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PCT/ SE00/ 01253 | NEW BI SPI DI NE COVPOUNDS USEFUL | N THE TREATMENT OF CARDI AC
ARRHYTHM ASVR0%7699%f the Invention 5 This invention rel at esSPEDSHaN0ILS3
pharmaceutical |y useful conmpounds, in particul ar conpounds which are useful

in the treaNEW BESPHINECOMPOUNDSESEFUEINTHE TREATNIENT GFt

Cardi ac arrhythm as may be defined as abnornmalities in the rate,
regul arity, CARPIAC ARRHYTHMIAShe cardi ac i npul se or as di sturbances in

conducti on which causes an abnornmal sequence of acti 1 yt hm as may
be i s classified clinically by means of the presunelmmmmmmmmm igin (i. e.
as supraventricular, including atrial and atrioventricu ,ggogll,ar rhyt hm as and
vent ri cul ar Figldiofttheilnventiori/ or by means of rate (i.e. bradyarrhythn as

(slow) and tachyarrhythmas (fast)). 20 In the treatnent of cardiac
arrhythn? as, the negative outcone in clinical trials (see, for exanple, the

Engl an Jourhe YRR CHARY' RO v IFaRLAeGY Chuorbl shwigis, 58 11 eV

anti arrhyt hgj G- g ,ﬁiml agh:a i hari YS! g o) i
velocity (c aﬁgqf*aﬁ%t". rr 9% h?n}hé%r%%s)qﬁﬁgs “Sr @#pi%&@gngrﬁgtk&g{i/@?opnent
towards conmpgHpgignighi ch sel ectively delay cardiac repol arization, thus

prolonging the QI interval. Cass IIl antiarrhythm c drugs may be defined
as drugs which prolong the trans-nenbrane action potential duration (which
can be caused by a block of outward K+ currents ° WO 001 76999 ,

PCTI SE0®¢ 01 Bagkgramd and\Bniort Ast ease of inward ion currents) and
refractoriness, wi thout affecting cardiac conduction. One of the key
di sadvant ages of hitherto known drugs which act by delaying s

lari zat jon..( cl | 1] her w is that.they all k
xhibit 5 ulaHeS pemSpas Tha bR AREE oy B aRides it e cafe FellAt. °
turni f o PQiALS) oridhi ; ' - int of
Vi ew of “saf Sy gronbl BF EPYear®e GRARIR: X8 AhRboncel OF FolfnLR' .,
shown to0 bewpxdi Rhied #F aBnbAHM Eecﬁlfené‘@'@f“é&%ﬁbﬁ.O”AQ{'hﬁﬁﬂﬁ&sahiﬂgaBedr ugs

such as i o phenothiazines, tricyclic antidepressants, "anti hi stam nes and

anti bi oy cs}laksified kelynipalpp! tym mhearse of othee présamidde site ouf sorggino(i.€f fagcti ve
antiarrhythm c drugs. Antiarrhythm c drugs based on bi spidines
(3, 7- di azabsupreveritBicalat) nockidiyg) ,atriak dandowtridvemtmiculanr amthyshmimseandt i onal

patent application WO 91 /Q7405, . i s Europeatn patent applications 306 871,
308 843 andVewLichlag arwhythmiag): and/er Hygpeansoof Fatssl.¢ebradyanhythmis

4,459, 301 and 5, 468, 858 s.well as.journal articles including inter alia
J. Med. meﬂﬁ%‘é‘b?n‘g%g‘?’a@%’éﬁu?s 3P hacol . Res. . 24, 149 ( 1991 ),
Circulation, 90, 2032 ( 1994) and Anal. Sci. 9, 429, (1993). Known

bi spi di ne-based antiarrhythm ¢ conpounds

20 In the treatment of cardiac arrhythmias, the negative outcome in clinical
trials (see, for example, the outcome of the Cardiac Arrhythmia Suppression
Trial (CAST) reported in New England Journal of Medicine, 321, 406
(1989)) with “traditional” antiarrhythmic drugs, which act primarily by
slowing the conduction velocity (class I antiarrhythmic drugs), has prompted

25 drug development towards compounds which selectively delay cardiac
repolarization, thus prolonging the QT interval. Class III antiarrhythmic
drugs may be defined as drugs which prolong the trans-membrane action

potential duration (which can be caused by a block of outward K* currents
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zo include bisaram | (3-nmethyl-7-ethyl-9a,4' -(d -benzoyl oxy)-3,7

di azabi cycwaol:/7899%] nonane)., tedi sam | PCT/SE00/01253

(3", 7" -bis(cycl opropyl met hyl ) spiro(cycl opentane-1,9") -3, 7-di azabi cycl o[ 3. 3.
1] nonane), SAZ-MI1-22 . . . . .

(3- (4chl or ob8hZTYM) 28_increase Off inward iop, currents) Aodl Fefagigragss) withouty | - 23
(3benzoyl - 7-i . | -3, 7-di bi cycl o[ 3. 3. 1] nonane), GG V-13 (3-[4-(1H Zs
i m dazol - 1- yﬁffgg{’i‘%gri“jd%"f ?%@?@B@II -3, 7-di azabi cycl o[ 3. 3. 1] nonane), KMC

| V-84

(7-14"-(1H i mdazol o-1-yl ) benzenesul fonyl | - 3-i sopropyl -3, 7-di azabi cycl o[ 3. 3
- 1] nonane di i oP@eqilyigddanage@BPBRthéMd §nb¥n(dtugs which act lgl delagin&

am nobenzoyl ) - 7- benzyl =3, 7- di azabi cycl o[ 3. 3. 1] nonane) . WO 001 76999 ~

PGT/ SE00/ §12p¢pdlatigativay ¢lass TP 1S oth@kwided s chatt hiady all agy &nogmomwpexdibit a

bi spi di ne-based conpounds exhi bit el ectrophysiological activity, preferably
class |11 el aniquepfyrm aifopiocaathythimia kngwnaasi rersedesh @ecpaintese@pming dofi o be
useful in the treatnent of cardiac, arrhythm as. s Disclosure of the

| nventi on Acpoids)ngvhish qray,ioneetasion hentatal. | Erom dhe peidt 06 vigwiedsafety f or nul a

I, OX~ R 10 wherein R ts C | kyl . - - |,

(L) a- hot - heaRIngGRIARPR PTGME FPEROMETPY GHSR b (Aap HRe Ghovar i B8t ed (as
o o Ao TaR oo, ¥ eSuft O s ParkE, 3. BoprcaRBhc | Brugs e 35}
et er oat oie. BapiEplinS LTTHE dfidbGltany uluteRtari S G Y, 0o ©

optional |y i pel wisSleRN® ¥ dl‘?éd?hf@e;b%%ﬂ'éﬂﬁﬂéﬁ‘ ti M@a@ﬁﬁﬁ&?ﬁ’@f .
PCT/ SEOO/OlZSB*?gX Fepr ese%ts O or S RSA and Rg%l\{endepen ently ¥“§Sr esent H

or C,_3 alkyl; s R2 and R3 independently represent H C ~ alkyl (optionally
substituted and/or termnated with one or nore vitro or cyano groups), OR,

N(R a) R b, OAnHaRthytiumicodrigsdrasédiom bipid@tdax)(3;diazaiCylzlpl3.3. HaGhimes), or
-(CHz)s-; ~ o R and R8 independently represent H C, _6 al kyl or
- (CH2) b- ar y| afenknewn| fromeinienatligr sugrnatipaalopatenhappljcasiops WO U2 87400/ or

it Zg?ztc?? Eb RgPesR RANER! ABPICRIIAD e 2 0, e pbhamh Ry peefiesen: i
ol ;. R4 H

alkyl 7D 1 epp el BEBEE) B30 10, 4 L s0f i s 8 48 e a0

(NN, SRR g TR O 1 My G50 3 1596,

represents 1ppardacdf Res€P24S 849 %}?91)9&%@%&:&,, 96 CCAR(Bo%) addCiAzarar !

(which latter group zs is optionally substituted and/or term nated (as
appropri ate) Sby 9nei2r (lrr993).suKaanubmpﬁiaera@etdednﬁmhymﬁﬂc compoundsal o)

amno, vitro, C _~ alky
20 include bisaramil (3-methyl-7-ethyl-9a,4'-(Cl-benzoyloxy)-3,7-
diazabicyclo[3.3.1]nonane), tedisamil (3',7'-bis(cyclopropylmethyl)spiro-
(cyclopentane-1,9')-3,7-diazabicyclo[3.3.1]nonane), SAZ-VII-22  (3-(4-
chlorobenzoyl)-7-isopropyl-3,7-diazabicyclo[3.3.1]nonane), SAZ-VII-23 (3-
benzoyl-7-isopropyl-3,7-diazabicyclo[3.3.1]nonane), GLG-V-13 (3-[4-(1H-
25 imidazol-1-yl)benzoyl}-7-isopropyl-3,7-diazabicyclo[3.3.1]nonane), KMC-
IV-84 (7-[4'-(1H-imidazolo-1-yl)benzenesulfonyl}-3-isopropyl-3,7-diaza-
bicyclo[3.3.1]nonane  dihydroperchlorate  and  ambasilide  (3-(4-

aminobenzoyl)-7-benzyl-3,7-diazabicyclo[3.3.1]nonane).



and/or C,_6 alkoxy); R4, RS, R6, R' and R a independently represent H,
C, _6 al kyl, WO 00/ 76999 PCT/ SE00/ 01253 5 - (CH2) g- '

| atter thre‘gag,péﬂ%é are optionally substituted and/or term ngﬁénédg@kw
appropriate) by one or nore substituents Selected from-OH cyano, hal o,
am no, vitro, Wg _hawal ksurpesiaghr founf ahitoxay)nowvel 3gragr esferbispi@inesbasedy| |
aryl or -(CH2)h-aryl (all of which are all s optionally substituted_and/ or
terninated (acomppunds i exhibit byelesteophysiotagical utsstivitye npeefensblenclasomal o,
vitro, C, _6 alkyl and/or Cl-6 al koxy); d, .f, l‘g and h i pdependent.l,
represent 0, alecgophysiplogicalaeyvirppandsarg tege PW@W%"?‘QFP Eﬁdﬂb‘éﬁ% the

het erocyclic ring containj.ng one or. nore heteroatons sel ected from oxygen,
ni trogen and/ HFa@EHDF@&,C%Eg?HﬂWSaI so optionally includes one or nore
=0 substituents; R6 represents one or nore optional substituents selected
from-COH, %yano, hal o, amno, vitro, C _6 alkyl (optionally term nated by
-N(H (O ORI I e NNH R 9, -NHC(O N(H) RZ, - N(H) S(O ZRz'
and/or is -G0S %@ ‘%t Q)éliﬁgelllzlgigllpndependentIy represent Hor C, _6 alkyl;
R 8a, RZ' and Rzz independently represent C,_~ alkyl; A represents a single
bond, C, _6 al kylene, -N(R23)(CH2)~-, -Q(CHZ)~- or zo

- ( CH2) ~C( H) ( OR23prdTh k& the( invendiorr therais providedecorgpaunds oftfoemuladiiz) j - group
is attached to the bispidine nitrogen atom and which latter four groups
are all optionally substituted by one or nore OH groups); B represents a
single bond, C, ~ alkylene, -(CHZ) n¢R24)-,,-(CHz)n5(0O ~ , -(CHZ)nD- (in
which three | atter groups, the -(C Q group is attached to 2s the carbon
atom bearing D and R4), -C(ONR24)- (ijn which latter group, the -C(O)-
group is attached to the carbon atombegaring D and R4)) -N(Rz)C(O O CH2) m
or -N(R24) (CH2)m (in which latteg. two/groups, the N(Rz4) group is attached
to the carbon atom bearing D and R4); k and m i ndependently represent O,
|, 2, 3 or 4 WO 00/ 76999 n rep or 2; 6 R23 repregents H,
C,_6 alkyl or C(OR2s; R2 repreger Cixo\ al kyl ; PCT/ SEQ0/ 0l Z53 R25
represents H C,_6 alkyl, Het3 = which lqtter two groups s
are optionally substituted angfor term nated (asyapprgpriate) by one or
nore substituents seRéct ed f£Nom - OH, cyano, hal o, amvho, vitro, Cl1_6 al kyl
and/or Cl1_6 al koxyp, represents a five to ten-manbered heterocyclic .
ring containing one ornore heteroatons sel ected fromnXexygen, nitrogen
and/or sulfur ) and iol which also optionally includes one or nore =0
substituents; p represents 0, 1, 2, 3 or 4; or a pharmaceutically

accept abl e derivative thereof.

R6
10
wherein
R! represents C,,, alkyl, -(CH,),-aryl, or -(CH,),-Het' (all of which are
optionally substituted and/or terminated (as appropriate) by one or more
substituents selected from -OH, halo, cyano, nitro, C,, alkyl and/or C,
15 alkoxy);

a represents 0, 1, 2, 3, or 4;
Het! represents a five to ten-membered heterocyclic ring containing one or
more heteroatoms selected from oxygen, nitrogen and/or sulfur, and

which also optionally includes one or more =O substituents;



is provided that: (a) when D represents either Hor -OH and Rsa and Rsb
both repre then at | east one of RZ and R3 represents Rg or
.C, ~ al kyl, |ogﬁb9agl kyl group is substituted and/or termi nate IS%OM or
more vitro or cyano groups; and 20 (b) when D represents -OH or
-(CHZ)cN(R1)R11 in which c represents 0, then: (i) A does not represent
-N(R23) (CH2) ~-, -Q(CH2)~- ar -(CH2)~C(H) (OR23)(CHz)k- (in which k is 0);
and/ or (ii) ﬁiﬁ@l@@sm‘e‘(}@bﬁésent 0 when B represents -(CH2) MN(R24)-, 2s
-(CH2)n5(O n- or -(CH2)nD, which conpounds are referred to hereinafter as
"the compounds of the invention" . WO 00/ 76999 ' PGT/ SE00/ 01253 7 Aryl

groups that y b nt i oned incl ude ~h0 yl_groups, such as phenyl,
napht hyl and h@n‘i' emdépﬁgawtpygfwﬁe%&ﬁtor%;ﬂ "ﬂgyﬁEnti oned include C6_,0
oxyaryl ggoups, such as oxyphenyl (phenoxy), oxynaphthyl s (naphthoxy) and
the |ike. "Wien substituted, aryl and aryl oxy groups are preferably

substituted ipe Q‘E‘ie ﬁ%@?ﬁgﬁé‘?f}% {}Eg?eséﬁpfﬂ,i Cendiky] Keptionall¥espbétitdiedet 3

groups that may e those contaihing 1 to 4 heteroatons

(sel ected framildie tefrpinatedX WoRh, oné t opgwdre Rt MWrorcyatd f groupahd OR’ whi ch
the total nunber of atonms in the ring systemis between five and ten. Het
(Het', Het2 MNERDRR)O0G(OIRE omaggetheniarn yOpdCH} y-Qx, of@H;, -, #(CHy-amrt er and
may be bicyclic. Heterocyclic groups that nay be nentioned include

nor phol i nyl , -€@Hazal yl, oxazol yl, isoxazolyl, cinnolinyl, quinazolinyl,

pht hal azi nyl , _purinyl, benzim dazolyl, t yrim ndi nyl i perazinyl,

pyrazi nylto pi%e?’ﬂ‘ﬁi%slylf}deWPﬁi‘%ﬂtMIr?P%ﬁmo}ﬁn -6 ag‘]sbf r el i'éﬁlﬁ?/)b',aryl (which
pyrollidinonyl, triazolyl, imdazolyl, quinolinyl, isoquinolkinyl, dioxanyl,
benzodi oxany?f?tt%eﬂ‘i%cﬁrS?éB# e 0@2?9?6%}/ o%@ﬁﬁﬁﬁ?d aﬁ@@o%ﬁ%?érﬁ% obe Dol yI |
pyrazolyl, p I . I Al e c yl i omanyl ,
benzof ur anyl %é)r\%réﬁrllyfflpl%%soggkggﬁ%ér{%pﬁ%hgﬁﬁt ta%lghgg?(g’?gfﬁﬁ%/w a?l(ld;?c;arnyl and
the like. Valc,uesalgﬁf)x)l-jet 2 that nmay be nentioned include pyrollidinonyl (e.g.
2-pyrol |idi nod*5-yI)””"Substituents on Het (Het', Het2 and Het3) groups may,
wher e appropR’abfid RI® indepeh@endn réptesaitdor iC tdkyl;ng systemincl uding a
het eroatom The point of attachnment of Het (Het' , Het2 and Het3) groups
may be viia abyrepsesentn®j b, 2hd aridyg system i ncl udi ng (where appropriate) a
hret eroatom Het (Hetl Het2 and Het3) groups nay also optionally be in the
N or S oxidised form WO 00h6999 PCT/ SEO0/ 01253 8 Pharmaceutically
acceptabl e derjvatives include salts and solvates. Salts which may be

ment i oned i ndl ugBresents HAR ¢i-oAlkybl ts. Pharmaceutical |y acceptabl e
derivatives also include C ~ al kyl quaternary anmonium salts and N oxi des,
provi ded that, when a N-oxide is present: s (a) no Het (Hetl, Het2, Het3)
groups cont ai irdi ged, P at ¢ ). wepresent S; and/or (c)
n does not rg?])rr gﬁ%}ﬁé,}ﬂ\/\géﬁa r’egrmélég)?lt @H?%ﬁ;?ﬁ%ﬁ . The conpounds of
the invengi op pBYeRWRI @I 1, agtemerism Al tautomeric i o forms and

m xtures thereof are included within the scope of the invention. The
conmpounds of R'he imepesdentn My, al €4 (conalkiyh one(CGH,)prary, asy-G@NH)NHgar bon
atons and may therefore exhibit optical and/or diastereoisonmerism

Di ast er eoi sorB(Q),R&Y -PE(Q@ERIIREHR Vs FEEOM\anGENAR T;echni ques, e.g. is
chromat ography or fractional crystallisation. The various stereoi soners may
be isol ated I®yrepegsgnt | @6 26f a racemic or other nmixture of the conpounds

usi ng conventj.onal, e.g..,fracti I | i ion_qgr, HPLC, techni ques.

Al ternativel l'([? HEP’ifégmgeIé_’ t6i %gynﬁréfﬁbéﬁi@%yf@%z)ﬁéwg (Banlﬂ_éal_@tt?roﬂr # t he
20 not catise I apdRpaty SEbitfied M bl rthel3hS sPREAG AL bhP R st
exanple with i i | ] S at,j of .it;he @i a oneric
csters. by corUZnTigfd Sdkckd! fond Uy Ceyafiot 30A00 nfielinibd € FNIRIPONTY
st er eoi soner paY& q’:pch%gg)-withi n the scope of the invention. zs Al kyl
groups that R, Rz, 3, R4 Rsa, Rsh, Re, R) Ra, Rb, Rs, R, RlI', R13
R14' R s~ RIRRIRURRS Rsard RE%ndegendeRily riepPeseABHRA 4LA , ddet* Brnay
represent, and with which Rl, R, Rs, R, R3, Rl4, Rs, Rl6, R', Rs and

RZS may be substituted; and al koxy groups that R6 may represent, and with
which R, R, Rs) Rll, R13, R14, R's, R16, Rl', R's and RZS may be



wo oon6~9 PC 1'/SEOO101253 9 substituted, may be linear or, when there is a
sufficient wigoifdoed | - €. three) of carbon atonms, be branched lic.
Further, when thg?S(e is a sufficient nunbg:r (i.e. four) of ca‘?‘glg%%{og%sg

such al kyl and_al koxy groups nmay al so be”part cyclic/acyclic. Such alkyl
and al koxy grtfabs),ragyl Iwhidy lafeers throe greupvare wipsiona g ribisiuied wndieni ent
nunber (i.e. two) of égrbon aton'ss be unsaturated and/or. interrupted by
oxygen and/ orCHBIN{Gd (ASAPPEOPIAE) BY OR6rY MPTR SuPsEuaiis selgrted fsem@ gr oups

that A and B represent, and -(CHZ)- cqntaining-~o_groups that R, RZ
and R3 (toget'@’)?y%q’%%g?’ @I,HORD;(‘H?Q' §,1-6 ﬁﬁ(tytl a&gg{rg%_ﬁgﬁ(&xy Rg, RS, A B
and D may i ngjud | i o] n e, Gl :ent er
(i.e. two) o?i_car o a&t%en%l,'ﬁ be lr’a‘rrillglk]le F ésjgﬁs“a?ﬂglgar%glggﬁr (%t})lgﬂa%_ “(CHz) -
cont ai ni ng Cfb}ﬁi@%aﬁ?Ysu@lsﬁ@nt&? afdlof’ RreThAEd (x@aggw}ﬁme) By 2orfe bf iibRNt
nunber (i.e. two) of carbon atons, be unsaturat and/or i s interrupted by
oxygen. As useabstitaesisrchosée fiom ialdialind, 06 laliddsard/o0Co, atitdxgho, brno or

i odo Abbreviations are listed at the end of this specification. 20

Accordi ng to dg fi grardeh indgpendenidy répresentdhtli,éh 3 bede i s provi ded conpounds

of formula | as hereinefore defined, but with the further provisos that:

(a) when A rdpetesepresentsartiy) (cienymemberedhelarocyclictiing cpn@disg oe s
represent 0 or 1; and (b) when D represents -CH or -( )~N(R,)R" in which
c represents IB9Te W@FFTBS@%%% Sﬁ@@t%ﬁ%eﬁ%ygmvmy%@ %ﬁ‘) rﬁu”%s‘lfs and
-N(R24) (CHZ) n3,.. Preferred PoUN f the invention.include those in
V\/ni(ch: ) 1\9\0) MHSE&%WF%E@@?@?B@%P&CQY rpglﬁﬁ' ?gcgﬁflgg} #F1Snal | y substituted
-(CH-a phenyl, in which ais 0, 1, 2 or 3, or optionally substituted,

optionally unsaturated, linear, branched or cyclic, Cl_,8 alkyl (which

latter group RfepeppdseftdEnd BF BicTERIpRIGnAY sidsktioneiie SeldE @D from [OH! %%ﬁﬁie“t s H
OR , -CHZNQZ, -CE(O)RS, or together with R3 represents -0-(CHZ-0O: 'R3

represents HhaldR amizios mtrlsy IC,Qralkplg@iprdnally tterifhatep b SNEDH (O ORME) 2- O ;
R4 represents Hor C _z alkyl; 1 o RSa and RSb either both represent H or

bot h repr esert, qradkoxy,; -0O)NEPH B nNH G (@) NEH YRS - NEDS(O)RA tand&wl ect ed from
Cl 6 al kyl, c&ano vz'ktro, amno or C(CONHR 9 or -N(H S(O ZR2'; X
representls O- ﬂ(@é:z;ﬂésents a single bond or linear, or branched, Cl.~

al kyl ene (whigh 1.5.gro0 ig also optionally interrupted by O,; B
represents aI{‘i ﬁﬁﬁiiizb ,PCE,SQMLX KSATERRIL -P%)ﬁf’éﬁybr -(CHZ) MN(R24) - (i n
which [ atter gmo ea k : t I spi di ne nitrogen bearing
A optional | yl{)earﬂs2 gﬁ%@l‘%‘fﬁ%’f’a"g‘ﬂ@ug‘?mﬁz@%P"ﬁ%‘ g a quaternary anmoni um .

salt, the alkyl group is a nethyl 20 group. Wien D represents
-(CHZ)~N(R ) (R"), preferred conmpounds of the invention include those in

whi ch: A represents a single bond, C,, alkylene, -N(R®)(CH,)-, -O(CH,)- or
20 -(CH,),C(H)(OR*)(CH,),- (in which latter three groups, the -(CH,);- group
is attached to the bispidine nitrogen atom, and which latter four groups are
all optionally substituted by one or more OH groups);
B represents a single bond, C, alkylene, -(CH,),,N(R*)-, -(CH,),,S(O),-,
-(CH,),O- (in which three latter groups, the -(CH,),,- group is attached to

25  the carbon atom bearing D and R*), -C(O)N(R?*)- (in which latter group,
the -C(O)- group is attached to the carbon atom bearing D and RY),
-N(R*)C(0)O(CH,),- or -N(R*)(CH,),,- (in which latter two groups, the
N(R?**) group is attached to the carbon atom bearing D and R*);

j,» k and m independently represent 0, 1, 2, 3 or 4;



c represents 0, 1 or 2; zs R represents H C ~ alkyl, -C(OR 6 (in which
R6 is H ®08wzdokyl or Het2), -C(OOR (in which R' is Cl_S5péet/kydoorpdieny!
.or Cl1_3 al kyl phenyl) -C(NH)NHZ or -[C(Ox]e N(HHR'5 (in which RS is H or
Cl_3 alkyl); R es nh WO 00/ 76999 PCT/ SE00/ 01253 11 More

pref erred cor’F’pEﬁmﬁ @Tiqrvention include those in which: R represents

phenyl, Cl1_2 hen o] i nched C2_6 al kyl (all of which are
opti onal | y s&gﬂ {}f\éP{Dﬁsgﬁt\é\HtF ﬁg(yiror%gcg]%yano met hyl and/or hal o groups):
S RZ represes ( iC .is Hor Cl1_2 alkyl), -CHZNOZ or

-OC(O R8 (i nlﬁv\hlrgh %ts H%I\@‘ ?Eﬁ or optionally substituted phenyl); R3
represents "'R"E’J:l"e}gl ésEnéé"HC '}’alky‘al H&a? ogl@Hg} 131)1‘%']) whic Eﬁé‘rl twﬁérégjﬁg esents

met hyl or, preferably, represents cyan era ly 1nt

posi tion sel aire vepticnaHly subsﬁmtear /ot stepmériaed e(abcaa?r@pn@él% lohylcxne
(e.g. -CHzZ-); B represents a single bond, -(CHZ)nm\( or -(CHZ)nD- (in

whi ch | att er more substituent$ selected f2om €0, Dyampriedenaming, ko, (GHZNKY]l - NHR
(in which R is H ClL 2 alkyl, -C(OH, -[C(O]ZNH2, -C(NH)NH2, -C(ONHR S
(where R S i stnd/er Cga alkorys; al kyl ), C(O)[2 pyrrolidon-5-yl] or -C(O OR'
(in which R" is,Cl. ~ al kyl _or benz%;leﬁ@ erred conpounds of the

i nvention i nc}ﬂ@déeﬁme@é Yin 83 Ly ﬁlﬁ%@cs&fé&rrmg)@enmm@gm@rr 20

Preparati on Accor h on there is.also prOV| ded procgss for
t he prepar at i'BH% o&’ 6%%&5’?&1 !ﬁ‘\&fd; éﬁ%@aqx Y&RR-c MTBEH | @‘é ction
of a co un ns@ﬁ ~ ~H PCT/ SE00/01253
wherein %ﬁ} a%cggéﬁoé@r}'l egtiﬂ)% Ic}il% areszla]sgsﬁt"l ‘Shbefore defi ned
wth a conpo p?% drd puhazl klgr & R X(Q L' 111 wherein L' represents a
| eavi ng gr ougﬁ W as Hal ;| I'm dazolyl or -OC(O)XR , Hal represents O, Br
or I, and R and X are as here| nbefore . defined) for exanpl e at or above
roomtenperature in the presence of a suitable base (e.g. agueous NaCH,
KZC03 or tri aefrypharnmeeudoallyncteptappdepivatve tiergafi ¢ sol vent (e.g. CHzd 2,
THF, acetonitrile, toluene, or m xtures of such solvents); (b) for
conpounds of formula I in which A represents CHZ and D represents
15 provided that:
(a) when D represents either H or -OH, and R* and R* both represent H,
then at least one of R* and R’ represents OR’, OC(O)R® or C,, alkyl,
which alkyl group is substituted and/or terminated with one or more nitro
or cyano groups; and
20 (b) when D represents -OH or -(CH,).N(R')R!" in which c represents 0,
then:-
(i) A does not represent -N(R*)(CH,),-, -O(CH,),- or
-(CHz)JC(H)(OR”)(CHz)k- (in which k is 0); and/or
(ii) m does not represent O when B represents —~(CH,), N(R*)-,

25 -(CH,),.S(0),~ or ~(CH,),,0-,

which compounds are referred to hereinafter as “the compounds of the

invention”.



