'f’gfgg%a@Vbeegp{gﬁ@nremIthecappllcrllt%n of adaptation of
dineynepelbads (ecg. @ﬁmmtﬁcmymhems)‘ ornms, including but not
limted to cis- and trans-forns, E- and Z-forns, R-,

S, and neso-forms, keto-, and enol-forms. Unl ess
oﬂﬂwmd reference to a particular conmpound

| ke oAl comtithubils bPGAESd ) HRgRR ol NC1 Ui ng raceri c

and ot her m xture ropriate such
i somers can be separated fromtheir mxtures by the

a b 1 net h R

NN S8 P £y A o s

3 QIRHP qﬁlesgr a groyR r&- \éﬁpm ardroyme—2- NEﬁR? somegmuma& -O®BNR°R'%; or
ap exl 5, [ | o .

%e?ﬁo% NEY-GALR "’H?% r . Zgé;n Ee3| %Dé By 29@2'&%%@“ ipa lone

R ner fﬂ'ﬁ'gyléﬁ W 'éh casedbediirgenatim kswhith gioatRehBd is &2

ajueidivary nitrogen and carries a positive charge;

In combination (ii) 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

-Z-NR®-CO-R, or a group -Z-CO»-R°, or a group -Z-COH, in which cases the nitrogen
atom to which it is attached is a quaternary nitrogen and carries a positive charge. In
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.



In conmbination (i) R is Cl-C6-al kyl or a hydrogen
atom and R2 is a hydrogen atomor 25 a group -R5, or

we 2007aaps70 - Z- Y- RS, or a group -Z-NROR10; or a gCOGB2006/002957
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-Z-CO- NROR10; or a group -18-NR9-CO R5; or a group
-Z-C02-R5; or a group -Z-CO2H, and R3 is a |lone pair,
OIEXEhpIEE-ailskisth rifgs rm&lu@ai‘eﬁaiﬂyﬂ Pipefdihyi Q‘Q@é"raﬂﬁﬁrﬂl %8%stltuted

et Ses s AEBYpinaTasivt 68 PTG st oa (i 1) Ry

and R3 together with the n|trogen to which they are
attached a hetgrocycl oal ring, and R2 is a
tl %@Ha’gﬁ%png erpQgth t%e nrgogerbtgpp/vhrch theyaRsattached

orforan @h@t@ﬁg@c&%ﬁ%@h@ sa‘iH nrﬂgr l%ﬂr‘i’g*?uos%tug& %ﬁf’@% g-?rgﬂaor a group

> % H Ora JropR ch "%5‘ Ot%@rOHPrZ@&NRQ ona @rome:NRf’tco RS,
i ®r atgt'cmﬁlzflbd)éﬁa dﬂd@r&fgf@dom hhPaeR aalBHe B%%rdr?,s - salkyl in

articul ar

0 har
; "‘tS“I'P&‘t & i agﬁt‘ igMitp “@Wht'héﬁﬁ%@"@da% a auatemamwmgmmnd
a carrmg @)ﬁﬂsltﬁe Ehdlge.0h phftRIkAR! Gnd R? 'td%j;%%ﬂé%e Fer8§Hn8 which

het er o- atons are n|tro en.
P (%% heg7eay7orm g n@(@ﬁyﬁ“éémepf EOB toi7ring dteros,lnwhich the

ahetelrcﬁiat@)fds arg lnﬂl%@bﬁ“ E%'mplé& &%ﬁé‘ﬁ iiyd mclbﬁégﬁeﬁr{jlnglpbﬁgndmyl
razlr sbrs as et hy perazinyl
YPERAY ﬁfr“ PR p'ﬁ’?faé'ﬂﬂ’épﬂhﬁ exthylpineyaziyl, and pRaolidinyi rings.
together with the nitrogen to which they are attached

ST RS AR B 8 5 BUB 2R, Ot O aURyr GOTR Zone gL o7-CO-

aNG°Bpor ZgiIee %&Rgmomwrrr@@ou,i W% r@ﬁp ¥Z-8024Rs
ar

éreg@tﬁ%nmr%e a0 for '%ﬁgeﬁ‘aﬁ? arts*rthem'treeeratwmlch they are
whitadihedase the nitrogen atomto which it is attached
is aq | g S 05| tive
char geg%aﬁ; PArT| 3&8% géfl tﬁ?qt%‘%jgﬁ Pi{Praly SHistituted on up
ni t r ogtenthtee maﬂs il et dhajn lajrreetaylt ached may form a
nmonocyclic ring of from3 to 7 ring atons, in which
the hetero-atons are nitrogen. Exanples of such rings
i ncl ud¥ '%Qb@h@iprry(l),, pi peridinyl, piperazinyl,
N-substituted piperazinyl such as methyl pi perazinyl,

and pyrgoli d| nyl rings. Were a group -R5, or a group
- Z- Y- RB, Mm@y bg group -Z-NROR10; or a group -Z-CO 15

glf@;%lgrogg 8,-8, ﬁtkﬂ sr&ﬂ@mgﬂg thylgﬁ-FQ’i%oo:?b’;ﬁfh'é%h%%ér@grtbutyr;

formed by Rl R2 and the nitrogen to which they are

at t ached: ZOBﬁd’na'ﬂ?sutﬁs‘Bfut@d(m&h aggﬁghﬁeﬁﬁa Iﬁ}g’r&oghh fsed-

bei ng optlonally substituted on u

in the chai RPIBEPCYRealY! sugivasd f<neihyienagiaxyphemyt, 3,4R5 nay

be ethylenedioxyphenyl, or dihydrobenzofuranyl;

Optionally substituted heteroaryl such as pyridyl, pyrrolyl, pyrimidinyl,
oxazolyl, isoxazolyl, benzisoxazolyl, benzoxazolyl, thiazolyl,
benzothiazolyl, quinolyl, thienyl, benzothienyl, furyi, benzofuryl,
imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl,
isothiazolyl, triazolyl, benzotriazolyl, thiadiazolyl, oxadiazolyl,
pyridazinyl, pyridazinyl, triazinyl, indoly! and indazolyl;

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



Cl1- C6-al kyl, such as nethyl, ethyl, n- or isopropyl,
n-, sec- or tertbutyl; 25 Optionally substituted aryl

weuadt/azs7phenyl or napht hyl, or aryl -fused- PCT/GB2006/002957
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het er ocycl oal kyl such as 3,4-net hyl enedi oxyphenyl ,
3, 4- et hyl enedi oxyphenyl, or di hydrobenzofuranyl; 30
Optionally §H||$$§éﬁylﬂf% fﬁ?ei?%fn@%b&médﬂ? %eﬂﬁorﬂéﬁf érglydroups and the

pyrrolyl, pyri m di nyl az , I soxazoly
benzi soxazot{f-Carlihoras i yoHz- PhT@'ﬂ&'ia‘

benzot hi azol yl, qui nol yl, thlenyl benzot hi enyl ,
furyl, benzofuryl i m dazol yl ben2|n1dazolyl

i sot hi azol yOpligRallysybstityted aty 1“39%9%)’%5“0*‘ as indanyl or 1,2,3,4-

I sot hi azol yketrahydr@ﬁé?d%ale@@nzm riazolyl, thiadiazolyl,
oxadi azol yl, 35 pyridazinyl, pyrlda2|nyl triazinyl,

i ndol yl and i ndazol yl; Opti onal |y substituted

aryl (Cl- C6- apkyhall iyt
2007/ 017670 b a&sawmggggégg%%mxawg %ﬁ:{)%%ﬁég‘merem

foregoing s qi@regm RahiE 3Py ehiba fg?%'”%?@ﬁ?ﬁ§a@h@eﬂmed
- (Cl1- C6- al kyibteroappigtoups anéPtir —(€4-Cx ety HFari |S%‘Hz%}aldl-YQCH2,

substituted aryl -fused-cycl oal kyl such as indanyl or
1,2,3,4- 5 tetrahydronapht hal enyl; Optionally

substi t ut ed Opabdeag aubdtiftdd %o@hl&yvéoch asgtlogepliheRRbutyl,
wher ei n the het erg %/lcloﬁ@f is any of the foregoing

speci fi cal I |‘°(5aryl gr oups and the
(ClOBaIkyI) part is - - or -CH2CH2- 10

o ont T S AR 55 UL B8R s
subst i t ut edwhetesir meyletemedykmhl((ﬁbaﬁiis aiétisdln)/l- pipetidihyl asiperazinyl,

azeri dinyl . e pePHE AR RS ART FHoRBEASNE pr pirplin ano

pi per azi nyl treugl-8g-aikg+pdrigs pEHazorH,CHg-; pyrr ol | d| nyl

and the -(Cl-C6-alkyl)- part is -CH2- or -CH2CH2-; R9

and R10 may be independently sel ected from hydr ogen

C1- C6- Bf rpil R&Unhy bs indgpendentiyseleatediydm dydnogemrC,-Ce-alkyl such as
i sopro )
oyl Fh\éltrfyl Q hd/gg%n o lggpﬂxzbgléﬁpéﬁyod?%dsﬁ op&sn sHbGtlited aryl, aryl

aryl -f U@éd h@wqmyaloaw anyefusecbeycidalkyl, heteroaryl or aryl(C;-Cs-alkyl)-

aryl ( CirdaBs 8b&ifichty BeR g%’ﬁ%'cfhgcﬁgén !éﬁ/ mdgggf el n

t he di Scussion of 'R5 abov r
with the nitrogen atomto which they are attached nay

25 for g and ﬁ“‘ﬁb@é’(ﬁ@r’ with thb Rfiro8En 4tofh fol itictPih@Bre attached may
preferably 4-6 ri ng atonms optionally
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, piperidinyl,
piperazinyl, N-substituted piperazinyl such as methylpiperazinyl, pyrrolidinyl,

morpholinyl, and thiomorpholinyl.

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

-0O-, 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
the nitrogen is quaternised and carries a positive charge.
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containing a further nitrogen or oxygen atom such as
azetidinyl, piperidinyl, piperazinyl, N-substituted

woiperazdi7ayl such as met hyl pi perazi nyl, pyrrol pdTiGE2006/002957

nmor phol i nyl, and t hi onor phadBi nyl. 30 Currently
preferred are conpounds of the invention wherein, in
t f@edlaoligal ANR1 R2R3, Rl is nethyl or ethyl, R2 is a

ar, - Z- Y- as_di scussed, above, ecially wherein

R i ok Ao Sy BioB R oG ITe R ek fpuion as metnyior
bethyly br B iph émgriogemsiom. Cuirenty frefesrels the-caséWMercZa id SO-.

a straight or branched al kyl ene radical |inking the

nitrogen and -YR5 by a chain of up to 12, for exanple
ufhe gréup BArbon atons, and R3 is nethyl, so that 35

the. nitr n is quaternised and carries a positive

S gl st 38 25 s cemu 8 495(0) ok @ The

Radical A Ais a 7%>éygen atom or group -N

wherein R12 is Cﬁ‘ -al kyl (suchesas net(¥l o ethyl) g

or R12 is a Rydmegen atom «Curr i R

case V\,her\ng'{,is -0-. 5 The ¢
0

from one off t RE gjo of forpulR (a), (bl

(d); 2 R60OR agzpim QRea” k R 8b *&& 88b Ar' ~N a
b-(RIl RAre Rea Il 7b) 0 OReo Om(a)(b) (c) (d)
In the group (#), R6 may be Clg§6-al kyl s(y)ch as net h)((g)

or ethyl or a hydrogen atom 10 Arl may be an aryl
group such as phenyl, a heteroaryl group such as

t Initeegioup éa)p BE maly Ibg G2 -ChillgM¥lich éﬁm@th?b’&'e‘ﬂ%ll KA hidr8eh atom;
oA P e a TS s B e SFe s o deny,
i erpepiaificetitienyl, ar ELydbaliyl lgydupguon Bs cycieivdkyRsydBIeR¥A, cyclopropyl,
S8ty Al SRRREBRNEY B S5 Rac Y b Sharbii oo srous
righias netod pasimd.emior jsoPropdl, n2 see- o3 terfthutyl, rorhaR g8k SUHBas fluoro,
{Plort Bpotofos of¥fh Ak [0 of 1B RET < By oal kyl
aryl -fused-cycl oal kyl, heteroaryl, Cl-C6-alkyl, or
STl CARRUED BE SOl b TRBLARBS B85 o o
eﬂl%ﬁfﬂ arma@gmggcpcyptemﬁoagyl,rmryllrfydsedacycmah(yl, heteroaryl, C,-Ce-alkyl, or
heyBib e grdugsGpatitiddily $htrfloned in the discussion of R® above. R may be —
OH, a hydrogen atom, C;-Cs-alkyl such as methyl or ethyl, hydroxy-C;-Ce-alkyl such
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 suqh as pyridyl, oxazolyl, thiazolyl, furyl and especially
thienyl such a 2-thieny; (ii) optionally substituted phenyl; (iii) one of R® and R® is
optionally substituted phenyl and the other is cycloalkyl 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 pyridyl,
thienyl, oxazolyl, thiazolyl, or furyl; and the other is cycloalkyl such as cyclopropyl,
cyclobutyl, cyclopenty! or cyclohexyl.

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



10

15

20

25

30

20 as hydroxynmethyl, nitrite, or a group CON R8'2
wherein each R 8d is independently Cl- C6-al kyl such

wagomitesh or ethyl, or a hydrogen atom PreseRCIrAGB2006/002957

preferred is the case wheri® Rac is -OH Preferred
conbi nations of Raa and Rab, especially when Rao is

dpty| o%g@f%etd*@ﬁ% W@d%x&r‘n@th@?ﬁﬁnl@{}o& 82;?99'& gvhereln

@lacﬁ {ia g\o@pen@rﬁlwaﬂ Gasaligysucings, mgtiawzqalemyl of Aihsidropgn atom.

fﬁ%ﬁ’ég}{gp%&i&g 'tﬁ% !:%’segﬁu#z; Wé" ?@P%ﬁc%ﬁg 1% ?h %QIY'h’ete(rbérlll or

@doalkyl rioptand syl be, inmsampk@t any Cpfﬁmﬁﬁ ardnietetoarybtCheys-alkyl, or

%35(/& R%lﬁ?’:gs §@é§r{hcﬁﬁ¥1 lé?'féﬁc?r’? e di %bﬁepgi’%bov‘éf Preferred Ar?
or cyc exy I'v) one of
Rmas inctudrgineny. TrambmdmaJrQ petw@@tthet’rw ﬁ@ﬂﬁdéy@ i-&Hz- or -
iparyl of 5 or 6 ring atonms such as pyridyl,
thienyl, oxazolyl, thiazolyl, or furyl; and the other
IS cycloalkyl such as cyclopropyl, 30 cyclobutyl,
r
AP BRHE AR AR Lt g )
WB). 2007/ 017670 PCT/GBZOO6/002957 19 et hyl,
hydr oxy- Cl- C6- al kyl such as hydroxynethyl, nitrite, or
a group CONR8d2 wherein each R8d is |ndependentl
A Preferegdapbclags A campaing Wit whighrile invgption ip cep consists of
qhgggoffg,rnqg@gh}y preferred is the case where R80 is
E Is an aryl, heteroaryl or cycl oal kyl
ring and _nmy be, for exarrple any of those aryl,

het er oa yI 1- kyl, or 5 cycloalkyl rings

speci fi mj&'@ ed in the scu§§i on of R5 above.
Preferre Ar'2 rlngs mcléede pheryl . The bridge -Q
between the two Ar2 rlng

- or - CH2CH2-.
O the R4 options (a), (b), (c)) ifR8aj s
presently preferred that R4 be @ g p (b)|or, 10 (c).
A preferred subclass of conpounds wi t(D whi et Qthe

i nvention is concerned nsists of thosgke of ;[}mur mul a
(1A (CH2)\ 1 X- Y- ( ~N + R8a O (IA) R8b O
15 wherein ring Ais an optionally substituted phenyl
ring, or a nonocyclic heterocyclic ring of 5 or 6
ring atorrB or a phenyl - fused- het erocycl oal kyl ring

ste e t he
\%herem ring /{ is an optlonally substituted phenyl ring, or a monocyclic heterocyclic

ring of 5 or 6 ring atoms, or a phenyl-fused-heterocycloalkyl ring system wherein 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, cyclopentyl or
cyclohexyl;sis 1,2, 3,4,5,6o0r7andtis 0, 1,2, 3,4, 5, 6 or 7 provided that s+t is
not greater than 10; Y is a bond or —-O-, and X' is a pharmaceutically acceptable
anion. In compounds (IA), it is currently preferred that ring A is (i) optionally
substituted phenyl, wherein optional substituents are selected from alkoxy, halo
especially fluoro or chloro, C4-Cs-alkyl, amino C;-Cs-acyl, amino C4-Cg-alkyl, and
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
dihydrobenzofuranyl.

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



het er ocycl oal kyl ring is a nonocyclic heterocyclic
ring of 5 or 6 ring atons; R8a is phenyl, thienyl,

woyal7apaatoyl or cycl ohexyl; R8b is phenyl; thi eayiGB2006/002957
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cycl opentyl or 20 cyclohexy#; s is 1, 2, 3, 4, 5 6 or
7and t 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 acceptable anion. In conpounds
(1A, it isgrTrently preferred that ring Ais (i)
optionally als Kched phenyl, whergin optiona
substi tuen afe sel et ed fron1 | koxy, halQ
especially fluoro or c qu f1= - al kylf 3
Cl- C3-acyl, amino Cl- C3- aIkyF Zan a
or (ii) a phenyl-fused-heterocy I yst em
wherein the heterocycloal kyl ring a lic
het erocyclic ring of 5 or 6 ring atong sUCK

di hydr obenzof uranyl. AnotlBer preferred §
conmpounds with which the invention is cG S
consists of those of formula (1B) WO 2007/017670
PCT/GBZOOG/002957 20 B (CH2)t X- Y- (CH2)s N+ \ O

(M ?f%%ngeB 1S @n eRfioRallyssubstitgisdinbiray! Irpg 0 Manoayalid heterocyclic
phﬁ@w 5 bi @ﬂn@étc%s"ﬁ?'é‘ﬁ%hu&dh@t&BWikzpm{g '&F of 2, 53, qr 5,60r7

|n% atons_or _an aryl-fused heteéroc
gncit 9, 182, 3 4, § 6 @ 1 provided thgt s+ isinot grea’@r tr@n 1:§), Y4s a@ond or—

6 Osfrand X9y pﬁ@%dcb@ﬁcaﬂy"&cde‘étéb@ arfisre it é‘dmé&%@s 18y, its bSrrently
armaceut i cal |

ae@g?ff%ﬁgtf‘%f U9 %ﬁa@ |°R“%Qﬂ'hbéw?§'§ﬂ%q eny}, tNhP%e"bQRthéﬁ'thFSt'fuemS
parf seigotet frdratalkoky)hal éspetinlly Midko @mhdru @1U@§£|k§r| Uérﬁﬂo C4-Cs-

PR i B SaRhosig o e e EppTeis smccay
Cwh&Riraihks yneteraoycloalk@lring3s amglriofcylljozggaﬁgﬂgloﬁg ; :dgzg:oiz elc”#mg
a n
gfo\% #%4%&%@02%99&?8% Ea?/kyl ring is a m);nocycl ?/c
I;_eterocycllc ring of 5 o[) 6 ring lgtsggs, Isuch as (0

uhc
s SIS 1 RS BLTELARER D, B L8 g may

agalisecfrdm suitable cerhbhivatoosiof hard $)smhcefs wheaa tlis0, 928, 4S5 or 6 and

R0k o7, BoobpolnaeyRlal {'s pierty eleffrafearbinaton

piafetf ¥iande iz wheiertas O,cfhls 3oand Y is—Q@nd farther otrently prefese,
Scorfbidatiging whet nently preferred

c%nbilnaatli onwi ges és%eb?(n%jlésﬁbg%%%%;gr{c? s+t is 2, 3 or 4.
In both subclasses (1A) and (I1B), as in the corrpounds

Ofn Bdﬁ?suﬁ&f’&%é aR) &?d“@é)abls Y the %Qm@@ﬁﬁ%‘{ﬂ% invention generally,

predom nant ti-endo c uration
pPTRIUER prefé@ﬁwﬂw He apthepde ﬁ@sﬂg@fatrpn arg m@medon

i ncl ude those of the Exanpl es herein.

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

anti-2-(Biphenyl-2-ylcarbamoyloxy)bicyclo[2.2.1 Thept-7-yl}-dimethyl-(3-phenoxy-
propyl)-ammonium salts
ant-[(1S,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclo[2.2.1 Jhept-7-yl}-
dimethyl-(3-phenyl-propyl)-ammonium salts
anti-@_-)-2-(2-Hydroxy-2,2-di-thiophen-2-y|-acetoxy)—bicyclo[z.2.1]hept-?-yl]-dimethyl-(s-
phenyl-propyl)-ammonium salts



Preferred conmpounds of the invention include: 25
anti - 2- ( Bi phenyl - 2-yl car banoyl oxy) bi cycl o[ 2. 2. 1
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salts anti-[(1 21
S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t hi ophen- 2-yl - acet oxy) - bi cyc
PR A BRI S OP RSP S Eieycl2 2. Thept 71
gmmeﬂ(ylhbs-ﬂae(naxtb?pglx-ﬁﬂﬂ:&ﬁm tsaltsi ophen- g yl - acet oxy) - bi
. -7- i _ - .
ISRt At A P S bl i 2. et 7y
PaifHcGRR ARG BHRaGonRin saitsi - ( 1
S, 2R) - 2: (2= - 2.2-di-1hi _2_v| -acet - bi
| aft@(&%gﬁf—ﬁg%-?l&gri%y%,_zgdl%loﬁh n‘?ﬁ’-vl‘?{be?oxlﬂ-bné\?c‘?o[?é?%hé%‘tﬁyyﬁ-
gdlmf{yy@-pl‘_&bmhmnyi)eampmmm galsmoni um salts anti-[(1
RO RGR Y mn 2iomen R Yyl P g2 5 et 7
] trieqetthyF-agnironiwin satshy| - phenet hyl - ammoni um salts 5
F’%ﬁ%ﬁ%mgnﬁ S NGRS IS
: icyc Ttragd 7 -y1-dy yl-ammonium sa ts _
So OIS ol AR S A e BRI 0 by gt
I bﬁ@ogy-prqm&@mmwrﬁsautqi met hyl - anmoni um sal ts
SR ES SO KA bBdyohonk)-f2 Ok baninene o carbonyiony),
bbigydeld{22 Inept7hélmmmonium-sgitaret hyl - anmoni um sal ts
SILUS gLz Shhtogy Shenprens reatbsnig g oR S rept 7
| HBIRY - PherarcretaryD-asRorie £k pr opy! ) - amroni um
o P SRR UG BaroAte 2 hlopnen;2yaceloxbioyclolg2 | nept T
oWFn'zséf"@th\[lﬂm%]i&Eﬁg&%- yl ]-amoni um salts 15 d
afid lﬁarﬁamaﬂ%etﬂylf-gntk%f’s,2R)-2-(2-h droxy-2,2-di-thiophen-2-yl-acetoxy)-
Bl AR SRRl oy s
f gi)zcz?séa@g riogt(eh_zauﬁa%)zj-ai?lelaw_yﬁlxgﬁ{i{o( )1( S,2_Rt))-i2é(22:hlygr[o§(y-§,2idi-thiophen-2-yl-
e e R A i T A S
Benzyl car banoyl - met hyl ) -anti -] (1
(S’ g%gfyz?gr?'ﬁ%g)/ﬁxn?? 2 éi ?tnhi: Oé’& ”'szél%{g' Bovd %éﬁp‘ ufSs with dual
ol Sy PP g Hagkaragto g IiGGH sectin sBeie £l
ot st ot e, o
BRI SRRy isgase D b B Fordi Eamenundsiahragaonised
S&drhﬁof{@&amﬁrﬁr'l_rmd«bgmlstratelgg fdsalek progisiod of corhpaunds with such dual
lLon,sectlon.a

- BB BRI g i NP8 v S R G e e g Bopror

aahiagoiiyt otigityto awompandd with @gi2rainénarécepts Rigoaitagtivity. Such

?Igge %ﬁ §\émrajwat§g SP andﬁlglrege% érvalgE)XistC c%wp%ldﬁg %l) 'aéc’ dgﬁned and
discussed above and a f2-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 B2 adrenoreceptor agonist

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

aiy:



formof treatnent. The known strategy for the
provi si on of conpounds with such dual activity

woreitanie@os i s sinple coval ent |inkage of a corpD@BL006/002957
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with M3 receptor antagoni 2 activity to a conpound
with a (32-adrenoreceptor agonist activity. Such 30
coval ent conjugates of an1l\/B recept or agoni st conpound
(1) as defined and disciisged above and a

(32-adrenor ecept or agom si_al so_formpart of the

i nvention. For exanplef sueh dBal activity conjugates
i ncl ude conpounds of f la (I), as defined and

di scussed above, nodi by repl ac(ggent of the R2
group by a -L-B group ereinLis i nker radical

and B is a noiety having 454 adrenor ecept or agoni st 35
activi ty Structurally, such dual activity conjugates

2085 RnBGEE SBEH & G50 BssBElUysiqditip Hteaton tg gompounas

A(IRdf thé érventionRRL is KBivaledt IRkeanadlcasardm isreechoitydhaving p2-

cussed .above ation d | f th
- ROEHBRE PO g sy B uief 3e i P ABSR BhridpoBorerirrea to
n@b@te}ﬂn Iﬂ@ellaik?égfzdiﬁd t@dfeelﬁmrmcﬁ séaroRasmﬂ @c]{m;aﬁmay'(ltlyform another
a ore referr
S Bt B PSSRAL R aR AT BATES BP9 g i et & e
colmpouhesin(l 1 1) form another aspect of the present
i nvention. An exanple of such a conpound is that of

Exanple No. 41 herein. The present invention is also
c 0he prasedt invartiop isaalsm cencermedl withqrhenraddautics foramgiatioas ngmprising,

o 80 PRt B3RBERAL o1 By FREPRUT R oo may oo
c ompbluad sitb fcompogndsmf dinis mantfamrfot the ppavention ammhtreatohent of
F]n?lg seaééy éﬁﬁ@mg Wt}lg'tﬁg @r%ggnt%v&tnngn Ls% comgﬁwd with

r ese I nventi on
pnaamwemq%mmmms faripoerenting ang eeadingirespirakuly-tract disorders

t%&‘éﬂ éé‘&qr&ﬁé%étﬂ}c Y&/ uh "i'ifsfea %ﬂfo‘ﬁ Fshagtﬁm%hé Bhiﬁ
r

obstructive | sea onlc ronchit s,
CWSﬁ’ﬁﬂ@M@SﬁrégtfﬂnF ﬁ@lwawﬁﬁmppmnammﬁﬁma and aIIerglc

f ihIRig$ ESmp Mg{@ﬂ%@be‘ﬁmy%ﬁgﬁweﬁ%uﬁ{ el (SHn"FpanB'o‘f”tﬂe' iRvention

conprisin herapeutically effective anount of
c@ﬁ%@ﬂ%@"@S‘PrQﬂBertHQ@H?W@rﬁgeﬁﬁd one or nore ot her

t herapeutic agents. O her conpounds mnay be corrbl ned
wi th conmpounds of this invention for, the

p @Wﬁpmﬁu%\qﬂ“ﬂf ke crrRhiped vith GpMaRYRASHH §:‘"%| Ir%'@'&@é‘sf%?‘e
t pfeviehitith arﬁneéytrdemgjfmﬂbhﬁnatd)rzwmhs@bfltm lurg E&codrdingly the

hg{&gwﬂ?@b&ﬂ‘%@é a gomblﬂatlon o(% an agento \{r(\eenutnvgntlonsas 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
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 PDE3 inhibitors;
Methyl xanthines such as theophylline;
Other muscarinic receptor antagonists;

A corticosteroid, for example fluticasone propionate, ciclesonide, mometasone furoate



described wth one or nore anti-inflanmatory,
bronchodi | ator, antihistam ne, decongestant or

wanvi7/iugesi ve agents, said agents of the invenPCDIGB2006/002957
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her ei nbefore descri bed anad3sai d conbi nati on agents
existing in the sane or different 25 pharnmaceuti cal

CORPRESSHid) %r s@%ﬂé‘béstcﬂb&ﬂm&ﬁ@@?ﬁs@b?’ Wbo2/1 25&?1 WO002/100879,
si nmul taneous Pref erred ombi nat i ons woul

oW URG0878; WICKIBERE6BHAI0RARI 81 HIO0BR359) WO9AEA445,

SpicaRPtoB92  WeS0arsdisby and ¥e0bS/66830; 2 Conbi nation therapy
wi th compounds of the invention include: One or nore

of\ Rep-siarejdialihrorartierid reqepiPr O3 i nhi bitors; 30
iﬂb}é]dré%'ﬂéé% Rﬁ%géMﬁ“fcﬁ%x&rhS@@Bﬂtéle@albgaw almgter?l

carinic r or antagonists: A corti cost
eRaippraterenelt tectas@m@, ﬁ@ﬂ@ﬁﬁr@;mp@ater@i cRERYAl0H dndacaterol, formoterol

/
i, S S, AR o
v@@éﬁf@@% TAB0RH avhds® commﬂwﬁ@(wf’gM%‘@sﬁ PE528045,
w\é‘gé% 7?,59826@%’65@6%453820‘6@8}%32@9%32005/5159448,
W)o4/ 30827 and W04

66920: non- st er oi
gYMRQNGYEH 1 4.V 2 B3.IN 093 (531162, WE0R/66422, W OR3FE4LDt or

amﬁﬁege,éqrv@smbg desmn@b \N@)ﬁshtzﬁ 8ADNDO03/72539,

f enot er ol ,

saI met er ol ereno
o WBIR CaN AEZhe WD 16aS hoV PG5S,
awGUmri OO 33AR! WO 4/3736K; WoidAR777530009/57847,

6 TA- 2005 d al
A w a6 oo S anatn vkl Y aia b, °°
VDS 478t98%, ERGRI084 ONEIRAB7 141520004R08824 ER01477167,

SR A28 kb0 Botoed Bish o, woosiooor,

V@RI52403 03, Wi08/042 180, WDAR74345 v ONEY084 2685 3R 05/058867,

wBeTER0. Wednipt S irpda Yuodt Bty Wiosiosenr

VR@RO53002880, \WID4/022887,, W 0060938616 2y OUE/0402838/ BAD05/092087,

EPA e RS UG el U} 947 Woosioszsro,

USZDIB07726 2,8221 0258298 AN 0R289 002, WO a3/1 08IB5 W O05/110990,

o GgRc0 VBB AR w R e 5 Aol af Abgeioteeds,

VIDEXI60E187246, WRDGK)30 398 08 O0B00862)0 REBS2006/0008)7159282006/0106213,

VORI BRI o 050a. veos) og0a1s,

USIabeiee owdulatgsoiop sxample monistukagp @siirkastay praniukast;
%r%%a@@ Yr%%or@sgcﬂ%ﬁﬁ@ﬂ&s o%%%@@@prot\@@@es(o} ngﬂae MMP12
and TACE InhlbltOI’S such as marimastat, DPC-333, GW-3333;
Human neutrophil elastase inhibitors, such as sivelestat and those described in
W004/043942, WO05/021509, WO05/021512, WO05/026123, WO05/026124,
WQO04/024700, WO04/024701, WO04/020410, WO04/020412, WO05/080372,
WO05/082863, WO05/082864, WO03/053930;
Phosphodiesterase-4 (PDE4) inhibitors, for example roflumilast, arofylline, cilomilast,
ONO-6126 or |C-485;
Phosphodiesterase-7 inhibitors;
An antitussive agent, such as codeine or dextramorphan;
Kinase inhibitors, particularly P38 MAPKinase inhibitors;

P2X7 anatgonists;
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US2005/ 0272769 W05/ 110359, W05/ 121065,
US2006/ 0019991, W06/ 016245, WO06/ 014704,

woR0G/&Ee56, W06/ 032627, US2006/ 0106075, PCT/GB2006/002957

US2006/ 0106213, W06/ 051373, W06/ 056471; 25 A
| eukotri ene nodul ator, for exanpl e nontel ukast,

@#rl }‘b[lk)tg t or pranlukast; protease inhibitors, such
ors of matrix netall oprotease for exanple

Mviehsteraind! amicEflamimatont agent BN D Jomexaimpissibaprofen or

Pgﬁ %? GW 3333; Human neutrophil el astase
P ‘?Or such as sivelestat and those described in

m@amezeptmﬁamm, W05/ 021512, W05/026123,

Jo31 BDEHES: fopgta s ot NFpeastBlaBb68s surn g5 fleicace
bl Care g or oAl e r | Py At S P

oP aphiSleiuch 8RR TR Goefd LS A BRI 0 .
iA2bidntdgonists stfeh As tiaosei dessriiedan W@2002/42208; as codei ne

o BlS BT Righihe, e EoBRE0LRR, By b Bfpfiks 3 Bz,
DUR3, CXORE) CNCIR3ZE2G0HR 160 ROGCRS SUchi@s saamaaaso's%saesrs SB-
ng?rﬁ %rBo%u r0 8?@?301@:7!68%&@@93&9&@1%gﬁnﬁ@ r ecépt or
&}una@ondSWhICE miadelade thehacbom ofrwostamld eemnfﬂr% ferrxampiea PGD:

[ ¢. CDP- 870

TBAPS ERAHET e Ridh D ant & itfodiit g Mifardtl, P
anﬂundsxwalcagmﬂuat%Tbb@hT'a%fmhme!@é@mP@eBPAﬂ agpnists;
ists such as those

3@%@1 ‘ég%lcggwé%é;@%g%%hﬁgﬁlfgfegrs of chenoki ne

AreteeqitkdT 19 agenistarsuch 85 ledeedie ant agoni sts of CCRL,

(‘:% 99% %8 rﬂs
<E” 339205%%d Sih %E‘gé%% RS iSB 525002, meR

Navastatio, siyastai, pravasiatin grdiuvastating NCB- 3284: Conpounds

Wil ré@ﬂé’(b%téi‘mh g 1NS 137917 &Lﬁf(ﬁﬁt 8ibehatict 0L POItaInetat, DNK-
(DP1 or or a thronmboxane A2

éﬁ?’?’n@§hﬂ§§6 @&f'ﬁ'%troban Corrpounds whi ch nodul ate Thl

Qﬂ(ntlT#@ctlf/él agémtg (antibitic 6x&tIrel), aRBARt@ReyIE 8iugs inchiding, but not
| euki.n receptor antagonists, such as Kineret;

|"m'f§P|‘%lﬂE‘F'ﬁ“Sﬁf“QS%n| sts, such as |iodecakin;

The weight ratio of the first and second active ingredients may be varied and will
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.
In therapeutic 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 pulmonary.

