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CARDI AC ARRHYTBM AS Field of the Invention This invention relates to aP‘PR 1005

novel pharmaceutically useful

useful in the treatment of cardiac arrhythm as. to Background and
Art Cardiac arrhythm as may be defined as abnormalltles I n the rate,
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Background and ;l’rior Art

Cardiac arrhythmias may be defined as abnormalities in the rate, regularity,

or site of origin of the cardiac impulse or as disturbances in conduction

conmpound, in particular a conpound which is

Pri or
bances in
rigin
(i.e
trials
on Trial
9)) with
g the
5 drug

hyt hm ¢

which causes an abnormal sequence of activation. Arrhythmias may be '

classified clinically by means of the presumed site of origin (i.e. as
supraventricular, including atrial and atrioventricular, arrhythmias and

ventricular. arthythmias) and/or by means of rate (i.e. bradyarrhythmias .

(slow) and tachyarrhythmias (fast)). -

in the treamment of cardiac arrhythmias, the pegative outcome in clinical

. trials (see, for example, the cutcome of the Cardiac Arrhythmia Suppression

Trial (CAST) reported in New England Journal of Medicing, 321, 406
(1989)) with “traditiopal” antiarrhythmic drugs, which act primarily by

 slowing the conduction velocity (class I antiarrhythmic drugs), has prompted

drug development towards compounds which selectively delay cardiac
repolarization, thus prolonging the QT interval. Class Il 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




2 or froman increase of inward ion currents) and refractoriness, wthout.
af fecting cardi ac conduction. One of the key di sadvantages of hithertlcAPR 2005

known drugs which act by delaying s repolarization (class IIl or
otherwise) is that they all are known t,0 exhibit a un| que form of

proarrhythrga sades de.pointes r ni,n 0| nts),. which may,
on occasi O;Brbgﬁ?lg\% %ﬁ#ﬁﬁ gﬁénﬁ@r‘f]itmgf CWSIS\@;@H a eé’[ t » WithGHts at i on
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solved in the provision of effective antiarrhythm c drugs. Antiarrhythmc
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key problem to be solved in the provision of effective antiarrhythmic drugs.

Antiarrhythmic drugs based on bispidines (3,7-diazabicyclo[3.3.1)nonanes),
are known from inter alia international patent applications WO 91/07405,
15 WO 99/31100, WO 00/76997, WO 00/76998, WO 00/76999 and Wb
00/77000, European patent applications 306 871, 308 843 and 655 228 and
US patents 3,962,449, 4,556,662, 4,550,112, 4,459,301 and 5,468,858, as
well as jourpal Iarticles' including inter alia J. Med. Chem. 39, 2559,
(1996), Pharmacol. Res., 24, 149 (1991), Circulation, 90, 2032 (1994) and
20 Anpal. Sci. 9, 429, (1993). Oxabispidine compounds are neither disclosed
nor suggested in any of these documents.

Certain oxabispidine compounds are disclosed as chemical curiosities in |
Chem. Ber., 96, 2827 (1963). That these compounds may be used in the |

25  treatment of arrhythmias is neither mentioned nor suggested.

We have surprisingly found that a particular oxabispidine-based compound
exhibits  electrophysiological  activity, preferabfy class HI



10 15 20 3 electrophysiological activity, and is therefore expected to be
useful in the treatnent of cardiac arrhythm as. Disclosure of the 1 APR 2005
| nvention According to the invention there is a provided

4- ({3-[7-(3, 3-di net hyl - 2- 3

oxobutyl) - Q- - - di bi gvicl o 3; 3. 1] nop- 3-vl ] pr Hsani henzo-

nitrile, ﬁgﬁ%@&ﬁ@h‘%@ﬁ%ﬁ%&saﬁq 15 ﬂ%gé’rﬁlépkﬁp&ﬁ%c gﬁii qlgﬁ? eferred
to herein y v.:lt is preferred that Conmpound A is provided
in the'foﬁ#%@ﬁwgfHgggﬂgﬁggﬂgfmmyé%paration According to the invention there
is also provided a process for the preparation of Conpound A, which
process conprises: (a) reaction of benzenesulfonic acid with

4- ({3-[7- (33 i - 2 tyl)-9-oxa-3, 7-di azabicyclo[3.3.1
]non-3-y|ﬂ%@§%§P¥gk?¥%?§gK§§ﬁl rile (i.e. the free base compound), for
exanpls at or around roomtenperature in 1 APR 2005 4 the presence of a

. suitable organic solvent (e.g. isopropyl acetate), or by adding an aqueous

sol uti on %c@}?ﬂfgc k6l the ADesmt f&%rieCis;ée)Lgfgbﬂédotg-(g{%ﬁe{(ﬁ;%@dﬂé}ﬁﬂ-zf’ (b)

reaction cyanoani | 1 no) propyl nesul
oxobutyl)-9-oxa-3,7-diazabicyclo[3.3. 1]non-3-yl]propyl }amino)benzo-

pitrile, benzenesulfonic acid salt:

0O

o~ N\)O% | HO&SO

10 NC
which compound is referred to hereinafter as “Compound A”.
1t is preferred that bompound A is provided in the form of a monohydrate.
15°
Preparation
According to the invention there is also provided a process for the i
preparation of Compound A, which process comprises: :
20

(@) reaction of benzenesulfonic acid with 4-({3-[7-(3,3-dimethyl-2-
oxobutyl)-9-oxa-3,7-diazabicyclo{3.3.1]non-3-yl]propyl} aﬁaino)benzonitrile

(i.e. the free base compound), for example at or around room temperature in



NC 3 O 11 with
3, 3-di net hyl -1 - (9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) - 2- but anone: 10 ARRr 2005
exanpl e at, or above, anbient tenperature, such as at between room
tenperature and the refl ux terrperature of the solvent that is enpl oyed
(e.g. bet en 10 and sui t abl e sol vent stem

00C t he pr.esence of a
(e.g. 15 DVBE RNty of gy szﬂla.% 8 HOTGRR L 5rf RPPRIPY ACEHAEh bl .
oy 1 o ke Sy SUCh sBfite SEe £5igHb o' GBRGbHS Sofhich F b Beson®
[7-(3,3-D Wg hyl-2 oxobutyl) - oxa- 3, 7-diazabicyclo [3.3.1 ]Jnon-3- 20
yl ] propyl } no)benzonitrile may be prepared: (i) by reaction of a
conmpound of forrmula I, 1 APR 2005 NC wherein L' represents a | eaving group
such as hal o, al kanesulfonate (e.g nesylate), per f |l uor oal kanesul f onat e or

For uenosul (N GeEfofof %ﬁémﬂ%@iliéﬂ%%%fﬂ SRRt P AT,

1- (9-oxa- 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) - 2- but anone, for exanple at

el evated tenperature (e.g. between 35C and reflux tenperature) optionally
in the presence of a suitable base (e.g. triefdylanm ne or potassium
carbonate) and an appropriate organic solvent Fe g—acetonitrile,

di chl or onet hane, " chl orof orm di meg] yIsquo et hyl formam de, 10 a
| ower al kyl al cohol (e.g. 3 , %?ce 0 or m xtures thereof),

foll owed by work up under Dri at e reactlo condrtions, to renove
NC

with 3,3-dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3. i]non~3-yl) -2-butanone:

10

for example at, or above, ambient temperature, such as at between room
temperature and the reflux temperah;lre of the solvent that is en_lployed (e.g.

| between 10 and 100°C in the presence of a suitable solvent system (e.g.
15 DMF, N-methyl-pyrrolidinone or acetonitrile) or, preferably, a hydroxylic
solvent, such as a lower alky! alcohol (e.g. a C1.4 alcohol such as ethanol)

and/or water).

4-({3-[7-(3,3-Dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo[3.3.1]non-3-
20  yl]propyl}amino)benzonitrile may be prepared:

(i) by reaction of a compound of forrnula I,




counter ions if and as appropriate; or (ii) by reaction of '
4-{[3-(9-oxa-3, 7-di azabi cycl o[ 3. 3. 1] non-3-yl )propyl ]- is am no 1 APR 2005
| benzonitrile: NC with a conmpound of forrmula I, 20 1 APR 2005 wherein L2
represents a | eaving group such as halo (especially chloro),
al kanesul fonate, perfluoroal kanesul forate, arenesul fonate, inidazole or s
R230 (wherein R23 represents, for ex q-le,, Cl;10 al kyl or aryl, which
groups are optionally substitut N AOme_of D hal o or nitro groups), for
exanpl e at between room and ref enperature in the presence of a
sui tabl e base (e.g. triethyl amiy pot assi um car bonate or a bi carbonat e,
such as sodi um bi car bonat élCand ~an appropri ate sol vent (e.g.
di chl oronet hane, to chloroform acetonitrile, NN-dinethylformam de, THF,
tol uene, Wahefein 4.! ﬂegmenal k\ikavihg ofiotp (sach -asdidle) alkanesulfonatei{eg. t her eof ) .
3,3-Dinet hyl -1-(9-o0x -3,7-diazabicycl6?3.3.I]non-3-y|)-2-butanone may be
pr epar ed bmeg)gs@,l gﬁbrﬁho%ﬂkﬂxe%uﬁoﬁtétz@?l ayeeaiifordtd] fegane- b d- a
nono- pr ot ect (e.d. nono-benzy]-protected) -derivative thereof, with a
conpound ohinfobefEEneshlforise o] Ebﬂitﬁﬂﬂﬁ?, idddnesuiforfate) withnPBedinretryl-si ni | ar
20 conditions to those described hereinbefore for preparation of
4- ({3- [57- ( B-(B-0xdi3TRLdINabielo3us M noR3 9 R2 ufartiney abfory clempmipke | at
] non-3-yl ] propyl) - am no)benzonitrile (process (1i)), followed by (if
appr opri at vaﬂe@ft@hgélﬁahﬁe (e%. Yerweer36PCanid refiug rtexperdtare)rapionallpndar d
conditions. 1 APR 2005 7 . e

in the presence of a suitable base (e.g. triethylamine or potassmm

=24

carbonate) and ,an appropriate organic solvent -(e.g. acetonitrile,
dichlorofnethane, chloroform, dimethylsulfoxide, N,N-dimethylformamide,
10 a lower alkyl alcohol (e.g. ethanél), isopropyl acetate or mixtures thereof),
followed by work up under appropriate reaction conditions, to remove

counter ions if and as appropriate; or

(i) by reaction of 4-{[3-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)propyl]-

15  amino}benzonitrile:

N~

NC

with a compound. of formula I1,

20



4-{[3-(9-oxa- 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) propyl ] ani no) benzonitrile" may
be prepared by reaction of a compound of fornmula | as hereinbefore deffiRigeh -
wi th 9-oxa- 3, 7-di azabi cycl o[ 3. 3. 1] nonane or a nono-protected (e.g.
nono-tert-but oxycarbonyl protected) dgrivative t hereof, for exanple under 5
simlar conditions to those described.hereinbefore for preparation of 4-({3-
[ 7- (3, 3-di net hyl - 2- oxobut yl ) - 9- oxa- 3,j7- di azabi cycl o[ 3. 3. 1] non-3-yl ] - propyl}
am no) benzonitrile (process (i))h2an or yof Conpound A, followed by (if
appropriate) deprotection of the resul i nt ermedi ate under standard
conditions. 10 Conpounds of fornul ae | 1, as' well as
3-(4-cyanoani | i no) propyl benzenesul fonate and

9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1] nonane (and protected derivatives thereof) may.
be prepared as described hereinafter. 1s Conpound A and internediates

descri bedyhetets r]_k}ei-qﬁgsemy d)@edﬁﬁg a%gggoilﬁ%r% heité (EW CF%/ res using

conventional techni ques. Further, may S equent purified

by convenflkamstiforsBni perffiorosliaheREfonae, Y aketldshindten- indidabalyl &yso! vent s

for the recrystallisation procedure include lower alkyl alcohols (e.g. Cl-4

al cohsl s RM0h @whereim®3 )reprssents) eforaa;!h:ﬂ?mt,%ﬁ? %mﬂ st arylhewRjcaf er red

recrystallisation solvent Is. ethanol/water. be dppreciated by

t hose skigrbeps are optonally silstituted byreneopaneehalod@saitid gfoayyfor t he
functional groups of internedi ate conpounds may be, 25 or may need to be,

pr ot ect e@XBIPK dtebetwegn granip sand-uefluk otempeyatngg sinwiiec prédents ¢feai rable to
protect ingclude am no. Suitable -protecting groups for am no include '
benzyl , Suitablgdasedege miethylanpime, pomssium carbonate or 2 bicarbonate, such
as sodium bicarbonate) and an appropriate solvent (e.g. dichloromethané,
10 chloroform, acetonitrile, N,N-dimethylformamide, THF, toluene, water, 2 .

