WD 02/ 083689 1~9NV~ABI 9YE~ 015 q S It }t,., PCT/ SE02/00726 3, 7-di azabicyclo
[3.3.1] formulations as anti-arrhythm c conpounds Field o | osenti on
This invention relates to novel iail formul ati o%%ﬁ%@ﬁﬁ '
for delivewyo2eBigarticul ar drug \ @mﬂw\mgs are usef ul PCHSEQR&0T26eat nen
of cardiac arrhythm as. Backgro and_ Prior Art .. It is often desirable
to fornmul ate pharnaceutical ly-active conpounds for inmediate rel ease

foll owi ng oral and/or parenteral admnistration with a view to providing a
sufficient. concentration of drug in plasma within the time- frame required

to give rise,t desi red eutic Lk . Lhie dothseardsey be
particul arl y%@éﬁ?@ﬁ?‘ﬁyﬁﬁﬁ I@Q@iﬁ?ﬂr ,ngﬁﬁgggég‘#p%le, Eli] rapi d ?her apeutic
response is required (e.g. in the treatnment of acute problens), or, in the
case of pareng ] l&itsdg ati on, when peroral delivery to the

gastroi nt est :Frllglaadtfrtgggﬁyés}itﬁ\capabl e of providing sufficient systemc

uptake within the required tinme-franme. In the case of the treatnent or
prophyl axis of cardiac arrhythmas, inmediate release. fornul aéfieg)ns may be
necessary t o Tnsinventiomrelates td hovel phermansutieal formulatigns thap PERVICRET n pl asna
within a relatively shor{ period of .tinme to enabl .far ex ,dapid
conver si on ofdeg{*’?li}’apfpﬁﬁﬁ qradugs, Whish fepes; 418 suseh tﬂ’mawo%egﬁéé’ge%{i on of
rel apse into AF.in Vlﬁltﬂ%{a%bl e patients. WO 02/ 083689 PCT/ SE02/ 00726 2

Feoe s

cardiac arr
Background and Prior Art .

It is often desirable to formulate pharmaceutically-active compounds for
immediate release following oral and/or parenteral administration with a view
to providing a sufficient. concentration of drug in plasma within the tire-

frame required to give rise to a desired therapeutic response.

Immediate release may be particularly desirable in cases where, for example,
a rapid therapeutic response is requiréd (e.g. in the treatment of acute
problems), or, in the case of parenteral administration, when peroral delivery
to the gastrointestinal tract is inéapable of providing sufficient systemic

uptake within the required time-frame.

In the case of ﬁle treatment or prophylaxié of cardiac arrhythmias, immediate
‘release formulations may be necessary to ensure that a sufficient amount of
drug is provided in plasma within a relatively short period of time tp enable,
for exémplq, rapid conversion of atrial ﬁbrillatiqg (AF) to sinus rhythm, or

prevention of relapse into AF in vulnerable patients.

LT
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| medi ate rel ease fornmulations are also typically, sinpler to devel op than
nodi fied rel ease formul ations, and may al so provide nore flexibility in
relation to the variation of doses that are to be adm nistered to patients.
5 | nt er nat woRlosss84 ent applicati on WO 01/28992 di scl oses BCTISEA®0726f
oxabj spi di ne conpounds, including: (a)

4-({3-[7-(3, 3-di net hyl - 2- oxobut yl ) - 9- 0%a- 3, 7-di azabi cycl gS. 3. 1‘!1128n- 3-

yl ] propyl } adinmedise release formulaidnsi@revalsontypinalysiaples toedeyelapd

herei nafter as Conmpound A.. Conpound A is specifically digcl. d.in WO .
01/ 28992, bommpdified Relepss fRIBRLARASE ABd ey dlsenarovide morerACHBIY g o

benzenesul phonat.e t; (b)) tert-b |, 2- :

{7-[3-(4- cyaﬁaﬁﬁ?q f%fﬁ’taglﬂé?l} an%%?g%t ?_%edﬁoabzeaabqr%l%ﬁtegg d f%pgtlef ti' non- 3-yl }
et hyl.car bamat e: WO 02/ 083689 PCT/ SE02/ 00726 NC in the formof the free-
base, which .conpound is referred to hereinafter as Conpound B; 5 (c)

tert-butyk 2intermliénild-payenn ogitiontionh UWi0 ] 6028062 lisblcieaz abnumben-off 3. 3. 1
] non-3-yl} ethylcarbamate: NC 10 in the formof the free base, which
conpound i s nabEspidihe conprumidsdncledings Conpound C, and (d) tent-butyl 2-
{7-[(2S)-3-(4-cyanophenoxy) - 2- hydr oxypropyl ] - 9-oxa- 15 . _

3, 7-di azabi cycl o[ 3.3.1 ] non-3-yl} -ethyl carbamate: WO 02/ 083689

(a) 4-({3- [7-(3,3-dimethyl—Z-oxobutyl)—9-oxa;3 7-diazabicyclo[3.3.1]non-3-
" yl]propyl} amino)benzonitrile:
10

NC

which compound is referred to hereinafter as Compound A. Compound A is
_ specifically disclosed in WO 01/28992, both in the form of the free base and

15 in the form of a benzenesulphonate salt;

(b) tert-butyl 2- _{7-[3-(4-cyanoanilino)propyl]-9-oxa-3,7-diazabicyclo-
[3.3.l]non—3-y1}efhylcarbamate: ' '



NC PCT/ SE02/ 00726 in the formof the free base, which conmpound is referred
to hereinafter as Conpound D. 5 The conpounds of international patent
application WO 01/ 28992 are indicated as being useful in the treatnent of
cardi ac ar gw/éduasees. Al t hough general information is provpdeSERRRE
01/28992 in relation to 10 how the COQ§ounds di scl osed therein may be
formul ated and thereafter adm nistered 10 patients, no nention is made of

i medi ate rel ease pharnmaceutical fornfl ations including, specifically,
Conpound A, B, Cor D, nor salts. of fiy of these conmpounds. 15 W have
found that it may be advantageou C fe\ Conpound A, Conpound B
Conmpound C and Conpound D, and §
in an inmedi ate rel ease dosage

rther fo&hd that Conpounds
A B, . Cand D, and salts ther Q;P&f orlul ated as
N'as described herei teilN- C y be stable

" pharmaceutical fornul ations

during storage and eagy 10 adm nister, e.g. for oral "and parenteral
adm ni stration. WO 02/083689 PCT/ SE02/ 00726 Di scl osure of the Invention §5
According to a fir aspect of the invention, there is provided an

i mredi at e- rel ease rmaceutical formulation conprising: 5 (a) as active -
i ngredi ent, Conpound A, Coimpound B, Conpound C, or Conpound D, or- a
phar maceuti cal | >N-Caccept able salt of any of these compounds; and (b) a
phar maceuti cal | y-acceptabl e diluent or carrier, .

y- acceptable salts thereof, |

in the form of the free base, which compound is referred to hereinafter as

Compound B;
5 . . . ‘ .

(c) tert-butyl-  2-{7-[4-(4-cyanophenyl)butyl]-9-oxa-3,7-diazabicyclo-

[3 .3.1]non-3-y1}éthylcarbamate:

o
N N\/\u/u\o/k
NC

10

in the form of the free base, which compound is referred to hereinafter as

Cofnpounci C; and

(d) tert-butyl 2- {7-[(28)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-:
15 3,7-diazabicyclo[3.3.'1]non-3-yl} ethylcarbamate:



which fornmulations are referred to hereinafter as "the fornul ations of the
10 invention". The term"imedi ate rel ease" pharnaceutical formulation wll
be well understood by the skilled person to include any fornulation in

whi ch t he swesetossand/ or rate of rel ease, and/or absorpti ORCTSE2NOTRG, i s

nei t her -appreciably, nor 15 intentionally, retarded by galenic
mani pul ations. In the present case, i nfredi ate rel ease may be provided for
by way of an appropriate pharnaceutic@l |y-acceptable diluent or carrier,
whi ch diluent or carrier does not prof "to an appreciable extent, the
onset and/or rate of drug release . Thus, the termw || be
understood by those skilled in excl ude fornul ations which are
adapted to provide for "nodifi e ed" reledge, including a
"sustained*,' "prolongegdis "exfended" or "del.ygg:/(gl se of drug. In
this context, the term"r¢l egse" may be understood to N ncl@d rovision 25
(or presentation) of dru romthe fornmulation to 'the gastrointestinal
tract, to body tissues and/or into system c circulation. Thus, -
formul ati ons of the vention may rel ease at |east 70% (e.g. 80% of

active ingredient in.4 hours, such as within 3 hours, preferably 2
hours, WO 02/ 083689 PCT/ SE02/ 00726 6 nore preferably within 1.5 hours, . and
especially withi'h”an hour (such as wthin 30 m nutes), of admnistration,
whet her this be oral or parenteral. The formulations of the invention may
be fornmulated in accordance with a variety of techniques known to those
skilled in tHe ths fornh @f th drpl seswhithswmponadly réferded tahdreinafier as
"Pharmaceuti cs: The Sci ence of Dosage Form Design" (1988) (Churchil

Li vi ngst one) ,Carhpounsl Bvant di scl osures in which docunent are hereby

i ncorporated by reference. 1o Formul ations of the invention nmay be, or may
be adapted in accordance.

The compounds of international patent application WO 01/28992 are

or "contro

indicated as being useful in the treatment of cardiac arrhythmias.

Although general information is provided in WO 01/28992 in relation to
10 how the compounds disclosed therein may be formulated and thereafter
administered to patients, no mention is made of immediate release
pharmaceuticai formulations including, specifically, Compound A, B, C or

D, nor salts.of any of these pompounds.

15 We have found that it may be advantageous to provide Compound A,
Compound B, Compound C and Compound D, and pharmaceutically-

acceptable salts thereof, in an immediate release dosage form.

We have further found that Compounds A, B, C and D, and salts thereof,
20 may be readily formulated as pharmaceutical formulations, as described
hereinafter, which may be stable during storage and easy to administer, e.g.

for oral and parenteral administration.



Wi th standard techniques to be, suitable for peroral - adm nistration, for
exanple in the formof imrediate rel ease tablets or capsules, or as liquid
dosage forns, conprising active ingredient, both of which formulation types
are wel |l kmaywe/dssesd he skilled person and may be prepared poTSE@QMOTENCe 15
Wi t h, techni ques known in the art (see 2§I ow). Suitable diluents/carriers
(which may also be terned "fillers”) f use in peroral fornulations of
the inventi olis¢losurgefithednvention i n the formof inmediate release tablets,
i ncl ude nonobasi ¢ cal ci um phosphat e, di basic 20 cal ci um phosphate

(i ncludi ng di basic cal ci um phosphate di hydrate and dibasic cal cium

phosphat e annyeliAlie) to bIARARpER!SL WoRNGS ANEIESs o ARAEPEn jmmodiate-

m crocrystal I'l'ne ce ose i Ci m Cr'ocrys e celTul ose, .

manni tol, SQéleaéeOAhanﬁtaaémaimnwanoacaoﬁtphsmg ce) gl ucose, cal cium

| actate, calcium ‘carbonate and the like.” Preterred diluents/carriers

i ncl ude disbaga)x asadativening2édigrtp Gomagomndnd, iGampaungds Bal Compouwrsl [lalcn‘se.

Forrmul ati ons of the invention in the form of for_exanple imre te rel ease

tablets may furtGrempewédD ,s@‘ arhagnaseyticallitacaeptabig Selichfpiﬂ&hp ‘P?Gwn to

those skilled in the art f use in such fornmulations, to inprove the

physi cal, WD 02/ G8BHSYIEE E02/ 00726 7 and/or chenical properties of the

final conposi : b : cess of manufacture. Such
. mp rdéj Qaﬁ)ha?ﬂ?éélﬁlc%l?g—h@z{ehta‘b#eadlﬁlebpﬁ caB’ié}

excipients a nventiona or mu i medi ate rel ease
fornul ati ons yigeh AekRtationl b fférredety he@ﬁdtfﬂeﬂ@b umee doenulaiongoofe thef  t he
follow ng: one or nore of the follow ng lubricants: 5 magnesi um stearat e,
steari c awi d,invaltionim st earate, stearyl alcohol or, preferably, sodium
stearyl fumarate-and the |ike; glidants, such as talc or a colloida
silica; one or nore of the follomﬁng bi nders: pol yvi nyl pyrrolidone,

ot a5y 55y RERANE SR IR R Up nhBlbn, SPY Sl Fhe

understood by the skilled person to include any formulation in which the onset

and/or rate of release, and/or absorption, of drug, is neither appreciably,ﬂ nor
15 intentionally, retarded by galenic manipulations. In the present case,
immediate release may be provided for by way of an appropriate -
pharmaceutically-acceptable diluent or carrier, which diluent or carrier does
not prolong, to an appreciable extent, the onset and/or rate of drug
release/absorption. Thus, the term will be understood by those skilled in the
20 art to exclude formulations which are adapted to provide for “modified” or
“controlled” release, including a “sustained”, “prolonged”, “extended” or

“delayed” release of drug.

In this context, the term “release” may be understood to include provision
25 (or presentation) of drug from the formulation to the gastrointestinal tract, to

body tissues and/or into systemic circulation.

Thus, formulations of the invention may release af least 70% (e.g. 80%) of

active ingredient within 4 hours, such as within 3 hours, preferably 2 hours,



10 a nethylcellulose (MC) of a | ow nol ecul ar weight, a

hy, dr oxypr opyl cel | ul ose (HPC) 'of a | ow nol ecul ar wei ght, a

hydr oxyet hyl cel | ul ose (HEC) of a | ow nol ecul ar wei ght, starch (nmaize,

pot at o, ri W) 02/083689di um car boxynet hyl cellul ose of a | ow RET/EEWQI08126wei ght
and the like (preferably polyvinyl pyrrg I done or a HPMC of a | ow 15

nol ecul ar wei ght); one. or .nor t he | | owi, d.,control | i agents:
organi ¢ aci d@ %_pge_f%@%m i"ﬁ{{g@ﬁdy;‘ﬂﬂrst WBSIW%‘?Q& Q‘Q clin ra{%gf}é% sodi um
salts thereQfa.0xhkdes . | . | kgl l .20 | kal i ne earth,
netal (e.g. %’éf&iﬂ oty {)f W‘%@?&?‘E%’?@ﬁ@gb%@)&% Bhat es,

met abi sul phates, propionates and sorbates; one nore of the follow ng

di sintegrants: sodium 20- starch glycol ate, crosslinked i

pol yvi nyl pyr Tat ifommslaticisoss tHenkeehtivondinaynbe cfarmulajedeinhgdcordante iwdttea st ar ch

(nmai ze, potato, rice), alginates and the |like, as well as further

exci pi ent 8, Wvametydothépchoaiques &known to dhasers | in dhe @rt yfor rexample 9§ agent s,
coati ng agents, preser iye etg,, 25 Conbi naf,i ops of t aboye- st at ed
further exci BP@HBESEXM% éﬂﬁﬁt’%%o&“’ﬁ?ﬁ’ﬁw; i ‘%’qqceﬁé@ﬁﬁ% PE¥ed by the
skilled pers at E{%ﬁ’ ' L B s, which
may be pr ese%}sﬁ a(l??@;f@ﬁu#@gi ate g%troggjéagtglgqg%gﬁttjgfsglﬁﬁ%lgﬁﬁ%%lﬁggr mul ati on
of the invengbQinentave havly RbMokdiedby fiferefite.t he above-stated functions. WO
02/ 083689 PCT/ SE02/ 00726 8 Alternatively, formulations of the invention

may be, or may preferably be adapted in accordance with, standard
techniques to be, suitable for parenteral admnistyration. The term

" par ent erl@l " Farmulatiens, of dhe devsatioy mapde, okimakgeiadapiednd ascordamcenc| ude

fo”the gast r ST Sarral Ehaiebes 4ROSE ARtk o, sbfuRt el S nel Ude
admi ni strat| Qiaarﬁiglle%t RESBHR! of: indrhé iét‘éel@féllzl& Yablets ok 'cap&d16d, | &l dsVliquid

transdermal |y, 1Thtranasally, intrabuccally, 1 ntracutaneously,
: dosage forms, comprising active ingredient, both of which formulation types

are well known to the skilled person and may be prepared in accordance

15 with techniques known in the art (see below).

Suitable diluents/carriers (which may also be termed “fillers”) for use in
peroral formulations of the invention, for example those in the form of
immediate release tablets, include monobasic calcium phosphate, dibasic
20 calcium phosphate (including dibasic calcium phosphate dihydréte and
dibasic calcium phosphate anhydrate), tribasic calcium phosphate, lactose,
microcrystalline cellulose, silicified microcrystalline cellulose, mannitol,
sorbitol, starch (maize, potato, rice), glucose, calcium lactate, calcium
carbonate and the like. Preferred diluents/carriers include dibasic calcium

25  phosphate and microcrystalline cellulose.

Formulations of the invention in the form of for example immediate release
tablets may further comprise one or more additional excipients known to

those skilled in the art for use in such formulations, to improve the physical



i ntranuscul arly, intralipomateously, intraperitoneally, rectally,
sublingually, 1o topically, by inhalation, or by any other parenteral
route. Suitable fornulations of the invention that are to be adm ni stered
par ent er al Wwp o2iosssbaude t hose i n whi ch Conpound A, Conpoundr@/SEamprend C,
Compound D, or pharmaceutical |l y-acceptable salts of Conpounds A, B, C 15
and D, are presented together with an_ aQueous carrier, such as water.

For mul at i ons aaf/or Ighe propstiesofrthei Bnal gompostion, end/or do Jacilitate the her
conprise one or nore addiption xci pi,ents _known t.o those skilled in the
ot or e PRipeRs EBROph R S SxcBrish Brq GyentiSal 8 2 e maiRsh ol 50
preservati vesge:t oniel i . ' | : [ LG8 inciBidel! -

gl ucose and ?’Iﬁém %lg%té¥%€%%gﬁt§§llﬁtﬁé§§%2ﬁsr?@%gg@ggbé h‘r‘ronmlcnorge#nei c acids
and bases, i gl M@t it FSldwinkC ashedor SAGkUBE e flloddn@ Nibtibantki ke) ; pH
controlling agents (i.e. buffers, such as tartaric acid, acetic acid,
citric acisd nfapmetinen |stéariie, Stwaiiec heidf scajeiwny. sBataie,0kEMy! eloebdlvent s, which
may serve to 25 further solubilise active ingredi ent (such as et hanol.,

pol yet hyl ene pietorebily sodinpa steany riymprate aag dhe bkest glidanis guehes t3lROF:2 and/ or
tioxidants. JThe anmunt of furth i pi ent,s_th : dinth
Dor or al and pAPEAT SRR o on et S8 SN B obHS RONnY ARy

factors, WO Q2 . .0Q7 h e Ul nat unt of
active ingredi 8%?}?%@%18%&%2%6%?@31%%% gglrcr}ggghg}f) ’ 3i nggg%@:})er
(aqueous sol vRite, ahydtdepvbsiettiidellutose (EIPMEY of b ldw malycllar weighthe with

those anounts that are typically enployed in imediate release .
phar maceudi cal froetmylcailutose t KMClar eofknawn low t heddeaularandweightray e 5
determ ned routinely b)( the skilled person. Formul atiops of t i nventi on
that may be, hygroxypremilestinioge: aktiE or°1;5)araen QW al MOFEHH; sPCH'on,2 may be

W th an aqueceaSPR R BISRIITECT e, K] fitfoqplsf ShBRE buatch BRaRE, 201 on

potato, rice), a sodium carboxymethyl cellulose of a low molecular weight

-

and the like (preferably polyvinylpyrrolidone or a HPMC of a low |
15 molecular weight); one or more of the following pH controlling agents:
organic acids (e.g. citric acid and the like) or alkali metal (e.g. sodium) salts
thereof, oxides of magnesium, as well as alkali, and alkaline earth, metal
(e.g. sodium, calcium, potassium and the like) sulphates, metabisulphates,
propionates and sorbates; one more of the following disintegrants: sodium
20 starch glycolate, crosslinked polyvinylpyrrolidone, crosslinked sodium
carboxiymethyl cellulose, starch (maize, potato, rice), alginates and the like;
as well as further excipients, including colourants, flavourings, tonicity-

modifying agents, coating agents, preservatives, etc.

25 Combinations of the above-stated further excipients may be employed.
Further, it will bg appreciated by the skilled person that some of the above
mentioned further excipients, which may be present inl a final immediate
release oral (e.g. tablet) formulation of the invention, may have more than

one of the above-stated functions.



1o especially when the fornulation is to be adm nistered parenterally
(particularly intravenously), aqueous solutions (i.e, solutions of active
conmpound i ncluding water as a solvent). In this context, the term "agueous
sol ution" wwy2ie838hder st ood to include formul ations in WhPERSER/0PBASt 99%
of active ingredient is in solution at8 above 5C and at nospheric pressure,
and the 15 term "suspensi on” should be construed accordingly (i.e. nore .
than 1% of active ingredient is not in solution under such conditions).

For mul ati ons \ N i n which,
when the for {ﬁ%@ﬁwo@p%J@Qgﬁ%gnpounggﬁﬂ%r%ou Cdjp ﬂﬁ%;ﬁi@t‘e&%‘?ﬁ%e

t ol uenesul phaai e Qco%?dénce GaP@athrdiedRaiues aSbe, Baiable focpatenrtdl, and an
aqueous carrier, which formulation conprises eit her no additi onal

exci pi ents admisieativee f Bietetmf fpareniteral’” veillHzenoidengood by dhse skidledtinonal
excipient, then the fornmulation is_in ,the formof a suspension of active
i ngr edi ens i the mtmmcﬂud@rawgnoqﬂn@p@adfs@ﬁsiraéloaéhﬂms ngL CRINPHE ?TPE?AS of the

h d | Wh h
For mul at 1 on ESRERHSBIOCD i e B AREa A TndfiabnBEl) BSOS aci o
salt, an aqu g&&igﬁﬁr Kl ’m@l'ﬁqeetalaﬂ'ﬁ] trﬁ't?o @qcﬁ%&hﬂ al m\é‘ﬁv%&%%%

PCT/ SEO02/ 007 excl pi ent, then e et content’is no nore than 10%
(W w) of theixﬁ%bfrt%ﬂhll?f uhhﬁeemny,efnuaﬁagml, ahirshsscally,t hﬁralcmaﬁadiusdm that nay
be nentioned include those in which 5 when the formul ati on conpri ses
Conpound A, hmrazrmmaldﬂyhunrahp@matbmlyr, intrepedtonsglipogstallzy subdinguellisn t he
wat er content of that carrier at. | east 90% ﬁ When acti ve

i ngredi erd® i fomedly, dydnhalation qrgymfotlgprg)g{qn erﬁlﬁr@p red salts are io acid
addition salts. Suitable inorganic acids that may be enployed in the

Suitable formulations of the invention that are to be administered parenterally
include those in which Compound A, Compound B, Compound C,
Compound D, or pharmaceutically-acceptable salts of Compounds A, B, C

15 and D, are presented together with an aqueous carrier, such as water.

Formulations of the invention .comprising aqueous carriers may further
comprise one or more additional excipients known to those skilled in the art -
for use in aqueous parenteralv formulations, such as antimicrobial
20 preservatives; tonicity modifiers (such as sodium chloride, mannitol,
glucose and the like); pH adjusting agents (such as common inorganic acids
and bases, including hydrochloric acid, sodium hydroxide and the like); pH
controlling agents (i.e. buffers, such as tartaric acid, acetic acid, citric acid
and the like); surfactants (e.g. SolutolTM); cosolvents, which may serve to
25 further solubilise active ingredient (such as ethanol, polyethylene glycols,

hydroxypropyl-B-cyclodextrin and the like); and/or antioxidants.

The amount of further excipients that may be employed in the peroral and

parenteral formulations of the invention depends upon many factors,




preparation of such. salts include -hydrochloric acid, ' .hydrobrom c acid,
sul phuric acid and phosphoric acid. Suitable organic acids that nay be

enpl oyed i ncl ude | ower al kyl sul phonic acids (such as benzenesul phonic
aci d, a hywoomeybsmaz enesul phoni ¢ aci d, a tol uenesul phoni c BCT/SE02H07R6

napht hal enesul phoni ¢ aci d, a napht hal enedi sul phonic acid, a

mesi t yl enesul phoni ¢ _aci d, net hanesul phani ¢ aci.d, et hanesyl oni.c, acid and
2- hydr oxyet hEfiding H??d?ﬂt‘éfea"@ﬁ&fl?°“@&PB69aM°i IE%Q%EMMCQQ‘EMWFC acid,

mal ei ¢ aci d, ccjl g ' . ' | i ' ' i d,
benzoic aci B&I%Plétr %ﬁ)@%&#jg@ngﬂ%ﬂéﬁ%&z&% gggﬁagf;wf}‘g*%tr IOS%{BI?H g\%p thoi c
acid, pami Cng} RN ith SHRYORHT Baf aRCtyPically ¥iplogedaalifiinddisteh as
salicylic acid; glycolic acid, malic acid, "ascorbic acid, citric acid,

gl uconi ¢ aci esledsagharmasutical forndlatiérsrthat are kdpwarid theramcamifordnay bach as
L-lysine, or L-lysine hydrochloride, such as nonohydrochloride). Mno as
wel | as pbl ydetennined zoutinehnby theskilledderses. Pref erred acid addition salts of
Compound A may be formed from 1-hydroxy- 2-naphthoic acid, benzoic acid, a
hydr oxybenzenésul phonic (e.g. para- hydroxybenzenesul phonic) acid,
benzenesul pheni ¢ -agi I [ -t aldlenesy oni c)

aci d. o napnt AaruAgk o fiveRBE s RS b By B B R IR T

napht hal enesyhphfsttdbon2Ghaly e prRhadRlignedi o lnsuspéssichs af ladhive

napht hal enedi sul phoni ¢j ‘acid and a nesityl enesul phonic (e.g. 2- - '
nesi t yl enesulngedient) inagssdciation weth amaqieann sobstehtiogsmoph preferably, @ndt artari c
acid, succinic acid, citric acjd, acetic- acid, hippuric acid, 'and
hydrohal ile  gspegiallys peenasthay demaipténn cisadp d ben HWF%%rRGEGI}iETP y

Preferred acid additi | o d_C. f f :
Lol uanesul phéEs et et SRBRRE Seiony (P Fo, Ul (OF Betiverni ¢ aci

compound including water as a solvent). In this context, the term “aqueous

solution” may be understood to include formulations in which at least 99% of
active ingredient is in solution at above 5°C and atmospheric pressure, and the
15 term “suspension” should be construed accordingly (i.e. more than 1% of

active ingredient is not in solution under such conditions).

Formulations 6f the invention that may be mentioned include those in which,
when the formulation comprises Compound A, 'Compbund A, para-
20 toluenesulphonic acid salt, Compound A, benzengsulphonic acid salt, and an
aqueous carrier, which formulation comprises either no additional excipients
as hereinbefore defined, or ethanol as the sole additional excipient, then the
formulation is in the form of a suspension of active ingredient in the carrier as
hereinbefore defined.
25 |
Formulations of the invention that may be mentioned include those in which,
when the formulation comprises Compound A, or Compound A,

benzenesulphonic acid salt, an aqueous carrier, and ethanol as sole additional



citric acid, acetic acid, hippuric acid, and hydrohalic acids, such as to
hydrochl oric acid and hydrobrom c acid. Preferred acid addition salts of
Compound D may be formed from L-1ysi ne nonohydrochl oride, panoic acid and
t er epht hal WoO 283589 as wel | as from net hanesul phoni ¢ aci dPCT/8EQ280726 aci d,
succinic acid, citric acid, - acetic ‘1 cid, 15 hippuric acid, and
hydrohal i ¢ acids, such as hydrochl ori,c™aci d and rgbronmi,c acid. Thus,
the skilled P¥4BisAL then i ﬁg?@@fﬁ?@eﬁt%fmm%ﬁﬁ“ ]cd%%ﬁ’izWéBrﬁ‘#}eo‘qut% agent s
(buffers) and.pH adjusting agents nentioned herei nbefore may also 20 be
enpl oyed to Bfg\?ic&gjl?alts of Conmpounds A, B, C and D. Preferred

formul ati ons of the invention include those in which active ingredient is
wat er soluble. 25 By "water soluble”, we include that the solubility of
active ingre@oantlations efjihe dnventioh et amey, be mentorredpihelude tleose invwthichr - wi t hout
t he presence of any of - the additjonal excipients rrenti%ned her, ei pbef or e,
as neasur &d Whent tha darmulation isamprises CP@P&FHCE dasbenzepggpiphonic: aqid sglf| v at

| east 2 nmg/ L, .nore preferabl | east 5, ng/ nd_especi al.l.y, | east 10
g L. VIO 02 b GBS ubRSP Gea Hisndbe PR AGBIIDAn AL GBI dart Do Bht ani o
salts of Cbng& s A B, Cand D which nmay be particularly nentioned

I ncl ude those of”i norgani c and organic acids, which acids may form

wat er - sol ubl e salts when added to Conpounds A, B, 5 Cor D It will be
appreciated by the skilled person that water solubility of salts that may
be forned beflanactbiecingedibnCinprmyidedAn the fpmuef amalt, poyfpaeh dalts amad
Conpound D may depend upon the physical, anﬂ_ﬁgenical propert,.es,of the

aci d, inaPudiepid adition salisa Switablinarganie @sidsithyt 1y begmploypd M thg ¢y

i pophilici t%p%arétpo% SRun rée{lfgnin%ﬂgdet"ﬁ?dl%%fgn‘% G535 U RburBhi& WRd, ant - 10

sulphuric acid and phosphoric acid. Suitable organic acids that may be

employed include lower alkyl sulphonic acids (such as benzenesulphonic
acid, a hydroxybenzenesulphonic " acid, a toluenesulphonic acid, a
15 naphthalenesulphonic  acid, a  naphthalenedisulphonic - acid, a
mesitylenesulphonic acid, methanesulphonic acid, ethanesulphonic acid and
2-hydroxyethane sulphonic acid), carboxylic acids (such as aspartic acid,
maleic acid, succinic acid, malonic acid, acetic acid, fumaric acid, benzoic
acid, terephthalic acid, hippuric acid, 1-hydroxy-2-naphthoic acid, pamoic
20 acid and hydroxybenzoic aéid), hydroxy acids (such as salicylic acid,
glycolic acid, malic acid, ascorbic acid, citric a;:id, gluconic acid, lactic acid
and tartaric acid) and amino acids (such as L-lysine, or L-lysihe
hydrochloride, such as monohydrochloride). Mono as well as polyvalent
acids may be used.
25
Preferred acid addition salts of Compound A may be formed from 1-hydroxy-
2-naphthoic acid, benzoic acid, a hydroxybenzenesulphonic (e.g. para-
" hydroxybenzenesulphonic) acid, benzenesulphonié acid, a toluenesulphonic

(e.g. para-toluenesulphonic) acid, a naphthalenesulphonic (e.g. 1,5-



Compound A, Conpound B, Conmpound C, Conpound D, and

phar maceuti cal | y-acceptabl e salts of Conpounds A, B, C and D, may be nade
by way of routine techniques in organic chem stry, by analogy with

t echni queswarRmssdded i n WO 01/ 28992 and/ or as descri bed hecespefopzs. 15
Formul ati ons -of the invention, such as parenteral fornulations, conprising
salts may be prepared by addition of di1I1uent/ca_rri er to the appropriate
pre- prepar edaphbihalenessdphanicinyadid, paepapbthalppedisylpbpnic plegess \M{F'ch
involves the addition of an appropriate acid to. the r.oprj ate pase

( Compound A, n@@@@bﬁé@ﬁ‘é@h?%nﬁﬁﬁd aedoracdﬁﬁ%mﬁi‘eﬁﬁl.%g&blf’d <§r¥d ise may be

ted t ther, in thi f. | : i di id
the base | o cHEyisAaBRopE i A ol e liholic BB, Bnarlld 207
25 aci d diregpidy sh ciHﬁSF%iaggfreitﬁ@fa%ﬁﬁ Gackic @R1d, Highiric kEidS ahlthyddhalicol | oved

by isolation of e sa (i1f appropriaté) addition of an appropriate

sol vent tg pefl siohasdgidusdhivric avid and hpdwbromicafcidal t (i f and as
required). In the formation of acid.addition salts, suitable sol vent
systens may be heterogeneous or honobgeneous and nay thus conprise one or

Cl-6 al E?F: S@ééé'frééf‘égigﬁﬁﬁ%gﬁiﬁ i g ommnat o £ i e doened SER0 Dty
&6 <l kyiophutont 5, Mhiaiepiinsle sl ERaTORR succhnfadgpnehed

ethanol , iso-gprepasal etcbasiandippurichlasid, naide hydledhegiat acids, guch as

di chl oromet hane), ethers (such as diethyl ether), |ower aliphatic al kanes
(e. 9. penfoanéydrehicricicidadd hydrobrehierawbd.y, aqueous sol vents, such as
water. 5 Mxtures of any of the above-nentioned solvents nmay be used.
There is further provided a process for the preparation of a fornulation of

Preferred acid addition salts of Compound D may be formed from L-lysine

monohydrochloride, pamoic acid and terephthalic acid, as well as from
methanesulphonic acid, tartaric acid, succinic acid, citric acid, .acetic.acid,
15 hippuric a'cid, and hydrohalic acids, such as hydrochloric acid and

hydrobromic acid.