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



HMG CoA reductase inhibitors (statins); for exanple
rosuvastatin, nevastatin, | ovastatin, sinvastatin,
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I NS- 37217, diquafosol, sibesadet, CS-003, talnetant,
DNK- 20 333, MSI-1956, gefitinib; Antiinfective agents

( avd pdtient, time of a@rhtnﬁsil‘at’ @, the RO GiRldrMistRiOh Cthe Fate Bf ﬁxcretlon

i Bl D06, dThd SSebiordit st A e e et i
I @Gh@dl ghet duilraysdany@fdr athaiion will lle withh thepsmsé Mﬁ% bt

£f d Gener al |
< PrBEt b BotloLEmg ber K Bet R 2 e, et 03Hn a0 about o
rmgt@eraxg admaneqdrefatabm mm/to@ugfmmg’eﬂsﬁ?l% d%ﬂﬁde@'d’cbges On

a.han

TR sang RBAY bR natesRapi She cbsddss dhistis fisss lmisgn same

t besespEumpositic s, slthisle Rsrtdwnistenon bR hhawiioR @re known, and may

>Rl Rl alo Bl B8 B A L b it e

t hompogiticn rhaylcoritain t)hIa -89% by aeight Ofcidtlv@c@ﬁ@dund. Preferably, a unit

arent er al ical ul ar,
 So5UHBlRs e pemRniel 5 a% simouEs e i Gpr o
padlmhudtratld)m suntabletdweaamt()ug peko k@ t f 0@ pemiq@y pkfarably Beug per
%ﬁm of course, vary dependi ng upon a
ge o ors including the activity of the
speC|f| c conpound that is used, the age, body weight,

;;tgggﬁ%%ﬁ%ég%@Je%%@%%nﬁ&%m%&ﬁ?@pﬁ%&é gﬂncg790mposmons which

aQﬂﬁnﬁﬁ@t a e@rmpaundtdi gher lovarwomanddmharmaqeamawm actdpéablacarier. The

gge\ll'@;‘ I['?({Sﬁjb%&?ﬂbn g Haﬁ%a%utgﬁ)’cc%ﬁb% Friof" |§ %enctae'aq? thémpass a

ease undaer goin
g erpsitel] corrtnﬁlémdém gfctu@mrwﬁg@),fam th@hﬂ&ﬂmgrweWS)l lie

W(drﬁ'rrﬁaéehu%cé@%@%ﬂéb% E%Tﬂﬁ @ﬁ’@%a er aﬁ% c%g%xtas]\p?ll@s any

per

aemycfo'vfsch 68%6 geectygr mﬁactwofrr@m ,@p@bmaam Eomp xptg)rtqr
5Q§g@§étidﬁ§bf ahgt\ﬁd YIhEreQf tHl IHQQQQnQP@%m @%soélé}gm(btf BRE gr more

€ necessary to use osa es out sl

| P me‘?ﬁ'@%ﬁs@f frogseiger Wﬁwéﬁqﬂ@ﬂ%ors'memyp@s ¢feqne or more of

aeha ingradieAtsi Nébdﬁdinglﬁ Rid pharRacadiRakemitdsiteRs o By present
de carriers and/or diluents that are known fo

el b A Gories ion Fiade byadabing SAomagunssing n

OirRéntidnYadnitional ghive dfgrediéntisy, smarppathsbeutisal ataddtable axcipients.
unit 10 dose conprises the active conpound in an

anmount of 1 pg to 10 ng. For oral admnistration
she abémadest&:'al eonpakitiong opike presehbindélion combriédla compound of

oA a8 AR 9 R mert e ST BBl e ertatie 8P hereor
panqb oBl alsortentafti & pharfraceativaly sizeptablengaaistdnabptiditlly other
'_rﬂ\\é?ébte'uff@inaﬁ%ie%@ tl‘ﬁ(ra Qﬂe{%ﬁme‘%kér?n%llclexncaﬁg ggcte%%b?e saﬁ'tr d re?ers fo salts
prepared from pharmaceutically acceptable non-toxic bases or acids including
inorganic bases or acids and organic bases or acids, and salts of quaternary
ammonium compounds with pharmaceutically acceptable counter-ions.

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



term "conposition", as in pharnmaceutical conposition
is intended to enconpass a product conprising the
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(pharmaceutical ly acceptabl2s excipients) that nmake up

the carrier, as well as any product which results,

d. . 1 1 i .
B;F %;9 gbée@e gphétq %‘()c{g?@@khﬁon% t@g“lrg{éﬁfr?%dp@éy p@ P@am &4 5 Yension

i fngd@ueefrfmn a@ebtﬂlrsemroamrasol dha dauie pewpgianydpeexagtple for use
n% eér@%ﬁ?é&%féred’&oéef |ﬂﬁ"e\|8|1 WDI ﬁﬁé;pﬁnﬁﬁtf,fsgﬁ’&ﬁlé R %@ a PMDI

| actions o I ent
Aredindin e e skiied pﬁraﬁm@lumlc@ﬂ CEGrigobF A 348, FA{RE, HCFC-22

p ufg. conposi tion nmade by
a@gﬁ}andaﬁ%'g%%%zdlﬁ é%{ﬁﬁéml nvention, additional
active i ngredl ent(s), and pharnaceuti caI |y acceptabl e

e Refed embdrimdHe o%gr.ﬁ%ﬁ%ﬂ 'a%lmp%gmea%r ﬂq'e%\%n%n I8 dry

present invention conprise a

i w@ﬁruf@"m foy dshwe@wsmaldnm@tﬂeé mhalﬂf (RP1). Many types of DPI are
PRywaceutical |y acceptable salt thereof, and may
al so contain a pharmaceutically acceptable carrier and
optionally ot her therapeutic ingredients. The term

" RS TERESRH foF @ Ivi¥rydy GRIATIASY Rioh Rhdye orh@ARdWRhSEtbRenE that aid

prepared from pharnmaceutically acceptabl e non-toxic
ba@wgwcﬁndaelﬁage iFREEXAINRIG In ASHY BRwdes fwa&&moarmwpa@%?dnay be

Ofoﬁﬁﬁlbfédbﬁlﬁﬁérg@rcaﬁié'r ﬁértncl@@ that ald fovefrorfl 4 BPNafothe Iung Suitable
anmoni um, conpounds vmtd\)%(ﬁv?rrraceutlc Ily acc

cERIAgrERar re KRPWIEA HFCioRR BREEESTINCY WQ%E‘{‘? g gass
Cméﬁi@n@@r@n@hi@fﬁrﬂ&byoﬂgneattbuethé@empm‘ 35

m croparticles. They may be prepared by a variety of
techni ques, including spray- drying, freeze-drying and
m'r\cth@abmﬂaNherNMal-B@&Hfaarﬁ@ZﬁbrP@ﬁ/e@aﬂaﬁé 002957 26 By

way of exa 03|t| n_of t i nvention may be
pr epar gmRe rédegfl}é?) m%é?ﬁ“bsg? YV froma
nebul i kedithi, NEsl_lqam:oemer osol 1|£nmgllcaqnuied propel | ant, for

exanpl ed dose |nhaler

( PMVDI )?“‘%ﬁ%@i qr%m?ti\aﬁﬁﬂ abI e %55099 F%e{si['zsttfgr{} a PVMDI are

known Dihtonedifilordrhettams NFori 2. @ngl/ ¢amidterde CFC- 12,

HFA- 134a, HFA-227, HCFC-22 5 (CCl2F2) and HFA- 152

(C2HAF2) and isobutane. In a preferred enbodi nent of

t ke iaciiﬂemohmun@s mayrpe dpsedoas ddsctibrd depsadingen the inhaler system
%eq or5t8 rtrﬁgaaétgé cgﬁéblyrﬁfsyb%hlésd%ﬂgn@tk foh f&ﬂ'yédrﬁéy additionally

l\/p@nt@lp@x@lp@m@ssmb\rasamr|ev@mpleb9roa@|liﬁnﬁﬁ Gt E('D%ihmrfﬁ? cage of

L ALED sk, Qur?d%%'—é&tl%‘&l%stt%s 3érﬁ’u|sﬂ§njs' é&@lﬁlh(ze%‘ (ﬂJreservatlves
re ease. For eéxample, in a dry powder fornulation
nfleyasipas.tfilensds gniagiopein the cash a&@de inhalers) g iicappronsiate, further

Patieofipolh@d. aid flow fromthe DPl into the |ung.
Sui tabl e

For the purposes of inhalation, a large number of systems are available with which
aerosols of optimum patrticle size can be generated and administered, using an
inhalation technique which is appropriate for the patient. 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
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



carrier particles are known, and include |actose
particles; they may have a nmass 15 nedi an aerodynam c

wdizeomiga7o of greater than 90 pm In the case oPCaGB2006/002957
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aer osol - based fornul ati on, 2an exanple is: Conpound of
the invention 24 ng / canister Lecithin, NF Liq.
OFHH% i 3t NF

i nAnE ek RRARIElioR Mol G059 LomERERS s

/ canl ster. The active conpounds may be dosed as
d%q{ddg%qisg,qﬁgggl ng on the inhaler system used. In
on active conpounds, the adm nistration

f Eh@rﬁorﬁasau@édqf tthedﬁ‘éﬂﬂt'?n caB be pranared ascerdinaiettee pegedures of the
afollmfvi‘ﬁb S%Ké}ﬂé’é &nd Qié?ﬁtﬁeé ﬁ-@ aﬁagégmaférdw&@ﬁalé e fFHEr

net ered aer osol S sur I ve substances
eﬁm@mmee 2 thesfp&qwmg seraific exemplasy Moranver, by ulilising the gsocedures

f bédcibed (Wh the disgdbNne cbr'i’talhl%@ h@l%ﬁ? oRE oPQr‘Hﬁ%'Py élﬂhﬁ'ﬂ?é’é% can

or, if appropriate, further active conpourds
t F?@d&uw&%@sa%‘fﬂonﬁlwwa?ﬁ ofthe grasentinyadien él‘a"%%iﬂ%’ﬁ@ The
aEEmpdifHds ARIsRatet imtnetixaMplc3lr@ A8, ﬁo@éve?ﬁb'b@%hﬁﬂféd'a%'f@rmmg

size can be generated and adm ni stered, using

i Kie0nit gesis dieatimeansidergd amthednvepien i rhle@P(émP@ﬁ flffﬂ‘@f illustrate
pdél’aﬂmfor tHerbréﬂﬂlaﬁdr%\‘ thé’cér’ﬁﬁod&ﬁi@ Pthe p’%@@éﬂt ﬁfvént{o?\oﬁﬁ@éesskllled in
ander s ear - s ed cont ai ners
h@%&%‘f"@ I %ar‘@y un P@Hﬁtt KRYN variadions,e tCP'&d'EFE\ﬂ ghggrocesses
eoi the idlowihgprbpaativinsrayedued edrbetidddtd prdare ﬂﬁ@&@ E&HpRnds.
aerosols, in particular in the case of powder

i nhal ers, a nunber of technical solutions are

avhe babbeur(ds of thelhedsttiah me(yrt)e, isdRateddh mle(fbn)n of their pharmaceutically
or, e

Tur bohal t h
e PR ! ¥ ets ot IS8R pBHial PBieBpounds of
the i nvention may be delivered WO 2007/ 017670
P 006/ It d
sl R R rrafhft Pt bheiRRAERS lpse i, At HBine, thio o
otarByxy) freiptesmetiatesaispd imitts podpatrditioni af cempowrdsad thedavention to

PERABER RTINS, BN ESgEle B ot v
na@nspmmds Canvgntional f)thd’iieg graspenior exarele those ldescribed by T. W.

%'reé?ﬁé" a'?ﬂcrﬁ@% TWGits§ 518 g%ﬁve %PE@Y\ZJr%arF cﬁgrﬁllst'rf 188 wiley and

e procedures describe
cﬁﬂ@%ﬂﬁ@ﬂﬂﬁ@&@¢ﬁ3@bne of ordinary skill in the art can
readi |y prepare additional conmpounds of the present
i nvention clainmed herein. The conpounds illustrated

in t heCempAPndssofdhinyetionpRchrpreppigdFscerdingtte thedouies
f musiahen hOsdnBmeonn! y genus that is considered as the

i nvention. The exanples further illustrate details
for the preparation of the conpounds of the present

i nvention. Those skilled in the art will readily
under stand that known variations of the conditions and
processes



of the follow ng preparative procedures can be used to
prepare these conpounds. 15 The conpounds of the
wonveiieom nay be isolated in the form of thei PCT/GB2006/002957

pharmaceutically acceptabl salts, such as those

descri bed previously herein. It my be necessary to
protect reactive functi nal groups (e. g, hydroxy, a
amno, thio or car boxyg A°n i nt er medi at'es® used i ngtl

pr epard‘!i am of conpoun of the invent '\bn to 20 avoi

t% nted partici tlonlnabea ion leading to
tion of t he otnds.” Co ional

protEﬁctH ng groups, for exanple those described by T.
W Gr( ene and P. G M “Wits in "Prot%tsve gr oups(iV- OH
organi’¢ chemistry" Jokiawley and SIRT@ 1999, may be
used. 25 Conpounds of the invention nay be prepared
according to the routes illustrated in Schene 1. WO
2007/ 017670 PCT/ GB2006/002957 28 a Rb Ra Rb R; N a
-, HNO Br OAO Br HBr (X HlV-a) OH (|x- Ea'
(Mll-a) RN+ R Na RC/OdOR\,\(+ -a) R (il- >
Rb Ra Ro RaR R HNN N OHO3OJW OmHO BraH

d

b

™H O O (XV) (XIV-b) (XIllI-b)R b)) RNd +.Rb
Rb Ra -~
O—pRt O—R?
(1-a) R (-a)
Rr® R®
Rd
(XV) (le- (xn- b) (1IV-b)
a R® a
o e o
R
- ;& -«——— Br
ONRd O~Rd O~Rd
(I-b) (1-b) (X1l-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 (1) can be prepared from
compounds of formula (l-a) or (lI-b):

R’ (Il-a)
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RCNRF~4 -6 Br AQOQ RAO RdIO Rd (I-b) (11-b)
(XI'l-b) Schenme 1 5 Conpounds of fornmula (I-a) and

woOhedrjoivdterein Ra, Rb and Rc and Rd are as dePCmaB20asr002957

R1, R2, R3 and R4 in conpowdds of Fornula (1) can be
prepared from conpounds of formula (11-a) or (11-b):
1, Rb N ORd (Il-a) WD 2007/017670

PCT/ GB2006/ 002957 29 by reaction with a conmpound of
flyrreadtian (Withla- @mpouRd -oKfofmula-(Blya)s wherein X is a

| eavi ng group such as hal ogen, tosylate, nesylate. The
reaction can be perfornmed in a range of solvents,
SBfek aHl-acetonitrile, chloroform DVF or DMSO,
optionally in the presence of a tertiary am ne base
such as DI PEA, at a tenperature fromO Cto the
rwelidrein X is mpeavingigreup suchhas kaldgamntosylpies fresybley The tgaction can be

FHRCE i RS 0. e A bl CAERAGE g owso
vm:él_nealw iRine rrkeswma oRaI texhelw aplinkbdsesdich e DIPEA, k2 tamgerature
o 0, TR P Bl fd s o AR S AT
bigmpewature dnthgi retiuxdempaiaue of e sobyepul a (111-b): 15

Rb-CHO (I11-b) In the presence of a suitabl e reducing
agent such as a netal borohydride, especiga IIpagl;{?sodi um

tri ace@@npwdéwmfmu@ (Ihah@nel dkb) Wegrelnd®, Bea arerasdefined
i fB A %@ n? ﬂjnhf&md% of %Pmﬁléc(h caﬁ bé ﬁe&rs@fr&h%maanﬁds of

oro | 'or onet hane, al cohol's, optionally
tfﬁé“wa é'kéh@re(“th‘) V&ﬁ‘ﬁfaﬁ & %Mﬁe%'%(\f@f‘la&%%ndﬁf f°§“U|a (lI-b):

tenperature fromO Cto the reflux tenperature of the

so| vent, preferably fromO Cto anbient tenperature of
t'ﬁe HEb| vendll- blonpounds of fornula (I11-a) and (I11-b)
are well known in the art and are readily avail able

or can be prepared by known mnet hods.
In the presenéo ofa su?table reducmg agent suc%I as a metal borohydride, especially

sodium triacetoxyborohydride. The reaction can be performed in a range of solvents
such as 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 (ill-a) and (lll-b) are well known in the art and are
readily available or can be prepared by known methods.

Suitable methods for the preparation of compounds of formula (li-a) or (li-b),
where R = H include reaction of (li-a) or (ll-b), where R® = benzyl, with hydrogen in
the presence of palladium on carbon or palladium hydroxide on carbon in suitable
solvents such as methanol, ethanol, acetic acid, ethyl acetate and mixtures thereof.
Alternatively, reaction of (ll-a) or (Il-b), where RP = methyl or benzyl with 1-chloroethyl
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 (I1-a) or (ll-b), where R® = H.

Compounds of formula (lI-a) and (lI-b) exist in two enantiomeric forms which
can be separated by chiral preparative HPLC using conditions know to those skilled in
the art and exemplified below. Alternatively, as the absolute configuration of
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25 Suitable nethods for the preparati on of conpounds
of formula (11-a) or (11-b), where Rb = H include

woeearioizaroof (11-a) or (l11-b), where Rb = benzypCT/GE2008/002957

hydrogen in the presence @& pal |l adi um on carbon or
pal | adi um hydr oxi de on carbon in suitable solvents

%Hﬁxlapn Xc{srm tég %ﬁﬁ léll-b)e%@él@:géti? ?g fd é‘bs@ﬁjitéjc,:orﬁigD}éltioﬁ‘é%@ﬁﬁounds

and uré reo rnative action o
(X ara) (X¥) re(spectively, antheorepdrinds (Rearis(XVo aredenexyl in die Ierature

a | i 1.
SeC SRR S8R0 B FB R eGSR 520 Bmartied
starirgvnateriaiwit deliverjbemechirabprotieet ohilefinegeateraneiienising
preferred nmethod for the preparation of conpounds of
formula (l11-a) or (I1-Db), vvhe_rede:H. 35 Conpounds ..
of f oriGampounis otfprrawia (II-B) whireisR'gs thengrowe otieamulp déaeand R is

E—Eﬁ%ﬁefmh;a%ové f&ﬁu%qaﬁﬁ% féjprl%éan‘"ehiffo% f%;g&ﬁﬁ@%itf E}‘gmula (IV-a)

usi ng condition to those ski
avherein &° ere Mplard asdefinet @ROVeADY seasdion witha cospound of formula (V):
absol ute configuration of WO 2007/017670
PCT/ GB2006/ 002957 30 conpounds (Il1-a) and (I1-b) are
di ctated by the absolute con Hl@urati on of conpounds
(X) and (XV) respectively, aiw@l conmpounds (X) and (XV)
'(see EP0074856A2) one
jj se_t hat use of

are known in the literature
skilled in the art wll G
honochiral starting miteri +(R*)del i ver honochi ral
product of defined stereochem stry. B/)Conpounds of
formula (I1-a) wherein Rd is the group of fornula (a),
and R6 is H as defined above for forrmula (1) may be
prepared from conpounds of formula (IV-a) wherein Ra

el 81 575 0 00 PR ) 0o bR ey e pce
(iRdbdmge dithof\iucisbphitic orgRTia soRéhts sociaasl DMFaordolasne at a range of

: | o .
BBt el SEEN Bl T Frd PR Y 51 el
as DMF or toluene at a range of 15 tenperatures,

f

FEPGLTRLY RFRLRAD BeSatphli FE'id SERER 4Bl ocar
ibe prapared by &nowmmethodadi | y avail able or can be
prepared by known nethods. 20 Conpounds of fornul a

(I'l-a) in which Rd is the %gou of formula (b% as
degmptndg e iasmula (1l-a) in which R is the group of formula (b) as defined above,

may be prepared from compounds of formula (1V-a) by reaction with a compound of

formula (VI):

8a

R
LG RED

o R W

wherein R%, R®, and R¥ are as defined for formula (I) 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 toluene, THF or
dichloromethane at a range of temperatures, preferably between 0 °C and the reflux
temperature of the solvent.
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may be prepared from conpounds of formula (lIV-a) by
reaction wwth a conpound of fornmula (VI): R8a LG ~

we&ew7R870VI ) 25 wherein R8a, R8b, and R8c ar eCagB2006/002957
defined for formula (1) an®d1LG is a | eaving group, for
exanpl e, an O al kyl, hal ogen or 1-im dazolyl group.

The reactjon i onduct ed, g & 8 f r
cogungaohiogBuRd S MeiE B B 0T B g S EelroPoRhlig TS
andi@iscarncm%tcldyanglogﬁn ar t??igezov%! gtmmmanmmrwre?freﬁeﬁoambynds

et wee and t r.efl ux tenmperature of the
OfEQJ’F\\@Ew&“S)WWV‘G%?é% PCT/ GB2006/ 002957 31

Compounds of fornula (VI) wherein RBa, Rab, and RB are

as defined for fornmula (1) gand LGis an O al kyl,

hal ogen or 1-i m dazol group can be prepared from

conpounds of fornula By known net hods. R8a HO

R8b 5 O Reo (VI1) Conpgiind’ of \f@{/mﬂa (M1) are well

known in the art and are readil§ ailable or can be

prepared by known net hods such as those described in

W001/ 041 10 d f f | ] - e i
coapeingsgt o baal eynah Rief sty Wiy can
bdprepareatbyfknown eastipsdsrelsh ab toseriekeribed\h WOBY04 &t i on

with a conpound of formula (VI-a): Are Q LG Ar2 Rac
O (VI-a) 15 wherein Ar2 is as defined for formula (1)

Cﬂmdomfasi o f@miutagi-a)dn glh'ch R’ i e geoupefifermuden(ad as detined, above,
e R dpated for RehBplick o/ g0V 27 phRACHEANA § pmpound of

foatdai(vl-a): sol vent such as tol uene, THE or
di chl oronmet hane at a ran of tenperatures,

preferably between 0 C an Qreflux t enper ature of
the solvent.

LG A
O RBC

(V1-a)

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

(")q
HO 2

I Lec Ar

solvent.

(VIl-a)

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

Compounds of formula (VIl-a) are well known in the art and are readily available or
can be prepared by known methods.
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Ar2 Q HO Ar2 20 ORao (M1-a) Conpounds of formula
(VI-a) wherein RBd and R8 are as defined for fornula

woORkyo7ant70 LG i s an O al kyl, hal ogen or 1-i m darorydB2006/002957

group can be prepared from3onpounds of 25 fornula
(M'1-a) by known nethods. Conpounds of fornmula (VII-a)
are well known in the art and are readily avail able or
can be prepared by known net hods. WD 2007/ 017670

PO pGRAMOE f0ORIS [T-a)3a wiishR usithe grourf ofrfermula (d) las alpfined above,

iy 2B Pl 5 BBl o By ey ) B o

faranta by t h a conpound of formula (VI-b): 5 RB Rac
O (VI-b) The reaction is conducted in the presence of
a strong base such as NaH in a solvent such as

tol uene, THF, preferably DNBQ.at a range of

tenperatures, preferably Between 0 C and the refl ux
tenperature of the solven r(tg Eds of formula
(M -b) are well known in the art and are readily

available or can be prepared by known nethods. 15

Qath ﬁ is %onpﬁét@i' rﬁh%\gﬁﬁ@w §81na %rg;r (2R8's66h £S ﬁHH in a solvent

oun ormu action wt
suth abloenedid Friyeterbin DMSOeAtar rangs otiemapajures diefeagly

ﬁﬁ%n%“@aﬁ@the%fﬁ]x%r%@éﬁe of th8 sB&@n‘:ﬂI ion is carried

ol ar organic solvent preferably THF at a
range of tenperatures, preferably from-78 C up to the

fcgd;nl\rgjﬂfﬁgﬁf%l%ﬁﬁﬁlg r(\‘7’|a fard Q@I kS iﬁﬁﬁe ak An&arPRusdsavafiable or

e prepared from conpounds of
fcen pglrserared by kigyvn meeds.on with a tin reagent,
preferably Bu3SnH and a radical initiator, pr efer abI y

AIBN. The reaction can be perforned in a ran g
SAmRINNGS oioEMdR 419 GRBIeERPaTE A CRHRUNGSY O Sl (Vit-a) by

trSéiFHﬁh Wi LSuitaBE YERICHY agehﬁb\/bﬁ@rﬁb@rfétb@{iﬁreﬂw&@rw Ech as
the reflux tenperature 25 of the sol tt

L|AIH(O Bu)s. The reaction is carried out in a polar organic solven preferably THF at a

range of temperatures, preferably from -78 °C up to the reflux temperature of the

solvent.

Compounds of formula (Vlll-a) can be prepared from compounds of formula (IX-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
of the solvent.

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

R®R°NH (X1

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

Compounds of formula (X) are known in the art: J. Chem. Soc. Perkin Trans | (1975)
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Compounds of fornula (1X-a) can be prepared from
conpounds of formula (X) by reaction with an am ne

woaomoizs7 Xl ): 30 RaRobNH (XI') The reaction i s periGmom29s7

in a range of solvents, preBerably THF/ DCM at a range
of tenperatures, preferably between 0 and 100 C. 35

Conpoun of for ), are known in the art: J.

dﬂg% 7@%?.3/"{5@?'%(%’&({??‘11‘%( 1975) WD 2007/ 017670

PCT/ GB2006/ 002957 33 1767-1773; Synthesis (1997),
155-166. Co of farmula re n [

R ROsORRA ) el By Bietasfirt s 1 884Ha ) grown

GRUTRRISC bedreoRwairtialyl availdbl€onpounds of fornmula (I-b)
may be prepared from conpounds of formula (11-b) by a
method simlar to the preparati on of conpounds of

gmpduagé bt fa)mlﬁla OFb) eaytsueparet frofrocamgaands bf faymalb g-b) by a
0 f or nu
GorhBt et bERaR0Y 5§ PRl S BIrFRE ) o Prppopmas of
rf@ﬁgﬂ%mll a)elerGdrhpouBds Shidrrauld (kby mdy bealprap@réchirem gpmpounds
h ti i ,

P s BB O gD S heaetof phE AT LB E Br iR R ESHR A2 Adea

tnﬁim:tenr pteﬂeafa:sly M?Nfﬁrea:telaytldmmawenerpeamm@m a tepgpef mlmrés,
th ux

3Pt epdr aifRAL HBe Bludd Bl etmechiRaE
fiemperaturé BN e reffux te&pe%wemmaﬂodwnh brom nati ng
agent, preferably triphenyl phosphine in carbon

tetrabrom de as sol vent. Conpounds of fornula %Iv-b
cmmmnps eptorpdiaf(Xtp) cesbe werared fromcampaurndsial forp)ula(jV-b) by
e
e el bR ERA ongdRTospRAEVEERENY | |
atem@bramldﬁra}aaﬂl\{entsol vent preferably THE at a range of
tenperatures, preferably from-78 C up to the ref | ux
tenperature of the solvent. Conpounds of fornu

(Camaouss ohfpripelagNepheasce REPATES FBLARTPAYNAF efrfﬂun%ia (Xiil-b) by
(rébé{lotﬁ)wnthbé’s@ﬁﬁle%%nq%é?@ %?efb&b‘yf’ébﬂﬁmvﬁ@@h?d?ld@r FiR@reRction

onpounds of fornul a
figatied opl . %Olaf@m%&ewfﬁ%ﬁww F(%h&\iaB?e fiAmpgratures,
?@%@%%r&rh%@ OGP R seffi témparature 694} solveht. HQ-/ ~,; O
r

Compounds of formula (XIlI-b) can be prepared from compounds of formula (XIV-b)
by analogous methods to those used to prepare compounds of formula (11-a) from
compounds of formula (1V-a).

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

4 1

Br H (XV)
by reaction with an amine of formula (XI). The reaction is performed in a range of
solvents, preferably THF/DCM at a range of temperatures, preferably between 0 and

100 °C.

Compounds of formula (XV) are described in GB2075503.
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by reaction with an amne of fornmula (Xl). The
reaction is perforned in a range of solvents,

wonef7anadby THF/ DCM at a range of tenperat ur esSPCT/GB2006/002957

preferably between 0 and 1A0C. 35 Conpounds of

formula (XV) are described in GB2075503. WO

2007/ 017670 PCT/ GB2006/ 002957 34 a R Na RNa R\ R N
O NNOH NH2 (XX-a) (XIX-a) (MilIl-a) RoRa b Ra b Ra
RNRAN RN:E OOO HHReHRe HRe HQRHO R O

(XVI-a) (BAL1-a) (XVI | IRR) Schenme 2 5 They

prepar ati on conpounds of "Fgrnula (1) in which Ais
a group -NR- s outlined in \Schere—2> Comp ds of
Formul a ( XV, may be prep fed) f rom compou f

For mul a (XVII-@) by simlar tl g's as used tONH,

prepare conpounds of Fornul a (I-a§ from conpauads of
Formul a (11 p@)-a) 10 Conpounds(&FalFormul a (XVII-a) may
be prepared from conpounds of Fornmula (XVi II;E) by

treatment with an organonetal lic reagent of Fofnula

(XXI-a); R- M(XXlI-a) 15 Wiere Mis a netal eci es

such as lithiumor M-halide, especially a Gignard

reagenﬁb\iﬁh a suitable inertpasolvent such as JHE or

di et hyl &8t her at a tenpeRatiure between - 7<and the
reflux tenperature of the sohvent, preferablyYetween

0 and a t tenperature. npounds_of For
(XXl -a) &f nomn ™ the ar mgy be prep o
accor di ng to”kﬁg%vme met hods. | X
HO R HO R o
(XVi-a) (XVll-a) (XVili-a)

Scheme 2

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
(XV1i-a) by similar methods as used to prepare compounds of Formula (I-a) from
compounds of Formula (ll-a).

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 (XXi-a)

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 at a 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.

