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Background to the invention

In the formulation of drug compositions, it is important for the drug
substance to be in a form in which it can be conveniently handled and
processed. This is of importance, not only from the point of view of
obtaining a commercially viable manufﬁcmﬁng process,.but also from the
point of view of subsequent manufacture of pharmaceutical formulations
comprising the active compound.

Further, in the man:i:lfaicture of drug compositions, it is important that a
reliable, reproducible and constant plasma concentration profile of drug is-

provided following administration to a patient. -

Chemical stability, solid state stability, and “shelf life” of the active
ingredients are also very important factors, The drug substance, and
conipositibns éoﬁtaining it, should preferably be capable of be_ing'eﬂ'ec;tively
stored over appreciable periods of time, without exhibiting a significant
change in the active component’s physico-chemical characteristics (e.g. its

chemical composition, density, hygroscopicity and solubility).



Anor phous materials may present significant problens in this regard. For 5
exanpl e, such materials are typically difficult to handle and to fornul ate,
provide for unreliable solubility, and are often found to be unstable and
chemcally inmpure. The skilled person wll appreciate that i.f a drug can
be readily d%ggiﬂ%ﬁ‘ln a 10 stable crystalline form the BEUVRIZOPBHI ens
may be sol ved. Thus, in the manufacture of commercially viable, and
pharmaceutical ly acceptable drug conpogitions,.such as nodified-rel ease
conpositions, r 2}V Blid N a
substantial ly Ic‘:&r°§§?vaef’| I neélts@ql%lpgﬁﬁﬁ tsgglag rQ{rﬁe I Bigwggﬁrﬁ%}g#
however, that ¢ ¢kentioslly perer@iposditieys achi evabl e. I ndeed, typically, it:is
not p055|ble to predlct from nol ecul ar structure al one, what the
crystallisation behaviour of a conmpound will be. ThIS can usually only 20

be determned enpirjcally., Prior Art |nter,nation appl i |onV\D
01/ 28992 di scl Qo Bleria ma&@f%ﬁ%l@aﬁaﬁwre 3@13 li% ?ﬂg (a)

4-({3-[7- (3, 3- - - 9- - Chi ' - 3-

1 1 propyl ) m FETO0RY %[r%%%%%d%vf%@@eégﬁs@#?é%%ﬁ%o%@s%ﬁ@ﬁ%%mund
is referred t AR R fufreliatlic GORMIYY afd o609 BARH duAd it6 bélﬁﬁ@thﬁl’eca'ﬁd y

di sclosed in V\% 01/ 28992, both in thé formof the free base and in the
formof a benzehmmahl;bymnpmm salt; (b) tert-butyl 2-

{7-[3-(4-cyanoani |l i no)propyl]-9-oxa-3, 7-di azabi cycl o- [3. 3. 1 ]non-3-yl}

et hyl carbamate: 10 in the formof the free base, which conpound is referred

to hereinafter ThS skilled person will appreciate that, if a drug can be readily obtained in a

10 stable crystalline form, the above problems may be solved.

Thus, in the manufacture of commercially viable, and pharmaceutically
acceptable, drug compositions, such as modified-release compositions, it is
important, wherever possible, to provide drug in a substantially crystalline,

15 and stable, form.

It is to be noted, however, that this goal is not always achievable. Indeed,
typically, it:is not possible to predict, from molegular structure alone, what
the crysfalfisation behaviour of a compound will be. This can usually only

" 20 be determined empirically.
Prior Art

Intematlonal patent application WO 01/28992 dlscloses a number of

25 oxablspldme compbunds, including:

(a) 4-({3-[7-(3,3-dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo[3.3.1]non-3-
yl]lpropyl} amino)benzonitrile: "



Compound B; 15 (c) tert-butyl 2-

{7-]4-(4-cyanophenyl ) butyl]-9-oxa-3, 7-di azabi cycl o- [3.3.1] non-3-yl}

et hyl car bamat e: WD 02/ 083688 PCT/ SE02/ 00725 in the form of the free base,
whi ch conmpound is referred to hereinafter as 5 Conmpound C; and dl
tert-butyl 3NOQ28§885)_ 3. (4- cyanophenoxy) - 2- hydr oxypr opy! | EGHSEIY0072S
3,7-diazabicyclo [3.3.1 ]non-3 -yl) ethylcarbamate: 10 in the formof the
free base, which compound is referred.td® hereinafter as Conpound D. 15
The conpounds of international patent appliocati on WO 01/ 28992 are '

i ndi cated as being useful in the treatnent/lof cardiac arrhythm as. WO

02/ 083688 5 PCT/ SE02/ 00725 Processes fo e—sy~{ hesi s of Conpounds A B, C
and D are described in Exanples 3, 3—and S espectively) of WO
01/28992. 5 Specific pharnaceutical Jy-acceptable Itfs @ Conpounds B, C -

and D are not disclosed in WO 01/ 28992. Further, Mg inflprmation is
provided in relation to differenN crystalline forns ‘of Conpounds A,
B, Cor D or salts therggf, /tfat nay be prepared. to DS osure of the

I nvention According to a fN+<t aspect of the invention there is provided a
pharmaceutical | y-accepyabs{e salt of Conpound A, of Conpound B, of Conpound
C, or of Conpound D, ded that the salt is not the 15 benzenesul phonic

acid salt of Conpound A
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

5 in the form of a benzenesulphonate salt;