-OHor N(HR, reaction of a compound of formula IV, is WO 00/ 76999 13
H- Rz Rba %28 NN X - R PC T/SE00/ 01253 IV wherein R, Rz, R3. Rsa, Rsb
and X are 2ROA¥7®hbefore defined, with a conpound of for mul BCYSEQAGRSI_y v/
Rs wherein Y represents Oor N(R1) and R4, R6, R and B are as hereinbefore
defined, for exanple at elevated tenperature (e.g. 60Cto reflux) in the to
presence of a suitable solvent (e.g. a lower al kyl alcohol (e.g. |PA),
acetonitril e)Aryl groupxtthae mdy del meatioabdyinchideoBgl, amyd gvaups) ;suck)as
reaction of a conpound of fornula IV) as hereinbefore defined, with a
conpound of fphenyl, anaphthylsand the ldey. 7698waryl gropps that may\be POTMISERG/ 01253

wherein L'- represents a | eavin rou e.g. nes te, tosylate or |,
whero Hal i s BauAe s mioxyard gr@%pgeay&afﬁa %whaeﬁ %h@Oémbymm@%awf

her ei nbef or e ,def.i ned,, for .exampl e,at el evat ed .t enper.af ur e. .  between 35C
and refl ux téﬁﬁg}tﬁ?w)eﬁnd g ﬁ&gprmg%ﬁ“%teguia b?'[@t BQ’?@’%( eg?%‘.lps are
triethylamn ri | nt (e.g.

acet oniyt ril e?’&?{eﬁdﬁﬁﬁgﬁtgﬁ%{dg‘% %)Q{egﬁgh?(%’%dﬁ%&%c@gﬁﬁ%@%@ of (fo?nul al in

which D represents Hor OH and R represents H, reduction of a conpound of
formula VI, 0 ~ARs 0 X~ R, vii is wherein R, R2, R3, Rsa, RSb, Rs, A B
and X are as Hat eiléef ané Betl nadups nthalte nye s@nafemiorieds UntRidee thewduci ng

agent and under appropriate reaction
containing 1 to 4 heteroatoms (selected from the group oxygen, nitrogen
10 and/or sulfur) and in which the total number of atoms in the ring system is
between five and ten. Het (Het', Het® and Het}) groups may be
wholly/partly aromatic in character and may be bicyclic. Heterocyclic
groups that may be mentioned include morpholinyl, thiazolyl, oxazolyl,
isoxazolyl, cinnolinyl, quinazolinyl, phthalazinyl, purinyl, benzimidazolyl,
15 pyrimindinyl, piperazinyl, pyrazinyl, piperidinyl, pyridinyl, pyrrolinyl,
pyrrolidinyl,  pyrollidinonyl,  triazolyl,  imidazolyl,  quinolinyl,
isoquinolinyl, dioxanyl, benzodioxanyl, benzodioxolyl, benzodioxepanyl,
benzomorpholinyl, indolyl, pyrazolyl, pyrrolyl, benzothiophenyl,
thiophenyl, chromanyl, thiochromanyl, benzofuranyl, pyranyl,
20 tetrahydropyranyl, tetrahydrofuranyl, furanyl and the like. Values of Het?
that may be mentioned include pyrollidinonyl (e.g. 2-pyrollidinon-5-yl).
Substituents on Het (Het', Het> and Het®) groups may, where appropriate,
be located on any atom in the ring system including a heteroatom. The
point of attachment of Het (Het', Het’ and Het®) groups may be via any
25 atom in the ring system including (where appropriate) a heteroatom. Het

(Het!, Het®? and Het’) groups may also optionally be in the N- or S-

oxidised form.



WO 00/ 76999 ' PGT/ SE00101253 15 conditions; for exanple, for formation of

conmpounds &obeessd a | in which D represents -OH reduction p@ysPfiorasa.
.performed under mld reaction condltlons in the presence of e. g . sodium

For mt | on'of HHGRBBGAUACAD Poreata °b3??c1”e%rﬁv§xﬁ'p§ﬁx”xéuﬁsp?aé§;'}'§ sovateIL8thon may
b f d I

agent (such 4 2Bl b dehlndc seiRd sr%%@r@?ﬂeoqfa&‘fps & ot BRI, "agen
or gani o sol venbenadly agyBlves by ARty Aol s P ARBETRAS o 7

formula I inphi I on of a correspondlng
conmpound of fOrnlglrbaﬁg/?sa'ﬁog{ﬁfﬁ%égv@ﬁg@§?@§xlﬂe fsa%lséjl~ wherein R, R4,

Rsa, RsDb, sR6,(af\noHetJHid Heds Hedy ghoupsy chirhior £n dedxiagdd Satbm whi ch t he
bri dgehead C = O group may be activated using an appropriate agent such as
t osyl hydrazi r(b) X do¢shrotrepseseneSoand/osui t abl e reduci ng agent (e.g. sodium
bor ohydri de or sodi um cyanoborohydri de) and an appropriate organic sol vent
(e.g. a | ower(chnkiges aio¢ sepriepentdl, whereB xepaeseatsd-(G61)£S()schner condi tions
known to those skilled in the art; when 20 WO 00/ 76999 PGT/ SEOO 01253 16
the C= Ogroup is activated, the activation step nay be carried out at

bet ween room.gnd reflux,te eratur in the presence of. an ropria
organi ¢ sol verft® 6%‘“30“%‘1%8 108 8K i Q}Eﬁa‘ggnﬁ?@?ﬂ’aréﬂp {%1%& or

and the' rcudphih 2hd i EReE e FRR indte il e dobek L M eaPatcouel 5 ©

in the presence of a swtable organlc acid (e.g. acetic acid); (f) for
conmpounds of formula I in which one of RZ and R3 represents H and the ot her
represents - Qe é@tip6lindinoPiheainoenticts AHNYCIAIS coariweid d?fméreadydnmetrae VI |1,
as hereinbefore defined, in the presence of a mld reducing adgent, e.g.
sodi um bor ohydrbaie atoammjam naqyp thepefont exhlbgaoptmcﬁ aind ot digstefeoisorhenigm.

al cohol such as net hanol or ethanol}; g) for conpounds of formula I in

whi ch RZ and/Rias®eecaispnerse may @@(@)pagat@ susing epnventiasalhégchnigues oreag.
defined, coupling of a _corresponding conpound of fornmula I in which Rz

and/ or R35( a§hagaa@,gmaxye9r fréﬁtrlwéms@hsm al RS HRFdRNHSIERCOISOIMARS 20aY | | A,
RBCOzH VI I 1 A vvher

t enperat ure 15 8 §$ Cf)epf:lﬁl%lpﬂe ?gggq{ﬁ{éze% %Lhegﬁm{%ﬁe OE?RFp e at I ent
(e.g. 1-(3 dldgﬁ{g}%bﬁ%ﬂ?ﬂf ?p¥ {18 ICEf %lléﬁogxebr ﬁ? ﬁ)p'ié?:@ (@% ol vent

catal yst (e am’no a reaction-1née orga

(e.g. THF); (Am)cerfnaﬁvag)rmetﬁaﬁeafoﬁtfemécﬁnérslmamechaa@er@prr&?&ﬁh%f the
-(CHZ) ~NH2, zs reductfon of a correspondi ng commpound of formula IX

001 76999 17 Ripprdpridie Gptiedlly XactiSe (stitin matdrials under conditions which will

20 Dot cause racemisation or epimerisation, or by derivatisation, for example

with a homochiral acid followed by separation of the diastereomeric esters
by conventional means (e.g. HPLC, chromatography over silica). All

stereoisomers are included within the scope of the invention.

25 Alkyl groups that R!, R?, R?, R*, R* R*®, R, R7, R™ R™, R%, R, R!!,
R13 R14 Rxs Rl6 Rl? R18 RlBa Rl‘) RZO RZI R22 R23 R24 R25 and D
may represent, and with which R', R, R®, R!!, R¥ R! R! R'¢, R R
and R* may be substituted; and alkoxy groups that R® may represent, and
with which R!, R’, R®, RY, R, R™ RY, RY, R R" and R® may be



wherein ¢, R, R2, R3, R4, Rsa, Rsb, R6, A, B and X are as hereinbefore
defined, for exanple by hydrogenation at a suitable pressure in the
presence oYVOP0569%abl e catal yst (e.g. palladium on carbon) XREA/SEAD/01253
appropriate solvent s (e.g. a water-ethanol mxture); , (i) for conpounds

of formula g, g?eﬁ&icp,ggﬁ, b@ﬂﬁﬁ'ﬁ?%},’swh%ﬁ'ﬁiér@(i@)amﬁht nhfb&P £, Rre@nd R s

are as hereinbefore ned, except that R' does not represent O'R 8,
reaction of of carbbasaentd e desiebeddarel/of @yolit 2 Furthed, whehi ¢lerd is epr esents
-N(R')H, in which R" is as hereinbefore defined except that is does not
represent C(sffitigni muntberh (iR.$ fowr)asf arbommdéms e suehi akky] amd halloxyonpound
of formula X, R sN=C=0O X wherein Rs is as_hereinbefore defined ) for
exanpl e at @rbuphmayeaipe batparecyaic/acyglic2s¥uch alkyhandg aAlkoxygrosps mayui t abl e

I t .g, b () f d f f | 1 i ¢h
20T SRS e B FRRRT S S g BB RaRom or o
Il in which D t 00/' 76999 SEQ0107753,18 -.N i, th I
R T i e e A

suitable co [ : R

1- (3-di net h;hq‘J n%“ﬁ%‘@g?g‘%‘?ﬁ-gg%%“w carbodii m de}, an appropriate activating
agent (e.g. 1lhydroxybenzotriazole), a suitable base (e.g. triethylam ne)
and a reaction s inert organic solvent (e.g. DW); (k) for conpounds of
formula | inANdylete Browgnr esenis anbi( B ma@( 3présent] modhi@H): c@nthilifg are as
her ei nbef ore defined, except that Rl1 does not represent C(OR g, reaction
of a cormwesmrodpnthat R RhandR* Gogether)l R'n RE, R'WhREHh Ry KiteRENRSS,
-N(R11)H, in \4vhi h I%Jsl is_as hereinbefore defined except that it does not
represent CR) RRS, Ri’'t A,aB aadplumay daclnde ninay ba lingarsoy,oyken xherghisrdei n RX
represents a i.tabl e | eavi ng group, such as Cl~_ al kqxy, I .g. d, Br)
or p-nitropHER¢ieRLBURDET (€5 %?’gFf}f%@f‘c?r“éméeéFMH{‘C r 5‘3%}\ éﬁ‘é/giﬂee at
bet ween anbi ent and rf‘éljg X tepperature in tt&fg {Jesence gf a . suitable

sol vent (e. GTOMRY AR ANCH- RR Y 1A séf Goayrated or, 3D Pee (e g.
KZC03 or TEA); d f j j -N(H R
and R 15 ad 3o iieldt SRHREN 168, Riof O THlibrd aldind bE emuhERER I ~ Y1) or
- C( NH) NHz) I‘iﬁ@?ﬁi;ﬁéﬁ gg, cg(y%gﬁrespondi ng conpound of formula | wherein D
represents -NHZ with a conpound of fornula XIA, R uaLl XIA wherein R a
represents R1L a.s hereinbefore defined, except that it does not 2s
represent Hor -C(NHNHL and L1 is as hereinbefore defined, for exanple
under condi tAoused hereinartke kerownbale” tindudesRuonoe ¢hlarot heometor igdy. f or

conpounds of formula I which are bispidine-nitrogen N oxide derivatives,
oxi dation of the corresponding bispidine nitrogen of a W) 00l ?6999

PGT/ SE00/ 01253 19. di of formual, inth f
Cui tabl o ox AREFRGEARLATE baey & ARGV eediioBei i) "ror examio at 0C

in the

20
According to a further aspect of the invention there is provided
compounds of formula I as hereinbefore defined, but with the further
provisos that:
(a) when A represents -N(R¥)(CH,)- or -O(CH,)-, then j does not
25 represent O or 1; and

(b) when D represents -OH or -(CH,).N(R')R" in which c represents 0,
then B does not represent -N(R*)C(O)O(CH,),,- or -N(R?*)(CH,),-.

Preferred compounds of the invention include those in which:



presence of a suitable organic solvent (e.g. DCM; s (n) for conpounds of
formula | W@eM7&% C ~ al kyl quaternary amoni um salt deri VECT/SEm®/01253
.which the alkyl group is attached to a bjsspi dine nitrogen, reaction, at the
bi spi di ne nitgogen, of a carrespondi C u ormula . w thaa
conmpound of f%r%&?ﬁseﬂtﬁ op l& ﬁgﬁtl?g&mmqﬁpn%f%’ek}ggumgli?m-tlalzk% and
Hal is as hergi f , r t a i e
presence of a1 Sty Btucd” oBNARRN” ab R MRS THHEaED &
purification dggkng, e Kith 1 Andr@roRpaRSN aBoMe MrdihpRl by 4PBRYEm | On
provi der (e.g.yéNl-MO,bIés)}ﬂk?’is_R%o) flor r(;%-rrp unﬁ'}é of formul alsl itﬁl whi c%géD and R4
bot h represendtom); A represents C, _6 al kylene, B represents -N(R24)(CH2) m
and mand R24 are as herei nbefore defined) reaction of a conpound of

formul a Xisl | ,RY iep@esenisit, QR’, 2CHNE e HOCLR)RE poretogether @itheRA képresamts and R |
R2, R3, Rsa, Rsb, R24 and X are as hereinbefore defined wth a conmpound of
formula XV, -O-(@B%6036999 )rHal 20 XIV Rs PCT/ SEO0/ OLZ53 wherein R6, m

and Hal are as, herei nbefore defined, for exanpl 40C in the presence of
a suitable or%3afﬁpée-°§8F M (iJ(e.%IgA ai'@@t%ﬁpg?‘ﬁ@gg’;l&sﬁ%(fﬁpf?%i on of a
conmpound of f ne;h% ]I:é) as hereinbefore defined) with a conpound of fornula
XV, R XH XV 'F 2R*and X are as hereinbefore defined, in the presence

of 1,1' carbonyd di i l e, ~fo anple by refluxing in the presence of a
io suitable orgggéﬁilr%geggﬁz@ecﬁtc’(%@é%THF); (q) for conmpounds of formula I in

whi ch oneof R 3 RFjhePbGHiTehbfeseN i GHsbth ReprRQfmEdp;esents H,
reduction of a conmpound of fornula XVA, is D/~A RS O X ~ R XVA WO

00/ 76999 PCT/[SEQ@preichs ot whaneie skbstirkénts Retectdss FroR6C, AallBl, Ryand, X are
as hereinbefore defined, in the presence of a suitable reducing agent (e.g.

Li Al H4), for mwrapphenood €{OINH)R Pars-NERS@)RMel | known to those skill ed
in the art;

X represents O;

A represents a single bond or linear, or branched, C,, alkylene (which
15 group is also optionally interrupted by O);

B represents a single bond, C,, alkylene, -(CH,),,O- or -(CH,),N(R*)- (in

which latter two cases m is 1, 2 or 3);

when the bispidine nitrogen bearing A optionally bears a C,, alkyl group,

thus forming a quaternary ammonium salt, the alkyl group is a methyl

20 group.

When D represents -(CH,).N(R')(R'), preferred compounds of the
invention include those in which:
c represents 0, 1 or 2;

25 RY represents H, C,, alkyl, -C(O)R' (in which R is H, C,, alkyl or
Het?), -C(O)OR!" (in which R"" is C,; alkyl, phenyl or C, ; alkylphenyl),
-C(NH)NH, or -[C(0)].-N(H)R" (in which R" is H or C,; alkyl);

R represents H.



s (r) for conpounds of forrmula I in which one or both of RZ and R3
represent - b in which one or both or Ra and Rb rep nts C ~
al kyl , al kngﬁo’g% of a correspondi ng conpound of fornula I ik%?%‘“?@
and/or R3 represent -N(R a)R b (as approdriate) in which Ra and/or Rb (as
appr opri at e) Meye preferredicomponndsof thepinventicof intlmdethese)yByvhich: R “ L™ XVB
wherein R~ represents C,_6 alkyl and L' is_as hereinbefore defined, for
exanpl e undeR'geptasentshenkhtC aralkylphenydrsdineas or hsanched Ty ealkyln(allef art ;
or ~ s (s) conversion of e R6 substituent to another usjng techniques
wel | Known t vhiRbake Runally substimeechpit @RIOBAER CYANO; Fagthykand/ordglope
prepared by reaction of a conpound of forrmula XVI, 20 ~H xvi wherein R -,
R3, Rsa and I%Bul?fl)e as herei nbefore defined, with a conpound of formula VI

o SEo0r 1285 8BRS hy OFC, G RERHERS 5 BN Ly ARy SO0 o i =
(process, stengrbIR B whith Reis S alRf, GOTRRALS sAbstledil b wherei n A

represents D' represents or" N(R a conpound "6f formula V,
for exanpl e & @prseniaad, OR’ g¢imidich R ivH c&ym{jm'yl% fmé@gpounds of formula
| (process s step (b)). Conpounds of fornmula 11 in which and R3 both
represent H Riyrepeespnispnethyl or; prefewablyodi,of a conpound of formula Xvil, D A
B Ra Rs ~H xvn io wherein R4, RSa, RSb, R6, A B and D are_as hereinbefore
defi ned, and Réreprasentsicyana-uveterably inctjie peraposivian aelative g Ban appr opri at e
agent, such as tosyl hydrazine, for exanple as described hereinbefore for

fsynt hfasi d40of l’eﬁ]ﬁ!’éﬁﬁﬂ%aémﬁ%Pﬁm 8r Crppllodens(esg efCHE)) . is Corr})f)unds of
[l i RZ . I,
Substi s ut ed @ Tebrésagy 2 SHRYE BOM, L EavaT " i 2B Foml il Snaclh el vy

formula XVII, .prot eqt derivative thereof, with a conmpound of formula
XVITA RSaNgl—lzgigeri\yﬁllglé)ge@/hgg%i n R3a represents C,~ alkyl (optionally

substituted bod | eiie oW, N OOR 10 Pl \@ 0; s) d Hal is as
her ei nbef or eqjldgéfq}nsefggdr P00 76058, Pt SHR Iy SR Sl

bet ween - 25C.@(Q) M), NHRCGINHNHY {H@)NHEIRHqwHefe RSt HRbE € 30! vent
(e.g. diethyl ether). Conpounds of formula I'V nay be prePared by reaction

of a commeundliof),sG(O)2:parrxtition-4sylher e OGODR e(inleftiicie R’ w6 Oy, allgdraround of
formula I'll as herei nbefore defined, for exanple as described herei nbefore -
for synt hesi Hepzyl)).

Preferred compounds of the invention include the compounds of the

Examples described hereinafter.

20
Preparation
According to the invention there is also provided a process for the
preparation of compounds of formula I which comprises:

25

(a) reaction of a compound of formula II,



conpounds of formula |I (process step (a)). Conpounds of fornmula IV may
alternativ epared, by reaction of a io conpound of f as
. her ei nbef o?%d?fg%?%d, with a conmpound of formula XV, as hergéénqgéﬁ(%ﬁqs)"
defined, in the presence of 1,1'3carbon¢PdiinidazoIe, for exanple as
descri bed herei nbefore for synt i s6Y conpounds of formula | (process
step (p)). is Conpounds of forrmula|lV in which R~ and R3 represent H may
alternatively be prepared by reductlion of a correspondi ng conpound of
formula XVI11, /N H o0 X~R Xxvges_20 wherein RL, RSa, Rsb and X are as

her ei nbef ore defined, and in whi i dgehead C = O group may be
activated using an appropri ate ; as tosyl hydrazine, for exanple
as descri bed herei nbefore fgr/conpouges formula | (process step (e)).
WO 001 76999 PCT/ SE00/ 01253 /Z4 Conpounds of Nformula V may be prepared in
accordance with teBhni quesi which are well khomn to those skilled in the
art. For exanplegp.c Bunds of formula V in which: s (1) Brepresents
-CH20- and Y represgnts O may be prepared by reaction of a conpound of
formula XIX) xix Rsio wherein R6 is as hereinbefure defined, with a

conpound of formula , Ra XX C1 Owherein R4 is as hereinbefore defined,
for exanple at el ed tenperature is (e.g. between 60C and refl ux
tenperature) in thHe asence of a suitable base (e.g. K2C03 or NaOH) and an

appropriate orga Ré.g. acetonitrile or toluene/water), or as

ot herwi se descri begdsimxthe prior art; (2) B represents -CH20- and Y
represents O may alternatively be prepared 20 by reaction of a conpound of
formula Xl X, as hereinbefore defined, with a conpound of formula XX, WO
00/ 76999 25 OO R4 p Spz z

wherein R?, R3, R*, R%® R’ R® A, B and D are as hereinbefore defined
with a compound of formula III,
5 R'XC(O)L' HI
wherein L' represents a leaving group, such as Hal, imidazolyl or
-OC(O)XR!, Hal represents Cl, Br or I, and R' and X are as hereinbefore
defined, for example at or above room temperature in the presence of a
suitable base (e.g. aqueous NaOH, K,CO; or triethylamine) and an
10 appropriate organic solvent (e.g. CH,Cl,, THF, acetonitrile, toluene, or

mixtures of such solvents);

(b) for compounds of formula I in which A represents CH, and D represents

-OH or N(H)RY, reaction of a compound of formula IV,



PCT/ SEQCQ) 01253 XXI wherein R4 is as hereinbefore defined, for exanple

bet ween r oogp ature and el evated tenperature (e.g. 40C)

presence of atogmsbgftabl e base (e.g. K2C03 or potassium et hoxrgF/SEm
appropriate organic solve (e.q. acetor’i?trrle or DMF); (3) B represents a
single bond, Y represents 2 'ﬁ‘Q represents H may be prepared by
reduction of a conpound of fgrmula XXIl, xxii Rs 10 wherein R6 is as

her ei nbef ore defined) for exanple at between -15C and roomtenperature in
the presence of a surtaQrae reduci ng agent (e. g . NaBH4) and an appropriate
organi ¢ solvent (e ol owed by an internal displacenment reaction
of the resultant inter s exanple at roomtenperaturl¥ in the
presence of a suitabl ¢ k g. KZC03) and an appropriate organi c sol vent
(e.g. acetoni tri le); /t4) B repr%sent Cl. ~ ahkyl ene, -(CH2)nN(Rz4)-

-(CH2) n5( O 2- -(gA2) nD- (in which FRiter three groups mrepresents 1, 2,
3or 4) and Y Z,Q resents 0 nay be prepafed by oxidation of a conpound of
formula XXIII, WO 001 76999 26 Ko XXI'I| RCT/ SE00/ 01153 in which Ba
represents a single bond, C, _3 alkylene, -{CHRRh,N(R2a)-, -(CH2)m ~S(O) 2-

-(CHZ)m 10- (in which latter three groups mrepresents 1, 2, 3 or 4) and

Rz4 and R6 are as hereinbefore defined, in the presence s of a suitable
oxi di sing agent (e. rrB hl or()sperg)benzor ¢ acid), for exanple b refI uxing in
the presencewhereinski,t Rl B’ oRjanRe aud \Xnare(as Gerembaipts definednsith ar (5) B
represents - represents N(R) and R represents ~0 -S(O ZR 3 or
-C(O OR' may %PBP%QF&T‘H@ lisation of a conpound of fornula XXII1A R4
L2 XXITTA NH R-oa (CH2)mRs is wherein R a represents -S(0O) ZR13 or
-C(O R and m R4, R6, R3, R and L2 are as hereinbefore defined, for
exanpl e at between 0 C and reghux jenperature in the presence of a
suitabl e base (e.g. sodi um hydrgxi , an appropriate solvent (e.g.

di chl oronet hane, water, or a m xY¥ure\thereof) and, if necessary, a phase
transfer catal yst (such as tg abu\f%mmnr um 20 hydrogensulfat e). WO
001 76999 PCT/ SE00/ 01253 27 rrpounds of formula VI may be prepared by
standard techni ques. For exanpl e conpounds of formula W in which:

wherein Y represents O or N(R!?) and R, RS, R'® and B are as hereinbefore
defined, for example at elevated temperature (e.g. 60°C to reflux) in the
10 presence of a suitable solvent (e.g. a lower alkyl alcohol (e.g. IPA),

acetonitrile, or a mixture of a lower alkyl alcohol and water);