Thus, the skilled person will appreciate that some of the pH controlling
agents (buffers) and pH adjusting agents mentioned hereinbefore may also

20 be employed to provide salts of Compounds A, B, C and D.

Preferred formulations of the invention include those in which active

ingredient is water soluble.

25 By “water soluble”, we include that the solubility of active ingredient in
aqueous solutions, for example water, with or without the presence of any of
the additional excipients mentioned hereinbefore, as measured by standard
techniques, is at least 1 mg/mL, preferably at least 2 mg/mL, more preferably
at least 5 mg/mL and especially at least 10 mg/mL.




the invention, which process conprises bringing Conpound A, Conpound B.
Compound C, Conpound D, or a pharmaceutically-acceptable salt of any 10 of
t hese conpounds, into association with a pharnaceutically-acceptable

di | uent or weeaN0B¥B? The term "bringing into association. RMT/BE0ARPudes,

for exanple, adding one ingredient to _the other, optionally w th manual
and/ or nechanical m xing. 15 Formul at ildns of the invention that are in the
formof imediate ' release tablets may be prepared by bringing. active

ST SRR S a1 ATt
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these processgsich kéids ¥ Rater-selaBR dalis GvheReidded ab Compduads Ap3,ent er al
formul ations of the invention, it is preferred that the Tformulations of

t he i nventi orfC onBpr Itsvitigheaappredated drycttie ekilledrperson thet water sehbilityeofbase are

prepared by addi ng free_bagse (Conmpound A, B, . C or D) to an apprqpriate
di | uent/ car r isakts Glatgnasslepreﬁm%yggﬁwméﬁ pad henipauad)a, Ppmpgunéﬁf erred
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sol ution) of imply,dipophilieitpof dhe dounkursion ahCerenavidrd dissotiatipawomktaht. Conpound C
or Conpound D), which base may, for exanple be provided in association
with a dilduent/carrier, such as in the formof a solution (such as an

aqueous solutjon), follo by additiopn 5 of,further .

di luent/carr idﬂ‘?@“\%nﬁ; \Aﬁ‘j’"&%&ngs évpp&BB‘PP%‘E‘E LgrhgégtpP?‘Fédd Dar 288 wi 1|

appreci ate t %ﬁﬁnﬁ&%ﬂ@iﬂy@ﬁc%eﬁ%{etéaﬂgadf eéﬁbgﬁ%t ﬁ, BYC and D, may be
made by way of routine techniques in organic chemisiry, by analogy with
techniques described in WO 01/28992 and/or as described hereinafter.

15
Formulations of the invention, such as parenteral formulations, comprisipg
salts may be prepared by addition of diluent/carrier to the appropriate pre-
prepared salt.. Salts may be prépared by way of a procéss which involves
fhe addition‘ of an appropriate acid to the appropriate base (Compound A,

20 Compound B, Compouﬁd C or Compound D). Acid and base may be
reacted together in this way for example by providing either of the acid or
the base in the form of a solution in an appropriate solvent, or by'adding
acid directly to base (which base is optionally in solution), followed by
isolation of the salt or (if appropriafe) addition of an appropriate solvent to

25 provide a solution, or suspension, of salt (if and as required). In the
formation of acid addition salts, suitable solvent systems may be
heterogeneous or homogeneous and may thus comprise one or more organic
solvents, such as alkyl acetates (e.g. linear or branched C1.¢ alkyl acetates, )

such as ethyl acetate, iso-propyl acetate and butyl acetate), lower (e.g. linear



be added at a suitable stage in the preparation of the fornulation of the

I nvention (i.e. before, during or after the process of bringing active |0

i ngredient into association with,diluent/carrier). For exanple, for

par ent er al W @30RI6Bat i ons of then invention in the form of PEEEEBR#8726
solutions; the pH of the mxture of Ccl ound A, B, Cor D or salt thereof
and diluent/caryier y. b trolle y additio f a ppropriate buffer
and/ or adj ustoéd{’Wcﬁ (51-6?3"(‘:182} &g‘}c@é’ﬂ‘i §Ladehd:; 8 E @?&F@F’e SUe™ Ascri bed
her ei nafter. ferably; . td Qrmul at | f 1 V- ' c ri se
Compound D ornJr %hf%qiarc%tcggt ’.%5%?@@3%’3 kgﬁioﬁalc’%@?ﬂg%t&ﬁm&%ound A or
a pharnmaceutg ARGR] | h . ti : e d

formul ati onstdg(?ﬁ%ﬂk?gli nvent ?glr?%l @'chdées %{? ouef;cg&?i ?%rﬁglh%a?l% %IFC E3'121&‘20 !

met hanesul phdeagt perstahd, heptaric) ahd/oggirtferally) ajueoaabolvemsesumheassabter. or in
the form of the free base. Fornul ations_ of the invention (particularly

t hose sui abiMixtwes efary ghthe gbavemantignediepivents maxthegispdin the form of  a
suspension, or particularly a 25 solution, such as an aqueous sol ution, my
be provided in "ready-to-use" form by which we include in a formthat is
sui table for | [ - 104 ' : | ' a

sui tabl e dosi@g%ngaﬁgh%wg%ggd ? ?&%ie? tf&pﬁlgg;gr%gfr%gn ‘g!'rfta]t‘t(‘)otrr%ﬁ}agﬂ[oﬂvg wor k

bei ng necessaky inVéRi6R/ WBRBAHoPST/cORRRBOBAAHE Chlapswmal A, Tuslipdugimul at i ons
(i.e. those in Ae formof a suspension or solution, particularly an
aqueous sol uB,GympeyndaCsGompopndid, ded pharmdveufically-ackptablecsaticafianyat " of
active ingredient and diluent/carrier. Fornulatjons in, tlhi s for

her ei naf t18r o8ftBeseegompourds; dntecassorigtion Wish muPhamassuisallyrasceptehlpent i on”

Cor r 6Spond nGHRERL R TSH dheriEn, hareonte ARCHRRER B A, B v o

example, adding one ingredient to the other, optionally with manual and/or

mechanical mixing.

15 Formulations of the invention that are in the form of immediate release
| tablets may be prepared by bringing active ingredient into association with
diluent/carrier using standard techniques, and using standard equipment,
known to the skilled person, including wet or dry granulation, direct
compression/cdmpaction, drying, milling, mixing, tabletting and coating, as

20 well as combinations of these processes, for example as- .described

hereinafter.

For ‘parenteral formulations of the invention, it is pfeferred that the
formulations of the invention comprising acﬁve ingredient in the form of
25 free base are prepared by adding free base (Compound A, B, C or D) to an
appropriate diluent/carrier (e.g. solvent system comprising water). It is
preferred that such formulations of the invention comprising active
ingredient in the form of an acid addition salt are prepared by addition of

acid (either directly or in association with a diluent/carrier, such as in the



adm nistration by addition of further diluent/carrier (and, if appropriate,
further excipients), prior to admnistration to a patient. For exanple,
aqueous concentrates, particularly for use in parenteral formnulations, nmay
be | 0 prepwoad/ossssgly for reconstitution and/or dilution (BCHSEBPORGdition
of water, physiological saline, glucoi% solution or any other suitable

e

solutlon) prior t dmnlst ation f or mul s qQf the
i nventi on naﬁ’rﬂbogi‘ é&&?@@ (-‘ii’ic é’étaFlleIB?OUSlSSP n&@?ﬁﬁpwppﬁgﬁn‘fm Og%fﬁ?l er (and,

f dd t
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preparation g, gafér%{Mﬁ ﬁ)be{g&ém aéé&h‘?a'ﬁbh%t}i ] &mnf/@arrﬁbpfsush gs an

aqueous sol utl re described, which may i n¢l ude additi onal

exci pi ents, fipihedord ofv sbhﬂimé(budﬁ as2h e[dmbmaaﬂuﬁm()afdllovwﬂespa&htlen di | uent
or carrier (e. gmsol vent, such as aqueous solvent). Solvents may be
removed by weffinthea diluentiayriesfsolventnf endbes appoepriate.o t hose skilled in the
art, for exanple evaporation -(under reduced pressure or otherw se). Thus,
formul ati ons of the invention (e.g. parenteral formulations) in-

ready-t o-use ' Ll r carrier
(and, if applr'lﬂir)l @fgype?%%%ﬁlrapiﬁ%cﬁ&ge t%pfogﬁ'g{e'c%ar?]%tg&n agg;éggieﬂfsnrh nﬁl ation of
the inventioge aﬁhedwmltamie Gta‘gb‘%%@%ﬁ e&étxduﬂ ofifh@®fatmiletien ofndedi at e
rel ease tabl et) formul ation of "the invention depends upon nany factors,

such as the hﬁxentlenV@eOthIBﬁbﬁS&xrR@T/oﬁSEﬁ!ﬂérom@m@sssaqﬂbrmslng agtivehe active

ingredient that is enployed and the nature, and %gi g@y ?t her .
const i t ugt s ingsedjent inka prspciatien pitrdilpent/parrier)y goﬁrei% e f?’:rﬁ’alr

fornmul ati on, .but % ((WeW, 0%
pref er ab: y uSOI{‘JIB"I%%Sy‘gﬁﬁ Bﬁ%/ef‘ﬁ&b frbﬁe& of 32]"175@3 ?&ﬁ‘@%&hg ﬁHt &t;\l gl g more
conposi tion. Ibe AMPWimRhundddl Bi NG DECIaRi 1RBIcDE bid AWGEnPArAéSinay

be controlled by addition of an appropriate buffer and/or adjusted by way of

a pH adjusting agent, for example as described hereinafter.
15
Preferably, the formulations of the invention comprise Compound D or a
pharmaceutically acceptable salt thereof, of Compound A or a
pharmaceutically acceptable salt thereof. Particularly preferred
formulations of the invention include Compound D in the form of a
20 methanesulphonate salt, tartrate salt, citrate salt, acetate salt, or in the form

of the free base.

Formulations of the invention (particularly those suitable for eventual
parenteral administration) in the form of a suspension, or particularly a
25 solution, such as an aqueous solution, may be provided in “ready-to-use”
form, by which we include in a form that is suitable for administration
directly to a patient, with the aid of a suitable dosing means, without further

preparative or formulative work being necessary.



formul ation of the invention al so depends upon factors, such as the nature
and anount of the active ingredient that is enployed, as well as the
nature, and anmounts, of any other constituents (e.g. diluents/carriers
and/ or ot hwo o2foasessier exci pients) that are present in theP€DSRNA60N, but,
for lubricants and 10 glidants is typi iglly up to 5% (ww, and for binders
and disintegrants is typically up to % w) of the final conposition.
The anount oHQWdV@BnWG&Jafqm‘éﬂatiQnSa(lﬂréb@Eﬂ- 1mih%éon‘pa¢feﬁt ISRENSION Al ati on of
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final —conpoghili ffm, |Her6iRRR&N réREHeE {ooaémioahwmﬁtaf fohigulativ@niofofthe t he
amount of diluent/¢Earrier is typically at |east 10% (W w) of the

concentr ase. ifventibs” bo “bencefitrates edna}htima\bere,mplbmd il theqprgparatiess of hower
limts for diluent/carrier content _are |ca wey may not alvva} ys be
appl i cabl e, Foremeadpiee forelatien %ﬂ?ﬁem iog ofuitghle ifgr c?fg aBFEPET3 ngr edi ent

nel udi g acPRPUSERHIG bintdbn ot RRe! oPloRlnaiitl b i wrRRRR L 07

for use in theuph eg)?(ﬁgite z,ugﬁof“ tBoﬁdHHn?s?t‘aﬂﬁnoﬂco tahgatiéi‘)‘femf"oi?rbxaﬁﬁﬂﬂ a

sol ution, such as an sol-ut1on or exanple tor parenteral

adm nstrati 0rahu&austc%ﬁe&ft@tes\ﬂpaﬁ@hm&aﬁumﬁlpsmmnfo&ﬁmahonsumy be
conposi tions may be in the formof a solid conprising active . ingredient,

optional l1p i lpreﬁaeecbready rfoer@bnstmnom and/oe dilutiom é¢.geRky isgidionsofawater,

her ei nbef ore def. ned ionally, up to 10% i luent .and/ or
carrier as h®b¥ $1915EF éaléF&‘ i’r@@se MP@W‘ %ﬁ%%g‘f” g‘HEaV&? §°1Hgf”& PB?rtth
referred 5 ta 1mstr£t§]c§an solid conpositions of the invention” '

Concentrated formulations of the invention may be prepared directly by
15 bringing diluent or carrier (and, if appropriate, additional excipients) into
association with the active ingredient as described hereinbefore.
Concentrates may also be prepared by preparation of a formulation of the
invention in the form of e.g. an aqueous solution, as hereinbefore described,
which rﬁay include additional excipients, followed by removal of |
20 pharmaceutically-acceptable diluent or carrier (e.g. solvent, such as aqueous
solvent). Solvents may be removed by way of a variety of techniques known
to those skilled in the art, for example evaporation (under reduced pressure
or otherwise). Thus, formulations of the invention (e.g. parenteral
formulations) in ready-to-use form may also be provided by addition of
25 diluent or carrier (and, if appropriate, further excipients) to a concentrated

formulation of the invention.

The amount of diluent/carrier iﬁ an oral (e.g. immediate release tablet)

formulation of the invention depends upon many factors, such as the nature



Solid conpositions of the invention ' nmay be nmade by renoval of
diluent/carrier (e.g. solvent) froma fornulation of the invention, or a
concentrated fornulation of the invention, which nay for exanple be in the
t o form of wD &e83889 on, such as an aqueous sol ution. Ther ePCEHSEQR8726r ovi ded
a process for the formation of a solid conposition suitable for use in the

preparation of a formulation of the invention (e.g.,a _solutjon, such as an
aqueous sol utandrameyattefthsractivaringrediang dhat ds GHFPEPY%deénClﬁh? B 2

di | t/ [ . g. I t) fr. lL.ation.of ' '

concent  at ed MR SN ek froshRRaR toah i, el St EE B, ey ot
a variety of ihlR ARSI id Gpidiastp R0k e‘grefer@ay upl@raggam e
evapor ation (under reduced pressare or 20 otherw , freeze-drying, or any

sol vent renmpvabre(stefiratily W are6%, ahaipartictiaiesp 30! 1064 (wiwy off thees finalt er )

whi l e naintaining the integrity of the active ingredient. Freeze-drying is
preferred.s Thesmpmsitiondi Thet emauhtirafhedditiopek t exsipients imveunh o taek e i s
provided a 25 freeze-drijed (Ilyophilised).solid,_conposit,on_.of the

i nvention. | rformulafipe o4 the iByengen £439 aenaea%ae% if%ﬁg}%oﬁu‘flhés e RPN, t he

nvent i B BYFIBPn ot . of’ s
be added o - #hdtounRERs Bl el RRAIS Gt By DR wHabize R B MY
exanpl e 1 g GASGWO0EhPEAAS FETERIAR0 (R cenfiors udirsothel Ut ons,

pH may be contro usted as hereinbefore described.
Furthernore, farhepedoipients) thaterbi presemiin thecfopmelationplyutpfordubmeantsind a vi ew
to aiding the formation of a solid conposition of the inyention Scl:lslsjri ng

the. procsss gidadis isetypicellyrupeto 5¥mbvay), @adfor bandars gnd disipfegeant

gl ucose, mannose or trehalose). |t i referred that solid conpositions of
the i nventi orfYB§ YPEitQBS/‘(ﬁY(%}GLﬂf&G ﬁ?}ﬁlﬁ‘m@oﬁ %8 each in'the formof the
free base, or Conpound A, :

The amount of diluent/carrier in a “ready-to-use” parenteral formulation of

the invention as defined above depends upon many factors, such as the

15 mnature and amount of the active ingredient that is employed and the nature,
and amounts, of any other constituents (e.g. further excipients) that are
present in the formulation, but is typicall}; at least 50% (w/w) of the final
composition. In concentrated formulations of the invention, the amount of
diluént/carrier is typically at least 10% (w/w) of the coﬁcentrate. (It is to be

20 notéd, however, that although these lower limits fpr diluent/carrier content
- are typical, they may not always be applicable, for example in cases where

the solubility of active ingredienf in the relevant diluent/carrier is

particularly high.)

25 Compositiorls including active ingredient may also be provided in solid
form suitable for use in the preparation of a formulation of the invention
(e.g. a solution, such as an aqueous solution, for example for parenteral

adminstration) ex tempore.



benzenesul phonic acid salt are provided in a formin which either one or io
nore further excipients, or up to 10% (W w) diluent/carrier, are also

i ncluded in the conposition. .Solid conpositions of Compounds A B, C or D,
or salts twere®p3es? hus include those in which the sol venPCT/BEQ/00RAt er)
content, other than solvents 15 of cryg allisation is no nore than 10%
such as | ess tgﬁn 2% unbound sol vent, etuch af Watﬁ(r1 Fornmul ati ons of the

i nventi on maPusR SQTEPeSIinsy may, becln, the JOBY of & SPRA GTRPRSRE APUYF

aut ocl avat i op r. & . r.Lar c Vi Al 20
cartridges aﬁ%grgéﬁg{-lﬁi%ftlghg@rlé ﬁ\ﬂgegg&s%hyfp@%céggﬁ% f@#@%sé&néﬁyﬂ’%s?g t ake

pl ace prior hereMbefoe 46Nl Md GHondlloapasi 1099 wiy) dfediluenenintdar. Bef ore
adninistration, the dried solid conpositi'on may be reconstituted and/or
diluted in, famiermnsthersirbefort definedhwhich compositics| dare derejhaftesgefessdut i on 25
or any other suitable solution. The fornulatjons of the invention are

usef ul i n3t héo asithesplid spmpsesitiensef the INEHEBUND B, Conpound C and Conpound
D, and pharnaceutical ly- acceptable salts of any of these conpounds, to
patients. As Conmpounds A, B, WD 02/ 083689 PCT/ SE02/00726 19 C and D, and

h Ut T calb:%- d I 3 ; [ h
Br g;mfggi ;Cé%r?!}&t %gﬁ@é%?hgntsﬁoﬁﬁcgﬁpggﬁ arr@ﬁ;tbﬁﬁgge :tﬁ’ lggltrn'? ivglul%zfr atri al

and ventri cufjaentidarfist i@gasolvetinhfram at foratuldtioar of | the i imwerdtéory. oratar i al
flutter)), the formulations of the invention are also expected to be

useful in theohcamdtatehformilatidnsafdhe diveotiomrwhicimeayf for expmpieobsin thed i ndeed
the concentrated for n}JI ations and solid gnpositions) of the invention are
t hus i ndi®at dorm AT & §RLULIOBASUCEPS 85 RTUBAUSSHIMUSH: s, of cardi ac di seases, or i'n
indications related to cardi ac di seases, in 1o which arrhythni as are
believed to play a major role, including ischaem c heart

There is thus provided a process for the formation of a solid composition
suitable for use in the preparation of a formulation of the invention (e.g. a
solution, such as an aqueous solution) ex fempore, which process comprises
15 removal of diluent/carrier (e.g. solvent) from a formulation of the invention,

or a concentrated formulation of the invention.

Solvent may be rerr;oved by way of a variety of techniques known to those
skilled in the art, for example evaporation (under reduced pressure or
20 otherwise), freeze-drying, or any solvent removal (drying) process that
removes solvent (such as water) while maintaining the integrity of the active

ingredient. Freeze-drying is preferred.

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

25  freeze-dried (Iyophilised) solid composition of the invention.

In the preparation of solid compositions of the invention, the skilled person
will appreciate that appropriate additional excipients may be added at a

suitable stage prior to removal of diluent/carrier. For example, in the case



di sease, sudden heart attack, - nyocardial infarction, heart. failure,
cardiac surgery and thronboenbolic events. Such formul ati ons/concentrated
formul ati ons/solid conpositions are al so useful in such treatnent where,
for exanpW®,0288368pi d t herapeutic response is required (ePgl/SEN3/00726
treatnment of 15 acute problens), or, iT the case of parenteral

adm ni stration, when piar,oral del i very Bo the astrointestinal tract is

i ncapabl e of Ogﬁawqwﬁ Fgludions, i apgy besgenteqlied @ﬁ?qkeélmt@dmmh@mmhe@qei red

time-frame. Acconrdi.ng.tg a further aspect ...the invention, .the is

provi ded a r’r@?‘f%@egf %%Wgﬁ’ rarBr?PqufPr’ﬁﬁe Q&IHQPﬁnqxé“Wthamt?é@ecgonpri ses
adm ni strati - af g i Ak . : fering
from or susggglt?ii B'Fegit ﬁ)mgﬁgﬁrfgﬂﬁ%%ﬂf?fg\éﬁﬂ grﬂlphgmg{/lgﬁf (}gﬁ(%‘%gpggoubt, by
"treatment" @erihgcthed@rddess tdfedip@itlcafrier2ferhibwRat (EAl mamitoE! budssd, he
prophyl axis, of ‘a condition. Formnulations of the invention have the

advant age5t hglucobgymammpspootrehidosgh | mredi ate rel ease of Conpound A,
Compound B, Conpound C, Conpound WO 02/ 083689 PCT/ SE02/ 00726 20 D or a
phar maceuti cal | y-acceptabl e salt of any of these conpounds, which

conmpound/ sal {;s .ar ect. agai n cardiac aryhythm as. Fornul.ations of
the inventi oﬁlt %gys%??%%ecﬁa@étetsﬁggaaééﬁf)gégnﬁ h t ﬁewvﬁﬁég%eco%pﬂ?ggar ed
using establ cg uabﬁmﬁe%ﬂp%hcmfme%ﬁhﬂaf%ﬂwﬁ?s%p& eeﬂbeﬁﬁm,e“ al's
that are approved for use in foods or pharmaceuticals or of "I ke

regul atory sbeizcnesulphidrid lacidogadiatesprotidedtinve forngiedvidoh eithef onenokat i ons
(oral or parenteral), 10 concentrated formul ations, .and solid

conposi t ildnsmoge funlher rexeiniends dependo ubdbh (miw) dilvewerriencireaglsehe nat ure
of that ingredmt ’gf ee base/salt etc), the dose that is required in an
oral fornul alffé e COMPRSIYON L oady to use" parenteral fornul ation that
is, or is to be, prepared, and the nature, and

Solid compositions of Compounds A, B, C or D, or salts thereof, thus
include those in which the solvent (e.g. water) content, other than solvents
15  of crystallisation is no more than 10%, such as less than 2% unbound '

solvent, such as water.,

Formulations of the invention may be sterilised, for example by sterile
filtration or autoclavation, and/or filled into primary packages, such as vials,
20 cartridges and pre-filled syringés. Such processing steps may also take

place prior to drying to form a solid composition of the invention.

Before administration, the dried solid composition may be reconstituted
and/or diluted in, for instance, water, physiological saline, glucose solution

25  or any other suitable solution.

The formulations of the invention are useful in the delivery of Compound A,
Compound B, Compound C and Compound D, and pharmaceutically-
acceptable salts of any of these compounds, to patients. As Compounds A, B,



amounts, of other constituents of the fornulation. However, typical daily
15 doses of Conmpound A, Conpound B, Conpound C, Conpound D, or
pharmaceutical | y-acceptabl e salts thereof, are in the range 10 to 2000 ny,
e.g. 30 towDANEs3eeY of free base (i.e., in the case of a sBCTSEW®HBI260di ng any
wei ght resulting fromthe presence of a_counter ion), irrespective of the
nunber of individual doses that are adA¥nistered during the course of that

20I day. (TheGsand De?lé)phmcwticall&pmtﬁbéﬁ saltsithereok; arenesefaldm beth thenedi at e
rel ease parentera rm t f th '
3dm’ ni st Iroat i BFPHi‘é(lﬁ o ¢ |ons§nt(cgsc§r@%a“ﬁ¥t an’htfﬁgh’g’\?{} t&%?@flgrred
| d
Tl st ared Reftdefial Pﬁ*ﬁﬁﬁ*?ﬁf 0 s A Rritichy P @5l Sl BP0 56

21 Preparati ghnfulaliRIHe ﬁﬂeﬂion@@éramu @ﬁp&t@i’% Ranefines tHephanate ofal t
Thereof (i) 4-[(3-Hydroxypropyl)am no}benzonitrile 5 Alternative 1 A

m xture of 4shdhudisaiderszonitrile (12.0.g, 99.1 mol) and 3- ani no-1- propanol
(59.6 g, 793 mmol ) was stirred at 80C under an inert atnosphere for 3 hours
before water (150 nL) was added. The mixture was allowed to cool to room

tenperature, .and was.then extracie i th diefhyl Th ani c

| ayer was se@?aﬁ%ﬂ“ IQ;HH Bd %?5%&‘? %MF P?Qeqﬂgdaéﬂdfqr?ui%}?gén%%tsséi}gl n vacuo
tovield 17 Gofugdsftion) bRangUbvbhidi 0 BOY NdRAEAN jn bk BRinchf it al | 1 sed
upon st andi ng. ternative uoro enzonitrile (24.6 g, 0.203 nol,

Al drich 99% préph gla&@kj@ﬂbahﬁa@dﬁéasesgﬂk ipindivatiohs felait@d fb ardidc Gidbasen)in 8
equiv., A dr| ch 9999 and the m xture heated to 80C for 5 hours, under

ni trogen.1p ThdhigoirdhytbmissRravbelicyed tn/\playamaa:omolet,oncﬂu@lamhm@rheedoo m_)

was added The cl oud
Fsease su %den heart attack, myocardial 1nfarct10n heart failure, cardiac

surgery and thromboembolic events. Such formulations/concentrated

| formulations/solid compositions are also useful in such treatment where, for'

example, a rapid therapeutic response is required (e.g. in the treatment of

15 adutc problems), or, in the case of parenteral admiﬁistration, when perofal

delivery to the gastrointestinal tract is incapable of providing sufficient
systemic uptake within the required time-frame.

According to a further aspect of fhe invention, there is provided a method of

20 treatment of an arthythmia which method comprises administration of a

formulation of the invention to a person suffering from, or susceptible to, such

a condition.

For the avoidance of doubt, by “treatment” we include the therapeutic

25 treatment, as well as the prophylaxis, of a condition.

Formulations of the invention have the advantage that they may provide an

immediate release of Compound A, Compound B, Compound C, Compound



solution was extracted twice with nethylene chloride (300 nmL and 200 nl)
and t he conbi ned net hyl ene chloride extracts were washed wwth water (300
m.; GC anal ysis of organic |ayer gave -1.0 area% am nopropanol renaining).
20 Alter nakyo/e/o83¢89 4-fl uorobenzonitrile (30.29 g, 247.7 wovisEoziofkéeq), was
added 3-am no-1-propanol. (150 nL, 148.8 g, 1981.5 mmol, 8.0 eq). The

m xture was stirred under nitrogen at r7(90mterrperature (27C)_ until all of
the solid had drsspharmdceutivallyakcepiahle wal dfeayef thesd capaponndsowhid and kept
at this tenperature for 7 hoyrs, before being stjrred at anbient

t enper at.ure PompREpfisghs arerilagiye againsisprdiag aghythiyas,as added, and the
resul tant cloudy solution was extracted with dichloronethane (365 nmi, then
245 nmL). The conbi-ned organic |ayers were washed with water (365 nL). The
DCM solutio I j bShd kiR fay(b200 i)
o 0 05/ 0o SSBlifon gé’g%{é‘?g@@gﬂaﬁgﬁ%ﬂaﬁb3%%2‘%@?;3&%% fiesh DOM
(200 ni). Smgﬁeméd/ ebing(ctdlishdd phdmaceumtivat pracesding methdds smt edinpkoyl vent
volume to 365 nmL. (ii) 3-(4-Cyanoanilino)propyl 4-nethylbenzenesul fonate 5
Al ternative Imaterelsl that geQpprovast qumscflnzlf%p@%ohyahamwﬂamlﬁ)or of hke

am no] benzonitrile (fromstep (i) (Alternative 1) above; 17 g, 96.5 muol)
in dry IVECNTFE‘@BWEEFWMS treated with triethylanmine (9.8 g, 96.5 mmol) and
t hen p-tol uenesul fonyl chloride (20.2 g, 106 mmol ). The m xture was

stirred at OC for 90 m nutes before being concentrated in vacuo. Water 10
(200 n) was ggdelt hRohhe dfesdtieengadibn: he fofelatsns (ordl beParemseraljf r act ed
with DCM The- organi c phase- was- dried (Na2SO4),. filtered and

concent r afped doncertrated forhmlatéens| andieolidsompesitions, pfithe iny¢ntign depend

crystallisation from.iso-propanol to yield 24.6 7799 of itle
conpound. Al tuponampny: facters;rHuchgis| the natre pf ﬂ}?élléﬂ%%élgt Zfr@e Saselsilt elo),
4-[( 3- hydr’oxyt é%ggé

%h%?isn ?Jq-uired in an oral formulation or in a final “ready to use”
parenteral formulation that is, or is to be, prepared, and the nature, and
amounts, of other constituents of the formulation. However, typical daily

15 doses of Compound A, Compound B, .Compound C, Compound D, or
pharmaceutically-acceptable salts thereof, are in the range 10 to 2000 mg,
e.g. 30 to 1200 mg of free base (i.e., in the case of a salt, excluding any
weight resulting from the presence of a counter ion), irrespective of the
number of individual doses that are 'administered during the course of that

20 Aay. (Tﬁe skilled person will appreciate that in the case of immediate
release parenteral formulations, such as those of the invention,
administration may be continuous (e.g. by way of infusion).) Preferred

daily doses are in the range 50 to 1000 mg.

25 Examples

The invention is illustrated by way of the following Examples.



15 benzonitrile (fromstep (i) (Alternative 2) above) was concentrated to a
vol unme of 300 nL by distillation and a further 200 nmL net hyl ene chl ori de
added and re-distilled to 300 nL (solution water by Karl-Fischer 0.07%.

Tri et hyl ar wiooe/08388e 55 g, 0.203 nol), followed by 4-(N, N dPeESENI00726

am no) pyridine (248 ng, 2.0 mmol) was 8f|d6d and the solution was cool ed 20
to OC. A solution of tosyl chloride (3870 g, 0.203 nol) in nethylene

chl ori de (15Brepatdtionddled over ca. 30 minutes with cooling and good
agitation, allowng t tenperature.fo rise to 5C rafction was stirred
for 23 hour sPrensration ot {ompaund Afnd Benzenesiiphonale Salt\hereols 1o\, o
triethylam ne hydrochloride precipitation occurred. TLC showed very little
25 if any further conversion of residual cyano al cohol at 20-23 hours.)
Vater (300 -gmmgggmogw%ﬁwﬂ@gor ously agitated for 15 mn.
The organic ' y distillation at 35 to 40C to a
vol ume 0f calicbiative I7A miixtuiesof Lfivpeobenzéiaile (l).Ovy D% dudolpaad 35 ni nut es.

(At this stage, sonme granul ar precipitation of rodu%{g occurred prior to
addi ti on WO emins3asopol/(§8622,0052 6unel) was s%ecgﬁbég |undef ¢8{18¢1L zat i on

Cont i nued uePRBOPHETIRF P Bifers wacr SRR e e, rhr B IR,

further -30 e dishi il dfethylor the
absence of n@ﬂ%‘iﬁé%ﬁ?’g&#@e}ﬂ)ﬂ %ﬂgrﬁé,s%rgf‘vgsst urff/ﬁﬁé&cgol ed t}g 0 to 5C
over ca. 1 h@ferW trife Sbi@ahid0idyef ivas séphrited d drib@r(NwSOy filetedehf. The
crystals were filtered on a nediumsinter and the conpacted danp filter

cake car abul kynoentiated ini vdruodb §igld Q)7 g $87%) op dreosub-tie campoun$@sAn| t er cake
was dried under vacuum and a ,stre(i\m of nitrogen overnight. .Yield : 52.6 g,
78. 4 nol e% ; oHrthg crysiallisad Hp@LSANAEM croanal ysis : found (theory) :' %C

6160 (61. 670 255 YFhdrdtehzonitrile (246 g 0.203 mol, Aldrich 99%) was
added to 3-amino-1-propanol (122.0 g, 1.625 mol, 8 equiv., Aldrich 99%)

and the mixture heated to 80°C for 5 hours, under nitrogen. The solutiqn

15 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 washed with water
(300 mL; Gé analysis of organic layer gave ~1.0 area% aminbpropanol
remaining).