Compounds of Formula (XVIil-a) may be prepared from compounds of Formula
(XIX-a);
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20 Compounds of Formula (XVII1-a) may be prepared from
conpounds of Fornmula (Xl X-a); WO 2007/017670

WOeCH7@BA006/ 002957 35 O ReyX 0 (XIX-a) Wier eCXGBR0M®/002957

| eavi ng group, especially &shal ogen group, optionally
in the presence of a suitable solvent such as

di chl oronet hane, in the absence or presence of a base
sucjp as diisopropyl et hyl am ne. Conpounds of fornula
X X are conmercially 5 available or readily
prepated accordlng to the literature. Conpounds of
For mul a ( X% &3 may be prepared from conpounds of

TOtdR as 6 Xetvitg grQNp,re%?é&éllyCH‘hélégéﬂ‘%oW loﬁﬁor\@llly fh e presence of

sui tabl e reducin such dri
BSHiRNe solyprsueh éamcplomm dﬂ € %’Lﬂrtpé%ﬁe@"e of a base
§9&H’§é‘&lus§l§%yl@ﬂ1yl§%ﬁ@"Bﬁm;ﬂiunas §Hﬂohﬁlblh €X1X34) are commercially

erature, such ds of Fornmul a

nPﬁQ)e qragadiiy pﬁ?%% %‘EW‘?'W%"B% W8 of Fornul a
(VI Il1-a) by treatnment wth hydroxyl amne or a salt
t hereof in the esence of a SUI | e solv ch a
(ROMPRNBS ofoF;ﬁrm&f%M% ) pay be pb‘?"@é PmQOWACEeof FoiRua )
t%ﬁeuﬂc}tiﬂﬁ%ﬁ‘ #Heoxirmb tw’ﬁh h&L?t@ﬂtifﬁ eéangeag@e@we?s @@o@h&mﬂie

e reflux e ‘e 0 e ref er .
P s W T PR B S @“‘X af'é suitable
Reapahise,isutivaspet €. the i nvention. 20 General
Experimental Details: Al reactions were carried out

under an atnosphere of nitrogen unless specified
@dw"ouhae of Mremuta QOGaAURAE bevprepamdrfidnm eampguncs lofi Formula (Viil-a)

SRR R D 1 S T 51 oven
rsesh s (restiganoFlopkenallg in the prepencé 0f) 3 basedsush assptivedacetate, at a
Bpor e Rruleh Ed Perduplefofalrd S Bhleft pefrtiya

eeebieniserdperature. efers to silica gel TLC using plates,
typically 3 x 6 cmsilica gel on al um ni umfoil pl at es
with a fluorescent indicator (254 nn?De . Fluka
60778)TheAblioveing v@mﬂlmltlag&xgwieém&ism’tes lné!@@@ﬁts wer e
used as received. Al compounds containing a basic
centre(s), which were purified by HPLC, were obtai ned
Aaenetial ERperimantal Refpisis ot her wi se st at ed.

All reactions were carried out under an atmosphere of nitrogen unless

specified otherwise.

Where products were purified by column chromatography, ‘flash silica’ refers
to silica gel 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 silica gel on aluminium foil plates with a
fluorescent indicator (254 nm), (e.g. Fluka 60778). All solvents and commercial

reagents were used as received.

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

Preparative HPLC conditions:
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35 Preparative HPLC conditions: WD 2007/017670
PCT/ GB2006/ 002957 36 HPLC system 1: Cl18-reverse-phase

woabarm7¢7400 x 22.5 nmi.d Genesis columm w t hP€T/@B2006/002957

particle size), eluting wit3a a gradient of A water +
0.1 % TFA; B: acetonitrile + 0.1 % TFA at a flow rate

of 5 and, gradient of 1 %mn increasing in B.
uv de%&:g]séfﬁt eMEliat 230 nm  HPLC system 2: Phenyl hexyl
col unu1é2erse- ﬁﬁas@@:olumrwnaxcﬂﬁ Simm vd Glanésispmlprantv\'ritbﬁeum

g&gl)e élzegéaﬁ.{tlga %tw ! ga&egtro? %b @%fﬁ&gq 'ﬁ’/o ai’%gml]r % &t O 1%

FFAlat aiflowwhtelof B\inidein @at igeadiert oQSﬂ/o/mm nnmeasxsg #yBt lé\mdetectlon
Cg Oéwaw d Chromat ography Mass Spectroscopy (LC M)
1 used: 15 LC-MS nethod 1 Mcromass Pl atform
LCT with a Cl18-reverse-phase colum (100 x 3.0 mm
nggl ipeus,Wwth 5 pmparticle size), elution with
F%ILQ yg{% g/oformc acid; B: acetonitrile + 0.1 %
f or mi Phanyl texybealdman250 21 @0aninénha collimmevith Soummartidesize),

% : 5.1.00 9 .00
urgnihs Sadah s Gt Pt 208 Byt 373 now
ek ee 5 infimin wWitb,U\Eddlectiod af 260npl split to M5 with

in-line UV detector) MS ionisation nethod -

El ectrospray (positive ion) 30 LC-MS nethod 2
M cromMSFSyatehtsrm LCT with a Cl18-reverse-phase col umm

%, R RS Gy o

acetonitrile + 0.1 % formc acid. Gadient:
G adi SRS rﬁétﬂgdfll owm/mn %A 98B

Micromass Platform LCT with a C18-reverse-phase column (100 x 3.0 mm
Higgins Clipeus with 5 um particle size), elution with A: water + 0.1% formic acid; B:
acetonitrile + 0.1 % formic acid. Gradient:

Gradient - Time flow mli/min %A %B
0.00 1.0 95 5
1.00 1.0 95 5
15.00 1.0 5 95
20.00 1.0 5 95
22.00 1.0 95 5
25.00 1.0 95 5

Detection - MS, ELS, UV (100 pl split to MS with in-line UV detector)
MS ionisation method - Electrospray (positive ion)

LC-MS method 2

Micromass Platform LCT 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:

Gradient - Time flow mi/min %A %B
0.00 2.0 95 5
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0.00 2.0 95 5 WD 2007/017670 PCT/ GB2006/ 002957 37
0.50 2.0 955 4.50 2.0 595 5.50 2.05 95 6.00 2.0

wO30d&/01%7Det ection - M5, ELS, WV (100 pl split PCo/GH3006/002957

with in-line UV detector) 3v5 ionisation nethod -

El ectrospray (positive and negative ion) LC M5 nethod
3 10 ers Mcr omasafgﬁQ W th 35Cl8-reverse- phase

col umi™~("30 x 4.6 mMm enonenex Luna 3 pm particle
size)as ution with R0water +50.1 % for®Pc acid; B:
acet og‘irﬁori le + 0.1 %fprmc acigd. G adi e?(s: 15
G adi - Time flowm/mn %A% 0.00 2.0 95 5 0.50
2.0 95.0® 4.50 2.0 5295 5.50 @50 5 95 2® 6.00 2.0 95
5 Detection - M, ELS, UV (100 pl split to MS with
in-line UV detector) MS ionisation nethod -

El ect Dastqutiay - MSHELS, VY (4001uIresibioiMS with in-liresUY deigstor)
nmet hoq,4- r0 Ik T sphase
col S 145 s sl potidhg g3
equivalent), elution with A® water + 0.1%form c acid,
B: ac ki L1 0.1 %formc acid. Gadient: 30
Gadigﬁﬂ-b'{%thgd lowmM/mn %A %8 0.00 1.0 95 5 1.00
1.0 93VatersiMiciorass 20 94h aXpl reyergehgse syumn (30 x 46 {9

BhetidmBnax Lurds pmiRrOGLA 1 éfch FieT AGRREP 80008 Rrrhic acid; B:

acetonitrile + 0.1 % formic acid. Gradient:

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
6.00 2.0 95 5

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

LC-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:

Gradient — Time flow ml/min %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 95
22.0 1.0 95

25.0 1.0 95 5



10

15

20

25

38 Detection - M5, ELS, UV (100 pl split to MS wth
in-line U/ detector) M5 ionisation nmethod -

wéahemnowpr ay (positive and negative ion) PCT/GB2006/002957

Abbrevi ations used in the esperinental section: 5 DCM
= di chl oronet hane; THE = tetrahydrofuran; MeOH =

met hanol ; EtOH = et hanol di. et IPX EMJ?Xl d
Et QqcDete@ttqﬁuwM%C%tSatLg/ (1P p@plmtqjl}/ls with in-line e ector?
| soprgRYdRsdish BHRSY - Iﬁgﬁbsgray (Rosmve and negative ion)

1- (3-di net hyl am nopr opyl ) yl carbodi i m de
hydr ochl ori de; DVAP = di net hyl am nopyridi ne; RT =

arrb| eRbprbRaRMsAIsEE B the experimental section:

roni uﬁp&bxé‘éﬁlgg’r%%%{ezﬁg@ﬁh r@%y%ﬂfalhr W\JQH 5 %@P EEHH -

a;:| d; et%ré& IDI@IB@”E Ulﬁfétﬁyldmox@@taiom&aéthm atedte; BiRED Eai-1
-ant i - Bi

(7 di n@pp{ypgﬁﬁhﬁ%nmecéacgrj-éTiTﬁﬂ'ylanﬁn%ﬂropygs% %tpylcarbodumlde
('l - ahydr&hioride; BMBHS: leCéthyldlmpbmlineZRVI:C&mHnamymeeratl@,

Br 15 a. -anti-5-Bronp m no- bi cvcl,of

2. 11h@6THn£)Z&0W@be@4°}(“a&P‘ 1—%; Ndl&{!}FNq é_@me{f-whgo%le qeééﬂuoro
(- 10 GhodPfMel 2PAMiNifiiRbabetiOBCiBS Rt = retention time; Satd = saturated
()-2, 3-di brono- bi cycl o[ 3. 2. 0] hept an-6- one was added a

THE solution of dinethylamne (2 M 8.23 nL, 16.5
EXRinbigd Opwi se.  The reaction was allowed to sIOV\Ay

Tm 110 anmbi ent tenperature over several hours,
pf)eati-Bipheopr2yk-¢arbamic a¢idr- wmaﬂavlen\mbwﬁ@&?me@a-z-vl

and t ol e filtered. The
Fﬂeﬁ(ﬂ @agda'b%lg‘i‘%éd' %Rﬁeﬁ‘ﬂ ﬁomace us earth and
chromat ographed on a columm of silica gel eluting with
25 % Et20in pentane to give MN88 g (58% of the
title product as an orange so |d 1H NWVR (CDCl 3i 400
Miz): S1.70 (1 H ddd, 4 =p24.2 Hz, 4.4 Hz, 1.3 Hz),
2.18 (6H, s), 2.2 (1 H, n) (1H d J=1.225

Hz), 2.60 (1 H d, J = 4.84)Y2.80 (3H, m, 4.66 (1
H'm. | NII 7f Ob. Br

(+)-anti-7- D|rrethyl am no- bi cvcl of2 2 I Iheptan 2 one.

tz'l'(l;ce}a]g;rglile%td%pn ;ﬁ‘%%lq(&gor ousgégtgo%bg‘lé%)ng 3nc]|tt)r50 y%f"f‘s X\theptan 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.
After 17 hours the reaction mixture was concentrated and the residue dissolved in
Et,O and filtered. The filtrate was absorbed onto diatomaceous earth and
chromatographed on a column of silica gel eluting with 25 % Et,O in pentane to give
0.88 g (58%) of the title product as an orange solid. '"H NMR (CDCls, 400 MHz): 3 1.70
(1H, ddd, J = 14.2 Hz, 4.4 Hz, 1.3 Hz), 2.18 (6H, ), 2.2 (1H, m), 2.47 (1H, d,J=1.2

Hz), 2.60 (1H, d, J = 4.8 Hz), 2.80 (3H, m), 4.66 (1H, m).
|
N

O

b. (£)-anti-7-Dimethylamino-bicyclof2.2.1lheptan-2-one. (VHl-a): R?, R° = CHs

Toluene was degassed prior to the reaction by vigorously bubbling nitrogen gas
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through it for 30 mnutes. To
()-5-brono-7-di net hyl am no- bi cycl o[ 2. 2. 1 ] hept an- 2-

woner7(02@0ong, 0.75 mmol) and azoi sobut yroni tri PeT(GB2006/002957

ng, 0.07 mmol) in a nitroge® atnosphere was added the
degassed toluene (8 nmL). To this was added tributyltin
hydride (221 L, 0.82 mmol) and the solution wa

#roughddfordR minuiesi to @@énbramﬂs@ﬁ&twl%ma@ b@MC'QPf?o} hgptan-2-

E@%{%Ogé“é ?O}J{f“ﬁ@ )%%9 a|2?318§1§1-lﬂgbb‘&“e gf d#)rln a nitrogen

ammssbdmetvyamdcbd itheedagaseedtptlismne 49 ant) h§0 thisiwas addagdgbutyltin

f
R Pl o) i o AR A Bmosenor
¥ES0 @@f&ﬂa{dﬁar ARGIBENOB0B uc_pwmmnaff trmdtylmﬂwaae @ou,tu og1

vvlth pentane, then 20 % Et20 in pentane u

ma) ansl ey fiakes gf azisnlpuiyeanitrilg wers fﬁd@ﬁbar@@ ecs%ct'f)ﬂ M’a§ (eated

Bgiq d(;gcjrqoéﬁ@l‘%@ ("%%%EIO Tr}"g%ﬂ\'ﬁﬂzfa%o@aﬁ ??/ dgﬁx‘r%@ Ssldg’t;}‘a yellow

fl@md tHaf waeshmm r SpltedAgh 4 3bkumn of dilica Jel4lutiny with pastane, then

56 Eflbun befeng U556 1 & £ 3o hielleBeqidurBSs §FZ14, Ml (-100% tin

esidue cdnieinidtidr). TLC: Rf 9.26. (80 iz Et,ONh pertané); ¢H NMR (CDCls, 400
7- D met hyl.anmi n -
pip peiugids Slepes s R Tegauct AR, £ 1 M- BB 1.0
ST L), orgsquH( ), 2.08 (BB, )| 218 6H, =) czym Ol sR 2153n@ pit ’ad—- 4.4 Hz),
% q f?’ E%(<O.75mml)was added |ithium
{Enf. 47 IS} t um nohydride (380 ng, 1.49 nol.) The

reaction m xture was stirred at| O Cfor 1.5 hours and
then another portion of |ithin
tri-tert-butoxyal um nohydrlde(190 ng, 0.75 nol) was

added and the 20 reaction m xfure was stirred for a
further 1.5 hours. The rea m xture was dil uted

with DCM and directly evap6 ﬁt on to di at omaceous
earth and chromat ogr aphed off a colum of silica gel

P op
%o @Ehméhe( 10 ?cb)ermxr oﬁmcy selstion OMO:t)t-'Bdmdtln)dbmlhb\lbloywﬁ{z 2. 1]heptan-
spectroscopy indicated the solid was a 93:7 m xtu
t2h@1€t (2 Hengp OdiBonmah avastasided lithiunptrigigrt- huwwvmlwhﬂirlde (380 mg,

o ﬁi) %%%1 [’H’ﬁar at ed, t,&rﬁé amgi 18 116%@ ‘Zé%ﬁ}q?e? GAJ{bther
Jp_on%noof ﬁﬁhlurﬂr%i %rﬁ-‘ﬁ)to élu&ﬂnof{ydlnd!d; (19)),mgl, 056 r6dl) was mided and the

%qeg%on nzlxtgge w?%pprr%cy r gfq@"} 15%1ou,:5 'I]!'\Meﬁ%y /r@itxilgef&&s diluted
RGHH GERONHY Bee®pdvapdmaitedbn tYdtoMaceous earth and chromatographed on

a column of silica gel eluting with 5 % MeOH in DCM with a 2.5 % MeOH gradient up
to 20 % MeOH in DCM to give 120 mg (100 %) of the title product as a white solid. 'H
NMR spectroscopy indicated the solid was a 93:7 mixture of the title product and its
(+)-2-epi isomer. The isomers were not separated. TLC: Rf 0.1 (75 % EtO 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), 2.17 (1H, m), 2.28
(8H, s), 4.14 (1H, m).



d. (-!-)-anti-Biphenyl-2-yl-carbamc acid
7-di nmet hyl am no-bi cycl o[ 2. 2. 11hept-2-yl ester To a

wOlb07(017é50 L) and toluene (0.5 L) sol uti on of PCT/GB2006/002957
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()-7-di net hyl am no- bicycl of2. 2. 1] hept an-2-ol (120 ng,
0.75 nmmol ) was added sone powdered 3A 5 nol ecul ar

si eves and 2-bi phenylisocyanate (189 ng, 0.97 mmuol).
The reaction mxture was stirred dt 50 C for 15.5
hours and was then diluted with and washed
twice with water, then wh bring ‘ dried (Na2SO4),
filtered and evaporateo 58 ng of a

col ourl ess syrup. This on a col umm of
silica gel eluting wt N4 & MEOH in DCM gi vi ng
two fractions (143 ny) olfﬂérlng purities. The 10
purer fraction coll ect 91 fg) was

re- chromat ographed on a colum of silica gel eluting
wil.t(k)-800-BipRe A0 2iviicarbamiareeid V- dinmath yldmime-Hicvalofd. 22mhept 2+l ester

P4 Sl LS B G065 mngs o
lel@cldfs’é 2Q]r9epte(n1@6| CeEimd) 0i75 rpmol) aae hddédsdvive pdkddred 3A
VPpipEuaP g o 2By isplate {5 mg D o7 . Jinsqefion
menl)re whs Glrré@&t 50MC fol $5.5.h98rs dndrivasithen 2idéd WEHEIOAG and
Edv%s:hg%égﬁé (\f\ti'm'g?]at?ﬁ tfh‘eé' _v@%)b’(riféi_g’lr?egg@ 576% éllt%l’f% n(j(]i?[v'a_b%rated to
1gie BB8 mg. of akd)ourlgs2miil Fhis des pdrifredlanta ¢tumid 06siliddzgel eluting
|7—|Vzvgﬁ$ 2 &iff’lrp l\{e@%in%@l\él@vﬁ’q%d@%‘?racﬂ%nszﬁ 4? ?nccé %Bg,ffeﬁngap]urgeg Fhe
7puteniadiiph aofactedaPt yad) ofad. rQ—cmydnmograpi;ad arsa evlumn of silica gel
E %IILP@% \ivigf‘)él? ;’/r%tgg ﬁ%tarﬁdgl mB glﬁg%%étloésyt%lﬁ @L{é@:ﬁﬁj which contained
cthepia cdmpagnd eftsictivaddiréadf tbw(iig? evidgoarent42/mg ¢H Yl TLC: Rf 0.2
o f dd
" R LOTIS (LB 1y g, BT i
d(@@lylml\ﬂiéz) flMﬁrt(JﬁTlrﬂd Rt= CQGHB 3.6 Hz), 1A H Mt hezi(2H, m),

LRI R 2R 37 b bl 1SR LB BESN 2pp Bh m, 405

Efldchm)e6.80 H,ibsBi7ptiefiyt, dR JyA 1.8 kizbadinz).ac22i(1H, dd, J=1.6 Hz, 7.6

M R A A R

(second eluting enantioner) N~ H NyO O

Example 2
anti-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1]hept-2-yl ester.

(I-a): R?, R® = CH,, R = biphenyl-2-ylcarbamyl (first eluting enantiomer)

2, A
Y

The title compound was isolated following preparative chiral HPLC of example 1
(Chiralpac A, 250 x 20mm i.d.;12 % tert butyl methyl ether/heptane/0.25 %
diethylamine; 14 mL/min; Rt 20.6 min). LC-MS (Method 1): Rt 7.03, m/z 351.2 [MH]+;
NMR as obtained for example 1.



5 The title compound was isolated follow ng
preparative chiral HPLC of exanple 1 (Chiral pac |IA,

waaw701200m i . d. ;12 % tert butyl methyl PCT/GB2006/002957
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et her/ heptane/ 0.25 % diethstlamine; 14 nL/mn; R 24
mn). LCM (Method 1): Rt 7.07, mlz 351.2 [VH +; NWR
as obtained for exanple 1. 10 Exanple 4

()-anti-[2-(Bi phenyl -2-yl car bamoyl oxy) - bi cycl o[2.2.1
Ex@Ripigsyi ] -tri methyl - ammoni um i odi de. -a): Ra, Rb,

Ak hee Zor- AT RRSS TG inerp svs;ewmm-v?ester

G)."Bpt Ry Ly nad bi B-yicakba@pt (sdcvhd eRBiIngleniant
HQLW Fodm ?2 Himnfénﬁdmsﬁ%“ rrgd(sg.t: 40eC fgre 2al tomer)

hours The reaction mxture was evaporated and the
resul tant solid was chromat ographebl~on a col utm of
silica 20 gel eluting witR 10 % MOH in DCMto give 61
ng (41 % ofthetltleound a slightly yellow
coloured solid. LCGM (M d : 2.2 mn, nmz 365
[M+; LCGMS (Method 1): NC - mn, mz 365 [M+;" H
NVR (CDCI 3i 400 MHz): § OfH, dd, J = 3.2 Hz,
13.6 Hz), 1.60 (1 H mMN\.£.810(1 H m, 1.99 (2H m,
2.06 (1 H s), 2.41 (1 H mM, 2.78 (1 H s), 3.11 (1
H;het titleompduBd wa$ jsoBitdsPioll@ting pieparmtige clital HPL§) of exaqple 1
7(&@@_\9?3 m,@;@%éﬁﬂﬂ a2 Hhert o %lﬁétﬁyl?ﬂbéi‘hz téng/oozss%
(cﬁeihylam;neﬂ%urmmmt a4 min)=LG-MS ¢gthodip): B@@ﬁﬁom#zaw 2 [MH
R 2006 Exanple 5

)ﬁwé n- é&ﬂ%?é%anﬁggar bam c acid

7-di met hyI am no- bi cycl o[ 2. 2. 1] hept-2-yl ester.

;#arnélefﬁa (Rb = CH3; Rd = biphenyl - 2-yl carbanyl N 5

7- Di et hyl am no- 5- hvdr oxv-bi cycl o[ 2 2
Mﬂﬂ%ht:qz-(elpmaw 4- wcurﬂa)moﬂaxy)mjcyclm 1]AepbT-yllitdmethyl-

di net hyl dded
Cemeasiediie: (i) A bR bty B %‘[‘@péemﬂﬁeﬂaﬁ%v ’
(4.00 g, 19.5 mol) in acetone (40 m) at

RS

A solution of (+)-biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1]hept-2-yl
ester in methyl iodide (2.5 mL) was stirred at 40 °C for 21 hours. The reaction mixture
was evaporated and the resultant solid was chromatographed on a column of silica
gel eluting with 10 % MeOH in DCM fo 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]+; 'H NMR (CDCls, 400 MHz): $1.13 (1H, dd, J=
3.2 Hz, 13.6 Hz), 1.60 (1H, m), 1.81 (1H, 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, s), 5.02 (1H, m), 6.63
(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).
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and the mxture allowed to warmto anbient tenperature
over 1 h and stirred at io anbient tenperature

wover7igito. The orange solution was filtered ardTidB2006/002957

filtrate was evaporated tokedryness. Purification was
achi eved by col umm chromat ography on silica gel using
5 % MOHin DCMto yield 3.01 g (91 %9 of the product
as a tan powder. LC-Ms (Method 2): Rt 0.37 min, niz

ElSmBRdMI+ N OH N 0 15 b. (+) - syn-

B—_- | - b
K 'Hﬁ%zﬁg%r%ﬁ’tﬂ%ﬁ/ZT%’["?“WHWW@H?'CQ‘:'O%2 Lhepf-2-y!
ég%, D R =R R@Hblgﬁgnﬁ-ﬂlaﬁw yl2- vl car banv|

enyllsocyanate (9 0.52 nmmmol) was added to a
sol ution of 7- dlnethylan1no- 5-hydr oxy-bicyclo[2.2.1
] heptan-2-one (90 ny, 0.53 Nx in toluene (1 mM) and
the mxture heated at 70 rnight. The sol vent was
renmoved in vacuo and the r e 20 purified by colum
chr omat ogr aphy using 100 % 'jollomed by 1 % MeOH in
DCM to yield the product as a white powder, 144 ny

78) Y- Dlhfétt{%nw@ish%row bidjtlof. 5 Plhepian2-ofer (BFE0)18°%, R° = CH;

(\.@Qﬂl&l@ﬁ oggmmge@ 03/5,266{}11? 48 qymq)) in THF was added to a solution
bf ?Jb?@ﬁ&l}él\c;m[e@ cﬁhéb@m@w Q0 ye1 26 ol Lintaeptone 240 M)yt 0 °C
ester -
@namvf hoje olleneehia AR ASEETR GRSBIUER QYL NS sl
4énbiafl téﬂiﬁd@@mﬁdﬁmm@m T%omgge 8olbBomwas jiltared aadithediltrate was
%v%;?clﬁé{ehgg g&;\ﬁgs %UB%UBP 8‘%}4‘8@85‘5"%@@ ?ﬂ%b %Eromato%r?phy on silica

(@ROGsim®5 °/ﬂ\/55)H imDBNI to vieldrthg g (ﬂrls%bfb’tdheaxrodytctja%m tane myvlder

r re over

m&&ﬂﬁéﬁ?&(\?%\eg\/%% Fnér}rﬂ/éjﬁﬁg\;@gl&o a(ra1gptehz1 :rJeS| due

purified by 5 col um chromat/ograhy usi ng 100 % DCM
foll owed by 2 % MeCOH in 194 mg (97 % of
the product as a white (l\/bthod 1) K

6.31, mz 367.16 [M—|]+

b. (+) — syn- Biphenyl-2-yl-carbamic acid 7-dimethylamino-5-oxo-bicyclo[2.2.1lhept-2-
vl ester. (XllI-b) : R, R® = CHg; RY = biphenyl-2-yicarbamvl

2-Biphenylisocyanate (90 pl, 0.52 mmol) was added to a solution of 7-dimethylamino-
5-hydroxy-bicyclo]2.2.1]heptan-2-one (90 mg, 0.53 mmol) in toluene (1 ml) and the
mixture heated at 70 2C overnight. The solvent was removed in vacuo and the residue
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]}+.

N 9
éﬁ%\(n ()
0]

c. ()-syn-Biphenyl-2-yl-carbamic acid 7-dimethylamino-5-hydroxy-bicyclo[2.2.1]hept-
2-yl ester. (IV-b): R, R° = CH: RY = biphenyl-2-ylcarbamyl




10

15

20

25

HO(N\/ 0 d. (+)svn-Biphenyl-2-yl-carbam c acid

5- br ono- 7- di et hvl am no- bi cycl o[ 2. 2. 1l hept-2- 10 V
wezv@rifetl -b): Ra, Rb = CH3: Rd = PCT/GB2006/002957

bi phenyl - 2-yl car banyl A susiensi on of

bi phenyl - 2-yl -carbam c acid 7-di nmet hyl am no- 5- hydr oxy-

bicyclo[2.2. 1 - ester 8 X (o] NP
SomBAroRiA 5B (£ 610 P BB AEA) MR AL iR o oA Of RRRp-2
chb%Qwug acid 79c§m€m9|a)mnd gros(@bwmmﬂaem -Al eSter (200 Mg, 0155

, d
ok BrATRIOLS MEGH 7t s a0d Ittt iRty Wim igyarbient
tOMBERIIE bverE. TRl soRRht WES rdnfved @dvaanlovaad tiee @aidué perified by

o Bt b 3L B FRURLTLE 4 B g

TRTHY t9778) dFhe pAdduch@sa oIy powet. mm&manmmase 3ym/z
| oadi n onto an SCX-2 cartridge followed by elution
6710 IMBE#MeOH to give 45 ng (21 %9 of the title
compound. LC-MS (Method 3):; Rt 2.25 min, mz
429.19/431.14 [MH+. NH (
(+) svn- Bi phenyl - 2-yI - gar famt &ciA

7-di met hvl am no- bi cycl o .1l hept-2-yl ester A
solution of tributyltin hyr| FE 0.15 mmol) in
anhydrous tol uene (200 pl)O o a solution of

bi phenyl - 2-yl - carbam ¢ aci d bronn 7-di met hyl am no 25
blcyclo[z 2 1 ]hept 2- yI
Q. /i i v =11

J

~— -

g%%@!%ﬂrpg,h@'—@g e R@Q @g H@h)[l @&lcé@aﬁylbefore stirr ng

sol vent vva n vacuo

Aﬁéswmlqnéﬁlbwhénﬂt?ﬂ”c?%”ﬁ%?ﬂ@7ﬁwnﬁ y'@@}?t‘%ﬁi’ OX¥ | ow
W%G[é% Thégray egfeﬁglsmﬁg @, 494m%om polyrhereppbed i n B,

tectlon at

|
U@he@mmphlaet(%éfimr@%/g&% 909 9& T 'ﬁ@ gﬂ@we{ygwé“??% g,
3%?&955 %@ u'ﬁgﬁ/z@@@lﬁr‘n@oﬂ 85 matflinae BN (Lmil)wascijeed

g'lf?\égo £6-0v On%[n ghy. '&% Sql}fef\p\glgti Irg[lvaFﬁ/l_ﬂngacuP%B&ln% h%d}fe pyrified

(ng HPG ( st%ﬁl $-2iow ride, 18lmB6in( giddien) of @28 F/rhih iktreasing ia B).

;[hg u'Itlng A %ait \/}/_@ S%ﬂnvertgdd'tgg%? ?eill}}sé% l‘?v Igétilés} ?#Oﬁ'h S(%(

SafridgeTolicvedH) elutibn2dith( NHAVe O, to give 45.189 (1. %)—Qf)the titleg 4

kymogur LBy (ol g i By oot 4 iy 21
N O
A
5%
)

e. (x)-syn-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.11hept-2-yl ester

A solution of tributyltin hydride (40 pl, 0.15 mmol) in anhydrous toluene (200 pl) was
added to a solution of biphenyl-2-yl-carbamic acid 5-bromo-7-dimethylamino-
bicyclo[2.2.1]hept-2-yl ester (45 mg, 0.10 mmol) 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 HPLC
(System 2: flow rate 18 ml/min, gradient of 4 %/min increasing in B. UV detection at
210 nm). The resulting TFA salt was converted to the free base by passing through
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syn- Bi phenyl - 2-yl -carbam c acid
7-di met hyl am no- bi cycl o[ 2. 2. 1] hept - 2-yl ester.
wO2007mi767Ra, Rb = CH3; Rd = bi phenyl - 2-yl car bargt/GB2006/002957
(first eluting enantioner) 440 N H O The title
compound was isolated fol |l owi ng preparative chiral
HPLC of exanple 5 under ns re
SR eariqg o DyeRBNY (16cbm‘dtb witl e nokEC M ethod 1:
7"7(8Z n%?és{ Moo %@1&) @bb@l(mdn)f or. 3@eTp)e 1566 (28, m), 2.13
syn- _/g_' Y r(%gm1c aci d 5.26 (1H, m)
THdemﬂlﬁﬂzhn? Ab{ ,@th?éf'i b 1), Re&dr(1 8. Y =<kQi9), ’
Q R)aﬁ RN, T, G487 5Rﬂsz)blmﬁm4 dd; yE0@, haorg), 7.34 (1H,
(se l'utin 43 enanuoma%mM ﬁa@'lg’to ge |)tle
fﬁbn@%(ﬂﬂ" s 7i8dTH By 18P (FhiMy $Hi b ral
HPLC of exanple 5 under conditions reported for
exanple 2 (Rt 20.4 min). LCGM (Method 1): Rt
m&, mz 351 [MH +; NMR as obtained for exanple 5.
gl @gl-carbamlc acid 7-dimethylamino- blcyclo[2 2 1]hept-2-yl ester
_S n_

2-yl car banoyl o>@(y ﬁl Rhg
Qﬂtb)VRyle =t Hmﬂm/ iphamyhyigasagil first elutipy. en °'ﬂ5
CH3, Rd = bi phenyl -2-yl carbanyl WD 2007/ 017670
PCT/ GB2006/ 002957 45 NH O~N O The title conpound
was prepared using conditiéns described for the

preparation of exanple 1C Method 1): Rt 7.02,
mz 365 [M+; (CDCI3) 6 A 43 ( , M, 1.50 (1 H dd,
J =15.1, 3.8Hz), 1.78 @) 3. 88 (1 H m, 2.04
(1 H m, 2.51 (1 H m, 2, Nz , ot J 4.0Hz),
2.96 (L Ht, J = 3.9Hz), .‘5/4( ),431(1H s),

5.33 (1 H, ,665(1H,§),717(1Hn)725(1
ll_'lhe rz‘ﬁlé compoungj wa's lsr.QlateJ fo‘flgw&@ p'_’apa@tlvez:hﬁgl KRS of example 5

under conditions reported for example 2 (Rt 19 min). LC-MS (Method 1): Rt 7.16min,
m/z 351 [MH]+; NMR as obtained for example 5.