(c) reaction of a compound of formula IV, as hereinbefore defined, with a
compound of formula VI,

15



(1) Brepresents -(CH2)nD- nmay be prepared by coupling a conpound of s
formul a Xlwo @geywer ei nbef are defined, to a conpound of for mpceSEgbi2s3
L4-(CH2) m C(D) (R4) - A-L2 XXI'V wherein L’ depresents a sui tabl e | eaving group
(e.g. Hal) and Hal, m R4, A D and L2 are as hereinbefore defined; io (2)
B represents -C(O) N(R24)- may bE prepared by coupling a conpound of formula
XXV, NH XXV Rs wherein R6 and Rz arg_as ,hereinbefore defined, to a
conmpound of forrmula XXVI, is L4 A O-C(D)(R4)-A-L2 XXVI wherein L4, R4, A
D and LZ are as hereinbefore defined; in both cases, under conditions which
are wel | known to those skilled inRthe art. 20 Conp¥lnds of formulae V and
VI in which B represents -(CH2NB(O - or -(CH2)nS5(0 2- may be prepared by
oxi dation of the correspondi ypounds of fornulae V and VI
(respectively) wherein B rep gy n5-, wherein mis as hereinbefore
defined, in the presence of (8 appropriate anmount of a suitable

oxi di sing agent (e.g. mchl oroperbenzoic acid) and an appropriate organic
sol vent . WO 001 76999 PC T/ SE00/ 01253 28 Conpounds of formula VII nay be
prepared in a simlar fashion to conpounds of fornula | (see, far exanple,
process steps (a), (b) or (c)). Alternatively, conpounds of fornmula VIl in
whi ch A reprwbenetrs [CoTeprasdnys endeaving (gropp e(sag e asylateatasytate ofr dal,

correspondi ng conpound of fornula IV, as hereinbefore defined with a
conpound of WhenguHal x\as herginbeferg defiped)nard 'n &ndBpang D aare as

her ei nbef ore defj ned, le a roomtenperature in the presence of a
sui tiabl e Sor ?lébsgﬁreeéﬁ?!ﬂkeafgfgp&’%ﬁ% § jat ?18%%8&985{%’?6 ?%gglheé‘*’?% may be
Do Lt 0 3 358 " rtyo) sFRbeRERRLnat PRH5E & ah W 55 (S R,

R4, Rsa, Rsh.. tnhe . defi j t ompound of
formul a Wﬁffﬁl@@%%%@ %ﬁ%ﬁg{oﬁ&%& {)@a&cﬁ)&{'%l egr‘ a?;@ﬁt( ich two
groups are Qptdj l¥ul¥o;§??ﬁ,ti tuted with one or nore substituents sel ected
fromC, ~ alkyl or halo), tfor exanple at between -10 and 25C in the presence
of a suitable solvent (e.g. dichloronethane), followed by reaction with a
sui tabl e source of the azide ion (e.g. sodiumazide) for exanple at between
ambi ent @and (defforcompopadstafr formula feinpwhisn £e represents irarpOthtandskt vent
‘e.g. DW) and a

(e ) represents H, reduction of a compound of formula VII,

3 R2
Rsa
Rs5b Vil
0 0
N
»\ /N \(
A
B X——Rt

Re

15 wherein R!, R?, R?, R*®, R*®, R¢, A, B and X are as hereinbefore defined, in

the presence of a suitable reducing agent and under appropriate reaction



to suitable base (e.g. NaHC03).
be prepar edg@/0 reaction of a conpound of fornula IV. as hereinbefore defined
with a compdd 8% ormula XXVI1C, Ra N3-(CH2, XXVI |C Rs 15PGISESM253

R4, R~, A, B and c are as hereinbefore dé$ined, for exanple under anal ogous
condi tions t ocdifiens|cfor ekimmgld)doeifoiritureof osmpoemiy 6ft foeinudd Idamasionds of
formula I (process step (c)). 20 Conpounds of formula X Il nmay be prepared
by renoving ab appresents! yOHybse¢ductiord nisyndel pepfoembdnyhdernimild r reacion e.
deprotecting) a correspondi ng conpound of forrmula | in which D and R4 both
represent H apendiiers i thehpresengerpd jecg Opailigmy porohxdridp randean appropriale Aa i s
as WO 00/ 76999. PC'E/ SEQ0Q/ 0212]3% 30@{;?re' nbef ore_defi ned untdg?r conmi ons
which are wel Préasgselyent (s ) ARy Iqrformatian of comparRdQl HIrmuiz hina xvA
may be prepared. eaction of,a_s.correspondin npound of fornula VIII
W th hydrokyl % "ﬁ%,ﬁf% rﬁgﬂ%h oo RS Be - ertSie Ve 2GtiVANE dfie )
t he presence L AL GnS . of
Forml a o 1 iR R By g Bt Btiake oot (BB 3 Rodyn bBER AT
reduction of ﬂlecgi’@%@ﬂébj_di’fafﬁﬁﬁﬁlearé’dﬁ@ihé1agéiﬁt/'(b!g."kodibx‘f{“%% dikRe 8pd RSD
are as herei nbefOore defined, under appropriate conditions (for exanple
condi tions susdliam ¢yaneborhiydriderand anrapppemiateiorgditc BoRRAL 68.008 16ver
conmpounds of formula I (process step (e))). 15 Conpounds of fornmula XVI in
whi ch RZ reprakghaleolbl)and R3 represents R3a nmay be prepared by reaction of

a correspondi ng conmpound of formula XXVIII as hereinbefore defined, with a
conpound & fornula XVIIA as herei nbefore defined, under appropriate

Conpounds of fornula I X may alternatively

in

conditions (f
producti on of
represents R3

e condi

(ol otz b

%

i ons

rHaTRY

a

0,.Suc

Iig

ri bed for the

ety seppeset dHrs

i, REaik o6

represent %uﬁgg%ggg%%#%@gﬁIO?&’%)@QM (R?)CI—|t2§)\9~3(at h?z CH2) 4-

or -(CHZ)5- may be prepared by reduction of a conmpound of forrmula XXVIIIA

XXVITTA
O

R5a

VI

O

Ré

15
wherein R!, R4, R%®, R%® R®, A, B, D and X are as hereinbefore defined,
and in which the bridgehead C=0 group may be activated using an
appropriate agent, such as tosylhydrazine, in the presence of a suitable
reducing agent (e.g. sodium borohydride or sodium cyanoborohydride) and
20 an appropriate organic solvent (e.g. a lower alkyl alcohol), or under

standard Wolff-Kischner conditions known to those skilled in the art; when



~H H wherein R2a and R3a together represent -O(CHz)2-O, -(CHz)S3-,

-(CH2) 4- ony@§ oo4deb¥) - and Rsa and Rsb are as hereinbefore dgij in . the
.presence of a suitable reducing agent (e.g. LiAlH4) under coﬁ%*’?ﬁ@ﬁﬂs}g?hat

are well known to those skilled in the dft. Conpounds of fornula XXVIIA nmay
be prepared the &wmibg@rosp fiasaitiyatedy theoactivationpstapli mgy coemanrield @ft dtor nul a
| . Conpounds_ of fornula XXVIIC may be prepared in anal ogous fashign to a
conmpound of beMRemareom and: reflwe temperatvier &bt TASESE cohen APRIPPLRIEY a
-(CH2) ~OH group) . Is Conpounds of fo lge VIIT, XVII, XVIII and XXVIII may
be prepar ed, OBEQPAWSQMS(F%- %JOW%@i&nﬁé‘f’hC& k3% Aeetbangly 1% X, Rsb
XXI' X Rz on6~9 RCT/ SEOQQ O17Z53 32 wher.ein epgresent.s H or -C(O XR1L
and RL Rea, TPA% WRGeRr B JoNGIER ABSREY i I (i B reactap gRireat o)

ei ther ( ) f >%?5w .. cted
derivativ% t egg%%T?%ngic%P%Wt ) E%ﬁ@ig@?ééggﬁgg‘é %gefoéﬁ)%& ef i ned,
or (2) N3 ( effe proResieast £l MIOordipiz utit (@YY la¢aié ygighher eof ), n all cases
in the presence of a fornmal dehyde (i.e. an appropriate ~o source of

f or mal dehyde, such as paraformnmal dehyde or formalin solution). The formation
of conpounds of formulae VIII1, XVII, XVIII and XXVII|l nmay be carried out in
this way for (§xamebmpaunde vfemulaednint whichrateuofeRAand ﬁ@fﬂepxes(edtsdéraﬁdpg upon

the concentration of the reactants) in the is presence of an appropriate
sol vent (e. gtheetdiberolrepresenss h<pd), ) regdugtionr ef er Lorsesponding ecempeent eofof an

organic acid (e.g. a_C ~ carhoxylic acid) especially acetic acid).,
Conpoundd0 of f@@mﬁm ‘éﬂiccxm hereipesfor: dp r@dﬁlenpzfé@raﬁedaﬁ acid; Fedpging

t echni ques which are we).l kno 0,thosg skilled.in the.art, For exanple,
conpounds. of EGHE: & SORNTI DOTORYSRAS RO AT SRRTGRTIA SHERHE SOEF ke End
-(CH2) 3-, -( 4- - T Sb represent H may be prepared
by reaction W éar %lg%c())lusﬁ]l% ﬁ?%[' rrrllj‘flgﬁ ?82%%‘5

(g) for compounds of formula I in which R? and/or R® represents OC(O)R®

-

15 and R® is as hereinbefore defined, coupling of a corresponding compound of
formula I in which R? and/or R® (as appropriate) represents OH and a
compound of formula VIIIA,

R:CO,H VIIIA
wherein R® is as hereinbefore defined, for example at ambient temperature

20 (e.g. 25°C) in the presence of a suitable coupling agent (e.g. 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide), an appropriate catalyst (e.g. 4-

dimethylaminopyridine) and a reaction-inert organic solvent (e.g. THF);

(h) for compounds of formula I in which D represents —(CH,).NH,,

25  reduction of a corresponding compound of formula IX,



WD 001 76999 R2a’ R 3a' CN 33 XXXI O- ~XR PCT/ SEQCQ O1LZ53 wherei n RZa~ and
R3a~ toget esent -(CHz)3-, -(CHZ)4- or -(CH2)s-, and re as
her ei nbef oﬁg{ghg&l}%ed with a m xture of hosphorl c s acid ang sgs Podrlgaa0| d,
for exanple at 120C. Conpounds of forrru Ta XXX are wel | known in the
literature or are readily avail able s ng own techni ques. For exanple,
conpounds of formula XXX wherein D repr sents -OH, R4 represents Hand Aio
represents CHZ may be prepared by reactjjon of a conpound of formula Vin
which R4 represents H with ammoni um hydioxi de under conditions which are
wel | known to those skilled in t hé&® Conpounds of fornul ae III VI A,
X, X, XIA X1, XV, XV, XVB, |§anhaﬂﬂﬂ XX, XX, XX, XXITTA,
XXIV, XXV, XXVI, XXVII, XXVIIB, X~and XXX and derlvatlves t ereof) are
either commercially avail able, Are knowngsen tha\l iteratyre, or may be
obtai ned either by anal ogy wit)'the processes descri bed“herein, or by
conventional synthetiR* proc res, in accordance tandard t echni ques,
fromreadily 20 avail a §I gAStarting materials using appropriate reagents and

reaction condifj-@ms), stituents on the aryl (e.g. pkenylgd, and (if
appropriate) heterocycliic, groups) in conpounds defined herein may be
converted to ot her BO 00/ 76999 PCT/ SE00/ 01253 34 substituents using
techni ques well known tto those skilled in the art. For exanpl e,

ni trobenzene nay be peduced to an am nobenzene, hydroxy may be converted to
al koxy, al koxy may p& hydrlol ysed to hydroxy etc. s The conpounds of the

i nvention may be isplated[[from ir reaction m xtures using conventional
techniques. It will~e appreciated by those skilled in the art that, in the
processes described ab-ve t he functional groups of internedi ate conpounds

O Supe. whi cHWRETEH: Cadth AEt g (B RSy 6oF. Rho ok aiRonth Sapereintglare
b | S t b| t f d

Cr ol Kyl ot 1 Hetiisd thsgrap! {h‘)ysfx%géq%{?‘éﬁ B e C‘h%Pﬁ%FFE?‘T ",

tert is bUt é@ﬁ%é%ﬁ'ﬂ{yst% &”ﬂa‘i’l‘ﬁaﬁﬁﬁ:l %'nl é’é On)tﬁ?car b%h?@ﬁ:ﬁ@%bl\éﬂp

alkylcarbony oXy groups y groups)

Sui t abl e 5pr%e§td W ieF L @btfol fixnae):no i ncl ude benzyl t ent - but yl oxycar bonyl ,
9- f | uor enyl i net hoxycar bonyl or benhzyl oxycar bonyl . SUI tabl e protecting

groups for carboxylic acid include C, .~ al kyI or benzyl esters. zo The
protection and deprotection of functional groups nay takecgl ace before or
after any of(it for comspaunds oftfepmutiek tr which reprefspisoMER ' DECOMNHRY) gr oups

may be renoved ip acgordance with technique ich are zs known to
those skil | dd WHICHHE gnd Bndafésa%%@llli%‘érehaﬂiwﬂ]%afetxéﬁm thﬁé\ﬁ?l dogs not

Cner ot ry°, Tearoen! BYOIRW oSKEtR of ot diresmBrBes qraangt BY fyfinilaF s °
10  which D represents -N(R“)H, in which R is as hereinbefore defined except
that is does not represent C(O)R" in which R® is as hereinbefore defined,
with a compound of formula X,
RPN=C=0 X
wherein R" is as hereinbefore defined, for example at ambient temperature

15 (e.g. 25°C) in the presence of a suitable solvent (e.g. benzene);

(j) for compounds of formula I in which D represents -N(H)[C(O)],NH,,

reaction of a corresponding compound of formula I in which D represents



WO 001 76999 PCT/ SE00/ 01253 35 "Protective Groups in Organic Synthesis") 2nd
edition, Twéd/doresmwe & P G MWitz, Wl ey-Interscience (1991) pdixEagbiss
skilled in the art will appreciate that,, in order to obtain conmpounds s of
the invention_in an alternatiyve, angd on some occasi ons, npre conveni ent)

p

manner, the #Va Wik exalisracid diamidepfoneXamplaay bebvVest - loagnd, @5 el dhgred in a
different order, and/or the individual reactigns b erforne t a
different stRIG¥ICH 9ha %’&)@E%ﬁ Fo‘FﬁéH’cgea%?’?te.e'%'ugééfmgaﬁ’é'}o'ﬁéowghgﬁ to
and/ or chem gal s tiqQns p HE{@“p ) HLLTer intermediates to
those i o asegg%lf:%é{@g" 3{1 |’nb%gor eﬁ;\é@g a parau c&ﬁ% r@gglﬁﬁ on§e'.' Th;l's wi ||
depend inter bRz su Bk bh& ug a%]-P 1 _groups
present in ah}?erllr)ﬁ cu gﬁﬁszg[)éiraﬁgt,a t he avgl?%atglﬁf‘;ﬁ% 0 @Lgé&'{hﬁ%%a‘r&gg i ates
and the pr otmgﬁid}gaﬂeggmeﬁt (@gepMF)f any) to be adopted. Cearly, the type
of chem stry involved will influence the choice of reagent that is used in
the said i s synthetic steps, the need, and type, of protecting groups that
are enpl oyed, and the sequence for acconplishing the synthesis. |t wll

al so be appr(&}ifar eamppunds of fernulack in whiele Durepresents -NRNIGHD)REy imi n
protected derivatiyes of conmpounds of fornula I, which may be made prior 2o

ax

h
to a final d@bﬁcbtg}étﬁ%%ta@'@,asrrﬁﬂ%’éhef@'@sé‘éﬁ@ecbh W&dh@gﬁclado%ﬂlm/i ty as
such, they may be adpjolgtered parenterall r oral | d.thereafter
et abol | sed TEHAER HUARE o TR b dtEsPRTg ol Y G TORMER, bt
phar maco] ogi cal ' ugerivatt ye her.ef escribed as
" prodr uglé)" wﬁ;&bﬁ%@%ﬁx‘e\é@f '?ng g@nbbﬁ’?i%%ﬁ %%lrﬁ?érs hﬁfﬂﬁ?gﬂgﬁgﬁﬁeié‘cﬂ?
prodrugs of r | g, r ounds of
Formi a1 arit BapEeHRPHBEll IR Bt s EohpBLasor Borla 0T P00 F600s
PC f/SE00/ 01253 36 Sone of the RMCeDyRdi ates referred to Ixgreinbefore are
novel . According to a further aspect of the invention there is thus
provi ded conphereits R repoesentsae sulthble! leaviangdgiOdp, sushhey €, phdkoxyg Haf i ned,
or protected derivatives of all of these conpounds, provided that, in all
cases, when @B &id Bybos moitrophepylesodt R is rasn heredukeforeotdefippd efent H or

OH. There is further provided a conpound of formula |V as hereinbefore
def i ned)15or exapHde & thegveen iamhientcandelux tepperatdredin fie PRPREACRSA aand RSb

bot h represent t hen aj | east, one of d represents OR ,. O R8 or
Cl~ al kyl, v&ﬁﬁl‘@mea§‘{\]y?ntg pm%h?ﬂ?isftfi Pﬁ\g@?é‘ﬁs (a5 4RPIPPRIAS) &gS one or
nore vitro qr 0 } r asMedi cal and pharnmaceutical use The conpounds
of the inveﬁ?aisgxg%r g{zﬁs(g’f%ﬁ%‘eb‘c}ause t hey possess i s pharmacol ogi cal
activity. They are therefore indicated as pharmaceuticals. Thus, according
to a further aspect of the invention there is provided the conpounds of the
invention fql) feseopgpaunds ofderiladl ia. wiieh I regrebérts L N(H)R Hand R¥Pqsipgls of
the invention exhibit nyocardial el ectrophysiological activity, for exanple
as denonxt r diereinbafarbedefied exeept ithatdit bddesvnotTrepresemp ddinats -G(NHMNH, hvent i on
are thus expected to be useful in both the 2s prophyl axis and the treatnent
of arr hyt hm rgactiem@f iancpraesponding camppand i dfoyaula I cubereina B KGRIESENAS. WO
00/ 76999 PGI/ QE00/ 01253 37 &?e ?o umof the invention are thus

i ndi cat ed i mNHzWMiheheQmROURE Of Qigﬁ'aﬂ ¥ of cardiac diseases, or in
indications related to cardi algmﬂlseases, in which ythm as are believed
to play a major role, includi'hg1schaem c heart di e ) sudden heart
attack ) ny i 10a i 10 £ ai argl r

Fhr ombobmbol SR o eftsrye 'y dSdiekelnBLlo BeefERLE SUORRE BE |1\

i nventi ofy hangrdiggnH ex0C(NPDIEL L& Y2!1Y ad HePdinBEote Aefih&POfor dxaRipl®n. t hus
prolonging the QI interval) and,” in particular, to exhibit class Il

activity. Alimizygbnditions drnaredsowh thhhososidhed antieaare, been found to
exhibit class Il activity in

(m) for compounds of formula I which are bispidine-nitrogen N-oxide

derivatives, oxidation of the corresponding bispidine nitrogen of a



particular, in the treatnment of arrhythm as, their nodels) of activity
is/are notrﬂ)e&essari ly restricted to this class. According to_a further
aspect of L0768t i on, there is provided a nethod of ~ s PCIAEWM25Ht  an
arrhyt hm a which nmet hod conprises adm ni%tration of a therapeutically

ef fective angurnéspoindinge eoppouddobft foemiuldy et ionhé opresewies of subdieablag from)
or susceptible to, such a condition. Pharmaceutical preparations 20 The
conpounds of oxidésingragent @ng wir-thloropeabénzdie aeid)y) forsexamplecata0(Q in the

subcut aneously, intravenous~y, intraarterially, transdermally,

i ntranasal | ypreisgndentiaa suitahle osgamig setwens(®@r faMdnteral route, in the form
of pharnmaceutical preparations conprising the active ingredient either as a
free 2s base, a pharmaceutically acceptable ion exchanger or a non-toxic

dosage.f o m (13 Hipeatwesads BERorands 157bisy 418 Qe AEStsaly emmBFEE ucr ana
patient to b r s]-ls{ve,&,- S t dgh' % rati ong.:

conposi ti onsﬁlr{ayaeegfev%g(\jlﬁl&m St eble é‘%psaal#g#réo%sgs. e cgérpguggém(}]et he

| nvention my; iBAP AN Rk Mish{diRd hitRd el offaUshtréspdning compbiifd

t r eat ment g?*‘é@ﬁ?@t ?ndcgls énd?%r cs)H?er caraé}%\’/ascul ar gikl’?or e?s.pAccordi ng
to a furtheropffiffila Pfwitine dofyjiundosf forgiuda XILt hus provi ded a
pharmaceutical fornulation including a conmpound of the invention in

admi xture with a pharnaceuti calR¥Haccept abl e adj uvant, di XIént or carrier.
io Suitable daily doses of the conmpounds of the invention in therapeutic

t r eat mento of wherminR’areprasgenis (4..0skyb apd oHalyikas hemsinhefoge tdefinedarfent er al
adm nistration. t s The conpounds of. the inventigg have t he advant age t hat

they are ef f&AMRI8 3gEQQTR (ICHPCEAHES AP (G BTFFECE @hARARRISPHALS: AE2AMG ent i on
may al so have ,the adva that t may. be. .nore efficacy t ha be | ess
t oxi ¢ than, ?PJV%“[a&bgomg:%r JHB\QWSEE%MR‘%‘#{%}?“QB RUCHICE B} f%g any
conbi nati on S ¢ ] / IV activity
(especially {eggll%c'ael&%F‘é@sﬁﬁiog{ﬁg}ébﬁﬁgglgk{ @gcﬁ%ﬁééfn addition to class
1l activity)) than, be nore potent than, produce fewer side effects
(including a | ower incidence of proarrhythm as such as torsades de pointes)
than, bejyor @)efasi dompdimds sfdforiimma 10 whith Dhend Reéybath fepreseit g aisef ul
phar macol ogi cal properties over, conpounds known in the prior art. WO

001 76999 39 RBipvtseyicl., IhyieneTd represars SNORTNCH),, Pandrat und R* are as

El ectrophysi ol ogical Effects In Anaestheti sed CGuinea Pigs_s Quinea pigs

wei ghi ng bet%@ﬂ@@eﬁfmofﬁwméﬁmWH@é’ﬁif%n’élavgné, housed for at

| east one week before the experinent and had free access to food and tap
wat er during that period.