Jower alkyl alcohol (e.g. ethanol) or mixtures thereof).

3,3-Dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)-2-butanone may Be
prepared by reaction of 9-oxa-3,7-diazabicyclo[3.3.1]nonane: '
15

NoR

or a mono-protected (e.g. mono-benzyl-protected) derivative thereof, Wlth a
compound of formula II as hereinbefore defined, for example under similar

20 conditions to those described hereinbefore for preparaﬁon of 4-({3-[7-(3,3-
dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo]3.3. i]non-3 -yl]propyl}-
amino)benzonitrile (process (ii)), followed by (if appropriate) depl;otection
of the resultant intermediate under standard conditions.



* benzenesul f onam do), tert-butyl oxycarbonyl, 9-fluorenyl-nethoxycarbonyl or

benzyl oxycar bonyl. The protection and deprotection of functional groU@$R sy

take place before s or after any of the reaction steps described

her ei nbefore. Protecting groups may be renoved in accordance with techni ques
which are well known to those skilled in the art and as descri bed

her ei naf t &t {[3-65-Ta-3dediagabieysiefdt3. h];logrl}tyﬂ)}pmpyljamirm}ljenmﬁitrﬁd in
"Protective Gioups in Oganic Chemstry", edited by J.WF. MOme, Plenum
Press (19783Y henprepamdbyeastioneehapeompoundyah rferrmylat]hesulmmmhef@r@du tion,
T.W Geene & P.GM Witz, Wley-Interscience (1999). is Persons ski IIed
i n the. ar tdedined wﬁbr%oxa-ﬂé—dmablcyoloﬁ.adr]nommlaa maerprotected fejgn an
alternative, and, on sone occasions, nobre conveni ent, manner, the
i ndi vi dualmpm@czeﬁslmimxnarbmlu Iwatectad rderivativg thereps rfooraxarhile uadei f f er ent
order, and/or, the individual reactions may be perfornmed at a different stage
in t heSovsimilar conduions te thesendascrib bed hersinbefore forprepemtiondebA-({Beni cal 20
' transforrrgtlons perf or med )é(aqpon di fferent internedi at es to-those associated
her ei nbef dfd3wi-dEmathylee uéyl ﬁe@%ﬁ-a%ﬁlazﬂwwc]\ﬂ{?pﬁ ]d@p-énml]f nter alia on
factors such the ature her cti naI ups present in a
parti cul alPTOR %Fb’-ISF |(5S Ré@ @Pﬁ’@éﬁ deiollowed ne

protectin str e i f.an t o be, adopt ed. ear | pe of
chemi stry%ﬁ’nd}gp ‘%)n r&ﬁ?@%ﬁk@??ﬁ“@ﬂ% wiergiedi &&%fﬁ%&ﬁai% used in
the said s§8}1l}§t|c steps, the need,. and type, of protecting groups that
are enpl o - t he sequence for accorrpl I shing the synthesis. 1 APR 2005
-9 Meqdjcal and Pharmaceutical Use Corrpound A is useful because it possesses
phaf macol ogi cal activity. It is

Compounds of formulae I and I, as well as 3-(4—cyanoanﬂino)propy1
'bpnzcncsulfonate and 9-oxa-3,7-diazabicyclo[3.3.1]nonane (and protected

derivatives thereof) may be prepared as described hereinafter:

15 Compound A and intermediates described hereinbefore may be isolated
frpm their reaction mixitures using conventional .techm'ques. Further,
Compound A may subsequently be purified by conventional techmiques,
such as recrystallisation. Suitable solvents for the recrystallisatidn
procedure include lower alkyl alcohols (e.g. C1-4 alcohols such as ethanol),

20 water and mixtures thereof. The preferved recrystallisation solvent is.-

ethanol/water.

It will be appreciated by those skilled in the -art that, in the processes
described above, the functional groups of intermediate compounds may be,
25  or may need to be, protected by protecting groups.

Functional groups which it is desirable to protect include amino. Suitable
protecting groups for amino include benzyl,  sulfonamido  (e.g.




therefore indicated as a pharmaceutical. 5 Thus, according to a further'
aspect of the invention there is provided Conpound A for use as a 1 APR 2005
pharmaceutical. In particular, Conpound A exhibits nyocardi al

el.ectrophysi ol ogi cal 1o activity, for_exanple as denonstrated in the tests
descri bed bel ow. Conpound A is thus expected to be useful in both the

pr ophy| axibenzenesuifonamide), méers-butylexytarbonylas9-fnedernyl-methokyedrbonydt ri al  and
ventricular arrhythm as. 15 Conpound A is thus indicated in the treatnent
or prophylandenzyloxynatbenyl. di seases, or in indications related to cardiac
di seases, in which arrhythmas are believed to play a major role,

I ncl udi ng i schaem ¢ heart di sease, sudden heart attack, nyocardi al
infarction, heart failure, cardiac surgery and 20 thronboenbolic events.
In the trdbhavprotectionandydeprotastiorcoffonetional geoupisanay ftakenplace befitrect i vel y
del ay cardi ac_repol arization, thus prolonging the QT interval, and, in
parti cél aror aftereayi of thegieagtdon smpadcscnhesighmrmbof@gm Conpound A has been 25
found to exhibit class Ill activity in particular, in the treatnent of
arrhythm as, its node(s) of activity is/are not necessarily restricted to
this class. 1 APR 2005 10 égcordi ng.to a further_ aspect of the invention,
there is fi%@mca@a STONPS BRRY be remipyed ap accardange with Hoehniques,whish aret hod

conprises aqpjnistration aqf,.a..therapeutically.effective anmount of Conpound
Ato a per"é@ﬂkggwpeqoi 5¢ § 1g it @@thstadeééﬂh?‘{@ﬂ@ ondi ti on.

10 The use of protecting groups is fully described in “Protective Groups in
Organic Chemistry”, edited by J.W.F. McOmie, Plenum Press (1973), and
“Protective Groups in Organic Synthesis”, 3% edition, T.W. Greene &
P.G.M. Wuiz, Wiley-Interscience (1999). '

15 Persons skilled in the art will appreciate that, in order to obfain Compound
A in an alternative, and, on some occasions, more convenient, maﬁncr, the
individual process steps mentioned herejn may be performed in a different
order, and/or the individual reactions may be performed at a different stage °
in the overall route (i.e. substituents may be added to and/or chemical

20  transformations performed upon, different intermediates to those associated
hereinbefore with a particular reaction). This will depend inter alia on
factors such as the nature of other functional groups present in a particular
substrate, the availability of Key intermediates and the protecting group
strategy (if any) to be adolsted. 'Clearly, the typé of chemistry involved

25 .wi]l influence the choice of reagent that is used in the said synthetic steps,
the need, and type, of protecting groups that are employed, and the
sequence for accomplishing the synthesis.




"5 Pharmac€éuti cal Preparations Conpound A will normally be adm nistered

oral |y, subcutaneously, intravenously, intraarterially, 1 APR 2005
transdermal ly,.intranasally, by inhalation, or 10 by any other parenteral
route, in the formof a. pharmaceutical preparation conprising the active
ingredient, in a pharmaceutically acceptabl e dosage form Depending upon

t he di sordMe@ndl antliBrmacehtichl Usé ed; as well as the route of
adm ni stration, Conpound A nay be adm nistered at varying doses. 15

Preferred pharmaceutical formulations include nodif i'ed rel ease
pharmaceuti cal conpositions conprising Conpound A and a
phar maceut Coatpourat Aejst wiefid bevanseit posdésses acodogical adtivity, civ isi er or

_heans (as appropriate) gives rise to a nodified rel ease of active

i ngr edi ent therefode indicited ais adgharedcéuticabr al admi ni stration. 20 Suitable
formul ati ons include those in which Conmpound A is enbedded in a polyner
.matrix.5(e.g. in the formof a gelling matrix nodified-release system
conprising a hydrophilic gelling conponent and active ingredient 25
Suitabl e h¥HmspRcEowing|toi agiurthepaspacts of ndieuinyertion Haare is provided
hydroxypro&ylcellulose mal t odextrin, scleroglucan, carboxypol ynethyl ene,

pol y( et hyl nounded for P 8% ¢ PhATmacEUtigibse and
hydr oxypr opyl net hyl cel | ul ose. Such fornul.ati ons nay be prepared by way of
standard techni ques. 1 APR 2005 11 Conpound A may al so be conbined with any

g;?ce“r osggg& aPus%é‘ngdeR-éot : re '?4‘351?139]‘ a%h%ﬂgqgi %i?‘r‘g)% or.oft 3 nventi on

there {5t hLﬁw&r Pt %xgmple as demonstrated in the tests described below.

Compound A is thus expected to be useful in both the prophylaxis and the
treatment of ' arthythmias, and in particular atrial aﬁd ventricular
arrhythmias.
15 '

Compound A is thus indicated in the treatment or prophylaxis of cardiac
diseases, or in indications related to cardiac diseases, in which arrhythmias
are believed to play a major role, including ischaemic heart disease, sudden
heart attack, myocardial infai*ction, ‘heart failure, cardiac surgery and

20 thromboembolic events.

In the treatment of arrhythmias, Compound A has been found to selectively
delay cardiac repolarization, thus prolonging the QT interval, and, in
particular, to exhibit class III activity. Although Compound A has been
25 found to exhibit class I activity io particular, in the treatment of
arthythmias, its mode(s) of activity is/are not necessarily restricted to this

class.



pharmaceutical fornulation including Conpound A in adm xture with a ‘
phar maceutical | y acceptabl e adj uvant, diluent or carrier. Suitable dai AR 2005 .
doses of Conmpound A in the therapeutic treatnent of humans o0 are about
0.005 to 25.0 ng/ kg body weight at or adm ni stration and about 0.005 to
10. 0 nog/ kg bod)c/l, wei ght. at parenteral ,adm nistration. Preferable_ ranges of
dai |y dosedcenrdingiootnartrer aspesicofithe inyaationc there 43 proided a mefhad ofar e about
0.005 to 10.0 ny/ kg body wej ght at, oral adm nistration, 6K and _about 0.005 to
5.0 mg/ kg tb%?él}le%iogh@ Arydbaia avhich Juethedseoraprises admimsgrtion ofadl y doses
of Conpound A are ipn the range 10 tao, 2000 . €.g9g. 25, such as 30, to 1200
ng of fredbgapeulcaly ¢ @MWWQP%PM&@S%PPI&% s esence’ of
the counter ion), .irrespective of the nunber of conpositions (e.g.

tabl et s) tqﬁm%‘%@béﬁms&ﬁ@rmﬂ-ng the course of 20 that day. Preferred
daily doses are in the range 50 to 1000 ng, such as 100 to 500 ng. Typi cal
doses Pn indivi dual conpositions (e.g: tablets) are thus in the range 15
to 500 ng,..for exanpl e, 40 to 400 ng. Conmpound A has the advantage that it
is effect i%’&@%ﬁ%‘ﬂ@“@ﬁﬂpﬁ@ﬂ% arrhyt hnmi as. Conpound A may al so have the
advantage that it may be more efficacious than, be less toxic than, have a
broader range of activity (including exhibiting any conbination of class

I, class.| Ne I d I VqL: 00 2 agtivit especially

cl ass | ancl“a'?%?‘&@ﬁgs Ivﬁgcﬁ'&W?ﬁe aﬁq}h@g%@o %F‘ggs ?‘ftfch‘J’djf%s Yty)) than,

be nore . 3 ' , f ewe B fects

(i ncl udi ﬁgﬁ‘g%&{\?@@ § n@%&’%ﬁ%ﬁﬁ%ﬁ%ﬁgﬁ’aﬁ@g e’s&ge

Poi Nt §§) Wiy BeheFPaReBFdl' touft)SA HE FohB6F a PhathiddbedticalBeparation
comprising the active ingredient, in a pharmacentically acceptable dosage

form. Depending upon the disorder and patient to be treated, as well as the
route of administration, Compound A may be administered at varying doses.