(b) tert-butyl  2-{7-[3-(4-cyanoanilino)propyl]-9-oxa-3,7-diazabicyclo-
[3.3.1]non-3-yl}ethylcarbamate:

10 NC

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

Compound B;

15 (c) tert-butyl  2-{7-[4-(4-cyanophenyl)butyl]-9-oxa-3,7-diazabicyclo-
[3.3.1]non-3-yl} ethylcarbamate:



According to a second aspect of the invention there is provided Conpound

A, Conpound B, - Conpound C or Conpound D, or a pharmaceutically- acceptable
salt of any of those conpounds, in substantially crystalline form 20
Conpounds A, B, C and D, and salts thereof, according to the fir and
second asp¥Q /083688 he i nvention are referred to hereinaf tPé“rT?saFgm.m%st he
conpounds of the invention". 25 Al though we have found that it is possible
- to produce conpounds of the. inventi on_‘,%n f.orms which are greater than 80%
crystalline, by "substantially crystalline” we include gréater than 20%
preferably greater than 30% and nore preferably greater than 40%
crystalline. The degree (% of crystablinity may be determ ned by the
skilled person using X-ray powder WO Od/ 083688 PCT/ SE02/ 00725 6

diffraction (XRPD). O her techni ques; ™S as solid state NVR, FT-IR,
Raman spectroscopy, differenti alng %—i orinetry (DSC) and

m crocalorinmetry, nmay al so be fd. 5 It is fer-red tkpat, when the
par - a- tol uenesty phoni c idlsalt of
a substantially chystanTn When t he
f

conpound of the invention is 3

Conpound A, it is provided

conmpound of the inventions/Ts/provided as a crystalliné& form 1o Conpound
A, benzenesul phonic agrd’salt, it is preferred that the crystalline formis
not the form speci fFe@l |y described hereinafter in. Exanple 4 (and/or
Claim8). Wien th ppound of the invention is provided as a crystalline
formof 15 Conmpoumt“A (free base), it is preferred that the crystalline
formis not the R@rm specifically described hereinafter in any one of
Exanple 1 (and/or Caim4), Exanple 2 (and/or Claimb5), or Exanple 3
(and/or O aim6).

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

5 Compound C; and

(d) tert-butyl 2- {7-[(25)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-
3,7-diazabicyclo[3.3.1]non-3-yl} ethylcarbamate:

%ﬁxwﬁ%

&

10 NC

in the form of the free base, which compound is referred 10’ hereinafter as

Compound D.

15 The compounds of international patent _application WO '01/28992 are
indicated as being useful in the treatment of cardiac arrhythmias,



When the conpound of the invention is provided as a crystalline formof 20
Compound A, it is preferred that the conpound is not provided as the free
base, or, when provided in the formof a salt, as the benzenesul phonate
salt. Wen the conpound of the invention is provided as a_¢r #{Iline form
of ConpounWO®20$3%8% hase), it is preferred that the crysf’gr’?éﬁ 0 Brmis
not the 25 form specifically described hereinafter in Exanple 12 (and/or
Caim25). Wien the conpound of the invention is provided as a crystalline
formof Conpound C, it is preferred that the conpound is not provided as
the free base. WD 02/083688 PCT/ SE02/ 00725 7 When the conpound of the
invention is PprRébstsdForthePsyithidisadd Corpbaids Af B, CoampDngrelestrilnal ase) , it
is preferred that the crystalline form|s not the formspecifically

descri bed her Examples:3, 7n8 Brdd{respectivaly)/o§WQI01/28999) . 5 When the conpound
of the invention is provided as a crystalline formof Conpound D, it is
preferred that the conpound is not provided as the free base 10 . Wen

Compound B9 1 SPpaty AURERAR BT iR B Lo RS BUR BB BB ¢ e

base. The Connevafmdaédtlﬂewm\mmgm TRyrthé, 'n'3 fn'f&rﬁdi‘ifoﬁ‘ i%f vmhva.t e, a

hydrate 15 or a mXxed sol vate/hydrate. - Sl vat es nay f one or nore
organic sol Vefélﬁhorﬁtmdlfﬁmﬂt@vmalhhé(ﬁdm:(smfgnyGfCéx@lohmﬂ@AchﬁhuﬂB gre. g.
met hanol , ethanol or iso-propanol), ketones (such as. acetone), esters

(such as et hybaltstbereaf,dhatonayrbs prapeeds her eof . 20 - Conpounds of the
I nvention may have inproved stability when conpared to conpounds/salts
di scl osed in WD 01/ 28992.

10 Disclosure of the Invention

According to a first aspect of the invention there is provided a
phanilaceutically-acceptable salt of Compound A, of Compound B, of
Compound C, or of Compound D, provided that the salt is not the

15 benzenesulphonic acid salt of Compound A.

According to a second aspect of the invention there is provided Compound

A, Compound B, Compound C or Cofnpound D, or & pharmaceutically-

acceptable salt of any of those compounds, in substantially crystalline form.
20

Compounds A, B, C and D, and salts thereof, according to the first and

second aspects of the invention are referred to hereinafter as. “the

compounds of the invention”.