Rsa
s Xl
0]
p< N N\(
N—CHZ_Aa/ X——Rt

20
wherein A?represents C, ¢ alkylene and R!, R?, R}, R* R*® R* and X are

as hereinbefore defined with a compound of formula XIV,



Anaest hesi a was i nduced by an intraperitoneal injection of pentobarbital
(40 i o towxPoomsbdsy) and catheters were introduced into one maystdo@dist ery
.(for blood pressure recording and bl ood,sanpling) and into one jugular vein
(for drug infusions). Needle ek h%@gges were placed on the |inbs for
recording of ECGs (lead Il). A m stor was placed in the rectum and the
ani mal was placed on a heating |pad, set to a rectal tenperature of between
37.5 and ~s 38.5C. A tracheot gmy _was perforned andxjhe ani nal was
artificially ventilated wt air by use of a small animal ventilator,
set to keep blood gases wt : ratRer ange for the species. In order
to reduce autonom c infl uende pot h vagi were cut in the neck, and 0.5
ng/ kg of propranol ol was give travenously) 15 mnutes before the start
of the experinent. The left ventricul ar epicardi umwas exposed by a

| ef t-sided thhepsintRTym @bl Hal aves asrheteimbgford defirtedoor krampledat #07C
recordi ng of the nonophasic 2s action potential (MAP) was applied to the

|l eft ventri cid the presenceadfl 2 stitableloeganio dolveas (kgpacetonjnidé)t i on as | ong as
an acceptabl e signal could be recorded, otherwise it was noved to a new
position. A bipolar electrode for pacing was clipped to the left atrium
Pacing (2 nms durati,on, twce the 00] 76999 PCT/ SEQ0/ 01253 40 di astolic
threshol d we» TsaEHoR RER Q\WWHO‘AUQ:QQ%)FH‘% &Mm&&wﬁéﬁmegt with at or .
The heart was paced aﬁfa frﬁqﬁspcy just above the normal sinus rate during
1 minute eveWV%PP??%("ﬂﬁFﬂat oughout the study. s The blood pressure, the
MAP signal and the lead Il ECG girecorded on a M ngogrq@o ink jet
recorder (Sienens-Elens, vaeden?sX | signals were collected (sanpling
frequency 10 n i C i g
sequence and%ﬁg&%a& a?gpge%c%l fé‘%g?&tﬁﬁéeﬁ??%ldl]eggmﬁﬁgqgnﬁaﬁereg Si ﬁﬁg’?hyt hm
The si gnal s pabenpldirdassleysidtd erampld Ay Medlexiiodnathd presénce! eped for
acqui sition and anal ysis of physiol ogical” signals neasured in experinmental
ani mal s (seesfirgbiborgarodohens (hg. THPyt . Met hods Prograns Bi oned. 41, 55
(1993)). The test procedure consisted of taking tw basal control
recordings, 5i s mnutes apart, during both pacing and sinus rhythm After

t he second control recording, the first_ dose of tge tii% subst ance was
i nfused i n a(@doasempounds oyformuly k mewhiduens of & and R hespsesenty 30

made. Five i NEboad b, Ot s sedl o b 2 FoRpdBty 6 Bemdfoelance

was zo adnin%;; red. Six to ten consecutive doses were given during each
experi ment. t'a’anal ysis 2s O the nunerous variables neasured in this

anal ysis,sthree were selected as the nost inportant for conparison and

sel ection of active conpounds. The three vari abl es sel ected were the MAP
duration at 75 percent repolarizat{8r during pacing, the atrio-ventricular
(AV) conduction tine (defined as tfpe interval between the atrial pace pul se
and the start of the ventricular M\P) WO 00/ 76999 PCT/ SE00/ 01253 41
during pacing, and the heart gRate (defined as the RRinterval during sinus
rhythm . Systolic and diastolic>Rlood pressure were neasured in order to

j udge the haenodynam c st at ug—of inaest heti sed animal . Further) the ECG
was checked for arrhythm as /grid/ or mor phQl ogi cal changes. 5 Thexwmean of the
two control recordigigs was /get to zeFS ant\the ebfects recorded after
consecutive doses oE testjSubstance were e ed as percentage changes
fromthis value. By kt'I ng these percentage Yal ues agai nst the cunul ative
dose admi ni st ered &ef gge each recording, it wasx——_p

RS



1 o possible to construct dose-response curves. In this way, each

experi nment &B@%sat ed three dose-response curves, one for MAP %Erati on, one
for Avcond '8! me and one for the sinus frequency (RR i nt /§%q050_1253‘ mean
curve of all experinents perfornmed withZ test substance was cal cul at ed,
and potency waltatem RErR*, Y R&J R amBhP ambH arerascherdihbefdos definsdioinse 1 s
curves in these experinments were constructed by |inear connection of the
dat a points dhe preserice Ofi@ suiableardduecingoagent (eigoddAdH. ), Her prample uadesn by 10
% fromthe baseline was used _as an index to _assess the class |1

el ect r ophysi ¢obditioas thajiase Kelbknawe 1 ghase skilledrnithe a8 i gation (D, 0). 20 The
invention is illustrated by way of the follow ng exanpl es. Exanpl es CGeneral
Experimental Procedures 2s Mass spectra were recorded on a Finnigan MAT TSQ

nter face s RAB. 1) campegiacs: af gty Tri MUPR ohe ekt vPth. SPRL AR, o,

el ectrospray ac 1a i rg@7a ;5]

chr omat ograpﬁk%ﬁél%tctlgéﬁt g‘m‘\xple‘%ﬂ? gtgtadr%gﬁ%dgl n%gggA ?r%@segés?tgse(glr‘oneter
via a_Hewl el tuRaclfilariolRf0kdAYSoring /cHRRMMAZSP foimit i HKh GU1 UM,
or a Shi madzu -5000 GCl mass spectroneter (Cl, nethane). 1H NMR and ' 3C
NVR neasur enemtforR? aeprgstnr rB{RMRY BRUMIFROPER30N whithvR’ andidxl R¥ pl us
400 and 500 spectroneters, operating at 'H frequencies of_ 300, 400 and 500
MHz respecti (e$ gpprapdiate) repredent He psingcd eompound .of fomoolasX¥ 125. 7 MHz
respectively. Alternatively, i3C NVR measurenents were perfg{rrred on a
BRUKER AQE 200 spectroneter at aRrquuency of 50.3 MHz. Ro&dfrs may or may

not be denoted in, s tra dependi ng, upon ,ease of ~ o.interprefatjop of
spectra. Unl é&%@%@?‘ﬁﬁ%@e&!ﬁﬁg&-s &gﬁia(?gl EiH?fatssh%FFé“ Q/r&nd?ﬁn?fjp Qith the
solvent as internal standarg.. le 1 -[.3-{4-C ~

2- hydr oxypr O@(p]npgq WG?IE)?(@I-@,U?E%I@%?? B’E@M%{%.{[g ‘ﬁ‘j’%fy}@ﬂg&)gﬁg& t?&‘yl at e;
di ast er eoi sor%;s 1 (i) 4-(2-iranyl met hoxy)benzonitrile) Epichlorohydrin
(800 nL) and C03 (414 g) were added to a stirred solution of

p- cyanophenol (238 g) in 2.0 L of acetonitrile. The reaction 20 m xture was
brought to reflux under an inert atnosphere for 2 h before being filtered
whi | st stiisl | (Bptconvésioresfl bhegRY isubstituennas amothentusaige dedimigiese wellc| ear
oil. This was crystallized fromdi-iso-propyl ether to give the sub-title
conpound in &npWmioythesaiskifled in e &t 4- Cyanophenoxy) - 2- hydr oxypr opyl am ne

| PA (300 nL) was added to a stirred suspension of

4- (2- oxi ranyl met hoxy) beuzonitrile (fromstep (i) above; 100 g; 571 nmol) in.

00/ 76099 Por<SaneponBet IfPuIEIF e nE pblreg 2 g X Fico nd

L for
PPUBAOfang t he
resi due conc%%h%eﬁvfmd recrystallized from MeCN to give the sub-title
conmpound in a 46 Y%’yi €l d.

20

2 R3

R5a

RSb

H/N N—n

wherein R?, R3, R*® and R™ are as hereinbefore defined, with a compound

of formula VI as hereinbefore defined, for example as described



(iii) Ethyl 7-[3-(4-cyanophenoxy}-2-hydroxypropyl]-9-oxy-3, 7-di azas

bi cycl of 3. e- 3-carboxylate G acial acetic acid (0.3 : 1)
in net hanol%ﬂ%kmrfiﬁ and t hen parafornal dehyde (0.33 g; 11. O%mérgfl?o,()%\}\%gr;g
added to a stirred nethanolic (5 nmL) susPension of 3-(4-cyanophenoxy)-2
hydr oxypr opy heréinkefore don syrghesis of campoendsOobformuls I @provesy stepde)), an, i ~
inert atnosphere (N2). The tenperature was brought to 55C and_a sol ution of
1- et hoxycar bdnythe £ape o rqomprunds ofsfogmuia &1 whsrein; 4 1oprgsents &Hy angsDadded
and the reaction m xtuyre st for 6 h. The,sqljds efiltered off and
t he sol uti on IRREESERYS tcl’raﬁ .roﬁih@”g’o? iCBH}Pé’é‘PGL?g ﬂ%@uﬁ 2 ifPT GXEBPANeen
wat er and di et hyl., et her .. ague S i 0 a H
adjusted to %S%Abﬁd l&ﬁ%&;ﬁEF gért gglitpgggvﬁq} ?V‘:&ﬁpé@&‘ bﬁ'ﬁé}rﬁglr%rrd\g@lgﬁgam C

| ayers were ngé%c&q rated and purified using colum chromatography
(CHZCI2:IV§O—|; 9 g to give the sub-title conpound in 30 %yield. 20 "3C
NMR in CDC13: 8 14.5, 48.0, 50.6, S7.3, 61.2) 62.2) 65.4, 70.3, 104.2,
115.3, 119.0, 133.9, 157.9, 161.9, 211.7. (iv) Ethyl

7-[ 3- (4- cyanaprapewids 3f Mwenhalay Bir apwhield-Rey dnd>XB- Both- séprasenit dJcinay be

3. 3. 1] nonane- 3- car boxyl ate; diastereoisonmers 1 2s Sodi um borohydri de (100
ng; 2.6 mol )prepareddyertductien obalcethpoady of ormukadX¥dl,uti on of et hyl

7-[ 3- (4- cyanophenoxy) - 2- hydr oxypr opy} | - 9- oxy3, 7- di azabi cycl o[ 3. 3. 1] nonane- 3
-carboxylate (fromstep (iii) above;{{354 ng; 0.91 mml) in MeOH (3 nL). The
reaction mxture was then stirred atfrt for 1 h. The solvent was evaporated
and t he residue WO 001 76999 PQ;[/S 0/ 01253 44 partitioned between CH2C12
and NaHCO03 (aqg.). The organic | aye as separated, dried, concentrated and
subj ected to col um chromat ogr aphy (fjexame: Et OAc: MeOH; 35:60:5) to give two
separ abl e di astereoi soneric paTh trthe conpound refers to the | ess
pol ar di astereoi soners, and s ¥eds isol atred Ng 58 % vyield. 13C,NMyR in CDClj:

b 15.0, 37.0, 48.9, 54\2, 613y/5, 63.3, 66.1, %92, 72.1, 84.0, 104.5, 11
6.4) 119.6, 134.7, 161>?T~&63.4. to Exanple 2 Ethyl
7-[3-(4-cyanophenoxy)BZ-Eydroxypropyl]-9-hydroxy-3,7-diazabicyclo[3.3.1]non
ane- 3-car boxyl ate; diastereoisoners 2 The title conpound was isolated in 24
%vyield as the nore r di astereoi somers from Exanple 1 above. 15 Exanple
3 tent-Butyl R6
7-[ 3- (4- cyanopheno hydr oxypr opyl ] - 9- hydr oxy- 3, 7- di azabi cycl o(3. 3. 11 non
ane- 3- car boxyl ate; diraStereoisoners 1 20 (i) tert-Butyl

7- [ 3- (4- cyanophenoxy) - 2-hydr oxypr opyl } - 9- oxy- 3, 7-di.azabi cycl o[ 3. 3. 1] nonane-
3- car boxyloat Mhﬁé%é)&ﬁst,@{”c rpdunB 4 Doatshat aar phslers Agtiaesd,t3pd In

ESZ??SEﬁed?ﬁvﬁ{y‘pﬁiﬂe N e R B e TS e
= 416 0l £69 3 0 . iy - :
7- [23- (4- cygmég%lﬁ%iéﬁy%ﬁ hgogr g%/[ ”;OE/pEF] &és_@#éggoé‘%_eé'!ﬂyéqrgga rl cgéﬁllgflé 8f 1] nona

ne- 3- car boxyl  ouHR S EbAALRA ®rSceks § 0-title conpound was prepared
according to th 0procedure descri bed itﬁ@&gbrrpl e 1 (iv) above, using

tent-butyl s

7-[ 3- (4- cyanophenoxy) - 2- hydr oxypr opyl ] - 9- oxy- 3, 7- di azabi cycl o[ 3. 3. 1]

nonane- 3- zar bOamipatrd fof dorsiuép I{ i) velkiohd}’ reprekente QH andnR® represents

7-[ 3- (4- cyanophenoxy) - 2- hydr oxy ropYI]-Q-oxy-3,7-diazabicyclo,3.3.1]nonane-
3- car boxyl at eoptispmadyr shbsisutednds 4 dlladr e@arnbewprepaged abbreacHen of o

diastereol songsornﬁpgun( eo%c{;c:r?neu a' Q\)ﬁ(’agpl £ p4otec-t|;:rgle dtelritvlatelvg Otﬂ@?e%?,d with a
compound of formula XVIIA
R*MgHal XVIIA

[Sl=

20 wherein R* represents C, alkyl (optionally substituted and/or terminated

with one or more cyano groups) and Hal is as hereinbefore defined, for



~0 refers to the | ess polar diastereoi sonmers. Exanple 4 tent-Butyl

7-13-(4- cyq{)a%ﬁ&%y) - 2- hydr oxypropyl | - 9- hydr oxy- 3, 7- di azabi p&}sg%’;‘m 4l ] non
ane- 3- car boxylate; di astereoisonmers 2 i s The title conpound was | solate

as the nore pol ar di astereoi soners from@xarrpl e 3 above. '3C NWR in CDA 3:
8 28.6, 35.5exdihiple abbebyedil-25°(Gand, arfibied! téifipetanite. i, theOpresendel 61 3,

119.2) 133.9) 156.0, 162.2. 20 Exanple 5 ten-Butyl

7-[ (2S) - 3- ( 4-suitable-sodvent ¥§ 22 -dastliybeiherbpy| ] - 9- hydr oxy- 9net hyl - 3, 7- di azabi cy
cl o[ 3. 3. 1] nonane- 3-car boxyl ate zs (i)

3, 7- D benzyl - 3, 7- di azabi cycl o[ 3. 3. 1] nonane- 9-one The sub-title conmpound was

prepared accqording tpo t rocedure described in J. Og..Chem . 41(9),
1976, pp. 15 mpgnds 0‘{]/%‘88'&*‘7 9@“‘&3%% B‘éé’éf"g‘lé%ée%‘% of EoBpouit P

3, 7- Di benzyl -9- hydr -9- - - di bi.gycC o | it i on of
3, 7- di benzyl -‘3{“5@{% gﬁb?é%F%‘%@‘?@’@]dr%gg‘éﬁe%%o%%E’??pg’é‘g’n&s%gﬂmﬂ‘ﬁﬁ ggod\‘/%; 2.05
9; 6.4 mml) YeReidi r deRe1Bed hefeifbeibre fidsyndesld o Of
met hyl mgnegegenlﬁ%ﬁ?)gér/%@ﬁﬁzfpg%mge?% %i ethyl s ether (8 rrygﬁover 80

m nutes. The Cbﬂﬁﬁ;ﬂingglomfmlg legﬁﬁo@gpgegqg))tly stirred for 20 m nutes and

t hen quenched with HOI (1 M. e aqueous | ayer was separated, concentrated
and partitioned between Et OAc and NaCH (2 M. The organic | ayer was
separated and subsequently treated with ion exchange resin (Anmberlyst |RA

400), the solGempoungdsoofetbrandaily may alernaueely hsj prepated by Jenetign of a

chromat ography (hexane:; EtOAc; 1;1 with N at . » gradient 0-32 99 to
give the l@ub-@ﬂ?@“@o@fpfﬁmﬁll&sxgld?%&‘@é‘ilgg‘?f;&?rg?ggg@iW@r% COMPOURE 9 yi el d.

(111) ton-Butyl Tobeigy! o ok onys e Lo T g2 S1EkQl %P ] S

nonane- 3- car
(1) above, ERpuIEidBRs. e sXainf A€ BRicr el Rt ot PE R A o2

mol) in Et g]ﬁg MSmEmr v Pd/ C for 20 mnutes, filtered
t hrough a pS;Oo &Sﬂd%t"e an gég@gﬁ%ﬁg?ﬁ_@% Purification by colum

chromat ogr aphy gave the sub-title conpound in a 40 %yield. (iv) tent-Butyl
9- hydr oxy- 9- net hyl - 3, 7-di azabi cycl o[ 3. 3. 1] nonane- 3 carboxylate 2s A

sol ution @f tEmbpbuiids of fopmnky1V 9n iwhick Rf-add Rt tepresdn Hoinay abiertyatively

[ 3. 3. 1] nonane- 3-carboxylate (fromstep (iii) above; 450 ng, 1.3 nmol) in
aqueous et harls preparedibyofedastion pf aeeortssppndiag soapoynd of fopmply XVAH, 1 at m
until tlc indicated that the reaction was conplete. The catal yst was
renoved by filtration through a pad of Celite, and the filtrate WO .
001 76999 PCT/ SE00/ 01253 47 concgntrated under reduced pressure to give the
sub-title conmpound in quantitatijve yield. (v)

4-[(2S) - i ranyl met hoxy] benzoni §rile s The sub-title conmpound was prepared
in 90 %yield according to the ir ocedur e described in Exanple 1 (i) above,
but using (R)-(-)-epichl or & "3C NWVR in CDC13: b 44.4, 49.7, 69.0,
104.6, 115.3, 119.0, 134.0

=0 (vi) tert-Butyl
7-1(2S) - 3-(4- cyanophenoxy) - Xy
cl o[ 3. 3. 1] nonane- 3- car boxy Oxi ranyl met hoxy] benz&Milltrile (from
step (v) above, 247 ng,/1.4 mol) was adged a stirred solution of
ten-butyl 9-hydroxy-9:methyl is 3,7-di azabieycl o[ 3. 3. 1] nonane- 3- car boxyl at e
(fromstep (iv) abOMéT 328 ng, 1.28 mmol) in\acetonitrile:water (4:1). The
reaction was heated to 60C for 12 h, after wArehRstirring was continued at
rt for a further 48 h. The reaction m xture was concentrated, dissolved in
CH2Cl z, dried (MgSO4) and then concentrated again. The residue was purified
usi ng 20 columm chromat ography to give the title conpound in 44 %yield.
'3C NMR i 70 CD€h&eiB RiARf‘O,RglaHﬂl?( a1e 79 hepginbefore defined, oy wiachiabe 28. 86,
31.75, 39.62, 39.99, 40.13, 40.3l, 43.99, 46.45, 47.65, 52.21, 54.09,
55. 71, 57.82,brdgebead £o=8hgrap. BBy B aguvaley UM #p ARPIOPEHRIG8CELs SYeh 54

79.43, 719. 74)aslt%§y grdralz(x)nse',oor )CX%I]ﬁ%Iég gﬁ d%&c%iblejd’helrfz:l?xbglzdre ]f%? 'cgr7ripounds of

formula I (process step (€)).



133. 81, 133.92, 139.48, 143.11, 156.05 ) 156.12, 156.19, 156.33, 162.09
WO 00/ 7699%énamgbe 6 48 PC T/ SE00/ 01253 tert-Butyl PCT/SE00/01253
.7-[3-(4-cyanophenoxy)-2-hydroxyuropyl]-%abenzoyloxy-3,7diazabicycIoBS.S.l]n
onane- 3-carb

-3 (4 c%anm[&{w@ﬁ Bﬁfr%hbmlfmr@ £y PeSSRSEBES My sestgiaues
3, 7-di i .q[3.3. 1L - 3- . i
Cert-butyl i ST BR oYl ke &40y Saffed e’ fary Epr,y example.

7-[3-(4-cyan - - 9-oxy-3, 7-di azabi cycl o

[3.3.1] nonangé)@-ﬁ@gﬁ%%gﬁwl?ﬂ%@g%l e 3(i) above; 13.5 g; i0o 32.5 nmmol)
and i mdazole (4.86 g; 71.4 mmol) in DVF was stirred for 20 h at rt. The

m xture was diluted with CHZClz (200 nL), then washed with water (2 x 100
n) and sat u(BtBdeprdsagts(-LCH,A0end1Y repriesemns Crmdy baypeepaved 8epaictibad,
dried (Na~S04) and then concentrated to give a yellow oil. This was
purified by obhwompdundnet fogmegd XIXEt OAc) to give is the sub-title conpound
in 77%vyield. (ii) tert-Butyl

7-[ 3- (4- cyanophenoxy) - 2- (tert-butyl di met hyl si |l yl oxypropyl ) 1-9- hydroxy-3, 7-d
i azabi cycl o[ 3. 3. 1] nonane- 3- car bqﬁgl ate Sodi um borohydride (2.66 g; 70.2
nmmol ) was added in portions to o cooled (0C), stirred solution of
tent-butyl 7-[3-(4-cyanophenoxy)l-2-(tert

but yI di met hyl si | yl oxypr opyl )] -3, 7- di azabi cy&[ 3. 3. 1] nonane- 3car boxyl|
ate (fromstep (i) above; 13.13 g; ) in methanol (75 nmL). The

m xture was stirred for 3 h efore the solvent was evaporated under
reduced pressure. The oily resi was diluted with 2s 100 nL of saturated
aqueous NaHCG , and then extracted with CHzCO 2 (3 x 100 nlL). The conbi ned
organic layers were dried (Na2S04) and then concentrated to give a white
foam This was purified by colum chromatography (EtAc:hexane; 1:1) to give
the sub-tdt| whersipdRfhig dsrheseinkefireldefinedyw@itod z6apound of fonBulaXdhane): m z
= 532 (MH). PCT/ SE00101253 13C NVMR in CDC13: S -4.7, -4.5, 25.7, 28.6,
35.4, 35.6, 41.7, 42.6, 47.7, 48.6, 53.0, 53.8, 60.3, 61.5, 61.9, 68.9,
69.9, 71.5, 78.9, 79.5, 103.6,5,103.9, 115.6, 119.3, 133.9, 155.2, 162.3 s
(iii) ten-Butyl

7-[ 3- (4- cyanophenoxy) - 2- (ten-bu di et hyl si | yl oxy~r®Ppyl )] - 9- benzoyl oxy- 3, 7
- di azabi cycl o[ 3. 3. I ] nonane boXylat e Benzoic acid (517 ng; 4.23 mmol),
1- (3-di nmet hyl am nopropyl )-3 et hyl carbodii m de hydrochl oride (811 ng; 4.23
mrol ) and i o 4-dinmethyl am nopyridine (35 ng; 0.282 nmol) were added to
ten-butyl 7

[ 3- (4- cyanophdeosin)Ris(asdrereinbefore dlefinety fari ¢xdnpleat @pevated eempetatnrg- 3, 7di a
zabi cycl o[ 3. 3. | ] nonane- 3-car boxyl ate (fromstep (ii) above; 1.5 g; 2.82

mol ) i n115 (Q.gefbemapen $HC Mg meftux temperaurel in ghe presenge afta isaitahle bei ng
diluted with _ethyl acgtate. T ultjng solution was washed is with water
(2 % 50 m) Bkt B enckeG0s a0 NaOED Tad Gy ARPRORK e Clialits AOeRE dirtar e
dried (Na~S04 ngd. .t h e iye.an, oil. Al urified by
col um chr onﬁ%%gpliﬂ#yg{]@ﬁ%e?ﬁé@%’e& %é.)g?]ei{‘glsgi (ysgt{lhsa_g%gh%ﬁpga tOrrpound as
a mxture of separable diastereoisoners in a total of 44 %yield. 20 (a)

Di astereoi soners 1 (the |ess polar conpound) 13C NVMR in CDCl3: b -4.8,

-4.6, 18.0, -E)reé&s@mtﬁ@-l—%()—%d‘w r&sen&805map &l rnfrfedy bé%r@gar@é- 2,
61.5, 69.3, .8, 71.1, 71. 72.0, 79.1, 103.6,  115.6, 119.2, 128. 4,

129.9, 138. 1byX¥8actton 454 dmpidithddof fdimuda XIX M hemditsefoye defiged; wih (MHH) .
2s (b) D astereoisoners 2 (the nore polar conpound) Cl-M5 (nmethane): mz =
636 (M+). 13CohyRund afiforsuloXXl,7, -4.5, 18.0, 25.7, 28.5, 33.5, 47.6

48.6, 53.2, 54.0, 54.5, 55.0, 62.4, 69.3, 69.7, 71.3, 71.6, 79.2, 103.6,
115.6, 119.2, 128.4, 129.5, 130.2, 133.1, 133.9, 154.7, 162.4, 165. 4.




WO 001 76999 PCT/ SE00/ 01253 50 (iv) tert-Butyl

7-13-(4-cy y) - 2- hydr oxypr opyl ] - 9- benzoyl oxy- 3, 7diazagbp 3.1]n
onane-3-ca§%§§§ﬁ3%¥ Di ast ereoi somers 1 Di astereoi soners 1 fro%%%#&% i)
above (200 ng; 0.315 nmol) was m xed with tetr but yl ammoni um fl uori de (0. 47
m.; 0.47 mmol; 1.0 ins THF} in THF (2.0 $2and stirred for 2 h at rt.
The m xture was partftdhoned with ethyl acetate (3 x 20 nL) and water (20
m.), the organic Iayfztggﬁﬁhg;ed dried ove\lNa2804 and then concentrat ed.
The resulting oil was pu 3%9. col urm \ghr omat ogr aphy, {,hexane: Et OAc;
1:1) to give the sub-titl'e conpound in\79 %vyield. io Cl- (methane) mz =
522 (M#) "3C NWR in CDC13: 8 28.6, 32.Y9 3.3, 42.3, 43.5, 55.8, 59.3,
60.2, 60.7, 65.5, 70.S, 72.3, 79.9, 104.0, 115.3, 119.0, 128.4, 129.5,
129.9, 133.2, 133.8, 156.0, 162.0, 165.4. is (v) tent-Butyl

7- ( 3- (4- cyanophenoxy) - 2- hydr oxypr opyl J- 9- benzoyl oxy- 3, 7di azabi cycl o[ 3. 3. 1] n
onane- 3- car bewhereine R‘Diigsaeriarembefors Aefined sufort exaaplzoryerween wWesomr epar ed
according to the procedure of step (iv) above, using D astereoisoners 2

f rom step (i témperature, anch evated, itemperapdreCle. 5 407€) han&je presencSad § M) .
"3C NMR in CDC13: 8 28.6, 33.1, 33.6) 47.3, 48.4, 49.0, S0.7, 54.4, 61.6)
65.1, 65.9, vaitable7basg (% oKz@@z; o ‘Priassgim 1 gthogide) randy am 29propri@e. 0,

| 33.1, 133.8, 155.9, 162 1? ¥$¥'OI76999 51 Exanple 7
PCT/ SE00/ 0125824146, SEYED} (g aéctoimifé’or DME):

7-[ 3- (4- cyanophenoxy) - 2- hydr oxypr opyl ] - 9- pr opi onyl oxy-3, 7

di azabi cycl o[ 3. 3. 1]nonane 3-carboxy|ate; di astereoisoners 1 s (i)

tert-Butyl - 2= tens
0 br opt omyl oF3) B PERREPASHLhigtal (POt G' Rl R rMtEKRTARA ] L
conpound wasw&ﬁ@ﬁarreal uneaué&oﬂf@YIaaio@hﬁﬁﬁmr&ftwnﬁ@amﬂIpr ocedure descri bed

in Exanple 6(iii) above using propionic acid in place of benzoic acid. to
Cl-M5 (nethane): mz = 588 ('.;‘ i) tert-Butyl

7-[ 3- (4- cyanophenoxy) - 2 hydr oxygr opy! Bt 9- pr opi onyl oxy

3, 7-di azabi cycl o[ 3. 3. 1] nonane- 3-|car boxyl ate; di astereoisoners 1 1 s The
title conpound was prepared in-H64 % yield accordi K§llto the procedure of
Exanpl e 6(iv) above ) using tfe yl

7-[3-(4-cyanophenoxy)-2-(tert g met MA°si | yl oxypropyl )] - 9- propi onyl -3, 7-
diazabicyclo[3.3.1]nonane3-ca hoxyt ate (fromstep (i) above). Cl-M
(methane)0nmz = 474 (M#). Zo Exanple 8 tent-Butyl

7-[3-(4-cyangy 'ahlflhnqi@rgpy%sl Qer@ﬁ%fe?é% Jiehiaa? 38! C¥LAMPR: 3ar Ibetween

nonane- 3- car bo ate 2s (i) tert
7-benzyl - 9- oxw@ Zn&“r@éﬁpt&f{ raﬁfre%nlrheqﬂegarc% RS2 Qﬁmlet&dﬁéfn@fgéml dehyde

(4.00 g; 127 mmol ) was added to a solution of benzylam ne ( g, 126
nol ) in ethengl Namg and) an “:ibprcgniaué iopganie sohemt €el gt THPY; flldbwedshy uti on
of acetic acid ( 15 .2 g; 252 mmol ) in ethanol (160 nlL) was added over 2
hours. After amdﬁntemaﬂnadlsplauemenng feactionhodir the naSuit7 68@8mediate, for

15 example at room temperature in the presence of a suitable base (e.g.