20 Alternative 3 To 4-fluorobenzonitrile (30.29 g, 247.7 mmol, 1.0 eq), was
added 3-amino-1-propanol. (150 mL, 148.8 g, 1981.5 mmol, 8.0 eq). The
mixture was stirred under nitrogen at room temperature (27°C) until all of
the solid had dissolved. The solution was heated (ol bath) to 77°C and kept
at this temperature for 7 hours, before being stirred at ambient temperaturé '

25 overnight (14 houfs). Water (365 mL) was added, and the resultant cloudy
solution was extracted with dichloromethane (365 mL, then 245 mL). The
combined organic layers were washed with water (365 mL). The DCM
solution of the product was dried by distillation: solvent (200 .mL) was



ON : 8.44 (8.47); ¥ : 9.71(9.70). (iii)

N, N- Bi s(2-oxi ranyl net hyl ) benzenesul phonam de 15 Water (2.5 L, 10 vol.)

foll owed by epichlorohydrin (500 m., 4 eq.) were added to

benzenesul plpiagidde (250 g, 1 eq.). The reactants were heatesE@2mo7260C.
Aqueous sodi um hydroxide (130 g in 275 nL of water) was added such that the
tenperature of the reaction remai ned b8ween 40C and 43C. This took

appr oxi mat el yerfovesliand replavedrwitle fresh DEMUEOR kb x Miwe adbient @50mljeeds to .
be slower at the start of the addition than at the end in order to keep
within the tavassemovedto bringthetatabsolyentrvolyme Fr3e®lti on of sodi um -

hydr oxi de was conplete, the reaction was stirred at 40C for 2 hours, then
at anbi ent tenperature overnight. The. excess epichl orohydrin was renoved
as a water a I WSt Y nbar, internal tenp 25
300, until ﬁtg})?lé?-?ygg?ﬂﬁrﬁﬁg%w@lﬁfn&%@%@?g&p‘%ﬁ}%mOrret hane (1L) was
added and st hezlpgridtivee Bt iA r edoledpi (U°C)f aolitfonmi ofit ds[(3-Hydretypsepylwer e
allowed to séparate (this took 10 m nutes although total cl ear. phases

|
-are obt ai nathinébenzenitilel(fiomoiep (i) (hltgrmativeel)rhoyes] ey Qgéépﬁlpb)tl@d and the
BT 202/ 00728y MECH il Shal) swen eatoepatiapety aiss. (%8 46 Bimaiph Bid7g” op,
, J 4.4), 3.10- 3. .22 (4H Y . 2 .5 . ,
7 537, 63 (fhen pprofiepbitoptlohfortdt 202 4Ty Bmol): ©Fnb: B )

5- Benzyl - 3, 73%%% Ll oy fdrg}i'(gmiﬁdéé RRRY 'beiln%%&ﬂc%ﬁ&saéalmomcaa.e Wiier(2. 5 L,

10 vol) was a to the oronet hane solution fromstep (iii) above.
The sol utjgon (266 ndi)swiad hddtduotthé réshdus ané iradqueenpeolation avasemxdiaeted 70C.

Approxi mately 1250 nlL of solvent was collected. NMre |INS (12. 5 L, ,10 vol)
was added foiwiBwsdCh§. behs/|crgamie phaws mas giriede Ng23Q4bn el A on (no

exot herm seen),. and t reacti.on was,.heated at reflux,for 6 I,
c)ohcentrateJ] z% vacuo. 'I%e resuﬁtmg Tesidue was punfiled {)y crystaqﬁéﬁtl%n

from z'so-propahol to yield 24.6 g (77%) of the title compound.

Alternative. II The solution of the crude 4-[(3-hydroxypropyl)amino]-

15 benzonitrile (from 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%).

' Triethylamine (20.55 g, 0.203 mol), followed by 4-(N,N-dimethyl-
amino)pyridine (248 mg, 2.0 mmol) was added and the solution was cooled

20 to 0°C. A solution of tosyl chloride (38.70 g, 0.203 mol) in methylene
cﬁloride (150‘ ml) added over ca. 30 minutes with cooling and good
agitation, allowing the temperature to rise to 5°C. The reaction was stirred
for 23 hours .in the range 3 to 5°C under nitrogen. (After 5 hours,
triethylamine hydrochloride precipitation occurred. TLC showed very little

25  if any further conversion of residual cyano alcohol at 20-23 hours.) Water
(300 mL) was added and the layers vigorously agitated for 15 min. The
organic solution was concentrated by distillation at 35 to 40°C to a volume
of ca. 60 to 70 mL. iso-Propanol (100 mL) was added over 5 minutes. (At

this stage, some granular precipitation of product occurred prior to addition



(no change from 2 hour sanpling point). Mre benzylam ne was added (15 i)
and the solution was heated for a further 2 hours. The IM5s was distilled
off (ca. 3.25 L) and toluene was added (2.5 L). Mirre solvent was distilled
(ca. 2.4 Lwoumbssdgsen further toluene added (1 L). The hea#ct/SE®@nper at ur e
was now 110C. A further 250 nL of solvent was collected at 110C.
Theoretically, this left the product i@3ca. 2.4 L of toluene at 110C. This
sol ution was aﬂszed—pmpaﬂmh n€xystaltizgiionl beduyRed( 2aqidlyHaporCddftjon sf 75®3- 7. 80
(4H m ArH), 763 ArH, 7.30-7.21 (10H, ArH) 389t3 80(4H
in, CH(a) +CHrepanol.3 néllznon as mh@uew SiRg) vacgumoto| LHHIowS ﬂ’@llléﬁrf(

o oo %%?%%ﬁaaﬁe( 8 SO S (Rl g %ﬁﬂ%sHNBM 2

CHHNBn (D) ) , ﬁva% he%ﬁé;? bgdGCq'é‘fNﬁQ (am%cfofmw ned&nlo B?’h) )okydtiiat a taken

frompurifie risin mxture of trans? 25 and

ci s-diol (sb) )shiry was B@Blé)zl'tob fdJB‘KDbiJ&UédD hohyiir) with @lgw 3gi&aﬁkb1ﬁmd)helﬂ0| 0

_3.3. 1] honane - 'The toluene solution fromthe previous step (iv) above was
cool ed to 50@oi orelhguirad Os53Gkt Fheerystapsweredfilteredion @ mediymgintenaadbthe Thi s

caused a WO 02/ 083689 PCT/ SE02/ 00726, . 25 t e from50C to 64C.
After 10 mi nfOBPAcisE gi?bﬁ@fﬁ @rc@@ym@@ggaﬂ&; ]@1{q_§:§é‘?f’dp’f°ﬁ’én&eact i on
heated to 11 f S I eacti on;
1.23 L was cgﬁ) é‘@;)e ﬁ? ﬁj)tf‘recéliga%g? ﬁge&vﬁﬁgéghﬁag}l% 12}r%) Agﬁﬁgr“{el%? ﬁ%% not be
al | owed hi 9“%% @{t efd 282, 8%/ 78431, oPECWigtee4 Beavd.el d will be

decr eased. ct1on was en cooled to 50C  and a vacuum applied to

renove th@ rest of the toluene. Heating to 110C and 650 nbar allowed a
further 0.53 L to be renoved. élf t he toluene can be renoved at ? | ower .

tenperature Mitrosnadysie ¢ fomed ¢theary) s” %éhesl. 6@8061)57‘)‘418/01'1 541 (5 49
| %N : 8.4 (8.47); %S : 9.71(9.70).

(iii) N,N-Bis(2-oxiranylmethyl)benzenesulphonamide
15 Water (2.5 L, 10 vol.) followed by epichlorohydrin (500 mL, 4 eq.) were

added to benzenesulphonamide (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 between 40°C and 43°C.
This took approximately 2 hours. (The rate of sodium hydroxide addition

20 needs to be slbwer at the start of the addition than at the end in order to iceep
_ within the temperature range stat_ed'.)' After the addition of sodium
hydroxide was complete, the reaction was stirred at 40°C for 2 hours, then at
ambient temperature overnight. The excess epichlorohydrin was removed

as a water azeotrope by vacuum distillation (ca. 40 mbar, internal temp

25 30°C), until no more epichlorohydrin distilled. Dichloromethane (1L) was
added and the mixture stirred rapidly for 15 minutes. The phases were
allowed to separate (this took 10 minutes although totally clear phases are
obtained after étanding ovémight). The phases were separated and the

dichloromethane solution used in the subsequent step below.



reaction was then left to cool to 30C and dei oni sed water (250 nlL) was 10
added. This caused the tenperature to rise from30C to 45C. More water
(2.15 L) was added over a total time of 30 m nutes such that the

t enper at ur &o svB3dsess t han 54C. The sol uti on was cool ed t ecBREv2m0tR6t hen

di chl oronet hane (2 L) was added. Wth external cooling and rapid stirring,
the reaction mxture was basified by ad4i ng aqueous sodi um hydroxi de (10 15
M 21L) at al'}BI\MRI’(aOOKﬂ-DZ CIbEl3)NS 215, GSQﬂHeﬁﬁtMWQ (oH, oW 83%,.3.70u s t ook
80 mnutes. The stirring was stopped and the phases separated in 3 mnutes.
The | ayers w22 (4H; m), Gn¥8i3.73M2H,2m),) 7.80<7.961 2H, nv), t7058-di63h(1¢f,ampt hane
solution and distillation started. Solvent -(2.44 L) was collected until -the
head t enper at 8% 78d{2Re®)70C. Theoreti cal | y, this left the product in 1.56
20 L of IMB. The solution was then allowed to cool to anbient tenperature
overnight with slow stirring. The sol I d product that pr eci p| tated was
filtered ¢ , 1 ed, product
that, on ' s—steps). 20.0 g
of this prodms (msL d1($$'61 wesk hddedcst meldxéhlbmrﬁétﬁﬁnmdluﬁbnlfﬁﬁﬁme to give a
pal e 25 yell ow solution. After cooling to anbi ent tenperature, the crystals
that f or ned (iidrabovo| Theschition was| dlstd?adamttimhb mhehtemnemtamatemhedrl le (100

R A R R S A LI AL TS VNl
S)D,C 12) 918( ZHJ@S)?L 2@ ‘éﬂéwfgﬁ%%ffo%%@g%}&z &185}}“8‘?/ 1}30 AL 8% e in chie?® (2H,

3-B | Y( d
et 8. ger e e df 3 A0S Kot g ok

benzyl - 7- ( ph@wbhaﬂg@tﬁmyllz h@ummp?bmé -pisty.aMary benfydathirie wamadkbad((élGO g, see

step (v): aboveﬁ and the m xture was heated to reflux under a nitrogen
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 L). More solvent was
distilled (ca. 2.4 L) and then further toluene added (1 L). The head

15 temperature was now 110°C. A further 250 mL of solvent was collected at
110°C. Theoreticaliy, this left the preduct in ca. 2.4 L of toluene at 110°C.
This solution was used tn the next step.
1H NMR (400 MHz, CDCI3): § 7.83-7.80 (4H, m, ArH), 7.63-7.51 (6H, m,
 AtH), 7.30-7.21 (10H, ArH), 3.89-3.80 (4H, m, CH(a) +CH(b)), 3.73 (2H, 5,
20 CHpPh(a)), 3.70 (2H, s, CHaPh(b)), 3.59 (2H, dd, CHHNSO2Ar(a)), 3.54
(2H, dd, CHHNSO2A1(b)), 3.40 (2H, dti, CHHNSOsA1(b)), 3.23 (2H, dd,
CHHNSO2Ar(a)), 3.09-2.97 (4H, m, CHHNBn(a) + CHHNBn(b)), 2.83
. (2H, dd, CHHNBn(b)), 2.71 (2H, dd, CHHNBn(a))
(Da'ta taken from purified material comprising a 1:1 mixture of trans- (a),
25 and ci.t'-ciiol (b)) '

(v) 3-Benzyl-7-(phenylsulphonyl)-9-0xa-3,7-diazabicyclo[3.3.1]nonane

" The toluene solution from the previous step (iv) above was cooled to 50°C.

Anhydrous methanesulphonic acid (0.2 L) was added. This caused a



at nosphere. The solid dissolved in the acid at 95 C. After heating the
reaction fér 8 hours, HPLC anal ysis showed that the reaction was conpl ete.
10 The contents were cooled to roomtenperature. Toluene (1.2 L, 3 rel.
vol .) was adaeshiossdet he mi xture stirred vigorously for 15pOT/SED2809726
Stirring was stopped and the phases were partitioned. The toluene phase
was di scarded along with a small amount 28f interfacial material.. The

aci di ¢ phase \emperature mis¢ fromt 5¥Cotd 49l Afternd 0 inoimutess sedthanedulpbosiodi um
hydroxide (10 M, 1.4 3,5 rel. vol.), s added_ in gne portion., The

i nt er nal teméP@tﬂ?%a$4§§élfL)&ﬂd§b9 @alc%;og%g@pg‘{mélgw =] E%‘Eékg@h%e@e ensure
it was >14. Tql uepe. < o 4 rel . vol, - added, a t t rature
fell from 80* %ratsgtﬂ%%ﬁ%%ﬂ%dkfé?mvtﬁaaﬁ%lgnsﬂ12‘3’?]?%asf %ﬁleﬁ%%m &ﬁ?tgstﬁgp e phases
were partitio h&mn ' gﬁeq. 217909t afy 2fh0amal |
anount of int glﬁggn&ral tggggp@gﬁgoﬂtﬁg%@@ag& se @gs ?et urané1 ytogtéhe‘
origi nal reacbtlimrwiseshelyield aild bé dperepsdd) THeArehetickDwhethen\tobled tod9°@dded.

The tenperature was adjusted to between 40*C and 45' C. Concentr at ed
hydrochl ori c &8fl@ Yazoummapplisddo aamee dveresief thertolusne. dleatingHatl 10fe , .
t erature renmgined at hetween. 40' C 45*C. A i recipitate 25 '
formed . The' e 698 sre aLoER acfurtber 0,55 bt hegemaietls (e SnClobieoh cad by ¢ The
duct L Lrati.on ' 28 2re
product 1 SRLbGFER ofd Liihkffs 1REBESIL or et AR 1he .2,
Yield 297 g (et 02/ BR3G8R BCECEE0B090 %28 eloniddd WiRer(GBGQRY ¥ whsdlr oPS
D20): S 2.70 (br d, 2H), 3.09 (d, 2H), 3.47 (br .s, 4H), 3.60 (s, 2H), 4.12
(br s, 2Hup 7a8€edl. Bhis(canscdHhe toiperMure to dse=frahB (°CLOGHIBITR OMidkerwater (Vi i )

3, 3-Di net hyl -1 - &9- oxa- 7- (phenyl nmet hyl ) - 3, 7- di azabi cycl o[ 3. 3. 1] non-
3-yl ] - 2-'but anbhé5 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 rapid stirring,
the reaction mixture was basified by adding aqueous sodium hydroxide (10
15 M, 2 L) at a rate that kept the internal temperature below 38°C. This took
80 minutes. The stirring was stopped and the phases separated in 3 minutes.
The layers were partitioned. IMS (2 L) was added to the dichloromethane
solution and distillation started. Solvent (2.44 L) was collected until the
head temperature reached 70°C. Theoretically, this left the product in 1.56
20 L of IMS. The solution was then allowed to cool to ambient temperature
overnight with slow stirring. The solid product that precilpitated was filtered
and washed with IMS (0.5 L) to give a fawn-coloured, product that, on
drying at 50°C, in vacuum, gave 50.8 g (8.9% over 3 steps). 20.0 g of this
product was dissolved in acetonitrile (100 mL) at reflux to give a pale
25 yellow solution. After cooling to ambient temperature, the crystals that
formed were collected by filtration and washed with acetonitrile (100 mL).
The product was dried in vacuo at 40°C for 1 hour to give 17.5 g (87%) of

~ sub-title compound.



Water (500 nit, 5 vol) followed by 1-chl oropi nacolone (45.8 nm., 1 eq.)
were added to sodium bi carbonate (114.2 g, 4 eq.). A solution of 3-benzyl -
9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1] nonane x 2 HO (100.0 g; see step (vi) above)
o in wat erwp3d@sysss 3 vol.) was added slowy, so that thePewst0026 of
carbon dioxide was controlled (20 mns.). The reaction m xture was heated
at 65 to 70C for 4 hours. After cooli to anbi ent tenperature,

di chl or onet hahil NM@(MGQ Msz(iIDGlgWa& 7atﬁié‘(23a(1(ﬂ)H ethb €3.8653.84 (2Hgm)or 15

m nutes,, the pha were se geous phase was washed with

di chl or omet hafhé7((250d)|.§ 4 (2H, 59/64 95 (%I‘hcﬂ)t 28562 Hadds 2006 25614) conbi ned. The
solution was distilled and solvent collected (550 nL). Ethanol (1 L) was
added and the distillation continued. Further solvent was collected (600

). Ethanol (g 3lHengpoaddets andatingoidl £ 1kdihhen 2aes i nued. Furt her

sol vent was c ected—( 500t (thethead—tenperature-was now 77C). This

sol ution 28 (Cbgedntlatsh I\%&roﬁﬁﬁm@lm@ 1.21503 r7k]. ofol ytwinaddedmsselied- di rect |y
in the next step. 1H NVR (400MHz 13): S'1.21°(9H, s), 2.01-2.59 (2H, -

m, 2.61-2. 65ber(231H7 (wﬁn)ﬂsﬂﬁh(m}é)39{om3 7.a)d;azabrwcl(023-|3 1§1)qna31e5:(40@ H,g, s) 3.87
(2H, br s), 7.26 H, )y 733 (1H .dd, 37 6), 7.47 d,
J7.6). 25 (vi$g®) step v) above§ and 'the mlxture was heated to reﬂux unider a nitro en :

BarT o o BirgrERER ST Sotf HbEad g sl IR 3-8, ) it HeRShe
Mat t hey Type fhﬁ@ﬁanmﬁ&ﬁ@dxqmct g%lmﬁ%d%ﬁhmabqea&foarwamﬂplet@ ous step

(vii) above. The m xture was hydrogenated at 4 bar. The reaction was WO

02/ 083689 1(°CTTREO2¢ M6 2®erec Orepblidr edo corohet etembbratur®. hour Toluthe
catal yst was renmoved by filtration and washed with ethanol (200 nL). The

conbi ned et hatia? ki Bt relt ool.) wease addgd vaduthedmintuse etirredx yigosowsly 9pl uti on
assay gave 611? n%nutes étlmng was stopped and the phases were partitioned. The

toluene phase was discarded along with a small amount of interfacial
mﬁterial. . The acidic phase was returned to the original reaction vessel and
15 sodium hydroxide (10 M, 1.4 L, 3.5 rel. vol.) was added in one portion. The
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 discarded aiong with a
20 small amount of interfacial material. The toluene phase was returned to the
original reaction vessel, and 2-propanol (4 L, 10 rel. vol.) was added. The
temperéture was adjusted to between 40°C and 45°C. Concentrated
hydrochloric acid (200 mL) was added over 45 minutes such that the
temperature remained at between 40°C and 45°C. A white precipitate
25 formed. The mixture was stirred for 30 minutes and then cooled to 7°C.
. The product was collected by filtration, washed with 2-propanol (0.8 L, 2 rel
vol.), 'dri'ed by suction and thén further dried in a vacuum oven at 40°C.
Yield =297 g (91%).



product in ethanol (theoretically 1.35L; nmeasured 1.65 L). A portion of
the 5 product was isolated and purified. Analysis was perfornmed on the
purified product. 1H NWVR (300MHz, CDC13): 8 1.17 (9H, s), 2.69 (2H, dt, J
11. 4, 2.4), wb@Bs3s¢2H, d, J 10.8), 3.02 (2H, d, J 13.8), BCPBEQRAMY26S),
3.32 (2H, dt, J 14.1), 3.61 (2H, br s). 10 This reaction may al so be
performed using a | ower weight ratio of 2dat al yst to benzylated starting
material . Thi §HMMR<€C&3IOEVI9¢Idicps®2@)*§I2m(Hmi GbT), 3.08y(d, 2Hyr3.€kémpl e by
using different catalysts Ssuch as Cwith a netal |oading different

fromthat in Shets (54 8H) ol 21(Brss, 2&)})759’&&%(5@,\/3‘1) or 15 Rh/C) and/or by
| mprovi ng the trgnsf, ro the reaction nixture (the
skilled persomﬁ' H&F@ipiﬁé3ﬁ§§ﬁ2ﬁmg’ved mass transfer may be

obt ai ned, for exanple, by perform ng the hydrogenation on a scal e |arger

t han that described in the above reaction). Using such techniques, the

wei ght ratiso Wiiwsabuﬁéth 101-$9 -k AEydiagabiieytleB. bploaw 4: 10
(e.g. 20 between . enzenesul phoni ¢ aci d.

salt nonohydr 3t-yd]-2§bum0md | Pot assi um car bonat e (56 6 g, 1.5 equiv) and

3- (4-cyanoani | i no) pr -4- nethylbenzenesulphonate (see step (||) above,
00.3 o 1 equiWpiendse Mles voLb Wlioveath Aok ouBrammaselare (458 L, 1 eh)

Siep(uii) ansRatERl b pRMATRENE e AR %ﬁ‘&oﬁ*@%b?égﬁ"’” Hheat ed

at 80C for 4 ol
PCT/ SE02/ 0072 %%153 72"%%?%3 (gb?mggc’ﬁso rrggge%ﬁ?é? anoan |noflp))?‘6egyl-_4-

10 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
. 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
15 mL, 4 vol.) and the organic extracts combined. The solution was distilled
and solvent collected .(550 mL). Ethanol (1 L) was added and the
distillation continued. Further solvent was collected (600 mL). Ethanol (1
L) was added and the distillation continued. Further solvent was collected
(500 mL) (the head 'femperature was now 77°C). This solution
20 | (theoretically containing 1150 mL of ethanol) was used directly iﬁ the next
step.
IH NMR (400MHz, CDCl3): 8 1.21 (9H, s), 2.01-2.59 (2H, m), 2.61-2.65
(2H, m), 2.87-2.98 (4H, m), 3.30 (2H, s), 3.52 (2H, s), 3.87 (2H, br s), 7.26
(2H, 4,7 7.6),7.33 (1H, dd, J 7.6, 7.6), 7.47 (2H, d, J 7.6).
25 .
(viii) 3,3-Dimethyl-1-(9-0xa-3,7-diazabicyclo[3.3.1]non-3-yl)-2-butanone

Palladium on charcoal (44 g, 0.4 wt. eq. of 61% wet catalyst, Johnson
Matthey Type 440L) was added to the ethanol solution from the previous

step (vii) above. The mixture was hydrogenated at 4 bar. The reaction was



met hyl benzenesul phonate (12.2 g) was added, and the resultant was heated

at 80C for 4 hours. Solvent (1.35 L) was distilled, then iso-propyl acetate
(2.5 L) added. Solvent (2.51 L) was renoved. iso-Propyl acetate (2.5 L) 5
was added. R oz@siesg 0. 725 L) was renoved. The internal tenper/gkazrer26as now
at 88C. Sol vent (0.825 L) was renoved, |eaving the product as an iso-

propyl acetate solution (theoretically i28 2.04 L). After cooling to 34C,

wat er (0.5 L) coasidemtdedmpléteraftendshaurbl dthe catalpsinsasoremeagshbfiltrationPd, in

the m xture. The pH of_ the aqueous phase was 11. Sqodi um hydroxide (1 M 10
0.31 L) was ad8aWeskd math enobn@BPamive Bk jcoubirarhisthae] Blvatene

o 15° e o ERE bW sep (B Betdn S EuioR SRl adle b LB £ BERE PO°°
water (0.5 L) pm&ﬁﬂeﬂma%é&ai&ngg% ﬂ?ﬁﬁaﬁﬁ@@{lﬁsgg)é dz[[bgr&&ysmé phase:

was di scarded.” The remal ning ester ution was renove 15
suspended par tpredues wasrisolated dndl purtiied. Mﬁalyﬁema(zqﬁ&fmeamrﬁthewrhﬁea L. The

solution was then split into 2 x 1 L portions. (In order to avoid producing
sub-title progoeductonprising a high palladium ‘content, the follow ng

treatnent may .be performed: Deloxan(r) resin 20 (12.5 g, 25 wt% was added
to the sol uti ¢il UR’IRN%O(?%, 6dXel3):10 1)17 (QF 5),12e69 RBtdiy & 1Reai2et), 393r ef | ux

Wi th vigorous stirLri urs, .. The .so o] hen cool.e 0 room
t enper at ur e, e@g’ M?@@i%%ﬁ(%@g %8)9 _3,2,4]&[-*@& W’ ﬁ%erﬁc;\?e]d’ &ﬁtl
filtration:) ﬁfﬁﬁ& gssay was performed to cal cul ate, the required anount of
benzenesul phoni ¢’ acr’d, to nake the benzenesul phonate salt. A solution of
benzenesuljphonic acid (20.04 g, 1 eq., assunming acid was pure nonohydrate)
in isopropyl acetate (200 nli) was added over 5 minutes WO 02/083689.
PCT/ SE02/ 00728 hi0reag¢tiet trevy dlso helgesformed usihg pokosie vedight tabiovofgmataiyst
stirring'to the_ soluytion of the . . o ,

to benzylated starting material. This may be achieved in several different

ways, for example by using different catalysts (such as Pd/C with a metal

loading different from that in the Type 440L catalyst employed above, or

15 RWC) and/or by improving the mass transfer properties of the reaction

mixture (the skilled person will appreciate that improved mass transfer may

be obtained, for example, by performing the hydrogenation on a scale larger

than that described in the above reaction). Using such techniques, the

weight ratio of catalyst to starting material may be reduced below 4:10 (e.g.

20 between 4:10 and 1:20.).

(ix) Compound A, benzenesulphonic acid salt monohydrate

Method 1 _

25" Potassium carbonate (56.6 g, 1.5 equiv) and 3-(4-cyanoanilino)propyl-4-
methylbenzenesulphonate (see step (ii) above, 90.3 g, 1 equiv) were added
to an ethanol solution of 3,3-dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3.1]non-
3-yl)-2-butanone (see step (viii) above; 61.8 g from assay in 1.65 L). The

reaction was heated at 80°C for 4 hours. An assay showed some reactant



free base (1 L) and a pale yellow precipitate formed. The tenperature rose
from18C to 22C. After 10 m nutes, the m xture was cooled to 10C and the
product collected by filtration. The product was washed with iso-propyl 5
acet ate (25wond2jos3e8ucked dry on the filter then dried undePCT/aEQWOAT2at 40C
for 2 days to give - 59.0 g (61% from 3-benzyl - 9-oxa-3, 7- di azabicyclo
[3.3.1 ]nonane x 2HCl). (The crude benzéesul phonate salt was alternatively
prepared by tremained add(8.8on @), a 79% (whaye aqudddsysnoaniling)pudpyl-4-

benzenesul phoni ¢ idto et hanolic solytion qQf the free base.)  The
crude sub-ti tp@ﬂ?ﬁﬁ%fmﬁ“i%%'@aﬁgc? gk Was ﬁgﬁaﬁwadb% respifany waﬁfapa%@oo )
and water (25 r e r -1 ket | n 0] . The
sol ution was gtea edﬁoﬁ}@%.g' %a"?‘ger”ﬁérgm“gﬁt algéﬁ%%gﬁ%%éﬁroé%ccﬁé :

sol ution was \ekd )adddedC ddlve 1(3151% wastreﬁey&eoliﬁdm??l aketeen . sLpour.
Precipitation started at 18C. e cold solution was iltered and the
filtrate washedsaddéd. eSblent (WZ2%eL) (as temad@ed! SDherigternalitdoepbratuye wast he -
filter, and then dried in vacuo at 40C to give pure sub-title product

(41.2 g, 829 noyv B8 ¢edplvenh(Q.32%L) was regovsd, eavingdbie predust ahagiseat er
volumes of solvent if necessary to fit th ti vessels e.g..-25 EtOH :
water 2:1, 45P¥Payl.i af%@@eséﬁéﬂ ﬁ'@gmsﬂtly E’P%*é‘fiaat %eﬁ:cff)ﬁﬁg t90§4. C(?gave 70%
recovery).) T -4 c | f ol | owi ng
tho T estryst APETda L s BERME iR D bBLE Spdkloh, ERAGIYHrF S, it
diffraction). th4Gnfdie8 3R CTL 86y Bifasd wavEllln 8ddilint Ay droxide (1 M,
3-(4- Cyanoani | i no) propyl benzenesul fonate To the sol ution of '
4- [ (3- hydnoxyQadpl) wasi addetle sa dhatt thie| temfperature swas 1gss )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

was discarded. The remaining ester solution was filtered to remove

15 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"
content, the followiné treatment may be performed: Deloxan® resin
20 ' (12.5 g, 25 wt%) was added to the solution of the free base (1 L), and the
mixture heated at reflux with vigorous stirring for 5 hours. The solution was
then cooled to room temperature, and was stirred for 2 days. The resin wa's

removed by filtration.)

25 An assay was performed to calculate the required amount of

benzenesulphonic acid, to make the benzenesulphonate salt.

A solution of benzenesulphonic acid (20.04 g, 1 eq., assuming acid was pure

monohydrate) in isopropyl acetate (200 mL) was added over 5 minutes



5 Alternative 3 above, assuned 43.65 g, 247.7 mmol, 1.0. eq) in

di chl oronet hane (360 niL total solution volune) was added, sequentially,
triethylamne (52 nL, 37.60 g, 371.55 mmol, 1.5 eq) and trinethylam ne
hydr ochl ori e i2bd3682 g, 123.85 mmol, 0.5 eq) in one porti opcT/SE0/0yRE| oW
solution was cooled to -20C (using an acetone/dry ice bath or a cold
plate), to and treated with a solution 30 benzenesul fonyl chloride (32 m,

43.74 g, 247(bettents add slowenif possibile) with vigerdvsstirgizg o the soution of thet h

t toth hol i ual.i sji d f | .
ool uton s RCEDS 308 sl o L e B AR ¢ o
1 d -14C. 14 { k 25. m t 1 | et @, 1 xt
then stirred fom WEGISRRG, Bbek 0 nmd, B Bhehd woTR0d re JOMCERE 1) © 0°
added and thethég;%ﬁ&@ét%ﬁéé’ceﬂ‘%?%l{rﬁﬁéﬁol"hg gf'odwwg valRed 44! Sslp to 0C

and stirred vidorously for m nutes. The organic layer (volu 570 m)

was col | est edcetatd (256 nll), eubletl day wasthé ilter thenedriad wnde vaewmu at BONC (450 ni,
pot tenperature 40-42C, still-head tenperature 38-39Q). "Ethanol (250 20 nl)
was added, anfbrthg sdayst ioh \give alI%hed t d6t%ol fiom bel-banBiE-oxd-dile

turning on the, vacuu sol ve s renmoved (40 nL .was col |l ected,
pressure 5.2 g%a 1 Tﬂ@zﬁ?ﬁf"%@ﬁ%@@?i,l | -head tenperatures were 21-230),
and the product gradually canme out of solution. The distillation was
stopped at this point, and nore ethanol (50 nL) was added. - The m xture

was 25 var med(filor i GenbaiohubhoRf6) silp WAC dienitivenl Whesdibd e el 1, and

water (90 nL) was$ added slowy via a. dropping funnel. e solution was.
stirred g6 owhddidon rodan7d%nivewatagueo2gtitia ef begreneilphbmiorasjd tdgn whi ch
time . sone product  had crystallised out. The m xture was cooled to -5C

(i ce/ met hanol etﬂiﬁﬂ‘ﬂ}c splatien pf thedregtbasey) s tenperature for 20 m nutes before
WO 02/ 083689 PCT/ SE02/ 00726 32 <collecting the pale yellow solid by
filtration. The solid was washed with an - .

The crude sub-title product is isolated as a monohydrate.

15 thanol (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 started at 18°C. The cold solution was
filtered aﬂd the filtrate washed with ethanol:water (2:1;

20 150 mL), sucked dry on the filter, and then dried in vacuo at 40°C to give
pure sub-title product (41.2 g, 82%).

(This recrystallisation may be carried out with greater volumes of solvent if
necessary to fit the reaction vessels e.g.