Example 7
syn-Biphenyl-2-yl-carbamic acid 7-dimethylamino-bicyclo[2.2.1]hept-2-yl ester.
(I-b): R?, R® = CHg; R" = biphenyl-2-ylcarbamyl (second eluting enantiomer)

The title compound was isolated following 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
(i)-syn-[z-(Biphenyl-2—ylcarbamoyloxy)-bicyclo[2.2.1]hept-?-yl]—trimethyl-
ammonium iodide. (I-b): R?, R®, R°® = CH;, R® = biphenyl-2-ylcarbamyl



m, 7.99 (1 H d, br). The follow ng exanpl es were
prepared in a simlar manner to that described for 1o

wexenTiz7d. Ex. Nane Structure 1H NVR (400 MHzPCRIGBID08/002957

(Method 1); [MH+ or [M#59 anti-Bi phenyl -2-yl- PhQO
(CDCI3) 6 1.09 (1 H dd, J = 8.63; 471 carbamc
acid-7- N 13.6, 3.6Hz), 1.16 (1 H,

[ met hyl - (3- phenoxy- H 1.57 /( 2H, 1) .
propyl)- y N 1.90 (2H p N,\ . 6Hz), O | s

am no] bicyclo[2.2.1 ]h 2Q5 (1 m, 2.14 (1 H t, J
= ept-2-yl ester. 4.4 2.16 (\3H, s), 2.29
Enantionmer 1. (1 H, s), 2.I51 [ m, 2.56 (1 H t, J
= 4.0Hz), 3.98 (2H, t, J . 6HE 4.93 (1 H m,
657(1Hs)688(2Hn)0692(1Hn),712(1

7] hg 1/tl@ goqqooqﬁd( wawprggzr(ag Hsmﬁjcgn@hqg ctefq_pedgfo %\e prgaﬁratlon of
@xEHhBlk. 4\/\(_302@90(/1@&1361@ RGTICR72064 MI29EDCIA® 143 (1H, m), 1.50

ant IC@BIG’S'-h%Q | - Zfé)érﬂ @Ha@' ol $§?ﬁ.9f§9 65)043[ g'ﬁlf";) 2%11@gl m),

(217 AHM), J = 4. matmé 9d A+ e RBOHZ);-B.94 (BHPS), (@23, (1M, s), 15.33(1H,

%"ﬁﬁzﬁg?%ﬁ ol By b 7, Pk b, 72 (G b (g . 7.50 21,

ih), t7.99)(1H, dybr).est er. Enantioner 4.4Hz), 2.16 (3H, s)
2.29 2. (1 H s), 251(2H m, 2.56 (1 H t, J

4. OHz), 3.98 (2H, t, J = 6.6Hz), 4.93 (1 H m,

The following examples were prepared in a similar manner to that described for

10 example 1.

Ex. | Name Structure "H NMR (400 MHz) Rt/min
(Method 1);
[MH]+ or
[M]+

9 anti-Biphenyl-2-yl- (CDCl3) 5 1.09 (1H, dd, J = 8.63; 471

carbamic acid-7-
[methyl-(3-phenoxy-
propyl)-
aminolbicyclo[2.2.1]nh
ept-2-yl ester.
Enantiomer 1.

13.6, 3.6Hz), 1.16 (1H, m),
1.57 (2H, m), 1.79 (1H, m),
1.90 (2H, pent, J = 6.6Hz),
2.05 (1H, m), 2.14 (1H,1, J=
4.4Hz), 2.16 (3H, s), 2.29
(1H, s), 2.51 (2H, m), 2.56
(1H, t, J=4.0Hz), 3.98 (2H,
t, J=6.6Hz), 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 (1H, d, br,

J=8.0Hz)




6.57 (1 H s), 6.88 (2H, m, 6.92 (1 H m, 7.12 (1
H m, 7.21 (1 H m, 7.26 (2H, m, 7.36 (3H m,
W@ 24d/00d670, m, 7.48 (2H, m), 8.08 (1 H d, bPCT/GB2606/002957
8.0Hz) 11 anti - 2- (Bi phenyl -48- Ph0. (CDCI3) 6 1.10 (1
H, dd, J = 8. 84, 485 yl car banoyl oxy) bi cy N+ 13.7,

?AH7\ 1 '—_\R (1 H m  clof2 2 1 lhept-7.yl] 1 R{')

(1
ant-Hiphapyl- *2'-00 ‘H\g? H di met hYPDER. PROAKY. ddN = 378.60; 471
carbdn%b'amﬂ)?- -1] (1 H’ ) 13]@ 8RWH:z),- ﬁm@mﬂuﬂy J| =

di de. Enantiomer. =

[metryl-@zar)enogy-gc (3 3. pﬁéﬁa(?'édmﬁ’rl)r@(@ﬁ mé)
H 9), 3 90

propy:ﬁ) &ﬁlné]l ?3 03 (1 If%

,J4 t,
n) 990((2H; 'Q'éﬁt J 6361-I

b.cycmzzg]rgegt% H m, 7.13 ( ;2tQ§((Ihi m),72434(“it2¢|z) ’

vl estér. Zhabifdther)|, 7.34 (3H m, Z44r&(f11l3I (3H)s), 2H,
m, 7.98 (1|H d, br,

J= 7. 7
2. PCT/ GB2006/ 02957 47 12 antl %1 Bﬁﬁr(g }:S,ﬁ%
(CbA3) 6 110 (1 H d, J =8 fH-,,t 48%.0Hz), 3.98 (2H,

yl car banoyl gxy) bicy N+ 13. 7Hz) (

clo[2.2.1 JHept-7-yIT- ~ 1 (154= f%)e‘ﬁ'zé %85‘2‘@’“%
2. 3; )H di met hlyl) - (3- ph_enoxxé- ,;M(Gatﬁ) r9.88 @HZ@(%QH,
s, br), prdgpyl)-amonium O 3. r).

(3H, s), iddide. Enantiomer @%%‘3@ 2)1,8(%'."8“?)’(1 H,
s), prepargd from 3.90 (2H, |M21 @HL&)( 2/46 (BH, i)k
exanple 10. |5.4Hz), 5.02 (1 H’?.&@(BH6m§37.41 (1H, m)

7.48 (2H, m), 8.08 (1H, d, br,
J = 8.0Hz)

I‘fD
I

(00

0

anti-2-(Biphenyl-2- PhO ) (CDClg) 51.10 (1H, dd, J= 8.84; 485
ylcarbamoyloxy)bicy _}\f‘ | 13.7, 3.4Hz), 1.58 (1H, m),
clo[2.2.1}hept-7-yl]- % O 1.80 (1H, m), 2.00 (2H, m),
dimethyl-(3-phenoxy- OE“ 2.37 (8H, m), 2.77 (1H, t, br,

propyl)-ammonium J=3.8Hz), 3.11 (1H,t, br, J

iodide. Enantiomer = 3.8Hz), 3.39 (3H, s), 3.41
prepared from (8H, s), 3.87 (1H, s), 3.90
exampie 9. (2H, m), 4.11 2H,t, J=

5.4Hz), 5.02 (1H, m), 6.63
(1H, s), 6.90 (2H, m), 6.93
(1H, m), 7.13 (1H, td, J=7.5,
1.2Hz), 7.24 (3H, m), 7.34
(3H, m), 7.42 (1H, m), 7.49
(2H, m), 7.98 (1H, d, br, J=
7.4Hz)




(1 H s), 6.90 (2H, .93 (1 H m, 7.13 (1 H t,
J = 7.5Hz), 7.24 (3 m, 7.34 (3H, m, 7.42 (1 H,
woReo7T01400 (2H, m, 7.98 (1 H d, br, J = 7. 4PEY/GB2006/002957
Exanple 13 anti-[(1
S, 2R) - 2-( 2- Hydroxy 2, 2-di -t hi ophen-2-y et oxy) bi cycl
ol2 2.1 'Ihonf -y dinet hyl-(3-phenv-propy UM

12

| -ac
2 y y lnro I amm
P e A RN R = M, | &P PhdAH % AR
ylcartﬁ(ﬂn lokyybic§i 1t hi opf en- i2 21 ®XMz), N3 1Ham)antdo- (|1

c
e Rk S e o) it ol a0
dlmetﬁyl2(81p'$|8ho)§/ - di br omo ki o| BH nﬁ)] k2eqTt @A s]lﬁ) 6- one

|

PronIRREOTRME Al 6 1. - LO. Me. ((VATAGH 007028 48 S i

|od|déTfEhaﬂﬁl_<Bi;rgér|\/|‘|] +d' N ﬁ JLO OI; 0I 34003H, s) 3.87 (1H, s),
roxy-di -t hi ophen-2-v c,i
pfepa&@%ﬁj"“? (benzvl met hyl ani no) - ﬁ%@flé g“z‘%éllﬁ'ebtf—z-w
exam@ﬁﬂ))‘ 1(5ch aI COO|he|d (0 Cg $6l4ttz), 05102 {1 Hymh), -6.63
S, 2R) - 7- (benzyl et hyl am no 007 7670
PCT/ GB2006/ 002957 48 bi cycl )Eg.i’f.?’lé;'ﬁéﬁ%rm)z-%?s(l g,
4.3 mol) was added sodi um hydrH,de), (A2(1Myt,of= 60 %
suspensi on iln mneral oil, 10 rtio The
m xture was {al |l owed to warm ?%I—Fﬂﬁ%éﬁ? enil\%ﬁs re
for 10 m nutles then re-cool ed (3t ), G42(1H m), 7.49

Hydr oxy- di - tthi ophen-2- yl -ace Ci I ter
(1.39 g, 5.2 nmmol) was added &ortr%cbr?\?\ngiglilgﬁd&?ﬁen

5 m xture wags heated at 80 C|faiHzl hours. After

t he

aH-owng—the—mxtdure—to—coot—toanbtrent—tenperature
the reaction was quenched by dropw se addition of
ag pe 8moni um chloride (sat. 50 nL) then extracted

iR 3Tt a2 st G g 8RS Fhept 7.y

eummhwt(ecbneuymrgpw)mmoni_um bfamidei (Hed)i m; Ry Mé, & 3-Phenyl-
COIOMT FRLSE 2%l hiSBngT oyt ey 10 P ethyl acetate in

I
Nﬂ\b
OH

a. ant-(1S,2R))-7-(Benzylmethylamino)-bicyclo[2.2.1]heptan-2-ol:
The title compound was prepared from (1S,2R,3R)-2,3-dibromo-bicyclo[3.2.0lheptan-

10 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]+.

N
A%,
5 OHS
I U

b. anti-Hydroxy-di-thiophen-2-yl-acetic acid (1S,2R)-7-(benzyimethylamino)-

bicyclo[2.2.11hept-2-yl ester:

15 To a cooled (0 °C) solution of anti-(1S,2R)-7-(benzylmethylamino)-
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1o eluent then by a further flash colum using 0-5 %
ethyl acetate in DCM gave 1.12 g (57 %9 of the title

woaopgoundoas a yellow oil: LG MS (Method 2): RPCR/GB2006/002957

mn, nmz 454 [MH+ HNS #® OHS O 15 c.
anti - Hydr oxy-di -t hi ophen-2-yl -acetic acid (1S

BB a0 e b Do nRUE o Br oo s

6dspen 818)1 1r7m(rié%1 sz 1028 hyol) omiioroyiseb Thy alixifi. viaslallowed to warm

% Qfgalieeh%g\p ﬁé{dﬁ%@ﬁﬁ es?%re-c&algb t(iB ghﬁg?r%)(-ﬂ\ytplophen-z-

Pétd@h@ﬁ@lﬁ Im’(yﬁeétgr ('3739"@, 5.5mholywals)adaiad pbhienwisetand éhameie

g 5y AR g PP AR R S

Ité?ﬂp&@@repih@&é&tmen I\Aaa\quegcr&dmldrmmm additiazi df aqlibogs avamonium

?(Iéef]fsa% é‘ildglr)gp%nngit% d wn ﬁ%%ﬁ%ﬁ% @gp{)({ogrﬁlé)gbtombmed

w&jdrﬁw vigradried bﬁerrseenudmlfmsﬂlmusqbemrdeuiaporatemoea ygllow oil.

Surncbd? oSO8 SREE oY S35 Byl el hoiRlg o

2huent thanibg s futinar fidsh eclumw essing @b Ynetbyllatetats infOGM gaeel1.12 g

evapor
P 2T SRR AR E b Gy A UoBis EgMEMbER): 2, i, m 454
meHhanol in DCM as eluent gave 180 ng (56 %9 of the
title conpound as a yellow solid: LCM (Method 2):
Rt 2.20 min, mz 364 [ MH +. WD 2007/017670
PCT/ GB2006/ 002957 49 S| OH OS Ol [/ d.
anti - Hvdr oxv-di -t hi ophéih2-yl -acetic acid (1 S
2R) - 7- [ met hyl - ( 3- phenyl - ppopyl
am nol - bi cycl o[ 2. 2. 11hep yl

anti - hydr oxy-di -t hi ophen< c acid (1

S, 2R) - 7-nmet hyl ami no 5 bi cycl off2. hept - 2-yl ester
(égodrrg, 0.41 mmol ) in 1, 2-diohl oreét hane (10 nlL) was
added 3 hen I ro I _ : . '
n.mo i | pana (t'55 | 7 -7mmt|h 1l imIX 2%. hept-

th résfépdl um t ri acet oxybor ohydr ide (174 ng, 0.82 nmol)

was aaa e stlrred at

t‘@h%é? g{l(m fhygroms{é} tgnopﬂa @Cyu gcetlc aan'Zq lSedH) 7-(benzylmethyl-
amino)-bicyclo[2.2.1]hept-2-yl 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 mixture was
heated at 80 °C for 8 hours. The solvent and excess 1-chloroethyl chloroformate were
removed 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 to 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
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: LC-MS (Method
2): Rt 2.20 min, m/z 364 [MH]+.



sodi um hydrogen carbonate (sat. 10 nL) was added and
the m xture separated 1o through a phase separation

woaodroitge, washi ng the aqueous phase wi th DCMPCTIGB2006/002957
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combi ned organics were evapdrated to a yellow oil.
Purification by flash chromatography over silica gel
using 0-10% et hyl acetate in DCM as el uent gave 150

mg (76 99 of the td corrpolund LC-Ms (Method 2): Rt
2.65 min, mz 482 5 ). antl-[(ls
2R) - 2- (2- Hvdr oxv- 2

2-di -t hi ophen- 2-yl - acet oxy) - bj 2 2. 11hept-7-yl I -
di met hyl - ( 3- phenyl - pr opyl ) - i um| D de: N + Br N
S OH O0S O/ Asolution of © S

anti - hydr oxy-di -t hi ophen-2-yl -acefj c (1

S, 2R)-7- [met hyl - (3- phenyl

ow w solution of 20 mathyl brom de in

2. 1Beptrd-vlgsieraated in a seal ed tube for 3
daxéssomnoﬁ @f Gni mﬂﬁoﬁﬂdh\tﬁlﬁbhmyrmu ediddnd,2Ene-metbyldmao-

E@&ﬁ@[zggdmgg%g@ ek D TR 908 PRGN G - alf:%lopo%thagl‘%dbo mL) was
GB8edB- pﬁén)ﬂ bﬁ)pfahéll (ss uEO(DT'ﬂiO HidbIpThe nv\ktuteaNass)ﬂstlrrézd aimnt

XQJ‘ODW)’G zﬂ 1gmi l{tca$_|the&}dsod|\51rn_'tni%eggglyggrohggi’ricj_é’_@lyl:2 rrp( %Qﬂmol)

asdded aRE tehixtuid stirdsdl & a%olérit térhpm‘)ituréZfdM hoR#, Au)neous

égé'ilugjm é/dgapepsqqrb@)a%e a’bgop}m %dé& 3gd l"f &gﬁre geopaé%eé
(tﬂmb’gh & phase Qadalaﬂdn ca)tridge, Qﬂaeﬂlhlg tg aqu'eom@ ph@@H’\Ilth‘@CM The

Sprrbieg pryains wire e Shisath 2oEu el ErhuBlinn PdBet 7 Mo

@h%fﬁﬁt@gr&ﬂhyﬂmbr Bhich galnssink- Gx0%6-diifyl acetate in DCM as eluent gave 150

e i 61 e Y Batodr oA UTRFa R 2GR 2 i

brom de and cis-l-anti- [(1

A solution of anti-hydroxy-di-thiophen-2-yl-acetic acid (1 S,2R)-7-[methyl-(3-phenyl-
propyl)-amino]-bicyclo[2.2.1]hept-2-yl ester (150 mg, mmol) in a 30 % w/w solution of
methyl bromide in acetonitrile (5 mL) 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) § 1.01 (1H, dd, J = 13.4 Hz, 3.1 Hz), 1.35 (1H, m), 1.69 (2H, m),
1.95 (1H, m), 2.04 (2H, m), 2.19 (1H, m), 2.61 (3H, m), 2.93 (1H, t, br, J=3.5 Hz),
3.07 (3H, s), 3.06 (3H, s), 3.39 (2H, m), 3.53 (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).
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O S o 1/ a. anti-Hydroxy-di-thiophen-2-vl-acetic acid
(1S 2R) - 7-(4-phenyl - pi peridin-1-yl)-
woieyoind7@. 2. 11 hept - 2-yl ester: 1o The title ceap@B2006/002957
was prepared from 50
(1S, 2R, 3R) - 2, 3-di brono- bi cycl o[ 3. 2. 0] hept an- 6-one and
4- phenyl pi peri di ne usi ng anal ogous nethods to those in
13. LC-M5 (Method 2): Rt 2.60 min, niz
#84s-4 Meki(18 2@)’-2 (fNHgdch# -2 Qdﬂhlo%érﬁzm-acetoxy)-

trans-1-anti-f

bieySioz2.alhepky ofhEmesoy-CabeURp PSR Bepide andgisel-ant
14, bR)-3- (Elf-h)a%xﬁz Efkﬁfiwo Hbﬁ-@ d):ld.icetd*m -BicyBioiR2aMKkpt-7-y1]-1-

Is-1-anti -
memw-ﬂmlvamedmum brtmaw)e g @yéﬁcﬁ = piperidiayl Ff s Me. A’ =
QEPch-ti%o ﬁeﬁ-&eﬂﬂceﬂi eridinium brom de: The title

mpounds were prepared from

antl-hydroxy di -t hi_gphen-2-yl-acetic acid 20 (1
S, 2R) - 7- (4- phenyl pii din-1-yl)bicyclo[2.2.1
] hept-2-yl ester ust™Q g nef hod anal ogous to exanpl e
13, then separated using_cgiumm chromat ography over

silica gel using 5-15 % et hgnol DCM as el uent:
trans-1l-anti-[(1
S, 2R) - 2- (2- Hydr oxy- 2, 2-di -t OM| - acet oxy) - bi cyc

lo[2.2.1 Jhept-7- yl]-1-nmethyl- i peridinium
brom de: LC-M5 (Method 1): Rt 8. mz 508 25
[M+ (CDCI3) 6 1.27 (1 H m, 1.57 (1 H m, 1.77 (1
bLamHvdkoﬁﬁdiﬁﬂjobhe -yl-@:efi6 atighil SAR)-7 -yi)-
CT/ R (01 2.20 (2H, d, J = 15.3Hz), 2. 40

f t,er—37Hz)303(1H ,
fhe title compouriezyas mepae(i from (18)3R,3Rp2,3(diMome)bicyglobhe. p}heptan-

Pordiagp oty R pind SRty ehaldpgls mefdde 6 g8 p amhies 1and
71300C{ME{Mathod 2): Br2@Rminnn/z 498 [MBll+2H, ), 7.26 (1 H,

m, 7.33 (4H, m. 5 cis-I -anti-[(!I

S, 2R) - 2- ( 2- Hydr oxy- 2, 2-di -t hi ophen- 2-yl - acet oxy) - bi cyc
lo[2.2.1 Jhept-7-yl - met hyl - 4- phenyl pi peri di ni um

brom de: LC M5 (Met 1) R 8510 mn, nmz 508

0
b. trans-1-ant-[(1S,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclof2.2.11hept-
7-vll-1-methyi-4-phenyl-piperidinium bromide and cis-1-anti-[(1S.2R)-2-(2-Hydroxy-
2 2-di-thiophen-2-yl-acetoxy)-bicyclo[2.2.11hept-7-yl]-1-methyl-4-phenvi-piperidinium
bromide:
The title compounds were prepared from anti-hydroxy-di-thiophen-2-yl-acetic acid
(1S,2R)-7-(4-phenylpiperidin-1-yhbicyclo[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{(1S,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclo[2.2.1]hept-7-
yl]-1-methyl-4-phenylpiperidinium bromide: LC-MS (Method 1): Rt 8.06 min, m/z 508
[M]+; (CDCly) 8 1.27 (1H, m), 1.57 (1H, m), 1.77 (1H, m), 1.86 (1H, m), 2.06 (3H, m),



M (CDCI3) 6 1.16 (1 H, dd, J = 13.8, 3.0Hz), 1.52
m, 1.72 (2H, m), 2.08 (5H, m), 2.59 (1 H m,

[
(1
wa.2 /0(1167H t, br, J =4.0Hz), 3.09 (1 H m, BCRGB2006/002957

10

H s, br), 336 10 (3H, s),513.82 (2H, d, J = 12.2Hz),
3.99 (2H, t, J = 12.2Hz), 4.63 (1 H, s), 501(1H

(50 Gl /el 2 O Pl Ty el agfartf . on -

P8, ezqaa)r €342 (1Ha Y| Bi61aBHNBNBB5 (6], that 166ty 8i6d (fiars), 3.82 (1H,

il 5%5 tzﬁé%(zﬁ m)’\?;:%&h %5%‘1@?1& N\?OS@Q M217 @1, m),
amas Erdmyxy28i(1HRND 1.8D@E8)m)6 1. 08 (1H, , 1.10

8.16; 498 thiophen-2-yl-acetic N (1 H, dd J =13.7,
3.4Hz), acid 7-[nmethyl-(3- S/ 1.40 (1 H, n), 1.56(1
Heisthygntig(1 2Ry 3¢ Hpdrogyy 2, P-di-thiapteni2-y-acetbxy);bicgelo[2.28 thept-7-yl]-

o EyEpnsnBpRRugoromie| SaiSThenda 15 et pAg mff s 08

e[sM er(cmcw 5(11161H; Xid, 2=50.8( 218Hz)y) 1.52 2US Y, 1. 72 (24, m), 5.08 (5H,

75l o5y 0 Sl S by

3(3H, sii. 382 )H, 1, IS 1212H), 89 (HH, JS 12.2Hz) 368, (1H, 975 01 (1H, s),

ot b B BBl abch a8 T T s B i 7 e,

512 Hydroxy-2,2-di - +A0 13.6, 2.5Hz), 1.45 (1 H,

ai‘l?a% ?)I(Ig\;mﬁ %xgnﬂéiei vxfgeée Er%%;a_fedﬁﬁ a(s%n %5 nz%wﬂenlto%ﬁat(d%s&'hbe@for

bexapenies 36-241 Jhept-7- o / 2.37 (1 H m, 2.67 (1 H,

Ex [Nam VT UM Metdises= bSO Trtiviaco M%) 323 | Rumin
(Method 1);
[MH]+ or
[M}+
16 | (+) anti-Hydroxy-di- Pho\ (CDCly) 5 1.08 (1H, m), 1.10 | 8.16; 498
thiophen-2-yl-acetic N (1H, dd, J= 13.7, 3.4H2),
acid 7-[methyl-(3- g % P 1.40 (1H, m), 1.56 (1H, m), &
phenoxy-propyl)- 0 OHS 1.77 (1H, m), 1.89 (2H, pent,
amino}- o L2 | j=65Hz), 2.09 (1H, m),
bicyclo[2.2.1]hept-2- 2.15 (3H, s), 2.19 (1H, m),
yl ester 2.28 (1H, s), 2.50 (2H, m),

2.52 (1H, m), 3.98 (2H, t, J=
6.5Hz), 5.07 (1H, m), 6.87
(2H, m), 6.93 (1H, m), 6.98
(2H, m), 7.16 (1H, dd, J =
3.7,1.3Hz), 7.19 (1H, dd, J =
3.7, 1.3Hz), 7.27 (4H, m)




bicyclo[2.2.1]hept-7-
yi]-dimethyl-(3-
phenoxy-propyl)-
ammonium iodide

o

W,

2.82 (1H, 1, br, J = 3.0 Hz),
3.13 (1H, t, br, J = 3.0 Hz),
3.38 (3H, s), 3.39 (3H, 3),
3.95 (2H, m), 4.05 (1H, s),
4.15 (2H, 1, 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).

phenoxy-propyl)- (3H, s), 3.24 (3H, s), 3.70 anmonium
acetate (2H nm, 3.87 (1 H s), 4.04 (2H t, J =5.1
woéizd7/087¢td (1 H, n), 6.85 (2H, nm), 6.94 (3H, PAY/GB2odEA02957
(2H, m), 7.24 (4H n) 18 amti-(1 R 2S)-2-(2- PhO
(CDCI3) 8 1.24 (1 H m, 1.57 8.15; 512
Xy-2, N—(—H—
" (+)éf% ophen- 24y thOO ( LIGEL_ ) 1. @Eﬁﬁlsa i{% ﬁ Edgé- 8.20; 512
Hydrgueedxd9 - o bry, 3 ’(316|25H'3) 1m5C(YHl @h2. 2.1
7- 0 2| t
th'Odhité‘%"@toly' et hyl | ( . g@f‘ﬂgm) 3 @y m),
acet@py OXy- prop 1.88 B, (9H2.28 (2H, my,m)rl um
3 b.cydlélﬂ'zdﬁfbtgﬁ ’iﬁ?hl—l m)lie)é%('j'H EQH -
vil-dignetfyyl-( m | ,| BBy BO7 (1H,.s3bibiz B.28. 18 (i
7, 1.3 Hz), 7.29 200 17670
pher’ggr? G@%goa/ o\ozgs? 53 19 antil- %é’%’ ?22-4@% SM@@? [
ammopgregetde. 16 (1 H, dd, J = §.(28; m}y9B.87 kiklra)x$:02, 24di -
S 13.7, 3.3 Hz), 1.46(1 H mMm [ o0
1.70 (1 H ny, 1.80 (1 H n, B gxg‘fﬂ%i 251‘3/499H 1|H,
n, 2.15 (2H, n), bicyclo[2./201 Q$Fe(ﬂHm) BQZ!G(3HZH
m, 2.62 (1H t, J = yl]-di 2|71
(2H, t, J =|7.5 phenyl -propyr@ 6%"@4%(232(% J
= 4 Hz) anmoni um bromi de 3.[1® (6H, s), 3.41 (2H, |m,
350 (1 H 9, 505 (1 H mM, 7.0 (2H, m, 7.15 (2H,
20 (1 H_m 7 29 (4H ln), 7.40 (2H m. 20
18 | ant (fiﬁ‘t%s)(%@s 2R) “?\(&-\ PhQ-( CDCI| $DSIs16 224((1HHn),M57 1] BAS; 512
Hydréxy252-dp12 (1H, m), 1.68 (1H, m), 1.76
thiophen-2-y- ’;b g (1H, m), 1.97 (1H, m), 2.38
acetoxy)- o OHS (2H, m, br), 2.53 (1H, m),




Hydroxy-2,2-di- N\v (1 H m, 1.68 (1 H m, 1.76
thi ophen-2-yl- ~% (1 H m, 1.97 (1 H m, 2.38
weaeet7oiyye o (2H, m br), 2.53 (1 H m), bi cyetojcB2206002957
]hept-7- 2.82 (1 H, t, br, 3 = 3.0 Hz),
yl]-dinethyl-(3- 3.13 (1 H t, br, J = 3.0 Hz),
phenoxy-propyl )- 3 38 (3H s} 3 30 (3H__o) SR
ant-(5)-8dgde 3. 9 m 4805 (1 (GPsQP) 8 1 16&IHAY, =" |8.28,496
Hydroé»@ZJdT- 4.16 =\ 4]13(713*‘3H§)14§ ﬁ«?m)(,ZH m,
m, 7. Nels .18
thloph€'12ﬂl" dd, J = 3. @L&ﬂ wwwm%m)
aceto 207/ 01767q PCT/ GBZOOG/ agﬁmlzanjag]w,(gﬂ 9, 2R
(2 (CDCI3) S 1.13 (1 H 5121 |
bicyclo[3 26 Jhept- ) 1.47 (1 H, 22% B0y2-62 Bt phop~
vil dmiem;@(lyﬂen 2-lyl- _i + _ 1.63 (34i'|Hsz71](2ﬂ1t U+ M,

91 (4 H m, 2.29 (3H, acet ox ?ié
phenyhprepdl-o[ 2. 2. 1] hept-7- 0 1 i 242292?%“&9 —é (1H,
ammoﬁ%:m bivhdidedi Welt ;W' 3(89 (217E| (Jsfﬂ(dH SPTBL41J(2H Mo Hz),

phenoxy- propyl )- 3. ,
amoni um t of uene- 3.30 (3H, 3350(3;'"5?) (5\”545?(5{5')"%
4-sul fonatel 3.79 (2H, m, 3.1§6H()H.158H, A)00202H, t,
J = 5.3 Hz), 4.83 (1 H s),| 513 ( .82 |(2H,
m, 6.95 (1 H n, 6.98 (2%,(?[4)r,n),77_1.%£|(4(fg]-_1!),2’48J 1'g 1
Hz), 7. 15 (BH m, 7.25 (2H| @M m).7.29 (2H m, 7,74
(2H
20 | anti-(1S, 2R)2(2- PhO - (CDCls) 5 1.24 (1H, m), 1.57 | 8.25;512
Hydroxy-2,2-di- N (1H, m), 1.68 (1H, m), 1.76
thiophen-2-yl- ’;b 7> | (1H, m), 1.97 (1H, m), 2.38
acetoxy)- o kO 1 (2H, m, br), 2.53 (1H, m),
bicyclo[2.2.1]hept-7- o L2282 (1H,1, br, J= 3.0 H2),
yll-dimethyl-(3- 3.13 (1H, t, 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),
415 (2H, t, J = 4.8 Hz), 4.62
(1H, ), 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)




22 anti

-[(1S,2R)-2-(2- Ph (d6-DMSO) b 1.03 (1H, dd,
7.87; 482 Br Hydroxy-2, 2-di-

J

N+ = 13.4 Hz, 3.1 Hz),

wa280/7/011676, thi ophen-2-yl- s %O m, 1.72 (2H, PaY/GB20a002957
(1 H acetoxy)- on, 2.224(1 H m, 2.70 (1 H, t,
bi cyclo[2.2.1 ] hept-7- br J =3.5H,), 3.01 (1H
tbr. \/!] rhmm-lmll J =3 Hz ) —3—09—+2H /) .