K,CO,) and an appropriate organic solvent (e.g. acetonitrile);

(4) B represents C,, alkylene, -(CH,),,N(R*)-, -(CH,),,S(O),- or
-(CH),O- (in which latter three groups m represents 1, 2, 3 or 4) and Y

20 represents O may be prepared by oxidation of a compound of formula
XXIII,



PGT/ SE00/ 01253 s2 the solution was cooled to roomtenperature. This

sol ution (over 2 hours) to a m xture of

.1-tert-bum§g?g%nyl -4-pi peridone (25.5 g; 127 mol ) and paprgsoEroprlwgfzézehyde
(4.80 g; 152 mmol) in ethanol (270 n) ich had been heated to 60C. After
reflux overnight, the solution S |l ed to roomtenperature. The

et hanol was renoved by evaporati on. tractive work-up was perfornmed in
tol uene:water and the material (was filtered through silica in a

tol uene: ethyl acetate syste vapor & i on of the el uant gave a solid
material (37.4 g). The puri{y wag]90 area% (HPLC) ¥Rl the was yield 60 %.
By performng a crystallisatiomiln IPA a io conpound with a purity of 98
area % (HPLC) and a yield o % was obtained. EI-Ms: nfz = 330 (M+). '3C
NVR (CDC13): 8 28.72, 47.71) 49.91\ 50.60, 58.83, 59.16, 61.96, is 80.18,
127.37, 128.45, 128.89. 137.57, 154.®9, 213.66. (ii) tert-Butyl

7-benzyl - 9- hydr oxy- 3, 7-di azabi cycl o[ 3. 3. l:;(]lnonane- 3 carboxyl ate Sodi um

bor ohydri de i wiricly: B 3epresemts) a wisglgdbend: €a sbolent, (dCH)20NRT)-; ed

| uti ft -butyl 7-b | -9- -3,.7-di bi lo[3.3.1
Eggggg- 8?;1 t{%g%@ﬂ Bh?@Wm(xFézxd%?Y}EF 33@% fires gr untﬁrm %"Zﬁ’rﬁf%fhanol (
: e, addi tion co e e reaction, was ;stirred at r
overnight. T ezs IQ/reﬁ} a ?h%‘?ﬂjge}aﬁ%raét% e@%&%qrﬁed%?agﬁddd% Lf‘%c?lrg%e&f:%ed in
t ol . Thi At - i th i .
r gs 3|etn ie ng5 olr é%%logg %2&29%@%@2@?@%&% mgd ,"Y\%%lﬁ{égﬁ%gg%&)eacé@g d@g iecéﬁlgt ed to

give the su i N@pa N i tgti ye oHi . 0 9

Lot seoa o 2% g%ﬁ?’??gl)o W e ! ﬁ@gééhygf ogy-sghj%lg- fredtl g‘% AR T
nonane- 3- car gigkldrahfetdiR)sop-titl e conpound was prepared in quantitative
yield according to the procedure of Exanple 5(iv) above, using tent-butyl
7-benzyl - 9- hydroxy 3, 7-di azabi cycl o[ 3. 3. 1] nonane- 3-carboxyl ate in place of
tent-butyl 7 s

benzyl - 9- hy d¢0x repriesemty -(EHz)P-a2hepiesemp NR ') awchRierepresenboxy| ate. (i v)
~4- Cyanoani | i pL.opan- 3- i xtyre of 4-fluorobenzonifrile 1.0 9, 8.26
nmrol ) ané’ 3-=a %go(ﬂfahéﬁ(%qﬁ&n“ﬁy PIEPATRY BY Gaelisation ofa compennd of i ner t
~0 at mspherg}{&l\dﬁ%gﬁi %’5 h. Water (500 nmL) and diethyl ether (500 nL) were
t hen added, vg Pting organic |ayer separated, dried (Na2S04) and
concentrated. The residue was purified by colum chromat ography

(heptane: Et QAc; 1:3) to give the sub-title conmpound in 84%yvyield. i s (V)
(4- Cyanoani | i no) propyl - 3- net hanesB# f ohat e Met hanesul fonyl chloride (0.33 Q)

2.9 mol ) was added to a cooled (0C)) stirred solution of xxjIA
(4-cyanoaniIino)pro.an-3-gi\%%&gn1s ep (IWN(HPRdeee; 0.48 g, 2.76 mmol ) and
triethylam ne (0.56 N5 54 Pml N OFChl oronet hane (35 nl). After

addi tion was co -Qete, stirring was 20 continued at rt until all of the
starting materialfad-peen consumed (as indicated by tlc). NaHCO3 sol ution
was added) and thex€sulting organic |ayer was separated, dried (Na2S04)
and concentrated £o give the sub-title conpound in quantitative yield. 2s
(vi) ten-Butyl 7RPF3-(4-cyanoanilino)propyl]-9-hydroxy-3, 7-di azabicyclo [3
.3 .l 1l nonane- 3- car boxyl ate

15 wherein R'® represents -S(O),R" or ~C(O)OR'” and m, R%, R, R?, R"
and L? are as hereinbefore defined, for example at between 0°C and reflux
temperature in the presence of a suitable base (e.g. sodium hydroxide), an
appropriate solvent (e.g. dichloromethane, water, or a mixture thereof)
and, if necessary, a phase transfer catalyst (such as tetrabutylammonium

20  hydrogensulfate).



ten-Butyl 9-hydroxy-3, 7-di azabicycl o 3. 3. 1] nonane- 3- car boxyl ate (from step
(iii1) above: 0.84 g; 3.48 mmol) was added to a stirred susp I f
anhydr ous W&%{E@P&m carbonate (0.67 g; 4.8 nmol) and WO 0%@%&8‘5&”3

PCT/ SE00/ 01253 54 (4-cyanoanilino) propy’- 3- met hanesul fonate (from step (V)
above; 0. 89 @mourth SMRrimila WERMy(be Priparody sumdard techniguepnefar ( N\2)
The reaction mXxture was stirred for 10 h at rt, before the solvent was
renoved undeiafipleicemppundsof éornfide Vel whichnas partitioned between CH2C12
and s NaHCO3 (ag. ), and then the organic | ayer separated, dried (Na2S04)
and concentrated. Purification by columm chromatography gave the title
conpound in 41 %vyield. FAB-N5. mz = 401.08 %%I? '3C NMVR | nd 3: 8
25.9, 28.5, (35B5represents 2(CH,) 4 may e Brepgsed byseoupling 2 Gomppud ¢ g

712t Bopabl S 88 ERUBL 5 KRR BPA ormya 1
nonane- 3- car boxylate (i) 3,7- D&bg@%)&ﬁgjgga)z_ﬁb]‘zycl o[ 3. gxfknonane The

sub-title conpound was prepare the procedure described in J.

Og. Chem [ 1Y iPangy Hal) 4ndHal, m, R*,
di azabi cycl o‘f@érfil%?ng%%%g&gs %ﬁ%q?%gwg%?fﬁl@%ée) ai:f)n pl ace of N

benzyl - N - mes hyy picE PP de@as héidinbetoRedefihed, 7- di azabi cycl o[ 3. 3. 1] nonane The
sub-title compound was prepared in quantitative yield according to the zs
procedure of Exanple 5(iv) above, using 3, 7-di benzyl-3,7

di azabi cycl o[ 3. 3. 1] nonane (from step (1) above) .in place of tert-butyl 7
benzy! - 9rohy d2d>B representy -CEOTNGRE-amayy be drepared by AevRlE 3-¢RP ate.
WO 001 76999 PCT/ SEQOQ Q1253 55 "3C NVWR in CDC13: 8 30.1, 33.4, 36.0, 52.5,
59.6, 64.3, abformula XX¥8, 128.7, 138.8. (iii) iso-Propyl

7- benzyl - 3, 7- di azabi cycl o[ 3. 3g2d] nonane- 3- car boxyl ate s

i so- Propyl chl orof ormate (55 | ) and concentrated NaOH (6.0 nL; 10 M were
added, along with 10 m_. of watefNH to a sol ution of 3-benzyl3 ,

7-di azabicyclo [3 . 3 .1 ] nonarne (from step (ii;(éabove; 10. 8 g; 50 mmol)
in CHzZC12 (50 nL). The reactigeemxture was stir®d for 3 h and the phases
separated. The organi c phase Me Aashed with HzO and brine, dried and io
concentrated to give the sub- conmpound in 95 %yield. (iv) iso-Propyl
3, 7-di azabi cycl o[ 3. 3. 1] nonane- ar boxyl ate The sub-title conpound was
prepared in quantitative yield according to the procedure of Exanple 5(iv)
above, usi ngwhemipRSpd R*xrazaglhedeinbefare diefinath tyaIcofrpagndiof formula

) nonane- 3- car boxyl ate (fromstep (iii) above) in place of tert-butyl

7- benzyl - 9- hX&\0y- 9- met hyl - 3, 7- di azabi cycl o[ 3. 3. 1] nonane- 3 car boxyl at e.

-MS: nmlz = : : ' LA ; . 53, , :
T o o 2b el ()5, 2 FEISABERL 22 %0 S8t 3229
L YRR PR X T AHE VA ad nerSnBERRE B¥AnGAS - 3

. 1] nonane- 3-

in both cases, under conditions which are well known to those skilled in

the art.

20
Compounds of formulae V and VI in which B represents -(CH,),S(O)- or

-(CH,),S(0),- may be prepared by oxidation of the corresponding

compounds of formulae V and VI (respectively) wherein B represents

-(CH,),S-, wherein m is as hereinbefore defined, in the presence of an
25 appropriate amount of a suitable oxidising agent (e.g. m-chloroperbenzoic

acid) and an appropriate organic solvent.



4- Cyanophenacyl bromi de (225 ng; 1 mml) was added to a stirred 2s solution
of iso-pro d| azabi cycl o(3. 3. I | nonane- 3- car boxyl at e (f te i V)
above; 212%00%f;mml) in MeCN (2 nmL). After stirring for l; 03{05)7(5%:,
NaBH4 (40 ng; 1 mmol) was added, and th@8reaction was aIIowed to warmto rt
over 45 m nuCempouhds r@lacfbrmulamwmm wBs gx@gﬁmalt nat £dkindias s faskivh itw CHZCI
and washed with NaHCO3 (agq. ) and V\D 00l 99 PCT/ SE00/ 01253 56 bri ne.
The organi ¢ ¢tampoundssofSforanda ¢ dseeqd for dxample; qroeessrsaepsd(a) o(h)i ore(cin oi |

whi ch was purified using colum chromat ography (hexane: Et OAc: | PA; 50:49:1 )
to give the sub-title conpound in 35 %yield. s (vi) iso-Propyl 7-

3. 1] nonane. SIERIEH o a%eeﬁffp%a Nfinghich 18 Fepressatinty) was

;;1dfl§d( Z 0 c—‘x?aﬁ%%@eﬁ‘ﬁ(’)“aﬂﬁ/ (Prsr%['))({;re Sorlegétlxoonn o?fa iC(S)(r)r'elgr Ox?&'ilng compound of

ethyl]-3,7- d f above io
7.35 g; 21 &ﬁ@é?vcﬂg%lgré?g%)ﬁﬁﬂ%ﬁ??er agﬁﬁbﬂ}éﬁma e reac |X(())¥ﬁle xture
was stirred at rt for 3 h. The solbvent was evaporated to give the sub-title
conmpound in a quantitative yield. ||(vii) iso-Propyl

7-[ 2-azi do- 2- (4- cyanophenyl)eth ,#di azabi cycl ot s

[ 3. 3.1 ] nonane- 3- car boxyl ate Sodi um aZide (6.5 g; 100 nmol) was added to a
solution of 7-[2-(4 cyanophenyl|)-2-chl oroethyl]-3,7-diazabicyclo[3 .3

. 1] nonane- 3- car boxyl ate (fromstep (vi) above; 7.73 9; 21 mmol) in DWF (75
m.). The resulting suspensio stirred for 12 ¥t rt. The reaction

m xture was 20 partitioned bg CHzCl Z and NaHC03 (aq.), the organic

| ayer separated, dried and tﬁ’" spcentrated to give the sub-title conpound
in 95 %yield. (viii) iso-Propyl
7-[ 2-am no- 2- (4- cyanophenyl ) et hyl ] - 3 7 di azabi cycl 02s

3.3.1 t |
[7 o a]nggagﬁfpgregg;ggg Aecﬁy )agrteﬁ)ﬁl% %%;Q[}]b%?oﬂesaeﬂw@y for example a room

bi cycl of 3. 3. élﬁ&?@ﬂﬁ@e%ﬂ?égfééﬁh@é 6f afsufablRtstRahi¢i dolve'ﬁlc(&% efharbly; 19.5
nmol ) i n aqueous et hanol % ) was hydrogenated over 5 % Pd/Cat 1 atm
until tl g indicated that the reaction was conplete. The catal yst was WO
001 76999 PCT/ SE00/ O1Z53 57 renoved by filtration through a pad of Celite,
and the filt€Camponadsentr doeuindeX rmedycdd preparede by geaationheofiale
conpound in 98 yield, s FAB-M5. mz = 357.0 &M—H) 13C NMR in CDC13: 8
22.63, 30. 05corsespending cempound of fommuiaeXX3HIAg, 57 53, 61.32, 68. 54)
68.67) 110.97) 119.87, 128.68, 132590, 152,56, 156.43 i o Exarrpl e 10

i so- Propyl 7-[2-car barmyl am no- 2- (4-syatophenyl ) et hyl ] - 3, 7- di azabi cycl o

[ 3. 3. 1] nonane- 3- car boxyl ate A sol ution of tetrahydro-2-pyranyl isocyanate
(382 ng, 3.0 mmol) in benzene ( 10 m_)| was added to a stirred solution of

i So- propyl 7-[2-am nois
. 3. 1] nonane- 3-car boxyl ate (see

Exarrple 9 above; 1.07 g 3. 0 P . 8 (35 nL). The reactxwm m xture
was stirred for 2 h at rt, aftgr/ whi

i chit he sqQh\vent was evaporated and the
residue re-dissolved in a mxfdre of MR (27\yL) andglilute HC (4.5 ni;

0.1 M. The resultipg solutigh was refluxed for h efore 20 the acid was
neutralized (NaHCO3 anq},t/hé' MeOH renoved by evapordtion to give a
precipitate p@l Cﬂ-l | ected and recrystallized fromIPA to give the
title conpou /oy| el d. —R!

R6



FAB-M5: mz = 399.7 (M#) 2s 13C NWR in CDC13: 8 22.35, 22.69, 28.67,

29.12, 32. 48. 11, 49.15, 51.76, 55.83, 59.13, 63.54, 68.

119. 11, 128 %%763%> 29 149.14, 156.62, 159.76 WD 00l 76998’%@%&’&%

PCT/ SE00/ 01253 Exanple 11 i so- Propyl 29

7- [ 2- car banoyheribex &, &F; R RERNORARNRF,) K, hy|dnd3B7arei iz hedeintfofe3 . 3

. 1] nonane- 3- car boxyl ate i so-Propyl 7-[2-am no-2-(4-cyanophenyl)ethyl)-3 ,
7- di azabi cydefjned3vith a]campeunghef foroald XN VAR, (see Exanpl e 9 above; 0.36
g; 1.0 mmol) and 1 hydroxybenzotri azol e hydrate (0.28 % 2 mmol ) were added
to a stirred solution of oxal RIS(E@ diamide (0.1 g; 1XX¥Rol) in DVF (8

m.). Triethyl am ne s. added until the,pH reached 7-8, after which, the
reaction m x‘f’ﬁ?l@ c‘éo?gd ?ﬂ‘y&)@mrlyét“iﬁ'fg- (H'Tvﬁetgﬁ?}fpémaﬁ%ppﬁg%%hy?) ~0
et hyl car bodi i m de hydr.echl or i o (N a . eaction
m x%/ur e vas St"ﬁléw%ﬁq/g{‘@d%? Hf ?x?qrg%uﬁgtn%’en%sf ﬁ%mﬁﬂ%ﬁgﬁﬁgﬁﬁﬁoﬁ Was
added and t gﬁe]éé ; ¢ bi inened:; i et hyl
et her and Nawé&?gﬁ ?&?B?B enoﬁggarﬁ(gé??gg?wg%gg%%%%,&v%@s l%?q%m\gﬂ?ea/gt_er,
dried and t Wg!%?&@&%bﬁﬁm%ﬂmormby irBECtiGHS Withea Wakiable Ssouse ¥hm | i zed
from MeCH an i-1so-propyl ether to give the title conmpound in 45 %yield.
ESI - M5: Mz gzide’forB (é.g’H’sbdﬂﬁlCabslM@)ifm ERaiiple &t d2iden aMbisht &l Heflux9. 89,
48. 04, 51.10, 52.03, 20 58.67, 59.48, 59.66, 63.65, 68.03, |11.38) 118.53,
127.25, 132.témpetathire7 in théprasencd 59. @ appBiprige Bokvenk de 2 DMEFPangyd

7-[ 2- (4-cyanophenyl ) - 2-for mam doet hyl | - 3, 7-di azabi cycl 02s

[ 3. 3. 1] nonarssidbleabasexgl atMalHOH). formate (0.5 ml) was added to a stirred

sol ution of iso-propyl 7-[2-am no-2-(4-cyanophenyl)ethyl]-3
, 7-di azabicyclo[3 .3 .1 )nonane-3 carboxylate (from Exanple 9(viii) above;

ol vent vas CompbrafLlr TR o, HubeiiEaleBe pfsitil byofantloR ofidie

partitioned i trher, 2 T r i ehf Was
separ at ed, V\'/%mﬁ% ?Eef\?g%ﬁgae Igﬁigﬁﬁg{%%r% g%@i]%%dn{%;ﬁg?eag% gu?}eisgfti ng
resi due was fobgnld X(vHCal Iized from MOH and di-iso-propyl ether to give
the title conmpound in 40 %vyield. 5 FAB-MS. nfz = 384.9 (MH) "3C NMR in
CDC13: 8 22.44, 22.78, 28.68) $3.13 32 39, 48.13, 49.17, 50.54, 56.00,
59.16, 63.07, 68.39, 110.97, |18 8#A—T2b’68, 132.43, 147.02, 156.76, 163.01
to Exanpl e 13 tert - But yIN;-(CH,),
7-[ 2-am no- 3- (4- cyanophenoxy) pro
] nonane- 3- car boxyl ate is (i) Ben
3- (4- cyanophenoxy) - 2- hydr oxypr opyl car bamat e

4- ( 3- Am no- 2- hydr oxypr opoxy) bepzoni{ril e (see Exanple 1(ii) above; 30.0 g;
0.156 nol) and triethylam ne i 0.234 pol) was dissolved in 150 niL of
CHC13, and cooled to OC. N ( ycar boﬁyl oxy)succinimde (42.9 g; 0.172
nmol ), dissolved in 150 zo nlL O 3, was added dropw se. The m xture was
stirred Bt rt overnight. The sol vent was evaporated, the residue was

i od, " and. oYIGRaea Ko Ror o Bt 416 S St setord Weplied Tk XA . 2
Y oooi(B | : . ’ -
§r:9|t )hanes LI( f onat e%@eﬁn%g%-a }igﬁi?%ggg{lésn%éés)cﬁ%@g%? gi)ﬁ(i %E%gglbggﬁgﬂmin (2 g;

6.1 nmmol ; fremeshpourds) offeei@la dgprozesasidpyt))c amount ( 10 nol %) of DVAP
was

B fa
»

20 Compounds of formula XIII may be prepared by removing an optionally
substituted benzyloxycarbonyl unit from (i.e. deprotecting) a
corresponding compound of formula I in which D and R* both represent H

and B represents -N(R*)C(O)O(CH,)-, A represents A® and A® is as



mxed in 6 nL of dry pyridine. The m xture was cooled to 0OC, and WO
00/ 76999 PGilo 6899901253 60 met hanesul fonyl chloride (0.52 mipci/sgoozss Was
.added dropwi se at 0C. The nmixture was akjowed to reach roomtenperature for

3 h. The pyr s evapor.a . Eth acet a t he s utlon was
washed with b\%ﬁe Q’Ffd dF%E‘egr‘é’écgﬁrc %%;E‘Pn%a‘g X pﬁF%t‘%@F%ﬂ% [Qn
evaporated t (93 %) of the sub-title conmpound. (iii) Benzyl

2- [ (4-cyanop§8ﬂ8§3§lﬁg‘? ﬂ&i'] -1-aziridinecarboxylate 2-{

[ (Benzyl oxy) car bonyl ] am no} - 1- [ (4- cyanophenoxy) net hyl ] et hyl

met hanesul fonate (47.7 ng; 0.12 nol; fromstep (ii) above), i o

tetrabut yl amoRRipHBIRYdOPOgORHGAEVAY. it Ge Gredderolny ardcag) Bt gf DOM
were m xed and cooled to OC. 97 nL of 50% NaCH was addéd and the m xture
was stirred yorgespouslig f oompOund nuf efornnfle MIIbf wivdt drydzodylafifingrl fot et her
wer e added. The organi ¢ phase was separated, washed W|th water, dried
(NazZS04) andexampler at edevared i teinpardtore g.g. sat:hrcﬂma) ogrmphpremnee lofca ( DCM)
gave 33.13 g (89% of the sub-title conmpound . (iv) tent-Butyl

7- benzyl - 3, 7suitablapreanc splyest (9. gomaidammllar boxyl ate Di-tert-butyl

di carbonate was added slowly to a solution of 3-benzyl-3,7 20

di azabi cycl o[ 3. 3. 1] nonane (see Exanpl e 9(i i) above 60 g; 277 mol) in THF

mterial hadCommoaETn R ARRuEL XVIGR Bhidl BY Mot R biscrentripah i a Bren
renmoved wde?rp ﬁééfﬁgf&{‘ﬁ?ﬁﬁemat%’u@@‘?{@“&ﬂm“ﬁ %XVﬁLyI eld of the

sub-title co
3, 7-di azabi cycl o[ 3. 3. 1] nonane- 3-

Oar boxyl ate The sub-title conmpound was
prepared in quantitative yield agcording to the procedure of Exanple 5(iv)
above, using tent-butyl 7- benzylf
di azabi cycl o( 3. 3. 1] nonane- 3é%arbnxylate (fromstep (iv) above) in place of
WO 00/ 76999 PCT/ SE00/ 01253 ~kent - but yl

7- benzyl - 9- hydr oxy- 9- net hyl azabicyclo[3 .3 .1 ]nonane-3 carboxyl at e.
13C NVR in CDC13: 8 28.05,/ 28729, ) 48.35, 49.11, 5XX¥H, 79.34, s
155.16 (vi) tert-Butyl R5b

7-[ 2-~[ (benzyl oxy) car bo~}] am no) - 3- (4 cy.Nophenoxy)propyI] 3, 7-di azabi cycl o
[ 3.3.1 ] nonane- 3-car boxyl at e Benzyl ~H

2-[ (4- cyanophenoxyl net hyl ] - 1- aziridinecarboxylate (1.0 g; 3.2 to mol; from
step (iii) above) was mxed with tert-but 3,7

di azabi cycl owkerzzm] R3haang: RLaarmxas) eheeemgﬁ:bm sdefinedy) unde eappoomiage 3. 2

mol ) and 30 |so propanol , .and stirred at 60C for, 5 h, and then at
rt overnight comfh@oes)( 0E FXalRle eQuiipRs surhhavithose deseriRed in Easpegt

fied I % e 7 f b-ti tI
E(I;H)oluﬁd O?ngeplacag*pﬁnljtg\ﬁwpound&gf f%rmuﬂa ln&)rocess%te(p é:)){) of sub-title is
7-[ 2- am f 3- (4- cyanophenoxy) propyl ] - 3, 7- di azabi c~cl o[ 3. 3. 1) nonane- 3- car box
ylate tert-Butyl 7-[2-{
[ (benzy' Oxy) €9 ik &1 Bemhuf RVICW%WR@W%MS&M@H%@R? rzpfysé&eb' cycl o
[3 1 ] nondne- 3-carboxylate (fromstep ( above; nmol ) was
di ssol ved i nR& hapdbe pPepated bgn@atuysts Oﬂan@irﬁékp@n&ih Sc&hﬁb"u:fa of fdmfmilm for
2 hours. The catalyst was renoved by filtration through a pad of Oellte
The resi due D@éVHi/asohemmhefmddcpﬁnﬂdf,|\e11ht1ycomponndagr fpimuld SXWIIA aset at e:
| 0% MeCOH). Yield: 2 ? 2s "3C NVR in MeQD: b 29.01, 30.43, 31.86,
59.57, 59. 96herem®£ore6 efme emde1 appropgipte gondigions {5 expwiple WNdRioNs119. 98

1 2 1 1
) 135 523 gl?ch8§s th(?s?é des%?lbed for the production of compounds of formula II in

which R? represents OH and R’ represents R*).