25  EtOH : water 2:1, 45 vol. (gave 62% recovery)
EtOH : water 6:1, 35 vol. (gave 70% recovery).)

The sub-title product was isolated as the monohydrate following the

rescrystallisation (as determined by single crystal X-ray diffraction).



et hanol /water m xture (42 nL EtOH, 8 nL H20), and suction dried for 30

m nutes before drying to constant weight in the vacuum oven (40C, 72
hours). The mass of crude product obtained was 47.42 g (149.9 nmole, 5
60% . Et hanelo @2leskssl, 8 vols) was. added to the crude prodorsE2207200 g,
63.22 mol, 1.0 eq). The m xture was stirred under nitrogen and warned to
40C using a hot water bath. On reaching3his tenperature, all ‘of the solid
had di ssolved to give a clear, yellow solution. Water (60 nL, 3 vols) was
added dropw se over _a period of 10 minutes, whilst the internal tenperature
10 was mai nt aiMeod g t he range 38-41C. The water bath was renoved, and the

sol ution was. ,al Q Gpol. to C over .40 nut es, by Wmchtlrre
crystallisati @%@ﬁ&%ﬁ%ﬂ%ﬁgﬁ%ﬂm& ed to -5C over 10 m nutes,
then held at tHy she SOMBLALI £7fRhH T || ow
solid was collected by fti Itr { %c?roi&r%)?glgaré déhgbﬁﬁ?](? Q?nlﬁfgetgp)(ghen
dried to 15 coitdrpativened ghbove) asstaadunddng®n ,(42l47715mhepra)o dd)e imass of
sub-title conpound obtained was 18.51 g (58.51 mmol, 93%(fromthe crude

product)). (byichierometiaang (%@rmbn@ﬁllqohﬁrmovdum) st addedphgqieatiall g0 To an
et hanol sol utlo t ot.al 7 approx.. 20 vols th respect to the
am ne) of 3, 3VERREERYNe I(gé)@%geé §8 s(ﬁ@t%gmb dp3e9) Eﬂl&n i

(vi 1y abovey aberbit @18, LSk RmREIEY oy I Bas pBRt ?l%aeﬂ"‘(igeo?t P
g, 154.52 mmlsoluiioﬁ’ vk coofel 121-00°¢ ?ﬂsn%’ﬁ‘?(%etbﬁb/&ﬂ%o@%ﬁi Ofa cdid§lagul t ant

25 m xture was heated at 74C for 6°h then stirr room-t enperat ure

(20C) for 165 kndrireatedvwitht deolutiek erfoberizbwesafbhylechlpgds ¢B2 whl) 42 fgrgei at e
that the reaction wi'll also succeed without this prolonged stirring at room

t enper ature) . 26¢ Hmol,(lswq)wu) mbbrmnﬁmw(ﬂ&rmlwétvds Wﬂb@empt toeihe added

I(DtCEI]'} ;Eggyg nggyanoa coljlxoi_| Y Via a prtegsgraé equa 1smg groggﬁlgq%nn&t )The Eﬁgtl(\)/fp w%%/ 083689

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
15 35 minutes at between <15 and -10°C. Water (365 mL) was added and the
temperature rose to 10°C. The mixture was cooled back to 0°C and stirred
vigorously for 15 minutes. The organic layer (volume 570 ml) was
collected and distilled at atmospheric pressure to remove DCM (450 mL,
pot temperé,ture 4Q—42°C; still-head temperature 38-39°C). Ethanol (250
20 mL) was added, and the solution was allowed to cool to below 30°C before
turning on the vacuum. More solvent was removed (40 mL was collected,
pressure 5.2 kPa (52 mbar), pot and still-head temperatures were 21-23°C),
and the product gradually came out of solution. The distillation was stopped
at this point, and more ethanol (50 mL) was added. - The mixture was
25  warmed (hot water bath at 50°C) to 40°C to dissolve all the solid, and water
(90 mL) was added slowly via a-dropping funnel. The solution was stirred
slowly at room temperature (20°C) overnight (15 hours), by which time
some product had crystallised out. The mixture was cooled to -5°C

(ice/methanol bath) and stirred at this temperature for 20 minutes before



33 adding the water, the pot tenperature fell from80Cto 61 C. The
solution was re-heated to 70C, then allowed to cool naturally to anbient
tenperature overnight (19 hours), whilst stirring slowy. A solid was
observed atwolesmsnge. The mixture was cool ed to OC and tkemiseRioned at 5
this tenperature for 15 mnutes before collecting the off-white solid by
filtration. The solid was washed with a32old 2:1 mixture of ethanol : water
(150 ), suctcobectihg the paker yelloRbsdlolibg filtrdtom. dPhensadid wals wadl@d @ithlaour s) .

The mass of crude groduct_ obt ai ned was _57. 91 103.3 mpol , 60% . 10. The
crude. product clsobwaia mistise (68 malz gt 8 mhsHa)end swstionydriaiier 30

T I A
R talli ' : 3
(oLl ST orlR il LSRRG 9 ks S5igmy o

heated to $5C60M) Bkesl @60 HL 58 Glo¥s) dvat adfed.to the cAdeirbaictWan.0bed,d at 75C
for 5 mnutes, before being cooled to 5C over 1.5 hours. Precipitation
started at 3563.22remed) O eqp| Thé mixtweeswhs stiregscanden ditrégencmid| vearined to
precipitate owashed w th ethapol 20 ter (2:1, 168 nmL). The sqlid .
mat er i al Was%c(i\s/aé‘d“@r%/w%wﬂ?é baih,. : @n reacdyng this franpryaturs. &l phthes0i8 at 40C

bonsemestl onabhd didafvel tolivR 5 dek VAP ¥Opy By RBF L. 20 ubfE) WA, on S
was added to BgHEPEDPHAH mrglv,ghrrmai mdg?gﬁutéso%ﬁisi PR gl teﬂn?ex‘%ﬁr@'

di chl oronet hane (1.0°L, 20 v The ‘conbined m xture was stifred for 15

mnutes. Tibe hamengintatiicd inhkorappasat oC. aritk watetbhth wasreniovell, 4@ 02/ 083689

PCT/ SE02/ 00726 34 . ' _
solution was allowed to cool to 25°C over 40 minutes, by which time

crystallisation had begun. The mixturé 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

15 constant weight in a vacuum oven (40°C, 15 hours). The mass of sub-title
compound obtained was 18.51 g (58.51 mmol, 93% (from the crude
'product)).

® Compound- A, benzenesulpﬁonic acid salt monohydrate

20 To an ethanol solution (total volume 770 mL, approx. 20 vols with respéct
to the amine) of 3,3-dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)-2-
butanone (assumed 34.97 g (verified by assay), 154.5 mmol, 1.0 eq; see step
(viii) above) was added 3-(4-cyanoanilino)propyl benzenesulfonate (49.05
g, 154.52 mmol, 1.0 eq; see step (a) above) in one portion. The resultant

25 mixture was heated at 74°C for 6 hours, then stirred at room temperature
(20°C) for 65 hours (over the weekend; the skilled person will appreciate
that the reaction will also succeed without this prolonged stirring at room
temperature). Ethanol (370 mL) was removed, and water (200 mL) was
added (this gave a 2:1 EtOH:H20 mixture, total volume 600 mL). Upon '




interfacial material was left with the upper aqueous |ayer. Ethanol (500
m., 10 vol) was added to the dichl oronethane solution and then solvent was
renoved by distillation (1.25 L). The still head tenperature was now at

78C. The sowgomssesms al |l owed to cool to bel ow reflux and pérmsEdzanms (250
m., 5 vol.) was added. Solvent was renoved (250 nL). This warm sol uti on was
diluted with ethanol to 890 nmi, 17.8 voB3 (25 vol. assumng 100%

conver si on t oafdiag thesajer, fietpot teroperatige fall frefm 8Q°CG tne61%€%| The soluias cool ed
slowy. At 5C a see of ,.titl und. was _.added. . Crystallisation began
and the mi xt uMé@s wa% gated iy ‘ZQESC r agwgd nig ezool- g@tuqqlg' pPodmbienta

She product wpErE baRALHE P hollh oA Wiring, 1SRy ?6 g 3&’?30'@ ve
an of f-white pBRYWeEd ﬁ?ﬁn@s&ge 74104@6 m%&hﬂ@'\@asf éﬁ(?e&"fg O°@%jd3ﬁhe StifreBGit /- 82
(2H n), 7.39-7.32 (3H . =6 (oH N A1 4. 07

(4H, m, 3570ﬂ(1§H¢mp)3ratli?ce3ﬁ>r31533uﬁ14ﬂe& befdrd mllecﬂng&héziﬂfuﬂa)me s’blitIZbyzH d),
2.90 (2H, d), 2.28-2.21 (2H, m), 1.06 (9H 's). 13C NVR (CDC13): S 24.07,
26.38, 41.52 fillzatom. The whd %aszwyasheé with a @id 26 mgstuse of ethenehwatez1. 03

4113?[ ;13( 9|-VSX§AE§RS7O H'ilézﬁlﬂ)‘f?t %‘é‘%\é\;'{% h?gﬁg?gdﬁ%%’%ﬂalﬁlﬁﬁn%@}& Phows)trile
oy 11 MeoN (HaaHst oF Ehada ol obualitdyaCb81 B0 2 BAEEE 60br,0° 9 0 0s2

nol ). The m xture was stirred at 50C overni ght before DCM 25 was added and
the mixture filtered. The filter cake was then washed with a mnixture of
DCM and MiGN Béeereda prodsot wes foumbtoele B8 AGYe gurer @mndetermified by HRLC The

resul ting residye s purified by chromat ography on sili ca eluti ng with a
gradi ent of ef VSl\é\\ﬁéWQﬂé’as rﬁevﬁawépd (ugingohe praceduse Kgtraled heéms D to

95:0:5), to gl v% thSut- hrtlle%oﬁl% d'itt'a gurﬂg' 99! 79,5/9 (%4% recovery)

Recrystallisatien procedure:

15 ' Ethanol (562 mL) and water (281 mL) were added to the crude product
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 washed with ethanol :

20 water (2:1, 168 mL). _The solid material was sucked dry on the filter, before
being dried in vacuo at 40°C to give product (47.1 g, 84%).

(x) Compound A (free base)

25 Method I
Crude benzenesulphonate salt (50.0 g, 1.0 equiv, from step (ix) above;
Method 1) was added to aqueous sodium hydroxide (1M, 500 mL) washing
in with dichloromethane (1.0 L, 20 vol). The combined mixfure was stirred

for 15 minutes. The layers were then separated and a small amount of



WO 02/ 083689 PCT/ SE02/ 00726 35' Preparation B(l) Preparation of Conpound B
(Method 1) 5 (i) tert-Butyl 2-bronoethyl carbamate Sodi um bi carbonate (6. 15
g, 0.073 nol) and di-t-butyl dicarbonate (11.18 g, 0.051 nol) were

di ssol ved i womo2roBassur e of H2O (50 nli) and di chl or onet hanep(i/S6o02roh)26 t hen
cooled to OC 2-Bronoethylam ne hydrobrom de (10.0 g) 0.049 nol) was

added slowy as a solid, and the io readfion was stirred overz%lght at 25C
The di chl or ontexfaciake matpsal weas lefepaitht 8, upperhaduedush 1420 ( Xibamdl) and

' i j i 1 H = 3.5).
\',I\'ﬁzhg?g\gnit 2 . ?éﬁ l‘%ljag ?0 géqlbgg%ﬁamohﬁém%fq?@éngdgqlggogﬁéf)ﬂwe%r Lde
oil was .chro y WL el . el g W th.di.chl.aronet hane to
afford 7.87 g@%g&(’ %%%%U?Cﬁ@g'sﬁgm?iﬁqheﬁcﬁ%gu nﬂ)gﬁeagmi }tﬁlagaEF{npﬁ{?lt'&rFl ess

SH) : Aé:_l I\N/BNR E%&g%bgﬁg?}% sgolgﬁorg Wa? :Jlfg)WedstoA'gdo:f'tg 7beﬁc§gv réthx a%‘ld47 (s,

3- Benzy! - 950X gthdndt @502abi § ¥ol.Pivds 3dddd)09aNEntwAs HmovERi @50 mE)) Rhiser native
it eo- necked. Wammisolaion (uaspyiddted withaetmpsletd 698Uk ; 7.8 sal, (GFvobret er
and a reflux condenser. DAqueous_hygroé)rog' gﬁ)aci)f@éﬁﬁ%t, ’0.t76' fITl 4th51 nol )
was added to a¥umng.- Y¥i%s gonyersinieig| fken basmy| oreatpy to retlux the

3, 7-di azabi cycl 0[,3.3. 1 noytl e, (190 g, 0.53 | . see Preparation A(v)

above) and théolﬁLQTt‘lYYBé] ecﬂé&‘éu- ?‘g5r°§f4'l§§er$ﬁﬁ&ﬂerﬁ°tm%’éﬁl.wﬁéd§ﬂ-i d

di ssol ved at 9Q0C. After Beatin he nixture for hour s gﬁanal si's
showed t hat t FrEY§teilizatiosn, began é%ﬁ%h‘%?@’.‘%é"%oﬁ?@hz%t g/eé(—fo& | BPYES r oom
temperatung. TREUGREE: Gl ¥BRecAdtCty Ahfldiidl Td! WRnkES witkl "dfishdior @

(2 x 50 mL, 2 x 1 vol.)., The product was then dried-in a vacuum oven at

40°C for 60 hours to give an off-white powder (26.3 g; 74%).

1H NMR .(400 MHz, CDCI3):  7.86-7.82 (2H, m), 7.39-7.32 (3H. m), 7.30- |

7.26 (2H, m), 6.47 (2H, m), 4.11-4.07 (4H, m), 3.70 (2H, s), 3.36-3.33 (4H,‘ :
15 m), 3.26 (2H, t), 3.12 (2H, d), 2.90 (2H, d), 2.28-2.21 (2H, m), 1.06 (9, s).

13¢ NMR (CDCl3): 6 24.07, 26.38, 41.52, 43.52, 56.17, 56.47, 63.17,

68.46, 96.61, 111.64, 121.03, 133.43,

MS (ES): m/z = 385.1 (M+H)*+

20 Method II _
A mixture of 4-{[3-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)propyl] amino} -
benzonitrile (see Preparation B(I)(vi) below; 5.73 g, 0.02 mol), KoCO3
(11.05 g, 0.08 mol) in MeCN (300 mL) was treated with l-chloropmacolone
'(4.44 g, 0.032 mol). The mixture was stirred at 50°C overnight before DCM

25 was added and the mixture filtered. The filter cake was then washed with a
mixture of DCM and MeCN before the solvent was evaporated from the
filtrate. The resulting residue was purified by chromatography on silica,
eluting with a gradient of ethyl acetate : methanol : ammoniacal methanol

(95:5:0 to 95:0:5), to give the title compound (5.8 g, 73.9%).



WO 02/ 083689 PCT/ SE02/ 00726 36 few m nutes. The phases were separated. The
aqueous phase was returned to the original reaction vessel and aqueous
sodi um hydroxide (IOM 0.85 L, 8.5 nol) was added in one portion. The

i nternal tewpanasiggse rose to 80C and the mi xture was str opgi/SECRAGRE .

Tol uene (0.8 L) was added when the 5 internal tenperature dropped to 55C.
After stirring vigorously for 30 nminutd8, the toluene phase was separated
and returned to the ori-ginal reaction vessel. 2-Propanol (1.9 L) was added
and the interpal tepperature was adjusted to between 40C and 50C.
Concent r at ed BRIGDAFH acid was added (until acidic) at such a rate to

mai ntai n the {enperat ure~hbetwe 0 nd 50C. A white precipitate
formed. The rriz"{ L %&ﬂmp?'g;ﬁ?i&%bf%ﬁi nutes and then cooled to 7C. The
white powder was collected by filtration, washed with 2-propanol (0.4
L), dried by pulling air through the sanple.for ten mnutes, and then
further dried ib Ferp Butyl Dibrodvesthylbarblfaate Yi el d: 130 g (84% . 15 (iii)
tent-Butyl 7-benzyT-9-oxa-3,7-drazabicyclo[3.3.1 ]nonane-3-carboxylate

hydr ochl or i deSgdisim bichrbonatedGkidog, Q. aEkmadsansoditippuyl dicetboaatedlbdRead
stirrer, a thernometer and g. nitrogen bubhl er. t 1 L :

di chl or oret hal 5@1.1201?20‘@5, 3536@?’6&1 B? car BYRREe \é\?Sﬁ?é 55%79‘)“111% fndng

3- benzyl - 9- 0xg-.3 7. i [ 3 n : oICl .ol , from
step (i) abo§‘$§1°‘%’g’r‘%{a§% &gsﬁ)'a%@d fh%]lo%‘g?& b 86 A POt §fenfind

rapidly for tppd@biythide g@mi gt DU ol e ivas RidiYd sHwE Q@Baécﬁid§ GndkHel, 0.491

;
nol ) was added slowy. he m xture wds stirred rapidly for three hours at
room t enpeg at reaetiod veas? Stiwed) avemiglatystr 25005 -SEeadivhiatomdthiand Mydrhwamgnesi um
sulfate, filtered and concentrated to afford 160 g of an off-white .solid.
The of f - whi t eseperated,wiashed with HoO (200 mL) and washed with a solution of -

potassium hydrogensulphate (150 mL, pH = 3.5). The organic layer was

driéd (NapSO4) and concentrated in vacuo. The crude oil was

chromatographed on silica gel, eluting with dichlorém'ethane to afford 7.87
15 g (72%) of the sub-title compound as a ciéar, colorless oil.

1H NMR (300 MHz, CDCl3) & 4'.98 (bs, 1H), 3.45-3.57 (m, 4H), 1.47 (s,

9H)

API-MS: (M+1-C5Hg09) 126 m/z

2 (i) 3-Benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane x 2 HC

This is an alternative preparation to that described in Preparation A(vi)
above. A 3L, three-necked flask was equipped with a magnetic stirrer, a
thermometer and a reflux condenser. Aqueous hydrobromic acid (48%,
0.76 L, 4.51 mol) was added to solid 3-benzyl-7-(phenylsulphonyl)-9-oxa-
25 3.,7-diazabicyclo[3.3.l]nonane (190 g, 0.53 mol, see Preparation A(v)
above) and the mixture was heated to reflux under nitrogen: The solid
dissolved at 90°C. After héating the mixture for 12 hours, GC analysis’
showed that the reaction was complete. The contents were cooled to room

temperature. Toluene (0.6L) was added and the mixture was stirred for a



charged into a 3L, three-necked flask equi pped with an overhead stirrer, a
thernoneter and an addition funnel. Ethyl acetate (0.6 L) was charged and
the clear solution was cooled to -10C. A solution of HCl in dioxane (4 M
WO 02/ 08368WRizhkiskd2/ 00726 37 was added dropw se until ther/pkb2wmaresl ess
than 4. The hydrochloride salt precipitated and the m xture was stirred
for an additional hour. The product was6collected by filtration, washed
with ethyl acdewtminfifesl The pleases oetreskparated. nThébqueoua phase was estarmedThe
white crystalline product weighed 146 g 5 (92%yield). (iv) tert-Butyl

9- oxa- 3, 7- di atabhecsigipphregctimueseleamsl agnepessadiua hydyeride ol @Yl 685 L,

d hl ori d |t .f tep.(iii).ab 14 L. 0.411 I d % 1o
P Oty 2. G (7 B SollPa® AR i o ey r The fiteden terdperaliie fo WG o1 °
0.5 L ' hat :Sh '
Lmspher o of o (he Mt vaRlddagty Bic | ekl O BYSvck OR W e
apal ysis agpd \iﬁ&rrfaplieﬂlpbfanh@ @1@{51@&&&6 sgoCer A é’tﬁblilh'g m@r&m)a!fmstsoms
filtered and the filtrate was concentrated to afford an off-white

crystal line . piinptesdding .tolTlene phasie wasodeparated sandi setotneddto rthéairiginal

acetonitrile (1.2 L), and_then filtered while hot. The filtrate was
diluted with &tasiiongesicht &-Yropongl)(1.9 hwag added wi the isterpalsteRIPEEAREE t o

oL ouet o Sy SREHILAE a5 SR A A v o o
whi lid. | : '
Lo o o, T8 dukaraie, ot asli e bbb e, |,

di ssolved in hot acetonitrile ) ut e

Q A second cHOYC ahd 603Gt Al whitd Bregipites forhiedi M afxhee waxodtirrd fok BO
solution to 10C. Both crops were found to be conparable by GC analysis. and
1H NMR anal ys#&snuigsnsich#ieny ceoldd to07%. ( SBg whits poywdermasBoelidcted by

7-13-(4- Cya.no?iTtlrzlitior}l?)V%sﬁgX lvlifhgi%)égﬁa?ﬁbz (6“4 %5?%th %lyopueiligg %115 through the
sample for ten minutes, and then further dried in a vacuum oven at 40°C.
Yield: 130 g (84%).
15

(iii) tert-Butyl 7-benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate
hydrochloride ' '
A SL, three-necked flask was equipped with an overhead stirrer, a
thermometer and a nitrogen bﬁbbler. Water (1.4 L), dichloromethane (1.4
20 L), sodium bicarbonate (150 g, 1.79 mol) and 3-benzyl-9-oxa-3,7-
diazabicyclo[3.3.1]nonane x 2 HCI1 (130 g, 0447 mol, from step (i1) above)
were all charged -in order. The mixture was stirred rapidly for ten minutes
~ and then di-fert-butyl dicarbonate (0.113 L, 0.491 mol) was added slowly.
The mixture was stirred rapidly for three hours at room température. The
25 orgénic layer was separated, dried with magnesium sulfate, filtered and
concentrated to afford 160 g of an off-wﬁite solid. The off-white solid was
charged into a 3L, three-necked flask equipped with an overhead stirrer, a
thermometer and an addition funnel, Ethyl acetate (0.6 L) was charged and °

the clear solution was cooled to ~10°C. A solution of HCI in dioxane (4 M)



nonane- 3- car boxyl ate The hydrochl oride salt of tert-butyl

9- oxa- 3, 7-di azabi cycl a[ 3. 3. 1] nonane- 3- carboxylate (see step (iv) above;
1.1 g, 4.15 mol) was mxed with MeCN (46 nL), water (2.5 nL) and K2C03
(3.5 g, 25 wuoni2)os3cshe m xture was WO 02/ 083689 PCT/ SE02/ 00FCHSBR/00R6I rr ed
for 4 h before CHC13 was added and the m xture was filtered through
Celite(r). The filtrate was concentrated?in vacuo to give 0.933 g of the
free base. Thias addadsiropwisenintiédherpHhwas {oss (ﬂ;mnéanTha hy)dmlcbbylldez’salt

met hyl benzenesul phona Preparation A i) ove; 6.2 mmol) 5
and K2C03 (0. PEeEpItaieca #@ae)mwlwm iepd 5an1t tlfoaéunqurngfhﬁmpéw was

stirred overn t bei n ted.i.n C nesi due
was treated w @&c@%ﬁﬁm i ‘?fa%%a‘ﬁ%ﬁ %ﬂn{c}etater@al E‘g’y@?{%\%fie
separ ated and Q@Y{,I wesned W re being
dried (Na2804)0k,an concﬁ%ﬁgt ed in ’5@%3@1’:@" et%gﬂg o?jctlﬁ:t guir)ﬁ ged by
flash chropat Q@ﬂ%gﬁ]@ld),el uting with a gradient of toluene : ethyl acetate :
triethylamne (2:1:0 to 1000:1000:1), to give 1.47 g (91 %9 of the
sub-title conmpound. (V|) 4- '

[ 3-(9-Oxa- 3, 7-di azabj . o- 15 nitrile
The sub-tit | e WiEsEEWT 40xa53:adiazabieyclelded. Linananesdica I*%%al ogous
procedure to E]g@§§h$ r| bed in Preparatlons C(v) and D(| [ |) bel ow, using

tert-butyl 7- oani I'i no) propyl ] - 9- oxa- 3, 7-di azabi cycl 0[3.3.1 ]-
nonane- 3- car bepradtoridd @Ak SkeR 61‘6?) @GP \uBdve 4946 zg I @.4@@@1@9“%@ 20%2

solution of tert-butyl 2-bronoethylcarbamate (4. see step

(i) above)10| nPOPH)H& (L) glawcre atdpdd4e of Pird }(yﬂmgeaafbr bottle. Methanol

(O 5 L) was added and the bottle - was shaken vigorously under an

atmosphere of hydrogen at 3.5 bar. The reaction was monitored by GC
analysis and was found to be complete after one hour. The catalyst was
filtered and the filtrate was concentrated to afford an off-white crystalline

.15 product. The crude product was dissolved in hot acetonitrile (1.2 L), and
then filtered while hot. The filtrate was diluted with ethyl acetate (1.2 L).
The clear solution was allowed to stand overnight at room temperature. The
first crop of crystals was collected and dried under vacuum.to afford 52 g of
sub-title compound as a white solid. The filtrate was concentrated to near

20  dryness, then dissolved in hot acetonitrile (0.4 L), and diluted with éthyl
acetate (0.4 L). A second crop of crystals (38 g) was obtained after cooling
the solution to 10°C. Both crops were found to be comparable by GC
analysis and 1H NMR analyses. Combined yield: 90 g (83%).

25 (V) tert-Butyl 7-[3-(4-cyanoanilino)propyl]-9-oxa-3,7-diazabicyclo[3.3.1]-

nonane-3-carboxylate

The hydrochloride salt of tert—ButyI 9-o0xa-3,7-diazabicyclo[3.3.1]nonane-3-
carboxylate (see step (iv) above; 1.1 g, 4.15 mmol) was mixed with MeCN
(46 mL), water (2.5 mL) and K9CO3 (3.5 g, 25 mmol). The mixture was



di azabi cycl o[ 3. 3. 1] non- 3-yl ) propyl ] am no} benzonitrile (see step (vi) above,
25 4.48 g, 0.016 nol) and triethylamne (3.27 nL, 0.024 nol). The m xture
was stirred overnight at 35C and then concentrated in vacuo. The residue
was di ssol vea a2nsskBehl or or net hane (80 nlL)' and washed wi t hpGESERAIR4
sodium chl oride. The aqueous |ayer was extracted with dichloronethane (1 x
150 nmL). The conbined organic extracts W8re dried (Na2SO4) and WD 02/ 083689
PCT/ SE02/ 0072 6tiged ford hdv@ﬁ@rczﬁléﬂlgu waswddnad andlithe orixtiee wad fiteradthooughwas

h t ogr aph |I|ca el uting with chloroform net hanol : conc.
&k&%ﬁa( 010 8%1{‘%‘@ Tt fifeates s dg an%f%%eddﬂ WaKEO 0 Llve Q8§%<ﬁ%ﬂlefr¢erR (300

6
3%’4 (Clt?s)’OD)zH)S b;§"3 3ﬁ§i( yas” 4&36% 3"6’&"“%3“&’ H;} (ﬁfyﬁﬁ‘gaém%’éz Pg?ﬁy 8|4$ s 1, 90
(525§ il (PG s 2 480
API - NB: (Ms1) andzIG;gC@gz(OM Brepanmbol)an MeCN (¥ gilar th@fbsﬁftm@@ﬁﬁ@md B

(Method 1) (i) [2:(7-B enzyl-9-oxa-3, 7-di azabicyclo [3.3. 1
] non-3-yl ) et hmsﬁrrmdmzzemm at160°Ce befone beinge somnentiatedr malvaam) 1 The)

2-(tert-Butyl oxycar bonyl am te A solution -
p- 'E ol uenesul>/f 5?%‘? UE g, 5%{(3@&%?@@%&5&\6 (Sgd@&’}nﬂ‘? i M N&Q?ﬁl(é@dﬂ@t hérrhéb( 10?
m.) was added ure tert-buty
N- ( 2- hydr oxyetkﬂ; Pij&e:tga%é?feat%% Eielé%l?‘i% a??‘%‘{nﬁ?/ @ﬂ% %S 4, 186,
mol ) and tri M@tbg,nﬁ@mw 'Ebnfgh&lﬁ’éd @<a2S04) and concentrated in vacuo. The
10 product was purified by flash chromatography, eluting with a gradient of
toluene : ethyl acetate : triethylamine (2:1:0 to 1000:1000:1), to give 1.47 g

(91%) of the sub-title compound.

(vi) 4-{[3-(9-Oxa-3 ,7-aiazabigyclo[3 .3.1]non-3-y)propyllamino} benzo-

15 nitrile

The sub-title compound was obtained in 96% yield using an analogous
procedure to those described in Preparations C(v) and D(iii) below, using
tert-butyl 7-[3-(4-cyanoanilino)propyl]-9-oxa-3,7-diazabicyclo[3.3.1]-
nonane-3-carboxylate (from step (v) above).
20 . _ '
(vii) Compound B
To a solution of tert-butyl 2-bromoethylcarbamate (4.21 g, 0.019 mol; see
step (i) above) in DMF (65 mL) was- added 4-{[3-(9-0xa-3,7-
diazabicycl'o[3.3.1]non-3-yl)propyl]amino}Ber_xzonitrile (see step (vi) above,
25" 4.48 g, 0.016 mol) and tﬁethylamine (3.27 mL, 0.024 mol). The mixture
“was stirred overnight at 35°C and then concentrated in vacuo. The residue
was dissolved in dichloromethane (80 mL) and washed with saturated
sodium chloride. The aqueous layer was extracted with dichloromethane 1

x 150 mL). The combined organic extracts were dried (NapSO4) and -



(1.18 g, 12.4 mmol) in dichloronmethane (120 nlL). The m xture was stirred 25
at 0OC for 1 hour then filtered, washing with dichl oronethane (100 nL). The
filtrate was washed with 10%citric acid (3 x '100 nL) and brine (1.00
m.). The oryaosissyyer was dried with nmagnesi um sul fate anecu$emooRél t er ed.
The filtrate was concentrated under reduced pressure to give an oil. The
oi| was dissolved in ethyl acetate (40 AP)- and then iso-hexane WD 02/ 083689
PCT/ SE02/ 0072 @odéentriatediGinmicruma T hadued: sideéwown cihwas ebrdmatographed (x2)was
stirred at room _tenperature for 17 hours and then filtered. The collected
solid was wasmBdilics g9l elutang, withnehlprdormymethanolicency NH4O8(2:1:0:023 teonpound

5170 (o spront RS B pampliga®y 07 (o1 1), 483 (1H bs)
[ 2- (7- Benzyl - 970Xa- 300 Mz ye1 o[B! 3/ RONPSYT EPngT e arban ¢\ dei d
(22 (7" Bonay! - SBRM8 1300 MErs, a0y 747 0ad WAL €A 0. o B0

Ler L but y1 sesyag sisobi 904 Qb 2iberinl-3 3108 ) FEgRR Ayt boirer 301 nonane

di hydrochl ori de (see Préeparation above:; In water- (25
m.) was added (s, 81)y1.90 (s, 281)pt.BO s, ®H)sodi um bi-car bonate (10 g, 119 nmol)
15 in water 10 nL). Mre water (5 nL) was added and the m xture was stirred
at room terrper1§CuNMRo(r‘751M}ﬁ,rﬂDg@D)A5 sIgBf,i 134 Bf 129t €t3.2, 97.7, 80.3, '
but yl oxycar bonﬁl ani no) et hé!& tosgl ate (see stefﬁéa) above; 11.92 g, 37

mmol ) in tol ubAe, PAG, rB), WA, addetl 7983, 28.%14%% was then heated at 65- 70C

for 7 hours befgreStif,Ling.at _roomtenperature overnight. The 20 reaction
was reheated Wﬁsck%abt—%@%ﬂﬂfgses wer e separated. The aqueous |ayer was
extracted yith toluene (40 nL) at 50C. The conbined organic :
Preparation B(II)
Preparation of Compound B (Method II)

(i) [2-(7-Benzyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)ethyl]carbamic acid

15 tert-butyl ester

Alternative 1

(a) 2-(tert-Butyloxycarbonylamino)ethyl tosylate

20 A solution ‘of p-toluenesulfonyl chloride (28.40 g, 148 mmol) in
dichloromethane (100 mL) was added dropwise over 30 minutes at 0°C to a
~mixture of fers-butyl N-(2-hydroxyethyl)carbamate (20 g, 120 mmol),
triethylamine (18.80 g, 186 mmol) and trimethylammonium ‘chloride
(1.18 g, 12.4 mmol) in dichloromethane (120 mL). The mixture was stirred

25 at 0°C for 1 hour then filtered, wéshing with dichloromethane (100 mL). |
The filtrate was washed with 10% citric acid (3 x 100 mL) and brine
(100 mL). The organic layer was dried with magnesium sulfate and then
filtered. The filtrate was concentrated under reduced pressure to give an oil.