25 Althougﬁ we have fourid that it is possiblé to iaredube corripoundé of the
invention in forms which are greater than 80% crystalline, by “substantially
crystalline” we include greater than 20%, preferably greater than 30%, and
more preferably greater than 40% crystalline. The degree (%) of
crystallinity may be determined by the skilled person using X-ray powder



The term"stability" as defined herein includes chemcal stability and
solid state stability. 25 By "chem cal stability", we include that it may
be possible to store conmpounds of the invention in an isolated form or in
the formof a fornulation in which it is provided in adrrixt;.gr L1 h
phar maceut i W8 048368 cept abl e carriers, diluents or adjuvaftd P@’@?zsi n an
oral dosage form such WO 02/083688 PCT/ SE02/ 00725 8 as a tablet, capsule

etc.), under normal storage conditions, gith an insignificant. degree of

chem cal degragat.i 0 i i y " i at 8. t]fqp ,n$ i BYLTR We

I ncl ude t hat aﬂﬁf&‘%@? )gﬁggz'si gf Ittéc%ﬁgltqg)f'(sé ﬁghcaon%g@nﬁgéo t ’eF?nI\i/{éntion I n
an isol ated soRirHah OsPctscopy,! fférentialofscanting i ¢afopinmetiyat (DBC) nandi ch it
is provided in adm xture with pharmaceutically acceptable carriers,

di l uents or adnicracdlerignetry, mayakan bens¢d.dosage form such as a tablet,
capsule etc.), under normal storage conditions, with an insignificant
degree of solid state transformation (e.g. crystallisation, 1o

recrystallisaty on, ' t ransi.i i ol .an, :.deh ati on,
sol vati sat i5(s)n férlsdgieg#’{;‘gq ﬁégtﬁ ﬁgl%ﬁa an (e){sjﬁ%f&" g@%@?@%rggg %c%ﬁdgi tions”
i ncl ude t eﬁpefﬁid&ﬁanﬁﬁoﬂagtam%u df Rihdandit B providid 4 aibﬁtaa;ﬁhn§bet weeh
0 and 40C and. nore 15 preferably roomtenperatures, -such as 15 to 300,
pressures of baysatimedoim. and 2 bars (preferably at atnospheric pressure),
relative humdities of between 5 and 95% (preferably 10 to 75%, and/or
exposure to 460 lux of UV visible light, for prolonged periods (i.e.

Th- i nvent | on TRAPHHEe CoMRPUBS bt A\eBHER i rpvices, 4B e tine AR DR ss *
than 10% gnd ESRBGLAL Y tefschebilfRonic 4bid SR f@bleterfROiLAF B GpgtamRESCd.  OF

solid state transtorned, as
form is not the form specifically described hereinafter in Example 4 (and/or

Claim 8).

O

When the compound of the invention is provided as a crystalline form of
15 Compound A (free base), it is prefefrcd that the crystalline form is not the
form specifically described hereinafter in any one of Example 1 (and/or

Claim 4), Example 2 (and/or Claim 5), or Example 3 (and/or Claim 6).

When the compound of the invention is provided as a crystalline form of
20 Compound A, it is preferred that the compound is not provided as the free

base, or, when provided in the form of a salt, as the benzenesulphonate salt.

When the compound of the invention is provided as a crystalline form of
Compound C (free base), it is preferred__ that the crystalline form is not the
25  form specifically described hereinafter in Examiole 12 {and/or Claim 25).

When the compound of the invention is provided as a crystalline form of
Compound C, it is preferred that the compound is not provided as the free

base.



appropriate. The skilled person. wll appreciate that the above-nentioned
upper and lower limts for tenperature, pressure and relative humdity
represent extrenes of normal storage conditions, and that certain 25

conbi nations of ' these extrenes will not be experienced during nornal
storage (e.3v002/6838Ber at ure of 50C and a pressure of 0.1 DRGISEOPPERErred
salts of Conpounds A B,.C and D include basic or, preferably, acidic
addition salts, which salts may be for by addi tion .of an WD 02/ 083688
PCT/ SE02/ 00725 9 appr opri ate anount of the appr oprii ate acid or base prior
to isolation (which may include crystallisation). For exanple, in the case

of compounds Ogn-%ﬂ‘%he c&iﬂﬁi&h?&?%f‘ FHRRHSD i nﬁjg(c%véfuc;ée%f %i?%ét&lﬁn ot gci d or

base nay be ad tot yst I'sation crysta isation is
effected. 5 Prepmpbesd Difréd buzel;dt isSprefesleddRati the cgytalling fekm éspeicthal | Y,
organic acid acidic addition salts, preferably salts of carboxylic acids,
such as hi ppurform mcﬂcaﬂﬁﬂmnbﬁdhmmﬁanmmlalﬁ? (sudfor ClaimetP)napht hoi ¢
acid (e.g. 1- hydroxy-2-naphthoic acid), aspartic acid, maleic acid,
succinic acid malonic 10 acid, acetic acid, fumaric acid, benzoic acid,

t ht hal ' id. d
Sl TR R S e e e
citric acid, 9CHPBhEd Biiflis preferled tHa e coﬂr?oﬁﬁdisﬁ& Providlis§ tAG ifkeand
derivatives therebf, such as 0,0 - di benzoyftartaric acid (e.g.