Compounds of formula XVI in which R? and R® together represent



WO 001 76999 PC T/ SE00/ 01253 62 (The (R)- and (S)- isonmers were nade from
chiral 4-(2oxiranyl met hoxy)benzonitrile:

4- (2(R) - oxi VP68 hoxy) benzonitrile provided the S-form of PERSEMMIPSS
7- (2- am no- 3- (4- cyanophenoxy) propyl 13 , 37-diazabicycl o [3 . 3 .1 ]

nonane: 3-car boYOheo, AU 2CHRXLF DM, S 8) ROYHLPERAY Hiddcfofr ovi ded

the R-form) Exanp

7- [ 2- am no- 3of 4-conipruRd sTdsyhiRla0OXXVHEA hydr oxy- 3, 7- di azabi cycl o 3. 3.

| ] nonane- 3- car boxyl ate io (i% tert-Butyl 7-[2-~

[ (benzyl oxy) car bonyl ] ani no- 33% phenoxy) propyl ] - 9- hydr oxy- 3, 7- di azabi ¢
ycl o[ 3. 3.1 ] nonane- 3-carboxyl a tent - But yl

9- hydr oxy- 3, 7- di azabi cycl o[ 3. 3. 1} nonane- 3- car boxyl ate (3.85 g; 15.9 mol ;
see Exanple 8(iii) above) vas mped with benzyl 2-[(4i s

cyanophenoxy) nethyl]-1-agir arboxyltate (4. 44 g, 14. 4 mol; see
Exanpl e 13(iii) above) in —s@- propanol: H20 (8:2). The m xture was
stirred at 60C for 24 h. [ evapor at ed and X4wHlA esi due was
purified by chromatograp Si ldsg uene: et hyl acetate:iso-propanol;
8:1:1). Yield 6.21 g (7 A)).OZOF%ii t eRt - But yl

7-[2-am no- 3- (4- cyano%menoxy) propyl ] -9- hyHr*qu- 3, 7-di azabi cycl o[ 3. 3. 1] nonan
e- 3-car boxyl ate tert4Butyl

7-[2-{[ (benzyl oxy) car bonyl ] am no} - 3- (4- cyanophenoxy) pr opyl ] 9- hydr oxy- 3, 7-di
azabi cycl o[ 3whetdinoR%rmmd3R Canpethet aepregémoM-6CHp),(0-), -0SHakqv-€CHE) 10rg; 11.2
mmol ) was di ssolved in_ethanol_(56 nlL; 85 %) and hydrogenated over Pd/C (5
% ). The §esu(GHps and Rt and™ fare tasr kereinbetors dlefimed mabedprepencat efdaand t he
crude product was purified by chropatography on si.lica (toluene; ethyl

acet ate: i soSpitapeseducing agant)(Cygh; gﬁ‘\@ﬁwnéﬁrggo 1neDs thay agg walkknowne
conpound. WO .00l 72398 .F@E- ME: mz = 417.4 (M#H) 63 PCTI SE00/ 01253 13C NWR
in MeoD: g 2% @psesKilipd indie K- 57 94, s3.55, 5391, 61.60, 68.11, 71.23,
79.81) 103.76, 115.55, 118.85, 133.98, 155.41, 162.59 s Exanple 15

t ent - But yl

7-[3-(4-cyan hohd syt j l; ' ' leg[ 3. 3. 1]
e g %box?h ldal{ife& ?{f;’f@?ﬂrﬂﬂag [ Ynaly Be Prepirdd lin Indidpons IRéHiYE 8

3, 7- Di bengy! cdrrespbntiid ¢ bmPolyds ofk Yordnuladi azabi cycl o[ 3. 3. 1] nonane i o The
sub-title conpound was prepared according to the procedure described in
Chem Heterocycl. Conpd., 30 (1994) 353-357. (i)

3-Benzyl - 1, 5-di et hyl - 9- hydr oxy-_3, 7- di azabi cycl o[ 3..3. 1] nonane. A sol ution of .
3, 7-di benzﬂompowdaiqfeftoﬁrpmagﬁwﬂ&ynay be prepaged in @palagous fashign 19 nonane
(fromstep (1) above;, 2.71 74 | ) 1,n aqueous .et hano 20 : 95 %)
was hydr ogenatGHmRAMId ef z%rpgﬂ@jgt (‘1%9%“ Ehét ?‘ﬁr?ﬁr’@ﬂﬂmﬂ %&Péal( mclydipg o
reacti on was_c ] catal yst was renoved by filtration through a pad
of Celite, aﬁd'?mimﬁygs%)'concentrat ed to give the sub-title conpound in
a quanti tlfti ve yield. 20 (iii) tert-Butyl 7-benzyl-1,

5-di net hyl - 9- hydroxy-3 , 7-diazabicyclo [3 . 3 .1 ]nonane-3-carboxyl ate

Di -tert-butyCotpsunds oftformaReavtie d XSVIIWVID aad SOXVTIIomapfbe3preparad, - 1, 5

di et hyl - 9- hydr oxy- 3, 7- di azabi cycl o[ 3. 3. 1] nonane (from step (i1i) above; 2s
0.68 g; 2.61advaritdgeonslyby (rbaction oflneompauhd of fovasula tXXIExd at rt until all
of the starting material had been consuned (as indicated by tlc) . The

sol vent was renoved under reduc¢ed pressure to give the sub-title conpound

ina 89 %yield. WD 00/ 76999 | PCT/ SE00/ 01253 64 (iv) ten-Butyl
1, 5-di et hyl - 9- hydr oxy R3,\- di i cyck®P 3. 3. 1] nonane- 3car boxyl at e

XXIX



The sub-title conmpound was prepared in quantitative yield according to the

procedure i in step (ii) above, using tert-butyl 7- - S

.di et hyl - 9%@”&9&13, 7-di azabi cycl o[ 3. 3. 1] nonane- 3- car boxy! ?féﬁ%(#qog%%gt ep
(iii) above) in place of 3,7-dibenzyl-135-dinet hyl - 9- hydr oxy-3, 7

di azabi cycl oyBerein Rnoepresents \H 6enrC(B)XR' and R', R*, R® and X are as
7-[3-(4-cyanoani |l i no) propyl ] -9-hydroxy-1, 5-di met hyl -3, 7~o0

di azabi cycl diesembefore dsfined vt (asxappsorriate) eitmut(l) a compound of formula

1, 5-di met hyl - 9- hydr oxy- 3, 7-di azabi cycl o[ 3.3 .1 ] nonane-3 carboxylate (from
step (iv) a%, 1.05 g, 3.89 nmmol) was dissolved in 10 nL of MeCN.
Triethylamne (0.39 g, 3.89 mvpl) and (4

cyanoani | i no) propyl - 3- met hanesul fonate (see Exanple 8(v) above; 0.99 g) is
3.89 Mol ) were added. The regction m xture was stirred for 72 h at 60C,
before the solvent was renoved\under reduced pressure. The residue was
partitioned between CHzCh and 3 ({&d-), and then the organic |ayer
separated, dried (Na2S04) anag’concentrafed. Purification by col um

chromat ography gave the titlg coffpound in a 4%yiel gxx20 FAB-MS: nmz =
429.0 (MH)+ "H NVMR in CDC13: A _0.99 (s, 6H), 1.45 (s, 9H), 2.00-2.18 (m
2H), 2.49-3.60 (m 12 H), 3.88 (m 2H), 3.90-4.08 (m 1H), 6.54-6.66
(d, 2H), 7.38-7.46 (d, 2H) xanpteRi6 The conpounds of the above
Exanples 1 to 15 were tested.in Test A above and were all found to exhibit
D o values of nore than 6.0. WO 001 76999 PCT/ SE00/ 01253 65 Abbrevi ati ons
AcOH = acetic acid s io is 20 25 ag. -aqueousatm =atnospheresBu =butyl DCM
=di chl or onet haneDVAP =4- di et hyl am nopyri di neDMF =di et hyl f or mam deEl

=el ectron i oy sai = / —at tat =gt =gl ectron
spray int erféaycéF gﬁgﬁg%tfég%l}ﬁ%%ﬁﬁhewh{]%égﬁgfs Pg‘dii go%‘?ﬁ%i@& E%
=liquid chr Yddtided="4r9 o} e h

et hyl NN R e MR o[ Pholecid & f vRIR ) derRaudE

spect r oscopyhiéfddi), 5Ri dibtases ih dRe peesenoe of ianfoemaidchgide ghes phappropriate

r educedf or MNIMR =nucl ear magnetic resonancePd/ C =pal | adi um on carbonrt.

=r oom t erppersouncecof formaddeinde9sweh ssparaforsmidehyte dribfnalin sohaionilr of ur an
tlc = thin layer chronmatography PCT/ SE00/ 01253 Prefixes n, s, i and t have
their usual neanings: normal, iso, secondary and tertiary . WO 00/ 76999

67 Cl811 115 The formation of compounds of formulae VIII, XVII, XVIII and XXVIII

may be carried out in this way for example at between room temperature
and reflux (depending upon the concentration of the reactants) in the
15 presence of an appropriate solvent (e.g. ethanol or methanol) and,
preferably, in the presence of an organic acid (e.g. a C,4 carboxylic acid,

especially acetic acid).

Compounds of formula XXVIIIA may be prepared in accordance with
20 techniques which are well known to those skilled in the art. For example,

compounds of formula XXVIIIA in which R* and R* together represent

-(CH,);-, -(CHp or -(CH,)s- and R*® and R* represent H may be

prepared by reaction of a compound of formula XXXI,



1. A conpound of formula I, O X ~ R s wherein PCT/SEO0/ 01253 Rl represents

ClL ,z al kyl, - CHZQa-aryI, or -(CH2)a-Het' (all of which are optionally
subst i t ut edVRPHT t erni nated (as appropriate) by one or norREHSEMOIISIent s
sel ected from-COH, halo, cyano, nitro, 8 ~ alkyl and/or C-~, alkoxy); a
represents 0) |, 2, 3, oR®; Het R¥epresents a five to ten-nenbered

het erocyclic ring containin or i s nore heteroatons selected from
oxygen, nitrogen and/Ne.sul f ch also optionally includes one or
nore = O substituents; X weprese O or S WO 00/ 76999 PCT/ SE00/ 01253
68 R5a and R5b independentlly represent Hor Cl_3 al kyl ;y,k¢ and R3

i ndependently represent HJ Cl~ al kyl (optionally substituted and/or

term nated with one or e~y t cyano groups), OR, s N(R a)R b,
OC(O) R8 or together fd?f O .(CHz)3-, -(CHz)4- or -(CHz)5-; R
and R8 independently represent H Cl1_6 alkyl or -(CHz)b-aryl (which latter
two groups are optionally s ituted and/or term nated by one or nore
substituents selected from , @, cyano, vitro, Cl.4 alkyl and/or to
Cl~ al koxy); R a and R b independently represent Hor ClL 6 alkyl; b
represents 0, 1, 2, 3 or 4, R represents Hor Cl1_6 alkyl; IS D represents
H Cl~ alkyl) -OH, or -(Cst)e~N(RIo)(R1'); c represents 0, 1, 2, 3 or 4, R
represents’ Hyh&feif R¥Fkahd R¥ Clopktherr sopresefit NAOM,-, ~ Rio8~(CH,)s-,
L0 ~eN(R 3) (R e) - -C(ORL6 6 ~(OOR: 20 a reprggpep%l)t%s Ay 22;)5 R
represents HndCK @ndlRYyhare ag(l@reinbetore -defited-~wathys ristirehof phosphanioup i s
optionally substituted and/or term nated éa§ appropriate) by one or nore
subst i t uent saciéapdtsubfuricaeld dqr exampde ahdke;Cami no, vitro, C1_6 al kyl
and/or Cl_6 al koxy); 2s Rl4, R15, R1IG R' and R a independently represent
H Cl 6 alkyl, Hetz or -(CHz)g-aryl (which latter three groups are

stbst 1t uent CSmpabAE 47 Rt KK HRACToBRR 3R GE, Bler Rl U B " ¢
Ayl aryt SrY AyalanicCh oty JGn TEpRRHES o gy eRamble EGRPGRR 57 <1
formula XXX wherein D represents -OH, R* represents H and A
10 represents CH, may be prepared by reaction of a compound of formula V
in which R* represents H with ammonium hydroxide under conditions

which are well known to those skilled in the art.

Compounds of formulae III, VIIIA, X, XI, XIA, XII, XIV, XV, XVB,
15 XVIIA, XIX, XX, XXI, XXII, XXIII, XXIIIA, XXIV, XXV, XXVI,
XXVII, XXVIIB, XXIX and XXXI, and derivatives thereof, are either
commercially available, are known in the literature, or may be obtained
either by analogy with the processes described herein, or by conventional
synthetic procedures, in accordance with standard techniques, from readily
20 available starting materials using appropriate reagents and reaction

conditions.

Substituents on the aryl (e.g. phenyl), and (if appropriate) heterocyclic,

group(s) in compounds defined herein may be converted to other



optionally substituted and/dr term nated (as appropriate) by one or nore

substi tuentywoebrmedesn from halo, vitro, C _6 alkyl and/or C _6pakrkRdoorasyd: |
.g and h independently represent 0, 1, 2, 3 or 4, s Hetz represents a five

to ten-nmenbered heterocyclic ring cont i Hi ng one or nure heteroatons

sel ect ed frofnbstifdents using &erbmiques/ well SMOMNE to shesensklied dn gbe At ofen | y

i ncl udes one or re =0, substitue resents,one or re oggi onal

ts; R6
subst i t uent s €XaMPLE, RYObGAZENE NAY ﬁfﬁduFS‘E ﬁgla& amyiAqbsnzene, Mydrexy fay |y |

(optionally term by 0 OR ] - N(HR 9,

-NHC( O N( H) R;,e C%?Eé@?é? %%0%%53' %ﬁ?éﬁg&(ﬁ%‘% @mo&%dependent ly
represent Hor C,_~ alkyl; R ea, Rz- and Rzz independently represent C 6
al kyl; is Arepresents a single bond, C _6 al kylene, -N(Rz3)(CHz) ~-,

- Q( CHz) ~- 501 THeCddhpouié G5 3hé Grdiition iMayhbe Nsbiatedefrdrhr gfei0 rel@son t he
-(CHz)~- group is attached to the bispidine nitrogen atom and which |atter
four groups angnakeb usitigi comvehyorsdl hedhiniquesd by one or nore OH groups); 20 B
represents a single bond, C ~ alkylene, -(CHz)nN\N(Rz4)-, -(CHz)nS5(O ~ ,
-(CHz)mD- (in which three latter groups, the -(CHz)m group is attached to
the carbon atombearing D and R4), -C(ONRZ )- (in which latter group, the
_C(O - group It svill: bacapnreeigtadn by closp killesinin dhie 1 thabnin g processes
Lt

) R o B A i W 5 11
' - 0, 1 2, Rz3
Ir gpsgggnﬁgt H?érg,ﬂ:g §§%9£0 g% é‘{){%ﬁ&@b&@éﬁe?ep@ gg%uﬁtignhsor C, _gr al kyl ; WO

00/ 76999 PCT/ SE00/ 01253 ' 70 R25 represents H, C, _6 alkyl, Het3 or -(CH2)P
aryl (which latter two groups are optionally substituted and/or term nated

(as appropri ghfktiBialopoups WBICR i UddebiratslBtd @stifielufle 6V, Smaiy,
hal o, amno, vitro, C- 6 alkyl and/or C, _6 alkoxy); s Het3 represents a

five to ten-madbearsbxydicenoidy c Suitablengprowoting ngraupsndoorhydrory hédchudeat ons
sel ected from oxygen, nitrogen and/or sulfur, and which also optionally

i ncl udes one trialld)&lb'l:ar[d sidrylalkyleiyls gr@!pseﬁ-gsetﬁﬂsbluyldHnCQWISig’M teyt- ~ o or
a pharmaceutically acceptable derivative thereof. provided that: (a) when D

representls eiburddiphegylsilyl) af8 RSATIEMENHSY Dot h FRTRYLEQRYTINY]: herdllt | east
one of R2 and represents OR OR8.0r C ~ alkyl i whi ch al kyl
group is sub@t@ﬁﬁ?@gn f?&yorsgr?‘ép% @eén%hﬂi S &@MBB@PR‘X' &f° 1)40
; g A _ ) .
opr osent 0 SWRERCIRAGR 8B Tor Y AREREIST, I DING),  ,
20 - (CH2) ~ (1eEtRb i i i .aﬁﬂﬁét’ r i
repr((asen% (c):(v;}%gn B rfepr esg%ct:ésrb&(lwlz()ﬁhmwﬂ(je%%@yc(m ?nﬁs(%)hzol?r %?‘sc’:ﬁ%gm 2.
A conpound agrehupd farctarboXiii avid inolide €, p allyl oe peasyrdseeropt i onal |y
20
The protection and deprotection of functional groups may take place before

or after any of the reaction steps described hereinbefore.

Protecting groups may be removed in accordance with techniques which are

25  well known to those skilled in the art and as described hereinafter.

The use of protecting groups is fully described in "Protective Groups in
Organic Chemistry", edited by J W F McOmie, Plenum Press (1973), and



2s substituted -(CH2)a phenyl, in which ais 0, 1, 2 or 3, or optionally
substituted, optionally unsaturated, |inear) branched or cyclic, C 18

al kyl (whi c\ﬁol"&F@@? group may al so be interrupted by an oxygBaT/3EQ#2s3 o
00/ 76999 PCT/ SEO0/ 01253 71 3. A conpoungsas clained in any Claim1l or Caim
2, wherein sz&wt@%fﬁp@,m@%gamc%?m&wn 213%dRGR, Prwt Quédrecs. MiG h R3
represents -O (CHZ)z-O. s 4. conpound as clained in any one of the
precedi ng cIMWumy\wm%i-mta&cfegeéepggﬁ)s H OR, C-0 alkyl or together with
R2 represents -O(CH2)2-O. 5. A conpound as clained in any one of the
precedi ng clains, wherein R4 represents Hor C _2 alkyl. to 6. A conpound
as clainmed in any one of the preceding clains, wherein RSa and RSb either
bot h repr eseRerspng skibled Hinthe astswill appregiate tmat, in er\ep 0 ohtain compowsds i n any
one of the preceding clajns, wherein RG is represents one or nore

subst i t ueht sOEMEJBYERIGT ByATbaltgrngfikg, ande PR-SOME, PEGASIONs TIOTe SPOYETSH H) R 9
N(H) S(O ZR21. 8. A. d i med i ne of i

Clai e, wner BeRnst b GBTREAT Br6i3s* uBbSHekBndl Nl nily, W RefthRaRy D, o

th di ng akains, : o ey

pranched. 12 SR, ortPE] Eidlof AEMREARILE sRacidtl By 0 peLfomnBEct 8 o).

2s 10. A conpghentsiagd 8l RbVemalryue e eOkubdiitudiite a8 b added tand¥eer ein B
represents a single bond, C ~ al kylene, -(CH2)nD- or "-(CHZ) MN(R24)- (in

whi ch | att er cliemicahsaasformatidns perforied upoDdiffersad e RAIdiISEQGOO0HRSS 72 11.
A conpound as clainmed in any one of the preceding clains, wherein when D
represents - §GbRatad RireinReforecwith @ pamicutar oeagtiany). 2This2wilhdepemd imredr as
claimed in any one of the preceding clainms, wherein s when D represents
-(CHZ) ~N(R 09122412'911, fmorﬁe%mgs@ntl@ pature of ofheryfunctiopd) SYQUPS| PTEsRitcA R 6 i s
H C .3 alkyl or tz), -C(QOR" (in.which R' is C 5 alkyl, phenyl or
C1 Sl kyl phEsgIcplar sabirpies dheopvaifasgies) o Koo brversiediares an liedpsbiectile o ¢ 3
alkyl). i o o] | & .y an Of, .t recedi | ai s,
wherel n whenBER SPARERT U B35 Reribpt s MR el Bl OP [eH kI

phar maceut i Cgiavoi&rdm&iﬁt iffThehBE | thei Bloie COMPEATMA: Ahatiql InRd i BEYshde of
Clains 1 to In adm xture wth a pharmaceuttd call y-acceptable Is adjuvant,

di luent ¢ cgyrthetic stkps, thepdsriane uypeaof protetungtgrotps tiat dse einpldyed,
prophylaxis or the treatnment of an arrhythm a, conprising a conpound as
defined i n aayd dreesequence for accomplishing the synthesis.

It will also be appreciated by those skilled in the art that, although certain
protected derivatives of compounds of formula I, which may be made prior
20 to a final deprotection stage, may not possess pharmacological activity as
such, they may be administered parenterally or orally and thereafter
metabolised in the body to form compounds of the invention which are
pharmacologically active. Such derivatives may therefore be described as
“prodrugs”. Moreover, certain compounds of formula I may act as

25 prodrugs of other compounds of formula I.

All prodrugs of compounds of formula I are included within the scope of the

invention.



of Clainms 1 to 13. 20 16. A conpound as defined in any one of Clains 1 to
13 for usevasommepsvar maceutical. 17. A conpound as defined i np@fi¥eddRs2ssf
.Clainms 1 to 13 for use in the 2s prophyiéaxis or the treatnent of an
arrhythm a. 18. The use of a corrpo% as defi ng)d in any of one Clains 1 to
13 as acti veSQmg PE e Hitermediyes peigrred IO hezeipbetora@ne akelnt ACGPTARE 1 n t he
prophyl axi s or é{ge treat nepnt, of. an arr%hn‘i a. VWO 08/%6999 PCT/ SEQO/ 01253
73 19. The (fsdUeT; aspert Of Jhgyinyepuen ters, Iy fhys, Prayifad  ¢HMROYAS AT ot ¢ al
or a ventri I h 13X ] [30 1S 30 nt of
.C@'x\%kla% I XYIPRs h@te’@éfﬁ)ﬁ c?ér s oﬁ?%ﬂfrafaéb JertVafigtd™®

an arrhyt hm Ich od conprirses m ni's erapeutrcally

effective a f i k N; 0 DELID b13 to a
15| of!thése" EEriﬂ?Bﬁﬂdé%tS?Hﬁrﬁdéﬂleﬁ:ak, ifal Of8s olwhehaR %ddzulzé :

person suffering from or Susceptible to, such a condi ti on. i _ _
process fsor Hdig repedseneH ,othedl Dadeeymourspredent H rorl @H. dFhetefisnagthen C ai m
1 which conmprises: (a) reaction of a conpound of formula Il, ~His wherein
R2, R3, R4, proaideBsbcomRfoury oB fermiuld I3t es heredwticforeddefimed, airma prosediéd a
conmpound of formula 111, RXC(OL [IIl wherein Is_ represents a |l ea~-ing
group and Ridezivdtixe shereef prevideddharwimRii and R*® yahospraeeoH, then at

PC T/ SEO0/ 01253 74 (b).,for conpounds qf _faor I in whjch A represents CHz
and D repres‘é?ﬁt@nﬁd’féﬁ aR@Iﬂ%)WW%%’&St 5&4&%&?@0@mawfylwﬁnﬁh akyl/, 5 H-
s Rz R5a R5b N N X-- ~ ~ erein R Re..R . RSa, Rsh.and X are as
defined i n &™8QFh lf,s‘msﬁﬂnﬁalca\ﬁap%ﬁwaqﬁgrwgb‘?ﬁ O NRLE gﬁs‘“\/%‘é‘% einy

represent;s %0{8[1 g\I(R') and R4, R6, R and B are as defined in daiml ; (c)
reacti on of cBrr‘pound of fornmula IV, as defined above, wth a conmpound of
formula VI, 15

Medical and pharmaceutical use

The compounds of the invention are useful because they possess

15 pharmacological activity. They are therefore indicated as pharmaceuticals.

Thus, according to a further aspect of the invention there is provided the

compounds of the invention for use as pharmaceuticals.

20 In particular, the compounds of the invention exhibit myocardial
electrophysiological activity, for example as demonstrated in the test

described below.

The compounds of the invention are thus expected to be useful in both the
25  prophylaxis and the treatment of arrhythmias, and in particular atrial and

ventricular arrhythmias.



WO 001 76999 75 D -A-L2 Rs VI PCTI SEO0/ 01253 wherein LZ represents a | eaving
group and Ii)’?}o RG%WA, B and D are as defined in daiml; s (dl)J f or conmpounds
of formula Py ch D represents Hor OH and R4 represents GCT/SEWOMBi on
of a compound of formula VI, 0 ~A~ RS % N X~ R vll ~ o wherein R , R -,

R3, RSa, RsbTh&%omfpoundancf xeligvetiodehienaius inditaed ih; theekréaanestoopounds
of formula I in which one of RZ and R3 represents H or OH and the other
represent s Hprophylaxis efncarfliag diseasess ponidi indicatioporeiatedfto fcardiac disgases,

WO 00/ 76999 76 D ~A 0 X-- R PCT/SECQ O1Z53 VII1 Rs wherein R, R4, Rsa,
Rsb, R6, A, i whichratrixythmiasaredealiened to play aimajpr role) inchudiog iprhagauc of
formula | in which Rz and/or R3 represents OC(O.R8 s and R8 is as defined
in Claiml, beAEhIdISRISHF snddes thééréo?\%qcifg BYRB sarchiopy heart ifalyg: ch Re
and/or R3 (as ropriate epresent s. OH and a conpound of fornula VIIIA,
RaCO2H VIVA %@E‘g. P i@)da‘&mggﬁ?mn@f%eﬁnﬂm 1; i o (g) for compounds of
formula | in which D represents -(CHz)~NHz, reduction of a correspondi ng
conmpound of formula IX

In the treatment of arrhythmias, compounds of the invention have been
found to selectively delay cardiac repolarization, thus prolonging the QT
interval, and, in particular, to exhibit class III activity.  Although
10 compounds of the invention have been found to exhibit class III activity in
particular, in the treatment of arrhythmias, their mode(s) of activity is/are

not necessarily restricted to this class.

According to a further aspect of the invention, there is provided a method of
15 treatment of an arrhythmia which method comprises administration of a
therapeutically effective amount of a compound of the invention to a person

suffering from, or susceptible to, such a condition.

Pharmaceutical preparations
20

The compounds of the invention will normally be administered orally,
subcutaneously, intravenous:y, intraarterially, transdermally, intranasally,
by inhalation, or by any other parenteral route, in the form of
pharmaceutical preparations comprising the active ingredient either as a free
25  base, a pharmaceutically acceptable ion exchanger or a non-toxic organic or

inorganic acid addition salt, in a pharmaceutically acceptable dosage form.