21 | antr-(1pRiNdR 1471 - 3l (3H \‘/03. 16(5'!?%'@,5%;?’ (¥l Fuum | 8:25: 512

Hydro>{3ﬂfzoa_ﬂﬁblr(igH3 59 H, Iingl, 3.;)4212&)9,71.(.4)71(I_1|a—2hh), n),7 -
( , . , .
thiophem2i¥-my 739 (1/ 5 6)(3114" Ty 1\/% Qb‘@%’017670
acetoogz:” GB2006/ 022827(1% eng\oh-(@Af i), [A(49 GH2R), - Br
‘ bicycl 21’}?98)( Xy-2, 2- di - oPH ;—%%(QH '§§2|421)(1H1"§’7 1 H,
yil- d.maihyl (sN “;' ?phgnog %/I1 HI ‘r’]/? 327@7(1K-I}(lt bt, /9 3.5HZY8 (|1 Hj
" cetoxy
phenowwev'b[z .1 Jhept-7- 2. 633339]@%” Hrna?HZ OHz) |
ammoﬁlhh’rtdl_u@ﬁé-gw -_3 92(36(H 1 H5 t,3 BISO((QHHSMBIB)I (313, QD(ZH )
a nium oriom de , S), . S),
4-sulfopags (1 H |, 7.01 (2H, nj,%%?éﬁ’f("ég’?-s%%,ﬁ?)' (1
H s), 7.53 (5H m), 7.60 ZtﬁlO(ﬂHQéV:aB]Bin[@lBs
S,2R)-2-(2-| Ph (CDCI3) 6 1.14,,(1 ) =.Metho{ 4:
Hydroxy- 2, 3-di - Br 13.9, 3. J.ﬁé’)s’)rgﬂ%g”{’f‘)rﬁg%, 7. 73
510 thiophen-2-yl- -N 1.62|(aH,Hmn), 895 (1H/d),(E¥E m),
acetoxy)- ¢ 1.91 (1 H m, 2. , )y
bicyclo[2.2. 1 Jhept-7- s 2. 7‘%‘4’(’%&,7!6%(?1'29’9??11 H t,
br, Hz), 7.15 (2H, m), 7.25 (2H,
m), 7.29 (2H, m), 7.74 (2H,
m)

22 | anti[(1S,2R)-2-(2- Ph\\ .- (de-DMS0) 5 1.03 (1H, dd, J | 7.87; 482
Hydroxy-2,2-di- N = 13.4 Hz, 3.1 Hz), 1.37 (1H,
thiophen-2-yl- /;b S// m), 1.72 (2H, m), 2.00 (1H,
acetoxy)- o kO m), 2.22 (1H, m), 2.70 (1H, 1,
bicyclo[2.2.1]hept-7- o U2 |br,u=35Hz),3.01 (1H, tbr,
yil-dimethyl- J = 3.5 Hz), 3.09 (2H, m),
phenethyl- 3.15 (3H, s), 3.17 (3H, s),
ammonium bromide 3.59 (3H, m), 5.03 (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)




Hydroxy-2,2-di-
thiophen-2-yl-
acetoxy)-
bicyclo[2.2.1]hept-7-
yll-trimethyl-
ammonium bromide

= 13.4, 3.3H2), 1.35 (1H, m),
1.68 (2H, m), 1.96 (1H, m),
217 (1H, m), 2.67 (1H, , br,
J=4.0Hz), 2.98 (1H1, br, J =
3.9Hz), 3.13 (9H, s), 3.55
(1H, s), 4.97 (1H, m), 7.01
(2H, m), 7.10 (2H, m), 7.39
(1H, s), 7.51 (2H, m)

| yl]-dinmethyl-(4- / J = 3.8Hz), 3.29 (3H, s),
phenyl -butyl)- 3.30 (3H, s), 3.66 (2H, m, ammonium
wonweviods7d. 04 (1 H s), 4.80 (1 H, s), 5.15 (1prEr/GBR006/002957
6.98 (2H, n), 7.17 (5H, m55 7.26 (2H, ), 7.29 (2H,
m 25 anti-[(1 S 2R)-2-(2- -N Br- (d6-DMSO) 6 1.04 (1
H 392—Hyd-oxy--2 -
23 | Benzy’ a@?fr;(ﬂszf%*s (1 H @&, thi op%m&S9 519561%4“1‘168 7.38; 468
2-(2- r(yafdxy-lrl_’)627d|119(§|h(\gl+ H,b , S aceFeny;asz)h +32(1H, nf)l |H,

, T NS r | c 1 -7~ J. =
t“'omgno?ﬁ' 98 (17q - q;ﬁz’]éﬁrﬁﬁnﬁ%ﬂ%z Bliz)],
acetoRy)13 (9H s ,(23. > m B.Oal(r'ildenx,ﬁi-l%(ﬁ-),,m)4597 (1
. 7.01 H, Q 2 7.39 H. s),

) b'CVC';E%Q]PEﬂ,‘Qm VO 200710176 E%‘?S)éﬂido%’/ dcé'é%"}i)’ 56 26
yl]-dirﬁ&hﬁegzyl oxy- et h%”() - ) OP)P8 1H 1t 1br ¥ =HH)d3.00 |=
Met 4. anti-[(1 S, 2R)-2-(25,0 .3 |Hz),
ammaig Boide 335: 812"y ox (65 ST TE ool 7 75
(1 H nm, 1/81 (1 H thiophk@Hsyl 4.98 1H,2PT.¢1L H,
m, 2.15 (1|H acetoxy)- m t Jo544.11
Hz), bicycl ¢[2.2.1 ]hept-7- 3?%&%1%[0'1?,*" F°248 1
3.204 vyl]-dinethyl- (3H, s)|(1H,2) 1531(5&)m),37..®7
ammoni um brom de (1 H, s), 3@2{&‘% 3.95 (2H,| t,
br, J =4.0|Hz), 4.58 (2H, 90(1H m. 7.00
24" | anti[(1B2R)MB-(2-7. 18N (2H, m), 7.26- | CBBLXSH140)H, dd, 46 ( 2jH\lethod 4:
ol 2honti L6008, 2922 | (959489 Pud B! 770510
thiopli+L-yk) ,  t hi oph -yl - - N+ B621185m|, 1.73 (5h) m).1. 51 (1
acetdxy)- M % s/ |1.91(1H,m), 2.44 (1H, m),
bicyclo[2.2.1]hept-7- 0 OIHS 2.70 (3H, m), 2.98 (1H, 1, br,
yil-dimethyl-(4- O 7| Jy=3.8Hz), 3.29 (3H, 5),
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 (5H, m), 7.26 (2H, m),
7.29 (2H, m)
25 | ant-[(1S,2R)-2-(2- \,  Br (de-DMSO) 6 1.04 (1H, dd, J | 6.35; 392




acetoxy)- s s 1.60 (2H, d, J =13.1 Hz),
bi cyclo[2.2. 1]l hept-7- OHS 1.68 (4H, m, 1.97 (1H, nm,
wehperdiimgohyl -[2- | J 2.20 (1 H m, 2.64 (1 PCTiGB2006/002957
(tetrahydro-pyran-4- J = 3.56Hz), 2.96 (1 H, t, br, J
yl)-ethyl]-amoni um = 5Hz), 3.04 (3H, s), 3.05
L

hraom de (2 PR 2 £N (

((¥]

(2-Beqgylaxy-etyhs 41 PEon mz qq?;oﬁ §(1§f_uib<iﬁ H9 = Method 4:
anti-[(1S 2&y-Lap; dd, J%b 3.8~ 1.3H293.6 Hz38.3Hp) H.4BYH, 7./5135; 512

2 28 anti- (L S, 3).6 1.0 . 1119
hydro%)sgﬁzﬂ? 4: Hyd:rox i - thj ’1)F7r? %Hﬁ&*ﬁf ,("]P: 44

moritom 1 687 ekt atosom o o

h ) . ) : e - r I n-1- )
ace‘O%j 2.10 (1|H s), 2. -m?,%y-e%saﬁ%{?f#:‘*ﬁ%mz)‘,

bi"yc'a[z‘rglﬂﬁ%” 3: cyclto[2.423.7(15 H 08.02(1Ht, %23.?HA,MOM, 6J98
.= . , y ester . 8 , .

Y']‘d"?é&l" m, 7.12 (2H m, 7. 18HQ3§€|,%W)52,0 é!*z%)’ l(glz’éllfﬁn) VO

amm@(wmﬁcgalo%tmgag gg:Té (23520%3/ ocl)zg(s)?(n-ﬁz),dzgroa(raHL m),13.% 2R)

.y, 1. 4. Pn N

Hydr oxy- di phenyl - (3H, m, 1 @? ?’%HJ?T)J';O I—Tz.)vz:lg5§. 91,

496 Ph yj<|OH (3H, 1), 2.04|(H,), 480 (18, 69, 7.0@et i|c

id 7-(4- Ob | - pi idin,-..0 17 (1
ccld 7(+ B benayl bl bt 0 ede (b )78 11 ¢

bi cyclo[2.2]1 1h (2H, [7.38 (5HmDMA0, @8, 79 (1 H,

act A nr} A L1 A =

iva | v 1 N7 (1 19 /(£ Ll
anti—[qj‘s,zﬁ}-‘zi(g-(l Re =TT Pide-DMSO) 6 1,01 (1H; dd; J' 7' 6.78; 490
Hydroxy-2,2-di- H(\a\ = 13.4, 3.2Hz), 1.23 (2H, m),

—N

thiophen-2-yl- N 1.35 (1H, m), 1.51 (1H, m),
acetoxy)- /;b e 1.60 (2H, d, J = 13.1Hz),

bicyclo[2.2.1]hept-7- S OHS 1.68 (4H, m), 1.97 (1H, m),
yl]-dimethyl-[2- 5 I |2.20(1H, m), 2.64 (1H,1, 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, s), 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)

anti-(1S, 2R) (CDCl3) 6 1.09 (2H, m), 1.19 | Method 4:
Hydroxy-di-thiophen- Ph/\CN;b = (2H, m), 1.44 (2H, m), 1.59 | 7.48, 508
2-yl-acetic acid 7-(4- OS /OHS (3H, m), 1.76 (3H, m), 2.06
benzyl-piperidin-1- 6 WL 21(H,m), 210(1H,s), 2.15

yh)- (1H, t, J=4.3Hz), 2.51 (3H,
bicyclo[2.2.1]hept-2- m), 2.81 (2H, 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)




m, 7.26 (2H, n),
ci s-4-Benzyl - |
woRITOA7A0 [

7.33 (6H, m, 7.42 (4H, nm) 30
-[anti- Br (CDCI3) 6 1.02 (1 H, dd, J
C (1 S,2R-2-(2- P* 13.8, 3.0Hz) pcr/GH0d61002957

H n), 8.30; 510 hydroxy-2,9- P" OH 1.45 (2H, n), 1.74
(5H, m, diphenyl-acetoxy)- Co Ph 2.00 (1 H n), 2.55
(1 H m, icyclo[2.2.1 lhept-7- 2. 62 (2H d, J =
ant-(18,8RY) , 2. 74 yl met hyl - [((CDls)t5,0.87 (2H) ), 4.20H7 Method 4:
Hydrogy-gg,h @hper di E”PM S; ( (35—5014) 127, 5H)m ), 4 gg'z) 7.9],496
acetmsa)mds(% (L' H nmy, 7. b%)(%H (Birb,m),72@6(ﬂd;1m)ﬂ 289, 7. 27
33 8H m, I7.71
benzyfége“‘ml Benpyl |( i Bp(éms 61?'?) ﬁ’ﬁmt J 3
) Method 4: {-C + [anti-(1 S, 242)4Hz),(2248(drh* Jm)az@

.35 (1 H nm, 8.24; y P
b'cy‘:@.‘gglg%ﬁ‘ﬁ,]z 192 (3H M y '9 ﬁ;@@f 279 5l o
ylest®h 2.36 (2H m), 2.70 (3H, mm) ﬁ?@;wﬂ )§,25@711']*he|ct 7-

2.93 (1 H t, br, J =4.0H) )th%zﬁ%ﬁﬁmﬁr@ (3H,

s), 3.58 (1}{H, d, br, piperjdiniumb

=13.0Hz), 3|74 (2H, m, 4.05 'm H26é§H m) 5735(@11', m .,

516 (1 H M, 7.17 (2H, m, | 7. 242(4H ., 7.28|(2H,

m, 7 38 (104 _m WD 2007/0] 676 BCTL 9nna/nmq=7
cis-4- 5gnyt1-&mt4- 1 Bho- . / ~ %)331@2@@5“(4 =H, |rylethod 4:
(18, 2%9_»328 86 troxy- di ph°ﬁwb 36|42)Ph| é01(1||=|, rrfj Ja.so; 510

3. 3Hz , aceti Cigfl 7- ﬂk 47 (1

hydrogy-2,2y | [rre1 hyl - (3% 14562'(‘,1@41%‘%(5 ™ (|2H,
dlphelgﬁ%etoxf); D ll);}am. ng] '2 1"-; 6 5UG)(1H2mP52 §4.(, i)
vicycloled bz 2 thept-2- 2. 11 (1 My £ A3 63 Sk
yil-1-methyl- (1H, t, br, J="4.0Hz), 3.08

piperidinium bromide (1H, t, br, J=4.0Hz), 3.25
(3H, s), 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-
[anti-(1S,2R)-2-(2-
hydroxy-2,2-

(CDCl3) 8 1.09 (1H, dd, J =

13.8, 3.0Hz), 1.35 (1H, m),
1.57 (4H, m), 1.92 (3H, m),

Method 4:
8.24; 510

diphenyl-acetoxy)- 2.36 (2H, m), 2.70 (3H, m),

bicyclo[2.2.1]hept-7-
ylI-1-methyl-
piperidinium bromide

2.93 (1H, t, br, J = 4.0Hz),

3.39 (3H, s), 3.58 (1H, 4, br,

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 (1H, m), 7.28 (2H, m),

7.38 (10H, m)




, J

yl ester 2.26 (1 H s), 2.48 (3H, m, 3.96 (2H, t
= 6.5Hz), 4.26 (1 H s), 5.09 (1 H m, 6.87 (2H
woReo7®1%30(1 H m, 7.26 (2H, m, 7.33 (6H nPCT/GBARNG6/002957

(4H m 33 anti-(1 S, 2R) 28(2- PhO- Br

(CDCI 3) 6

1.08

Xanthene-9-
carboxylic acid 7-
[methyl-(3-phenoxy-
propyl)-amino}-
bicyclo[2.2.1]hept-2-
yl ester

13.7, 3.4Hz), 0.96 (1H, m),
1.26 (1H, m), 1.44 (1H, m),
1.69 (1H, m), 1.86 (2H, pent,
J=6.5Hz), 1.93 (1H, m),
2.05 (1H, t, J = 4.0Hz), 2.10
(3H, s), 2.18 (1H, s), 2.38
(1H, 1, J= 4.0Hz), 2.44 (2H,
m), 3.95 (2H, t, J = 6.5Hz),
4.83 (1H, m), 4.94 (1H, s),
6.86 (2H, m), 6.93 (1H, m),
7.07 (2H, m), 7.14 (2H, m),

(1 H dd, J =869 500 Hydroxy-2,2- 1%13.8, 3.2H),
36 (1-H- /) Ph diphenyl-acet o). O =Ph 1 51 (2H
82 | ant- (ﬁfs 12R) 87 (1 |H 9~ \bi cycl of 2{GD&RIRPAE5F1HON). BB9 (D862; 486
Hydr@S)yrdlﬁhéhX/l)(lH, hn) gl -dlgrgﬁ; th(d’&J%ﬂa% ('313Hi)t br,
phenoxy#pd o
acetlgra@lpgy anTfoni um br o qg%a 38 2(1§|1f" %"') J'ﬁﬂﬁ(@%—l S),
t3l-@Bplietdxy-m)|, 4. 11 (4H °m, |3.831A1 18732&@ 71t(2H,
[melfd-&p 97y(1 H m, 7.27 (2H, 2)?( m?%( ’( & L 42
D pff’p@ﬂ“'"ﬂ% 34 dnti-(1S, 2R 9H Jrﬁh%5H¥) ((1512)@)’3) 6
blcch)[:SE ifHepH2- dd, J = 9.29; 484 2N1>(¢Ht||‘rh?f29139(3Hl§)
4Hz), 0.9 (1 H m, carb(éyll am%ﬂﬁ }26(1
V'eS*ﬁf , 1.44|(1 H m), [nethy hSn@AR 3. ™, 1
(8, 1 Tl et ot 12 80
. .M, i cycl o[ 2. 2.1 ept - 2- A
= 4.0Hz), 2.]10 vyl ester (3H, (@’,ﬁ’é-é%(‘@”a;ééf, 2| 38
(1 H,)t, J ;34.(0Hz),m)2.44 giH(ZH’?)’ 639:95}{5@, 7t226 Jm=
6.5Hz), 4. 1 H, , 4. : )
6.93 (1 H M), 7.07 (2H, m,iz}‘."fﬁ)’?z?—%(%,’“?’ (77:4?8 6H,
m WO 2007/Q17670 PCT/ GB2006/ 00296)/
33 | anti-(1S, 2R) 2-(2- PrO—/™ . Br (CDCl3) 6 1.08 (1H, dd, J = 8.69; 500
Hydroxy-2,2- 'i;b 13.8, 3.2Hz), 1.36 (1H, m),
Ph
diphenyl-acetoxy)- o%gﬁ 1.51 (2H, m), 1.87 (1H, m),
bicyclo[2.2.1]hept-7- 0 2.36 (2H, m), 2.47 (1H, m),
yl]-dimethyl-(3- 2.75 (1H, t, br, J= 4.0Hz),
phenoxy-propyl)- 3.08 (1H, 1, 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- PhO—"\ (CDCl3) 6 0.83 (1H, dd, J= 9.29; 484

7.28 (6H, m)




59 35 anti-(1 S, 2R) 9- Ph,/--~ (CDCI3) 6 0.62 (1 H,

dd, J = 2.53; 500 N Hydroxy-9H °~ | 13.8, 3.0Hz),
wO0266/011676,, m, xanthene-9- 0.77 (1 H, nm), 1rPe2B/GBR0dd/002957

nm, carboxylic acid 7- 0 H91.55 (1 H m, 1.83 (3H,

m, [methyl-(3-phenoxy- 1.96 (1 , t, br J = 4.0Hz),
propyl)y-amnol- 2. 05 (3H s)

anti-(1%,&j8 o[ 2. 2 ahomt 2- 2.28 ((PQQWPO‘WM"C‘ 4= 0H2)2'53’ 500
HydrO‘ngﬁSteIr 2 (248, 3.0H3, D.6681AHR), 4. 79

xanthp@e 97 13 (2 , (7 :84 '%17”25)(12% (91%’ m),7 ’1’5

caronﬁ'&'ac@? : IT 64 ;ﬁal RN @@I—Bm)( CI)Cl 3)
T(1H th Z_(> N
methylgs-phegom ’ ’ Bﬁé%)gg)mj ﬁtqu)rj ' co
propy gﬁﬁnd]ZH ms's - , m, 209&39@)1 la)anewa s) 0 222;9
bicyclpR. 3] h?pt% L bi cycl o[ 2. 2. 1] n%ﬁg?ﬂx "4b%1i|z)4 0'% (13H

vl est(gr) 3d35(2l¥| ] rr)arrrrznlogm((zaH tSQﬁO@I—TEnX&GH(iB)t J(3=18E|
rom de , 4. ) = 5. 4. ’
m, 4.96 (1 H s), 6.84 (2H 6-&;*;)%7@2@(:11),}_889), 09
bCT! GBP006] 002957 60 37 ant| (| 5 SR g (0 Pho-L I
anti - , - - o-\-/ -
Br (CDCI3) 6 0.72 (1 H, dd, 3(19,@ ﬁ(}?(g_ﬁ, %df%xy-gl—l-
1 %g ?1 E' OHz) , 113%3( (11HH, n)m (2H[ n§57.261(2H, m),nt?ﬂfépe- 9-
. y ] . y r O o - O I
1.77 (1 H m 223 (L H m (FHRTROPELE, i) © ©

anti-(1S, 2R) PrO—" . Br (CDCly) 6 0.91 (1H, dd, J= 9.26; 499

Dimethyl-(3- /N;b 13.7, 3.2Hz), 1.37 (1H, m),
phenoxy-propyl)-[2- & 1.58 (2H, m), 1.89 (1H, m),

(9H-xanthene-9- 2.27 (3H, m), 2.68 (1H,t, J=

carbonyloxy)- 4.0Hz), 2.89 (1H,1, J=
bicyclo[2.2.1]hept-7- 4.0Hz), 3.32 (3H, s), 3.35
yll-ammonium (3H, s), 3.75 (1H, s), 3.86
bromide (2H, m), 4.07 (2H,t, J=

5.5Hz), 4.90 (1H, m), 4.96
(1H, s), 6.84 (2H, m), 6.95
(1H, m), 7.09 (2H, m), 7.15
(2H, m), 7.28 (6H, m)




bi cyclo[ 2. 2. 1] hept-7- 2.30 (2H,
yl ] -di net hyl
wohermamys7pr opyl )- 4.0 Hz),
brom de (3H, s),

(2H, t, J

br,

3. 33 PaMGE2D06/M02957

m, 2.62 (1H t,
-(3- J =4Hz), 2.83 (1 H t, br, J =
3.31 (3H, s),
3.88 (2H, &, 3.92 (1 H s), 4.08
5.4k2), 4.79 (1'H s), 494 (1H m,

6.83 (2H m 6.96 (1 H m —7_18_(4H 26 (2H
37 | anti-(1§) 2Ry24% (2romy 7. 50 (1 H. CQ@T37§\0_727(1§! dg, ~é~ﬂz) Method 4:
Hydrox §|4 (1 H|dd, 3= : st)s 3] 1-AB((IH, m) 7.55; 514
I oR) - 2-(2-| (cpa 3 2%%%
Xamh?-%?d?oxy 2bdi- (1 Hp 71422 O iy 1 '7M42 494
carboﬁyﬁb@?hen 2-y1 - /BVS / ) ) |2t 742(10% nﬂsl 2m3 (18, #, ad
bicyclgl ﬁ@pﬂh%gtﬁ of f 3.46 (8H, m, o 931k o) (2%4, (gt B
yil dumdtﬂyi (3r1]di3n 2tyl- o |(2/H nr)m 4.5Q7=@&|z)|ﬂ,2.83 (1H 4, 6#; 4=81
di nmet -annoni um ! , . , .
phenoXyBraRYe- (2H ), 7.14-7.30 (8‘&8"\%%.{"_-'%@@“’3?’ 353
ammdduwbﬂrﬁhopgyﬂa@-tzhi I0|ohen-_ Ho (CSCJ(GH §)1.3288 (2H, Inhz) mlazHl ﬁ;l-
t ho . -y -aceti c acl ,
1.56 (2H, n), 6.53, 422 (1 g%rz?):f‘)és\l(zjﬂ §1'I'80 (11|H,
m, 2.11-2.pR2 (2H, (carboxymetHy) 4.70 dHSs))4.92. 37
(3H, s), 2.b8 (1 H br nethyl;amnqg): I g?'ﬂ 2.73
(1 H br s)| 3.20 (2H bi cycl(]arlzf“%’. %-aﬁr{gﬁt’-“gé . |5. 08
(1 H m, 6,99 (2H vyl ester(id) m),7718 @BHN),N¥.267./30
(2H, m. Exanple 40 anti-(
5. (2- Hydr ox}- 2, 2- di phenyl - h@)%yy%’bl)]c7(?E[Q?’Z?'i?hept-7
-yl ]-di net hyl - (3-phenoxy- pro(ﬂyil Yd.ahwdr§, aréHz),onbdg. WO
2007/ 017670| PCT/ GB2006/ 00295711644 y 7.8, 1.6Hz)

38 | anit{(1S,2R)-2-(2- (CDCly) § 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- X Br (1H, m), 2.47 (1H, m), 2.81
acetoxy)- / l% S// (1H, m), 3.11 (1H, m), 3.34-
bicyclo[2.2.1]hept-7- S OHS 3.46 (8H, m), 3.48-3.58 (2H,
yll-indan-2-yl- 5 Ly m), 4.07 (1H, s), 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 (CDCl) 5 1.20 (1H, m), 1.24- | Method 4:
2-yl-acetic acid anti- | © 1.32 (1H, m), 1.56 (2H, m), 6.53, 422

/ =
(1S,2R)-7- ﬂ\b P 1.80 (1H, m), 2.11-2.22 (2H,
(carboxymethyl- o ko m), 2.37 (3H, s), 2.58 (1H, br
methyl-amino)- o Uy 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-7-yl]-dimethyl-

(3-phenoxy-propyl)-ammonium bromide.




10

15

20

25

PhGO-/\ N Ph OOH Ph a. 2-{anti-(1S
2R) - 7- f Met hyl - ( 3- phenoxy- propyl ) - am nol - bi cycl of 2. 2. 11

woept7/2767b oxy) 1, 1-di phenvl -ethanol 5 A sol ut POT/GB2006/002957

anti-(1 61

S, 2R) - 7- [ met hyl - ( 3- phenoxy- pr opyl ) - am no] - bi cycl of 2. 2.
1 Jheptan -2-01 (177 ng, 0.64 mmol) in 5 nL DVSO was
stirred under a nitrogen atnosphere at anbient
tenperature. Sodi um hydri (45 nmg, 60 % di spersion in
oil) was added and R eagtion warnmed to 70C for 60
m nut es before bei ng cool eg 50 C 1,1-

di phenyl et hyl ene oxi de (256 1.31 mmol) was added
to the anion and heating 10 i ndg or 60 m nutes.
The reaction was cool ed to anbi ent ﬁLerature
quenched by addition of water, extr&Bted into Et OAc

gﬁ ééﬂ?%g‘}?{)ﬁ‘&ﬁetﬂ{}lgyﬂfhgn&( Jréﬂl)sa RASDSE clofb. Eh]t@pi BSjloxyl-

SUH dlITUd COTICETIL T al €d Vacuo.

i dadiprheyl- elthgmjre was purified by chromat ography on

A éo'lu‘{’?n ld?%ﬂt?g% Q{{)afj[rﬁé}k% % 8ﬂeno>§§>r</6y’§ta%qn8]ytﬁ+ %?Qﬁﬁleptan

t
tzaawﬁﬂ Mg; B6¢ raol) RS mL@wﬁgﬁfvasmtlzrgd ;sg%glrmmatmsmere at
gﬂmyené] nﬁiergtﬁe]o)%c??u%ﬂ)&@?é¥ 79, (?O % dlsperSIon lndolllzr\g?s gdqe(d and
the lph@tmwarmeeﬁg 79 2@ ferdifi rnlnm@rs @ﬁfQﬂ% ﬂﬁ@)COSD ed 10.50.°Ggy1,1-N
§lﬂ> @Idn Ithe B’Jad 155% rth 81 FRTAAMIh RS t@m&darfdrw@tmg

%( ( 3-'phenoxy nﬁ)r or@{ r?'.
gﬁmtmglrsd w@%n@p ngl1e reac nwas cooled to’ambient temperature, quenched

139 %Bﬁmgn W \Qéﬁé} eltrécté’d e AR TRRE boMﬁln@G omim@'as*cs washed

to hose descri bed i n exa %
RB(RBE, A1 oxer MO0+ 3k CoReRtralgd If Kpako. Tiesarigh fmixjurg pas
Glirifidd t%ﬂohrdmatoé%p%y of sﬂlbﬂ hs §ia“@@acﬁé’rlrtl ,of 0)- 15 B 8@t dycldhexane as

rq'.@@t 'iolgn,m; the prquc’c gsac a()p& @g)gg&-(l\ﬁg ‘_ﬁetpcgg 55, FR%’GZ min, m/z
4,;@353@4% 3.22 (1 H s), 3.37 (3H s), 3.38 (3H s),

B os), 3.97 (2H m), 4.07 (1L H s), 4. 14 (2H
t,J—55Hz)417(1Hm)686(2Hm)696(1H
) b ‘ Behvi-el yelolL. 1ieptADy!-dimethyl-

PhO—/ ™\,
A
;b Ph
5 | oH

The title compound was prepared from 2-{anti-(1S,2R)-7-[methyl-(3-phenoxy-propyl)-
aminol-bicyclo[2.2.1]hept-2-yloxy}-1,1-diphenyl-ethanol using analogous methods to
those described in example 13. LC-MS (Method 1): Rt 8.69 min, m/z 486 [M]+;
(CDCl3) & 1.07 (1H, dd, J = 13.3, 3.4Hz), 1.60 (2H, m), 1.89 (1H, m), 2.09 (1H, m),
2.30 (1H, m), 2.37 (2H, m), 2.66 (1H, t, br, J = 4.0Hz), 2.93 (1H, 1, br, J=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),
414 (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)
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62 Exanpl e 41 Hydroxy-di-thiophen-2-yl-acetic acid
(1S, 2R, 4S,7S)-7-({9-[ (R) - 2- hydr oxy- 2- ( 8-

woRdr7aty7@- oxo- 1, 2- di hydr o- qui nol i n- 5-yl) - et hy PamiaB2jecrn02957

onyl }-net hyl -ami no)- 5 bicyel o[ 2. 2. 1] hept-2-yl ester
Br O S1 a.

(9- Bronp- nonyl oxy) -tert-butyl -di methvl -sil ane.
Tert-butyl-dinmethylsilyl chloride (28.16 g, 186.8

Eﬁ%bl added in portions to a 1o soI ution of
rono- nonan-1-ol (27.8 124,
FygrorygiHbippherpcee arsl (B Ho0oRT e -2 Tyt 2
-5-y) Ry IaAMSA L hy RS tHi-amiRs)-
B o o
bisyolofi2gfhentizylestayn and the filtrate was washed
wth 10%citric acid (aq), then brine, dried (MJSOH4),
filtered, and concentrated to dryness to afford the
title conpound asB,a\yeJ\I/owyl\l\/q\S/Gﬁﬁfd 41.4 g, 98%
TLC. Rf 0.91 (50% di et hyl ether/cyclo T@ne) HQO Si
20 b.
[9 (tert But yl - di met hvl - si | anyl oxy) - nonyi | - net hyl - am n
9eBroramanyioxwE tedbuiv dimethyisilangg m.,, 2 M was added

tﬂn%uﬁ@ dt\si Wch(o?‘d@ é 186 8 mmol) was added in portlons toa
nonyl oxy) - -tert- i et

-si | ane lﬁ/\é
aRohor PO PROBI DTN (. 8@1%2@ 00D AL IAES % 373
Werhén hQiryREC‘R)I/@LR)O'nﬂbtat ﬁmno%vamro@bh@nn@épntekeemelrmcn
the residue was triturated wt et he ftpet
StrLESvaRRlowed o e IRRT overnight. Jll?etSB %‘fy‘f’%f»ede'i“ﬂ‘éedg‘@’ ltration
tah g ?ﬁaﬂt@cvgasdu@ﬁea vh HBr. @At acid The), fiehtoriae edr\aasMgso4),
concentrated in cu su
RO PA eI CrinesE Snshara oo ah aF & el o
dried Y.ém@ﬁoﬂb ogerl tered, and concentrated to afford
thet n. oil ield. 24.1 g, 68%(11.1
g of 538% g&’gada inyl gt %@Fﬁ%’&%) Rt 2.80 nin,
nz 288 [ MH]. 30 WO 2007/ 017670 PCT/ GB2006/ 002957
63 N~'S OBr c. (i_iL S 4S 7S)-5-Brono-7-ff9-(tent
butyl - di met hyl - si | Anylexynoryli~getdyl~ am no} -
bi cyclof2.2.1 | heptan-2-one. 5 To a ' on of (1

S) - 2, 3-di brono- bi cycl of 3. 2. 0] hept an- 6-one (2.15 g,
8.02 mmol) in

b. [9-(fert-Butyl-dimethyl-silanyloxy)-nonyi}-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 to RT overnight. After evaporation of the solvent the residue
was triturated with diethyl ether and the solids were removed by filtration to afford the
title compound as the HBr salt. The filtrate was concentrated in vacuo, suspended in
K.COj3 (aq), and extracted with DCM. The combined organic layers were dried
(MgSO0,), 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-+].




acetone (20 nlL) was added
[9-(tert-butyl-dinmethyl-silanyl oxy)-nonyl]-nethyl-amn

We 2078176709, 12.3 nmol ) and the reacti on m xt UPETMEBR006/002957
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stirred at RT for 3 days. ABter evaporation of the
sol vent the residue was taken up in diethyl

et her/ethyl acetate and washed with a satd NaHCO3
(aq)/brine mxture. [The aqueous |ayer was extracted

with 1o diethyl eth e Pggfi c | ayers
were dried (Na2SOH4), filtered, and conc rated to
dryness to afford ark brown oil, which! was purified

by columm chro ogfaphy over silica gel using a
gradi ent of 5-18% di fhyl et her/ pentane as el uent.
After evaporation of the volatiles the title conpound
mas obtalned as a Ilght yellom/bromn oi | . %5 Y%eld

Jas % 1o o S 020 d. (1S 4S
yl -di met hyl - si | anyl oxy) - nonvl [ -
¥lo- aasulum}wb(‘@)ea dtivrama-bicysielBt2Miheptaims:ored2d 5 BiYEi fB'HOU in

%ngtéf]r% go @L%was addfd [P SSte(t butyl ghm?/trnyl S|Iany|oxy nonyl] methyl -amine
{(53nygl 2. 3m¢iyamhmerr@qcu§n @Wurﬂ\aaszstmqeﬁéﬁﬁmow 6ﬁ3é$
%@ar?o%t%n S-t%e, 35 r)tt r&h@b& %?&eﬂgjp iQ dfbzhyl Elﬁ@P/éthylfacetate and

egassed tO uene under a nitr

avashebih & sisNadged( b, e aqHenya jaVGE RS esigcied with
'Hleﬂp]ﬁ egfér MR éonﬁmech@raérﬂéi la&}érs&%r@dﬂed (Nazsejzﬁ fk@rdd saad

reacti on

sonceeies lediniss AT ASAHAPIN G, WG HGP BHRISE by column

FﬁPB\Yer%H@é g8l Usirfga @lﬁhlehﬁbfngwP/ogiieil@m etﬁer/péntane as
0% d| e et her/ pent

higpbrAller SYARSTAIARON T VARG NS PTPRNd s ARGk es a ot
%tlé\h/ﬁ?%ﬁvrﬂﬁl a light yellow brown oil. 30 Vi eI d: 2.41

d, quantitative ontains butyltin residues). WO

2007/ 019'87b5PET#4382006/ 002957 64 LC-MS (nethod 3): Rt

3. 10 nigMIMetdRB3)E Rt B3 niin,Gh@ 47045 BAHL]1

S, 2R 48, 7S5)-7-{[ 9- (tent - Butyl di net hyI si | anyl oxy) nonvl |
met hvl am no} bi cycl of 2 2.11- heptan-2-ol To a solution
of (1

S, 4S,7S)-7-{[9-(tert M%"‘@/Wﬁ/oxy) nonyl ] net
hyl am no}- bicyclo[R. 2.1 ept an- 2- one 10.4

nmmol max) in dry T 41 mL) at -5 C underl a nitrogen
at nosphere was a lithiumtri-tert-butoxyal um num
hydri de (3.44 g0

d. (1S.4S,7S)-7-{[9-(tert-Butyl-dimethyl-silanyloxy)-nonyf]-methyl-amino}-bicyclof2.2.1]-
heptan-2-one.