O O -di benzoylbdsetartaric acid or 0,0" 15 d| benzoyl -L-tartaric acid) and
0,0'-di Para-toluoyltartaric acid (e.g. 0,0'- di Para-toluoyl D-tartaric
acid or 0,0 di Para toluoyl-L-tartaric acid); - those of other diacids,

h 2,2, 3, i but
T oot on i R b Sotmond of ht, SeRR0 s BEVRDES g crystallipg foum of
al kylarylsul pheefn‘ﬁoﬁﬁd it & ﬁefeﬁéa&ih&'tha lomPBindy A& Fro¥lded M dnEred- 2l ky!

base.

The compounds of the invention may be in the form of a solvate, a hydrate
15 ora fnixed solvate/hydraté. - Solvates may be of one or more organic
solvents, such as lower alkyl (e.g. C1.4 alkyl) alcohols (e.g. methanol,
ethanol or Iso-propanol), ketones (such as- acetone), esters (such as ethyl

acetate) or mixtures thereof. -

20 - Compounds of the invention may have improved stabilify when compared to
compounds/salts disclosed in WO 01/28992.

The term “stability” as defined herein includes chemical stability and solid
, State stability.
25
By “chemical stability”, we include that it may be possible to store
compounds of the invention in an isolated form, or in the form of a
formulation in which it is provided in admixture with pharmaceutically

acceptable carriers, diluents or adjuvants (e.g. in an oral dosage form, such



20 C6-10 aryl -sul phonic acids (which aryl- and allcyl aryl sul phoni c aci ds
may be substituted, at the aryl part, with for exanple.. one or nore

met hyl, net hoxy, hydroxy or halo groups), including salts of

benzenesul phoni ¢ acid, toluenesul phonic acid, a hydroxy-substituted
benzenesul pHWéHI298388 d, napht hal enesul phoni ¢ aci d, napht haH&@H &8RP honi ¢
acid, 25 nesityl enesul phonic acid, nethanesul phonic acid, ethanesul phonic
acid and 2-hydroxyet hane sul phonic aci WO 02/ 083688 PCT/ SE02/ 00725 . 10

Acid addition aga[%t @Rgg’grc%‘h&ﬂm%?@hyt qlfndgpr}ggﬂgp Sl%d’g Qaéqﬂmﬁoﬁ sﬁitﬁean

menti oned i nclGd he aci'd i's a [vative of hippuric acid,

for exanpl e a@ns?%ﬂigfﬁv'\chc{cgfé@&ﬁhbnﬁdﬁd%adﬁdn oMuREGMBosifioh, I epresents phenyl

or naphthyl, bo h are optionally substituted by one or nore

substituents selected fromhalo (e.g. chloro), nitro, Cl-6 10 alkyl, Cl.6

al koxy, hydro>8/_ and.(ghennyl . .and RlL, R2 and R3 i ndependent,llét represent H or
Cl-3 al kyi . | tBywisolichstaie mtahilityt’'e wepjnalude that|it anay dves pessihler tusare Ar |

ormi a1 e omgRRds of tie vaRidh B af iobeEP sORF Bomty of B TecRBREREE. “wni cn
phenyl group isﬁli@%ﬁrﬂﬂéﬂié}ﬁ’in WhigR it i ﬁaﬁd&ifiﬁmxéuréfvﬁth@@mb&ﬂdau&he
e ment of the O

4-position relative tot point of ° attac group); chloro
(for exanpl e iagBcdpisble capieds,ailuéntdbrpdhivahn(@.g. ¢ ahioral desagé dorif,Guchr oup) ,

nitro (for exanple in the 4-position .. )
as a tablet, capsule etc.), under normal storage conditions, with an
insignificant degree of solid state transformation (e.g. crystallisation,
10 recrystallisation, solid state phase transition, hydration, dehydration,

solvatisation or desolvatisation).

Examplesl of “normal storage conditions” include temperatures of between
minus 80 and plus 50°C (preferably between O and 40°C and more

15 preferably room temperatures, such as 15 'to 30°C), préssu:res of between 0.1
and 2 bars (preferably at atmospheric pressure), relative humidities of

- between 5 and 95% (preferably 10 to 75%), and/or exposure to 460 lux of
UV/visible light, for prolonged periods (i.e. greater than or equal to six
months). Under such conditions, compourids of the invention may be found

20 to be less than 15%, more preferably less than 10%, and especially less than
5%, chemically degraded/decomposed, or solid state transformed, as
aﬁpropriate. The skilled person will appreciate that the above-mentioned
upper and lower limits for temperature, pressufe and relative humidity
represent extremes of normal storage conditions, and that certain

'35 combinations of these extremes will mot be experienced during normal

storage (e.g. a temperature of 50°C and a pressure of 0.1 bar).

Preferred salts of Compounds A, B, C and D include basic 6r, preferably,
acidic addition salts, which salts may be formed by addition of an



relative to the C(O group) and/or Cl-4 al kyl, such as nethyl (for exanple
in the 2- and/or 4-positions relative to the C(O) group); and naphthyl.
More preferred values of Arl include phenyl, 4-phenyl phenyl (bi phenyl)
3,4- dichlorophenyl, 2-naphthyl, 4-nitrophenyl and 2,4,6-trineth henyl .
25 Preferr cWORKO¥EH R2 groups include H and methyl. It is P&Tésf":@?/%é that R
and R2 either both represent H or both represent nethyl. WO 02/ 083688