The oil was dissolved in ethyl acetate (40 mL) and then iso-hexane



| ayers. were washed with saturated sodi um bi carbonate (25 nL). The

sol vents were evaporated under reduced pressure to yield a m xture of oil
and solid (13 g, >100% . Ethyl acetate (50 nlL) and citric acid (10% 25 25
nL) were adwaxo2rossesy portion of the oily solid (5 g, 138 nmBtJ/SEdRerzaqueous
| ayer was separated and the organic |ayer washed again with citric acid
(10% 20 nL). The aqueous | ayers were cBRbi ned and treated with solid

sodi um bi car b¢heQ mﬂnwas arkledr slbwlyrheThﬁqw@ltanohb;w Wwas stitradaat sePmi t h

ethyl acetate (2 x 50 ried qv nes fate d filt d. The
WO 02/ 083689 ﬁélm’@&@z? g&%ﬂaﬁm and) tﬁ%@ %iﬁéaofa %ﬂsy‘ﬁ%@égunder
reduced pressuyf. tid ONYRO d r

sem - sol Pd @hsg(}%lxép?t(gﬁ) %HT%I Wiéﬁth%{%%ge ﬁ% re?tél égog&gr 4 (4.68
g, 93%. mp. pggrd@pésﬁwy_\m (300M—Iz CDC13) S 1 46 (9H, s), 2.38-2.57
(4H,. m, 2.6-2.68 A, m’ 2.75-2.85 (4H m, 3.22(2H, q), 3.26 (2H, s),
3.83 (2H, bs)m.p. &4266TCLH bs) 7.2-7.4 (5H, m. MS niz 362 (M#+). 1o -
Alternative 2 (a) 3-(7-Benzyl-9-oxa-3, 7-di azabi cycl o[ 3. 3 1

] non- 3-yl) et h)}flj—Ml(&@MﬁeCDﬁlggt&yHa@Hesx346(ISH, 8533.38 (%19, 482 added

slowy to a solution of 9- oxa - di_azabi cycl o[ 3. 3. 1] nonane
di hydr ochl ori 6%1'1(@9‘198%1115;@%)3%%&/(?&5 dbu/iSY (%Ho@)e 5 g, 17 nmml) in ethanol

(50 m). Acry | + was added to this m xture, which was
t hen heated ah\ﬁnr B??Ujlf%dwg ﬁ%&)‘rsgm%e reaction m xture was then
concentrated under reduced pressure. Water (50 nL) and sodi um hydroxide (1
M 150 nmL) were added to the residue and the m xture extracted with ethyl

acetate 20o(2(¥) ROQ-BrhzylBhexso/Thiiagsbioydis[0ix! jeshiayhethyllcabathiceakidver

rragne5| um

tert-but ﬂ ester

A solution of 3-benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane
dihydrochloride (see Preparation A(vi) above; 10 g, 34 mmol) in water (25
ml) was added slowly to a solution of sodium bicarbonate (10 g, 119 mmol)
15 in water 10 mL); More water (5 mL) was e;dded and the mi.xture was stirred
at room temperature for 10 minutes. A solution of 2-(tert—
butyloxycarbonylamino)ethyl tosylate (see step (a) above; 11.92 g, 37
mmol) in toluene (40 mL) was added. This mixture was then heated at 65-
70°C for 7 hours before stirring at room temperature overnight. The
20 reaction was reheated to 50°C and the phases were separated. The aqueous
layer was extracted with toluene (40 mL) at 50°C. The combined organic
layers . were washed with saturated sodium bicarbonate (25 mL). The
solvents were evaporated under reduced pressure to yield a mixture of oil
and solid (13 g, >100%). Ethyl acetate (50 mL) and citric acid (10%, 25
25 mL) were added to a portion of the oily solid (5 g, 138 mmol). The aqueous
layer was separated and the organic layer washed again with citric acid
(10%, 20 mL). The aquéous layers were combined and treated with solid
sodium bicarbonate until neutral, The aqueous phase was extracted with

ethyl acetate (2 x 50 mL), dried over magnesium sulfate and filtered. The



sulfate, filtered and concentrated under reduced pressure to give a
colourless solid. This was recrystallised fromethyl acetate (50 nL) to
give the sub- title conmpound (3.80 g, 76% . mp. 157-159C 25 1H NWMR
(300MHz, CDE3)2/083689 39 (2H, t), 2.42-2.61 (6H, m), 2.82-2. 8&r/skedtdp726), 3. 39
(2H, s), 3.91 (2H, bs), 5.07 (1H, bs), 7.18-7.21 (2H, m, 7.25- 7.39 (3H,
m, 9.5 (1H bs). MS: miz = 290 (MH). tD 02/ 083689 PCT/ SE02/ 00726 42 (b)
[ 2- (7- Benzyl - Giltrate v@3s7ewiparadéd by diyojeSs Bnder|mduced pﬂe;aﬂrhw Jgieer thensub- aci d

tert-butyl ester N Bronpsucci ni m de ( 3 d ortions
over 1 mynut etitle compeyng: g gplourless seml-sohcf) Wm )solvglfieg Pl.lﬁy whe
3-(7-benzyl - 9 OXar 3, zabi c [ 3. F@] non-3-yl)ethyl]- 5 propionanm de
(see step (a) Bmtﬁ%r%%g??t?#@fiégrﬁ tassiumtert-butoxide in

tert - butanol Mg 8decdrl) and tert-butanol (20 mL). The mi xture was then
heated at 60-65C Tor 30 minutes. The reaction was allowed to come to room
tenperature abg KReR @%MH J@J@C 5 iafs oldesh, 21382574 en@s.6-268 ' act ed
with ethyl acetate ( 2(’ ggr?e conb?gr?gdg}orgam c e&trao?@ to were
washed w th b(2H.em] 2075+2)85 (@liH erd),dmﬂ (2Hoqe Si26n(2H)| §)aB&83 (2H,ths),e6l17 (washi-ng
the filter cake . with eth acetate (50 nL)) and then the. filtrate
concent rat ed (Hes) 7&tddeld F@ssure to give the sub-title conpound as a .
brown oi l NVR (300MHz, CDC13) 5 1.46 (9H, s), 2.4-2.58
(4H, m, 2. 58%@7"/(;%869§ *2.75-2.91 (4H, m, 3.22 (2H, q), 3.28 (2H,
s), 3.83 (2H, bs), 6.19 (1H, bs) 7.2-7.42 (5H, rn). M5 mz = 316 (MH).
Alternative 3 B _

10  Alternative 2

(a) 3-(7-Benzyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)ethyl|propionamide

Triethylamine (3.60 g, 35.7 mmol) was added slowly to a solution of
3-benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane dihydfochloride (see
15 Preparation A(vi) above; 5 g, 17 m:hol) in ethanol (50 mL). Acrylamide
(1.34 g, 18 mmol) was added to this mixture, which was then heated at
reflux for 7 hours. The reaction mixture was then concentrated under
reduced pressure. Water (50 mL) and sodium hydroxide (1 M, 150 mL)
were added to the residue -and the mixture extracted with ethyl acetate
20 (2 x 200 mL). The combined organic extracts were dried over magnesium
sulfate, filtered and concentrated under réduced pressure to give a colourless
sblid. This was recrystallised from ethyl acetate (50 mL) to give the sub-
. title compound (3.80 g, 76%). '
" m.p. 157-159°C. B
25 1H-NMR (300MHz, CDCl3) & 2.39 (2H, t), 2.42-2.61 (6H, m), 2.82-2.95
" '(4H, m), 3.39 (2H, s), 3.91 (2H, bs), 5.07 (1H, bs), 7.18-7.21 (2H, m), 7.25-
7.39 (3H, m), 9.5 (1, bs). o '
MS: m/z =290 (MH™).



20 (a) 3-Benzyl -9-oxa-3;7-di azabicyclo [3.3.1 ]Jnonane Al vol unes and
equi valents are neasured with respect to the anmount of 3-

benzyl - 9- oxa- 3, 7- di azabi cycl o[ 3. 3. 1 ] nonane di hydrochl ori de (see

Pr epar at i onwAx o2iog3s8®ove) used. Tol uene (420 m., 7 vols) andchepRmuire25
sodi um hydroxi de solution (2M 420 nL, 7 vols, 4.0 eq) were added to 3-
benzyl - 9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1]non$%e dlhydrochlorlde (60. 07

206. 03 nmol e, (b]) [2-(eBenzyb8-dxaeh Zrdiazabicyalof3 8. Hbmvé)yl)émﬂ]whmmm@cwé
stirred under&naﬁg:gmgeated to 60C and held at this tenperature for 30
m nut es by. wh S clear layers had formed. The | ower, aqueous WO

sub-tit1 e conpounmRramiile 6 Bl B Hlaed Bnostint Fré PRiAGE . "
(Lotal vol umeqph saGRor sETRKRAy 43030k aigh iatclyE ATRALs ypbege added =

430 nL), then concentrated'to a vol une of 24 I scher

anal ysi s a$ tpiopicnasiidd€sezhvtope(h) Ab6GSLINL X mintol mgs@hsiﬁma@rt-ﬁh@xldel ed
solution of sub-title co ound theoretically g, 206:03 nmole, 1.0

eq) was used ustestibutanel (la eand @rtg‘puta(uﬂ) (20 mL). The mixture was
o 1 ot hyl ani heeBg b%”ée@”é?‘%r% il e doichrog o UL BOBE {0
| ut ft I
170 cq) in drCReay SiRdEhe %*iﬂﬁﬂ“%ﬁ%%%y@ﬁﬂf%%%‘é?ﬁ?’%en%@%%éf ed to
-10C and tri neihackairivig Gngr Q@éiét@r pde 50 HLE4 The dorbiked 'Ui@drﬁc eRiract§d. ) was

added in one portion. The resultant m xture was cooled further to 15 -15C

stirred foo 5w3rmwtaehed Mhﬁﬂbnneé(ﬁﬁ‘dnh) tdned ewérumagnesiim swifate, Vfilesred ul f onyl
chloride (74.74 341.2 mmol e, 1. 21 di chl or onet hane (25 m., 5
vol s), over 26vashig &e flien calﬁmvvlﬂlh@thy a@qt&tsl(SO ml)) and then the filtrate

concentrated under reduced pressure to give the sub-title compound as a

brown oil (6.5 g, >100%).

1H-NMR (300Mﬁz, CDCl3) 6 1.46 (9H, s), 2.4-2.58 (4H, m), 2.58-2.7 (2H,
15 m) 2.75-2.91 (4H, m), 3.22 (2H, q), 3.28 (2H, s), 3.83 (2H, bs), 6.19 (1H,

bs) 7.2-7.42 (5H, m). |

MS: m/z =316 (MH™).

Alternative 3
20

(a) 3-Benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane

All volumes and equivalents are measured with respect to the amount of 3-
benzyl-9-oxg-3,7-diazabicyclo[3.3. 1]nonane dihydrochloride (see
Preparation A(vi) above) used. Toluene (420 mL, 7 vols) and aqueous

25  sodium hydroxide solution (2M, 420 mL, 7 vols, 4.0 eq) were addea to 3-
benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane  dihydiochloride (60.07 g,
206.03 mmole, 1.0 eq., see Prepération A(vi) above). The mixture was
_stirred under nitrogen, heated to 60°C and held at this temperature for 30

minutes by .which time two clear layers had formed. The lower, aqueous



tenperature remai ned bel ow -10C. Once the addition was conplete a
precipitate had forned and the m xture was stirred at -10C for a further 30
20 m nutes. Water (400 niL, 8 vols) was added and all of the precipitate

di ssol ved. wbezmsggiure was stirred rapidly for 5 mnutes, BOESEReIT26 he two
| ayers were separated. A solvent swap from di chl oronethane to i so- propanol
was carried out by distillation at redud®d pressure. Solvent was renoved
(450 ) and lagpt acsdremdved] and phopeloede (dlationiof a(ubmiﬂﬂé abmpbupd €feeir e was
450 nbar, b,p. 24C, final pressure was 110 nbar, 36C). At the end of
the distillatbese) was agaedrieds@t ratinospherice prasseret &otaﬁ) v@umﬁeo olEms down to
350 nmL (7 vols wt Lﬁgggct to atf mount f tert-

( 2- hydr oxyet h}AH% %ecf? v of i ?}'Heﬂ%ﬁd 8 0‘{%0 gl thF‘hen

water (175 niL S | dat

02/ 083689 PCT%@@%E?@%@% 421‘9 gra u%lrbl I;ﬁtt@ ‘%&ugn ?%?d%efxgﬁalgﬁg 3 Hg
precipitated ghg éBhéwéd @cms% Wt@r inMNe@ohitiof? The deRd s%ﬂﬁftﬂh offitb-fitlsol i d
precipitate started formafter- about 75 nL had been added. The internal
tenperature r mpbm@w{tﬁﬁﬁehmﬂ&l@ 98 06X tmmaie kb eq) was asedsdsanich imnd
cooled to 7C. The solid was collected 5 by filtration, washed with

i so- propanol : Q/é?‘éﬁeQPintiﬁtePlSO mL) and dried in vacuo at 40C for 21 hours to
give the sub-title conpound as a white crystalline solid (92.54 g, 87%.
mp. 73.5C 1H NWR (300MHz, CDC13) 6 1.42 (9H, s), 2.31 (3H, s), 2.62 (6H,

s) 3.40 10 (@7’2 brg- _ sufndt€)
[ 2- (7-Benzyl - 9- aci d
tert-butyly eSTﬁéthyl’axﬁm@ -(65 imiE} 464, b@ﬁﬁ@l@?ii 4l é as #dded ifi @nt pdriiéi to 4 280)

solution of 2-(tert-butyl oxycarbonyl am no{3 2,4,6- 15
tri met hyl. benzesletion ol hertt-bufyl 0V43-hydraxgethy canbnmm (50.1l gg31&2anmoley (b)

1.0 eq.) in dichloromethane (250 mL, 5 vols). The solution was cooled to
-10°C and trimethylamine hydrochloridé (14.84 g, 155.1 mmole,_O.S eq.)
was added in one portion. The resultant mixture was cooled further to
15 -15°C, stirred for 5 minutes, then treated with a solution of
mesitylenesulfonyl chloride (74.74 g, 3412 mmole, 1.1 eq) in
dichloromethane (250 mL, 5 vols), over 28 minutes such that the internal
temperature remained below -10°C. Once the addition was complete a
precipitate had formed and the mixture was stirred at -10°C for a further 30
20 minutes. Water (400 mL, 8 vols) was added and all of the precipitate
dissolved. The mixture was stirred rapidly for 5 minutes, and then the two
layers were separated. A solvent swap from dichloromethane to iso-
propanol was carried out by distillation at reduced pressure. Solvent was
removed (450 mL) and replaced with iso-propanol (450 mL) (initial
25  pressure was 450 mbar, b.p. 24°C; final pressure was 110 mbar, b.p. 36°C).
At the end of the distillation, solvent'(150 mlL) was removed to bring the
volume down to 350 mL (7 vols with respect to the amount of fert-butyl N-
(2-hydroxyethyl)carbamate uséd). The solution was cooled to 25°C, then

water (175 mL) was added slowly with stirring, causing the solution



above) in toluene (240 nL, 4 vols) was added, to a solution of 3-benzyl-9-
oxa- 3, 7-di azabi cycl o[ 3. 3. 1] nonane (44.98 g, 206.03 mmle, 1.0 eq.) in
toluene (240 m., 4 vols) (see step (a) above). The resultant solution was
stirred rapwdloz/osssder nitrogen, with heating at 68C for 8 PoLsSER/0TRe 20
reaction was left to stir at amnbient terrperature for 84 hours. A thick,
white solid precipitate had forned in #44pale yellow sol ution. The mixture
was cool ed t gradyally sodusmisliduidyl eNoosqimuhatl peescimitatéd at dis yagei | Mati on. The
reacti on vessel was washed with toluene, (100, L) and added tg the filter.

The filter caketei{d2aminewaspdded; #ndesrlid prsoipiate startrd iprprma aflst AbPYSr oduct
25 t dried f d dt
vacuo. at . aodsiah- T trsnadodhd o ialeamal fereneiire e MBI %ﬁ%ﬂ’@ed vas

\7\2?21 \?\éshégl ' mml e@d’?f"gs(y%t%ﬁ%tﬁw d?%ﬁg‘lééiﬁﬂ Zécsoﬁjﬂff\lsféhl ng%l_l °t§ 3 voI s).
WO 02/ 083639 E?Tflﬁ'é%éo%éﬁef%ﬂ}stﬂg&éﬁ §aBSOEA AP SACaaRG, el d at

this tenperat V' m nu Fr’ng ayers were

then separate t e 0 vacuum
distillation ? Aggt ‘@Cea?ﬁ ZP%S{- gngYr!Be;F}fe g&&g@f&a&d %dn%grangvthn?he end) .
As the distil bf}tstg)nnggolm@mrsisgw%)t he sol uti on becane cl oudy due to the
formati on of sub-title corrpound I't was assuned that 20% of t'he original
anmount of 3-benpz¥3.59 oxa- 3, 7-di azabi cycl o[ 3. 3. 1] nonane renmai ned in the
filtrate, and so extra 2-' (tert-butyl oxycarbonyl am no) et hyl

2, 4, 6- t ri met h}HeNMR(360iVEm SRCR) 8. 242 (9, #1231 GBiEDHIsy, 2.62 26Hg3) W8 added
in one portion I1({char ed as a solid rather 10 than.as a solution in

t ol uene). 9he (@ dﬂﬁ,ltbﬁ-aﬁa@fh(bé},&i’%ﬂkﬁb for 8 hours with rapid
stirring, and then Ieft to stir at anbient tenperature for '11 hours. The
m xture was cooled to +8C, and sub-title conpound was . col | ected by

filtration. The meEBLAY1NESRES, 7\RE- MR 3. 11RoARLS) SRy §&REamic acid
tert-butyl ester, 2,4,6-trimethylbenzenesulfonic acid salt

A warm (28°C) solution of 2-(tert-butyloxycarbonylamino)ethyl 2,4,6-

15 trimethylbenzenesulfonate (70.93 g, 206.03. mmole, 1.0 eq, see step (b)
above) in toluene (240 mL, 4 vols) was added to a solution of 3-benzyl-9-
oxa-3,7-diazabicyclo[3.3.1]nonane (44.98 g, 206.03 mmole, 1.0 eq.) in
toluene (240 mL, 4 vols) (see step (a) above). The resultant solution was
stirred rapidly under nitrogen, vs;'ith heating at 68°C for 8 hours. The

20 reaction was left to stir at aﬁbiéﬁt temperature for 84 hours. A thick, white
solid precipitate had formed in a pale yellow solution. The mixture was
cooled to +9°C, and sub-title compound was collected by filtration. The
reaction vessel was washed with toluene (100 mL) and added to the filter.

The filter cake was washed with toluene (150 mL). The white solid product

25  was suction dried for, 15 minutes, then dried to constant weight in vacuo at
40°C for 23 hours. The yield of sub-title compound obtained was 79.61 g,
141.7 mmole, 69%. The combined filtrate and washings (670 mL) were
washed with aqueous sodium hydroxide solﬁtion (2M, 200 mL, 3.3 vols).



(2 x 30 nL), and added to the filter. The white solid product was suction
15 dried for 15 mnutes, then dried to constant weight in vacuo at 40C for
7 hours. The yield of sub-title conmpound was 23.25 g, 41.39 mmole, 20%
The conbi newgyizebsksof sub-title conpound (a white solid) wWeeT/SER/08R6Q,
183. 11 nmle, 89% M P. 190-190.5C 20 1H NVR (300MHz, CDC13) 6 1.43 (9H,
s), 2.17 (3H, s), 2.51 (6H, s), 2.73- 2450(2H m, 2.90-2.94 (4H, :

3. 14- 3. 22 ( 4AHThelmixfrd Wals Hicateing 503C,8hd Heldat this) tempedsluredr 20 shiputes 74 ( 2H,
s), 7.12 (1H, bt), 7.42-7.46 (5H, rr)( i)

[ 2. (9- Oxa- 3, 7Twathazaped sfiering.3. 3The hwa- bywswprwﬂ}e@aswmtédaam tolyepe 25
butyl ester Methqd 1. Sodi umb ar bonat e (0 058 Q69 d 5% PdJC
(0.250 g, JoRPleBan VesiqeBgential 8&1 g&&ﬁ&tl% BTﬁﬂt Ct of

Eieruf’isz' R f@%@épbd%’zb?’nier”aés s rentbh AR o RistiEncs nat  ve

b I
nydr ogenat &d BIOEGSedeie sobich BicHne Glindiidue 1q Bfe Forbla 5 SER IR e
filtered thr OH@ﬂﬁg&%d t ﬁ(was @s'aﬁmte&%tw/b%@ £ &ﬁlglﬁalhaﬂabm(@iﬂs BLazyl-Boe

sol ution was contentrated under reduced pressure to give an 5 0|I Thi s

was di ssol vedokxa3di-diakabioyald 3¢ ]rcd@nertgmeined iva stice filtvdte,harsbed wriri\2dr oxi de
(1 M 10 nL). The, organic phase was sgzparat ed, dried over magnesium
sul fate and t fer-tutylogyearbomylaming)ethst srimethodbenzepesnl fonatee (14-2Quced

t d , 879 .
BLeSSUTe . 0V 0 s Bk R B o Pl sy 67
2.58-2. 65 1@2chanr9s szoh?t?onsin t%lu(efigs The clougy Solifof Hds h@atedsat% é%&‘ gPs)

4.65 (‘1H,

hours with rapid stirring, and then left to stir at amb1ent temperature for 11
hours. The mixture was cooled to +8°C, and sub-title compound was
collected by filtration. The reaction vessel was washed with more toluene
(2 x 30 mL), and added to the filter. The white solid product was suction

15  dried for 15' minutes, then dried to constant weight in vacuo at 40°C for 7
hours. The yield of sub-title éompound was 23.25 g, 41.39 mmole, 20%.
The combined yield of sub-title compound (a white solid) was 102.86 g,
183.11 mmole, 89%. |

. mp. 190-190.5°C |

20 1H-NMR (300MHz, CDCl3) 5 1.43 (9H, s), 2.17 (3H, s), 2.51 (6H, s), 2.73-
2.80 (2H, m), 2.90-2.94 (4H, m), 3.14-3.22 (4H, m), 3.37 (2H, bm), 3.89 -
(2H, bs), 4.13 (2H, bs), 6.74 (2H, s), 7.12 (1H, bt), 7.42-7.46 (5H, m)

(ii) [2-(9-Oxa-3,7-diazabicyclo[3.3.1]non-3-ylethyl]carbamic acid .tert-
25 butyl ester

Method 1: Sodium bicarbonate (0.058 g, 0.069 mmol) and 5% Pd/C (0.250
g, Johnson Matthey Type 440 paste) were added to a solution of [2-(7-
benzyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)ethyl]carbamic acid tert-butyl



M5: mz = 272 (M#). ' 15 Method 2:

[ 2- (7-Benzyl - 9- oxa- 3, 7-di azabi cycl 0[3.3.1 ] non-3-yl)ethyl]- carbamc acid
tent-butyl ester 2,4,6-trinethyl benzenesul fonic acid salt (320 g, 1.0 nol
eq,. 1.0 rewounlogassy see step (i), Alternative 3 above), t CT/SER/00R40 L)
2.0 vol) and aqueous sodi um hydroxide (1M 1.6 L,'5.0 vol) were stirred
together for 15 minutes and the |layers Wére then separated. The 20 organic
| ayer, cont ai nsheg(s[ezs(ep &)bdzlydmmm(ha'&)vb dlggﬁa‘b’l mymo1p (8 ethahph(dh-18L).
yl)ethyl]carbar acid tert- buwy iluted with ethanol (690 m,
2.16 vol) and lkgieixtyreawasthenoh rogﬁryatedc;tﬁqock%%(ﬁbe@zfogédﬂ, Qs fde eq) and

f&psdzggagogf%caga%g@o@ﬁrﬁig% GG A A"
e 1 D eyt SRR S

chl or of or nsmebilanQhis eriscaividlasd dn adivilbicindtanked (20 WAL) andli WegHeds@ithon was
by Wlight (254 ri and by stai ni ng wi.t h aqueous. potassi um pernanganate.

This showed t Redigonbydosidsi (daphd&r mbde Tife snganmmi’gtsmmse@aravdd el2ied83689
PCT/ SE02/ 00726 47 and .t he ear 0 e conpound, The
reaction nixt QVEF FpEnesipmy °taﬁao'i?1‘§% 11!4 w’rﬁ HBFFRFM%S el

et hanol (590 e rrpound
(asound 154, BEder il plssnurtU BRI B0 .1’4n ChBuRe f ok Sefin
Method 3.: [2¢4.6718, 8yl - 9- oxa- 3, 7-di azabi cycl o [3.3.1 ]non-3- yI)ethyI] -
carbam c aC| dtert-butyl ester 2,4,6-trinethyl benzenesul fonic acid salt
(50-g, 1.0 nod.peA-93%CO rel vol/w, see step (i), Aternative 3 above),

t ol uene (100 n1_ 2.0 vol) -- and aqueous sodium hydroxide (1.M 100 L, 2.0
vol) were io k&-NME(ﬂ%WHZhé]DGlgD 504Gt )s2.26 H{2H, 8§ 238266 (2HOm)i nut es,

d the |
T 953,06 (41, m), 32-3.38 (4H, m), 3.64 (2H, bs), 4.65 (1H, bs)
MS: m/z =272 (MH?).

15 Method 2: [2-(7-Benzyl-9-0xa-3,7-diazabicyclo[3.3.1]non-3-yl)ethyl]-

carbamic acid fert-butyl ester 2,4,6-trimethylbenzenesulfonic acid salt (320

g, 1.0 mol eq, 1.0 rel vol/wt, see step (i), Alternative 3 above), toluene (640

mL, 2.0 vol) and aqueous sodium hydroxide (1M, 1.6 L, 5.0 vol) were

. stirred together fpr 15 minutes and the layers were'then separated. The
20 organic layer, containing [2-(7-benzyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3- .

ylethyl]carbamic acid fert-butyl ester, was diluted with ethanol (690 mL,

2.16 vol) and water (130 mL, 0.4 vol). Citric acid (32.83g, 0.3 mol eq) and

5% Pd/C (20.8 g, 0.065 wt eq of 61% water wet catalyst, Johnson Matthey

type 440L) were added. The combined mixture was then hydrogeﬁated

25 under 4 bar of hydrogen pressure for 24 hours. The reaction was monitored

by TLC, using a silica plate with mobile phase X:DCM (1:1 viv; X is

chloroform:methanol:concentrated ammonia 80:18:2 v/v). Visualisation

was 'by UV light (254 nm) and .by staining with aqueous potassium

permanganate. This showed the complete disappearance of starting material



were then separated. The organic |ayer, containing [2-(7-benzyl-9-o0xa-3, 7-
di azabi cycl o[ 3. 3. 1] non-3-yl)ethyl]carbam c acid tert-butyl ester, was
diluted wth ethanol (100 nL, 2.0 vol.). To this was added a sol ution of
citric aci dwddmoéshksg, 0.3 nol eq) in water (5 niL, 0.1 vol)pctekdzeemd by 5%
Pd/C (1.50 g, 15 0.03 wt eq of 61% water wet catal yst, Johnson Matthey type
440L). The conbined m xture was then h¢drogenated under 4 bar of hydr ogen
pressure for add theappearddoe mﬂxetsubmﬂmsompmﬁd)rdtﬂmhyam misturg wassi | i ca

plate with mobile phase X:DCM 1:1 v/v, (X I
chi or o or m e e thiiabdieselgul anéioe vashabwit: cthanol 390mbudigseal)- on vas

ggr %nlg:agg: e(% fir ES ﬁ]\g‘?}gﬁ%ogﬂﬁpﬁggég&rpggﬁg@éfﬂ%@gf%‘?gé i{)%wﬁﬁt eri al

and the appea ound. The reaction m xture was
basified V\nth{lgéqlﬁﬁaéa%l SO S%%Qecﬁd hr%ﬁwﬁ; (1oM 8 nL, 0.9 nol eq), then

filtered tkrough kiesel guhr. The filter- cake was vvashed wi th ethanol (100
m., 2.0 vol). The resulting 25 solution of sub-title conpound (assumed '
24.15 g, 100%Methsed u§ed di2-€2-Benzyl-9rora-S bdmgatsnycload.d jrom- -3y)et}z1)983689"
PCT/ SE02/ 0072 L1 npound B'48 Met hod |

3- (4- Cyanoani FaIbgmie a@gﬂteﬂ-hmlw,steb8&@#@@@%&?@?@@5@@@&@5&%& B8ig:A(ii) 5

added to a sohdbimh ey Yo reild ST OATERARSe S Baft forighe B0 "o
yl) et hyl ] car bgfmmmp%&i;]faﬁat sidhid s6RAY hBRRIR! AN 1001, Meobas lubove:

0.250" g, 0.9 et ha e rea I on m>(ture S heated to -

70C for 1p h@twrsdhﬁgeum tbﬁBOQﬂﬂnﬁ&%J th@ntalﬂeom&byl@nundms aedltheddyg@s essur e.
The i0 residue was partitioned between ethyl acetate (20 nlL) and sodi um

hydr oxi de ( 1 Merd themi separhked. afbe otganishlayer, wantaining {2-(bbenzylh-oxa-8Thy|
diazabicyclo[3.3.1]non-3-yl)ethyl]carbamic acid tert-butyl ester, was diluted
with ethanol (100 mL, 2.0 vol.). To this was added a solution of citric acid
(5.14 g, 0.3 mol eq) in water (5 mL, 0.1 vol), followed by 5% Pd/C (1.50 g,
15 0.03 wt eq of 61% water wet Qatal-yét, Johnson Matthey type 440L). The

combined mixture was then hydrogenated under 4 bar of hydrogen pressure

for 24 hours. The reaction was monitored by TLC, using a silica plate with
mobile phase X:DCM 1:1 v/v, (X‘ is chloroform:methanoll:concentrated
ammonia, 80:18:2 viv). Visualfsation was by UV light (254 nm) and by
20 - staining with aqueous potassium permanganate. This showed the complete
disappearance of starting material and the appear'ance_ of the sub-title
compound. The reaction mixture was basified with aqueous sodium
hydroxide (10M, 8 mL, 0.9 mol eq), then filtered through kieselguhr. The
filter-cake was washed with ethanol (100 mL; 2.0 vol). The resulting
25 solution of sub-title compound (assumed 24.15 g, 100%) was used directly -

in a subsequent reaction.



acetate (20 nL). The conbi ned organi c phases were concentrated under
reduced pressure to give a yellow solid (0.290 g). The solid was dissol ved
in ethyl acetate (10 nmL) and this solution washed with a solution of citric
15 acid (0. ¥&Pom3esm water (10 nl). The aqueous phase was PEPSE@IBTR6
basified wth sodiumhydroxide (1 M 10 ni) and extracted with ethyl
acetate. (2 x 10 mL). Al organic phasé8 were conbined, dried over

magnesi um sul f(if)€Compelind®n filtered (washing. filtered solids with ethyl
acetate (10 nlL)). The filtrate was concentrated under reduced pressure to
give a yellow solid 20 (0.160 g). This was slurried in ethyl acetate (0.2

m.) and then élgli ézd to give title conpound (0.050 g, 12% . mp 113-115C
1H NWVR (400 D6) 6 1.32 (9H, s), 1.7 (2H, qt), 2.20 (2H, t),

2.22-2.3 (4H, 3.19
(2H, 25 ((:]) gn% %azlﬁang @)ﬁ%ﬁxg%ﬁhﬁt‘o&% %‘gﬁfl flt? (Sc??“ ﬂgpél%k%lg&(nt) 7.41
(2H d). Ms: mbave: (30g (DR Inm¥¥Pafid potasets dacidnatdd.D g/ 26 848mbbtverd Il To -
t he sol ution of [2 (9- oxa 3, 7- d| azabi cycl o[ 3.3.1 non- -yI)ethi/I]carbamc
acid tent-but pidedt eto geher salation n ef epl2(9-yxa-8Ft diezntdyy cde[dviel Jnas<Suned
24.15 g, 1.0

M), 5 el hanoﬁ?wﬁﬁasban%@cmertébyﬁw'fm@rcsfe%%“sﬁ ot Saatnog . bt 0338
anhydrous pot aﬁ?? ﬁ %O%Qﬁoégémoﬁ%et Eea{;téigﬁ)%n}%@ré Xvag%r?hﬁgdéa 70°gee

3-(4- cyanoam

Preparation A ) o gecp@@ &be qeebi ned

m xt ure was hg‘gli(%adh%%fs%ox%&onﬁ&grﬁ%ﬂ&%&lﬁ%*ﬁge pgg%tl gﬁ ?mnl tored by TLC

using a siipi caesidhis ewad tﬂmrtl@oﬂﬁblbb&'efblﬁa%ﬂlgx hEdvhtd: 420//va9| andvhdodliunX i s

chl or of or m et hanol : concentrat ed anmonia 80:18:2 v/ v) sual i sation
hydroxide (1 M, 10 mL). The aqueous phase was re-extracted with ethyl