15 Preferrec} pharmaceutical formulations include modified release
pharmaceutical compositions comprismg Compound A and a
phannace\.l_ﬁca]ly-apceptable carrier and/or other means, which carrier or
means (as appropriate) gives rise to a modified release of active ingredient,
and which 15 adapted for orai administration. -

20
Suitable formulations include those in which Compound A is embedded in a
polymer matrix. (e.g. in the form of a gelling matrix modified-release
system comprising a hydrophilic gelling component and active ingredient).

25  Suitable  hydrophilic  gelling  components include  xanthan, '
hydroﬁypropylcellulose, maltodextrin, scleroglucan, carboxypolymethylene,
poly(ethylene oxide), hydroxyethylcellulose and
hydroxypropylmethylcellulose. Such formulations may bg prepared by way
of standard techniques.



"5 have ot her useful pharmacol ogi cal properties over, conpounds known in.
the prior art. Biological Tests to Test A Primary El ectrophysiol ogi cdl APR 2005
Ef fects I n Anaestheti sed Guinea Pigs Guinea pigs weighing betwen 660 and
1100 g were used. The animals were housed for at |east one week before the
experinment and had free access to foqg and tap water during that period.
15 Anaesthesia was induced by an intraperitoneal injection of pentobarbital
(40 to 50 ng/kg) and catheters were introduced into one carotid artery

; bl . _ . . . |

\(/eiO;\ (fo?oé(?rﬁit}g | mE §S| oﬁs@bﬁ%%%%gwggg@&ﬁé P géglggfr'f?pﬁeth#?ﬁbgrfor
di %ﬂﬁhm ] . inth t d

[ﬁgognz Rgl %Qﬁgﬁsmﬁ aced” on gé h%é%/?ﬁﬁigﬂéggﬁﬁé‘gscq}%sg%@éﬁgl | Penpgr;?ﬁrgmo?n

“between 37.5 and 38.5C. A tracheotony was perforned and the ani mal was
artificially ventilated with 25 roomair by use of a small animal

venti| af or Aceeidihg® tsesPibtheP dspettest \Whd Hhverdtdd &\ thad Isrokded Be

" species. In order to reduce autonomc influences .both vagi were cut in the

neck, and Phamimelgcalf§ forraldtino indluding CoMfPdund NAT Y idenistite Wathnhnut es
before the start of the experinent. 1 APR 2005 13 The left ventricul ar

epi car di unpharmaeeptically dueeptableflddjsvabedihieat ecefrten;, and a cust om desi gned
suction electrode for recording of the nonophasic 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
Suitable daily doses of Compound A in the therapeutic treatment of humans
10  are about 0.005 to 25.0 mg/kg boﬁy weight at oral administration and about
0.005 to 10.0 mg/kg body weight at parenteral administration. Preferable
- ranges of daily doses of Compound A in the therapeutic treatment of
bumans are about 0.005 to 10.0 mg/kg body weight at oral administration
and about 0.005 to 5.0 mg/kg body weight at parenteral administration.
15
Typical daily doses of Compound A are in the range 10 to 2000 mg, e.g.
23, such as 30, to 1200 mg of free base (i.e., excludin;g any weight
resulting from the presence of the counter ion), irrespective of the mimber
of compositions (e.g. tablets) that are administered during the course of
20  that day. Preferred daily doses are in the range 50 to 1000 mg, such as
100 to 500 mg. Typical doses in individual compositions (e.g. tablets) are
thus in the range 15 to 500 mg, for example 40 to 400 mg. |

Compound A has the advantage that it is effective against cardiac

25  arrhythmias.

Compound A may also have the advantage that it may be more efficacious
than, be less toxic than, have a broader range of activity (including

exhibiting any combination of class I, class II, c¢lass III and/or class IV



5 recorded, otherwise it was noved to a new position. A bipolar electrode
for pacing was clipped to the left atrium Pacing (2 ns duration, tw] 1CEPRU NG
di astolic threshold) was performed with a custom nade constant current
stinmulator. The heart was paced at a.frequency just above the normal sinus
rate during 1 mnute every fifth m nutz throughout the study. 10 The bl ood

Pl ot 1 ACHTYNCReaRy AR 1 a0 didlaly W%WS%?“&@??""&??%% cgosreen
(sanmpling detig W%ﬁﬂf@ﬁép%geﬁtﬁ&%g@eg%pbgl O\Mn foifeRdRwep’ e€ach

paci ng sequenc and t ast seconds m nute & 15 sinus

rhythm T | Sfped C u t vel oped

For acqui o onreny CRERIME A RBr Tl T, gn%?@&‘%%ﬁ%h.%

experi ment n desh] miy ogr ams
Ia}smkw%fgﬁgom%e%g%&grocegure con5| stéd o?mdﬁ. ngy

Bi omed. 41, 55 (199 two basal
contr ok r et thes useful PHIHRRORPIEA]

(r)p ,@gé rhyt hm
After the second contr recording, I% fi rst ose of e test subst ance
was i nfusqHeipfiox aryol ume of 0.2 nmL into the jugular vei n catheter for 30
seconds. Three mnutes |later, pacing was started and a new recordi ng was
made. Five 25 mnutes after the previous dose, the next dose of test
substance was adm nistered. Six to ten consecutive doses were given during
each expdiblogical Test®R 2005 14 Data anal ysis OF the nunerous variabl es
measured in this analysis, three were selected as the nost inportant for
conpari son and sel ection of active conpounds. The

10 TestA
Primary Electrophysiological Effects In Anaesthetised Guinea Pigs
Guinea pigs weighing between 660 and 1100 g were used. The animals

were housed for at least one week before the experiment and had free access
to food and tap water during that period.
15
Anaesthesia was induced by an intraperitoneal injection of pentobarbital (40
to 50 mg/kg) and catheters 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
20 of ECGs (lead I). A thermistor was piaced i ike rectum and the animal
was placed oﬁ a heating pad, set to a rectal temperature of between 37.5 and
38.5°C.

A tracheotomy was performed and the animal was artificially ventilated with
25  room air by use of a small animal ventilator, set to keep blood gﬁses within
the normal range for the species. In order to reduce autonomic influences
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.




" three variables selected were the MAP duration at 75 percent repolarization
s during pacing, the ado-ventricular (AV) conduction time (defined ad ARRENNS
i nterval between the atrial pace pulse and the start of the ventricul ar
MAP) during pacing, and the heart rate (defined as the RR interval during
sinus rhythm. Systolic and diastolid3blood pressure were neasured in

order to THQQ@ﬁtMuﬁaﬁﬁPé%}?mﬁiﬁnﬁh%l@{p@:fsed gy anefsidel toracoiomyp!

Further; the io ECG was ecked for arrhythntas and/or norphol ogi cal

changes. Thfl geaRt®h-ddsipiedosteivnr decti@ofst RaBradg 6Lthd tmondpRasiid the .
effects recorded after consécutive doses of test Substance were expressed

as  per ceniciizg pdsmnﬁ@lsmnu? Wab%gpﬁbdleo thy left olebiienlan e wall ceTherge val ues
Ive

. i s against the cunul at ose admm ni stered before each recording, it was

possi bl e telectondd st kepts én rpesitives es dong es. ad ractéptableayignglactuldXirer i nent
generated three dose-response curves, one for MAP duration, one for AV-

. conducts onrecordedarutherwdss dr wabemovedito &resw @ositicnRRA bipoixaklectréderean
curve of all experinents perfornmed with a test substance was cal cul at ed,
and 20 potfongacing was chipped dethe éeft drim t fRacia(? ms duratidh) twioce ¢he esponse
curves in these experinents were constructed by |inear connection of the
dat a poi ntdiastbliai theeshoklje was nperfoimesl oiithe apcustomeioade tdoastanP ciment i on by
10% from t he baseline was used as an index to assess the class ||

el ect r ophystimulaigirc al'he beaxi oyasopaced it agequensy gusti sbpyerthe aprmoal Mm0) . 25 1
APR 2005 is Test B_d ucocorticqid-treated muse fibroblasts as a nodel to
det ect bl dakeduring 1 mpmte evesycHith aaippte hroughout thenstedysso for K channel

bl ockade was determ ned using a mcrotitre plate i

The blood pressure, the MAP signal and the lead II ECG were recorded on
a Mingograph ink-jet recorder (Siemens-Elema, Sweden). All signals weré
collected (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

15  sinus rhythm. The signals were processed using a custom-made program
developed for acquisition and anpalysis of physiological signals measured in
experimental animals (see Axenborg and Hirsch, Comput. Methods
Programs Biomed. 41, 55 (1993)).

20 The test procedure consisted of taking two basal control recordings, 5
minutes apart, during both pacing and sinus rhythm. After the second
control recording, the first dose of the test substance was infused iﬁ a
volume of 0.2 mL into the jugular vein catheter for 30 seconds. Three
mimutes later, pacing was started and a new recoi.‘ding was made. Five

25 mimutes after the previous dose, the next dose of test substance was
administered. Six to ten consecutive doses were given during each

experiment.




5 based screen nethod, based on nenbrane potential changes of B

gl ucocorticoid-treated nouse fibroblasts. The nenmbrane potential of 1 APR 2005
gl ucocorticoid-treated nouse fibroblasts was neasured using fluorescence

of the bisoxonol dye Di Bac4(3), mhicg%could be reliably detected using a
fluorescence | aser, i maging plate reader (FLIPR). Expression of a delayed io
rectifier channel was induced in nouse fibroblasts by 24 hours
exposure t he gl ucocorticoi de dexanehasone (5 . Bl ockade of these

pot assi uréﬁm Toisperablescameasiaed o et |aaalysis, rht/ﬁwal wereysélectedaseased

fl uorescence of D Bac4( &f is Mpuse Itk fibroblasts (L-cells) were

pur chase ?F%Qﬁtm? Vesanpazisonuand splection obactiveTompaonndss sThe VA) , and
were cultured in. Dul hbeccos nodjfied eagle nedium supplenmented with fetal
cal f ser &ﬁ:qesvanahlm ehied Wﬁi@bﬂf@%@ommﬂémyqntmepe}mmmnn (500
/m) an L-al ani ne-1-gl utam ne (0. 86 /m). The cells were passaged
%Vﬂ 3/5 321%%%99%' Gsi;fiﬁyggl!‘;?iﬂ@ﬁlhcpéﬂ._ 5§‘?«§) gﬂdﬂgﬂ%ﬂ &m&dﬁbﬁmq?[ a8 dhtat eg
.buffered.sali 0 : re¢ days prior to experinments,

ol | < sus SRREY ) BermEer Hie, B pads pofse: GHCIHB.as Gf dohVeBIIGRADpAR) ¢, 96 wel |
pl ates (Gosi aré at 25 0,cells/ I s The upr escence, probe Di Bac4(3)
D B | Badihe ., Ao PG adte Torfinedoas e Ry Bamal (SRATIg: SINS Di Bac4( 3
Eraxi ﬁgl I )ﬂlg%r bs]:;g@ Saéf; (ill @ﬁ‘s at 513 nM__Di Bac4(i§) i,s a bi soxon(()I?
and thus’l gat? l‘é aM@g@ ca@ BfY PICSSBIR WeIC i peasyEed AR\IUEh 19 ge, t he

di stri but ' : ' th
tr ansmentidie, He, PacB6dminPoaS of i MRENHARE 3aRRHC URMGLH e (e

cel |14 Nt SOCTwACHRIRE] kS A RABRAY Sndfk BdntoloBiGehangal o7 0r) . Lhe

Di Bac4(3) concentration ins [ he cel n o]

The mean of the two control recbrdings was set to zero and the effects
recorded after consecutive doses of test substance were expressed as
percentage changes from this value. By plotting fhese percentage values

15  against the cummlative dose administered before each recording, it was
possible to construct dose-response curves. In this way, each experiment
generated three dose-response curves, one for MAP duration, one for AV-
conduction time and one for the sinus frequency (RR interval). -A mean
curve of all experiments performed with 2 test substance was calculated, and

20 potency values were derived from the mean curve. All dose-Tesponse
curves in these experiments were constructed by linear .cgnnéction p'f the
data points obtained. The cumulative dose prolonging the MAP duration by
10% from the baseline was used as an index to assess the class III
electrophysiological .potency of the agent under investigation (D,g).