To a solution of (1S,4S,7S)-5-bromo-7—{[9-(tert-butyl-dimethyl-siIanyloxy)—nonyl]-
methyl-amino}-bicyclo[2.2.1]heptan-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-
n-butyltin hydride (1.25 mL, 4.65 mmol) and heated 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 gel using a gradient of 1-40% diethyl
ether/pentane as eluent. After evaporation of the volatiles the title compound was
obtained as a light yeliow/brown oil.

Yield: 2.41 g, quantitative (contains butyltin residues).



10 13.5 mmol ). After 1.5 h at -5 C nore lithium
tri-tert-butoxyal um num hydride (2.64 g, 10.4 mmol)

woaesr7adatgd. After 1 h at -5 C the reacti on waspPqueEB2hEm02957
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with satd ammonium chloridd solution (aq) and
partitioned between ethyl acetate and water. The

sol ids were renoved fil.tra?ion and washed with

et hyl bedfatmethedg): ﬁés@sm'“v@ 23%dyitHt ed and the
aqueous | ayer was extracted with ethyl acetate. The 15
conmbi ned organic |layers were washed with satd NaHCO3
(aq), brine, dried (Na2S™), filtered, and
concentrated to dr @mf/m\d/a\t/&g( ellow oil.
The crude product fjwas purified by coldm

chr omat ogr aphy ov ilica gel using a gradient of
7.5-10% MeOH as eluent. After evaporation of the
vol atiles a |ighODHyel | ow brown vi scous oil was
obtained. 20 Yield: 2.36 g, 57% LC- M (nethod 2): Rt
2.95 min, mz 398 [MH]. NS S HOO S O 25 f.

Hydn 8:0R. 46 78 h7gpehesnButyidinssteyisimn@exyindrliimethylaminolbicyclof2.2.1]-

S, 2R 45, 7S)-7-{[9- (tent-butyl di nmet hyl -
S A=&xy) nonvl | net hvl am no} bi cycl o[ 2. 2. 11hept - 2- vi
e¥b arsolutiod ofMSUSITEEE-(] QZ(E#t bagyldinUyssilamenglranmyilmethylamino)-

D Gazaentat 9r e sy T Ay 1 Eom AR 1 gigt {0 uncer

nammdganatmt}sr)m@eaﬂ&?édhb'dﬂ'ﬂﬁurﬁm tsEEAR00/A00A0GT hybiide (3.44 g,

c S SanBor Aot siPRL Sgca derport b fugida Wil it e 64

A$0.4oamolhwas hdderh Aftlev d hut D TC $helrsadimd was quenched with satd

R S o g e e
gabe eoliswwdre rersovsddrydilitatien aedmasbed witlx elnyeacstate Hewt mhdises
a@ve?éosegapﬁe@?f?(’j %%E@gusslﬁg% w':‘asbéghgctteﬁfv&ilﬂretlﬁll Acdtatehe

reaction m X
c hoDbing@ o[gagic layenelwetehwashepiveth sajNaHGO: éacsetrmeatd@@ (NazS0,),
t ﬁl%géﬂ%@%nb@r}f%&foe%tcﬁﬂ@s@% Aol a%rl?aﬁfyellaﬁ%lltﬁ?e %[ude product

Ined organic layers were wash rine
( Was soxifjed Iy qoﬂ‘é?@@hroﬁﬁ@gr@ﬂy(%ﬁt yikigacae! veing Ia)gﬁ@ggntto(f)_i 5 10%

afie@iineM éélélherwﬁ?ff& eVbp&aHS Sithe vd Bﬁle§élﬂgﬁt YRISPMFdwn viscous
was purlfl ed by columm chr omat ogr aphy over 'silica gel

usi Wgs qbt§ingdi ent of 1-40% ethyl 10 acetate in DCM as
el uent vieiy: @fj@%‘?mwe product as a very light brown

\él.zzoms_ﬁ g Wgsm%m 3%BM‘HI\/S(mathod 3): R

Oo..7
/Sl

|

N

LS ;E?
HO o)
NS ©O

f. Hydroxy-di-thiophen-2-yl-acetic acid (1S,2R.4S,75)-7-{[9-(ter-butyldimethyl-
silanyloxy)nonylimethylaminolbicyclo[2.2.1]hepi-2-yl ester.

Sodium hydride (254 mg, 60% suspension in mineral oil, 6.35 mmol) was added to a
solution of (1S,2R,4S,7S)-7-{[9-(tert-butyldimethylsilanyloxy)nonylmethylamino}-
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NOH SHOO \ SO0 15 ¢
Hydr oxy-di -t hi ophen-2-yl -acetic acid (1 S 2R 4S

W@ 3He701{d78- hydr oxy- nonyl ) - met hyl - PCT/GB2006/002957

am nol - bi cycl o[ 2. 2. 11hept - 35yl ester. A solution of

hydr oxy- di - t hi ophen- 2-yl - acetic acid (1

S, 2R, 4S, 7S) - 7- -(tert-buty

dicyelolR\a. 1]bewtan§rqi>(wi so%wrnm@i iy @#H%@}(Z%m/a @[Gupdera
?an]o;dSHtafn?os:ﬂh %rsoé)ﬁ)a?%hegq_mcev%%tlor?@u debx-y”dﬁtrﬁ(yphen-z

eated wt stirred

Rfadedic agig aiyh eSEnS17 et W@t%@%@ "}mmrm pRgyhen the
(ffF=Yoly
Egv@ﬁﬁwl el gtlé'r'i‘ hi@dre v% Hdtet dtBoetiv a preheated sand

organic layers were drie

(ORHQB@W 5hithe egasion EIAUE JYASIPUFas Ao saig amwké@ chigride (aq)
%ur : raT He Igﬁrs We?é"@e&iréted Wﬁé ‘égué@é IeWé? Extictdtomith ether, and the

puritication. 06% 25 LCQA;/B
(cnmbm@d osgaqueyerswrWﬁsheﬁ w'tfsler@e[ mtﬁq (NaggPopliiteres #6%0
Qﬁ Z to %r&'a%hﬁbrb@\ QSCG—CEJSQIIhThe crude product was
Hvdr oxv-di -t hi ophen-2-yl -acetjc acid %1 o
guriedilsy Gatymr chipmaigaraphy. Rb Sifichgd! ysingiar-gpdient of 1-40% ethyl
biceistd RIDCM a%Jélﬁﬂt to2afi6rd ﬁ%t;ﬁbduo'ﬁ a®assnNyht brown viscous oil.
peri odi nane Jrg, 1.06 nmol) was added to a

sol ut i Ydeldd}-7 §Jd‘ff%&y d| - th| ophen-2-yl -acetic acid (1

S, 2R, 43 W@ n?etrﬁc{oBs)hmdsaxymmﬁleelzowmyl anmi noJ -

bi cycl o[ 2. 2. 1] hept-2-yl ester (370 ng, 0.732 mmol) in
dry DCM (3 m_) at 0 C, and the reaction mxture
allowed to wvarmto RT. After 1 h at RT the reaction

m xture was treated wth ﬁW@Hd
extracted with ethyl acetfate. The organic |layer 10 was
washed with brine rie 25M), filtered, and
concentrated to d s e residue was triturated
with ether, and gfe\ soly ds renoved by filtration. The
filtrate was ated to afford an orange/ brown
viscous oil andyl irectly wthout further
purification. Yi€ld: 456 ng, 0.73 mmol nmax. 15

q. Hydroxy-di-thiophen-2-yl-acetic acid (1S,2R,4S,75)-7-[(9-hydroxy-nonyl)-methyi-
amino]-bicyclo[2.2.11hept-2-yl ester.
A solution of hydroxy-di-thiophen-2-yl-acetic acid (1S,2R,4S,7S)-7-{[9-(tert-butyl-
dimethyl-silanyloxy)-nonyl}-methyl-amino}-bicyclo[2.2.1]hept-2-yi ester (0.51 g, 0.82
mmol) in THF (7 mL) was treated with 1 M HC! (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,SOy,), filtered, and concentrated
to dryness to afford a light brown oil, which was used without further purification.
Yield: 273 mg, 66%.
LC-MS (method 3): Rt 2.39 min, m/z 506 [MH+].




OSi\' HNNOH SNHHOO~ O \ SOI.
Hvdr oxv-di -t hi ophen-2-yl -acetic acid (1

WE20R/MB7TS) - 7- ({9-[(R)-2-( tert-butyl di met hyl PCT/GB2006/002957

15

20

si | anyl oxy) - 2- ( 8- hydr oxy- 2-66x0- 1, 2- di hydr ogui nol i n-5-y
| ) et hyl am nol nonyl | met hyl - 20

am no) bi cycl o[ 2. 2. 11hept-2-vl ester. A m xture of

hydr oxy- di -t hi ophen-2-yl -adetic acid (1

S, 2R, 4S, 7S) - 7- [mathyl (9- oo~~~ O

nonyl ) am no] bi cycl o] 2. 2. 1) T hept - 2-yl ester (nmax 0.73
mol ), 5-[(R)-2- t-

but yi di met hyl si |
H- qui nol i n- 2- ongyq 245 0.73 mmol ), sodium

tri acet oxybor ohydri 186 ng, 0.88 mmol ), and acetic

acid (2 drops){in dryOMD 2007/ 017670 PCT/ GB2006/ 002957

67 1, 2-dichl oroetBane~was stirred at ambi ent

tenperature overnight. The reaction m xture was
partitioned between DCM and satd NaHCO3 (aq). The

Oh 93r&xyL XA pHERS-Gird clc aéieRSER NS 79) 1 Bfic@Bll-(38%0-nonyl)-aminol-
concentrated 1 n vacuo to afford a dark green/brown gum

t Bigyclol22, 11henti2ad e8lgr:st andi ng, which was purified by

?D@@@Nﬁhln\&nkﬂ?hﬁhé B69LredN 1206 raﬁ%)tﬁsvas fldéd %o &sﬁlﬂﬂ()r: of Hy@roxy-di-
ra s cont ai wer e co rat ed
Ifrranoeacaiaact O A A8t W Chmen et Bt 1
Dﬁb@/cl%fﬁlzeﬂh%mmip egtgam??gnng ,10.78201@ 08 in @ty ERIM I@}M M abd PC, and the
t ai ne i e met

RS G i) Bigal O, R h SR SRR, Phigyes

Stréatied Witt satdyNaHC Oh{aap bed edractedagitt éthylaceditd. ThS o2daniSayer
s washed with brirfe, dried (Na,S0,), filtered, and concentrated to dryness. The

7%)& 7 gfg 1{“% 2 GVdrwe}/ 6 (ﬁ

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.

L

i. Hydroxy-di-thiophen-2-yl-acetic acid (1S,2R,4S,78)-7-({9-[(R)-2-(tert-butyldimethyl-
silanyloxy)-2-(8-hydroxy-2-0x0-1,2-dihydroguinolin-5-yl)ethylamino]nonylimethyl-

amino)bicyclo[2.2.1]hepi-2-vl ester.
A mixture of hydroxy-di-thiophen-2-yl-acetic acid (1S,2R,48S,7S)-7-{[methyl-(9-oxo-
nonyl)aminolbicyclo[2.2.11hept-2-yl ester (max 0.73 mmol), 5-[(R)-2-amino-1-(fert-

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



hydr oxy- 2- oxo- 1
2-di hydr o- qui nol i n-5-yl ) -et hyl am nol - nonyl ) - net hyl -

waayo7ba7diocvcel of 2. 2. 11hept - 2-vl ester. A sol ut POT/GB2006/002957
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hydr oxy-di -t hi ophen-2-yl -aaétic acid

(1S,2R 48,75 -7- ({9-[(R-2-(tert-

but yl di met hyl si | anyl oxy) - 2- (8- hy droxg ﬂ ]th di h X
@,zcgjq:m@pe’ﬂﬂaseway&uﬁgql gtnqrﬁt@jﬁant temperatur overnlg t. The reaction mixture

PR IRD S 0 T Mgt 3 v

(m»sm filerea, anmopcewt@q N6 JorpTFaIER qriefifbfozvnr&lam that
%Qnd”i’ﬂedac{#’ét%und SIS \ﬁéél;&ﬁme& 8 Bféamatlva REPLOS@PStEAR, 35% B +

m xture was neutralised wt ’l(f@%de %ﬁ

% Patnke ahwfraﬁthnerwntanwgowaﬁrqgupfa\y%rre cRace AgYuglisgd with
'58td I\?&[H@@Séqs andfdx@asle@with OM.ievWBodehtratidh lvavasa

puri Ear ative HPLC (system 1, 15%B + 1 %
Brednprown OQ@)’aﬁnO tairgden 6% B/min for 10 min). The

fract ivdig: 7‘20{%&12%”9 pure product were concentrated,

neutralised with satd extracted 25
wi t h HREMSAmethod Bniehpl Ht‘”é‘?(gﬁggmlgnﬂ a |ight brown
oil was obtained. Yield: 50 ng, 81 % LC M5 (nethod
3): Rt 2204 mn, mz 708 [ MH]. Exan‘ple%%SO
(Benzyl car barmyl met hyl) -anti-[(1 H =

S, 2R) - 2- ( 2- hydr oxy-
acet oxy) - bi cycl o[ 2.

. 1] hept - 7-yl ] -di nmet hyl - g
0 PCT/ GB2006/ 002957 8O OGN H

anti-(1 S 2R)<\7/-f@benzyl car banoyl - rret hyI)
met hyl - ani yclof 2. 2.1 1 hept-2-yl esterOA sol ution
of anti-hWrgxy-@i -t hi ophen-2-yl-acetic acid (1

S, 2R)-7-methylamno 5 bicyclo[2.2.1 ]Jhept-2-yl ester
(50 nmg, 0.14 nmmol) was fornmed in acetonitrile (3 nl).

oIv? P EN 5 Qéélted and purlfled by flash coI urm
silica gel usi n%[zagr adi en

0A soRioreofyraxysi-thiephen-2atrcetc adid@ S¢iSld- ﬁﬁr[éﬂ) -2-(tert:
Ltlé{lgg {Y*r‘?e ! hogﬁ\g )@?&%B%Ql‘%xy Qldxew élhﬂh%&r@ uiblin B0/ thyfdhiino]-
nonyl}methylam|no)b|cyclo[2 2.1]hept-2 -yI ester (72 mg, 087 mol) and
triethylamine trihydrofluoride (60 pL, 0.37 mmol) was stirred in THF/DCM (1:1,2 mL)
at ambient temperature overnight. The reaction mixture was neutralised with said
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 concentrated, neutralised with satd NaHCOs; (aq), and extracted
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
(Benzylcarbamoyl-methyl)-ant-[(1 S,2R)-2-(2-hydroxy-2,2-di-thiophen-2-yl-

acetoxy)-bicyclo[2.2.1]hept-7-yl]-dimethyl-ammonium bromide.
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O M NS OOCHS O b.
(Benzyl car banoyl -nmet hyl )-anti-f(1 S 2R)-2-(2-hydroxy-2

wa@a-2di7/0d7ophen- 2- yl - acet oxy) - bicyclof2 2 PCT/GB2006/002957

11 hept - 7-yl | - di met hyl - anmorei8um brom de 15 The title
conmpound was prepared from

hydr oxy- di -t hi ophen-2-yl -acetic acid anti (1

S, 2R) - 7-[ (benzyl car banoyl et hyl ) met hyl ani no] bi cycl of 2.
2.1 ]hept-2-yi es N Nyet hod_anal ogous to that

descri bed i n exanp 13H LCVS (\met Rt 7.53
mns, nlz 525 | ~ (CDCl 3) 12 H, dd),
1.45-1.52 (1 H m, 1.63 (1 H gl. 80 (1 H,
m, 1.88-1.97 (1 H m, 2.28 (1 H M.}{2.
t), 3.06 (1 H, br t), 334(3H s) 0 3.
41(71(1H s), 2H, 46

] )

) % £Eiifhd s
fekR-dmid bﬂa dﬂbzr@ﬂhamaivlés&l (4H n) 7.36 (2H d),

& soiuioi & 2ot Reo e YRR A0 1 S 2y B4 ine”

E?éycl @1 ]ﬁé;ﬁtlalill weer 180 mzoo(maﬁn%%@sp Rirhatl in ac(ermmteds mL).

égf‘ =A Ltgzul( 2. %3 'DF}%&"Q N-gep %ggm%—acie %(%Z(Q o O Simol)

%ef‘@a%&e%%d étﬁlg%lxtﬁl%@|%é @50 SCYdr)Z how& 4 h(eroHenm/as evaporated

[and gyirifies QM:,flasb cgt@n%yg]cﬁgr%tlo;g[a%%}j over %\_p gél sinq_ﬁ gFﬁdg ient 8]10 10%

3%;{ 6aée%ﬂb|,l? BLM & bentltd Igﬂ/@hlgél tifle &dmp&’@d&s]a]paﬂéyellow)qn (60 mg,
. : etoxy)- .0 3. .41

Bk _LQEVES. Q%efh?cﬁéb%‘?’%&@'% Té%ﬂ(‘ W"'*i 17 (1 H( 3?) °)

yl]-dinethyl- 4.52 (2H, t), 4.81 (1 H s), 5.16

amoni um bromde (1 H nm, 69(1H d), 6.97 (2H,
m, 7.03 (1 H d), 715 H,\dd) 7.24-7.30 (3H, m.

SRS,

b. (Benzylcarbamoyl-methyl)-anti-[(1S,2R)-2-(2-hydroxy-2,2-di-thiophen-2-yl-acetoxy)-
bicyclo[2.2.1]hept-7-yl]-dimethyl-ammonium bromide

The title compound was prepared from hydroxy-di-thiophen-2-yl-acetic acid anti-

(1 S,2R)-7-[(benzylcarbamoylmethyl)methylamino]bicyclo[2.2.1]hept-2-yl ester using a
method analogous to that described in example 13: LCMS (method 4): Rt 7.53 mins,
m/z 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 t), 3.34 (3H, s), 3.36

20 (3H, s), 4.17 (1H, s), 4.41 (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).

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

example 42.

Ex. | Name Structure ™H NMR (400 MHz) Rt/min

(Method 4);
[MH}+ or
M+




Exanple 44 anti-(1 S, 2R

[ 2- (2- Cycl ohexyl - 2- hydr oxy- 2- phenyl - acet oxy) - bi cycl o[ 2
wO20drlohegad - 7- yl ] - di net hyl - (3- phenoxy- propyl ) - BROTEB2008/002957

bromde 50-""~-NO OYa @ anti-(1 S 2R

Oxo- phenyl -acetic acid

7-[ met hyl - (3- phenoxy- propel ) -am nol -

[2-(2,%Dibydroo| 2. 2| ept - 2-yl est dr(CRGE) Pt 16 Hofld)a hb- 139 524

2R - [ met 3- phenoxy- gr n 212.
benzoflﬂgrb%;al [2 0 (OI.O77g, X%. nfr%ﬂﬂ_ﬁr;m aﬁﬁgéf%ﬁ(?mr
e’[hyl]-@'ﬂL]UW)-St rred) at ambi ent

: trehp X0zt 99 € Hie?- 452
Wlth f 1|60%
bRy Bt e S o,

acet
thiophehteyli de (611 rTg v%liﬁ &t &), %ﬁ@ (erh,é),r eacti on
aceto%hl owed to ptan Hhour

I i
enched by| addi ti o at ds?\l?-g@' S?gﬁlﬂgct ed intlo
bicyclele@Atihepter-t he conbi n@d gani &8 fah 4% 4. Wedhed): wi th

dried over 15 S 4 reat n Guo.
Vil du%;@ﬂrea My fﬁﬁgz;g%ﬁhsq M, &) 5M8gu

ctiop was purified by t'ogr a iflic
&1Mﬁ§%fﬂéﬁ9¥v@% el uenf1

ammangimgramide adi ent of 0 - 5 %
to give the|product as a ye nglfoégq.pdg@w(CDCI 3)
1H,

6 1.20-1.30(2H, m), 1.63-1.7 g_lz
@ Qd)(5'+447n§0(32*3@ 2.137

(1

m, 1.88-1/96 (2H, m, 2.14
(r—H—m,—250-2.58(2H 1), 2.66-2.70 (I H M,
3.97-4.03 (2H, m), 5.20-5.26 (1 H, m, 6.85-6.95 (3H,
Bxample447. 30 (2H, m, 20 7.48-7.54 (2H, m,

AP, SRR E Bond 2t &Q‘Hf‘e?r{;ﬁ@@@%vgﬁﬁ 2QThept-7-

bﬂuotaelayﬁ+(3+nh¢n9xw-pp¢mﬂyamamum bzemige
5 [-[methyl-(3-phenoxypropyl) -
am nol - bicycl o[ 2. 2. 11hept-24 ester To a stirred
solution of anti-(1 S, 2R) oxb-phenyl -acetic acid

7-[ met hyl - (3- phen g ~N
propyl ) -am no] - bi @g[ 2.2.1] hept -2-yl ester (200ng,
0.49mmol ) in anhy us THE ( un@er a nitrogen

at nosphere was added cycl ohex esiumchl ori de
(0.5, 0.98mmol). The reaction was vva at 50C for
18 hours. The cool ed reaction was Quensk&d by

addition of satd NHAClI, extracted into Et QAc and the
a. anti-(1S, 2R) Oxo-phenyl- acetic acid 7- [methyi-(3-phenoxy-propyl)-aminol-

bicyclo[2.2.1Thept-2-yl ester
A solution of anti-(1S,2R) 7-[methyl-(3-phenoxy-propyl)amino]bicyclo[2.2.1]heptan-2-ol

10  (0.77g, 2.8mmol) in anhydrous THF (10mL) was stirred at ambient temperature under
a nitrogen atmosphere with sodium hydride (145mg of 60% dispersion in oif) 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 NH4Cl,
extracted into EtOAc and the combined organic extracts washed with brine, dried over

15 MgSO, and concentrated in vacuo. The reaction was purified by chromatography on
silica using a gradient of 0 - 5 % Et,O-cyclohexane as eluent to give the product as a
yellow oil (600 mg). (CDCls) 3 1.20-1.30(2H, m), 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).
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conbi ned organic extracts dried over MgSOH4 and
concentrated in vacuo. The reaction 10 was purified by

wohoamateogr aphy on silica using a gradi ent of BCT/GBR06K002957

Et 20- cycl ohexane as el uent70t o gi ve the product as a
clear oil (123 ng). LCMS (nethod 1): Rt 2.86 mns,
mz 492 [MH#]. Br o N+ OH OO c. anti-0S, 2R

[ 2- (2- Cycl ohexvl - 2- hvdroxv 2- |qhenyl acet oxy) - bi cycl o[ 2
. 2.1l hept-7- 15

yl 1 di met hyl - ( 3- ph pr opyl ) brom de The
title conpound was™~p¥f pared fr N(1'S 2R
c

cycl ohexyl - hydr oxy- phenyl - acet

7- [ et hyl - (3- phenoxypropyl ) - ani no] '
] hept-2-yl ester using procedures aQutlfpee in exanple
13. LCVs (nethod 1): R 2.75 mins, nmlz 506 [ M+]. 20

EXami18, 4R) eyiohekil-nydroxiRohenyl-acetic acid 7-[methyl-(3-phenoxypropyl)-
Z2- Hydroxy- 3, 3-di met yl - 2-phenyl -butyric acid

lofee. opyl am no] bicyclo[2.2.1
IrBepdtirrdd Bblugsi @rraﬁﬁlm 809RY m7@myl%ﬁtlmaaqmm@7phemxy-

o iRl OIS A BEGRAN focus or
(Smpheiiexya pitrogan tnasphek-vizisadded E:?clﬂlﬂylhagneszuwcmonde
E@E@F‘B§'§%m8‘.°87?ﬁe%%r ﬁ@]ﬁg%\;véﬂ%%%f (ggﬁq?ﬁ%ug’ The cooled
Tedifiod wa8 q(@hthetby atidfian b dat® 6IH,GHextrctedint BIOAE angithe

g?bgmpm&lg@géan czcﬂtra?;rs czngéguﬁgr lﬁ%ﬁ&sghq_‘?anr%eﬁtr%%%% ééggs’? he reactlon

Was plrifiéd By Gtomatdgraghy of.sbiea sing a(gradientof 5 -10NV6 Etgo-
&%Pbetx%ng)as fgen?tozg?venﬂﬂg ProdiictadBBieb Mt 23 MEFNREMS HPethdd 1):

[R-2(85 mimst mBLASR [MBHy dr oxy- 2- phenyl - acet oxy) - bi cycl o[ 2
.2.1] hept - 7y1] - di net hyl - ( 3- phenoxy- pr opyl ) - ammoni um
bromde Br O N ~~ Br

©/o\/\>N+’
H
;\ bol 0
O

c. anti-(1S, 2R) [2-(2-Cyclohexyl-2-hydroxy-2-phenvyl-acetoxy)-bicyclo[2.2.11hept-7-
ylidimethyl-(3-phenoxy-propyl)-ammonium bromide

The title compound was prepared from anti-(18, 2R) cyclohexyl-hydroxy-phenyl-acetic
acid 7-[methyl-(3-phenoxypropyl)-amino]-bicyclo[2.2.1]hept-2-yl ester using
procedures outlined in example 13. LCMS (method 1): Rt 2.75 mins, m/z 506 [M+].

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

propylamino] bicyclo[2.2.1]hept-2-yl ester



OCH ,tr ::~O 0 The title conpound was prepared from
anti-(1 S, 2R) 2-hydroxy- 3, 3-di net hyl - 2- phenyl -

wouabyrroizs7aci d 7- [ met hyl - ( 3- phenoxy- pr opyl am noPCT/GB2006/002957

10

15

20

bi cyclo[2.2.1 ] hept-2-yl esmer using 15 procedures
described in exanple 13. LCM5 (nmethod 2) Rt 2.82 mns,
mz 480 [M+]. Exanple 47 [anti-(1

R, 2R) - 2- ( 2- Hydr oxy- 2, 2- di phenyl - acet yl am no) - bi cycl o[ 2

.2.1 Jhept-7-yl]- digePhyi~(3Nphenoxy- propyl ) -anmroni um
brom de NI -12 20(1
R 7S)-N - Met hyl - - phenoxy- e DI cycl o[ 2. 2. 11he

pt ane- 2, 7-di am ne A sol ution OH
S, 7S) - 7-[ met hyl - ( 3- phenoxy- propyl ) -jam \
1 ] heptan-2-one WD 2007/ 017670 PCT/@B20Q6
(.35 g, 4.9 mol) was fornmed in nethanol (90 nli).