PCT/ SE02/ 00725 11 Preferred R3 groups imclude H Wen Rl and R2 both

t et RI
;ﬁgr %Zegot Herg%éxggxgatte aﬁ_}mcﬁfrﬁ ?Eﬂc érjpg%gﬁaetg\r% ?%Aa%ﬁ repr esent S 4t ni tm?gghenyl
2,4, 6-trimet hﬁia?*glﬁ%l)ﬁg% 3b§s’czﬁ§§ﬁ©h}i| Py eﬁnﬂple%%b%ﬁ@bﬁ@&h ovndsagflth@y! or

4- phenyl phenyl Acids” of formula | are commerci aI |y avail abl e
(e.g. hippuri invention imtsubstantinily ot‘ystqihme foray; iadidaowbade m® bordded to the

4-met hyl hi ppuric acid); or ma ared 1in accordance wth standard
techni ques. Ferystallisebioa mixtuie 6ﬁ°1’9 Wﬁ{;ﬂléﬁahow fEectet-epar ed by reaction of a
compound of formula I, 15 11 wherein RlL, R2 and R3 are, as herei nbefore
defined, with an acid chioride of formula 11, 20 Arl C(OCL I11 wherein

s e HOSBLORERI U, SOpa R A caugfonang, <o
(see, for exapplfs additidedaltd ipeeferablP8slts 32 carbdRPlic acids, such as hippuric
acid, naphthoic acid and hydroxy-subsﬁfuted naphthoic acid (e.g. 1-
hydroxy-2-naphthoic acid), aspartic acid, maleic acid, succinic acid malonic

10  acid, acetic acid, fumaric écid, benzoic acid, terephthalic acid, pamoic acid
and hydroxybenzoic acid; those ‘of hydroky acids, such as salicylic acid,
glycolic acid, malic acid, ascorbic acid, citric acid, gluconic acid, lactic acid,

" as well as tartaric acid and derivatives thereof, such as O,0’-
dibenzoyltartaric acid (e.g. 0,0’-dibenzoyl-D-tartaric acid or 0,0'-

15 dibenzoyl-L-tartaric acid) and 0,0’-di-para-toluoyltartaric acid (e.g. 0,0’
di-para-toluoyl-D-tartaric acid or 0,0’-di-para-toluoyl-L-tartaric acid);
those of other diacids, such as 2,2,3,3-tetramethyl-1,4-dibutanoic acid and
1,2-cyclopentanedi-carboxylic acid; and those of alkyl;, aryl- and
alkylarylsulphonic acids, e.g. ‘Cl-g alkyl- and Cg.10 aryl- and Cj.4-alkyl- s

20 Cg.10 aryl-sulphonic acids (which aryl--and alkylarylsulphonic acids may
be substituted, at the aryl part, with for example. one or more methyl,
methoxy, hydroxy or halo groups); including salts of benzenesulphonic acid,
toluenesulphonic acid, a hydroxy-substituted béhzenesulphonic acid,
naphthalenesulphomc acid, naphthalenedisulphonic acid,

25 | mes1tylenesulphomc acid, methanesulphonic acid, ethanesulphomc acid and

2-hydroxyethane sulphonic acid.



Neutralisation with acid, e.g. conc. hydrochloric acid, may precipitate the
acid of fornula I, which may be recrystallised if necessary fromvarious WO
02/ 083688 PCT/ SE02/ 00725 12 solvents, e.g. iso-propyl alcohol, nethanol,

et hanol , acetone and water, or mxtures of those solvents. Alternatively,
ester (e.gWOO0MS3688| kyl ester) derivatives of conpounds ofCTSEQOH] a 11,
optionally in the formof a salt, e.g. the hydrochloride salt, can be
reacted with an acid chloride of formulglll, in the presence of base, e.g.

triethylanning,.Jn.a. suitable_sol , @ i 0RO lve an
ester- am de gf’ldf 8#&“\03 A Pg%ﬁ%l \9?1%‘09\}%&&@# anL% %{;g{r]g)"seﬂ%s eower

al kyl ('such fﬁ}g;% Kiidb tRbsd RVRhich! thilaRftERRY4 defivative dElhippwidadigheny!)
and Arl, Rl,a%ﬁ an daRilsn are ass her ei nbef ore defined (see, ?I())r exanpl e, J.
Het erocycl i c foperampR/ah acid of 8muld gt r ahedron 1989, 15 45, 1691 and J. Og..
Chem , 1999, 64, 8929). Ester-amides of formula N nay be solids at room

tenperature and may thus be purified by crystallisation follow ng their
formation, if appropriate. npo,unﬁg of formula N nay then be converted to
r

conpounds of formula | by sffn hydrol ysis, e.g. with agqueous sodi um
hydr oxi de fal |l owed by addi ti q_iaci d, e.g. hydrochloric acid, to
talli

precipitate the product ArRecr ¥ion may then be carried.out, if
requi red. Conpounds of formulag®l, 1l and Nin which R3 represents Cl_3
al kyl may Sbe made by standard al kyl ati on of a correspondi ng conpound of
formula I, 2511 or Nin which R3 represents H.

wherein

Ar! represents phenyl or naphthyl, both of which are optionally substituted

by one or more substituents selected from halo (e.g. chloro), nitro, C1.6
10 alkyl, C1.¢ alkoxy, hydroxy and phenyl; and

R1, R2 and R3 independently represent H or C1.3 alkyl.