—q

acetate (20 mL). The combined organic phases were concentrated under
reduced pressure to gi\}e a yellow solid (0.290 g). The solid was dissolved
in ethyl acetafé (10 mL) and this solution washed-withv a solution of citric
15 acid (0.250 g) in water (10 mL). The aquéous phase was separated, basified
with sodium hydroxide (1 M, 10 mL) and extracted with ethyl acetate- (2 x
10 mL). All organic phases were combined, dried over magnesium sulfate
" and then filtered (washing. filtered solids with ethyl acetate (10 mi;)). The
filtrate was cohcentrated'under reduced pressure to give a yellow solid |
20 (0.160 g). This was slurried in ethyl acetate (0.2 mL) and then filtered to _
give title compound (0.050 g, 12%).
m.p 113-115°C.
1H-NMR (400MHz, DMSO-Dg) 5 1.32 (9H, s), 1.7 (2H, qt), 2.20 (2H, t)
22223(4H m), 2.38-3.1 (2H, m)28285(4H m), 3.05 (2H, q), 3.19 (2H,
25 Q) 3.79 (2H, bs), 6.47 (1H, 1), 6.66 (2H, d), 6.69 (1H, t), 7.41 (2H, d).
MS: m/z = 430 (MH™).



was by W - light (254- nm and by staining with aqueous potassium

per manganate. This showed the conpl ete di sappearance of starting materi al
and the appearance of the title conpound. The reaction m xture was cool ed,
15 and the @@ os8issvvas concentrated in vacuo. The residue vopsprRrbIzsi oned
bet ween toluene (200 nmL.) and water (200 nL). The | ayers were separated, and
t he organi ¢ phase was concentrated in vtuo to afford a yellow solid' '
(38.6 g). ThigetHodd® materi al was dissolved in iso-propanol (190 nL, 5.0
rel. vol.) df BOC, and the hot solution was f |tered. The filtrate was
stirred, and Potheefalutian ob[RA-(3-0xa-3Frdinzahierciedr%] InanvhyDethylrargamic
crystallised. The m xt

l.ed f t t t
appr oxi nat el yaop&rerthuty, tr"’gfﬁﬂ\gggqnggg 1ggqep£§§§n§l}r4@§{3dff)%&? i(g‘{?%ﬁ‘r?a Y washed

ith iso- 50 ni, 2.0, . Th Jwers

\glt 4OICS? Op(r:gﬁgtn ght‘&?@ﬁ&hﬂ@@“’&ﬁ&iﬁlﬂe&l @%ﬁ@ﬁ%@eﬂx‘éﬁ(aﬁ@o}.%f@ﬂ)? vacuo
talli i 3. o 8

1,40 (9. 3) Saillérgb%(( %-51)9%@'(%0!3 %ng%%?@agﬁ&( éﬁgﬂﬂ 2. ggé?g%?ﬁ%?lszs. 27

(4H m, 3. fgpdtaédiurh?c)arbcﬁa&ﬁ‘n(lea& g,d).5 mbl29.). (SHtid 3H(4-uBancanlino)pidgy] 430) WO
02/ 083689 PCT/ SE02/ 00726 50 Preparation C Preparation of Colr&)oun C5 (i)
4- ( 4- Cyanophebspzeussulfongte- 28417 Bol Aswplipg.c se9 Srenasatiay d(ix)gMeahed gp| eq. )

1 o 3oL B i B T RBASHARES B G et ol
JoMSon VoL 00 R Sk g, 5 S MRS Bk i i 0. 04 o
4- Bronobefzonpbbilé e (gR4ed. X:DEiMed.X:1 wvv (in  which X is
| * chloroform:methanol:concentrated ammonia 8.0:18:2' v/v). Visualisation
was by UV light (254 nm) and by staining with aqueous potassium
permanganate. .This showed the complete disappearance of starting material
and the Appearance of the title compound. The reaction mixture was cooled,
15 and the solvent was concentrated in vacuo. The residue was partitioned
between toluene (200 mL) and water (200 mL). The layers were separated,
and the o’rgar;ic phase was concentrated in vacuo to afford a yellow solid
(38.6 g). This crude material was dissolved in iso-propanol (190 mL, 5.0 rel.
vol.) at 60°C, and the hot solution was filtered. The filtrate was stirred, and
20 left to coél-to room temperature. A white solid crystallised. The mixture
was cooled from room temperature to approximately 8°C. The product was
collected by filtration and was washed with iso-propanol (50 mL, 2.0 vol.).
The damp product was dried in vacuo at 40°C to éonstant weight to give the |
title compound as a white crystalline solid (30.96 g, 81%).
25 . mp. 113.5°C _
IH-NMR (400MHz, CD30D) § 1.40 (H, s), 1.81-1.90 (2H, m), 2.35-2.54
" (8H, m), 2.93 (4H, 1) 3.18-3.27 (4H, m), 3.87 (2H, bs), 6.66 (2H, d), 7.39
(2H, d) - -
MS: m/z = (MH™, 430)



was then added, washing in with a mxture of DVE (200 nL,.1 vol) and water
(200 m., 1 vol). This "m xture was stirred rapidly under nitrogen for a

m nimumof thirty mnutes. A solution of but-3-yn-I-ol (92.1 nL, 1.1 nol
eq) in DVE wap®/o8dsso 1 vol) and water (200 ni, 1 vol) was addesearome se 15
over five mnutes. The conbined m xture was then heated to 80C for three
hours. The reaction was ' nonitored by PPLC for the di sappear ance of

aryl brom de and the formation of sub-title conpound. Once all of the
starting. material had_been consumed, the reaction was cooled to 25C and
filtered throhEPMaROLquhr. The filter cake was washed separately with 20
toluene (1.6 3 _vol) . e DVE; water m xture was partially concentrated in
vacuo to rermbée aﬁ%l%?fc(.}-ﬁp.n?ou'dn he DME. This was then partitioned with
the tol uene wash. The toluene | ayer was concentrated in vacuo to give sub-
title alkyne'as a yellow solid, which was dried in a vacuum oven overni ght’

at 40C. i gl d(i)82. 884Lya6pherd)blitd3NWR] {0300 MHz, CDC13) 8 7.599-7.575 (d,
J=7.2 Hz, 2H, _CH),, ;SU’I ?2[1;% (d, %:7.5 Hz;, 2H, , 3.880-3.813 (q, 2H,
CH2), 2.751- 2Pptssipm carbonatei@y6.71g, 21 -molvep) pras dissolved) inng nrighwe 86. 5C WO
oo bt bl L L T LA .

4- (4- Cyanophenyi” e iV i aedo) Pl o 4 p\fr) ~above)y/:i n

th | (200 ; dj a , , 10%
Sonnson et negtedit b Ra0 B0 0T R AP GRbnbded Haflor ole €4, 101
hydrogen presguyewher), kiveenyBHoSphinb §1 r.sa%ebtmnmwéqmﬁutc@?ﬁ&(ﬁ)xoaﬁbc for

t he di sappearance of the starting material, and thé formation of sub-title

conmpound. 1The(4.2a; 0i.0hmeheqf)i wereradded.h deBrimbbenzehipriler (280 ¢, iesbedqi .t h

ethanol (80 nL, 2 vol). The ethanol  sol ution was _concentrated in vacuo to
' . was then added, washing in with a mixture of DME (200 mL, 1 vol) and

water (200 mL, 1 vol).  This'mixture was stirred rapidly under nitrogen for a

minimum of thirty minutes. A. solution of but-3-yn-1-o0l (92.1 mL, 1.1 mol
eq) in DME (200 mL, 1 voi) and water (200 mL, 1 vol) was added .dropwise

15 over five minutes. The combined mixture was then heated to 80°C for three
hours. The 'rea.ction was’ monitor.ed by HPLC for the disappearance of
aryibromide and the formation of sub-title compound. Once all of the
starting. ﬁateﬁal had been consumed, the reaction was cooled to 25°C and

) filtered through kiésclguhr. The'_ filter cake was washed separately with

20  toluene (1.6 L, 8 vol). The DME:water mixture was.pai'tially concentrated in
vacuo to remove the majérit‘y of the DME. This was then par'titione'd with
the toluene wash. The toluene layer was concentrated in vacuo to give sub-
title alkyne as a yel,loW solid, which was dried in a vacuum oven overnight
at 40°C. Yield 182.88 g, 97%. |

25 1H NMR (300 MHi, CDCl3) & 7.599-7.575 (d, J=7.2 Hz, 2H, CH), 7.501-
7.476 (d, /=7.5 Hz, 2H, CH), 3.880-3.813 (q, 2H, CH»), 2.751-2.705 (t, 2H,
CH»), 1.791-1.746 (t, 1H, OH)
mp 79.6-80.5°C



give sub-title alcohol as a yellowbrown oil. Yield 36.2g, 88.5% 10 1H NWMR
(300 MHz, CDC13) 6 7.550-7.578 (d, J=8.4 Hz, 2H), 7.271-7.298 (d, J=8.1
Hz, 2H), 3.646-3.688 (t, 2H), 2.683-2.733 (t, 2H), 1.553-1.752 (m 4H) 13C
NVR (300 MHwoO @889 8 148.04 (C), 132.16 (O, 119.1 (O, PrOWSE2/0072€) ,
62.46 (O, 35.77 (C, 32.08 (O, 27.12 (C). 15 (iii) 4-(4-Cyanophenyl)butyl
t ol uenesul phonate The sub-title conmpound@iwas prepared by addition of

t ol uenesul phorfii) 4-(4+Hypdroxigbutyl)denzentisilér oxybut yl ) benzonitrile (see step (ii)
above). 20 (iv) tert-Buty . . .
7-[ 4- ( 4- cyanoﬂi)ﬂ@nQV9m}1§P}’D@1to3(¥n‘§,'ql @ 2abl Yl ray sea sten (i) above) in

ot P?IPE; T Pﬁ%h&@ Bl 45 SRE ReTaGEE Al SHRReROIP BD skt 9%5%53"3{% h°
! NSOD ( i - v BakS ,
S st ep (11 PR AREP AR ) sl e iRBerpen 08 S8 g0 o

_ _ met hyl f or ma . “tert-Butyl _
9- oxa- 3, 7- sdi agaRigenredsdradfot]ertanes. Sirarhetion whentonitored b HPLE (ot8. 2,
0.182 nol, seé Preparation B(l)(iv) above) was added, foll owed: by

pot assi um car ibnalisappé@ance of tiz sBBting materdle andithe dgunatins ofispbiile was
stirred for 22 hours _at_ 85C. TLC anglysi.s.indicate onpl et e consunpti on of
starting mat ecPEIPOURd dbe Fearkien Wﬁggﬁ/ @FP)‘?%‘ @Qseqa‘ﬁg%gﬁﬁ%%]w ure was
cooled to roomyt e tuyr | | . r T I %t ure was
extracted wt ﬁﬂbﬁfﬁy‘fé‘g?@v; 28];33%& gﬁﬁqﬁt)/\%&alﬁt&o%g °8§g%’§{a|§é 4 Zrna{g‘fcldg‘neg wer e
combi ned. Af t qiyd@Ikiflg attbhfl 40 RllokibiovaPBil. Wield 36.dgf88 8%, (200 ), the
organic |ayer Wwas dried wth nmagnesium sulfate, filtered and concentrated
unfler vacum 1]:hﬁH\gR;(Gﬁ0MHM’I?DU#)(\&Q.SSDW.BV%@M.@Hzpﬂﬁb,ob?.’ébﬁﬂ%n silica’
el, elating wt : exanes/ et -
’ ? (d, /=8.1 Hz, 2H), 3.646—3.3/88 (t, 2H), 2.683-2.733 (t, 2H), 1.553-1.752 (m,
4H) | .
13C NMR (300 MHz, CDCl3) § 148.04 (C), 132.16 (C), 119.1 (C), 109.64
(©), 62.46 (C), 35.77 (C), 32.08 (C), 27.12 (C). .
15 ' '

(iii) 4-(4-Cyanophenyl)butyl toluenesulphonate

The sub-title compound was prepared by addition of toluenesulphonyl

chloride to 4-(4-hydroxybutyl)benzonitrile (sce step (ii) above).

20 (iv) tert-Butyl 7-[4-(4-cyanophenyl)butyl]-9-oka-3,7-diazabicyclo[3.3.1]-

nonane-3-carboxylate

A 2L three-necked flask was equipped with a magnetic stirrer, a
thermometer and a reflux condenser. The flask was charged with a solution

of 4;(4-cyanopheny1)buty1 toluenésulphonate (72 g, 0.218 mol, see step (iii)

25 above) in dimethylformamide | (055 L). .t.ert-Butyl 9-0xa-3,7-
" diazabicyclo[3.3.1]nonane-3-carboxylate hydrochloride (48.2, 0.182 mol,
see Preparation B(I)(iv) above) was added, followed by potassium carbonate
(62.9 g, 0.455 mol). The heterogeneous mixture was stirred for 22 hours at

85°C. TLC analysis indicated complete consumption of starting material.



acetate affording 34 g (48% yield) of sub-title conpound as an off-white

solid. to (v) 4-[4-(9-xa-3,7-diazabicyclo[3.3.1

] non-3-yl)butyl]benzonitrile A 2L three-necked flask was equi pped with a

magneti c stiwg®@rs3e8 thernmoneter and an addition funnel. Therfimak2eas

charged with tert-butyl 7-[4-(4-cyanophenyl)butyl]-9-oxa-3, 7-di azabicyclo

[3.3.1 ]-nonane-3- carboxylate (34 g, 882 mol, fromstep (iv) above) and

di chl or onet hafThe hbadtibt) mikdure Trasf towled doc abm sernperaths? amt) dihated adtidied sl owl y

at room tenperature. The solution was stirred for three hours Stﬁnim(:h
I

poi nt TLC anwelesi(Q.5dhbwhhe suxirewes exmaiedhwithretyl acetatq (hy Ol . The
contents werg transferred to a singl.e-ne d flask and co c? tr g&d under
vacuum The s?rﬁﬁ’élcmégglﬂngs%?rSé@“?ﬂnﬁﬁc o R es)of eﬁL? 7%12 washed
ith 20 t d i i sal bt i . %%@é

\émepar at eza ggg’;@x?@ﬁ?bgg] %b?ﬁﬁ’z*?’gﬂfegé’f "rle.bhg er (‘g&id%gq»nﬁ?% e @%nnﬁ?f\ed

organi c | ayegarMerfiteres had contéhthtdédende? Qacuitnh, T efideteswiRINGEsE UM
sul fate and concentrated under vacuumto afford 25.8. g (100%yi el d) of
sub-title copmified bysclmomatddrapity vr silida del, Bheing with Bt bexamles lused in
the next 25 step without further purification. W 02/:083689 PCT/ SE02/ 00726
53 (vi) Conpoédriate affordingndd & (8% aield) ak Rubtitle comnayad agi #h off-YailiRet i ¢
stirrer, a thqrdgoneter and a reflux condenser. The flask was charged with
iunpurified - ﬁof -(9-oxa- 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) butyl ] benzonitrile
(25.8.g, 88 5 mmol, fromstep (v) above), dichloronethane (0.88 L) and
tent-butyl 2- bronvethyl carbamate (see Preparation B(l)(i) above, 27.7 g,
123 nmol ) 10 T(¥)et-fe{ROxaes, 1-idkabitytlo[ N3 1fdonr®lyDbusd|Ueheonitrilded. The cl ear
solution was réfluxed for 12 hours under a nitrogen atnosphere and then
cooled to A 2L three-necked flask was equipped with a magnetic stirrer, a

b
-

thermometer and an addition funnel. The flask was charged with fert-butyl
7-[4-(4-cyanophenyl)butyl]-9-6xa;3,7-diazabicyclb[3 .3.1]-nonane-3-

| carboxylate (34 g, 88 mrhoi, from step (iv) above) and dichloromethane

.15 (440 mL). Trifluoroacetic acid (132 mL) was added slowly at room

temperature. The solution was stirred for three hours at which point TLC

analysis showed complete consumption of starting material. The contents

were transferred to a single-necked flask and concentrated under vacuum.

The residue was dissolved in dichloromethane (500 mL) aﬁd washed with

20 saturated sodium bicarbonate soluﬁon. The'aqueous_ layer was separated

and extracted with dichloromethane (2 x 200‘mL). The combined organic

layers were washed with brine (200 mL), dried over magnesium sulfate and

concentrated under vacuum to afford 25.8 g (100% yield) of sub-title
.compo_und as an off-white solid. The crude material was used in the next -

25  step without further purification.



roomtenperature. The progress of the reaction was nonitored by TLC 1o
analysis and it was found to be conplete at this point. The reaction

m xture was transferred to a separating funnel and washed sequentially

W th water @&Pe/osdgsy 15% aqueous sodi um hydroxi de (200 nl) pcwst@r00¢2800 i),
and brine (200 m.). The organic |ayer was dried over magnesium sul fate and
concentrated under vacuum The resultind3yellow viscous oil was 15

chr onmat ogr aphddi)@ompdundCgel , eluting first with 9:1 ‘
di chl or onet hane/ net hano then with 9:1:0,02 dichloronethane/ met hanol/ 28%

aqueous ammoniAindhy dimsgingekady faskorvmst mumpﬁde“ﬁthnrﬂ)dﬁégﬁellﬁ stigher, @6%
ield) as an fvx/mte so]id., The arlle tlons from

2 hr omat ogr aph RSN § G omdansers an Ehie Nbggnmmf&ﬁ 20

I mpurit b L |

d:ném or)c/)m(et Ka-r%eﬁw@] %%%17/5%5}6{%{1&%% iaﬁ'm% 31&%‘%?3‘?%1}(20&?1 (ZF g tgh I at er

factions (2309)mMmer efr@ﬂihesté?%) Bbové)C cﬁé}ﬂbﬂ()‘fﬂe‘ihan-léhﬁ) Q@VL | 8d ftér?-fbhtﬂnzﬁ- (5.1

g) were conbined with ano ot of title conpound (7.1 g, containing a

slight inpuri tbyc)maelitiyh:larhmmate)g(sapﬂmj)amtmm B(IQ(a) gbove, QT | oLF3 ool th 19: 1
25 di chI oronet hane/ net hanol, and then wi 1 di chl or onet hane/ net hanol to

afford a pal e Lytathdamisndep1q% Ls Oghd1 mﬁB Wé%\@@ﬂ 9dedg; dhe|clesy sofption |

di chl th 2 ti hed tial

£ 9506 aquodtrs et For, B el sk BchiSOkdth b BfospRErer A on Rl 40
n.). Th t d ted WO
05) bastge oo RE MRTsLER, I THE biBRAs TRANELMBOR MAS ool BOTDEr 2L

of f - whi t e powaasalykf aail.it Wae fodld 1@ e aniiplete dialsis pohifoMrdeadtioh miNtareonet hane
(500 nL). The organic |ayer was washed sequentially with 25% aqueous

sodi um hydr oxivers ttarsferred o a wepazatifg Gitnel pnd aveshed isequentiolly with witer

mterial. was (58 mL%, lg‘% aqueous sqdlum hydroxide (200 mL), water (200 mL), and

brine (200 mL). The organic layer Was dried over magnesium sulfate and

concentfated under vacuum. The resulting yellow viscous oil was

15 chromatographed on  silica gel, eluting first with 9:1
dichloromethane/methanol, then with 9:1:0.02 dichloromethane/methanol/

28% aqueous ammonjum hydroxide to afford the title compound (25.1 g,

66% yield) as an off-white solid. The earlier fract.ions (5.1 g) from

~ chromatography were found to contain a sﬁall amount of a less polar

20 impurity (by TLC analysis) eluting with 9:1:0.05

' dichloromethane/methanol/28% aquecus ammonium hydroxide) while the

later factions (20 g) were one spot by TLC analysis. The earlier fractions

(5.1 g) were combined with another lot of title compound (7.1 g, containing

a slight impurity) and chromatographed on silica gel, eluting first with 19:1

25 dichloromethapé/methanol, and then with 9:1 dichloromethéne/rpethanol to.

afford a pale yellow powder (5.5 g). The poxzvder was dissolved in

dichloromethane (200 mL). The resulting solution was washed sequentially

with 25% aqueous sodium hydroxide (50 mL), water (50 mL), and brine (40

mL). The material was then dried over magnesium sulfate and concentrated



5 over magnesium sul fate and concentrated under vacuumto afford title
conpound as an off-white powder (19 g). The lots were bl ended together.
Preparation D Preparation of Conpound D 10 (i)

4-[(2S) - Oxi wanzloemshoxy] benzonitril e Potassi um carbonate (Ba¥sSER/oard
(R -(-)-epichlorohydrin (800 nL) were added to a stirred solution

of p- cyanophenol (238 g) in 2.0 L MeCN afdl the reaction nmixture was
refl uxed undennder vaceum mt&fﬁzrdrtﬁleecdmpomldhas ﬂl‘hefﬂ‘whltqudbufﬁ gh Whe -

filtered andtheflltratec e I vin ar Qi l ich .was
crystal Ilsed 39cﬁnﬁa’i°tlp%dwf§r va rddgﬂgx%e e gr@dﬁ‘c[t -W‘ﬁgmﬁlgm. (ii)
tert-Butyl Y. -9

di azabi cycl of %§§Jﬁs3\géiﬁﬁ %acar Wthzs%%ﬂﬂé{g ?‘ﬂﬂ‘ﬂj ﬁy&éﬁé@ iggk

equi pped wi t hnﬂ,g”%%ﬁi (dwoslmram Bﬂﬁe 310@ ST YTO Thb Shateris]. Gag thed ded h
tert-butyl 9-ox i azabi cycl o 1] nonane- 3- car boxyl ate as its free
base (53. 750, ofer2dmgaedium sllvltfwtemnﬂ fcomentﬂa&dhuﬂderchhwumetosazﬁ‘fm;d tide
Preparation B(l)(iv) above), 4- [(2S)-oxiranyl net hoxy]benzonitrile-(41.2 g,-
0.235 nol, seeompewnd & ampiimehite myvdmc(la gioTﬁe lots were blendedipggther.
2-propanol /water (0.94 L). The mixture was stirred at 60C for 20 hours,
during which tinme the starting materials were gradual |y consuned (assay by
TLC anal ysi S)? 1 fmn%ure was cool ed and concentrated under vacuumto
afford 100 g Juluy|c| d) of sub-title conpound as white solid. The
unpurified W&P%pa?dtldﬁaﬁ‘(y&ﬁﬂommmhe next step. WO 02/ 083689 PCT/ SE02/ 00726
55 (iii) 4- -~
{[(2S)-2- Hlydroxy 3- (9 oxa- 3,-7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) propyl | -
oxy}benzonitri| e A 3L, three-necked-flask equi pped with a nagnetic stirrer,

a t her monet er () 4-[(25)- OxiranylmethoxyJbenzonitrile
Potassium carbonate (414 g) and (R)-(-)- eplchlorohydnn (800 mL) were

added to a stirred solution of p-cyanophenol (238 g) in 2.0 L MeCN and the

reaction mixture was refluxed under an inert atmosphere for 2 h. The hot
15 solution was filtered and the filtrate concentrated, giving a clear oil which

was crystallised from di-iso-propyl éther giving the product in 90% yield.

(ii) tert-Butyl 7-[(2S)-3-(4-cyanophenoxy)-2-hydrolxypropy1']-9-0xa-3,7-

" diazabicyclo[3.3.1]nonane-3-carboxylate

20 A 3L, three-necked flask equipped with a magnetic stirrer and a
thermometer was | charged with tert-butyl 9-oxa-3,7-
diazabicyclo[3.3.1]nonane-3-carboxylate as its free base (53.7 g, 0.235 mol,
obtained from the hydrochloride s'alt,' see Preparation B(I)(iv) above), 4-
[(2S)-oxiranylmethoxy]benzonitrile (41.2 g, 0.235 mol, see step (i) above),

25 and a 10:1 (v/v) solution of 2-propanol/water (0.94 L). The mixture was
stirred at 60°C for 20 hours, during which time the starting materials were
graciually consumed (assay by TLC analysis). The mixture was cooled and
concentrated under vacuum to afford 100 g (>100% yield) of sub-title

compound as white solid, The unpurified material was used in the next step.



5 and an addition- funnel was charged with unpurified tent-butyl
7-1(2S)-3-(4- cyanophenoxy) - 2- hydr oxypropyl ] -9-oxa-3, 7-di azabicyclo [3.3.1
] nonane- 3- carboxylate (100 g, fromstep (ii) above) and di chl or onet hane
(1.15 L). Wa@amdacetic acid (0.352 L) was added sl ow yPET/SEQHfT26
tenperature and the resulting solution gas stirred ' for three hours, at
whi ch point TLC to anal ysis showed corrpl5 te reaction. The contents were
transferred to a single-necked flask and concentrated under vacuum The
resi due was ?j.ﬁ"so ' | [

saturat ed sodiiFhazbie HOXY-3Ug-QX 8, uaZanIoyelgia. 2. L IRON A2
extracted wt ' thane (2 x 0.2.L). The conbi ned organic | ayers
wer e washed 1%@%(0. 25 L), dried over nagnesium sul fate and
concentrated Wa@dg; thréagedked fask éqilﬁﬁpJCBWgth( & iy istihd), Dthedmbndctdr! e
conpound as an off-white' solid. The unpurified material was used in the
next step. 5(i wpd@omsiditich fonpel wes kbarged with mupurifiadetermbuatirkd-[{2Q <k (4rvas

equi pped with a magneti irrer, a ,ther er and . a_reflux conpdenser.
The f1ask vas YRR aowc)rfrﬁwﬁr&zfmqpau- -Qxég%lazablcydo[?’-f-lﬁnonane-g-

oxy) benzoni 1 1 ARG 0 g G 0 k) ot ARBRRIRSMBRRIRISI D)7 1) ana
25 tent-butyl T_%ifhrd%m-%ﬁbﬂcf@gm@mg WwEesddddenand) hPFoddh libfbbrafievddd 74 9.
0.330 nmol). Triethylamne (52 nm., 0.359 nol) was then added. The cl ear

sol ution was tied lresudting eolutidnhows sstizred fdrethre® dioask, tat whivh peimpeTbCur e.
The reaction mxture was transferred to a sepafating funnel and washed
sequent i ally whelysigathowed1 complefe zeastioni ndhe @otenty weradransfuradcta ayer WO.

02/ 083689 PCT/ SEQ2/ 0Q726 .5 s dried. oyer nesiumsul fate, filtered and
concentrat ed (B IGRREL AR A SCERERAY YET SBoVP D outich PP WA 1 11 o
by chromat ogr ‘am&v% in' Jii'cﬁﬂ)romethane (1.2_'L) and washed with saturated sodium

bicarbonate.  The "aqueous layer was separated and extracted with

dichloromethane (2 x 0.2 L). The combined organic layers were washed
15  with brine (0.25 L), dried over magnesium sulfate and concentrated under
vacuum to afford 73 g (> 100% yield) of sub-title compound as an off-white

solid. The unpurified material was used in the next step.

(iv) Compound D
2 |
L_/Iith_é_d_I: ‘A 2L, three-necked flask was equip:ped with a magnetic stirrer, a
thermometer and a reflux condenser. The flask was charged with unpurified
4- {[(2S)-2~hydroxy-3—(9-6xa-3 ,7-diazabicyclo[3.3. 1]noﬁ-3-yl)propy1]-
* oxy}benzonitrile (73 g, from step.(iii) above), dichloromethane (0.7 L) and
25 tert-butyl 2-bromoethylcarbamate (seé Preparation B(I)(i) above, 74 g,
0.330 mol). Triethylamine (52 mL, 0.359 mol) was then added. The clear
solution was refluxed for 16 hours and then éooléd to room temperature.
The reaction mixture was transferred to a separating furmel and washed

sequentially with water (100 mL) and brine (100 mL). The organic layer



gel, eluting first with 9:1 dichl oronet hane/ met hanol, then with 9:1:0.02
di chl or onet hane/ net hanol / 2$% aqueous amoni um hydroxide to afford an 5
off-white foany solid (40 g). The solid was dissolved in dichloronethane
(200 L) anwovemssmEe sequentially wth* 20% aqueous sodi um hguseoeiodes ( 100
m.) and water (100 nmL). - The organic I%yer. was dried over nmagnesium

sul fate and concentrated under -vacuum t®bafford title conpound as an

of f-whi t e sol iwhs(dtedioyer Bagregiua shlfate,t filtered snd pecentratekiatided vacuum.

I so- Propanol 5 m.) .and ter (0.5 nl) were added to [2-(09- .

oxa- 3, 7- di aza r@ﬁ@pag?/ PWOWSQQ‘%SI 9lbwa§ pueified Aty ehramagography pusilicaest er

(see Preparati ( abov A 4-1(2S) -
oxi ranyl nmet ho Fbgﬁégén férs |W1B(1E?gp%éﬁﬂ M%hgg@e t@?rbﬁwal ? ‘3@@%) was
15 added. The gpibidhteiige/Methasl/ 2% & geéﬂaél%%oﬂﬂ&ﬁ ‘ﬁ% %.nCOWP' ete
in 2 hours). The solvent was evapor at ryness under re uce pressure
to give the tidff-e/hiterfoampcsotid (40 f fThmsdliel wes dits¢¥ed in gllclﬂ&ﬁﬁ@ethahbl- NVR
(300MHz, CDC13) S 1.41 9H s), 2.3-2.75 (6H, m,’ 27530(5&

3.1-3.38 (3H (M0 IIBLBSn Mgshsgl segu@mallyl\mth@@% rMue®88®dlmh Pxi 199 20

§§E ?3 7 gsﬁ(f@ml ) 198 ﬁyate&%gm)ﬂﬁ% mrg@ll o W 3§6¢§°‘%°§H2 %9
B 7 8 or) mpshelnd et 4l oflcenfadlayhlls Pihpmt Géfféré?ﬂs%%owg#ﬁé i

[ 2- (9- oxa- 3, 7odhapHlivaite lselid (3.4 ngy%%qemll)l%ﬂgy ﬂegg)r bam c racid tert-butyl
ester' generated in Preparation ,  Method above (assuned 154.85 .

g, 1.0 nolioeq, 1.0 wt/vol) in a mxture of t ol uene (approx 640 L),

et hanol (appr ox 1280 nl) and wat erm&appro 130 WD 02/ 083689 PCT/ SE02/ 00726
Method II: zso-Propanol 5 mL) and water (0.5 mL) were added to [2-(9-

. 0xa-3,7-diazabicyclo[3.3.1]non-3-yl)ethyl]carbamic acid ferz-butyl ester
(see Preparation B(IT)(ii), Method I above; 0.43 g, 1.6 mmol) and 4-[(25)-
oxiranylmethoxy]benionifrile.(0.280 g, 1.6 mmol, see step (i) above) was

15 added. The mixhire was heated at 66°C for 19 hours (reaction was complete
in 2 hours). The solvent.was evaporated to dryness under reduced preséure
to give the title compound as an off-white solid (0.71 g, 100%).
1H-NMR (300MHz, ‘CDCI3) 8 1.41 (9H, s), 2.3-2.75 (6H, m),.2.75-3.0 (5H,
m), 3.1-3.38 (3H, m), 3.88 (2H, s), 3.95-4.19 (3H, m), 5.85 (1H, bs), 6.99

20 (2H,d), 7.6 (2H, d). .
1H-NMR (BOOMHz, DMSO-Dg) 5 1.35 (9ﬁ, s),' 2.12-2.59 (7H, m), 2.63-
2.78 (1H, m), 2.78-2.9 (4H, m), 3.2 (2H, q), 3.78 (2H, m), 4-4.1 (2H, m),
4.12-4.19 (1H, m), 5.3 (1H, bs), 6.61 (lH t), 7.15 (2H, d), 7.76 (2H, d).
MS: m/z = 447 (MH"),

25 , :

.Method III: The solution of [2-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-
yDethyl]carbamic acid fert-butyl ester generated in Preparation B(II)(ii),
Method 2 above (assumed 154.85 g, 1.0 mol eq, 1.0 wt/vol) in a mixture of
toluene (approx 640 mL), ethanol (approx 1280 mL) and water (approx 130



57 L), was basified wth aqueous sodi um hydroxi de (10M 51 ni, 0.9 nol
eq.). Solid 4-[(2,S)-oxiranyl net hoxy] benzonitrile (99.80g, 1.0 nol eq.; see
step (i) above) was added and the conbi ned m xture was heated to 70C for
four hours.wbhaosmecti on was nonitored by TLC using a siliepcr/staabar2ei th 5
nmobile. phase . XXxDCM 1:1 v/v (in which X is

chl or of or m et hanol : concentrat ed ammoni 47" 80: 18: 2 v/v). Visual i sati on was

by W light (24, wds sifiddywithaiqueows sodiih lpguexdds (pilvasSdi min, 0.9 mol

per manganate.. This showed the conpl ete_di sappear ance of starting material

and the appeaf@dceSdH 415@5910?(#@11&3]@%]@%’}’& enlﬁéltlﬁ]@a@ﬁ&@r& h&mel €quesse cool ed,

10f||teredthro h ki esel she ~e m, 4.0
vol ). This ga§t§ sa(hov Wﬁg ‘?éetdla"ﬂ%et\ﬁ,a(‘}%@m?g h%ie(gg)o}go 615%’6% th,
2.4 L, 1.6 w I F hitor O%fipi nto a
flask that wag&ge}%&ﬁ% f]glr%cltreg mg;a%ressﬁ)rée- B?'FIRF |on A ;Iha&uat lon |ine
was markesl opigbilehe ghgge of Xm)(smflaslkl Soment ({rﬂZSONnibh wa¥:renpved at
15 between 50C and '35 320 nbar and 100 nmbar, Then 4-nethyl pentan-2- ol
(1500 ni) waschiodeformmethaeol: doncerdrattd teiemoniadd®l 82 vivje. Gishalisatioit 1250

m.) was renmoved at between 35.€ and 80C, 220 nbar and 40 nbar. Mre

4- et hyl pent aW2s8-bY WYsdighki (25 fhoBm) RNy by Stgidag  WHh r agueus H@tbﬁs%%at ed

00" Thar . oo périGmeatih, 3% BRI e Shub i SRluta Rl S SR g Hhudhl ] 20 o
sodi um hydr oxj, t}(ezélfﬂgae&raﬂz bft&tﬂuv&}xﬁ?teregﬂ@@@hcnsﬂ%ﬁxmr@as ARI&,

separated and t nic ayer was t hroug | esel guhr to' give a

cl ear sol ybi ofiltefed?thtjughTkieselgatiridridowasird thraighestith etienal (62amli,|48k, which
was set up for reduced pressure distillation. Solvent §450 m.) was renoved -
25 at bet menvﬁbcﬂnﬁgm sgmhmmftalmocaapm(assnm% 4§&Ig,>100%131, pr oduct

| eft t Di -n-b 1.27
17%5"Von) “veis 2o S L HEVE risndion HoBG BEE) Bt EPT o cobtsehmide

flask that was set up for reduced pressure distillation. A graduation line was

marked onto the side of this flask. Solvent (1250 mL) was removed at

15 between 50°C and 35°C, 320 mbar and 100 mbar. Then 4-methylpentan-2-
ol (1500 mL) was added in order to reach the graduated line. Solvent (1250

mL) was removed at between 35°C and 80°C, 220 mbar and 40 mbar. More
4-methylpentan-2-ol (1500 mL) was added in order to reach the graduatéd

line. Solvent (1250 mL) was removed at between 62°C and 76°C, 100 mbar

20 and 90 mbar. The combined mixture was cooled to less than 25°C and
aqueous sodium hydroxide (2M, 1.27 L, 5.0 vol) was added. The layers
were separated and the organic layer was filtered through kieselguhr to give

a clear solution (1.2 L), This solution wés charged into a clean flask, which

was set up for reduced pressure distillation, Solvent (450 mL) was removed

25 - at between 52°C and 55°C, 90 mbar and 35 mbar. Theorétically, the
product was now left in 2 volumes of 4-methylpentan-2-ol. Di-n-butyl efher
(1.27 L, 5 vol) was adéled and tbe solution was allowed to cool slowly to
room temperature, which caused a precipitate to form. The mixture was

cooled from room temperature to approximately 10°C. The product was



room tenperature, which caused a precipitate to form The m xture 'was
cooled, fromroomtenperature to approxi mately 10C. The product was WO
02/ 083689 PCT/ SE02/ 00726 58 <collected by filtration and was washed with a
pre-m xed sWOQa2/08368df di-n- butyl ether (320 nmi, 1.25 vol ) PEREE02/00726
4- et hyl pentan-2-ol (130 nL, 0.50 vol). __The danp product was dried in
vacuo at 55C to _constant weight to give2Phe title conpound as a white
solid (193.6 golledeqd bydfilmapongndovess washadrwithom pre-mi autign wofadi-n-911, s),
2.3-2.75 (611 L a2, 15-3.Q (511, 3.1-3, 38(311, 3.8 211, s),
5 95-4. 10" (3rioufi etsr 6820 ls 1 FjoD Ghad Tnpibptoealan-ob 30 ml g, 50 EoD.
Crystallisati - 4 xt 0 g | ogously
to the procedirsoniineatiitus &id Mo 3t sERTROSR USRI B EHR 1
D(iv), Methodiitiklcomipeud as alﬂﬁ%gsoﬁ}l%(wﬁ@ pr7gpanol (28 nl) -and di-iso-propyl
ether (140 nL) was heated to 80C. The solution was filtered hot to clarify
it and thep rehpad®d0iC 15 80C. The solution was then allowed to cool to
roomtenperature whereupon a precipitate started to form After stirring
for two hours IHANMRI30OMEHZATDGIRS S A0t GOFL,a), 1i3-273 (GHtRD,7558hESH,Wi t h
| so- propanol : i so-pr and then sucked d-rsg on the.