25




"electrostatic forces. Once inside the cell, DiBac4i3i nolecules can bind to
| i pi ds and proteins, which causes an increase in fluorescence enissi drAPR005
Thus, a depolarization will be reflected by an increase in DiBac ,

fl uorescence. The change in Di B.ac4(3) fluorescence was detected by a
FLIPR Prior to each experinent, the tells were washed 4 tines in

phosphat e-Tgq ppuffered saline (PBS) to renove all culture nedia. The cells
were then treated with 5 pM Di Bac4(3) (in 180 pL of PBS) at 35'C.' Once a
stable fl|gpiRreeHesidRsate@ahne fbroblsal hy aambdel P deles) blatkepd o6f t he
test substancte was_added, USIng FLI PR S T nternal 96 well pipetting system
Fl uor escenge fattifics Kvetngrehhen taken every 20 sec for a further 10 is
.mn. Al erp‘%@‘mm‘r—e‘d out .at 35C, due to the high tenperature
sensi tivi tyC30 foptK ekimet dblbekidel was deteradiednusingna emicrotinguplaieice and
D Bac4(3) fluorescence. Test substance was prepared in a second 96 well

. plate, 5irbf3B8 cswred ninieghdd pMddeBacd( 3jnenibrene c putential atchanged sfibst ance
prepared was 10 tinmes that of the desired 20 concentration in the

exper i nent glagoeortiedid-tieated mouse fibtoblasis. ocThe rmdmbiamé rpptentatilt oHn of
substance during the experinent. Dofetilide (10 pM_ was used as a positive
control, iglecotartiteidtreated moaserfibroblasts wasmeasured ysing fhigeseeace 25
Curve-fitting, used to determ ne the |1C50 values, was perforned with the

G aphpad Rof & pisexoan] dgeiace,sovhiok could be, retighlybdstgstedonsingsd 1 APR
2005 17 Test C Metabolic, Stabilit f. T j d .
eﬁuorescencae loasércimaé'nlg pllatg rgadere@u%?{r)rP O]ng{]pressmn of a delayed

10 rectifier potassium channe] was induced in mouse fibroblasts by 24 hours

exposure to the glucocorticoide dexamehasone (5 uM). Blockade of these
potassium chanmels depolarised the fibroblasts, resilting in increased

fluorescence of DiBacg;.

15 Mouse ltk fibroblasts (L-cells) were purchased from American Type
Cultire Collection (ATCC, Manassa, VA), and were cultured in
Dulbeccos modified eagle medium supplemented with fetal calf serum (5%
vol/yol), penicillin (500 unpits/ml), streptomycin (500 pg/mL) and
L—Ialanine-L-glutamine (0.862 mg/mL). The cells were passaged every 3-4

20  days using trypsin (0.5 mg/mL in calcium-free phosphate buffered saline,
Gibco BRL). Three days prior to experiments, cell-suspension was
pipetted out into clear-bottom, black plastic, 9_6-we11 plates (Costar) at
25 000 cells/well.

25 The fluorescence probe DiBac,s, (DiBac Molecular probes) was used to
measure membrane pote;ntial. DiBac,s maximally absorbs at 488 nM and
emits at_'513 nM. DiBac,, is 4 bisoxonol, and thus is negatively charged
at pH 7. Due to its negative charge, the distribution of DiBac,s, across

the membrane is dependent upon the transmembrane potential: if the cell



An in vitro screen was set up to determne the nmetabolic stability of :
Compound A. 5 The hepatic S-9 fraction fromdog, nman, rabbit and rat TwARRh0G5
NADPH as co- factor was used. The assay conditions were as follows: S-9 (3
ng/m.), NADPH (0.83 mM), Tris-Hd bu{sfer (50 MM at pH 7.4 and 10 pM of
test conpound., 10 The reaction was started_ by addition of test conpound
and t er ni Agpelarizes (j.e. othe1cell intesioinbe@unes lesseregativiearelatiye tthecgdH i n t he
sanple to above 10, (NaOH 1 mM). After saqlvent extraction, the

concent r aX§#i0s), thetDiBropo caacemEatiam duside tgaceldt ingreasesedugl (&t andar d
by LC is (fluorescence/ UV detectjon). The_percentage of test_ conpound
remai ni ngClecestatls farees. e Ongnimside die; cell, DM exicambindiy as a
measure fQqr, %&iolic,stab' Lity. 20 The invention is illustrated by way of
the foll oﬁPKgE S PEINS, EW E3USES i} ACIEASSe 1R TESCONLE CIESEB- 25 Mass

spectra e recorded on one of the fqllow i nstruments: a \Waters ZMD
si ngl e quadldi tth CLQPQEQI%}S%W&JS}% %Egg@?ém BﬂP@Pkmfﬂﬁﬁ’eﬂn B  150ex
spectroneter; a VG Quattrq Il tripl.e quadtupole; a VG Platform |l single
chadr upor BoksEsngg.or She changs: 1o HiBatie, SHIRACHEEHESAECHRI DY '8
spectrone {the latter three instrunents were equipped with a 1 APR 2005

IS pneu ttatly assisted electrospray interface (LCG-MsS)). 1H NWMR and 13C
NMR neasur enments were perfornmed on a BRUKER ACP 300 and Vari an

Prior to each experiment, the cells were washed 4 times in phosphate-
10 .buffered saline (PBS) to remove all cﬁlture media. The cells were then
treatéd with 5 uM DiBac,gs, (in 180 pL of PBS) at 35°C." Once a stable
fluorescence was reached .(usually after 10 min), 20 pyL of the test
substance was added, using FLIPR’s internal 96 well pipetting system,
Fluorescence measurements were then taken every 20 sec for a further 10
15 min. All experiments were carried out at 35°C, due to the high
teroperature sensitivity of both delayed rectifier potassium channel
conductance and DiBac,q, fluorescence. Test substance was prepared in a
second 96 well plate, in PBS containing 5 uM DiBac,;. The
concentration of substance prepared was 10 times that of the desired
20 concentration in the experiment as an additional 1:1C dilution»occurred‘
during addition of substance during the experilﬁent. Dofetilide (10 pM)
was used as a positive control, i.e. to determine the maximum increase in

fluorescence.

25 Curve-fitting, used to determine the IC50 values, was performed with the

Grapbpad Prism program (Graphpad Software Inc., San Diegol, CA).

30



' 300, 400 and 500 spectroneters, operating at 1H frequencies of 300, 400

and 500 MHz respectively, and at 13C frequencies of 75.5, 100.6 and 32fpR7)fB
MHz respectively. Alternatively, 13C NVR neasurenents were perfornmed on a
BRUKER ACE 200 spectroneter at a frequency of . 50.3 MHz. Rotaners nmay or
may not be denoted in spectra dependi ng upon ease of (o0 interpretation of
spectra. Upnkgs otherw se stated, chemi cal- shifts are given in ppmwth
the sol vent—as~internal standard. Exanple 1 is (i)

4r ( 3- Hydr oxfepiteicl S1abilite b MesoCohfdoufdAl ternative 1 A m xture of
4-f1 uorobemvm‘nﬂ‘e—t'%'ﬂ—q—gggrd‘nwn | ) and 3- am no-1-propanol (59.6 g,

793 ol ) wRs s tiifrbestreén SR4s Uedeaip a0 Haehineath SREEHELIE KtatilijowFs before
~water (150 nL) was added. The mxture was allowed to cool to rt, and was

t hen extraChgmowhd /A di ethyl ether. The organic 20 | ayer was separated,
dried (Na2SO4)., filtered and concentrated in vacuo to yield 17 g (97% of
~the suly-title conpound as an oil that crystallised upon standing.

Al ternative 2 4-Fl uorobenzonitrile (24.6 g, 0.203 nol, "‘Aldrich 99% was
added to 3Therhepatic p+Sofractidn b2 doggmah, G3bbitahd rét withiNADPH dsicoh 99% 25
and the m xture heated to 80C for hours, under nitrogen. The sol uti on was
al | oned t ofactosl wao v2&C aTibe wssay cofdifiont )weresasaftdlodvs: T8O (3 mgiml)sol uti on
was extracted twice with nethylene chloride (300 nL and 200 nL) and the
conbi ned nNARPEHE.8hmM) dErieHChbufenédlemhd} atpk W .4 randel(: xM ofBRL 7005 19

(300 nL; GC analysis of organic |ayer gave -1.0 area% am nopropanol
r emmi ni ng)compound.
10 ' -
The reaction was started by addition of test compound and terminated after
0, 1, 5, 15 and 30 minutes by raising the pH in the sample to above 10
(NaOH; 1 mM). After solvent exiraction, the concentration of test
compound was measured against an internal émndard by LC

15 (fluorescence/UV detection).

The percentage of test compound remaining after 30 minutes (and thus t,,)

was calculated and used as a measure for metabolic stability.
20 The invention is llustrated by way of the following examples.
Examples

General Experimental Procedures

25 Mass spectra were recorded on one of the following instruments: a Waters
ZMD single quad with electrospray (S/N mc350); a Perkin-Flmer SciX API
150ex spectrometer; a VG Quattro II triple quadrupole; 2 VG Platform I
single quadrupole; or 2 Micromass Platform LCZ single quadrupole mass

spectrometer (the latter three instruments were equipped with a




Al ternative 3 To 4-fluorobenzonitrile (30.29 g, 247.7 mml, 1.0 eq), was
added 3-ami no-I-propanol (150 ni, 148.8 g, 1981.5 nmol, 8.0 eq). The 1 £PR 2005
m xture was stirred under nitrogen at roomtenperature (27C) until all of
the solid had di ssol ved. The solution was heated (oil bath) to 77C and kept
at this tenperature for 7 hours, beforl being stirred at anbient

t enper at ur pnewmaticaliyhassisted bhutm;praysénéﬁrfe(cﬁd%&MS»a BOdR andd3he

resul tant cloudy solution was extracted with dichloronethane (365 ni, then
245 ni). TNMRoneasswementowgeperfoamed sonie BRUKHRR d GPt300vend Var@s i) .
The DCM sol ution of the product was dried by.distillation: solvent (200
niL) was 3@OARQ aaddSOG spectrameters; dpesatingDaivi Ep fequenciesvof 808014068nt (250
m.) was renpved to bring the total §ol vent volunme to 365 m.. 15 §7i i)
3- (4- Oyanoandl HOQ MBzaespectively, hpd il 6h Eequenmes of 25 5ol ARG ard 123 7cool ed

(00 solutjon of 4-[(3-hydroxypropyl)- am no]benzonitrile (fromstep (i)

(Al t er fat iW&fﬁW&a@?lnﬂm%my;#%C)Nm micasunvEEts rede merfommedt r eat ed
with triethylamne (9.8 g, 96.5 nrnol) and then p-tol uenesul fonyl chloride
(20.2 g, 19 niol BRURERy AGEe A9 2spestiomader atatocar offequensynuiafs bef ore
bei ng cont:ifpér ed in vacuo. Water (200 nL) was added to the residue, and
t he aqueou$’ ton was extracted wth DCM The organi c phase was dried
(Na2SsO™4), filtered and concentrated in vacuo. The resulting residue was
purified by crystallisation fromiso-propanol to yield 24.6 g (77% of the

4 [ (5- by orSaBiest Jr s B el b AR RAc s Semshiie” WPF smse dlve 2)
ot oS It AR PO hekfia ® Uni s SHicflyin Bt chefmitaP b aid BT,

[ uti : |, =Fi Brg Triethylam 20. , 0.203
gnilo) tJt :‘ grllﬁﬁm‘ggﬁggﬁlf%vﬁ%g%%%ﬁs% am no; Ipsf'i éi ﬁ(ran ?24(8 ngl,552.go nmol ) was
added and the solution was cool ed

Example 1

15 (i) 4-[(3-Hydroxypropylamino]benzonitrile

Alternative 1 A mixture of 4-fluorobenzonitrile (12.0 g, 99.1 mmol) and 3-

amino-1-propanol (59.6 g, 793 mmol} was stirred at 80°C under an inert
atmosphere for;;’; hours before water (150 mL) was added. The mixture was
allowed to cool to rt, and was then extracted with diethyl ether. The organic
20 layer was separated, dried (Na3SQy), filtered and concentrated in vacuo to
yicld 17 g (97%) of the sub-title compound as an oil that crystallised upon
standing,
Alternative 2 4-Fluor6benzonitrﬂe (24.6 g, 0.203 mol, Aldrich 99%) was
added to 3-amino-1-propanol (122.0 g, 1.625 mol, 8 equiv., Aldrich 99%)