It will be appreciatéd by the skilled person that when Ar! represents phenyl
and R1, RZ and R3 all represent H, then the acid of formula I is hippuric -
15 acid.
Preferred Arl‘ groups include phenyl, Which phenyl grouI; ié optionally
substituted by phenyl (for example iri the 4-position relative to the point of
attachment of the C(O) group), chloro (for example in the 3- and/or 4-
20 positions relative to the C(O) group), nitro (for example in the 4-position
relative to the C(O) group) and/or Cj_4 alkyl, such as methy! (for example
in the 2- and/or 4-positions relative to the C(O) group); and naphthyl. More
prefcrfed values of Arl include phenyi, zi—phcanylphenyl (biphenyi), 3,4-
dichlorophenyl, 2-naphthyl, 4-nitrophenyl and 2,4,6-trimethylphenyl.
25 '
Preferred R1 and R2 groups include H and methyl. It is preferred that R1
and R2 either both represent H or both represent methyl.



WO 02/ 083688 PCT/ SE02/ 00725 13 Conpounds of fornulae Il (and ester
derivatives) and Il are comrercially available or may be nade readily by
way of routine techniques. According to a further aspect of the invention,
there is provided a process 5 .for the preparation of a conpound of the

i nvention wWWQ®/B¥8Hrises: (a) addition of an appropriate %ﬁ@ﬂw 0ES an
acid, or a base, to Conpound A, B, Cor Dto forman acid, or base,

addi tion salt; and/or (b) crystallisi-ng @onpounds A, B, Cor D, or salt of
Conpound A, B, C or D. 10 It is possibl e to crystallise Conpounds A B, C
and D, and pharnaceutically acceptable salts thereof, with or without the
presence of ap ﬂkﬁﬁ SHhdleddH, crystallisation may be froma nelt,
under supercrltlc condi tions, or achieved by sublimtion). However, we
prefer that the 15 crystallrsatron is froman appropriate sol vent system

Crystall di b ddi t | t d B, C D b
or i ded by aciileD Teheab BAobain FeBreass egh t R ETEREER A FORISHS base (o
th tall t t t I [ A B C
20 or b ae 1 gk Eisé@;“f Bt &nd 2 il il (TS MR ERO ML 00,
organi ¢ aci dse,%gy Gifts A0t rﬁ?}?ﬁ&l"”@&&ﬂ'lﬂ:e%ﬁe%ﬁn @, Aedgbilyon 3ganpr | sing

an appropri at I ower al cohol’,” such’ as’ net hanal

or ethanol) %cmpr@;ﬁﬁhyl,erneqrhﬁry1@34qﬁhhnylphexgﬂz@blpheﬂ;d) Corrpound A B, Cor D
(optionally in the form of a solution, wherein the free base is in an 25

appropriate crystallisation 'solvent). (The skilled per son will appreciate

nB Clor b AR of Sormtienh i coae A, e R o JEpmiRl belth 7 e
addr tion S% t Sﬁm)ohl\é‘ﬁu%’ DRPRRP! %T/ o‘?%og{eggrflﬁpﬁpunc acid); or may be prepared -

in accordance with standard techniques.

For example acids of formula I may be prepared by reaction of a compound

of formula II,

15
R1 R2
3
Il
R\HXCOZH

wherein R1, R2 and R3 are as hereinbefore defined, with an acid chloride of

formula III,
20

Arlc(o)Cl | I

wherein Arl is as hereinbefore defined, for example in the presence of base,
e.g. aqueous NaOH, in accordance with classical Schotten-Baﬁmann
25 procedures (see, for example, J. Med. Chem., 1989, 32, 1033).
Neutralisation with acid, e.g. conc. hydrochloric acid, may precipitate the

acid of formula I, which may be recrystaillised if necessary from various



14- The skilled person will appreciate that acid or base nay be conbined in
this way with Conpound A, B, C or D by way of dissolving the appropriate
materials in appropriate solvents as descri bed above, at |east partly
removi ng those solvents, and then re-dissolving the resultant m xture prior
5 to perforPAY08I8; ystal lisation as described herein. VWWERTPMEBipounds
of the invention are in the formof acid addition salts, suitable
stoichionmetric ratios of acid to free bgse are in the range 0.25:1.5 to

1.5:1, such as0,45:1 25 t 25; i pehudin : - . The sol vent
system may bes?‘}g?ré?’oﬁghgsgf}gmé}’l %8#&11@%8 5‘u‘s‘bla%ﬁ’%#§§ agcﬁ{?gle ]agﬁrrvg%tlg%e&oné or
nmore organi C gkiveddtisT thésecddlvmisal kyl acetates (e.g. linear or branched
Cl-6 al kyl acetates, such as ethyl acetate, iso-propyl acetate and butyl
acetate); lower (e.g. linear or branched Cl-6) alkyl alcohols, such as 15
hexan-1-ol, 3-nethyl butan-I1-ol, pentap-l-ol, pentan-2-q|, 4-nethyl_:2-
pent anol and Aliematiyely, |estss (§garlawer Gﬂ‘Y&'es@F)- aelmtwsaﬂ cemmpounds of o5
met hanol , et hanol - propanol . ks r Qpang d sou 40...4- but anol ) ;
i phat i ¢ Se: ot T PeBRRAR.in 13 %8R B B, B R hARGubBuf s BB TS
hexane, iso-0 - : (e RQNSE t ol uene);
20 chl ori nat egé g%gﬂl?eﬁ?ﬁfﬁ@g?g?gﬁ %{@% IcFl’clﬂlxgé gfrsg%hane)t;(a@%i%é kyl
ketones (e. gtricthghenige, ifief suitablessolvunt,yd. g kdithiogymethand, aoigive he estdi-al Kyl
ethers (e.g. diethyl ether, di-iso-propyl ether, di-n-propyl ether,
di - n-butyl et hmid ormplalMaut yl et hyl ether); and/or aqueous sol vents,
such as water. M xtures of any of the above-nentioned sol vents nay be
used. 25 Different crystalline forns may have different solubilities in any
given solvent at any givenpt e%ztur e. In this respect, above-nentioned
g
3