0

opyl __ether g1:6, 70 i)
filter. The dm)pSﬁr%aé(:&Hma, 388i @H, ish 3281l R(3HOm)o§S5n(1dhtbs)0684Pve

crystalline oun white 20 solid (10.1 g, 70%. 1H NVR (300VHz,
CDC13) S 1. 4(1:8%’ 2)61%2%54?2 75 (611, nm), 2.75-3.0 (5H, n), 3.1-3.38(311,
m, 3.88 (2H, s), 3.95-4.19 (311, m, 5.85 (1H, bs), 6.99 (2H, d), 7.6
(2H, d) 25 Preparation of Methanesul phonic Acid Salt of Conpound D The

title sal o vwagrpisnaitith $8Compound D

A mixture of Compound D (prepared analogously to the procedures

described hereinbefore (see especially 'Prepdra_tion D(i{r), Method III above);
14.29 g), iso-ﬁropanol (28 mL) and di-z‘so-bropyl ether (140 mL) was heated
to 80°C. The solution was filtered hot to clarify it aﬁd then reheated to
15 80°C. The solution was then allowed to cool to room temperature
_ whereupon a precipitate started to form. After stirring for two hours the
precipitate was collected by filtration, washed with iso-propanol:iso-propyl”
ether (1:6, 70 mL) and then sucked dry on the ﬁlter.. The damp 1.3roduct was
dried in vacuo at 70°C overnight to give.crystalline Compound D as a"white
2 solid(10.1g,70%).
1H-NMR (300MHz, CDCl3) & 1.41 (9H, s), 2.3-2.75 (6H, m), 2.75-3.0 (5H,
m), 3.1-3.38(3H, m), 3.88 (2H, s), 3.95-4.19 (3H, m), 5.85 (1H, bs), 6.99
(2H, d), 7.6 (2H, d) '

25  Preparation of Méthanesulphonic Acid Salt of Compound D

The title salt was prepared by:
(a) dissolving Compound D (preparéd using analogous techniques to those

described above) in methanol and adding methanesulphonic acid; and



(a) dissolving Conpound D (prepared using anal ogous techni ques to those
descri bed above) in nethanol and addi ng net hanesul phonic acid; and WD

02/ 083689 PCT/ SE02/ 00726 59 (b) dissolving Conpound D in ethyl '"acetate
and addi ng nethanesulphonlc acid as a solution in ethyl ac | 1 owed
by seeding, WA, in both cases, standard work up amf%éiﬁ%ﬁ@%&g 5
Exanples 1 to 10 Aqueous Fornulatlons anple-l 1o Conmpound A 60. 1irrnol
Tartaric aci.d,g0,.

mol . |um O.XI H4 g. WAt er, t - 15 A
formul ation v ?Sgbﬁ'f% |’9.‘ﬁ€>’ ﬁﬁﬁgﬂﬁﬂ?gaﬁleglﬁﬂ%@épg%ﬁb ‘ol ar
anmount of tar Westa d{j))m b?l%‘?, 0% of the final wvol une.
The pH was Ch%égﬁlaQa%Sl ogj\ﬁgfgtﬂfgé to% ng 'ogamgf aqueous sodium .
hydroxi de. \\aamd theagsindsidle dades, dthﬁlai‘d%kk\tphﬂdf&ola?ibn]'hl s conposition was
given orally to rats in a 14 day toxicity study. The dose 420 nol/kg gave .

pl asma- concentrations in .the range 5.4-8.4 M (=nol/L) after 1 hour.
Exanple 2 25_Conpou d-A-10.4 nol. Tartaric acid 15.4 nol Sodium chl ori de
9 mg Sodi uhk&ﬂi!gglﬁag,ﬁd_opHA g.s. WD 02/ 083689 PCT/ SE02/ 00726

Aqueous Formulations

Example-1

10 Compound A L 60.pmol
Tartaric acid ' 60 pmol
Sodium hydroxide topH4 o g.s.
Water ' C to 1.0 mL

15 A formulation was prepeired by dissolving Compound A in an equivalent
molar amount of tartari¢ acid. Water was added to about 90% of the final
volume. The pH was checked and adjusted to 4 by addition. of aqueous

sodium hydroxide. Water was added to the final volume.

20 This co:ﬁposition was given orally to rats in a 14 day tdxicity study. The
" dose 420 pmol/kg gave plasma concentrations in the range 5.4-8.4 pM
- (=pumol/L) after 1 hour. '

Example 2
25 G . ,
‘CompoundA 10.4 jimol
Tartaric acid - 15.4 pmol
Sodium chloride - - . O9mg

Sodium hydroxide to pH 4 q.5.



60 Water to.
an equi val ent

1.0 mL A fornul ati on was prepared by dissol ving Conpound A in

nol ar anount of tartaric-acid. Tartaric acid buffer was

prepared by adding 5 the renainder of the tartaric acid along with the

sodi um chl gri the water. The pH of the buffer was c e
grd4&§)85£9 aqueous sodi um hydr oxi de. besketl

enpl oyed in cgptai n Exanpl es bel ow, specific

s notwﬁﬁprjoduced.). .Buffer (5 mM was agqapmio about 90% of the

vol une.

aqueous sodi um hydr oxi de.

added.to the final

adjusted t

maki ng buffers was al so

detail
final

y addi ti on of

(This procedure for

e pH was 1o checked and adjusted to 4 by addition of

Furt her

tartaric ac

vol ume. This conposition was adm_njstered su

Id buffer (5 MM pH 4) was
anously

cut
to dogs for @A daysulatiom wagTpreparsd byt disselwing Compound)A §ﬂuﬁly?q14§*ﬁ%npl e 3

Conpound. A 5 xnol
hydr oxi de t o TRplasagoynt o

Acotat o bt f ahe (iigiet e e SRR, ofE it

90% of the fi

of aqueous

Acet i

acid 10
cragidy

Terario a6 i

i um

m chl oride 9
T, Preg Propasech PY AGFIE 1y
ic acid. -
t o about

lt@% K Fﬁ]g\g ;Hmm?argeagﬁ e

w%br. V?ﬁy e of Bt BURr'Wads cHEaR6d 8Ad affhsad tos4 B¢ ddditfonbof addi tion
0 ydro

I um X de.

Acetate buffer (

m pH 5) was added to the

final vol ume.aquen@2ddBRGIyPETHIGEqThix0OFDBedirei for Exakipg duffers was also
| employed in certain E;tar'nples Beiow; specific detail is not reproduced.)
Buffer (5 mM) was added to about 90% of the final volume. The pﬂ was
checked and adjusted to 4 by addition of aqueous sodium hydroxide. Further
tartaric acid buffer (5 mM, pH 4) was added to the final volume.

10

15

20

This composition was administered subcutanously to dogs for 5 days in a

VTI (vaso tissue irritation) study,

Example 3

Compound A

Acetic acid

Sodium chloride

Sodium hydroxide to pH 5
Water

5 pmol
10 pmol
9mg

q.s.
to 1.0 mL

A formulation was prepared by dissolving Compound A in an equivalent

molar amount of acetic acid. Acetate buffer (5 mM, pH 3, ;.-.'céntqi.ning

* sodium chloride) was added to about 90% of the final volume. The pH was

checked and adjusted to 5 by addition of aqueous sodium hydroxide.
Acetate buffer (SmM, pH 5) was added to the final volume. -



Compound A, benzenesul phonic acid salt 45 gnol
Hydr oxypr opyl net hyl cel lul ose (HPMC) 5 ng 5 Water to 1.0 nL A suspensi on of
active compound was prepared by dispersing it in a HPMC 5 ng/nL sol ution

in water, ngJ)Igf{(\)Aég by mixing. to This conposition was adm@é@ﬁﬁgﬁgzgrally

torats in toxicity study. A dose of 450 nol/kg asma
concentrations in the range 8-12 M (= | /L) after 1 hour. Exanple 5 15

Conpound A, %@Em phoni ¢ acid: -salt, 70 nol ,
' Hydroxypropyl odext ri n/ wat er (40/ 60 ww% to 1.0 n Salt was
di ssolved in the 40/60 (w w9 hydroxypropyl-p- 20 cycl odextrin/water
vehicle. The solubility of the salt was al nost 40 tinmes higher.-in this
vehi cl e!  corffempohiidAyke¢rzenesulpleonic ﬂc'id safExanpl 45 pmBbnpound A
benzenesul phom c acid ;@pt 8 gr. nol et hyl enegl ycol
400/ Et hanol / S8 ethylcgluloss SR kf/ w % 188.0 M. WD 02/ 083689
PCT/ SEQ2/ 007é& Eer Salt was dissolved in PEG 400f {)gﬁgo and t he surfactant
Sol ut ol TM? ( > conprises pol yet hyl ene gl ycol els 12-OH-stearic
acid). Water was added to the final volune. The sol ubi I|ty of the 5
benzenesul phonate salt was approximately 4 times higher in this vehicle

than it is irAwBéghsidnTactifx@6mipourd was prepared by dispersing it in a HPMC

5 mg/mL solution in water, followed by mixing.

10  This composition was administered orally to rats in a 14 day toxicity study.
‘A dose of 450 pmol/kg gave plasma concentrations in the range 8-12 iM
(=pmol/L) after 1 hour.

~ Example's
15 |
" Compound A, benzenesulphonic acid'salt, 70 pmol
Hydroxypropyl-B-cyclodextrin/water (40/60 w/w %) to 1.0 mL
. Salt was dissolved in the 40/60 (w/w%) hydroxypropyl-B-

20 cyclodexirin/water vehicle.

"The solubility of the salt was almost 40 tunes higher in this vehicle’

compared to water alone.

t - . 125 ' Example 6 . L SRR o

Compound A, benzcnesulphonic acid salt 8 pmol
Polyethyleneglycol 400/Ethanol/Solutol TM/Water
(40/10/5/45 wiw %) . . tolOmL



1o Conpound D 20- nol Tartaric acid 25 nol Sodi um hydroxide to pH 4 q.s.
Water to 1.0 nL 15 A fornul ati on was prepared by dissol ving Conpound D in
an equivalent nolar anmount of tartaric acid. Tartaric acid buffer 5 nM pH
4 was added_ to about 90% of the final volune. The pH was d

adj usted .t P W”@gdi tion of aqueous sodi unthydroxi de. Ta?piféﬁ@%g@:gd
buffer (5MM pH 4) was added to the figyal volunme. 20 This conposition.was
adnmini stered orally to dogs in.a 5 day dose-finding study: The dose of 40
gnol / kg gave plasma concentrations in the range 4.8 258.7 'M (=nol /L) after
30 minutes. [SaATReS SissslUBPYAIPEB0460 "Bthakbll BAE tAE 1 ikfactni ol SietT™Mm

chl oride9.0 ng WO 02/.083689 PCT/ SE02/ 0726 63. Sodi um hydroxi de to pH 6
q.s. Water tBASF;ntompfisesnpodysthylenasglpeaipasters 'ofy 12iQH edtearicg aCiddpound D
in an equivalent 5 nolar, appunt of citric acid. Ctric acid buffer (5 nM

pH 6) was adde¥ates Afsutaddeds de the finplal velsmane. Thee by cRbcfied and
(S pH 6 wehzeralahptate ol VRS arsameies: 4 AR HEiRgol: BEORERERg ven
subcut aneous| yy 40:dogs. EQL sRnedays in‘a VTl study. | , .

Example 7

10 Compound D - 20 ﬁmol
Tartaric acid ' 25 pmol
Sodium hydroxide topH 4 q.s.
Water | ' - to 1.0 mL

15 A formulation wa_é prepafed by dissolving Compound D in an equivalent
molar amount of tartaric acid. Tartaric aci;i buffer 5 mM, pH 4 was added
to about 90% of the final volume. The pH was checked and adjusted to 4 by
addition of aqueous sodium'ihydroxide. Tartaric:, acid buffer (5mM, pH 4)

. was added to the final volume.

20
This composition was administered orally to dogs 1n a 5 day dose-finding
study. The dose of 40 pmol/kg gave plasma concentrations in the range 4.8-
8.7 UM (=pmol/L) after 30 minutes. | ' .

25 Example8 . S A o
Compound D , _ - 10.4 pmol
Citric acid : : . 15.4 pmol

Sodium chloride " 9.0mg



Exanpl e 9 Conpound D 10 nol 15 Citric acid 15 gnol Sodium chloride 9.0 ny
Sodi um hydroxide to pH5 g.s. Water to 1.0 inL 20 A formul ati on was
prepared by dissolving Conpound D in an equivalent nolar amount of citric
acid. Gtric acid buffer (5 M4 pH 5) was added to about 90% of the final
vol une. TheVP28%¢3% hecked and adjusted to 5 by addition MI/SHYBYs sodi um
hydroxide. Ctric acid buffer (5mM pH ﬁ% was added to the final volune.,

25 i Exanple L0.Conmpound. D, anesul phonic acid:.salt 10 ng Sodjum
chloride 9 rfg%\ﬂi“@g}o‘b%@é%@tﬁﬁ&oz/ 00726 64 V&fer tb 1 mL The. |
formul ation igyeepared by first dissolving the [ chloride in the

wat er, and chY1 I ssol vi ng Conpound D, net hanesmsgﬁ(%{rf]]?nc acid salt inthe 5
resultant saline solution. -Exanple 11 Freeze-Dried Conpositions 1o The
following fornul ations are’ made in accordance with techniques described
in one or nord fimmlation s prepared bybdisselvipg)Contpoymul PdinAad @quiyalent

5 molar amount of citric acid. Citric acid buffer (S mM, pH 6) was added to

~ about 90% of the final volume. The pH was checked and adjusted to .6,’_by.

addition of aqueous sodium hydroxide. Citric acid buffer (5mM, pH 6) was
added to the final volume. ' . |

10 This composition is given subcutaneously to dogs for 5 days in a VTI study.

Example 9
Compound D 10 pmol

15 Citric acid 15 pmol o
Sodium chloride : 9.0 mg
Sodium hydroxide to pH 5 . q.s.

Water to 1.0 mL __ :

' . ;
| 20 A formulation was'prepared_by dissolving Compound D in an equivalent
molar amount of citric acid. Citric acid buffer (5 mM, pH 5) was added to
. about 90% of the final volume. The pH was checked and adjusted fo5 by
addition of aqueous sodium hydroxide. Citric acid buffef (5mM, pH 5) was
added to the final volume. |
25 IR -

. Example 10

Compound D, methanesulphonic acid salt 10 mg

Sodium chloride | . 9mg



15 Tartaric acid 3.9 ng Mannitol
Water to 1 nL 20 (b) Conpound A 10 ng Hydrochloric acid 0.95 ng Mnnitol

10 ng Sodi um hydroxide to pH 4 q.s.
Acetic acid 10 nyg

to pH5 g. WOO0MR3E8 to 1 nL 5 (d) Conpound D 10 mg Gitri CCACERYT
Mannitol 10 ng. Sodi um hydroxi de to pl—é46 g.s. 10 Water, to 1 nL 15

10

15

- 20

25

Water

to 1 mL -

10 ng Sodi um hydroxide to pH 4 q.s.

25 Water - to 1nL (c) Conpound D
1.34 ng WO 02/ 083689 Mannitol 65 10 ng _Sodi um h

dr oxi d
%l?;rgm e

The. formulation is prepared by first dissolving the sod_ium chloride in the -

water, and then dissolving Compound D, methanesulphonic acid salt in the

resultant saline solution.

-Example 11

Freeze-Dried Compositions

The following formulations are .made in accordance with techniques

()

- Compound A

Tartaric acid

Mannitol

Sodium hydroxide to pH 4
Water ‘

®

Compound A
Hydrochloric acid
Mannitol

Sodium hydroxide to pH 4
Water e

(c)
Compound D
Acetic acid

described in one or more of Examples 1 to 10 above:

10 mg
3.9mg
10 mg

q.s.
to 1 mL

10 mg
0.95 mg
10 mg

- q.8.

to 1'mL

10 mg
1.34 mg



(e) Conpound D, nethanesul phonic acid salt 10 ng Mnnitol 10 ng Wter to
1 nmL PCT/ SE02/ 00726 Mannitol is added prior to or after salt formation. The
solutions are optionally sterile filtered, for exanple through a,6.22 m
menbrane filter. Solutions (sterile or otherwise) are filled into

appropri at eWQREPE (e g. . vials) 20 and the fornul ati ons BEESERORRE-dri ed
usi ng standard equi pnent. "Vials may be.gealed in the freeze-dryer

equi pnent .und a.nitrogen atnosphere. _ﬁgueous E8rrml ations, and
freeze-dried %@%@:‘t'i ons, conprising ConpdundsVB¥nd C, and salts

t hereof, are IQ: nce with 25 teghni ques described in.the
Exanpl-es abovgba%{ggfﬁ 5%&%%/ SE02/ 00726 66 g%arrpl es 12 to 16 |Imedi ate
Rel ease Tabl etygater Tabl et Manufacture 5 Tabl ets yf gaanufactured using a
standard tabletting machine (Kilian SP300) in accordance with standard
procedures. \Were appropriate, mxtures of drug and other excipients, were
dry m xed (for exanple in a nortar) or wet or dry granul ated usi ng

st andard téch@)ques. io Test Method Disintegration tinmes for the tablets
were determ n;d usi na@ United States Phar rracomei a XXI'V-di sintegration
test nethod (xS HYCPi'bed on page 1941). Disintedttion time is measured
as the tine wWcihicheidi ch the tablet. is fully dhgilﬂhegrated in water.

e

Mannitol o 10 mg.
Sodium hydroxide to pH 6 ' q.s.
10 Water, . o . to 1 mL
(e) .
Compound D, methanesulphonic acid salt 10 mg
Mannitol _ , 10 mg
15 Water | to 1 mL

Mannitol is added prior to or after salt formation. The solutions are

" optionally sterile ﬁltgre'd, :for exami:}e tﬁrough h‘O.ZZ .p.m membrane filter.

" Solutions (sterile or otherwise) are filled into appropriate vessels (e.g. vials)

20 and the fonnulatioi:é are freezé-dried using standsard equipment. Vials may

be sealed in the freeze-dryer equipment under a nitrogen atmosphere.

Aquecus formulations, and freeze-dried - compositions, - comprising
Compounds B and C, and salts thereof, are prepared in accordance with

25 techniqﬁes described in the Examples above.



15 Exanple 12 96.3 ng of dibasic cal cium phosphate, 7.7 ng of sodium starch
glycolate, 7.7 ng of HPMC 6 cps and 3.8 ng of sodium stearyl funarate were
dry mxed together along with 250 ng .of Conpound D (free base). Tablets
s20 (punch dianeter. 10 mm) were conpressed with a single unch ress
(Kilian SPBO®#/0836$% final tablet wei ght was about 365 ng. qysé:P 02%r at i on
time was 90 seconds in water (37C) le 13 25 100 ng of

m crocrystalline cell ]Oi PH ' 102 SCG Speci al course grade; FMC
| nt er nati onal M&&gl&f_m crocrystalli ne cel lul ose PH 101 (FMC

I nternati onaliE gg g%égg eigaq;!é{? starch glycolate, 10 ng of pol yvinyl
pyrrolidone cul ar wei ght 1,000, 000; BASF) and 10 ng of
sodi um stearyl fumarate were dry m xed together. along with 250 ng WO

02/ 083689 PCT/ SE02/ 00726 67 of Conpound D (free -base). Tablets (punch’

di amet er-.-10 Tfublet/Maaufacumerpressed with a single punch press (Kilian

SP300) . .The final tablet ht was about 500 m;lo1 Disintegration tinme was
6 ni nut es,5 15Tsklenwera marwéq re(lsmg essamm tablefting msg%e 1l1an

tall L1 ul PH 10 t | f ,
?of;eﬂlzls gyr$ﬁf9 o ua(cgfs"ieggg?? ( E"r\?r‘}a Ig?naso 853585’5?)‘8’ f umar at e
TRA
Tablet's ( puncrigigs amc,\‘§re d mr?wﬁfer@’e‘&?%ﬁp@e@i%gﬁg}@ﬁm @° Fapl i B s

(Ki | an.SP300gorthf)esriwét@r drpBlaaiilatéd eiihg YRAdEEehnidiesnT. - Dl sintegration
time was | ess than 20  seconds in water % 370).

10 Test Method _ . |
Disintegration times for the tablets were determined using a United States -
Pharmacopoeia XXTV d1smtegrat10n test method (as described on page
1941). Disintegration time is measured as the time thhm which the tablet
is fully disintegrated in water.

15

Example 12
96.3 mg of dibasic .calcium phbsphate, 7.7 mg of sodium starch glycolate

- 1.7 mg of HPMC 6 cps and 3.8 mg of sodium stearyl fumarate were dry |
mixed together along w1th 250 mg of Compound D (free base). Tablets
20 (punch diameter. 10 mm) were compressed with a single punch press (Kilian

SP300). The final tablet weight was about 365 mg. Disintegration time was

90 seconds in water (37°C).

Example 13
.25 100 mg of microcrystalline cellulose PH 102 SCG (special -'cour'se'_gréde; !

FMC International), 100 mg of microcrystalline cellulose PH 101 (FMC
International), 30 mg- of so'diurr_i starch glycolate, 10 mg of polyvinyl
pytrolidone K90 (approximate molcular weight 1,000,000; BASF) and 10
mg of sodium stearyl fumarate were dry ﬁxed together. along with 250 mg



Exanpl e 15 15 28. 13 ng of dibasic cal ci um phosphate, 15.63 ng of

m crocrystalline cellulose PH 102, 15.63 ng of polyvinyl pyrrolidone
crosslinked) and 3.13 of sodium stearyl fumarate were dry m xed

( gy y y

toget her with 250 of Conpound D (free base). Tablets ( | ter
10 M) werévopzﬂrq'bqﬂ ssed with a single punch. press (Kili aﬁaﬁ‘g@@&ﬁﬁhe
final tablet 20 weight was about 312 ng. '7 Disintegration tinme was | ess then
20 seconds in er .(37€) ampl e 16 of, mi.cracrystal lyne cellul ose .
PH 105 800, 3GTECHpERRIaR (8 Bafer Trbicts Jrdiy Gerbds MR Bl et

car boxynet iyl | o . ' | it ( ' VAR )V
pyrrolidone Kggmpg%%?%%nﬂg%ecsmhg @E‘F@ﬁ b\%&%?g(ﬁhégsgagoﬁg )Bgé]ldﬁg.m{ nmg of

sodi um StearY'wefiFlﬁt?V@éaﬂ)ou\ﬂ@O@rﬂg.YDIﬁﬂt ati6 fireewas/é iimfies) 15Geedndsdnpound D
lets

(free base). Tab (punch dianmeter 12 mm) were conpressed with a single.
punch press ( kidtere@37%C).02/ 083689 PCT/ SE02/ 00726 68 SP300). The fi nal

tabl et wei ght was about 610-ng. Disintegration -tine was 60 seconds in

wat er (37Cp. 5 10 15 20 25 Abbreviations AP br d e

Example 14
43.75 mg of microcrystalline cellulose PH 102 (FMC Intemati'opal), 15.63

mg of polyvinyl pyrrolidone (crosslinked) and 3.13 mg of sodium stearyl
fumarate were dry mixed_togethér along with 250 mg of Compound D (free
10 | base). Tablets (punch diameter 10 mm) were compressed with a single

punch press (Kilian SP300). The final tablet weight was about 312 mg..
Disintegration time was less than 20 seconds in water (37°C). "

Example 15 |
15 28.13 mg of dibasic calcium phosphate, 15.63 mg of microcrystalline

cellulose PH 102, 15.63 mg of polyvinyl pyrrblidone (crosslinked) and 3.13
mg of sodium stearyl fumarate were dry mixed together with 250 mg of

' _Compou1‘1d D (fr_eé .base). TaBlets (punch diametér 10 mm) were
'compressed with a single punch. press (Kilian SP300). The final tablet

20 weight was about 312 mg.’ Disintegration time was less then 20 §econds in

water (37°C).

Examgle 16 _ _
549 mg of microcrystalline celluloss PH 102 SCG, 30.5 mg of

25  croscarmellose sodium (croéslinked sodium cai'boxirxrietH)iiceliulos'e; FMC
International), 30.5 mg of polyvinyl pyrrolidone .. K30 (approximate
molcular weight 50,000; BASF) and 6.1 mg of sodium stearyl fumarate
were dry mixed together with 500 mg of Compound D (free base). Tablets

(punch diameter 12 mm) were compressed with a single punch press (Kilian



DCM DW DMSO dd Et eq. G h . HA HPLC IMS IPAKF m M MCN
mn. MP. M5 Pd/C atnospheric pressure ionisation (in relation to M)
broad (in relation to NVR) doublet (in relation to NVMR) dichl oronet hane
N, N-di et hyl f ormanm de di net hyl sul f oxi de doubl et of doublets (in relation

to NVR) et W|02/083689 PCT/SE02/00726
SP300). The final tablet weight was about 610-mg. Disintegration time was
60 seconds in water (37°C).
Abbreviations
.5 l
API = atmospheric pressure ioﬁisa)tion (in relation to MS)
br = broad (in relation to NMR)
d = doublet (in relation to NMR)
DCM = dichloromethane .
10 DMF . = N,N-dimethylformamide
'DMSO0 = dimethylsulfoxide
dd = doublet of doublets (in relation to NMR)
Et = ~ ethyl
eq. = equivalents
.15 GC = gas chromatography
h . = hour(s)
HCI = hydrochloric acid
HPLC' L= high performance liquid chromatography .
IMS - =  industrial methylated spirit
20 IPA = iso-propyl alcohol
KF =. - Karl-Fischer '
m = multiplet (in relation to NMR)
Me = methyl
MeCN = acetonitrile
25 * min. = minute(s) - . ¢ L+
m.p. = melting point
MS = mass spectroscopy
Pd/C = palladium on carbon

q T= quartet (in relation to NMR)



equi val ents gas chromat ography hour(s) hydrochloric acid high performance
| i quid chromat ography . industrial nethylated spirit iso-propyl alcohol
Kar | - Fi scher multiplet (inrelation to NMR) nethyl acetonitrile =

m nut e(s) (a melting point nmass spectroscopy palladiumon car bon guart et
(inrelati oW WO 02/ 083689 PCT/5E02/ 00726 s t TLEAGRI2BY26 (oom
tenperature si ngI et (inrelationto NI\/F%Q triplet (in reI ation to NWR)

thin | ayer chg_tomat ogr aphy

' room temperature  © s S
s = singlet (in relation to NMR)
t = tﬁplet (in relation to NMR)
TLC = thin layer chromatography

5 UV = qultraviolet

Prefixes n-, s-, i-, t- and tert- have their usual méanings: normal, secondary,

iso, and tertiary.



ultraviolet Prefixes n-, s-, i-, t- and tert- have their usual neanings:
normal, secondary, 1iso, and tertiary. WO 02/083689 PCT/ SE02/ 00726 70
Clainms 1. An i mredi ate rel ease phar maceuti cal forrmulation corrpri sing, as 5
active ingredient, 4-({3-[7-(3, 3-dinethyl-2-oxobutyl)-9-oxa 7- di azabi
cycl o 3. 3. 1PH1083689 | br opyl } ani no) benzonitrile, tert-but yFC SE‘{ PO128_ (4-
cyanoani |l i no) propyl] -9-oxa-3, 7-di azab ﬁycl 0[3.3.1]non-3 -yl } et hyI
carbamate, tert-putyl 2- {7-[4-(4-cyanopnenyl)butyl]-9;oxa:3, 7-di azabi -

" cyclo[3.3.1] non-3-yi} ethyl carbamate or tert-butyl 2-{7-[(23)- 3 (4 10
cyanophenoxy) cdafwydr oxypropyl ] - 9- oxa- 3, 7-di azabi cycl o[ 3. 3.1 ] non-3-yl} -
et hyl carbamat e of a pharnmaceutical |l y-acceptable salt of any of these
conpounds; and a pharnaceutical |l y-acceptable diluent or carrier. 2. A
formulation as claimed in Claim1, which releases at |east 70% of 15 the
active ingredilent Ant immedistousleasef phatmaseuticahtfoonulation pomprisimgatéson as

204 A 1 oS mRERYon SR ndb (k- Aimety - xRy hoeech f dgrabhe eace
IrZI \(Iamatsgl |nslwh%ﬁ?lﬂ[zg%lﬁﬂﬁ'@??é@@pﬁ%ﬂﬂegk%ﬂgﬁ ogeg{s‘%l’& \rlTvg {fﬁ'g{ngeone of
52?083288"%2%’-/ IRy} D-oRIB oAy T oA T ety 2t [ o0 VO
carbamate, fert-butyl  2-{7-[4-(4-cyanophenyl)butyl]-9-oxa-3,7-diazabi-
cyclo[3.3.1]non-3-yl} ethylcarbamate or  terz-butyl  2-{7-[(25)-3-(4-
10  cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl} -
ethylcarbamate ot a pharmaceutically-acceptable salt of any of these

" compounds; and a pharmaceutically-acceptable diluent or carrier.