25  and the mixture heated to 80°C for 5 hours, under nitrogén. The solution
was allowed to cool to 22°C and water (300 mL) was added. The cloudy
solution was extracted twice with methylene chloride (300 mL and 200 mL)

and the combined methylene chloride extracts were wéshed with water



"1 APR 2005 20 to OC. A solution of tosyl chloride (38.70 g, 0.203 nol) in
met hyl ene chloride (150 nL) added over ca 30 mnutes with cooling andigomngh
agitation, allowing the tenperature to rise to 5C. The reaction was stirred
for 23 hours in .the range 3 to 5C under nitrogen. (After 5 hours, 5
triethylam ne hydrochloride precipitat®on occurred. TLC showed very little
if any fur30d oG wnalysi of @egatiallagarapavelqqhre®h ARmdProwatos. ) Vater
(300 nL) was added and the | ayerS vigorouSly agitated for 15 nin. The
organic sofsmﬁaigﬁlng concentrated by distillation at 35 to 40C to a volune
of ca 60 to 70 nL. Isopropanol (100 nL) was added over 5 mnutes. (At to
this stageAliepiativer 306 a-flpoberzdmir1e (30290500417 Aresll el eg), wast o
_addition ©OfF rsopropanol. Crystallization occurred rapidly upon addition of
i sopr opanoaddeddB sinhinoal ipedpana’ (TIM mINUBLE. B, NP8 uniiol, 08.0egpy eThee | ast of
the met hyl ene chloride. (A further -30 m, was renoved and the distillate
~was' cheeckeiktoye @asf stirrédhenddrsetrogeniat tedmylesperathto (272°€)) udkilealt pfst al 15
slurry was cooled to 0 to 5C over ca. 1 hour with slow agitation and held
for one hoihe satidha#iClisStived.r Yhe ablutionveasf idated @all bathy torZdPUrandikeper and t he
conpacted danp filter cake carefully washed with cold (0C) isopropanol (80
m.). The fatlthts tesoperatvae far 7 dwues) deforedeingnstimed -at ambsant temperatuogen
overnight. Yield : 52.6 g, 78.4 nole%; HPLC : 99.64 area% . 20
M cr oanal yevesnight ddAdoursieoWgier:(36£ mlsh wes added.omd thmresultant qloudp); o
8.44 (8.47); ¥ : 9.71(9.70). (.
NN Bi 52 clalwiae ivas e ackad bithcdishlosprasthaae £365waler them 245 mLlo T )

followed b i chl orohydrin (500 ni, .4.eq.) were ded, t

benzentbsu| SERIREHCCTERaHs Lpyess BTy Washed Niih At (385 ik, o RCM
solution of the product was dried by distillation: solvent (200 mL) was
removed and replaced with fresh DCM (200 mL). More solvent (250 mL)

was removed to bring the total solvent volume to 365 mL.

15 (ii) 3-(4-Cyanoanilino)propyl 4-methylbenzenesulfonate
Alternative I A cooled (0°C) solution of 4-[(3-hydroxypropyl)-

amino]benzonitrile (from step (i) (Alternative 1) above; 17 g, 96.5 mmol) in
dry MeCN (195 mL) was treated with triethylamine (9.8 g, 96.5 mmol) arlxd
then p;tolucnesulfonyl chléride (20.2 g, 106 mmol). The mixture was
20 stirred at 0°C for 90 minutes before being concentrated in vacuo. Water
(200 mL) was added to the residue, and the aqueous solution was extracted
with DCM. The organic phase was dred (NapSOy), filtered and
concentrated in vacuo. The resulting residue was purified by crystallisation
from iso-propanol to yield 24.6 g (77%) of the title compound.
25 Alternative’ II The solution of the crude 4-[(3-hydroxypropyl)amino]-

benzonitrile (froin step (i) (Alternative 2} above) was concentrated to a
volume of 300 mL by distillation and a further 200 mL methylene chloride
added and re-distilled to 300 mL (solution water by Karl-Fischer 0.07%).
Tricthylamine (20.55 g, 0.203 mol), followed by 4-(V.N-dimethyl-
30 amino)pyridine (248 mg, 2.0 mmol) was added and the solution was cooled



40C. Aqueous sodi um hydroxide (130 g in 275 nmL of water) was added such
that the tenperature of the reaction remai ned between 40C and 43C.  ThABR 2005 -
t ook approximately 2 hours. (The rate of sodi um hydroxide addition 1 APR
2005 21 needs to be slower at the start of the addition than at the end in
order to keeﬁo W thin the tenperature 2t"an%e st at Ed";{ After the addition of
sodi um hytr 8xCde Avasolelinm o ttesyl: ekdorida dBBoH gad.203 mely it methylens 2
hour s, the&ﬂat, agbi ent _tenperature overni ght. The excess epichl orohydrin
was renoveshlorisde 41981 ml)anddad oyer sp VA mumntisswith soobng( ead gaodrbar
internal te .300), until no nore epichlorohydrin distilled. |
Di chl or oEAZHAHS . allowing thg demperatare: toarisa ba 576G herresdtionpwasi stirred 15
m nutes. The EBa es were allowed to separate (this t ook 10, ni nutes
al t hough t®¥¥a yi]é’l'-‘é%rmp-ﬁ%éﬁn&?@ tgbdanuader tndkrogeminfAfgr oY eholizght ) . The

d. the_ to dichloronmethapne solution_used_.in the

Cubscquient TieLaT Apare e NRds FORAPUAICDRIGHTo TLE5swed Vor e 2. 79
T i ik i i
s St TR b B i
poprox! gg‘t’%%ﬁﬂﬁ%‘ 1o ﬁ%sfwaﬁ%&i&@%@ B 10 ﬂﬁﬁ:‘j@_%olgwagnvoL )
lexot her m&sfgéén;ape%nzﬁt e r%ﬁg@f@ P@ﬁ"%ﬁ‘ﬁ%g}}’ﬂe@%ﬁg%ﬁl Pkgr $olﬁléﬂﬁ§'u¢if ( n(()
he ot ot wagt sORERrlar Plctaiali SF BRIRH QRfeBiof Wl 31, 7™
(ca. 3.254df) \R6frdinétne @ystalidetlon 2 oeclored MPARARP! W56 WBdition of
isopropanol.) Distillation was continued using vacuum to remove the last of

the methylene chloride. (A further ~30 mL was removed and the distillate
was checked by GC for the absence of methylene chloride.) The crystal

15 slurry was cooled to 0 to 5°C over ca. 1 hour with slow agitation and held
for one hour at 0-5°C. The crystals were ﬁlten;:d on 2 medium sinter and the
compacted damp filter cake carefully washed with cold (0°C) isopropanol
(80 mL). The filter cake was dried under vacuum and a stream of nitrogen
overnight. Yield : 52.6 g, 78.4 mole% ; HPLC : 99.64 area%..

0 ) '

Microanalysis : found (theory) : %C :61.60 (61.67); %H :5.41 (5.49);
%N : 8.44 (8.47); %S : 9.71(9.70). |

(ii1) N, N-Bis(2-oxiranylmethyl)benzenesulfonamide
25  Water (2.5 L, 10 vol.) followed by epichlorohydrin (500 mL, 4 eq.) were

added to benzenesulfonamide (250 g, 1 eq.). The reactants were heated to
40°C. Aqueous sodium hydroxide (130 g in 275 mL of water) was added
such that the temperature of the reaction remained betweet;l 40°C and 43°C.
This took approximately 2 hours. (The rate of sodium hydroxide addition



“distilled (ca. 2.4 L) and then further toluene added (I Q The head 25
tenperature was now 110C. A further 250 nlL of solvent was coll ected d&tAPR 2005
110C. Theoretically, this left the product in ca. 2.4 L of toluene at 110C
This solution was used in the next step. 1H NWMR (400 MHz, CDO 3): S
7.83-7.80 (4H m ArH, 7.63-7.51 (6H2lm ArH), 7.30-7.21 (1 OH, ArH,
3.89- 3. 80 fiéds tobeltioner aCtiethst oF tHSad@tonharl atHE 0@ der (a)),

3.70 (2H, s, CH2Ph(b)), 3.59 (2H, dd, CHHNSQ2Ar(a)), 3.54 (2H, dd,
CHINSCRAT (tithin 3thel) témforattire CahPEGALAN) ) Al dhe 2kiditin ofHRSRERA (2)
3.09-2.97 (4H, m CHHNBn(a) .+ NBn(b)), 2.83 (2H, dd, CHHNBn(b)), 2.71

(2H, dd, Cr#R{dd Wab coRilete! aieqeaéﬁmyef(ifvﬂfaqt HBC AR holfP e 19 a 1:1

. mxture of trans- (a), a&nd cis-diol (b))

3- Benzy! - Tuhblttbaiyot s brémhuie: STHe tasabbsiEloRpydin bpanaaRThe tol uene

solution fromthe previous step (iv) above s cooled to I 0 Anhydr ous
. met hanesul foai wakgi szddbropel by Wasuagd aiktilhiibs @P%dnﬁqartﬁﬁ&%ﬁ?gﬁﬁg rise
0 e

from50C to 64C. After 10 mnhutes, nethanesulfonic acid was a (1L

o e Sy ogots S ucha B DBt U st

fromthe reaction;

t enper at ur gidedoahd thetmbeurd kBied fapliterfok "B rihBfesat megpliﬁs@&%véi‘&hef W se
ol e

15 the yield will be decreased.) The reaction was then ¢ d to 50C and a

vacuum appillewed to separate (thés toakt 10 minhiest Althoipd. tobbt tlear phasktUeeand 650
nbar allowed a further 0.53 L to be renoved. (IfT the toluene can be

renoved atoltainedeafite mterding reveamighi)r e $her phadeenweratseparatednedid dhel . ) The
reaction was_then left to cool to 30C and dei oni sed water (250 nL) was 20
added. 10Thi dichlogem¢thans soduien usadria the subsasuenbstegdelave 45C. More wat er

1H NMR (400MHz, CDCl3): & 2.55-2.65 (2H, m), 2.79 (2H, t, J 4.4), 3.10-

3.22 (4H, m), 3.58-3.73 (2H, m), 7.50-7.56 (2H, m), 7.58-7.63 (1H, m),

7.83-7.87 (2H, m).

15 (iv) 5-Benzyl-3,7-dihydroxy-1-phenylsulfonyl-1,5-diazacyclooctane
IMS (2.5 L, 10 vol) was added to the dichloromethane solution from step

(iii) above. The solution was distilled until the internal temperature reached
70°C. Approximately 1250 mL of solvent was collected. More IMS
(2.5 L, 10 vol) was added followed by benzylamine (120 mL, 0.7 eq.) in one
2 portion (no.exotherm seen), and the reaction was heated at reflux for 6 hours
(no change from 2 hour sampling point). More benzylamine was added (15
mL) and the solution was heated for a further 2 hours. The IMS was
distilled off (ca. 3.25 L) and toluene was added (2.5 ). More solvent was
distilled (ca. 2.4 1) and then further toluene added (1 L). The head
25  temperature was pow 110°C. A further 250 mL of solvent was collected at
110°C. Theoretically, this left the product in ca. 2.4 L of toluene at 110°C.
This solution was used in the next step. |
1H NMR (400 MHz, CDCl3): § 7.83-7.80 (4H, m, ArH), 7.63-7.51 (6H, m,
A1H), 7.30-7.21 (10H, ArH), 3.89-3.80 (4H, m, CH(a) +CH(b}), 3.73 (2H, s,



(2.15 L) was added over a total tinme of 30 mnutes such that the
tenperature was |ess than 54C. The solution was cooled to 30C and t hei®R 2005
di chl oronet hane (2 L) was added. Wth external cooling and rapid stirring,
the reaction mxture was basified by di ng aqueous sodi um hydroxi de (10 25

2 L t t t erature bel ow 38C. Th's t ook
80 m n?Jt 2&3132%‘3 33)” g% né%ﬁa% (gﬁ é}égt(ﬁﬁ)pﬂdasmj ﬁ@néﬁw @), i | m nut es.
. The | a t 2 dded {o. the dichl th
Sol ution &4t @G GH é@a&ﬁﬁmaﬁg&d@ﬁ BOpArgd) %Smdaﬁn,@éiﬁﬁf. | the
head t d,7 h t | ef h duct 1.56
1 APR 238%133%%3&5& 3H8e2991 (o N e R Bt
t t t lid duct tht
pEZ‘SFL?tE@a Qi EREa), 2ot Vel R NERB) 0. 5 product tha
f - col th t. t. 50C, . 8 8. 9%
over 355t Lpaf %%noﬁgnbpﬁpﬁeﬁ al5bl GO A b VB OR B (B | & (100 -
m.) at refluyx.,t a pale vyellow solution. After cooling to anbient
t enper at uPBY G 31@(¥?§la|s that formed were collected by filtration and

washed with acetonitrile (100 nL). The product was dried in vacuo at 40C
for 1 hour to give 17.5 ¢ (87% of sub title corrpound o 1H NVR (400 Hz,
ol D 4!