-y

solvents nmay be enpl oyed af " ol vents" (i.e. a. sol\)/ent in which
conpounds of Ar N C02R4 .
10 H{
wherein R4 represents lower alkyl (such as C1.¢ alkyl) or lower alkylphenyl
(e.g. C1.3 alkylphenyl) and Arl, R1, R2 and R3 are as hereinbefore defined |
(see, for example, J. Heterocyclic Chem. 1973, 10, 935, Teirahedron 1989,
15 45,1691 and J. Org. Chem., 1999, 64, 8929). Ester-amides of formula v
may be soiids at room ,__.terlﬁperaturc and may thus be purified by
crystallisation followiﬁé théir formation, if appropriate. Compounds of
formula IV may then be converted to compounds of formula I by standard
hydrolysis, e.g. with aqueous sodium hydroxide followed by addition of an
20 acid, e.g. hydrochloric acid, to precipitate the product. Recrystallisation

may then be carried out, if required.

Compoimdé of formulae I, IT and IV in which R3 represents C1.3 alkyl may
be made by standard alkylation of a corresponding éompound of formula I,

25 Il orIV in which R3 represents H.



the invention are poorly soluble), and may thus aid the crystallisation WO
02/ 083688 PCT/ SE02/ 00725 15 process. Antisolvents thus include

hydr ocarbons and di al kyl ethers listed above. Suitable sol vents t hus

i ncl ude al kyl acetates (such as ethyl acetate or iso- 5 pro acet at e)

| ower al kyl W@ @4183188 (such as nethanol, ethanol and iso prR éﬁ’?@?’?"‘m

chl ori nated net hanes (such as di ehl or onet hane) al kanes (such as

n- hept ane), ethers (such as di et hyl eth ket ones (such as acetone),

:QEEELEL :e:atz ﬁttszoq:gé pun a%ﬁsrg ﬁ@g%@n&?ﬁ%& ﬁvgti‘iptsgf‘t‘%' Y‘ﬁgt;l ??bir%l??i{ ﬁe irce)gf.
(e.g. by cool i%’élgﬁlg ﬂlb @gg%e%gﬁ’ég? amg?or Vi a t addition of ’

anti-solvent (i.e. a soI vent in which the conmpounds  of the i nvention-are
poorly soluble (e.g. a 15 hydrocarbon, such as iso-octane, n-heptane or
i so- hexane, orAecoidmlgkbplaﬁlrﬂmr aspet ofi the wemtlon,stbeqsrlg;p}oWd@dmcrpromSSn but yI
ether, etc))), or. by decr.easi t he bi, I|t of .the substance by t he,
addi tion ofs a fo5the prepaiatian of@ gPlPP%"r‘d,So‘%tHet‘W@n E%s‘@“‘gt ¥hds of the

oo ot o acieh adafiSh b dobtciies &nt%?gﬁtahlﬁnopgba?ent&@n@%ﬁont he

appropriate ac eratures and crysta times
depend upon the BC@T&OBQQf&b&ﬁhéldt&%ase%daﬁm%aww&IIsed the
concentration of that conpound/salt in solution, and the solvent system
whi ch is used. (b;ﬁr}@tatﬁémglcosmoumds #p\B, £ epDper salt bf Goerpoand/AyrBeCfozct ed by
way of standard techniques, for exanple with or w thout seeding with
crystals of the Dhppropriate crystalline compound of the invention, and/or
by adj ust mleont of pH.

It is possible to crystallise Compounds A, B, C and D, and
pharmaceutically-acceptable salts thereof, with or without the presence of a
solvent system (e.g. crystallisation may be from a melt, under supercritical
conditions, or achieved by sublimation). However, we prefer that the

15 crystallisation is from an appropriate solvent system,

Crystalline acidic or basic addition salts of Compounds A, B, C or D may be
provided by adding an appropriate amount of the appropriate acid or base to

the crystallisaticn txﬁxture (e.g. solvent system including Compound A, B, C

20 or D as the free base) before crystallisation is effected. For e:tample,
organic acids may be added (optionally in the form of a solution comprising

an appropriate polar solvent (e.g. a lower alkyl alcohol, such as methanol or

. ethanol) or an acetate, such as ethyl acetate) to Compound A, B, C or D
(optionally in the form of a solution, wherein the free base is in an

25 apprcpriate .crystallisati.on isolvent). (The skilled person willl- appreciate that,
in this context, the term “free base” means “free form” of Compounds A, B,

C or D (i.e. forms that are not in the form of acidic or basic addition salts).)