2. A formulation as claimed in Claim 1, which releases at least 70% of

15 the active ingredient within 4 hours of administration.

3, A formulatlon as claimed in ClaJm 2, wherein at least 80% of active
| mgredlent is released. ' :
20 4. A formulation as claimed in Claim 2 or Claim 3, whe;éin the release
is within 1 hour. ' |
5. A formulation as claimed in Claim 4, wherein the release is within 30
minutes.
6. A formulation as claimed in any one of the preceding claims which is

adapted for peroral administration.



7. Aformulation as claimed in CQaim6; whichis in the formof a tablet,
a capsule or a liquid dosage form 8. A formulation as clained in Caim?7,
which is in the formof an 5 imrediate rel ease tablet conprising active
ingredient, diluent or carrier, and, optionally, one or npre additional
exci pi ent s. WO.928838% | ation as clained in Oaim8, wherei FCVRE2801%ent or
carrier is nonobasic calci um phosphat d| basi ¢ cal ci um phosphat e

(di hydrate or to a ra o hasi.G Iact

m crocrystal | ine c OSF‘B 9§| qimediin g’o‘?fﬁk‘fgtlg Lﬂtabl?t

manni tol , sor otato starch, rice starch gl ucose,

cal cium I act a?chgr c%51 ﬁ%@%&%@%g‘%ﬂé 10. A for rrul ation as clainmed in daim
9; wherein the diluent or carrier is 15 dibasic cal ci um phosphate

(di hydrate or anhydrate) or mcrocrystalline cellulose. 11. - A ' :
fornul ati on a8. cl aAnﬁu'muiamwammhlmbd@haEhmnW t whikh, iswneths fortthef anpt i onal

addi tional eXg¢ipi ent(s) conprise(s) a. lubricant, a,glidant, a binder 20
and/ or a dfsi HeBAie relesse Jeblel, samprising, agtve (lagredient:ndidnent 9Tl $iRher ei n

t he | ubri cant 1§ gnﬁ3| um st ear atjﬁu f;arl c_acid, calcium stearate,

stearyl al coh8t cﬂphé’ 8 erﬂnesqré’é?rfila PYREIDIEIR3 A fornul ation as cl ai'med
in Claim1l12, wherein the lubricant is nagnesium stearate or sodi um stearyl
fumarate. WO 02/ 083689 PCT/ SE02/ 00726 72 14:. A fornulation as clainmed in"
any one of d gj ns Alfotraulhfion Wb elaghed ih€ldimlB, iviesréini the diluentosr c&arﬁell isoi dal
silica. 15. Aformulation as clainmed in any one of Cainms 11 'to 14,

wherein the Sdpohasie ¢alcipmi phpsphatey rdibasiclwalsiumi phosphate {dihydeate «ri ul ose,
a polyethylen

anhydrate), tribasic calcium phosphate lactose, mlcrocrystalhne cellulose,
silicified mlcrocrystallme cellulose, mannitol, sorbitol, maize -starch, potato

starch, rice starch, glucose, calcium lactate or calcium carbonate.

10. A formulation as claimed in Claim 9, wherein the diluent or carrier is
15 dibasic calcium phosphate (dihydrate or anhydrate) or microcrystalline

cellulose.

11." A formulation as c_léirried in any one of Claims 8 to 10, wherein the
optional additional exqipient(s) co;hprise(s) a hibricént, a glidant, a binde_f

20 and/or a disintegrant.

12, A formulation as claimed in Claim 11, wherein the lubricant is

magnesium stearate, stearic acid, calcium stearate, stearyl alcohol or sodium

stearyl fumarate ' ’
Cas . ' , o o

13. A formulation as claimed in Claim 12, wherein the lubricant is

maghesium stearate or sodium stearyl fumarate.



gl ycol, a pol yethyl ene oxide, a |iydroxypropyl methylcellul ose of a | ow
nol ecul ar wei ght, a nethylcellulose of a |low nolecular weight, a

hydr oxypropyl cel I ul ose of a | ow nol ecul ar wei ght, a hydroxyethyl cellul ose
of a | ow nmol ecul ar wei ght, naize starch, potato. starch, rice starch or a
to sodi um cHPOYWA hyl cellul ose of a | ow nol ecul ar wei ghtCT/3ig2/00726
formulation as clained in . Caiml5, erein the b| nder is

| I d d I th I | I
D By OOt B BB e o Bkt S R S
wherein the lq ﬁwgggﬁg%ég?;ﬁﬁgmﬁ arch gl ycol at e crosslinked

pol yvi nyl pyrro sodi um car boxynet hyl cel |l ul ose, naize
starch, potato starch, rice starch or an alginate. 20 18. A formulation a
cl ai rred in CI aim 17, where| n the disintegrant is- sodium starch glycol ate,
crosslinked '1%ol ymlfogrhplynomhs dhaimedin amypesé dfiCémmsslddioul#, odreneir thet hy |
cellulose. 25 .19. A- fornmulation as clained _in any one of CIalms 8 to 18,
wherein t he lané@rnts BPIYGIIII}{}EHW tdone; aricrogrystalline cellplose.on polyaihylere 409

1£\3I/rvr¥zjl SI [ E)Eeaéll n alam?8y 3@? T &D%ﬁg %S(%?qu I&%’@‘X?ﬁ%ﬁlé}?ng?q Eglr‘&/car ri Qr
arount of s SPjethler Pveight, M THEBRNuERe °bE) E5fow Daldl@pllc el 0 the

?Lv/al )rred i n Cigidivdipropiieeknlosd bfa @dwlahﬁléleaflar ﬁ'leigfllﬁ,rﬁ hypdrokyéethylcgllulpsé 0 10%

of a low molecular weight, maize starch, potato starch, rice starch or a

10 sodium carboxymethyl cellulose of a low molecular weight.

16. A formulation as claimed in .Claim 15, wherein the binder is

polyvinylpyrrolidone or a hydroxypropy]methylcpllulose of a low molecular

weight.
15
. 17. A formulation a claimed in any one of Claims 11 to 16, wherein the
‘ disintegrant is sodium starch glycolate, crosslinked polyvinylpyrrolidone,
crosslinked sodlum carboxymethyl ccllulose maize starch potato starch
rice starch or an algmate ' :
20

" 18, A formulation a claimed in Claim 17, wherein the disintegrant is
sodium starch glycolate, crosslinked polyvinylpyrrolidone or crosslinked

sodium carboxymethyl cellulose.

+ 25 .19, A formulation as claimed in any one of Claims 8 to 18; wherein the
amount of diluent/carrier in the formulation is up to 40% (w/w) of the final

fo;mulation.



10 23. - Aformulation as clainmed in any one of Clains 8 to 22, wherein the

anount of additional excipient(s) is upto 5% (ww of the final

formul ation when the excipient(s) is/are a lubricant and/or a glidant. 24.

A formulation as clained in any one of Clains 8 to 22, wherein the 15

amount of aWQ®ROBKE excipient(s) is up to 10% (ww) of thBCFPEAZ{00726

formul ati on when the excipient(s) is/ ar%a bi nder and/or a disintegrant. -
n

25. A fornul agjon as .claiined in any ope '0f..C ai to, 5 which i dapt ed
f or parent er al 5hdrri %I Jermylation aﬁogﬂ“@ 1 I &lql@r r}gfé‘(lheéﬁna@‘f’cl"‘ﬁ}%ﬁqfﬁ Claim

25, wherein t .0 St. i PP bcut aneous, i ntravenous,
intraarteri al Bﬁ{l&a{&g&g‘g‘%&éﬁb t?ﬁ?ﬂa@@l , intrabuccal, intracutaneous,

intranuscul ar, intralipomateous, intraperitoneal, rectal, sublingual,
topical or by inhalation. 25 27. "A fornul ation as clainmed in any one of
Clains 1 to 52125 Ar fafmilatien edsnclaithed dnl Gtaitn @0, orlisreiar thes amouat)wdous
carrier. WD 02/083689 PCT/ SE02/ 00726 74 28." A fornmulation as clained ' in
any one of3d diluent/carrierds yp toB0% (W/). wherein the fornul ation conpri ses
one or nore additional excipients. 29. A formulation as clainmed in Caim28
(as dependent on Claim27); 5 wherein the excipient(s).is/are selected
fromthe groupgsantiym Ri e IV epyq.:L 0RkCI dif

adj usting agegt’"s, }&_lw%a?@? %géﬁg}gigéltlé, &%au#nf glclzt a\%lli{eggﬁc%}%o?@hl?g%gnd[ or
ant i oxi dant s. di{QentAah¥rivupié Q0¥AGv/GHai med in A aim 29, wherein the
tonicity nodifier is to selected from sodiumchloride, mannitol or

gl ucose. 31. A.formulation as clained in daim 29 or Caim30, wherein

the. pH adjusting agent_ is hydrochloric acid or_sodi um hydroxi de,
P 10J 23, -gA Pbrmulation e%ie. claimed in any one of Claims 8 to 22, wherein the

amount of additional éxcipient(s) is up to 5% (w/w) of the final formulation

when the excipient(s) is/are a lubricant and/or a glidant.

24. A formulation as claimed in any one of Claims 8 to 22, wherein the
15 amount of additional excipient(s) is up to 10% (w/w) of the final

formulation when the excipient(s) is/are a binder and/or a disintegrant.

25. A formulation as claimed in any one of Claims 1 to 5 which is
t ; P

adapted for-parenteral admiriistraﬁgjn.' :

20
26. . A formulation as claimed in Claim 25, wherein the administration is
subcutaneo.us, intravenous, intraarterial, transdermal, intfanasal, intrabuccal,
intracutaneous, intramuscular, intralipomateous, intraperitoneal, rectal,
sublingual, topical or by inhalation,

25 . L

27. A formulation as claimed in any one of Claims 1 to 5, 25 or 26, wherein

the diluent or carrier is an aqueous carrier.



15 32. Afornmulation as clainmed in any one of. Clains 29 to 31, wherein the
pH controlling agent is tartaric acid, acetic acid or citric acid. 33. A
formul ation as clained in any one of Clains 29 to 32, wherein the

cosolvent is ethanol, a polyethylene glycol or

hydr oxypr op}/0-93983689 odextrin: 20 34. A fornulation as cl ai HePERH'YAY one of
the preceding clains, in which the act'ie i ngredient is provided in the
formof a nethanesyl phonic. acid. a tartaric aeid,.a succini i &b . a .
citric acid, 2& acétirogmglq%@p o ‘HPW#PCW;P ; og &ﬁ%sr i?m%?r?ﬁ@? or a
hydr obrom ¢ a%grdﬁﬂietfornﬁélaﬁﬁn cbnpRécdohd bt AdrézddididTe ipfan@NY One of the
preceding clains 1n whic e active 1ngredient 1s

4- ({3-[7-(3, 3-di met hyl - 2- oxobut yl ) - 9- oxa- 3, 7- di azabicycl0[3..3.1

] non-3-yl ] propyl} am no)benzonitrile or tert-butyl 2- {7- . . .
[ (2S) - 3- ( 4- cy2®ophAnfarynlationyasr dlaiypedoimy Claim- 25« fas3depeddentami €jaimo2?, 3.1 ] WO
02/ 083689 PCT/ SE02/ 00726 75, naon-3-yl} et-hyl car bgtgate, of-a,. ., . g

phar maceut § cambprear ctst gueipicsl(s) igpresiselsete &5’#}) Ragronp. aptimicrebiglt i on as
clained in daim35,. wherei.n. the agtive jqngredient_ i 113

Lot (3 DIkt St dfed istsy ot 3SR ngefs, BH pcoptiglling
yl]propyl} a ft?)t?%ﬁ Blahts t&soRfents THRGiekidagRl | Y acceptable salt

t hereof . 37. rrg or’nufﬂ;t i or?’ as 0cl%li med 1n Caim36 in which, when the active
ingredient is "a salt of 4-({3-[7-(3, 3-dinmethyl-2-oxobutyl)-9-o0xa-3,7 |lo

di azabi cycl o[ 3. 3. 1] non--3-yl ] propyl } am ne) benzenitrile, it is a 1-hydroxy-2-
napht hoi ¢ aci 3). a Bcoronlation as/claimed,/m-Glayn 39 wherein the tonicitpmodifig1s -
benzenesul phoni.c aci.d, a {0l uenesul phonic. aci.d, a napht hal enesul phonic
acid, a néght FFéF"etﬁ@g‘iO%F?thWi‘@‘T ed?“a&n-%’s?rt%}}‘@f‘ésul phonic acid, a

met hanesul phonic acid, a tartaric¢ acid, a succinic acid, a citric acid, an
acetic ' -

31. A formulation as claimed in .Claim, 29 or Clainla 30, wherein.the.pH,

adjusting agent is hydrochloric acid or sodium hydroxide.

15 32. A formulation as claimed in any one of Claims 29 to 31, wherein the |

pH controlling agent is tartaric acid, acetic acid or citric acid.

33. A formulation as 'clai1.ned in any one of Claims 29 to 32, wherein the

. : . ] : : : .
cosolvent is ethanol, a polyethylene glycol or hydroxypropyl-p-cyclodextrin.

20
34, A forrnul‘ation as claimed in any one of the precéding claims, in which
the active ingredient is provided in the form of a methanesulphonic acid, a
tartaﬁc acid, a succinic adid, a citric acid, an acetic acid, a hippuric adid, a
hydrochloric acid, or a hydrobromic acid, salt.
25 Ly

35. A formulation as claimed in any one of thelpreceding claims in which
the active ingredient is 4-2{3-[7-(3,3-dimethyl-z-oxobutyl)-9-oxa-3,7-
~ diazabicyclo[3.3.1]non-3-yl]propyl}amino)benzonitrile or tert-butyl 2-{7-
[(2S)-3-(4-cyanophenoxy)-2-hydroxypropy1]—9-6xa-3,7-diazabicyc16[3.3.1]-



15 acid, a hippuric acid, a benzoic acid, a hydrochloric acid, or a
hydrobrom’c acid, salt. 38. Afornulation as clainmed in Caim 35, wherein
"the active ingredient is tert-butyl -.2 {7-L(2S)-3-(4-cY,

anoPhenoxY) YPr oPY1] - 9-oxa-3 17 20
di azabi cycl c}f r62¢f8h'f?g§non 3-yl}ethyl carbamate or a phar naceu?CE’éFW’“"‘
acceptabl e salt thereof. 39. A fornulati-pgn as clainmed in Caim38, wherein

the active. in y

{7-1(29)-3- (49%%%3%&%@“#%5?% g;}’&‘l‘éﬁ?‘?ﬁ“ﬁﬂb& gosgpiable salt of either

di azabi cycl o 3sopmgdup@n- 3-yl } ethyl carbamate. 40. A formulation as claimed
in Claim38 in which, when the active ingredient is a 'salt of tert-butyl
"2-{7-[(2S)-3-(4-cyanophenoxy)-2- .

hydr oxypr opyl ] - 9- oxa- 3, 7- di azabi cycl of 3. 3. 1; non-3-yl } et hyl carbamate, it WO
02/ 083689 PCT/ 3602/ 4 dormslation agcla@edmﬁm sinrthe petive ingrediendis panvi ¢

succi ni o ad a HACe FE el dr ek a - enbisplel 5 dBa3a benzoi ¢
?glr (rjrul gt P)c/)gr g?!ﬁ%ﬂégﬁ’%\bgﬁ% m ged g}@%c?"ﬁ{é&hg%ﬂg@eﬂabéés%é@hgér?gsul phoni c

acid, a tartaric acid, 'a citric acid, or an acetic acid, salt. 42. A
forrrulation as clainedin Claim41in which the salt:is aio

met hanesul phor3% a&i fdrmulation 44, clairhed riml Glaimn3@dn cwhichpovhien they active of

d ai ns 1t05,oreé1 to,37. wherein, when the fornulation of the' Jinvention

conpri ses 4 ({198{ e A8 @i rﬁé%thyqf 246%%(%;3-ﬂ1merbyh2@mba%)z&wegﬁa%[3 3.1

-3-yl o) trid h as.the, f th '
bar a-  of ueles F pRBIMRI S aER Airbb i i heonfiiie bisch FVAREAS L ane
an aqueous Carﬁdpﬁﬂm@' &hd W tﬂénzmc acid, a hydroxybenzenesulphonic acid, a

benzenesulphonic acxd a toluenesulphonic acid, a naphthalenesulphonic

r(u}

acid, a naphthalenedisulphonic acid, a mesitylenesulphonic acld, a
-mefhanesulphonic acid, a tartaric acid, a succinic acid, a citric acid, an acetic
15 acid, a hippuric acid, a benzoic acid, a hydrochloric acid, or a hydrobromic

acid, salt.

:38. A formulatlon as clalmcd in Claim 35, wherein the active mgredwnt is
terz‘-butyl 2- {7 [(25)-3- (4-cyanophenoxy) 2-hydroxypropy1]-9 -oxa-3,7-
20 diazabicyclo[3.3.1]-non-3-yl}ethylcarbamate or a pharmaceutlcally

acceptable salt thereof,

39, | A formulation as claimed in C_laiin 38, wherein the active ingredient is
tert-butyl . 2-{7-[(2S)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-
25 . diazabicyclo[3.3.1]non-3-y1} ethylcarbamate. '

40. A formulation as claimed in Claim 38 in which, when the active
ingredient is a ‘salt of tert-butyl -2-{7-[(2S)-3-(4-cyanophenoxy)-2-
“hydroxypropyl]-9-oxa-3,7-diazabicyclo[3.3.1]-non-3-yl} ethylcarbamate, it



et hanol as sole additional excipient, then the ethanol content is no nore
than 10% (ww) of the content of the carrier. 20" 44. A fornmulation as
claimed in any one of Claims 1 to 5 or 25 to 43 which is an agueous
solution. 45 A ﬁ rful ation as clainmed in any one of the pr ' ai s
in which tﬁ@ogy’ﬁyguingredient is water soluble. 25 i 46#5&%&%9ﬁ5?ation
as clainmed in daim45, in which the solqgbility of active ingredient in

| utiQng {. I - ! 83689 P, D 77 47,
L S0 Sl S o AT IR
2 mg/nl. 48. -mBiRReRSSori@kcille tfafE AR h Siccitlic Acidoh BB labR) aRGcstRf i ned in

any one 5 of the preceding clatms, which process conprises bringing active
i ngredi ent i ngcidaaddepaic avid e bénzaigdvid, ekedrochiatic weide oepthydtabramicient or
carrier. 49. A process as clained in Claim48 for the formation of a

formul ati on aacidis@itned in any one of ains 6 to 24 which further
conprises wet or dry 1o granul ation, and/or direct. conpression/conpaction
of active i?‘lgredi ent and diluent/carrier. 50. A process as clained in
Claim48 for t f Qr I 9 Qf i - asnclai i 0 f
Claims 25 to 4 Emh‘gr %‘R Cgln agcg:@grgé# ﬁgr g‘gﬁlugn?lol |‘§ﬁl|q"r]:11 tq%%r%lgr %_o an

aci d addition getHanesulShames€iasa faatioatids Renrit B6id, ors séewd achd, salei d to

4- ({3-[7- (3, 3-di met hyl'--2- oxobut yl ) - 9- oxa- 3, 7-di azabi cyclo- [3.3.1 '

] non-3-yl ] propyl} am no)benzonitrile, tert-butyl 2- {7-[3-(4-

cyanoani | i no) propyl ] -9-oxa; 3, 7-di azabj cycl o[, 3. 3.1 ] non-3-yl} ethylcarb

amat e, tert-bufdl "A- fogrmylations agy glasped A 14L.- 9“0‘}(&103, Togyisaltaly &clo- 20

[ 3.3.1] non-ld%- y&ﬁfaﬁé’s'u?ﬁo%?%éigsgﬁ. tert-butyl 2-{7-[(2S)-3-(4-

43, A formulatic.;n as claimed in any one of Claims 1 to 5§ or 25 to 37
wherein, when the formulation of the invention comprises 4-({3-[7-(3,3-

. dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl]propyl}-
15 amino)benzonitrile, either as the free base, as the para-toluenesulphonic acid
salt, or as the benZenesulphonic acid salt, and an aqueous.carrier, aiong with
ethanol as sole additional excipient, then the ethanol content is no more than

10% (w/w) of the content of the carrier.
{ i . ; ’

200 44, A forﬁmlation as claimed in any one of Claims 1 to 5 or 25 to 43

which is an aqueous solution.

45. A formulation as claimed in any one of the preceding claims in which
the active ingredient is water soluble.
25 ' | i o
46. A formulation as claimed in Claim 45, in which the solubility of active

ingredient in aqueous solutions is at least 1 mg/mL.



cyanophenoxy) - 2- hydr oxypr opyl | - 9- oxa- 3, 7- di azabi cycl o[ 3. 3.1 ] non-3 yl }

et hyl carbamate. . i 51. A process as clained in Caimb50, wherein one or
both of the acid or 25 the base is provided in association with a diluent
or carrier. 52. A process as clainmed in C aimb50, wherein diluent or
carrier is 0208383 "3 i xture of acid and base. WO 02/ 083EESEL2/00726

PCT/ SEQ02/ 00726 78 53. A fornul ation as lainmed in any one of Clains 1 to

5 or 25 to 47 i C | e .for.d ect t at i,o atlent
34 ATor mul acTon dn Fopisich Yo ot e 4 i bich thShortBindis e dsy
whi ch' is prov n the formof a concentrate of active ingredient and

di l uent or carriér, which concentrate is suitable for preparation of a -
f or mul ation as clainmed in C.aimb53 by way of addition of further diluent or

carrier prior to admnistration. 10 55. A process for the. preparation of a
formul ation astdef iAprogess Earthenpraparationi ofte fumpratiesandefin songef i ned

I n any one of |m34 or .90 to foll owed b I,f apprqpriate, .
concent r at i%on og‘ ¢ Rescpding) qlajms, Wm%raﬁq%ﬁowm%vamsfacaw ingxedignt

amoval of . onrSsRodeRateih odRce ety Bhconte MR ekitirllcea -

pressure or ot herwi se). 57. A process for the preparation of a formulation
as defined in Claim 20 53 which conprises addition of diluent or carrier
to a fornul atid9n ad\ geddeseas claimed i Glaim. 42forGRe fornsationcofidh formmbationi cal

conposition SUIt?b|e for use in the
aimed in any one of Clanns 6 to 24 which further comprises wet or dry

10 granulation, and/or dxrect compressmn/compactmn of active ingredient and

~ diluent/carrier.

50. A process as claimed in Claim 48 for the formation of a formulation
_ as claimed in any one of Claims 25 to 47 wherein, when active ingredient
15 - is in the form of an acid addition salt, the process further comprises addition
of acid to 4-({3-[7-(3,3-dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyc;10-
[3.3.1]non-3-yl]propyl}amino)benzonitrile, ~ tert-butyl  2-{7-[3-(4-
cyanoamlmo)propyl] 9-oxa-3 7- dlazablcyclo[3 3 1]non-3-yl}ethylcarb-
amate, tert-butyl 2—{7 [4- (4-cyanophenyl)butyl] 9-oxa-3,7- d1azab1cyclo--
20  [3.3.1]non-3-yl}ethylcarbamate or tert-butyl 2-{7-[(2S5)-3-(4-
cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-diazabicyclo[3.3.1]non-3-
yl}ethylcarbamate..

51. A process as claimed in Claim 50, wherein one or both of the acid or

25 - the base is provided in association with a diluent or carrier.

52. A process as claimed in Claim 50, wherein diluent or carrier is ddded

to a mixture of acid énd base.



preparation of a fornmulation as clained in any one of Cains 1 to 5, 25 to
47, 53 or 54, ex tenpore, which conposition conprises. an; active;
ingredient. as defined in daiml. 59. A conposition as clainmed in Caim
58, which conprises active ingredient, one or nore optional further

exci pi ents ‘é’?‘ﬁ@ﬁ 68%d in any one of V\D 02/ 083689 PCT/ SE02/RSFS¥E2/4026 O ai ns

28 to 33 and/or, optlonal I y up' to _ (vv/vv) of pharnmaceutically-

Q ai m 59, “wherdt n, AieefRidelofr s BimdL 57 °§h%'@ CIREnd | toror apdoctt T
4-({3-[7-(3,3 m&@uﬁ@ 58 aﬂ

oxa- 3, 7-di azag;ﬂcyc I of 3a3e? noi’%c%%a %ﬁﬁ%aglyﬁtoarﬁagg tbenzonltrl le, 4-({3-[7-
(3, 3-di net hyl - 2- oxobut yl ) - 9- oxa- 3, 7- di azabi cycl o[ 3. 3. 1 ] non-3-yl] propyl} -
am no) benzonltrl | e, benzenesul phonic acid salt, tert-butyl 2- {7-[3-(4-

cyanoani | i no) p4opy: ]fogmuleém & definednincamy ofs of CJliumsnl 39;& pe2hitb 4%
- carbamate, ter ut yl {7+ cyanophenyl ) buty]] - xa-3,.7-

di azabi cycl o[‘é’i’{? ]snBW-Véde;dI }I‘Lﬁf‘yé@mlﬁ’ rfafencengate ﬁctﬁ(ﬁ ng%h?nit wmbs) - 3 (4-
cyanophenoxy) d&o 3%%0 rﬁceﬁ {-..di az kf%(i t9 g g‘i#i #lr)l -3-yl -
et hyl carbamate e conposht FOICeEBRS: 1 ég l?%/hrr 1R q‘urther
exci pi ents, %ormlé&nlﬁ%léﬂﬁéﬁ) deiaHﬁ'StB % %'bf'a&cﬁmoﬁ%f Flrthé? GRIRPSY L1 ON as
claimed in any one of Clainms 58 to conposition 'is suitable for
preparati on oéameppaom(mlnnmmaiahynaccept abl e solution ex tenpore. 20 62. A

conposition as clainmed in Claim6l,, wherein the solution is an aqueous
solution. 63.. A conpositi-on as claimed in any one of Claims 58 to 62,

\é\gleir Sl AT f ugg.herAe&%Eé%lsefar the P Jp%lsa%%% c\&h a (f'h %gtfoé Qse d‘éﬁnéﬁf‘ &Talm of the
. 54, which comprises a process as defined in any one of Claims 48 or 50 to |
52 followed by, if appropriate, concentration of the resultant formulation by

removal of diluent or carrier.

15 56. A process as claimed in Claim 55, wherein the process of removal of
diluent or carrier comprises evaporation (under reduced pressure or

otherwise).

57. A process for the preparation of a formulation as defined in Claim
20 53 which comprises addition of diluent or carrier to a formulation as defined _
in Claim 54,

58. A solid pharmaceutical composmon suitable for use in the
preparatlon of a formulation as claimed in any one of Claims 1 to 5, 25 to
25 47, 53 or 54.ex tempore, which composition comprises an active:ingredient

as defined in Claim 1.

59. A composition as claimed in Claim 58, which comprises active

ingredient, one or more optional further excipients as defined in any one of



25 conposition during a process of renoval of diluent or carrier.. 64. A
conposition as clained in Caim63, wherein the further excipient 1is
manni tol . WO 02/ 083689 PCT/ SE02/ 00726 80 65. A process for the formation
of a conposition as clainmed in any one of Cains 58 to 64 _which conprises
removal of MPUWARSEr carrier froma fornulation as defi nBeP¥H2ARSone of
Clains 1 to 5, 25 to 47, 53 or 54 5 66 A process as clained in Caim65,

wherein the di M, er 8 tion dei, reduced
pressure or ot ’ ng%g 33 rdP9 g@llyoppfpel@é/%f\gv@ ‘SPi’ ﬁwb glgess as
claimed in G%E@éo@?o WieEMIgP chitferdi | uent or carrier is 10 renoved by
freeze 'drying I?A cgrrpodglct | on obt ai nabl e by a process according to any

one of Cains 65 to 67. 15 69. A freeze-dried conposition as defined in
any one of Cains 58 to 64. 70. A fornulation as defined in any one -of
Jains 1 to 40. 53Accomsposition as cladmped dn Glaim 48 oddilaive §9 whersinowbenf d ai s

" iy’ oheSor i diire haredipnye ingh doresaf (T LA ABS IR Oncd |
T eatment. of §%g§r?§9%§%9§¢1°@§3 Fipohes fiBlpBephbpfmpier Ok G e- o 11

defined ,in apy3cdinRRy19-6% ?,1} 91(9@45 7- cﬁé’zaefcgcléﬁ 3T]ncﬁ1—9%ﬁp}11}.on as

def i ned in any ‘one of "Cl al s 4, 68 or for facture of a
medi canent f oamise)bemzdniizilgr dqehg&msmlphmct heidt seltf emtbutpl 24{7B+Myt hm a.
WO 02/ 083689 PCT/ SEQ2/ 00726
cyanoanilino)propyl]-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl} ethyl- .
10 carbamate, tert-butyl 2-{7-[4-(4-cyanophenyl)butyl]- 9-oxa-3 7-
diazabicyclo[3.3.1]non=3-yl} ethylcarbamate, - or tert-butyl 2-{7-[(2S)-3-(4-

cyanophenoxy)-2-hyd:oxypropy1];9-oxa-3 ,7-diazabicyclo[3.3.1]non-3-yl}-

_ ethylcarbamate, then the composition comprises either one or more further
excipients, or up to 10% (w/w) diluent or carrier.
15 -
61. A composition as claimed in 'any one of Claims 58 to 60, Which
_composition 1is suita})le for preparation of a phmaceuﬁcally-acceptablel

. solution ex tempore.

. 20 62. A composition as claimed in Claim 61, wherein the solution is an

aqueous solution.

63. A coinposition as claimed in any one of Claims 58 to 62, wherein a
further excipient is present which aids the formation of the solid

25 composition during a process of removal of diluent or carrier..

64. A composition as claimed in Claim 63, wherein the further excipient

is mannitol.



81 73. The use as clained.in Caim72; wherein the "arrhythma is an
atrial or a ventricular arrhythma. 74. The use as clained in aim72,
wherein the arrhythma is atrial 5 fibrillation. 75. The use as cl ai ned
"in Cdaim72, wherein the arrhythma is atrial flutter. 10 76. A rrethod of
prophyl axi s WP P83 ent of an arrhythmia which nethod corfGT/REQ¥00726
admnistration of a fornulation as deflr?i |n any one of Clains 1 to 47 or

method a5 crai i i 4 PSrh 9 riopiRST REb dpRiepBioR S5 ARRER defBae 57, 128

ventri cul ar arwmansass 16 64 TGHY a@ﬁsessré;ﬁaoamdl ol 8 Butfor MAIEI N t he

arrhythma is atria fibrillation. 79. The nmethod as clained in Caim .
76, wherei n t hforanddtidnhasidefined &t anyadne ciﬂ@lhimsltoS 25 to 47, 53 or 54.

5 66. A process as claimed in Claim 65, wherein the diluent or carrier is
removed by evaporation (under reduced pressure or otherwise), spray drying

or freeze-drying.

67. A process as claimed in Claim 66, wherein the diluént or carrier is

10 removed by freeze drying.

68. A compositibn obfainable by a process dccording to any one of
Claims 65 to 67.

15 69. A freeze-dried composition as defined in any one of Claims 58 to 64.

70. A formulation as defined in any one of Claims 1 to 47, 53 or 54, or a
' _compqsition as defined in ar;y one of Claims 58 to 64, 68 or 69, for use in
. medicine. | |
20 .
71. A formulation as defined in any one of Claims 1 to 47, 53 or 54, ora |
composition as defined in any one of Claims 58 to 64, 68 or 69, for use in

the prophylaxis or the treatment of an arrhythmia.

25 72.: The use of a formulation as defined'in any of one Claims 1 to 47, 53 or
54, or a composition as defined in any one of Claims 58 to 64, 68 or 69, for

the manufacture of a medicament for use in the prophylaxis or the treatment

of an arthythmia.
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73. The use as claimed in Claim'72; wherein the arrhythmia is an atrial or

a ventricular arrhythmia.

74. The use as claimed in Claim 72, wherein the arrhythmia is atrial
fibrillation.

75. The use as claimed in Claim 72, wherein the arrhythmia is atrial

flutter.

76. A method of prophylaxis or treatment of an arrhythmia which method

comprises administration of a formulation as defined in any one of Claims 1

to 47 or 53 to a person suffering from, or susceptible to, such a condition.

77. The method as claimed in Claim 76 wherein the arthythmia is an atrial

or a ventricular arrhythmia.

78. The method as claimed in Claim 76, wherein the arrhythmia is atrial
fibrillation. '

79. The method as claimed in Claim 76, wherein the arrhythmia is atrial
flutter.