CDC13): S/ A . 3.46 (2H,
5, 201 (9 oiané) (

ﬁySESE%m?%Q;@%ﬂ% ﬁiﬁ*ﬁ@*?@ﬁé f%‘ls@é’f?ﬁﬁ'm&{%%as@ R B
enzyyg A@h‘fb‘a}‘ o friamy s@f@ﬁﬁ% %c:?l D i‘gﬂ'%ﬁs g, see
: ?v) a ol fnk q Zlg)to reé‘?dux under ¢ _

step ove) and the m xture was heat a nitrogen

at mospher gmpé@ense! st HofSH0Ch 647 C.NEAE 10 nFhulBCmefidmREulfesiciaeid t he
was added (1 L) and the reaction heated to 110°C for 5 hours. Toluene was
then distilled from the reaction; 1.23 L was collected. (Note that the internal

temperature should not be allowed higher than 110°C at any stage otherwise
15 the yield will be decreased.) The reaction was then cooled to 50°C and a
vacuum applied to remove the rest of the toluene. Heating to 110°C and
650 mbar allowed a further 0.53 L to be removed. (If the toluene can be
removed at a lower temperature and pressure then that is beneficial.) The
reaction was then left to cool to 30°C and deionised water (250 mlL) was
20 a&ded. This caused the temperature to rise from 30°C to 45°C. More water
(2.15 L) was added over a total time of 30 minutes such that the temperature
was less than 54°C. The solution was cooled to 30°C and then
dichloromethane (2 L) was added. With external cooling and rafaid stirring,
the reaction mixture was basified by adding aqueous sodium hydroxide (10
25 M, 2 L) at a rate that kept the internal temperature below 38°C. This took
80 minutes. The stirring was s‘éopped and the phases separated in 3 minutes. .
The layers were partitioned. IMS (2 L) was added td the dichloromethane
solution and distillation started. Solvent (2.44 L) was collected mntil the
head temperature reached 70°C. Theoretically, this left the product in 1.56




' reaction for 8 hours, HPLC analysis showed that the reaction was conpl ete.
The contents were cooled to roomtenperature. Toluene 20 (1.2 L, 3 rdlAPR 2005
vol .) was added and the m xture stirred vigorously for 15 m nutes.
Stirring was stopped and the phases were partitioned. The toluene phase
was discarded along with a snmall amoud® of interfacial material. The

aci di ¢ phakeofnBdS: eThe rsodtition was then gllowtedr ivacsololo ambieat templeratiagdi um
hydroxide (10 M_ 1.4 L, 3.5 rel. vol.) was added in one portion. The 25

i nternal tevqrarghtovith shose stimmg. 3@ solid prvductthmt precipitatet oedsefiltered ensure
it was >14. Toluene (1.6 L, 4 rel. vol.) was added and the tenperature
fell from@eCwashedovithi IS (0.§dcpide give ra fawnfoolowded rproduets thatt be phases

. were partitioned. The aqueous |ayer was discarded along with a small -
amount of dmyirg RhEPAC, mvecuuan, gaMesSQ.812:6h8Yporeered stgps). e20.0neof thist he 1 APR
2005 24 original reaction vessel, and 2-propanol (4 L, 10 rel. vol.) was

. added. SThebrodughavas: dissolygd Bupcetosdrie (K wabh atoeflundtos give egpalent r at ed
hydr ochl ori(i acid_(200 was added over 45 mnutes such that the

t enper at ur ¥l O eSohEom hing doaprabient. tempgratues, the corystals thag f or ned.

The m xturge was stirr for, 3Q..m nutes_and, t hen cool ed. t. C.. The product
was col | ecfOBReRyWeT ficﬁg‘ﬂ"%by %&B’ﬁ‘é‘éﬂ and pvashgd cYﬁ%éFetPBl.tEfq_Zm | IOvol ),
dried b tion,and then further dri i.N vacuyum ov at Yield =
Sor'y (51 B5e PR aned it vicks AL T 8635 o B T2 86T 088 (o

2H), 3.47 [ - , 3.60 (s, 2H), 4.12 (brs, 2H), 7.30-7.45 (m
5?1). AP :'“?lr‘%g@@l‘gﬁ{mmsmsmgﬂ +H%vii) ( K (

3.3 DRt ot iR @08 NareR "EDECISR 8918395 U2 BT KA A A,

3-y]]-2-bu
3.67 (2H, d), 3.46 (2H, 5), 2.91 (2H, d), 2.85 (2H, dd)}, 2.56 (2H, dd)

(vi) 3-Benzyl-9-oxa-3,7-diazabicyclo[3.3.1]ponane x 2 HCI
Concentrated hydrobromic acid (1.2 L, 3 rel. vol.) was added to solid 3-

s ‘benzyl-7-(phenylsulfonyl)-9-o0xa-3,7-diazabicyclo[3.3.1]nonane (400 g, see
step (v) above) and the mixture was heated to reflux under a nitrogen
atmosphere. The solid dissolved in the acid at 95°C. After heating the
reaction for 8 hours, HPLC analysis showed that the reaction was complete.
The contents were cooled to room temperature. Toluene

20 (1.2 L, 3 rel. vol.) was added and the mixture stirred vigorously for
| 15 minutes. Stirring was stopped and the phases were partitioned. The
toluene phase was discarded along with a small amount of interfacial
material. The acidic phase was returned to the original reaction vessel and
sodium hydroxide (10 M, 1.4 L, 3.5 rel. vol.) was added in one portion. The

25 internal temperature rose from 30°C to 80°C. The pH was checked. to
ensure it was >14. Toluene (1.6 L, 4 rel. vol) was added and the
temperature fell from 80°C to 60°C. After vigorous stirring for 30 minutes,

the phases were partitioned.. The aqueous layer was discz:rded along with a

small amount of interfacial material. The toluene phase was returned to the



15 Water (500 nL, 5 vol.) followed by 1-chloropinacolone (45.8 nm., 1 eq.)
were added to sodium bicarbonate (114.2 g, 4 eq.). A solution of 3-bengpf 305 -
9- oxa- 3, 7-di azabicyclo[3.3. | Jnonane x 2 HClL (100.0 g; see step (Vi)
above) in water (300 nL, 3 vol.) was added slowy, so that the evol ution
of carbon _dioxide was controlled (2@ rains.). The reaction m xture was
heat ed atorignelrezgtipocvessel, and Zupropansk @ Lcdbirehgral) wabadded.t Thper at ur e,
di chl oronet hane (400 nL, 4 vol.) was added and, after stirring for 15

m nut es, teh@er_ﬂtamaswas\eadjmmdartat ddtwekne @q@ecamtd piEtek \Gomcemedted with

di chl oronet hane (400 nL, 4 vol.) and the organic extracts conbined. The
sol uti on yalvoclileticl-heid (2001 rmb) wead added emtepdd§ Sndhutes .suchhthaolthél L) was
added and the 25 distillation continued. Further solvent was collected (600 -
nL). Et hdempefaturd yemamexdatbetween #°Ci and 14520, onAc eiititen peetipifate t her
solvent was collected (500 nmL) (the head tenperature was now 77C). This
sol ut i5on formedorBhe mikhyrecwas atirred don 38 Cminutes amlhhcmlc))o]mlstouﬁﬁi directly
in the next step. 1 APR 2005 25 1H NMR (400MHz, CDC13): S 1.21 9H s),
2. 01- 2. 58T hezprodnyt waseollecisd by fitration, waslesd withe- pminami (0.313& 2H, s),
3.52 (2H, s 3. (2H .br s), 7.26 (2H, d, J7.6), 7.33 (1H dd, J 7.6,
7.6), 7. ypl.é,zﬂ.pe@ by ;u@t;lon @n(iv then)further dried in a vacunm oven at 40°C.

3,3-Dine 7-di azabi cycl o[ 3.3.1 ] non-3-yl)-2-butanone
Pal | adi u:ﬁhlﬁlii I?é%c%@?l , 0.4 wt. eq. of 61%wet catalyst, Johnson
Mat t hey -Eﬁ) to_the ethanol solution fromthe previous

dded
step (Vvii M{,B.G@B\Né 3’)(4 drapsdaz Pry&i?ﬂ@e(hﬁldeaﬂai 305d4s 2Hind 47 dREt i on vas
der ed d by filtrati
o arid netsfiEd OIS e o2 (B0b 240 7 SHHE A6 S 3T ot hanol fi1%rates vere
used in w:%zb_eh?yv[c?gi_ﬂgi\%b_@ﬁf{a}y_gave 61 8 g of title product in

(vii) 3,3-Dimethyl-1-[9-0xa-7-(phenylmethyl)-3,7-diazabicyclo[3.3.1]non-
3-yl]-2-butanone |
15 Water (500 mL, 5 vol.) followed by 1-chloropinacolone (45.8 mL, 1 eq.)
were added to sodinm bicarbonate (114.2 g, 4 eq.). A solution of 3-benzyl-
. 9-oxa-3,7-diazabicyclo[3.3.1]nonane x 2 HCI (100.6 g; see step (ﬁ) above)

in water (300 mL, 3 vol.) was added slowly, so that the evolution of carbon
dioxide was controlled (20 mins.). The reaction mixture was-heated at 65 to

-~ 20 70°C for 4 hours. After cooling to ambient temperature, dichloromethane
{400 mL, 4 vol.) was added and, after stirring for 15 minutes, the phases
were separated. The aqueous phase was washed with dichloromethane (400
.mL, 4 vol.) and the organic extracts combined. The solution v;ras distilled

and solvent collected (550 mL). Ethanol (1 L) was added and the

25  distillation continued. Further solvent was collected (600 mL). Ethanol (1
L) was added and the distillation continued. Further solvent was éollectcd

(500 mL) (the head temperature was now 77°C). This solution
(theoretically containing 1150 mL of éthanol) was used directly in the next

step.



et hanol (theoretically 1.35 L; measured 1.65 L). A portion of the product
was isolated and purified. Anal ysis was performed on the purified progpgt) 95
1H NWVR (300MHz, CDC13): 8 1.17 (9H, s), 2.69 (2H, dt, J 11.4, 2.4), 2.93 15
(2H, d, J 10.8), 3.02 (2H, d, J 13.8),.3.26 (211, s), 3.32 (2H, dt, J
14.1), 3.61 (2H, br s). Thi s reactiof may al so be perforped usin a Iower
vei ght rat i1 NMRa@O0)MHz, C@Gig)tz&llﬁle@ﬁ,ta)s t2|-011g2r5§t@ﬁ,am)s 36l <2.

achieved in several different 20 wa for exaﬁ) é usin dlfferent

catal ysts (2Hicim)a2.8762.88y(#H ma), aei(h{ﬂlla)aﬂlﬁﬂg@ 15,6387 t(2H; Bms):h&L0i n t he
Type 440L cat al yst en:s)l oyed above, or r(é and/ or by inproving the nass
transfer p(itﬁ,ed,t.f‘éﬁ)p 38K{&H; ddod 7o 7.6 24ar@B dad 758 1 1 ed person wil |
.appreciate that inproved nass transfer may be obtained, for exanple, by
perform ng the hydrogenation on a scale larger 25 than that described in
the above reaction). Usin such techm ques t o of cat al yst
.to starfi nblmﬁﬂ-[hm B 2 JEANORE

A
3, 3- di et hiyfattheyg BR%@B%(#'%SZ%“E;@EQ@[ @aﬂ?lnﬁcﬁg %gf? e (see
ot “Boc B'r%tﬁgﬁgﬁfébom The O whbabrBel b o UIF, %2‘. neéét?‘ﬁ“ s "ol
2dded, éﬁdc HARR, RRRRAE Bter £ Toalf THb JERAFA A TG e Y atibn 1S
vas di o | | Lo widiel rRARARI @?gt@% (PaPcbibldecPeitrlo] Batesware. 51 L)

was re I'Sopropy acet ate .
used -in step (1x) below. Solution assay gave 61.8 g of title product m

ethanol (theoretically 1.35 L; measured 1.65 L). A portion of the product
was isolated and purified. Analysis wﬁs performed on the purified product.
1H NMR (300MHz, CDCl3): & 1.17 (9H, s), 2.69 (2H, dt, J 11.4,2.4), 2.93

15 (2H,d,J/10.8),3.02 2H, d,J 13.8),3.26 (2H, s), 3.32 (2H, at, J 14.1), 3.61
(2H, brs).