Sodi um acetate (648 ng, 7.9 mmol) was added fol | owed
by hydroxyl am ne hydrochloride (566 ng, 8.2 nmol). The
m xture was stirred at roomtenperature for 18 hours.

s b R PTG 4 bt e SB  me
b@rablenoxy-rrery)- emm%bgyclq[z 251 lnerit2y! esier using pracedyias outlined in
%ﬂamsp‘f‘?4@t(cf)@?3 to%ﬁ’?bé‘(é‘rﬁ ?&ff’b? gucegﬁhﬁ' b 11681 bgleéﬁ M), 181-

vent rermve e(gr essure and

r b8P (Rb Malir2. 24 mH m)batswéyﬁ Dt APP-243BH: B).ahe0 adruéb@sw -4.03
S@ﬁ' Hmwﬂsqm(q*ﬁ ﬂ@a@é@ar@sm AN 185 (5H in9d7.60vET4 (2H, m).

sodi um sul pha tered and evaporated t'o 'a gum
ﬂk@MS\ﬂﬁ‘@hO@a’de‘ﬁF 33?19 @'%m/?‘s@@ Mittlr i dge, vvashed with
nmet hanol and then eluted with 4M ammoni a i n net hanol .
10 The material was further purified by colum

aphy over silica gel using a gradient of
arﬁﬁlu"é rmt) fp@-miert-suwlﬂmrskwgrahehgu-&éfsxg)fggduéﬂz@ Alhept-7yl}-

ompound as a brown

29!-mq@vld3mhenpnwprwsﬂ)-mmw@]browq\l O O 15 b.
Nf(1 R
7S) - 7- [ Met hyl - ( 3- phenoxv- propel%r am nol -bicyclo[2.2.1
| hept - 2-yl }-2- oxo-2- phenvl - ﬁe’camde A solution of (1
R, 7S) - N - net hyl opyl)-bicyclo[2.2.1
] hept ane- 2, 7- dlar@/(ZOOmg 3 I) was fornmed
in DCM (3 nL) wth ||sopropyl

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

Example 47
[anti-(1R,2R)-2-(2-Hydroxy-2,2-diphenyl-acetylamino)-bicyclo[2.2.1]hept-7-yl]-

dimethyl-(3-phenoxy-propyl)-ammonium bromide

©/O\/\/N
pon

a. (1R,7S)-N’-Methyl-N"-(3-phenoxy-propyl)-bicyclo[2.2.1]heptane-2,7-diamine
A solution of (1S,7S)-7-[methyl-(3-phenoxy-propyl)-amino}-bicyclo[2.2.1]heptan-2-one
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(0.25 m., 1.46 mmol). A solution of oxo-phenyl-acetyl
chloride (184 ng, 1.09 mmol) in 20 DCM (1 nL) was

weaddedithiropwi se. The m xture was stirred at roear/GB2006/002957

tenperature for 3 hours. The sol vent was evapor at ed
and the residue purified by chromatography over

silica gel using a gradient of 0-20 % ethyl acetate in
(D31 ¢, & Dinowl)tvves foimddsingasthaish (PO \k). Fogynprgatale 648 mg, 7.9

rﬁ\rﬁﬁ Wi ad%%{ﬁ@!Io%ﬁ&%&%&ﬂmg)wd&h@n@(ﬂ%ﬁﬁg g AnfH7 The

rhlyture)ws tifrechat ropm temperature for 18 hours. Nickel (Il) chloride hexahydrate
e tJ 8[255%?153()' wéssadp%féﬁ REoWeR'] Fb%'rt)oh@ﬁﬂe@dﬂi@h%}’%dhﬂrﬁ bdrokidride

enyl -acéetam de A cool ed (f 2
g d8,i4drb mfnoﬂ. Tt@qmlxture was stirred at room temperature Yor a further 18

I%u7r§)Tho%[%'f(§B§‘\)(/ﬁ fe%mcﬁ)%@ NRAYYr el Zﬁreﬁiﬂr@ 8hd the residue partitioned

-2-yl'}-2-oxo0- enyl - acet ani de
baweemrgthymcg@tmql qWstggiwgu yd,qoxm BRf se was dried

6@39\%@9&9 ﬁgerea 3nd 'é’&a;ﬁo'?at’ébl)to a/éuﬁp h’ﬁtslv@ﬁ I6ddeahsiy hn

rrane3|umc Min THF

Ba cariida, ateenechuits DIELANShast PP S ey AT i rpethanol

? r’aPWﬁngrane["rﬁ\irﬁbB By cbRAR 6@&1&%@@%? otérsiliga gel using a
our . reaction was

a@élelni o -6 % rigthannkin SN A ANEBHIOGINGIDS (e Eombgigtas a brown

Ei'i‘ 2@%@9@#\@@1\@%@%@9) Wit bIB4ehing) mE 276gMBkE t hen
he conbi ned organics were dried over sodi um sul phat e,
f| tered and evaporated. Purification by

chromat ogr aphy over silica glel using a gradient of 0-5
% met hanol |ng \)Q?mtle corrpound as a

col ourl ess oil @ LCI\/@I thod 2): K
2.55 mns, 485 I\/I—H] Br O 10 d.
(anti-(1 R2R) 2- (2- Hvdr ox V-

2- di phenyl - acet yl ani no) - bi cycl of 2. 201 h <7-yl | -

di mst hyI (3 phenoxy propyl ) - amoni um brom de The title
doNd AS\WaS g 8 propv hamingkbicyglol2.2: filhepi-2- 1}1-2-0x0-2-

& -aZetLamﬁfehyl (3r)n- o[ 2.
wm:twsz YR IS bR TSRO - H oA BRI gy ql2.2 TTheptane-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
DCM (1mL) was added dropwise. The mixture was stirred at room temperature for 3
hours. The solvent was evaporated and the residue purified by chromatography over
silica gel using a gradient of 0-20 % ethyl acetate in DCM to give the title compound
as a colourless oil (150 mg, 51 %). LCMS (method 2): Rt 2.28 mins, m/z 407 [MH+).

saasle
2 o

¢. 2-Hydroxy-N-{anti-(1 R.2R)-7-[methyl-(3-phenoxy-propyl)-aminol-bicyclo[2.2.11hept-

2-y|}-2.2-diphenyl-acetamide

A cooled (0 °C) solution of N-{(1 R,7S)-7-[methyl-(3-phenoxy-propyl)-amino}-
bicyclo[2.2.1]hept-2-yl}-2-oxo-2-phenyl-acetamide (100 mg, 0.25 mmol) was formed in
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Hydr oxy-di -t hi ophen-2-yl -acetic
2R)-7-{f2-(1 3-dioxo-1, 3-di hydro-
i soi ndol -2-yl)-ethyll-nethyl-am no}O bi C
-2 yI

%u%&)w%ﬁ@@g J %@%@{&hmoﬁluﬂ{&om&]hept 2- yl eslter and
ogou
UG HACOMPoURAIBS Brepared R 2 HatRAR T e 25 FnBRLe-

ShénBkZpoMitamino}-bicyclo[2.2.11hept-2-yi}-2,2-diphenyl-acetamide using a

15 met hod anal ogous to that in exanple 13: LCMVS

(method 1): R 7.88 mns, 499 mlz [M+]; (CD3QD) 61.27
wO2od401mg79 1.66-1.75 (1 H m, 1.85 (2H, t), 2POB/GBR0dd/002957

m, 2.22-2.38 (3H mM, 2.78 (1 H nm, 3.00 (1 H 5s),

3.20 (6H, s), 3.60-3.68 (3H, m, 411(3H m,

6.92-6.96 (3H, m, 7.25-7.34 (8H, ;;i?é 40-7. 45 (4H,

HF (ammawumm nhpdvlcmgmslumrw 026 L., ZivkiniTeFa 8i52

ﬁ@cﬂ&/\fv 3 & nQané “thé §?Ig %ﬁr%t%? PPOLP%?@yb)tﬁen  aligwed to warm to

icyc -2-yl ester:

rdonT’reamp:aratUlee fooarfluﬂmm hawr. Tbe reagtion b’?@ quenched by the addition of

%G%%LE ﬁurﬂ chidgh® gébcycl OF TRE %#tﬁre%@ex?@ct@é with ethyl

am no- -2-yl ester and

eeetmthamé@mmmﬁwmgam@ Werel o)rted oMt s,gﬂwragq&gtpﬁtg,mltered and

gé&)rr{tgﬁlsﬁ’{?dﬂ@?%&l dﬂ?%ﬂ?&ﬁgﬂ%gl%gﬁﬁ Bt s?li@a%EﬁIsMgna %HGFREH{ & 0-5 %

(EeDE0D) iIndQM@ave thegtitleznampeynd as g@olop;_kpq;s (20 @gﬁ (/QH_CMS

2.32 (1 H, 2. 42
??Bﬁfhgf'%? Fg]zséz_f" r(‘q:)SH“&i/W2[007/]017670 PCT/( GBZOOZ) 002957
74 s), 2.61 (6H, s), 2.79 (2H m, 4.57 (1 H, br s),
5.02 (1 H m, 6.98 (2H m, 7.14 (2H ), 7.38 (2H

Exanpl e 49 5 (3-Di et hyl hqng-propyl) [anti- (1

S, 2R) - 2- ( 2- hydr oxy<2, 2 e i bghen-
acet oxy) - bi cycl of 1] hept - 7- - amoni um
brom de: O N~~N / S O™ .

o[ 2. 2. 1l hept

r
1828 (ol 3 1 lht-7-

10_ The title, conpound was for

'A% L e ...J" oXE =D no "|

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).

Example 48
Hydroxy-di-thiophen-2-yl-acetic acid anti<18,2R)-7-[(3-dimethylamino-propyl)-

methyl-amino]-bicyclo[2.2.1]hept-2-yl ester:

bl
A5
o) \/

The title compound was formed from anti-hydroxy-di-thiophen-2-yl-acetic acid
(18,2R)-7-methylamino-bicyclo[2.2.1]hept-2-yl ester and (3-Methanesulfonyloxy-
propyl)-dimethyl-ammonium chloride using a method analogous to that in example 42:
LCMS (method 1): Rt 5.02 mins, 449 m/z [MH+]; (CD;OD) & 1.07-1.18 (2H, m), 1.50
(2H, m), 1.77 (8H, m), 2.10 (1H, m), 2.17 (3H, s), 2.32 (1H, ), 2.42 (2H, 1), 2.54 (1H,
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H2N-,, ,N S OOHS O/ 15 b.
Hvdr oxv-di -t hi ophen-2-yi-acetic acid anti-(1

WE,28R)01 7670 ( 2- am no- et hyl ) - met hyl - am nol - PCT/GB2006/002957

bi cycl of 2. 2. 11hept - 2-yl est®r A sol ution of

hydr oxy-di -t hi ophen-2-yl -acetic acid anti-(1

S,2R) -7-{[2-(1, 3-di oxo-1, 3-

ohi) 1@t (8H, §b izﬁ@dEsz,l 4.5%( 1y by syBORyI Ham, $c38 BHe yd1 B4 (2H,

%%73QQE ester (80 ng, 0.15 mol) was formed in

anol Hydr azi ne nonohydrate (72 L, 1.49

mmol ) was 20 added and the m xture heated at 80 C for
)Ha le t45en all owed to cool to room tenperature. The

white precipitate was filtered and the
f(84Disvethydarh ind-prophl)-[ 2t il $H2 R)-2F(Rehy drioxy-@ 2> dixddophen-2-yl-

R RFglsta BferiipEalmethf SRR prbbides o= "

PCT/ GB2006/ 002957 7500 eI o~1 H5S 0COHS O c.
Hydr oxy-di - t hi ophen- 2- eiNCc aci d antl-(ls
2R) - 7-f (2- benzoyl a
am nol - bi cycl of 2.
hydr oxy-di -t hi ophe -yl -"acet4T
S, 2R)-7-[ (2-am no- et hyl ) - net hyl -
am no] -bicyclo[2.2.1 ] hept-2-yl ester
d| ssol ved_l n DCM (5 rrL)

/5 mmol ) was
D||soproyl eth | am ne1

( was added and
t Free tﬂfegmmpynd was énr@@dtfn@fvb@@thhwr% yiepileardryliagtic acid
ﬁ@}tiﬁ)dﬂﬁleﬁ‘ﬁ}ﬂmlr%@% id.ed ]heDdﬂtU?lyf b&at AhvRy- bromoethyl)phthallmlde

romato rapy over S|I|ca a gr i ent of
ousm/@ % aloges ip1Bat in em‘&ﬁel—am(f@&w 2hBt £-79 mins,

ytg[mm.? a colourless oil (30 ng, 39 % . LCMS
(netho Rt 2.47 mns, 511 mz [MH]. 0O + Br HS

H2N/\/N —
xS
@) OHS
O \ Y

b. Hydroxy-di-thiophen-2-yl-acetic acid anti-(1S.2R)-7-[(2-amino-ethyl)-methyl-amino]-
bicyclof2.2.11hept-2-yl ester

A solution of hydroxy-di-thiophen-2-yl-acetic acid anti-(1S,2R)-7-{[2-(1,3-dioxo-1,3-
dihydro-isoindol-2-yl)-ethyl}-methyl-amino}-bicyclo[2.2.1]hept-2-yl ester (80 mg, 0.15
mmol) was formed in ethanol (3 mL). Hydrazine monohydrate (72 pL, 1.49 mmol) was

added and the mixture heated at 80 °C for 1 hour then allowed 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+].
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d. (2-Benzoyl am no-ethyl)-anti-f(1S 2R)-2-(2-hydroxy-2
2-di -t hi ophen-2-yl -acetoxy)- 15 bicyclof2 2

waehwemizereyl | - di met hyl - ammoni um brom de The ti PC®/GB2006/002957

conmpound was prepared from7s

hydr oxy-di -t hi ophen-2-yl -acetic acid anti (1

S, 2R) 7-[ (2- benzoyl am no- et hyl )- net hyl - am no] - bi cycl o]
2.2.1 Jhept-2-yl est eD usi ng |a  net hod anal ogous to

that in exanple 13: Nhod 1): Rt 7.25 mns, mz
525 [M+]; (CD30 1&;‘ dd)/— 47155(1H
m, 1.74-1.90(2 992 ( Szom) 2.31 (1

H m, 2.80 (1 H m, 3.12 (¥#m
3.27 (3H, s), 3.64-3.69 (3H, n), .
(LH m, 7.00 (2H, n), 7.14 (2H, ,
7.45.7.50 (2H, ™), 7.54-7.58 (1 H, n), 7.85-7.88 (2H,

8) Hy deb LD N e nEXAMRESa @8 afitié! S, 2R)-Bi Rdrenzexidminp <timd)-methyl-

nd f_ t.he sent invention at the M
M&M%M (in the case of Exanple 41)

trhe cfuidd hpdiosype-Biopherephacetic amlrw?tdéﬁéaﬁh?n[é%faﬂw -gthy)-methyl-

o Sl AT 8 O ooy e

B|||§t£br |e‘lﬁ,8m|n8£(ﬂ1 oL (gm]mnmummo@ﬂudlowdwuenm%ghlonde (17

abg([il 1%('”12})2 fﬁ%‘ﬁ%#"%?éﬂ"%i% r@%gﬂﬁ@?o?%gﬂﬁ [t HGHing. |\Rhte¥ (5mL)
4s @BedhSd ﬂ@czﬁ@érﬂcfsslsméi&a tmdgwa)ohm -gepasatibntartddgeand

b e Sl TS SALL N AR RO Sl Sind 2Bl of G207
%ﬁTyV\é‘éétatQ irnbem x¢ élbert3fdle tHMBleandpvBndas agolougessail (30 mg, 39

var i s .for Menbr anes and
t/?)uth%r q’?ﬂ‘{%aﬁ{ié &errgnst ﬁéi "ﬂgméﬁt ed by filtration
and allowed to dry overnight. Scintillation fluid was

t hen added and the bouad radi ol i gand counted using a
Canberra Packard Topc unt sc «ntllﬁﬂ ation counter 10

7 (3H, s),

The half-life of eac scarinic
receptor was neas ush* ng th al ker@ati ve

radi ol i gand [ 3H] - and an a i dnopf the above
affinity assay. Antagonists wereOj ed for 3

hours at a concentration 10-fold hi
as determned with the [3H -Q\NB |Iigand, wth nmenbranes

XI5 BERY Pnﬁ h6. o PB4 S D S0 o ST Bt BloBherp-yi-Aeetoxy)-
erd- ol SIInE [dHJ (J\IBWaS added to a

BeRIYMDFOMAIAE: 5 Kd for the
rﬁfé%ﬁe%n%bﬁ& w§§ B%p@éeo@fﬂdn ht?&okylenuhabh@nzqummnn weid anti-

for various tine erlods e ]

AT - ABeAREI I bBIHY IR BCH R a3 gser using a

hﬁéfﬁg& l*aﬁéﬁg&dué‘tb'ftlftdt&% emn;a?gsqcbms@g\emwnmtmém minghtw/z 525
Sci nt i atl on ul S

AT ACPoRRUS ot Bt 43 O CUb Dy k7P SEAgH. M. 1-00:2.00 (1K,
m), 2.31 (1H, m), 2.80 (1H, m), 3.12 (1H, m), 3. 27 (3H, s), 3.27 (3H, s), 3.64-3.69 (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
The inhibitory effects of compounds of the present invention at the M3 muscarinic

receptor and (in the case of Example 41) the {3, adrenergic receptor, were determined

by the following binding assays:
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20 Topcount scintillation counter. The rate at which
[3H -Q\B is detected binding to the muscarinic
woeosEminie is related to the rate at which t heCcT/GB2006/002957
ant agoni st di ssoci ates frormthe receptor, ie. to the
half life of the antagonists on the receptors. 25
Results: Binding Exanple potency 1 +++ 2 ++ 3 ++
Musthrinfc Rédeptér Radioligand Béh Agsays 10 + 11 +++ WO

SRS S SRR o Aotine Pyt g
chimmer&idllyravaddolé tell m2mbtanes expressing the human muscarinic receptors
(M2 and M3) were used to assess the affinity of muscarinic antagonists for M2 and
M3 receptors. Membranes in TRIS buffer were incubated in 96-well plates with [*H)-
NMS and M3 antagonist at various concentrations for 3 hours. Membranes and bound
radioligand were then harvested by filtration and allowed to dry overnight. Scintillation
fluid was then added and the bound radioligand counted using a Canberra Packard
Topcount scintillation counter

The half-life of antagonists at each muscarinic receptor was measured using the
alternative radioligand [*H]-QNB and an adaptation of the above affinity assay.
Antagonists were incubated for 3 hours at a concentration 10-fold higher than their Ki,
as determined with the [*H]-QNB ligand, with membranes expressing the human
muscarinic receptors. At the end of this time, [®*H]-QNB was added to a concentration
25-fold higher than its Kd for the receptor being studied and the incubation continued
for various time periods from 15 minutes up to 180 minutes. Membranes and bound
radioligand were then harvested by filtration and allowed to dry overnight. Scintillation
fluid was then added and the bound radioligand counted using a Canberra Packard
Topcount scintillation counter.

The rate at which [3H]-QNB is detected binding to the muscarinic receptors is related
to the rate at which the antagonist dissociates from the receptor, ie. to the half life of
the antagonists on the receptors.

Results:

Binding
Example | potency
+++
+++
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++

+++

++

++

++

+

+

+++
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26 +++ 27 ++ 28 + 29 + 30 + 31 + 32 + 33 +++

34 ++ 35 ++ 36 +++ 37 +++ 38 +++ 39 + 40 + 41
wO2607/4%76++ 43 +++ 44 NT 45 + 46 NT 47 NPCTAB2006/002957

49 NT In the table above, M3 binding potencies (Ki

val ues) are indicated as follows: <1 nM ~+++'; 1-10nM

T++'; >1IOnM Y. Al conpounds tested exhibited Ki

val ues £5000n NT = Not Tested. 5 13- Adrenergic

gcept off 4Radi ol i gand Bi ndi ng Assay Radi ol i gand bi ndi ng
Syudies [ytiTrsing [1251] -1 odocyanopi ndol ol and
CRMEr Cij gy avai | abl e cel | menbranes expressing the
g X3z adrener gi receptor were used to assess the

Lty of ant agoni sts for P2-adrenergic receptor.
%ﬂm angs_and $PA 10 beads were incubated with
254 gaocyanop ndol ol and R2 antagoni st at vari ous
cgpeenttrattons|for 3 hours at anbient tenperature in
Y S buf{fet—FHe assay was

21 +++

22 +++

23 +

24 e+

25 +4+

26 +++

27 ++

28 +

29 +

30 +

31 +

32 +

33 +++

34 ++

35 ++

36 +++

37 +++

38 +++

39 +

40 +

41 +++

42 +++

43 +++

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
G4; 1-10nM “++; >10nM *+. All compounds tested exhibited Ki values <5000nM. NT
= Not Tested.

B- Adrenergic Receptor Radioligand Binding Assay

Radioligand binding studies utilising [***l}-lodocyanopindolol and commercially
available cell membranes expressing the human B, adrenergic receptor were used to
assess the affinity of antagonists for B-adrenergic receptor. Membranes and SPA-
beads were incubated with ['?°I]-lodocyanopindolol and B, antagonist at various
concentrations for 3 hours at ambient temperature in TRIS buffer. The assay was
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WO 2007/ 017670 PCT/ GB2006/ 002957 78 perforned in
96-wel |l plates which were read using the Wallac

woharobet7a counter. Exanple 41 exhibited a K; PeaigB0af002957

<100nMin this assay. Analy®8is of Inhibition of M
Receptor Activation via Calcium Mbilization 5 IN an
alternative M3 receptor binding assay, CHO cells
@arwrmes irrﬁﬁ -whleplatesaviidvBrere geaghsing thenaliasdieigbaigesounter.

eh I SR LR Vel SRl FRARERD 0750000 1 75

L of mediumin 3 %serum The follow ng day, a

Ana s of tion 0 '_ Secal %%é@‘iﬁluWoﬁh%W)

w @b@lt&mmtd'e (l\{Iﬂ—reEepﬂt))r blmjmg qe@y, @elcmgng BEPIEESIAg Enedipanan M3
solution (75
oL B SeRp B Apd R By orighlI sBwelofien' cocaties
(Bwkamauncleamdmgo at s tensity wsmcm 175 14§ ofgnecaumﬂma hegrums The
tes, the ate wa
(UM G ey oA o o, PR BBk ERIRLE g ost) wap
bfepeRidan HBSS Iiilﬂf:eelnlitnmefdddﬂloes:d:émm\d prom@ewﬂé@ér? i4hi An equal
Ca
3R 1Eva ol [t VS, AEEE b B pBIk aridioungted for 45
frmiteeTolGRe B aduiton oF 130 Lki of malscavinic arthgenisis edveth)cle After a
bt t fadlg
ther 75 e e 8 o8 s LR PLEOEOL® CRANA oo,
@missregEBMs) for Tmeeqmeds endeigraning baﬂe@nerﬁmrﬁsgﬁne@gﬁ@ﬂgvéscanmc

égalt%;?tect)%[)@é}egwge pé@@eggf@égém\é«‘%ﬁﬁﬂ%ﬂoﬁQtl)@‘rﬂe%%%sbé‘nce
eidagatesl fof a funihpoétskconds.(The signebwas calenjaige by ﬁulg.tfaqtun@the peak

freﬁqr(r)ﬁ%g ﬁ ghe me@? %?{ng%faséfmé le%rees\f@rI\dé% %Qnt'rcﬂ well€in the absence

a ahn I'n vivo assays. Eval uati on of
maeﬂaggmammhej peraentage of theaxispum meapgms%.tnéae BISRREE Pi g

C
PRy BEL AN R R 0o O i os aar, 1

m\/INaHCCB 1 mM MgSH4, 13rT1\/ICaCIZ|47rT1\/IKCI 11.5

%gh@&%@éff %o%d&\fhéﬁ‘@ﬁ% préé'éhtﬂnééntu@ﬂ&ﬁmd M8 inbs@finic

nmet haci n was dded to.a final
dRevepior nmb@revgma@dpm/thﬁrfa'&%%eWW% aF‘% HoERF %N adul t
mal e Dunkin Hartley Guinea pigs and di ssected free of

adherent tissue before bei ng cut open Ion|tud|
i Evaduatigneofyotency auonai actie 3 U

2E>§>eﬁﬁ{eh{s' v@&@ céénﬁa %ut & :W @t.n rﬁ@@ﬁfi@d Wébsﬂﬂdnmmndled (1 14 mM

U&a(h|s1 %\ﬁtM HﬁHQQa’eg'?WbMﬁspeﬂc%”N Qﬁ%u‘?i r"ﬁ\]}l g%él}ﬂ?%@w‘ glucose
t%]‘?bt: E@VINI—%?Q? b1 7149 gasRd gt 9RO /5% POatndunmethacin was

Responses were recorded via a
I\M@(dWAd%éWO@l@@faéaﬂ 8f 38Mui siti on system connected to

arfh gheaeT\,vél%LfQﬁP\\/&f frorft ggul{ l‘nﬁfe@@ﬂ’urf I%rtl@yﬂ@ufrh@é rp|g$raﬂxelrd|£ected

resting tone o and were then ect ed

elrezofradhgrent tiggug befaregping icohoran '%”9"”@@3&'8)? g °§B°5rff the

WhBcid IRYiie8al Ml 813 cartilage rings in width were cut and suspended using
cotton thread in 10 ml water-jacketed organ baths and attached to a force transducer
ensuring that the tissue is located between two platinum electrodes. Responses were
recorded 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
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 to every piece of




9.1 ms, a unipolar pulse, triggered every 2 mnutes. A
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woiewwe7and a submaxi mal vol tage then applied POT&B2006/002957
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pi ece of WD 2007/017670 PCT®GB2006/ 002957 79 tissue
according to its own response to voltage. Tissues were
washed with Krebs solution and allowed to stabilize
tisslieraceérdimgltaits own pesponsé o \adtdge.iTissues Weeswagimdpgtingrebs

g&ﬁfﬂengz{nr{@lloglgg E«? ?tgﬁlp%e} uqd;eg %ﬁrﬁul\ﬁﬁér? tt@b@(ﬁﬁ’?rfyf t8st compound.
Fgggéﬁgﬁﬂg@ gesﬁhm;& ¢Lmesr\ee?p @bwaddoy@mmldawetad@iﬁlonmtest
| at eau

porcag e T b ErehPPEE el b 88 Bn ad seacned o
b?téeagﬂ tgﬁ L‘lé)tt@ddftlon weactadeoRemaniage inbibitish of &F19-eimiyiand
a

eoBraA AUt B B o DEBRCH Hohsntdlaga and dose
egspons@oproeschnsitOctan ssing GraphpadPrigar safiweie and ﬁ@t&%ncalculated

t udi es e perfornmed by adding the previously
2‘@' ﬁ] @HO%O concentration of conpound to EFS

cont ract ed tlssues and the response allowed to

&é{ﬁ‘ate%e t?{ﬁ? SP?n uré dgf? of %Jéigﬁ ﬁ{e‘ﬁéfrﬁi’gqu Péﬁor%éarbsy;emd%hgrtﬁé BRIVRIsly
tdetnmines R, Cormentatianafisompgung/to EF S éwtwgtq%ﬁéswéglﬁethe

r%éegbfgé v{}éaetg 1AL e Bt th ek t%r?gaéhhﬁ) 4 denié AdspBndedWas

raction 1n response to EFS to return to 50
adotirmiried 10 b8 ponenset tmehEspIesYaie @e@fwa%ﬁﬁf@a (¥éicprpound by

%@ﬁlHé e tls-gn'{e Eaﬂhswlfhefk%ﬁq(réﬂi’sesdilk’cfo%tdrﬂr’th@flméQéke‘hﬁor 120"

IS assa h ound of Exanpl e

Z0nhactionrn ESBORSsHIOGREHITEWE & B! {5 ogponsa R NGy prgpenice of

% QrWoQH& RomeArdE ARG Ririne tHéTGWQﬁtSh of action. By way of example in
oconsfriction in vivo (D

Hilistaisegy) the wemgRuROHORMID2Y HO5E S ?{aogé)'ﬂ‘g peda BuEEn of

ﬁnof%n’{h&b@”y identified. Animals were allowed to
acclimatize to their local surroundings for at |east

5 days. Throughout this tinme and study tinme ani mals
WREfadhbMIER dBE6€ BFondlbcsmkRictivndnivbad ad |ibitum 25

G nea pl gs wer e anaesthetized W.h fh
ettt o shraBkb gk g e
|9d|3%uallﬁdéﬁlf|€wm“)immma@l Biloviest te raedlimatize am deirlldaal surroundings
rfgle g’a!g;sté\i\%ge UF @\iﬁpﬂe:%rt'ncf %tuﬁ}/,'gmgréﬂ n@é&%@é@edaelﬁ)%e% access
1R wWtetdri f@@@bdd@:ﬂ}nﬂlg gui nea pigs were term nal I y
SRR B S S o PG O R0 ot ),
\A@@mpammu lvehield (@26 k- (hsquul@)(was admarm'cem@umtfanas@br e\nlmals
& Ilqul(liﬁ%eqd %Heazgqﬁﬁf g? Y5 o%\(/)eﬁiqg vtgﬁ% é%ﬁ%@heg H&Pned to their
t h@mbeagems exposed
Up to 24 hrs post dosing guinea pigs were terminally anaesthetized with Urethane
(250 pg/mL, 2 mL/kg). At the point of surgical anaesthesia, the jugular vein was
cannulated 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.
The spontaneously breathing animal was then connected to a pulmonary
measurement system (EMMS, Hants, UK) consisting of a flow pneumotach and a
pressure transducer. The tracheal cannula was attached to a pneumotach and the



and cannulated with a rigid portex cannula and the

oesophagus cannul ated transorally with a flexible
woaod7e7d7af ant feedi ng tube. 35 The spont aneouBCY/GB2006/002957

breat hi ng ani mal was then &®nnected to a pul nonary

measur enent system (EMMS, Hants, UK) consisting of a

fl ow pneunotach and a pressure transducer. The

besuphegeal canmud attasredad b apedssdre toarsdpesdunot ach and t he

2007/ 017 / GB2006/ 0
& 06Faphaoea] g%g Nt wag pBFlg %%f@yreaaﬁg ﬁrzér) %ﬁ%ﬁ% of between
ossamitg ealH20anin's] & 2waisutp beBélinerreadingwgs vesordagwesore ne.

i Aa of PR SRR (P 1 M i AT Pin e Focoraing of

gbninoii ceidreansitiotiort waetakere froini the pginhoftig. Sdmipigiraigpn. 0. 5

[ka). A 1.0 r.dj

?g ?f:\fv%rtel %hcﬂ\ﬁééﬁ% gé %fsfrglée{r?r\]%?%ﬁdérEQ?ahé@Hn“eﬁ%nderthe curve

{ICHdwringedach 2. mithe rsocﬁrdwamerlcdxl/vb@hewa@wsad eamralyse the

resj t r

PREITORREAR B R BREBLRIE Hnl RSlis bR s accay for

tisecbrhmoundalf Fsampled20 (Brio ASanst breke ?vg4@pﬂ§d3tf@f &M@Bétouglkg
t

FTBBRET pohioceniticdsd, ARl e Gl udanhBol iy 28

fsbaws ipFigore .o MCh (10pg/ kg 1o Lv.) induced

bronchoconstriction, and the conparator conpound

tiotropium are shown in Figure 1. WO 2007/017670

PCT/ GB2006/ 002957 81 CLAIMs: 1. A conpound of

formula (I); RR2Z N R3 A R4 (I) 5 wherein Ais

an oxygen atomor group -N(R12)-; (i) R 1is

Cl- C6-al kyl or a hydrogen atom and R2 is a hydrogen

atomor a group -R5, 10 -Z-Y-R5, Z-NROR1O;

-Z-CO-NROR10; -Z-NR9-CO R5; or -Z-CO2H, and R3 is a

| one pair, or Cl-C6-alkyl in which case the nitrogen

atomto which it is attached is a quaternary nitrogen

and carries a positive charge; or (ii) RL and R3

together with the nitrogen to which they are attached

forma
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15 heterocycloal kyl ring, and R2 is a hydrogen atom
or a group -R5, -Z-Y-R5, -Z-NROR10O, -Z-CO NR9R1O,

WOZeiIRA7620- RS , or -Z-CO2H, in which cases thePaTigB20®002957

atomto which it is attached is a quaternary nitrogen
and carries a positive charge; or (iii) R and R2
together with the nitrogen to which they are attached
toamia 20 heterocycl oal kyl ring, said ring being
substituted by a group -Y-R5, -Z-Y-R5, -Z-NRORI1O;
-Z- CO-NROR10; -Z-NR9-CO-R5; or -Z-CO2H and R3 is a

H on® cerapsundadt f&InuE6d); al kyl i n which case the nitrogen
atomto which it is attached is a quaternary nitrogen
and carries a positive cﬁaﬁge 25 R4 is a group of
formula (a), (b) (c) 0 NQ@ 72 2 ~R )n Rea Ar O Rea
k RAr' ab 1l _ Ra Rao ~~ Rao Are R'b ai (a)
(b) (c¢) (d) Zz is a C -al kyl ene, C2-Cl16-al kenyl ene
or C2-Cl6-al kynyl ene §royp; WO 2007/017670

PCT/ GB2006/ 002957 82 Y As_a bond or oxygen atom R5
is an Cl-O6-al kyl, aryl, aryl-fused{Rycl oal kyl,

aryl - fused- heter ocycl oal kyl, heteroaryl,

aryl (Cl1-C8-al kyl)-, heter oaryl (C1- C8-al kyl ) -

oyelrewal kyl or heterocycl oal kyl group; 5 R6 is

B R G o RIS 10 h and mare
mdepenSentIy 0, I1 2 or 3; Rea and R8b are )
n 2 -
PSFRERSPEIN AR5 SRR ST AHUDRaT Ol % Goun -7
GZ—‘GG&-s,aEWFRQR1%yZ4Q§hNIE§R ZENIR%CDSR g’-|-Z eQ:!tingd Ryis a lone pair,

h(i/{g‘{ S §}|n% & %& thé h@b%ﬁato tgrv@%h i ﬁg%o% aRuaternary

AN or a hydrogen atom
ixrdg@namd cRir®sar positivd epangerert | y a hydr ogen atom
Cl- C6-al kyl, aryl, aryl-fused- heterocycl oal kyl,
aryl fused- cycl oal kyl, heteroaryl, aryl (Cl-C6- al kyl ) -
c(n) Riedret l%nogbmenwnm:meanmep Ho gmmb;ihemre RYacthied frmpa

et he 0 L 5

OBl e, ol ¢ SRR oMl Lo v,
opzmﬂ?al‘ﬂ VZ-CORNBIR ng- Mﬁ% CPtRTeror rﬂvﬂﬂg@elﬁ whlch 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
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 C4-Ce-
alkyl in which case the nitrogen atom to which it is attached is a quaternary nitrogen

and carries a positive charge;

R*is a group of formula (a), (b), (c) or (d);

e (D

¢ Ar

RBa
* 8b
X R ~_ R
AN f{l ™ 1 8c A Ar2 /kR-Bc
ﬁ (R™) 0 R ol R*
(@) m

(a) (b) (c) (d)
Z is a C+-Cys-alkylene, Co-Cie-alkenylene or Co-Ce-alkynylene group;
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or oxygen atom 25 R12 is Cl-C6-al kyl or a hydrogen
atom Art is aryl, heteroaryl or cycloal kyl; 30 Ar2

wanezimtependent |y aryl, heteroaryl or cycl oal Rgr/GB20M/002957

Q is an oxygen atom -CH2-,82-CH2CH2- or a bond; or a
pharmaceutically acceptable salt, solvate, N-oxide or
prodrug thereof. 35 2. A conpound as clained in claim

Y inh®oad or éxyigenatongxygen atom or group -N(R12)-; WO

2007/ 017670 PCT/ GB2006/ 002957 83 Rl is Cl-C6-al kyl or

a hydrogen atomand R2 is Cl-C6-al kyl, a hydrogen atom

®F i%an Qf-CLalkyiZaryt, Bojl-iusedaygoalay, arg-frarigerogyclglkyhmgteroaryl,

R2 toget he ith t i trogen ' .
a0 Cotea b Brierono Gy gty EREE Rl et odg groue;
pair; or Cl-C6-alkyl, in which case the nitrogen atom
t Q Wi éh it is attached is a quaternary nitrogen and
s Cebea kYA MNIPIEANYY. or RL and R3 together with
the nitrogen to which they are attached forma

h | oal ' d R2 is Cl-C6-alkyl, in which
chgsgﬁﬁéc%ggrfgg‘%@%ﬁ3@5@&6&9’93%i sed gndycar r: 25 aI :

positive charge; 10 R4 is a group of fornula (a) or

(b). R7a) a Rea, R6 i,J~Rab k N I RfTb OWO )m
(rwnd(@)argzxqege%pe@ﬂy 9}2{5 ¥ ene, C2-C8-al kenyl ene or
C2- C8- al kynyl ene group; 15 Y is a bond or oxygen

atom RS is anp aryl, heterqaryl, ar - Ca- Sy 3
R B b yipetndertiy FRGRRA Mol np rogtosh SRA R fused
Het@robWHaNGE Reicanyl, COCRARylatydidaiyl; ar e i ndependent |y a
Cl- C6-al kyl group or halogen; n and mare

i ndependently 0, 1, 2 or 3;

R® is —OH, C4-Cg-alkyl, hydroxy-C4-Cs-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, G;-Ce-alkyl, aryl, aryl-fused-
heterocycloalkyl, aryl-fused-cycloalkyl, heteroaryl, aryl(C4-Ce-alkyl)-, or heteroaryl(C;-
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 containing a further nitrogen
or oxygen atom;

R'? is C4-Cs-alkyl or a hydrogen atom;

Ar' is aryl, heteroaryl or cycloalkyl;

Ar are independently aryl, heteroaryl or cycloalkyl; and

Q is an oxygen atom, -CH,-, -CH,CH,- or a bond;
or a pharmaceutically acceptable salt, solvate, N-oxide or prodrug thereof.