WD 001 76999 77 PCTI SE00/ 01253 I X N3-(CH2 O X~ R~ wherein ¢, R, R, R3, R,
Rsa, Rsb) R and X are as defined in Caim1; (h) for conpounds of
fornul a | Rp?/@l‘%ﬁ D represents -N(R')C(ONH(R s), s in whi c'?f:‘llrzri‘p‘:”&m?sks
are as defined in Claim1 except that R® does not represent C(OR a,

reaction of Bepéﬁah%sﬁp@ﬁmdmfmm pdtienigbeardated) ahivell 43 thepoagent s
-N(R")H, in which is as defined in Caim1l except that is does not

represent C(oPalngnistratibinctheRdinpositiensdaiy be ddniiniStexedrad vamyiitg dasesonpound  of
formula X, R sN=C=0 X wherein Rs is as defined in aim1l; (i) for

compounds of formula | in which Drepresents -N(H)[C(O]zNHz, reaction of a
correspondi ng conpound of formula | in which D represents -NHz with oxalic

acid diamde; i s (j) for_conpounds of forrula | _in which D represents
“N(R') (O REhe somppinds 3668 qRUGNAPRY also Gorelined Witlhany othex dapes t hat R
1T n whi cn PR b (B of Ay Bkl hafct GESEERAIRRGRRT AdBragtt, 1 ™ °
except WO 00/ 76999 PCT/ SE00/ 01253 ' 78 that is does not represent

CCOR8 in which Rais as defined in daiml, with a conpound of formula
XI, R6C(ORX XI wherein Rx represents a suitable leaving group and R6 is

as defined igccor@ingl 08 b fittler’ dpeeomFotiedmventib®htedid thus Wobwled a
represents -N(HHR "and R is as defined in Claim1l except that it does not

represent HpharmagéutichHformatationonnefdiagc ar componnd nof cthepmvedtiof fror mul a |
wherein D represents -NHz with a conpound of formula XIA i o R aL' XA
wher ei n R a adopixegerwith ®phasmeaesuticaldy aeceptahilenadjuyani ghiluehtor carrgoes not
represent Hor -C(NH)NHZ and L' is as defined above; (1) for conpounds of
formul a ||, which are bispidine-nitrogen N-oxide derivatives, oxidation of

t he correspondi ng bispidine nitrogen of a i s correspondi ng conpound of

B
0 SP1h i PUERER of AEREe Mk 1051 (hEp 8GRl FuFpappond

Ra represent@nfmistragibky! and Hal represents G, Br or I|I; (n) for conpounds
of formula I 1n which Dand R4 both represent H A represents Cl1 6

al kyl ene, B represents -N(Rz4) (CH2) m and m and R24 are as defined in Claim
1, reaction of a compound of forrmula XIII, 2s

15 The compounds of the invention have the advantage that they are effective

against cardiac arrhythmias.

Compounds of the invention may also have the advantage that they may be
more efficacious than, be less toxic than, have a broader range of activity
20 (including exhibiting any combination of class I, class II, class III and/or
class IV activity (especially class I, class II and/or class IV activity in
addition to class III activity)) than, be more potent than, produce fewer
side effects (including a lower incidence of proarrhythmias such as
torsades de pointes) than, be more easily absorbed than, or that they may
25  have other useful pharmacological properties over, compounds known in

the prior art.
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wherein Aa represents Cl 6 alkylene and R, Rz, R3, RSa, Rsn) Rz4 and X are
as defi nedWHOUI68%m 1 with a conpound of formula XIV, s ) THACT/SEPO/pE253
wherein R6, mare as defined in CaimB9and Hal is as defined above; (0)
reaction of Iﬁoﬁ,%m tof formula 11) as defined above, with a conpound of
formula XV, ~ XH XVWnereln R and X are as defined in daiml, in the
presence of 1,1' carbonyldiimdazole; (p) for compounds of fornula | in

whi ch one of Rz and R3 represents -NHz and the other represents H,
reduction of a conmpound of formula is XVA WO 001 76999 PC T/ SEO0/ A Z53 80
D ~A~ 0 X~Resi®A Rs s wherein R, R4, RSa, RSb, R6, A g, Dand X are as
defined in daim1l; (q) for conpounds of forrmula I in which one or both of

Rz and R3 r Wﬁﬁg;rmecﬁ%%‘vﬁsmogmnEﬂ%bsshno,@ﬁa@.theb@édl Gmrma Piggnd R b
represents C a corre ndi ng und of formula I
whi ch_RZ .and/ t which R
and/or RO (Clngiopies oighing edyran R0 B 110045 R ﬁwﬁoﬁﬁa% MR X,

R L1 XXIB 8niey M}eétel'egst%ne Welk Et%?cgkfesmg e?ih%‘e%'c Hcha'd frE:? a)%E dsg%' ned

above; (r) conversion o0 tue to anot protection

of a protectgsy 9&d | hiee dot ; of formula I as defined in daiml.
g

22. A conpound of forrmula 11 defined in Caim?2l1l, or a protected
derivative thereof, provided that when RSa and RSb both represent H, then D
does not represent H or OH 23. A conpound of fornula IV as defined in

d ai m 21, orAmegthesie ovasdinducatbby \aat inwaperitonealoinjecuionifqrenitatazbitaindd RSa and
Rsb both represent H, then at | east one of Rz and R3 represents OR ,

OC(O Ralbr & 50amg/kg) whd coathgtrrs) were introduced into one carotid artery (for

blood pressure recording and blood sampling) and into one jugular vein (for

drug infusions). Needle electrodes were placed on the limbs for recording

of ECGs (lead II). A thermistor was placed in the rectum and the animal

was placed on a heating pad, set to a rectal temperature of between 37.5 and
15 38.5°C.

A tracheotomy was performed and the animal was artificially ventilated with
room air by use of a small animal ventilator, set to keep blood gases within
the normal range for the species. In order to reduce autonomic influences
20 both vagi were cut in the neck, and 0.5 mg/kg of propranolol was given

intravenously, 15 minutes before the start of the experiment.

The left ventricular epicardium was exposed by a left-sided thoracotomy,
and a custom-designed suction electrode for recording of the monophasic
25  action potential (MAP) was applied to the left ventricular free wall. The
electrode was kept in position as long as an acceptable signal could be
recorded, otherwise it was moved to a new position. A bipolar electrode

for pacing was clipped to the left atrium. Pacing (2 ms duration, twice the



WO 00/ 76999 PGTI SEQQO 01 253 81 group is substituted and/or termnated with
one or r cyano groups. 24. A conpound of fornulap

defi ned |nwg§/‘r}n&§& or a protected s derivative thereof, pro%’ét%%ﬁﬁsgt
when R5a and R56 both represent H, t hen®® does not re resent Hor OH 25. A
conpound of diasteli¢ ahpeshold)owas merfermed-Withva custamanade CROSIARSANITRED, R6,

A, g and D are as defined in Claiml, or_a protect%g derlvatlve t.her eof ,
provi ded thaﬁtWHéWrRSBh%HGPrRWSH&Cﬁd 2k Brizequency just pbave the BETTHA) SiRSr esent

Hor OH 26. A cesforthep aration of .a conp d of formula VIII,
XV, is XvITafe m’rn“[eag"%fﬁﬁgw@fe gm%ﬁl Cﬁllléifl ses reaction of a
conpound of forrrul a XXI X, Rso XXI X R= V\D 00/ 76999 PCT/ SE00/ 01253 82

wherein RZ represents Hor -C(OXR and R, RSa, Rsb and X are as defi ned
in daim]l r | %FEGLW XXX, D
~A- NHS XXX \%ﬁégb fr@ ?%ft?gc?%dw ébélfls%gﬁﬁlf {"}%d d#e»reggfl ¥ er eléirrtl3Olf lggf)fﬁlgg%li and
D are as def4 Naglg b%ra phaink?jds reebrde?)(SM¥riBer(sOEletna) 'SW&ieng d Mnrsugms Were
thereof), to in all cases’in the presence of a fornal dehyde.  .A . AGE
. A A{ . As03.o8MN8cted (sampling frequency 1000 Hz) on a PC during the last 10 seconds
of each pacing sequence and the last 10 seconds of the following minute of
sinus rhythm. The signals were processed using a custom-made program
10 developed for acquisition and analysis of physiological signals measured in
experimental animals (see Axenborg and Hirsch, Comput. Methods

Programs Biomed. 41, 55 (1993)).

The test procedure consisted of taking two basal control recordings, 5
15 minutes apart, during both pacing and sinus rhythm. After the second
control recording, the first dose of the test substance was infused in a
volume of 0.2 mL into the jugular vein catheter for 30 seconds. Three
minutes later, pacing was started and a new recording was made. Five
minutes after the previous dose, the next dose of test substance was
20 administered. Six to ten consecutive doses were given during each

experiment.

Data analysis

25 Of the numerous variables measured in this analysis, three were selected as
the most important for comparison and selection of active compounds. The
three variables selected were the MAP duration at 75 percent repolarization
during pacing, the atrio-ventricular (AV) conduction time (defined as the

interval between the atrial pace pulse and the start of the ventricular MAP)
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BC NMR in CDCl,: & 15.0, 37.0, 48.9, 54.2, 61.5, 63.3, 66.1, 69.2,
72.1, 84.0, 104.5, 11 6.4, 119.6, 134.7, 161.9, 163.4.

10 Example 2
Ethyl 7-[3-(4-cyanophenoxy)-2-hydroxypropyl]-9-hydroxy-3,7-diaza-

bicyclo[3.3.1Jnonane-3-carboxylate; diastereoisomers 2

The title compound was isolated in 24% yield as the more polar
diastereoisomers from Example 1 above.
15

Example 3
tert-Butyl 7-[3-(4-cyanophenoxy)-2-hydroxypropyl]-9-hydroxy-3,7-diaza-

bicyclo[3.3.1]nonane-3-carboxylate; diastereoisomers 1

20 (i) tert-Butyl 7-[3-(4-cyanophenoxy)-2-hydroxypropyl}-9-oxy-3,7-diaza-

bicyclo[3.3.1]jnonane-3-carboxylate

The sub-title compound was prepared according to the procedure
described in Example 1(iii) above using 1-tert-butoxycarbonyl-4-
piperidone in place of 1-ethoxycarbonyl-4-piperidone.

25

CI-MS (methane): m/z = 416 (MH™).
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10  refers to the less polar diastereoisomers.

Example 4
tert-Butyl 7-[3-(4-cyanophenoxy)-2-hydroxypropyl]-9-hydroxy-3,7-diaza-

bicyclo[3.3.1jnonane-3-carboxylate; diastereoisomers 2

15 The title compound was isolated as the more polar diastereoisomers from

Example 3 above.

BC NMR in CDCl,: & 28.6, 35.5, 47.4, 53.5, 61.4, 65.1, 69.2, 70.7,
79.9, 103.9, 115.3, 119.2, 133.9, 156.0, 162.2.
20

Example 5
tert-Butyl 7-[(2S)-3-(4-cyanophenoxy)-2-hydroxypropyl}-9-hydroxy-9-

methyl-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate

25 (i) 3,7-Dibenzyl-3,7-diazabicyclo[3.3.1}nonane-9-one

The sub-title compound was prepared according to the procedure

described in J. Org. Chem., 41(9), 1976, pp. 1593-1597.
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with ion exchange resin (Amberlyst IRA 400), the solvent removed and
10 the residue subjected to column chromatography (hexane:EtOAc; 1:1 with
NH, sat. MeOH; gradient 0-32%) to give the sub-title compound as a

diastereoisomeric mixture in a 60% yield.

(iii) zert-Butyl 7-benzyl-9-hydroxy-9-methyl-3,7-diazabicyclo[3.3.1]-

15 nonane-3-carboxylate

A solution of 3,7-dibenzyl-9-hydroxy-9-methyl-3,7-diazabicyclo[3.3.1]-

nonane (from step (ii) above, 1.0 g, 4.0 mmol) and di-terz-butyl
dicarbonate (0.98 g, 4.25 mmol) in EtOH (50 mL) was hydrogenated over
Pd/C for 20 minutes, filtered through a pad of Celite® and concentrated.

20  Purification by column chromatography gave the sub-title compound in a
40% yield.

(iv) tert-Butyl 9-hydroxy-9-methyl-3,7-diazabicyclo[3.3.]1]Jnonane-3-

carboxylate
25 A solution of rert-butyl 7-benzyl-9-hydroxy-9-methyl-3,7-diazabicyclo-

[3.3.1]nonane-3-carboxylate (from step (iii) above; 450 mg, 1.3 mmol) in
aqueous ethanol (50 mL of 95%) was hydrogenated over 5% Pd/C at
1 atm until tlc indicated that the reaction was complete. The catalyst was

removed by filtration through a pad of Celite®, and the (filtrate
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3C NMR in CDCl,: & 44.4, 49.7, 69.0, 104.6, 115.3, 119.0, 134.0, 161.6.

10

(vi) tert-Butyl 7-[(25)-3-(4-cyanophenoxy)-2-hydroxypropyl}-9-hydroxy-9-

methyl-3,7-diazabicyclo[3.3.1]Jnonane-3-carboxylate

4-[(2S)-Oxiranylmethoxy]benzonitrile (from step (v) above, 247 mg, 1.4
mmol) was added to a stirred solution of rert-butyl 9-hydroxy-9-methyl-
15 3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (from step (iv) above, 328
mg, 1.28 mmol) in acetonitrile:water (4:1). The reaction was heated to
60°C for 12 h, after which stirring was continued at rt for a further 48 h.
The reaction mixture was concentrated, dissolved in CH,Cl,, dried
(MgS0O,) and then concentrated again. The residue was purified using

20 column chromatography to give the title compound in 44 % yield.

C NMR in CDCl,: § 14.10, 21.21, 21.79, 22.81, 25.95, 26.05, 28.44,
28.86, 31.75, 39.62, 39.99, 40.13, 40.31, 43.99, 46.45, 47.65, 52.21,
54.09, 55.71, 57.82, 60.02, 60.32, 60.55, 65.24, 67.95, 68.42, 68.65,
25 70.54, 79.43, 79.74, 103.82, 108.03, 115.30, 119.11, 126.22, 129.47,
133.81, 133.92, 139.48, 143.11, 156.05, 156.12, 156.19, 156.33, 162.09
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9-oxy-3,7-diazabicyclo[3.3.1Jnonane-3-carboxylate

A mixture of rerr-butyldimethylchlorosilane (5.39 g, 35.7 mmol), ter:-
butyl  7-[3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxy-3,7-diazabicyclo-
(3.3.1)nonane-3-carboxylate (from Example 3(i) above; 13.5 g;
10 32.5 mmol) and imidazole (4.86 g; 71.4 mmol) in DMF was stirred for
20 h at rt. The mixwre was diluted with CH,Cl, (200 mL), then washed
with water (2 x 100 mL) and saturated brine (2 x 100 mL). The organic
layer was separated, dried (Na,SO,) and then concentrated to give a
yellow oil. This was purified by column chromatography (EtOAc) to give
15 the sub-title compound in 77% yield.

(1i) tert-Butyl 7-[3-(4-cyanophenoxy)-2-(tert-butyldimethylsilyloxy-

propyl)]-9-hydroxy-3,7-diazabicyclo[3.3.]}nonane-3-carboxylate

Sodium borohydride (2.66 g; 70.2 mmol) was added in portions to a
20 cooled (0°C), stirred solution of tert-butyl 7-[3-(4-cyanophenoxy)-2-(tert-
butyldimethylsilyloxypropyl)]-9-oxy-3,7-diazabicyclo[3.3.1Jnonane-3-
carboxylate (from step (i) above; 13.3 g; 25.1 mmol) in methanol
(75 mL). The mixture was stirred for 3 h at rt before the solvent was
evaporated under reduced pressure. The oily residue was diluted with
25 100 mL of saturated aqueous NaHCO;, and then extracted with CH,Cl,
(3 x 100 mL). The combined organic layers were dried (Na,SO,) and then
concentrated to give a white foam. This was purified by column
chromatography (EtAc:hexane; 1:1) to give the sub-title compound in

50% yield.
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Benzoic acid (517 mg; 4.23 mmol), 1-(3-dxmethylaminopropyl)—3-

' 1098 () -

ethylcarbodiimide  hydrochloride (811 mg; 4.23 mmol) and
10  4-dimethylaminopyridine (35 mg; 0.282 mmol) were added to rerr-butyl 7-
[3-(4-cyanophenoxy)-2-(fert-butyldimethylsilyloxypropyl)]-9-hydroxy-3,7-
diazabicyclo[3.3.]]Jnonane-3-carboxylate (from step (ii) above; 1.5 g;
2.82 mmol) in 15 mL of THF. The mixture was stirred for 24 h at rt
before being diluted with ethyl acetate. The resulting solution was washed
15 with water (2 x 50 mL) and brine (2 x 50 mL). The organic layer was
then separated, dried (Na,SO,) and then concentrated to give an oil. This
was purified by column chromatography (EtOAc:hexane; 1:5) to give the
sub-title compound as a mixture of separable diastereoisomers in a total of
44% yield.
20 (a) Diastereoisomers 1 (the less polar compound)
BC NMR in CDCl,: & -4.8, -4.6, 18.0, 25.7, 28.6, 33.1, 42.4, 43.3,
58.3, 58.8, 59.5, 59.9, 61.2, 61.5, 69.3, 69.8, 71.1, 71.5, 72.0, 79.1,
103.6, 115.6, 119.2, 128.4, 129.9, 133.1, 133.8, 154.9, 162.4, 165.4.
CI-MS (methane): m/z = 636 (MH™).
25 (b) Diastereoisomers 2 (the more polar compound)
CI-MS (methane): m/z = 636 (MH™).
BC NMR in CDCly: & -4.7, -4.5, 18.0, 25.7, 28.5, 33.5, 47.6, 48.6,
53.2, 54.0, 54.5, 55.0, 62.4, 69.3, 69.7, 71.3, 71.6, 79.2, 103.6, 115.6,
119.2, 128.4, 129.5, 130.2, 133.1, 133.9, 154.7, 162.4, 165.4.
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CI-MS (methane) m/z = 522 (MH™)

3C NMR in CDCl,: & 28.6, 32.9, 33.3, 42.3, 43.5, 55.8, 59.3, 60.2,
60.7, 65.5, 70.5, 72.3, 79.9, 104.0, 115.3, 119.0, 128.4, 129.5, 129.9,
133.2, 133.8, 156.0, 162.0, 165.4.

15

(v) tert-Butyl 7-[3-(4-cyanophenoxy)-2-hydroxypropyl]-9-benzoyloxy-3,7-

diazabicyclo[3.3.1)nonane-3-carboxylate; Diastereoisomers 2

The sub-title compound was prepared according to the procedure of step

(iv) above, using Diastereoisomers 2 from step (iii) above, in 75% yield.
20

CI-MS (methane) m/z = 522 (MH™).

BC NMR in CDCl,: 6 28.6, 33.1, 33.6, 47.3, 48.4, 49.0, 50.7, 54.4,

61.6, 65.1, 65.9, 70.7, 72.2, 80.0, 104.0, 115.3, 119.0, 128.4, 129.4,

130.0, 133.1, 133.8, 155.9, 162.1, 165.3.

25
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10
CI-MS (methane): m/z = 588 (MH™).

(ii) tert-Butyl 7-[3-(4-cyanophenoxy)-2-hydroxypropyl]-9-propionyloxy-

3,7-diazabicyclo[3.3.1]nonane-3-carboxylate; diastereoisomers 1

15 The title compound was prepared in 64 % yield according to the procedure
of Example 6(iv) above, using terr-butyl 7-[3-(4-cyanophenoxy)-2-(tert-
butyldimethylsilyloxypropyl)]-9-propionyl-3,7-diazabicyclo[3.3.1]nonane-
3-carboxylate (from step (i) above).

CI-MS (methane) m/z = 474 (MH™).

20

Example 8
tert-Butyl 7-[3-(4-cyanoanilino)propyl}-9-hydroxy-3,7-diazabicyclo[3.3.1}-

nonane-3-carboxylate

25 (i) tert-Butyl 7-benzyl-9-oxy-3,7-diazabicyclof3.3. 1]nonane-3-carboxylate

Paraformaldehyde (4.00 g; 127 mmol) was added to a solution of
benzylamine (13.7 g; 126 mmol) in ethanol (190 mL). The solution was
heated to 60°C and a solution of acetic acid (15.2 g; 252 mmol) in ethanol

(160 mL) was added over 2 hours. After additional stirring for 1 hour,
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and the was yield 60%. By performing a crystallisation in IPA, a

10 compound with a purity of 98 area% (HPLC) and a yield of 70% was

obtained.

EI-MS: m/z = 330 (M").
3C NMR (CDCl,): & 28.72, 47.71, 49.91, 50.60, 58.83, 59.16, 61.96,
15 80.18, 127.37, 128.45, 128.89. 137.57, 154.89, 213.66.

(ii) tert-Butyl 7-benzyl-9-hydroxy-3,7-diazabicyclo[3.3.1]nonane-3-

carboxylate
Sodium borohydride (2.77 g; 73.2 mmol) was added to a cooled (0°C),

20 stirred solution of zerr-butyl 7-benzyl-9-oxy-3,7-diazabicyclo[3.3.1]-
nonane-3-carboxylate (from step (i) above; 8.01 g; 24.4 mmol) in
methanol (125 mL). Once addition was complete, the reaction was stirred
at rt overnight. The solvent was then evaporated and the residue re-
dissolved in toluene. This solution was washed with water and brine, and

25 the resulting organic layer then separated, dried (Na,SO,) and

concentrated to give the sub-title compound in quantitative yield.
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(iv) (4-Cyanoanilino)propan-3-ol

A mixture of 4-fluorobenzonitrile (1.0 g, 8.26 mmol) and
3-aminopropanol (4.54 g, 58.7 mmol) was refluxed under an inmert
10  atmosphere (N,) for 15 h. Water (500 mL) and diethyl ether (500 mL)
were then added, and the resulting organic layer separated, dried (Na,SO,)
and concentrated. The residue was purified by column chromatography

(heptane:EtOAc; 1:3) to give the sub-title compound in 84 % yield.

15 (v) (4-Cyanoanilino)propyl-3-methanesulfonate

Methanesulfonyl chloride (0.33 g, 2.9 mmol) was added to a cooled
(0°C), stirred solution of (4-cyanoanilino)propan-3-ol (from step (iv)
above; 0.48 g, 2.76 mmol) and triethylamine (0.56 g, 5.54 mmol) in
dichloromethane (35 mL). After addition was complete, stirring was
20 continued at rt until all of the starting material had been consumed (as
indicated by tlc). NaHCO, solution was added, and the resulting organic
layer was separated, dried (Na,SO,) and concentrated to give the sub-title

compound in quantitative yield.

25 (vi) tert-Butyl 7-[3-(4-cyanoanilino)propyl]-9-hydroxy-3,7-diazabicyclo-

[3.3.]]lnonane-3-carboxylate

tert-Butyl  9-hydroxy-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (from
step (iii) above; 0.84 g; 3.48 mmol) was added to a stirred suspension of

anhydrous potassium carbonate (0.67 g; 4.8 mmol) and
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compound in 41 % yield.

FAB-MS: m/z = 401.08 (MH™)
10 “C NMR in CDCl;: 6 25.9, 28.5, 35.5, 41.2, 47.6, 48.6, 51.8, 52.8,
56.1, 70.0, 79.5, 97.8, 111.9, 120.6, 133.7, 151.4, 155.3

Example 9
iso-Propyl 7-[2-amino-2-(4-cyanophenyl)ethyl}-3,7-diazabicyclo[3.3.1]-

15 nonane-3-carboxylate

(i) 3,7-Dibenzyl-3,7-diazabicyclo[3.3.1|nonane

The sub-title compound was prepared according to the procedure
described in J. Org. Chem., 41 (1976) 1593-1597, using 3,7-dibenzyl-3,7-
20 diazabicyclo[3.3.1]nonane-9-one (Example 5(i) above) in place of N-

benzyl-N’-methylbispidone.

(i) 3-Benzyl-3,7-diazabicyclo[3.3.1}nonane

The sub-title compound was prepared in quantitative yield according to the
25 procedure of Example 5(iv) above, using 3,7-dibenzyl-3,7-
diazabicyclo[3.3.1]nonane (from step (i) above) in place of rerr-butyl 7-

benzyl-9-hydroxy-9-methyl-3,7-diazabicyclo[3.3.]]nonane-3-carboxylate.
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3,7-diazabicyclo[3.3.1]nonane (from step (ii) above; 10.8 g; 50 mmol) in

CH,Cl, (50 mL). The reaction mixture was stirred for 3 h and the phases
separated. The organic phase was washed with H,O and brine, dried and

10 concentrated to give the sub-title compound in 95% yield.

(iv) iso-Propyl 3,7-diazabicyclo[3.3.1]}nonane-3-carboxylate

The sub-title compound was prepared in quantitative yield according to the
procedure of Example 5(iv) above, using iso-propyl 7-benzyl-3,7-
15 diazabicyclof3.3.1]nonane-3-carboxylate (from step (iii) above) in place of
tert-butyl  7-benzyl-9-hydroxy-9-methyl-3,7-diazabicyclof3.3.1jnonane-3-

carboxylate.

FAB-MS: m/z = 213.2 (MH").
20 *C NMR in CD,CN: & 22.53, 29.34, 32.23, 49.46, 52.40, 68.67, 156.24.

(v) iso-Propyl 7-[2-(4-cyanophenyl)-2-hydroxyethyl]-3,7-diazabicyclo-

f3.3.1lnonane-3-carboxylate

4-Cyanophenacyl bromide (225 mg; 1 mmol) was added to a stirred
25  solution of iso-propyl 3,7-diazabicyclo{3.3.1]nonane-3-carboxylate (from
step (iv) above; 212 mg; 1 mmol) in MeCN (2 mL). After stirring for
15 min at 0°C, NaBH, (40 mg; 1 mmol) was added, and the reaction was
allowed to warm to rt over 45 minutes. The reaction mixture was

concentrated, dissolved in CH,Cl, and washed with NaHCO; (aq.) and
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@"C s%irred sg ution of 1850 ropﬁ%i&(i -cyanophenyl)-2-hydroxy-
ethyl]-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (from step (v) above;
10 7.35 g; 21 mmol) in CH,Cl, (30 mL). After addition, the reaction

mixture was stirred at rt for 3 h. The solvent was evaporated to give the

sub-title compound in a quantitative yield.

(vii) iso-Propyl 7-[2-azido-2-(4-cyanophenyl)ethyl]-3,7-diazabicyclo-

15 [3.3.1]nonane-3-carboxylate

Sodium azide (6.5 g; 100 mmol) was added to a solution of 7-[2-(4-
cyanophenyl)-2-chloroethyl]}-3,7-diazabicyclo[3.3.1jnonane-3-carboxylate
(from step (vi) above; 7.73 g; 21 mmol) in DMF (75 mL). The resulting
suspension was stirred for 12 h at rt. The reaction mixture was
20 partitioned between CH,Cl, and NaHCO, (aq.), the organic layer
separated, dried and then concentrated to give the sub-title compound in

95% yield.