This reaction may also be performed using a lower weight ratio of catalyst
to benzylated starting material. This may be achieved in several different

20 ways, for example by using different catalysts (such as Fd/C with a metal
loading different from that in the Type 440L cataiyst employed above, or
RWC) and/or by improving the mass transfer properties of the reaction -
mixture (the skilled person will appreciate that improved mass transfer fnay
be obtained, for example, by performing the hydrogenation on a scale larger

25 than that described in the above reaction). Using such techniques, the
weight ratio of catalyst to starting platcrial may be reduced below 4:10 (e.g.
between 4:10 and 1:20.).



added. Solvent (0.725 L) was renoved. The internal tenperature was now ’at
88C. Solvent (0.825 L) was renoved, |eaving the product as an isopromeR 7105
acetate solution (theoretically in 2.04 Q After cooling to 34C, water
(0.5 L) was added. There was a bl ack _suspension, possibly of Pd, inis the
m xture. The pH of the aqueous phasezﬁwas 11. Sodi um hydroxide (1 M 0.31
L) was add CompoundA t he tenperature was |l ess than 25C, and the m xture
was stirred vjgourously for 5 mnutes. The pH of the agueous phase was 12.
The phas&§tagsnen ashenated S84 8, hb5 aeaivl ang hd{é-ayanoanidimw)prapyb4- wat er
(0.5.L) was, added, and the phases were separated. The aqueous phase 20 was
di scar dedae emﬂﬁsnlfﬁgafés(gm stepl (i) iabaveR).3 ig, tleeq@rv) avere tuspended
particles, and the filtrate s then nmade up to exactly 2 L. The solution
was then%é‘-’pP‘ihPDPﬂﬁQJuEOR q 3;3'\[,quﬂh‘ﬂSl‘(?'pﬁa'@ﬁmazabl%w&ﬂw-édmaﬂg
sub-title_ product conprising a high palladium 25 conten he foll ow ng

t r eat Fren¥DndnPUtAnORES SFrﬁtfc'P? Abover ﬁlisegiéomlés.sﬁ}’gl,n i£5/ﬁ-§’<} Ta& added to

Vi gor ous TEEHOR: WES Aeted AL o HeuRh: Adnassey Saris eoBiEaeeTt com
._and ' d f 2 d . Th ' . b

%?FF?Q?L”ES@%HAPE’@O%E' 5%?.Anl gégay ?%%éper%k i'a%“’a&b olap l{ﬂé. -

oAUl e s PRARRITA 1A BBNEH, ahB A SEo R R RRGRE A e

salt. 5 solation o enZe . , 5 ng acid

mnut o5 S0 Rertor HoBE) SoReht EES 3T o AE e B i obSTafiR AN S (o (e

S0l Uig OnLYfadibg.  SdvenPRRs) () s Rihvel?! Bopfildyl UoRiAE! @14 2 Spder med.  The

tenperature rose from ter e mXxture was cool ed
to 10C agdded. Solvent (0.725 L) was removed. The internal temperature was now

at 83°C. Solvent (0.825 L) was removed, leaving the product as an
isopropyl acetate solution (theoretically in 2.04 L). After cooling to 34°C,
water (0.5 L) was added. There was a .black suspension, possibly of Pd, in
15  the mixture. The pH of the aqueous phase was 11. Sodium hydroxide (1 M,
0.31 L) was added, so that the temperature was less than 25°C, and the
mixture was stirred vigourously for 5 minutes. The pH of the aqueous phase
was 12. The phases were separated and the aqueous phase discarded. More
water (0.5 L) was added, and the phases were separated. The aqueous phase
20 was discarded. The remaining ester solution was filtered to remove
suspended particles, and the filtrate was then made up to exactly 2 L. The

solution was then split into 2 x 1 L portions.

(In order to avoid producing sub-title product comprising a high palladium
25  content, the following treatment may be performed: Deloxan® resin
(12.5 g, 25 wt%) was added to the solution of the free base (1 L), and the
mixture heated at reflux with vigoroué stirming for 5 hours. The solution was
then cooled to room temperature, and was stirred for 2 da;rs. The resin was

removed by filtration.)



*10 the product collected by filtration. The product was washed with

i sopropyl acetate (250 nlL), sucked dry on the filter then dried undgrAPR 7005
vacuum at 40C for 2 days to give 59 0 g (61% from 3-benzyl - 9-oxa- 3, 7-

di azabi cycl o[ 3. 3.1 ] nonane x 2HO ). (7The crude benzenesul fonate salt was
alternatively prepared by the addltlor?- of a 70% (w w) aqueous sol ution of
benzenesul fonic acid to an ethanolic solution of the free base.) The crude
sub-title product is isolated as a nonohydrate. 20 Ethanol (500 niL) and
wat er (250AM) aggaye wadederformaddetossulsalduldte thenrequited SGmdoupt. dathe
solution was heated to 75C. Material was all dissolved at 55C. The

sol uti on waenmnesulonizscid,de make hetbenzendsulfonatelss. to 5C over 1 hour.
,Precipitation started at 18C. The cold solution was 25 filtered and the
filtrate vvashed W th ethanol water (2:1; 150 nlL), sucked dry on the
filter, %Dthen dri nvaﬂyo at 40Cto give pure sub-title product
(41,2 95 8 ouiwnmf enesy omma@dr(aer%g,al Pls #63WRINgagCideWapytced out

oo &on %q%a%a&af)l?ﬁ 4STOPY! geate €399 mobhvess, pdded eifer famiates, 135
e S OASI e 2olE o SHB RSe B
crystal X-gay bdasU(ﬁ "’L(\)tdn%ng paEXyéﬂ)oﬁ precllpltate formed. The temperature rose

from 18°C t0 22°C. After 10 minutes, the mixture was cooled to 10°C and

.10 the product collected by filtration. The product was washed with isopropyl

acetate (250 mL), sucked dry on the filter then dried under vacuum at 40°C

for 2 days to give 590 g (61% from 3-benzyl-9-oxa-3,7-

diazabicyclo[3.3.1]nonane x 2HCD).

15 (The crude benzenesulfonate salt was alternatively prepared by the addition
of a 70% (w/w) agueous solution of benzenesulfonic acid to an ethanolic

solution of the free base.)

The crude sub-title product is isolated as a monohydrate.
20
- Ethanol (500 ml) and water (250 mL) were added to crude sub-title

compound (50.0 g). The solution was heated to 75°C. Material was all
dissolved at 55°C. The solution was held at 75°C for 5 minutes, then cooled
to 5°C over 1 hour. Precipitation stafted at 18°C. The cold solution was

25 filtered and - the filtrate washed with ethanol:water (2:1;
150 mL_), sucked dry on the filter, and theﬂ dried in vacuo at 40°C to give
pure sub-title product (41.2 g, 82%).




(i) 3-(4-Cyanoanilino)propyl benzenesul fonate To the sol ution of

4-[ (3- hydroxypropyl )am no] benzonitrile (from Exanple 1(i), Alternatﬂﬁqum5
above, assumed 43.65 g, 247.7 mol, 1 0 eq) in dichloronethane (360

total solution volune) was added, yentially,. 15 triethylanine (52 m,

37.60 grm%ﬁ%l 55 mml,. 1,5 eq) and tr| t hyl am ne hydrochl oride (11.89 g,
123. 85 sgecrystal Imahqshmayd?q caymied Tvé with preaterswsilumies rofisatvendd ed t o

-20C (using an acetpne/dry ice bath or acold plate), and treated with a
sol ution BPC"%@WeWe‘gmiﬁdﬁ% tgnyesselse.£32 i, 43.74 g, 247.7 mol, 1.0 eq)

i n dichloro hane l2 5 vols with respect to the 20 cyanoal coho]) Vi a
a pressur &t :aWPqu(n)@ :d‘ﬁ)ﬁﬂl Rgaveddisirecavesykol.uti on was. added portionw se
such t hat %Bgl | nterg[gL if— erature did not exceed -14C. The addition took
25 i nut e§ WAL & W IGS%{PU? VolgeO¥eR¥N) stirred for 35 minutes at
between -15 and -10C. Water (365 nL) was added and the tenperature rose to
10C. Phe nmixture was cool ed back to OC and stirred 25 vigorously for 15

Q%SEJQ%?@@@? PO e %gﬁﬁ%iol e onohydmor d a”dgg;sé'ﬁ"ed at
:E): uti-oﬁa{%aér%% @3@%@%‘8 Eby%ﬁgg&g&lﬁégyﬁﬁﬂcd egn ?Ee t/aguum

More sol vent was renoved (40 nL was coll ected, 1 APR 2005 29 pressure 5.2
kPa (52 nmbar), pot and still-head tenperatures were 21-23C), and the

pr oduct 24ugld ¥ came out of solution. The distillation was stopped at
this poi gEn-t——-a‘é-idé—nDre et hanol (50 nL) was added. The m xture was war ned
(hot jpyater bath at 50C) to 40C to dissolve all the solid, and water 5 (90
m.) was added slowy via a dropping funnel. The solution was stirred

sl oWy at(jy 3qmCoamaniling prépf GenovedstlBhite( 15 hours), by which time
To the solution of 4-[(3-hydroxypropyl)amino]benzonitrile (from Example
1(1), Alternative 3 above, assumed 43.65 g, 247.7 mmol, 1.0 eq) in

dichloromethane (360 mL total solution volume) was added, sequentially,
15 triethylamine (52 mL, 37.60 g, 371.55 mmol, 1.5 eq) and trimethylamine
bydrochloride (11.89 g, 123.85 mmol, 0.5 eq) in one _pértion. The yellow
solution was cooled to -20°C (using an ac;etpne/dry ice bath or a cold plate),
and treated with a solution of benzenesulfonyl chloride (32 mL, 43.74 g,
247.7 mmol, 1.0 eq) in dichloromefhane (220 mL, 5 vols with respéct to the
20 "Eyahoalcoho]) via a pressure equalising dropping funnel. The solution was
added portionwise such that the internal temperature did not exceed -14°C.
The addition took 25 minutes to complete. The mixture was then stirred for
35 minutes at between -15 and -10°C. Water (365 mL) was f;dded and the
temperature rose to 10°C. The mixture was cooled back to 0°C and sﬁﬁed
25  vigorously for 15 minutes. The organic layer (volume 570 mL) was
collected and distilled at atmospheric pressure to remove DCM (450 mL,
pot temperature 40-42°C, still-head temperature 38-39°C). Ethanol (250
mL) was added, and the sol_ution was allowed to cool to I;Elow 30°C before

turning on the vacuum. More solvent was removed (40 mL was collected,



"sone product had crystallised out. The m xture was cooled to -5C

(i ce/ met hanol bath) and stirred at this tenperature for 20 m nutes béfxPRE0S
collecting the pale yellow solid by filtration. The solid was washed with
an io ethanol/water m xture (42 nL EtCH, 8 nL H20O), and suction dried for
30 mnutes before drying to constant 2sei ght in the vacuum oven (40C, 72

el (B (R SR RS R 24D )" 2
mol L 1.0 g thelPRdck pHERalg Sasielduh 8t sbBH. MHEBAR: rﬁiqdw%mﬁg 401 40C

usi ng a hot wate bat h”. On reac Ing this tenperature, solid had

di ssol ved 4015 goiat, Chif® moréebihatioP P50/ D walthded ST m el Hhs WS

. added dropw se over "a period of 10 nut es, | st the internal tenperature

was mai nt avagded Thbt'watetbath EIBSGPCQQO 40re fb%ﬁﬁol%a&lﬂ‘ tﬁ@§o1ic2rme\§ateﬁnd the

solution was allowed to cool to 25C over 40 m nutes, by which tine 20
. crystald i s@0 gil.)hads bddethslowlg vid 4tdiogp ig!?sfuﬁﬁél' eThé SoluBEnONE stiedi NUt es,

then held at thi's tenperature for a further 10 m nutes. The pale yell ow

sol i d . wassloaily eatt sbnid tefpkiatarei (20°C$Lm¢srmlghﬁgl$d1du@§) by whicH éfine t hen
dried to constant weight in a vacuum oven (40C, 15 hours). The mass of
title consmnedpmidoat rhed castdBséd apt( SThel mirhlre WA oddaledntbhe5€C ude 25
product)). (ii) Conpound A To an ethanol solution (total volume 770 ni,

approx. 20ice/methang] bathpend stirted bt thisitemspemture for 20 minutes before