2. A compound as claimed in claim 1 wherein

A is an oxygen atom or group —N(R'?)-;
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25 Raa and Ran are independently selected fromthe
group consisting of aryl, heteroaryl, Cl-C6-alkyl,

woyal7matdeyl ; Ra is -COH, Cl-C6-alkyl, PCT/GB2006/002957

hydr oxy- C1- C6- al kyl , or a Mgdrogen atom 30 R9 and R10
are independently a hydrogen atom Cl1-C6-alkyl, aryl,
heteroaryl, aryl (Cl- C6-al kyl)-, or

het er oaryl (Cl1- C6- al kyl )- group; or RO and R10 together
Lh the nj t ¥ \ehyakdgRf esh or a

b G bE EAR T oqd A8k A B C Ol R et daRn

@O0TD-Y7BY 0r ROTOEBZHNG BY2esR’ arglRE ipgekienwily he m%ﬁ@gemetp

it s Cl- C6-al kyl
Fo B RS bufiel M A oaihingy =™ R Gl aim 1
or claim2 wherein RL is nethyl or ethyl, or a

d i ,
GRS B EERbALe B RIOh agly rgars atecod
i ampatsrdamfitcdgan med canies lagiositive ehage] of RYan&R niogRier with the

et hyl,. or. dr | 213 Cy-Ce-
Sl WL S e P TRy iR O ol
inZvHiEPPtAse the niogempioumid quatertiséchant! ¢arried apesiregihaedesi m

4 wherein R3 is nmethyl, so that the nitrogen atomto
which it is attached is a quaternary nitrogen and

RAlsrd @dup opfesintiiave) ordbpr ge. 15 6. A conpound as

clained in claim1l or clai,agnz wherein R1L and R3, or R1
and R2, together with t{Re mitrogen to which they are
attached form a nonog¥yclar'c heter ocycwl‘\?/g_ #ng of from

I C
3to 7 ring atof i ich the hete t,on(s) are
ni trogen. 20 7. ni\qlﬁlprp §§7DC| aimedj R claims
wherein Rl and R3, Oor n F\)Z together wth the
nitrogen to which they are attached form an
azetidinyl, piperidinyd), piperazinyl, (o)

N- et hyl pi perazi_nyl, or rrolidinyl ri A
gd%&lyr@%égyl%]eapﬁ%l@-qlﬁ?ngl%? il éz'gF'aK(V%\fl?ﬁb%grﬁﬁ%r ein the
nitrogen atomto 25 which Rl and R3, or Rl and R2,

are attached is zil uaternary nitrogen and carries a
Yos athopd o AXYIGE aYT5 A conpound as clainmed in any of
the preceding clains wherein, in any group -RS5,

-¥-R5, -Z-Y-R5, -Z7- Q. Z- r (2 9+ R5,
& 5 eopiiie. SRS S TR AR e
substituted on up to three carbons in the chain by

et hyl ; gﬁy's bond or -0-; 35 R5 is nethyl, ethyl,
i '%fgfpﬁ'@ L?{ﬁat‘yqﬁqqensaé%m’ or tertbutyl; or

R and R™ are independently a C4-Cg-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 aryi, heteroaryl,
C,-Ce-alkyl, cycloalkyl;

R® is —OH, C4-Cg-alkyl, hydroxy-C4-Ce-alkyl, or a hydrogen atom;
R? and R are independently a hydrogen atom, C4-Ce-alkyl, aryl, heteroaryl, aryl(Cs-

Ce-alkyl)-, or heteroaryl(Cs-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
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phenyl, 3, 4-net hyl enedi oxyphenyl
3, 4- et hyl enedi oxyphenyl, WO 2007/017670

WOeCH7@BA006/ 002957 85 di hydr obenzof uranyl, napariga2006/002957

or pyridyl, pyrrolyl, pyrirs4di nyl, oxazolyl,

I soxazol yl , benzi soxazol yl, benzoxazolyl, thiazolyl,
benzt hi azol yl, quinolyl, thienyl, benzthienyl, furyl,
¢retaiming @Ifurtier niifiogan 6F 9xvgepdiiAdazol yl , i sot hi azol yl ,
benzi sot hi azol yl, pyrazolyl, isothiazolyl, triazolyl,
benztriazolyl, t hi adi azol yl , oxadi azolyl, pyridazinyl,
Blfris GaZeail or a ydgegematomi ndol yl  or i ndazol yl ; or
aryl al kyl wherein the aryl part is phenyl,

3, 4- et hyl enedi oxyphenyl, 3,4 10 ethyl enedi,oxyphenyl!,

3i hy dAsbeweandiapiimedyh clpipHtdiFlaim 2khareis R' is flethyl dr ey, or
3 hytrogeh Ad RP@Mmhethyl or SiHgr a AdrogEi Sidédr or #group —2-Y-R°, or a
%éﬁ?%gjogﬁyq V\:hereei )ﬁ ot ﬁ(‘ﬁhet ?oarglgll2 part i g pgr i dyl,
ooup oyMR Foyr i mi di nyl,  oxazol yl, isoxazol yl,

benzi soxazol yl, benzoxazol yl, thiazolyl,

benzt hi azolyl, 15 quinolyl, thienyl, benz hi%ﬂyl

fur yl A coEweiing s Claimgia AN |2 WIRSRID; Ry 18 Vin, ethyl, or a hydrogen
LAt MPROIsH grols IZCePtRPRIZAr v groly FBRRP-BO-R’; or a group -Z-COAH.
Isothiazolyl, triazolyl, benztriazolyl, thiadiazolyl,
oxadi azol yl, pyridazinyl, pyridazinyl, triazinyl,

sndol W cofpouRdag elaythed indildimtaér cldifals Werainky i mattayl tsoitisat the
mncrgl_)%gn 3{%%;'/2&%%1 &@g‘g it ﬁ%@o%isgg@{ryéragrry nitrogen and carries a positive
Bedgeocycl oal kyl (G - C6-al kyl )-, wherein the

het er ocycl oal kyl part is azetidinyl, piperidinyl,

pi perazinyl, N-substituted piperazinyl such as ; ,
wet hy lapdapsicamt Aglclairmed it @dimahycbiaipy2 woénein Rhahd A% or R’ and R,

-(Cl- C6-al kyl)- part is -CH2- 7 - > :
S Uy nipeR bl ey are Blash ot T peflonll peterocycic
aing of RSMaNd 7RIy soes] indyipbrite heleyo-htpdr(®)grea nitlegehy | |

ethyl or n- or isopropyl; 30 phenyl,

3, 4- net hyl enedi oxyphenyl , 3,4-ethy|enedioxyph§nyl,2

di. hy d rPotemznind raarojdimed aptiaimyd wheseri Band BYof B gnd R, together

P | ] A X a: . . invl
DS b VBB ORAE ol P A By, osri
tNrvimethyipipdvazitl ir@ugrdlidinvirigg., benzfuryl, i mi dazol yl,
benzi m dazol yl, isothiazolyl, benzisothiazolyl,

pyrazolyl, isothiazolyl, triazolyl, benztriazolyl,

téhi adifgahpoundmsataimee iy ¢laimpG er elaim ﬁwhﬁr%medﬁfﬂg?{)ﬁtom to
VRidPRVAMAS 6P RPGh FBZE GtAGHAd a quaternary nitrogen and carries a

positive charge.

9. A compound as claimed in any of the preceding claims wherein, in any group
—RS, -Y-R5, ~Z-Y-R®, ~Z-NR°R"°, -Z-CO-NR°R°, -Z-NR°*-CO-R®, or -Z-CO,H:

Z is =(CHy)1.16-, Optionally substituted on up to three carbons in the chain by methyl;
Y is a bond or —O-;
R®is methyl, ethyi, n- or isopropyl, n-, sec- or tertbutyl; or

phenyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl,
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wherein the aryl part is phenyl,

wa 2do7etd1y| enedi oxyphenyl , 3, 4- et hyl enedi oxyphenydB2006/002957
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di hydr obenzofuranyl, or namsthyl, and the

-(Cl1-C6-al kyl)- 5 part is -CH2- or -CH2CH2-; or RO and
R10 together with the nitrogen atomto which they are

at t acibgdrbbemacimamy,gtapdingly bt pi peri di nyl, pi perazi nyl,

N- met hyl pi perazinyl, pyrrolidinyl, morpholinyl, or

t hi onor pholinyl ring. 10 A conpound as clainmed in

cI ai npifridyt, pgiralyinpZimitieyledxazolyin ispkazot, depzisaRERYIRBenzoX8ZolYl,

is h:{f}r{r’%t 'i‘nggﬂéxggx%Bﬁyn gwﬁ&{/l' ﬁ;ne"ﬁxlg?é?ﬁﬂ?h V\ﬁl%/-l Yu@ﬁbeﬁ‘ﬁgrym
at t acmidazalyl chentzieridazobil m:rlfdazpd;w rhe@glsgthpa@glyh pygz@y{dp@t@azolyl

11. A [o40) 0 n
peny EaPDp el BEREe, Sl pHegHRl bRegt,
and - Hiazinyl, mdstyt @i ig#azolyt; obr anched al kyl ene radi cal
l'inking the 15 nitrogen and -YR5 by a chain of up to
12, or up to 9, carbon atons. 12. A conpound as
cl ai medylalkyl sagreit theteey! pad issehanyl, 814aneikyiRRY VRN, S.4in
oxyge ' RY — -alkyl
ol 2 mepRrBEipgibE A, BRGSO ARgtifiy dhdlny -0 Coallod
R12 i pands hGH-or -6HbGH s & a hydrogen atom 14. A
compound as clained in any of the preceding clains
wherein R4 is a group (a), R6 is_ nethyl or a
hydr og@tergwmkywmerﬂg ﬂpm@?igﬂary' pat eSrRM“dY'c@AETO&EMW'd'%
cycl opgaia, i G%ﬁ%bﬁpbeﬁﬂéoxa%lﬂ%’éﬂz@%}ﬂ ’thl&_@yl ébwlzﬂﬂﬁholyl

n

d -
e bl Bary! oAb RSB AR ORISR

n are |sdtﬂ19§<ﬂﬁnl‘5’&ﬁtsbih|&-olyil fyr%zélm @othia':'zolyl?xtrmﬁwpbérdztmolyl,
clainmed i n any cl ai ns

n R4 | r oup
(b antiacBgo R asiRFo R BYIHZ P iU Ay e P,
from '@H}Mé - cgtcbyélkympaﬂis 1G19PbOPFH,CH-; orsec- and
tertbutyl; phenyl, 3, 4-nethyl enedi oxyphenyl,
3, 4- et hyl enedi oxyphenyl , dlhydrobenzofuranyl
napht hdanyPyir 1 2,}8l4—teﬂ§(hydbd>ndphtfm€nvmdl nyl, oxazol yl,
i soxazol yl, ben2|soxazolyl benzoxazolyl t hi azol yl
benzthlazolyl qui nol yl , thlenyl benzthlenyl furyl,
benzf usgte r,ocyomemq/z(al, yde-alldybn pheieitethel hyeteroc;ysloatkylamnﬂ iy pzetidinyl,

e ARy B A S B ey,

pyr i datetralyydrogyymolytiazd tgl—(C:- @f—aliﬂl) rp,art is r@UaICyt-Cb\zC 2. OF
i ndazol yl ; indanyl and 1, 2, 3, 4-tetrahydronapht hal enyl ;
cyclopropyl cycl obutyl, cycl opentyl and cycl ohexyl ;
R8Q i scycldgrom!, lcymmgydmyatooﬁmtylmcwmewb Bod WO

2007/ 017670 PCT/ GB2006/ 002957 87 hydr oxyrret hyl,
nitrile, or a group CONRBd2 wherein each R3d is

i ndepeRtiend R} areirdgpendently

hydrogen; methyl, ethyl or n- or isopropy};

phenyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl,
dihydrobenzofuranyl, naphthyl;

pyridyl, pyrrolyl, pyrimidinyl, oxazolyl, isoxazolyl, benzisoxazolyl, benzoxazolyl,
thiazolyl, benzthiazolyl, quinolyl, thienyl, benzthienyl, furyl, benzfuryl,
imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl, isothiazolyl,
triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyl,
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ethyl, or a hydrogen atom 16. A conmpound as cl ai ned
inany of clains 1 or 3 to 13 wherein R4 is a group

woOddo7/087@md R8a and R8b may be independently seC&@B2006/002957

fromnmethyl, ethyl, n- or isopropyl, n-, sec- and
tertbutyl; phenyl, 3,4-nethyl enedi oxyphenyl,

3, 4- et hyl enedi oxyphenyl , di hydrobenzof uranyl,

napht fagkinyl ppdoigor indayelylpbryl , pyri m di nyl, oxazol yl,

i soxazol yl, benzi soxazolyl, benzoxazolyl, thiazolyl,
benzthlazolyl qui nol yI , thlenyl benzthlenyl furyl,
benzf amalkyl Windreiazios giy] paveia phenylaéinyathyienseicyrisl B:4-

benzi s thla ol y S -

i azsRyEneShbben B LRERo rordanlio8] HoREa Mo the 7Oy Ceally-
pyri dpart BY-GH.pyr+CHLHylor R%and &1 mether w@mthﬂmtmgen a’tom to
|ndazo n eqy! ;

cycl opPEpyey SHE oo & itk pROKARG PR RUCY.

R8C i metGhipeaaziyydmygelidinyt,onerphelinyly Pr thmgypholmyl ring.
hydroxynethyl, nitrile, or a group CONR8d2 wherein R8d
each is |ndependently nmethyl, ethyl, or a hgdro gen . .
aoom Amnmbund\asolapmmld chaim dll eickeird awmfe'm imtNegeEP -NR'RR,

15{1 ”Et%g ?'PP éf%&du%— - —R5%dﬁ“|§%ﬁ%ﬂw%tﬁ§ttﬁé Aitregeh to

16 wherein (1) each of R8a an
RBIThi |1ss a’paahedaﬂs qgatgnmtsgduandtc@wegwmwe chxasol yl |
thiazolyl, furyl, thienyl or phenyl; or (||) 20 one

of R8a and R8b is optionally SubStItl.ét he&yl anlgq
tihe otreampasing s (Clapmeshipl claimyid winieip R '%9 eVl -Ce

ﬁ@szt | [%Xaﬁocp 0. ér?d s QEtrﬁéﬁt &rwar%%bd ia Kl@ﬁé lrml linking the

B |eQ% oxazo iazolyl, or

fifrogen and —YRé bﬁweam.% UE)"R:I S 8By 9 Q% %ﬂam

cyclopentyl or cyclohexyl. 25 19. A conpound as

clainmed in any of clains 15 to 17 wherein

aier R@hcomroupdasiciaiyed Braryiid A pregpdinheaigys v%waﬂsag&xvgen
ofhenyl and the other is 2-thienyl. 20. A conpound

as claimed in any of clains 1 or 3 to 13 wherein R4 is

a group (c), and R8Cis -OH a hydrogen atom nethyl,

6tny | A Bordl &mr@td{aﬁhed i drky df@lalrﬁs 120 02 ohpreir8A CONRBP2ZN(R')-
wherein 1;ach R8d i ndeﬁy(ﬂdent nmet hyl, ethyl, or a

WhereiREh areiY @aghY! @ 2NYAOds]) %%Ped from phenyl
3, 4- nethylenedloxyphenyl 3, 4- ethylenedioxyphenyl

di hydr obenzof ur ang Vpgarf)ht hae/ngef gl)é Eé{ﬁéclam{g\ﬁ,ﬂé% n;/R“ is a group

p NZl soxazo
p?ﬁwm@{hyl or dtinjil aza hydlrogéreamtrh AdZe bipenyl, dhiemyd) aytiohexyl,

b
L&h@gﬁqt&laggﬁ]%ropyf ng)fﬁloabi@{' yl'—l(7a Ecz %‘fé;r%%@degbﬁ?&fﬂ? ?Aéﬂl\yl ethyl, n-
PatTiScRBop, n-, Fech e‘.ldenh)myloﬂlqdrq, ohiqrca@owrno b@dmandaww

t.hi,adi i azolyl, pyridazinyl, pyridazinyl,
tpp%nﬁﬁﬁtkyy(# 3? | ndazol yl; cycl opropyl,

cycl obut yl, cyclopentyl and cycl ohexyl rings; and the

PB4 o000 My 05 Syuden @Rt o) and
R® and R®™ may be independently selected from methyl, ethyl, n- or isopropyl, n-, sec-
and tertbutyl; phenyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl,
dihydrobenzofuranyl, naphthyl; pyridyl, pyrrolyl, pyrimidinyl, oxazolyl, isoxazolyl,
benzisoxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, quinolyl, thienyl, benzthienyl,
furyl, benzfuryl, imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazoiyl,
isothiazolyl, triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyl,
triazinyl, indolyl or indazolyl; indanyl and 1,2,3,4-tetrahydronaphthalenyl; cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; R® is —OH, a hydrogen atom, methyl, ethyl,
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21. A conpound as clainmed in claim20 wherein each Ar2

ring is a phenyl ring 22. A conpound as clained in
wohei7rmZ00or claim 21 wherein R8c is -OH 5 23PCHNGB2006/002957

conpound as clained in clai8h 1 having the formnul a

formula (1A (CH2)\ \ X Y- (CH2)S ON RBa O (I A) R8b

O wherein ring Ais an optionally substltut ed phenyl

Hyidrakymethyl nitttie,cenecgroap BanR oyhdreio each R isindspendagitly methyl,

t h | -f d- h I
PP Sedemon % R het er ocyel oal Kyl Ting is a
rmnocycl |hc het er ocycl : c ring of 5 or 6 ring atons; R8a
en
phg ﬁgmpo%ﬂ %%Q%Iﬁﬂ}\é in Fﬁ%én«?ﬁﬁﬁw or C)OtroI %ﬁlluec??lﬁ)ﬁ‘hs a @?tﬁm (d)
@nhd BT atd F8° may be indeprudently selcted, from mgthylo, etrwl neousomopyl n-,
e:coghg ?ertghgf? hgné r@}égﬁ)’ler%rd?o&&ﬁr‘;ﬁr\w% -y Iex%ql&yﬁhmd

rrnmaceut
dihydyaberkbiL@any!, mapbﬂmlonyrmiykasyrmlm mmdlnylwwqwlllSﬁW%

%@s&?#&%l ﬁbge%é azo& %olﬁ(‘bef{fth{a%@)s tathaI%/Ie h@rwpben%lenyl
furyighenaiung, imisaaclylc bemlm@amlwcrﬁ@ﬂhixolyk bﬁ@m%ﬁhlgqu\ﬂ m'razolyl
e el oAy RSSO Pt e
’mamoy:lymkiolal dréndazolyl ifldaayl endd % 4Sef@ahyerqnaﬁ@t akeaviscycgoprowl
b)ft c%rual?'cyaape t¥l5cmd Q:g&!’)hr—?xyfﬁ‘ﬁi\‘dc it oM, @ hy@irog%n a%m 4netﬁyl @thyl

| reat ef, than 10;
bystraxyorethyd.-nitriten gr xgraug %plwﬁae wger@m RC&REY 'Sae@%oﬁngﬁmy methy,

@{P] Braﬁ%rgg%(étgl’ﬂWG?O PCT/ GB2006/ 002957 89 25. A

oun aimed in any of the preceding clains
mhlch is predomnantly in the anti-endo

¢onf i aWoAidoRRd a§ cRfnedinCRIMOESH cimaleaitigeéiniRT ig-@Hn 1,
sel ected fromthe group consisting of:

anti - 2- (Bi phenyl - 2-yl car banoyl oxy) bi cycl o[ 2. 2. 1
hhept Alcordoudll BB clathed PR emims P5 P18 Whevaing()ieaoh of R* and

Sgb is op’uonally substituted pyridyl, oxazolyl, thiazolyl, furyl, thienyl or phenyl; or (ii)
one of R®* and R® is optionally substituted phenyl and the other is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl; or (iii) 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 to 13 wherein R*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
AP is selected from phenyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl,
dihydrobenzofuranyl, naphthyl; pyridyl, pyrrolyl, pyrimidinyl, oxazolyl, isoxazolyl,
benzisoxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, quinolyl, thienyl, benzthienyl,
furyl, benzfuryl, imidazolyl, benzimidazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl,
isothiazolyl, triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridazinyl, pyridazinyl,
triazinyl, indolyl or indazolyl; cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl rings;
and the bridge —Q- between the two Ar? rings is ~O-, -CHp- or -CH,CHg-.
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20

anti-[(1
S, 2R) - 2- ( 2- Hydr oxy- 2, 2-di -t hi ophen- 2-yl - acet oxy) - bi cyc

woap®0276¢t) hept - 7-yl ] - PCT/GB2006/002957

di met hyl - ( 3- phenyl - pr opyl ) -8&moni um salts, 10
anti-()-2-(2-Hydroxy-2, 2-di -t hi ophen-2-yl -acetoxy)-bic
ycl o[ 2.2.1] hept-7-yl]-dinmethyl-(3-
phenyl - propyl )-ammoni um salts, anti-(1

2R) 220 ( 2 ) e .
?10 o Q?Cf('rﬁ%)g%?_'a?}_%gé]lrfad?mddlalh@%&h%a% ARGRIgEX ¥ bhBhyt YiRg
di net hyl - ( 3- phenoxy- propyl ) -amonium salts, anti-[(1

02R) éx?coﬁomeig%}éﬁe mdd da,ﬁqfnoocnwm%wbnaaﬁtmmdm cyc

o 2. met hyl - phenet hyl - ammoni um
salts antl-[(l S, 2R) - 2 (2 Hyd

n%ouhg'agréféh‘ﬁﬂ?@ (b/ Ia| ﬁ&%ﬁ@m@'fé}mllé)ﬂo?m@a%m

phenyl - but yl ) - ammoni um saI ts,
ant| - [(1

S, 2R)-2 Nydroxy-2, 2-di -t hi ophen-2-yl -acet oxy) - bi cyc
l of 2. 2. -OClijla) - trinethyl- - ammdni um sal ts, 20
(2-Benz -ethyl)- antléél +

ik

S, 2R) - 2- (2 hydr oxy- 2YZ=¢ <2-yl - acet oxy) -
bicyclo[2.2.1 Jhept-7-yl]-di niggesal ts,

anti-(1 S, 2R
2- (2- Hydr oxy- 2, 2- di phenyl - acet oxy) - bicy cI 20pl 1
] hept - 7-yl ] - di net hyl -(:(%I-A)phenoxy- propy (- bum

salts, anti-(1 S, 2R
D net hyI (3- phenoxy- propyl) (;2 (9H xantgene 9- car bonyl
ovheyein 7ig Biie pe lopfignaly sugsiied phey| inghAba MarPeis geteracyclic

gi'ﬁ 'oT (Sjor wmﬁ@coms rin % or a phenyl- fused heteroc cloalkyl nng system wherein
dr oxy-9 ant hene- 9-car bony \S L CcycC 2. 1]

ﬁ@@hemrcycvqloalwl ﬁ'ﬁﬂ i rrpaow%wyt%v@ﬁym oaﬁﬁﬁﬁur'u%atoms R*is
%ﬁllehﬁ th%ﬂ?l %dpeﬁ&lo@ylc%h&yl % %‘;ﬂéﬂ IF Pieh chcidbelntyl br
|qyalahe>9/1 RPN RN L S A —"—

?r‘e@té’ﬂﬂ%d 10; ¥1¥ aQontiloe -0 2GRN Ra §mameutmaw ddceptable
repl acenent of the R2 group by a -L-B group wherein L

i&NA: | j nker radical and Bis a m)| ety having (32
adrenor eceptor agoni st activity. 35 28. A conpound as

Ialne |n an of the precedin f.oruse in
t4fer a A@Sp%%{m?ﬂé%&‘?|"&é|“g¥'8ﬂ-§}? i (lggrrpri si ng
a conp ound as claimed in any of WO 2007/017670
PCT/ GBZOO6/ 002957 90 clains 1 to 28 and a

phar maceut yTaN y acceptable carrier or excipient. 30.
A pharrrac @Hgposition as claixed in claim29 in
a form suitable for \nhal atlon\ P
— (GHy, N i O
IB OH
e

wherein ring B is an optionally substituted phenyl ring, or a monocyclic heterocyclic
ring of 5 or 6 ring atoms, or a phenyl-fused-heterocycloalkyl ring system wherein the

heterocycloalkyl ring is a monocyclic heterocyclic ring of 5 or 6 ring atoms; sis 1, 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.



10

15

20

25

30

35

31. Use of a conpound as clained in any of clains 1 to
28 for the manufacture of a nedicanent for use in the

wonemioreatd of preventi on of a di sease or condi PCDIGE2006/002957

which M nuscarinic recept8dr activity is inplicated.
10 32. A nethod of treatnment of a disease or condition
in which M3 nuscarinic receptor activity is

i mplicated conprising adm nistration to a subject in

? ed W"t%hﬁibf.m@fas c%ﬂn&f hes X'oVﬁe?mngQﬂalmstﬂg pebdaminantly

claimed in any of clains 8 33. Use as clainmed in
UﬂﬁﬁﬁﬂgfnGQC@ﬁﬁﬁﬁﬁ@ﬂ of treatnment as claimed in claim
32, 15 wherein the di sease or condition is a
respiratory-tract disorder.

o) mASDTHOUR0 38 CRORSON A4 Bah AERFISH.L0m P GIAR GonBiPine 9"
3 ti-2-(BIHREAVID- IR & SRGSRoiGicl ot d]hteppnyl]emaethyl -(3-phenoxy-

gastrointestinal -tract disorder. 20 35. Use as cl ai ned
PFORYD-RMN@IUBSals: et hod of treatment as clained in

Glnf (Frs%&) 2. (oheyRbxy-4, hai-ticphase-yacsoxividyon[2.5 1 ept-7-yil-
cardi ovascul ar_ di sorder. 36. Use as claimed in claim

simethyl{3peerdararuneiwAsalE ¢l ained in clai m 32,

\Mﬂ:@«%@(@h@d@k}szQ&ﬁtm@pmrmyntacemxy)sbmhrmz d]hept-7-yl]-dimethyl-(3-
obstructiyve | u%r% Ease chronic 25 bronchitis,
REPAYRIORYRARMNTESE:at or y obst ruction, bronchi al

hammtggnb-zi(izaHydmxyma;rmuopherbzqsamtowpbnma{eyz 1]hept-7-yl]-

ga %’3'0 rhinitis. 37. Use as clained in
éﬂﬁ?#‘é p&‘ren%?(yn@'? ABPOPIHELSAiRNt as clained in claim
%,tl [(Mtﬂﬂ)ea -(2-#{droxi-2 2 ati-thiapheo@aghat étory)iicyiciofd. 2 Alept-7-yl1-

S OB PBERIRA S convul 5T ons or
nal ~'convul si ons or
WQ“MFmﬁHmrow -2,@rdi-thoarhenidsyl-acetaky)-ticyctofhanifiepty 7-yil-

ﬁvafﬂl‘%@tbr“ﬁf“ Y Gsbhilflsapgoot h muscul at ure;

ers accorrpanyl ng mcturition
darttl€[(1@923) -2-(2Hydfoxg2 Aedithiohend-yeceiaky)drieyglo(2.2. 1]hept-7-yl]-

QﬁMS{;,gﬁg}hglop{uﬁfi nocturnal enuresis, psychosomatic

I NCO |nehce associ ated with bl adder spasns
d-Bemezgaxcetbylsanti-I(£S,2R)-Rrahydraxy A tiephant 3-wikacqioxu:
ul ar di sorders such
HoZH %?WP%?@?ﬁ"%tﬁﬂﬂ‘g“ﬁ%'?%’ﬁ%ﬁifdl a. WD 2007/017670
RO (B 22R)52- (R edrpxy-8,2- dg@enﬂweﬁwﬂw@%? hept-Aryhdypethyl-(3-

%he%oﬁb,ltaﬁg gfnn{d'nﬁﬁ‘ﬁ gapt as clained in claim32,

erein i sease or condition is vaegnal ly i nd
Samt@szlg)ijwléﬁ} phenoxy-propyl)-[2-(9H-xanthene-9- arbon oxy

bicyclo[2.2.1]hept-7-yl]l-ammonium salts,

anti-(1S, 2R) 2-(9-Hydroxy-9H-xanthene-9-carbonyloxy)-bicyclo[2.2.1]hept-7-yi}-
dimethyl-(3-phenoxy-propyl)-ammonium salts, and
anti-[(1S,2R)-2-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-bicyclo[2.2.1]hept-7-yl]-
indan-2-yl-dimethyl-ammonium salts.

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 radical and Bis a
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
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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 manufacture of
a medicament for use in the treatment of prevention of a disease or condition in which
M3 muscarinic receptor activity is implicated.

32. A method of treatment of a disease or condition in which M3 muscarinic
receptor activity is implicated comprising administration to a subject in need thereof of
an effective amount of a compound as claimed in any of claims 1 10 28

33. Use as claimed in claim 31 or a method of treatment as claimed in claim 32,
wherein the disease or condition is a respiratory-tract disorder.

34, Use as claimed in claim 31 or a method of treatment as claimed in claim 32,
wherein the disease or condition is a gastrointestinal-tract disorder.

35. Use as claimed in claim 31 or a method of treatment as claimed in claim 32,
wherein the disease or condition is a cardiovascular disorder.

36. Use as claimed in claim 31 or a method of treatment as claimed in claim 32,
wherein the disease or condition is chronic obstructive lung disease, chronic
bronchitis, asthma, chronic respiratory obstruction, bronchial hyperactivity, pulmonary
fibrosis, puimonary emphysema, or allergic rhinitis.

37. Use as claimed in claim 31 or a method of treatment as claimed in claim 32,
wherein the disease or condition is irritable bowel syndrome, spasmodic colitis,
gastroduodenal ulcers, gastrointestinal convulsions or hyperanakinesia, diverticulitis,
pain accompanying spasms of gastrointestinal smooth musculature; urinary-tract
disorders accompanying micturition disorders including neurogenic pollakiuria,
neurogenic bladder, nocturnal enuresis, psychosomatic bladder, incontinence
associated with bladder spasms or chronic cystitis, urinary urgency or pollakiuria;
motion sickness; and cardiovascular disorders such as vagally induced sinus
bradycardia.
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38. Use as claimed in claim 31 or a method of treatment as claimed in claim 32,

wherein the disease or condition is vagally induced sinus bradycardia.