(viii) iso-Propyl 7-[2-amino-2-(4-cyanophenyl)ethyl]-3,7-diazabicyclo-

25 [3.3.1)Jnonane-3-carboxylate

A solution of iso-propyl 7-[2-azido-2-(4-cyanophenyl)ethyl]-3,7-diaza-
bicyclof3.3.1Jnonane-3-carboxylate (from step (vii) above; 7.51 g;
19.5 mmol) in aqueous ethanol (85 %) was hydrogenated over 5% Pd/C at

1 atm until tic indicated that the reaction was complete. The catalyst was
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13 NMR in CDCl,: 5 22.63, 30.05, 30.30, 32.50, 48.88, 49.26, 52.70,
57.53, 61.32, 68.54, 68.67, 110.97, 119.87, 128.68, 132.90, 152.56,
156.43

10 Example 10
iso-Propyl 7-[2-carbamoylamino-2-(4-cyanophenyl)ethyl]-3,7-diazabicyclo

[3.3.1lnonane-3-carboxylate

A solution of tetrahydro-2-pyranyl isocyanate (382 mg, 3.0 mmol) in
benzene (10 mL) was added to a stirred solution of iso-propyl 7-[2-amino-
15 2-(4-cyanophenyl)ethyl]-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (see
Example 9 above; 1.07 g; 3.0 mmol) in benzene (35 mL). The reaction
mixture was stirred for 2 h at rt, after which the solvent was evaporated
and the residue re-dissolved in a mixture of MeOH (27 mL) and dilute
HCl (4.5 mL; 0.1 M). The resulting solution was refluxed for 3 h, before
20 the acid was neutralized (NaHCO;) and the MeOH removed by
evaporation to give a precipitate which was collected and recrystallized

from IPA to give the title compound in 67 % yield.

FAB-MS: m/z = 399.7 (MH™)

25 C NMR in CDCl,: & 22.35, 22.69, 28.67, 29.12, 32.42, 48.11, 49.15,
51.76, 55.83, 59.13, 63.54, 68.88, 110.49, 119.11, 126.62, 132.29,
149.14, 156.62, 159.76
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hydroxybenzotriazole hydrate (0.28 g; 2 mmol) were added to a stirred
solution of oxalic acid diamide (0.1 g; 1.1 mmol) in DMF (8 mL).

Triethylamine was added until the pH reached 7-8, after which the
reaction mixture was cooled to 0°C whilst 1-(3-dimethylaminopropyl)-3-

10 ethylcarbodiimide hydrochloride (0.23 g; 1.2 mmol) was added. The
reaction mixture was then stirred at rt for 10 h, after which water (15 mL)
was added and the DMF evaporated. The residue was partitioned between
diethyl ether and NaHCO, (aq.), the organic layer separated, washed with
water, dried and then concentrated.  The resulting residue was

15 recrystallized from MeOH and di-iso-propyl ether to give the title
compound in 45% yield.

ESI-MS: m/z = 428.3 (MH™)

3C NMR in CDCl;: § 22.34, 28.62, 29.58, 29.89, 48.04, 51.10, 52.03,
20 58.67, 59.48, 59.66, 63.65, 68.03, 111.38, 118.53, 127.25, 132.41,

145.77, 155.71, 159.24, 161.43

Example 12
iso-Propyl 7-[2-(4-cyanophenyl)-2-formamidoethyl]-3,7-diazabicyclo-

25 [3.3.1]nonane-3-carboxylate

Ethyl formate (0.5 mL) was added to a stirred solution of iso-propyl
7-[2-amino-2-(4-cyanophenyl)ethyl]-3,7-diazabicyclo[3.3.1]nonane-3-
carboxylate (from Example 9(viii) above; 0.71 g; 2.0 mmol), and the

reaction mixture was refluxed for 5 h. The solvent was evaporated and
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147.02, 156.76, 163.01
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Example 13
tert-Butyl 7-[2-amino-3-(4-cyanophenoxy)propyl]-3,7-diazabicyclo[3.3.1]-

nonane-3-carboxylate

15 (i) Benzyl 3-(4-cyanophenoxy)-2-hydroxypropylcarbamate

4-(3-Amino-2-hydroxypropoxy)benzonitrile (see Example 1(ii) above;
30.0 g; 0.156 mol) and triethylamine (23.7g; 0.234 mol) was dissolved in
150 mL of CHCl, and cooled w0 0°C. N-
(Benzyloxycarbonyloxy)succinimide (42.9 g; 0.172 mol), dissolved in 150
20 mL of CHCl;, was added dropwise. The mixture was stirred at rt
overnight. The solvent was evaporated, the residue was dissolved in
DCM and washed with H,O (2 x 250 mL) and brine (250 mL), dried, and

evaporated to give 51 g (100%) of the sub-title compound.

25 (i) 2-{[(Benzyloxy)carbonyl]amino}-1-[(4-cyanophenoxy)methyl]ethyl

methanesulfonate

Benzyl 3-(4-cyanophenoxy)-2-hydroxypropylcarbamate (2 g; 6.1 mmol,
from step (i) above) and a catalytic amount (10 mol%) of DMAP was

mixed in 6 mL of dry pyridine. The mixture was cooled to 0°C, and
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and the mixture was st1rrecl vigorously for 50 minutes. 500 mL of water

and 500 mL of ether were added. The organic phase was separated,
washed with water, dried (Na,SO,) and evaporated. Purification by
15 chromatography on silica (DCM) gave 33.13 g (89%) of the sub-title

compound.

(iv) tert-Butyl 7-benzyl-3,7-diazabicyclof3.3.1}nonane-3-carboxylate

Di-tert-butyl dicarbonate was added slowly to a solution of 3-benzyl-3,7-
20 diazabicyclo[3.3.1]nonane (see Example 9(ii) above; 60 g; 277 mmol) in
THF (600 mL). The reaction was stirred at rt until all of the starting
material had been consumed (as indicated by tlc). The solvent was then
removed under reduced pressure to give a quantitative yield of the sub-title
compound.
25

(v) tert-Butyl 3,7-diazabicyclo[3.3.1]nonane-3-carboxylate

The sub-title compound was prepared in quantitative yield according to the
procedure of Example S5(iv) above, using rerr-butyl 7-benzyl-3,7-

diazabicyclo[3.3.1]nonane-3-carboxylate (from step (iv) above) in place of
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tert-Butyl 7-[2-{[(benzyloxy)carbonyl)amino}-3-(4-cyanophenoxy)propyl]-
20  3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (from step (vi) above; 3 g;
5.6 mmol) was dissolved in ethanol (95%) and hydrogenated over 5%
Pd/C at 1 atm., for 2 hours. The catalyst was removed by filtration
through a pad of Celite®. The residue was evaporated, and purified by
chromatography (ethyl acetate: 10% MeOH). Yield: 2 g (91%).
25
BC NMR in MeOD: & 29.01, 30.43, 31.86, 59.57, 59.96, 61.63, 61.87,
62.71, 72.34, 80.93, 105.03, 116.85, 119.98, 135.25, 156.88, 163.85
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bicyclo[3.3.1]nonane-3-carboxylate

tert-Butyl 7-[2-{[(benzyloxy)carbonyl]amino}-3-(4-cyanophenoxy)propyl]-
9-hydroxy-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (from step (i)
25 above; 6.17 g; 11.2 mmol) was dissolved in ethanol (56 mL; 85%) and
hydrogenated over Pd/C (5%). The resultant mixture was filtered, the
solvent was evaporated and the crude product was purified by
chromatography on silica (toluene:ethyl acetate:iso-propanol; 8:1:1) which

gave 2.99 g (64 %) of the title compound.
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(iii) tert-Butyl 7-benzyl-1,5-dimethyl-9-hydroxy-3,7-diazabicyclo[3.3.1]-

nonane-3-carboxylate

Di-zert-butyl dicarbonate was added slowly to a solution of 3-benzyl-1,5-
dimethyl-9-hydroxy-3,7-diazabicyclo[3.3.1]nonane (from step (ii) above;
25 0.68 g; 2.61 mmol) in THF (5 mL). The reaction was stirred at rt until
all of the starting material had been consumed (as indicated by tic). The
solvent was removed under reduced pressure to give the sub-title

compound in a 89% yield.
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64
(iv) tert-Butyl 1,5-dimethyl-9-hydroxy-3,7-diazabicyclo[3.3.1]nonane-3-

carboxylate

The sub-title compound was prepared in quantitative yield according to the

procedure described in step (ii) above, using ferr-butyl 7-benzyl-1,5-
dimethyl-9-hydroxy-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate (from
step (iii) above) in place of 3,7-dibenzyl-1,5-dimethyl-9-hydroxy-3,7-

diazabicyclo[3.3.1]nonane.

(v) tert-Butyl 7-[3-(4-cyanoanilino)propyl]-9-hydroxy-1,5-dimethyl-3,7-

diazabicyclo[3.3.1]nonane-3-carboxylate

tert-Butyl 1,5-dimethyl-9-hydroxy-3,7-diazabicyclo[3.3.1]nonane-3-
carboxylate (from step (iv) above; 1.05 g, 3.89 mmol) was dissolved in 10
mL of MeCN. Triethylamine (0.39 g, 3.89 mmol) and (4-
cyanoanilino)propyl-3-methanesulfonate (see Example 8(v) above; 0.99 g,
3.89 mmol) were added. The reaction mixture was stirred for 72 h at
60°C, before the solvent was removed under reduced pressure. The
residue was partitioned between CH,Cl, and NaHCO, (aq.), and then the
organic layer separated, dried (Na,SO,) and concentrated. Purification by

column chromatography gave the title compound in a 4% yield.

FAB-MS: m/z = 429.0 (MH)"

'H NMR in CDCl;: & 0.99 (s, 6H), 1.45 (s, 9H), 2.00-2.18 (m, 2H),
2.49-3.60 (m, 12 H), 3.61-3.88 (m, 2H), 3.90-4.08 (m, 1H), 6.54-6.66
(d, 2H), 7.38-7.46 (d, 2H)

Example 16
The compounds of the above Examples 1 to 15 were tested in Test A above

and were all found to exhibit D, values of more than 6.0.
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Abbreviations
AcOH = acetic acid
aq. = aqueous
s am. = atmospheres
Bu = butyl
DCM = dichloromethane
DMAP = 4-dimethylaminopyridine
DMF = dimethylformamide
10 EI= electron ionisation
Et = ethyl
EtOAc = ethyl acetate
EtOH = ethanol
ESI = electron spray interface
15 FAB = fast atom bombardment
= hours
IPA = iso-propanol
LC = liquid chromatography
HPLC = high performance liquid chromatography
20 Me = methyl
MeCN = acetonitrile
MeOH = methanol
min. = minutes
MS = Iass Spectroscopy
25 NADPH = nicotinamide adenine dinucleotide phosphate, reduced
form
NMR = nuclear magnetic resonance
Pd/C = palladium on carbon

.. = room temperature
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thin layer chromatography
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Prefixes n, s, i and ¢ have their usual meanings: normal, iso, secondary and

tertiary.

} ~
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Claims
1. A compound of formula I,

3 R2
Rsa
R5b o)
N
R4 A/N \{
D
ﬁ/ X——Rt
B
R6

wherein

R! represents C,.;, alkyl, -(CH,),-aryl, or -(CH,),-Het' (all of which are
10  optionally substituted and/or terminated (as appropriate) by one or more

substituents selected from -OH, halo, cyano, nitro, C, alkyl and/or C,

alkoxy);

a represents 0, 1, 2, 3, or 4;

Het' represents a five to ten-membered heterocyclic ring containing one or
15 more heteroatoms selected from oxygen, nitrogen and/or sulfur, and

which also optionally includes one or more =0 substituents;

X represents O or S;
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R* and R® independently represent H or C, , alkyl;

R? and R’ independently represent H, C,, alkyl (optionally substituted
and/or terminated with one or more nitro or cyano groups), OR’,
N(R™R™, OC(O)R? or together form -O-(CH,),-O-, -(CH,);-, -(CH,),- or
-(CHy)s-;

R’ and R® independently represent H, C,, alkyl or -(CH,),-aryl (which
latter two groups are optionally substituted and/or terminated by one or
more substituents selected from -OH, halo, cyano, nitro, C,, alkyl and/or
C,. alkoxy);

R’ and R™ independently represent H or C,; alkyl;

b represents 0, 1, 2, 3 or 4;

R* represents H or C, ¢ alkyl;

D represents H, C,, alkyl, -OH, or -(CH,)N(R')[R!");

c represents 0, 1, 2, 3 or 4;

R  represents H, C,¢ alkyl, -(CH,)aryl, -C(NH)NH,,
-S(0),R%, -[C(O)].NR")(R"?), -C(O)R!® or -C(O)OR";

e represents 1 or 2;

R! represents H, C, alkyl, -C(O)R'® or -(CH,)~aryl (which latter group
is optionally substituted and/or terminated (as appropriate) by one or more
substituents selected from -OH, cyano, halo, amino, nitro, C,, alkyl
and/or C, ¢ alkoxy);

R™, R, R', R" and R" independently represent H, C, alkyl, Het® or
-(CH,),-aryl (which latter three groups are optionally substituted and/or
terminated (as appropriate) by one or more substituents selected from

-OH, cyano, halo, amino, nitro, C, 4 alkyl and/or C, ¢ alkoxy);
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substituents chosen from halo, nitro, C, ¢ alkyl and/or C, ¢ alkoxy);
d, f, g and h independently represent O, 1, 2, 3 or 4;
5 Het® represents a five to ten-membered heterocyclic ring containing one or
more heteroatoms selected from oxygen, nitrogen and/or sulfur, and

which also optionally includes one or more =O substituents;

R® represents one or more optional substituents selected from -OH, cyano,

10  halo, amino, nitro, C, ¢ alkyl (optionally terminated by -N(H)C(O)OR'),
C,. alkoxy, -C(O)N(H)R"Y, -NHC(O)N(H)R?, -N(H)S(O),R? and/or
-0S(0),R%;

R* and R? independently represent H or C, 4 alkyl;
R'% R? and R*? independently represent C, ¢ alkyl;

15
A represents a single bond, C,¢ alkylene, -N(R23)(CH2)J-, -O(CH,),- or
-(CHZ)JC(H)(OR”)(CHZ)R- (in which latter three groups, the -(CH,)- group
is attached to the bispidine nitrogen atom, and which latter four groups are
all optionally substituted by one or more OH groups);

20 B represents a single bond, C,, alkylene, -(CH,),N(R*)-, -(CH,),,S(0),-,
-(CH,),O- (in which three latter groups, the -(CH,),- group is attached to
the carbon atom bearing D and R*), -C(O)N(R*)- (in which latter group,
the -C(O)- group is attached to the carbon atom bearing D and RY),
-N(R*)C(0O)O(CH,),,- or -N(R*)(CH,),,- (in which latter two groups, the

25 N(R*) group is attached to the carbon atom bearing D and R*);

j» k and m independently represent 0, 1, 2, 3 or 4;
n represents 0, 1 or 2;

R? represents H, C,  alkyl or C(O)R%;

R? represents H or C,4 alkyl;
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which also optionally includes one or more =0 substituents;

p represents 0, 1, 2, 3 or 4;
10 or a pharmaceutically acceptable derivative thereof.

provided that:
(a) when D represents either H or -OH, and R* and R* both represent H,
then at least one of R? and R’ represents OR’, OC(O)R® or C,, alkyl,
15 which alkyl group is substituted and/or terminated with one or more nitro
or cyano groups; and
(b) when D represents -OH or —-(CH,).N(R')R'" in which ¢ represents 0,
then:-
(i) A does not represent ~-N(R*)(CH,),-, ~-O(CH,),- or
20 -(CH,),C(H)(OR?)(CH,),- (in which k is 0); and/or
(ii) m does not represent 0 when B represents —(CH,), N(R?*)-,
-(CH;),S(0),- or -(CH,),,0-.

2. A compound as claimed in Claim 1, wherein R' represents optionally
25 substituted -(CH,),-phenyl, in which a is 0, 1, 2 or 3, or optionally
substituted, optionally unsaturated, linear, branched or cyclic, C, ; alkyl

(which latter group may also be interrupted by an oxygen atom).
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3. A compound as claimed in any Claim 1 or Claim 2, wherein R?

represents H, OR’, -CH,;NO, or -OC(O)R® or together with R? represents
-O-(CH,),-O-.

s 4. A compound as claimed in any one of the preceding claims, wherein R?

represents H, OR’, C, alkyl or together with R? represents -O-(CH,),-O-.

5. A compound as claimed in any one of the preceding claims, wherein R*
represents H or C, , alkyl.

10
6. A compound as claimed in any one of the preceding claims, wherein R*

and R either both represent H or both represent methyl.

7. A compound as claimed in any one of the preceding claims, wherein R®
15  represents one or more substituents selected from C, 4 alkyl, cyano, nitro,
amino or C(O)N(H)R' or N(H)S(O),R?'.

8. A compound as claimed in any one of the preceding claims, wherein X
represents O.

20
9. A compound as claimed in any one of the preceding claims, wherein A
represents a single bond or linear, or branched, C,, alkylene (which group

1s also optionally interrupted by O).

25 10. A compound as claimed in any one of the preceding claims, wherein B
represents a single bond, C,, alkylene, -(CH,),O- or -(CH,),N(R*)- (in

which latter two cases m is 1, 2 or 3).
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11. A compound as claimed in any one of the preceding claims, wherein

when D represents -(CH,) NR'%)(R"), c represents 0, 1 or 2.

12. A compound as claimed in any one of the preceding claims, wherein
when D represents -(CH,).NR!®)(R'"), R" represents H, C,, alkyl,
-C(O)R* (in which R!¢ is H, C, ; alkyl or Het?), -C(O)OR"" (in which R is
C,.s alkyl, phenyl or C, ; alkylphenyl), -C(NH)NH, or -[C(0)].-N(H)R" (in
which R* is H or C, , alkyl).

13. A compound as claimed in any one of the preceding claims, wherein

when D represents -(CH,).N(R')R'"), R" represents H.

14. A pharmaceutical formulation including a compound as defined in any
one of Claims 1 to 13 in admixture with a pharmaceutically-acceptable

adjuvant, diluent or carrier.

15. A pharmaceutical formulation for use in the prophylaxis or the
treatment of an arrhythmia, comprising a compound as defined in any one

of Claims 1 to 13.

16. A compound as defined in any one of Claims 1 to 13 for use as a

pharmaceutical.

17. A compound as defined in any one of Claims 1 to 13 for use in the

prophylaxis or the treatment of an arrhythmia.

18. The use of a compound as defined in any of one Claims 1 to 13 as
active ingredient in the manufacture of a medicament for use in the

prophylaxis or the treatment of an arrhythmia.

mn o p
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19. The use as claimed in Claim 18, wherein the arrhythmia is an atrial or a

ventricular arrhythmia.

5 20. A method of prophylaxis or treatment of an arrhythmia which method
comprises administration of a therapeutically effective amount of a
compound as defined in any one of Claims 1 to 13 to a person suffering

from, or susceptible to, such a condition.

10 21. A process for the preparation of a compound of formula I as defined in
Claim 1 which comprises:

(a) reaction of a compound of formula II,
3 R2

RS

15 wherein R?, R, R*, R®, R*®, K¢, A, B and D are as defined in Claim 1 with
a compound of formula III,
R'XC(O)L! III
wherein L' represents a leaving group and R' and X are as defined in Claim

1;
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(b) for compounds of formula I in which A represents CH, and D represents

-OH or N(R')H, reaction of a compound of formula IV,
3 R2
R5a
R5b o

N
N
o \{

X——Rt

wherein R!, R%, R*, R%®, R® and X are as defined in Claim 1, with a

compound of formula V,
R4
pYa)

R6

B

10
wherein Y represents O or N(R'®) and R%, R, R! and B are as defined in
Claim 1;
(c) reaction of a compound of formula IV, as defined above, with a
compound of formula VI,

15
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D
A—L2
B
R4 Vi
R6

wherein L? represents a leaving group and R% RS A, B and D are as
defined in Claim 1;
5 (d) for compounds of formula I in which D represents H or OH and R*

represents H, reduction of a compound of formula VII,

3 R2
R5a
RSb Vil
0O 0]
p— ”
A
B X\ R1

RS&

10 wherein R!, R?, R?, R%®, R*® R® A, B and X are as defined in Claim 1;
(e) for compounds of formula I in which one of R? and R? represents H or
OH and the other represents H, reduction of a corresponding compound of

formula VIII,
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D y N
>VA/
B

R4 X\R1

RS

wherein R}, R*, R®, R*®®, RS, A, B, D and X are as defined in Claim 1;
(f) for compounds of formula I in which R? and/or R® represents OC(O)R®
and R® is as defined in Claim 1, coupling of a corresponding compound of
formula I in which R? and/or R? (as appropriate) represents OH and a
compound of formula VIIIA,

R8CO,H VIIIA
wherein R? is as defined in Claim 1;
(g) for compounds of formula 1 in which D represents -(CH,).NH,,

reduction of a corresponding compound of formula IX,
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3 R2
RSa
IX
R5b 0
R4 N N
o \(
N;-(CH,), X——R!
B
RS

wherein ¢, R!, R?, R®, R*, R® R® R® A, B and X are as defined in Claim
1;
(h) for compounds of formula I in which D represents -N(R'")C(O)NH(RY),

5 in which R" and R® are as defined in Claim 1 except that R does not
represent C(O)R'®, reaction of a corresponding compound of formula I in
which D represents -N(R'")H, in which R'! is as defined in Claim 1 except
that is does not represent C(O)R'® in which R'® is as defined in Claim 1,
with a compound of formula X,

10 RPN=C=0 X
wherein R? is as defined in Claim 1;
(i) for compounds of formula I in which D represents -N(H)[C(O)],NH,,
reaction of a corresponding compound of formula I in which D represents
-NH, with oxalic acid diamide;

15 (j) for compounds of formula I in which D represents -N(R')C(O)R, in
which R!!' and R!® are as defined in Claim 1 except that R!' does not
represent C(O)R'®, reaction of a corresponding compound of formula I in

which D represents -N(R')H, in which R" is as defined in Claim 1 except
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that is does not represent C(O)R*® in which R'® is as defined in Claim 1,

NOPOQ
t uv w

with a compound of formula XI,
RC(O)R* XI
wherein R* represents a suitable leaving group and R is as defined in
5 Claim 1;
(k) for compounds of formula I in which D represents -N(H)R' and R" is
as defined in Claim 1 except that it does not represent H or -C(NH)NH,,
reaction of a corresponding compound of formula I wherein D represents
-NH, with a compound of formula XIA,
10 Ri%L! XIA
wherein R represents R'® as defined in Claim 1 except that it does not
represent H or -C(NH)NH, and L' is as defined above;
(1) for compounds of formula I which are bispidine-nitrogen N-oxide
derivatives, oxidation of the corresponding bispidine nitrogen of a
15 corresponding compound of formula I;
(m) for compounds of formula I which are C, alkyl quaternary ammonium
salt derivatives, in which the alkyl group is attached to a bispidine
nitrogen, reaction, at the bispidine nitrogen, of a corresponding compound
of formula I with a compound of formuila XII,
20 R°Hal XII
wherein R? represents C, 4 alkyl and Hal represents Cl, Br or I;
(n) for compounds of formula I in which D and R* both represent H, A
represents C, ¢ alkylene, B represents -N(R*)(CH,),,- and m and R* are as
defined in Claim 1, reaction of a compound of formula XIII,

25
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3 RZ
Rsa
Res X
o)
A\ N "
/N—CHz‘—'Aa X—— Rt
H
wherein A® represents C, ¢ alkylene and R', R?, R?, R®, R®, R* and X are
as defined in Claim 1 with a compound of formula XIV,
5
(CH,)Hal
XV
R6
wherein R®, m are as defined in Claim 1 and Hal is as defined above;
(o) reaction of a compound of formula II, as defined above, with a
compound of formula XV,
10 R!XH XV

wherein R! and X are as defined in Claim 1, in the presence of 1,1'-
carbonyldiimidazole;

(p) for compounds of formula I in which one of R? and R? represents
-NH, and the other represents H, reduction of a compound of formula

15  XVA,
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NOH
Rsa
e XVA
D o
N
A
B R4 X —— R1
RS

wherein R!, R%, R®, R*®, R®, A, B, D and X are as defined in Claim 1;
(q) for compounds of formula I in which one or both of R’ and R®
represent -N(R™R™ in which one or both or R” and R™ represents C,
alkyl, alkylation of a corresponding compound of formula I in which R?
and/or R® represent ~-N(R™R™ (as appropriate) in which R” and/or R™
(as appropriate) represent H, using a compound of formula XXIB,

R™L! XXIB
wherein R” represents C, 4 alkyl and L' is as defined above;
(r) conversion of one RS substituent to another; or
(s) deprotection of a protected derivative of a compound of formula I as

defined in Claim 1.

22. A compound of formula II as defined in Claim 21, or a protected
derivative thereof, provided that when R* and R*® both represent H, then

D does not represent H or OH.

23. A compound of formula IV as defined in Claim 21, or a protected
derivative thereof, provided that when R* and R* both represent H, then at

least one of R? and R? represents OR’, OC(O)R? or C,, alkyl, which alkyl
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group is substituted and/or terminated with one or more nitro or cyano

groups.

24. A compound of formula VIII as defined in Claim 21, or a protected
5 derivative thereof, provided that when R* and R both represent H, then D

does not represent H or OH.

25. A compound of formula XVII,
0

RS

D Rse XVII

RS6

10 wherein R%, R%, R®, R% A, B and D are as defined in Claim 1, or a
protected derivative thereof, provided that when R* and R® both represent

H, then D does not represent H or OH.

26. A process for the preparation of a compound of formula VIII, XVII,
15 XVII or XXVIII, as defined herein, which comprises reaction of a

compound of formula XXIX,
o)

R Rs®

XXIX
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wherein R® represents H or -C(O)XR' and R!, R®, R*® and X are as defined
in Claim 1 with (as appropriate) either:

(1) a compound of formula XXX,

A—NH,

XXX

RS6

or a protected derivative thereof, wherein R*, R®, A, B and D are as defined
in Claim 1; or
(2) NH; (or a protected derivative thereof),

10  in all cases 1n the presence of a formaldehyde.