3,3-dinethyl-1-(9-oxa-3, 7-di azahi cycl o[ 3. 3. >lzi%hnon 3-yl)-2 1 APR 2005 30
butanone (@ﬂkm@athnp@ yellow sphd by fljrasiona . Wasweshed witheal see

(49 0|51e°g,1(é/1 Iﬁlll above guxmiﬁr% @ﬁdmgeétéﬁ g@%ﬁ@i}\%%)s%%géémed%ze%esul f onat e

minutes before drying to constant weight in the vacuum oven (40°C, 72

hours). The mass of crude product obtained was 47.42 g (149.9 mmole,
- 60%). Ethanol (160 ml, 8 vols) was added to the crude prodﬁct (20.00 g,
63.22 mmol, 1.0 eq). The mixture was stirred under nitrogen and warmed to
15 40°C using a hot water bath. On reaching this temperature, all of the solid
had dissolved to give a clear, yellow solution. Water (60 mL, 3 vols) was
added dropwise over a period of 10 ﬁli:lutes, whilst the intemal temperature
was maintained in the range 38-41°C. The water bath was removed, and the
solution was allowed to cool to 25°C over 40 minutes, by which time
20  crystallisation had begun. The mixture was cooled to -5°C over 10 minutes,
then held at this temperature for a further 10 minutes. The pale yellow solid
was collected by filtration, suction dried for 10 minutes, then dried to
constant weight in a vacuum oven (40°C, 15 hours). The mass of title
compound obtained was 18.51 g (58.51 mmol, 93% (from the crude

25  product)).

(11) Compound A

To an ethanol solution (total volume 770 mL, approx. 20 vols with respect
to the amine) of 3,3-dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3.1non-3-yl)-2-



portion. The resultant mixture was heated at 74C for 6 hours, then stirfed
s at roomtenperature (20C) for 65 hours (over the weekend; the skil IlekPR 2005 -
person will appreciate that the reaction will also succeed w thout this
prol onged stirring at roomtenperat uge) Et hanol (370 nL) was renoved, and
water (200 nlL) was added hIS gave 1 Et OH: H20 mxture t ot al voI une
600 ni). busEroned(pssamed 3487 g (VemBeddy assaphr B34iP anmoly 1£Q @iq;is8e80C t o
61C. The 'sol ution was..re- heate)? to 70C, then allowed to ¢ool  naturally to

anbi egt t%@@lﬁd tuLé(‘ﬁu)ar niaGRveY 10 Wasur s3ddeghi | §f(4zﬁyaﬂqaﬁ§m®Pmﬂ)9 A solid
0 h [ d
at thi :e:b;ag@sm t '2¢e264a9%§s & hot o2 BENr foi@cﬁf’%g&_t@?a@oﬁ“?nhné?eigﬂﬁ
e hanol . perapi 15 18 &“ﬁ&m“%s&%%’@é“a&&ﬁiébdﬁ&a?uﬁ SerERr ed
ol 5 60% TOPRb ERRER TR JACCI MRS FHHAUTS (VS B8 '“e%@g“%fpf&'egéaﬁséé?ﬁq ned by -
bl ow ¢ BETGHR, Tt aPBrEciate b Al reat ééﬁ‘%lf s ubgsert x?i?@w% Bovery) .
Recrystal | i atlgnﬁpgc%gure _Et hanohgé%%gguz?l 51 ?&és wer e added
to the cH CIRRFTE )e X 3?0% s heated
i nut 65, %&%ﬁ% (ko '%fct’ef?&% v %k Ef%%%ﬁ%%t.onf?; Ced
35C.
%shed vmuta Igltgh(‘;abnoo?ﬁﬂ'}It (?%ﬁ:% ﬁ‘%Ggqrﬁ %él'ﬁe SO ?i&materl a vvatsatsﬁc\l,(\lgz
dry ¢ tgw@ id §15C beﬂ?é @ol%naﬁ‘FiNEQ% h%&tedbﬁd 70°C R4 Allowag 4e ol 40C to

gi ve product (47.1 g,
naturally to amblent temperature overnight (19 hours_), whilst stirring

-

slowly. A solid was observed at this stage. The mixture was cooled to 0°C |
and then stirred at this temperature for 15 minutes before collecting the off-
white solid by filtration. The solid was washed with a cold 2:1 mixture of

15 ethanol:water (150 mL), suction dried for 1.25 hours, then oven-dried
(40°C, 20 hours). The mass of crude product obtained was 57.9.1 g (1033
mmol, 60%).

The crude product was found to be 98.47% pure (as determined by HPLC
20 analysis), and was recrystallised (using the procedure detailed below) to
give the title compound in a purity of 99.75% (84% recovery).

Recrystallisation procedure:

Ethanol (562 mlL) and water (281 mL) were added to the crude product
25 obtained above (56.2 g). The solution was heated to 75°C. All material

dissolved at 55°C. The solution was held at 75°C for 5 minutes, before

being cooled to 5°C over 1.5 hours. Precipitation started at 35°C. The cold

solution was filtered and the collected precipitate was was'lrled with ethanol :

water (2:1, 168 mL). The solid material was sucked dry on the filter, before



recrystallisation procedure was al so carried out fromhalf as nuch

solvent, resulting in an increase in recovery of product from 84%to1§¢?‘«)2h[]5
5 1H NWR (400MHz, CDCI3) S 1.06 (9H, s); 2.2-2.3 (2H, m, 2.89 (2H, :
3.11 (2H, dd), 3.27 (2H, t), 3.3-3.4 (4H, in), 3.70 (2H s), 4.1-4.15 (4H
m, 6.36 (1H, t), 6.44 (2H d), 7.25- 13(2H m, 7.33-7.4 (3H, m,

7.8-7.9 (Z:H:mg‘)dneab ifio vpcwon it ALORE tive giveed prodies (4741 agp\B4%nd Q\'B]s\sfound to
exhibit a D 10 value of 6.7. Abbreviations 15 APl br d DCM 20 dd DW
eq. Et - EtrescystdliFatinn procedire MRsCalddvBarried out from half as much

solvent, resulting in an increase in recovery of product from 84% to

94%.)
=] .
IH-NMR (400MHz, CDCl3) & 1.06 (9H, s); 2223 (2H, m), 2.89 (2H,
d), 3.11 (2H, dd), 3.27 (2H, t), 3.3-3.4 (4H, m), 3.70 (2H, s), 4.1-4.15
(4H, m), 6.36 (1H, t), 6.44 (2H, d), 7.25-7.3 (2H, m), 7.33-7.4 (3H, m),
7.8-7.9 (2H, m). | '
10
Compound A was tested in Test A above aﬁd was found to exhibit a Djg
value of 6.7.
Abbreviations
15
API = atmospheric pressure ionisation (in relation to MS)
br = broad (in relation to NMR)
d = doublet (in relation to NMR)
DCM = dichloromethane
20 dd = doublet of doublets (in relation to NMR)
DMF = N ,N-dimethylformamide
eq. = equivalents
Et = ethyl
EtOAc = ethyl acetate
25  EtOH = ethanol
h = hour(s}
HCl = hydrochloric acid
HPLC = | high performance liquid chromato grap};y

IMS = industrial methylated spirits



at nospheric pressure ionisation (in relation to M5) broad (in relation to
NVR) doublet (in relation to NVR) dichl oronethane doubl et of doubl &tAREINA
relation to NMR) N N-dinethylfornmani de equivalents ethyl ethyl acetate
et hanol hour(s) hydrochloric aC| d h h performance |iquid chromatography

i ndustrial_ nmethyl gt ed SRLL MGN mn. 5 M5 NADPH 32
rrultipletk?lnrelatlon tn&]lﬁﬁ%t]( é %Mftrlle m nute(s) mass

spect r OSCMg = mcthyl
MeCN = acetonitrile
mn, =  mioute(s)
5 MS = mass spectroscopy
NADPH =  micotinamide adenine dinucleotide phosphate, reduced
form
OAc = acetate
Pd/C = palladivm on carbon
10 q = quartet (in relation to NMR)
It = room teroperature
S = singlet (in relation to NMR)
t = tripiet (in relation to NMR)
THF = tetrahydrofuran
15  TLC =  thin léyer chromatography

~ Prefixes n-, s-, i-, 1- and ferr- have their usual meanings: normal,

secondary, iso, and tertiary.



ni coti nam de adeni ne dinucleotide form OQAc = acetate Pd/ C = pall adi um on
carbon to g = quartet (in relation to NMR) rt = roomtenperature s % APR 2005
singlet (inrelation to NVR) t = triplet (in relation to NMR) THE =
tetrahydrofuran is TLC = thin | ayer chromat ography phosphate, reduced
Prefixes n-, s-, i-, t- and tent- havestheir usual neanings: nornal,
secondary, (lgigms and tertiary. 1 APR 2005 C ainms 33 1.

4-({3-[7-(3, 3-D et hyl - 2- oxobut yl ) - 9- oxa- 3, 7- di azabi cycl o[ 3. 3. 1] - -

non- 3-yl ] propyl }am no) benzonitril e, benzenesulfonic acid salt. 5 2.
4-({3-[7-(3 , 3-Di net hyl - 2- oxobut yl ) - 9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1] - non

3-y1,1br opyd} amt ByBerTZOna Ibivhaty heRpenRe)-oasisRa achidz Ak clorpaoiydr at e o

. 3. A pharnaceuti cal rrul ation” i ncl udi compoun diin daiml1l

or C ai m 2ném-3agiprépyl Farso)bénzRat I8 Chstizefedul s tsaftl e adjuvant,
o ?]g?. I&q A pharmaceuti cal B LRCEAR SR

di luent or carr formul'ation Tor use in the
. prophylsaxis or the 1s treatnent of an arrhythm a, conprising a conpound as
defined in Caiml

2. 4-({3-[7-(3,3-Dimethyl-2-oxobutyl)-9-oxa-3, 7-diazabicyclo[3.3.1]-
non-3-ylJpropyl}amino)benzonitrile, ~ benzemesulfonic  acid  salt

monohydrate.

10 3. A pharmaceutical formulation including a compound as defined in
Claim 1 or Claim 2 in admixture with a pharmaceutically-acceptable

adjuvant, diluent or carrier.

4. A pharmaceutical formulation for use in the prophylaxis or the
15 treatment of an arrhythmia, comprising a compound as defined in Claim 1

or Claim 2.

5. A compound as defined in Claim 1 or Claim 2 for use as a
pharmaceutical.

20
6. A compound as defined in Claim 1 or Claim 2 for use in the
prophylaxis or the treatment of an arrhythmia.

7. The use of a compound as defined in Claim 1 or Claim 2 as active
25  ingredient for the manufacture of a medicament for use in the prophylaxis

or the treatment of an arrhythmia,

8.  The use as claimed in Claim 7, wherein the arrhythmia js an atrial or 2
ventricular arrhythmia.




or Claim2. 5. A conpound as defined in Claiml or Claim2 for use as
phar maceutical. 20 6. A conpound as defined in daiml1l or Claim?2 f o M’&ZWJ
in the prophylaxis or the treatnent of an arrhythma. 7. The use of a
conmpound as defined in Caiml or aim2 as active 25 ingredient for the
manuf acture of a medi canent for use in the prophylaxis or the treatnent of
an arrhythma. 8. The use as clained in Caim7, wherein the arrhythma is

or epar act on ‘o §ASopdtk S RAYIN SEF e adtietin Gl 1,
ZO??;}I [Sgﬁ(]%{%)g?fncgf% - 2- ogggﬁsgf)sugf 82:'10361(7:' gl \E;.MZ;BI cyclo [3.3.1
o1, A <0 DOLpRRRERISI, hia ) 03905 Simennno-
di- met hy bxdbitTy9and- 3,74 28R 161328 31rbrt B I fftods biiflo bR e;
or
{b) reaction of 3-(4-cyanoanili1;o)propy] benzenesulfonate with 3,3-

dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)-2-butanone.