WO 02/ 083688 PCT/ SE02/ 00725 16 A particular crystallisation process that
may be used to prepare Conpounds A, B, C and, especially, D and salts

t hereof, involves dissolving conmpound of the invention in a solvent system
conprising a C3-7 al kyl alcohol and an appropriate di-C3..5-al kyl ether
ant i sol vent W&0248888ding to a further aspect of the inventlfql‘ﬁ‘:t”?(é"ﬂés i s thus
provided a process for the preparation of a substantially crystalline form
of Conmpound A, .Conmpound B, Conpound C (i%' especi ally, Conpound D, or a

f

phar maceut i cal ].y- accept abl e |t of. .1 hose co un  Whi.chy .process
10 conpri ses cﬁ%ﬁﬂﬁ?&?fﬁa“ Fﬁi%‘fz@\?@? a%%aﬁﬁﬁeﬁ%ﬁﬁ cg%ml\gﬁtlﬁ?;l}gt em
conprising a ' ' 7 I \ dqy| et her.
Preferred et hg‘??bﬂﬁ %gnpgﬁm :S-Bhlcﬁlfl{ﬂe‘?ﬂe‘f@flefs’ Sgﬁaé’gl%ﬁﬁ%pﬁgﬁwet her,

di - iso-propylmgfehials @mdaghiroprideit solveitheds. desozfbedr abowd, cahdeast | partlyde
n-propanol, 15 iso-propanol, n-butanol; 4-nethyl-2-pentanol,

3- net hyl - | - butmnmiving2thosesblyents] andthep aralisselving thet zequltant rgixturppsfos r ed

sol vent conbi natiopns include; ., n-,ﬁéoyémol, apd dj -n-propyl ether; 20

i so- propandl  aiedegiorming & rrysipllisatipn as descriped BTSN and di - n-butyl et her:

4- et hyl - 2- pent anol and di-n-butyl ether; iso-propanol and di-n-butyl
ether; 4-nethyl-2-pentanol and di-iso-propyl ether; and 25 pentan-l-ol and

di -i so-propyl @ifflhe SHRPOUHUY/ GTHhS inVentifPardAeke futni HFacid aalitbon shlisr
solvent systemwth the “latter in pre-mxed form Alternatively,
conpound/ sal t mitﬁblbestoﬁichﬁmaédrdﬁmsWﬁiﬂ/tﬁ%&ﬁs@éfﬁ/iﬁﬁb@tﬂ@ﬁwi%/ﬁ to
1.5:1, such as 0.45:1.25 to 1.25:1, including 0.50:1 to 1:1. |
10
The solvent system may be heterogeneous or homogeneous and may thu;
. comprise one or more organic solvents, such as alkyl acetates (e.g. linear or
branched Cj.g alkyl acetates, such as ethyl acetate, iso-propyl acetate and
butyl acetate); lower (e.g. linear or branched C1.¢) alkyl alcohols; such as
15 hexan-1-0l, 3-methylbutan-1-ol, pentan-l-oi, pentan-2-ol, 4-methyl-2-
pentanol and 2-methyl-1-propanol, or a' C1.4 'a]kyl alcohol, such as
methanol, ethanol, n-propanol, iso-propanol and butanol (e.g. n-butanol);
_ aliphatic (e:g. Cg-12, such as C7.12, aliphatic) hydrocarbons (e.g. iso-
\ };exane, iso-octane and n-heptane) and aromatic hydrocarbons (e.g. toluene);
20 chlorinated alkanes (e-8. chlorofon;rx and dichloromethane); dialkyl ketones
(e.g. acetone, methyl iso-butyl ketone), acetonitrile, dialkyl ethers (e.g.
dictHyl ether, di-iso-propyl ether, di-n;prop_yl cther, di-n-butyl ether and ter-
butyl methyl ether); .and/or aqueous solvents, such as water. Mixtures of
any of the above-mentioned solvents may be used.
25 ! "
Different c':rystalline forms may have different solubilities in any given
solvent at any given temperature. In this respect, above-mentioned solvents

may be employed as “antisolvents” (i.e. a. solvent in which compounds of

the invention are poorly soluble), and may thus aid the crystallisation



17 the appropriate alcohol and then ether may be added to the resultant
solution. Salts may al so be nmade in situ as herei nbefore descri bed.
Preferably conpound/salt is dissolved in the solvent conbination by heating
5 to an elevated tenperature (e.g. 50 to 100C, such as 65 to 90C, e.g. 75
to 85C) to W2/08368%Hnpl et e di ssol ution. Then the resul t antPCIGER/QWPBRS i s
allowed to cool to effect crystallisation. This al cohol/ether
crystallisation process is preferably enpl oyed to provide, to crystalline, |
forns of Conmpound D and,salt her g£of . ferably it ¥ _be. used to '
provi de cryst aPIOFEsS- CORY ﬁEPStE) s Flﬁlélch}}Yﬁi.l’%qaﬁk‘Hé qqde&%‘ﬁgggm%ﬁﬂtﬁée f ound

t hat, when congo ds of the invention (and particularly Conpound D) are
prepared by crysqt allisation fromthis particular solvent 15 system highly
crystalline material is obtained in an efficient manner, with a high

recovery of crystalline material (in a good yieIdL, and in a predictable
amount of ti meSuitabdernsolvents this invdudenalkyl acatatesi(sughsas dshylpacetste et ison t he

e B Tononysir apepybacetbibhletios SIS ol (el bAnai SRgLRS 9 To
h hyd | [ |
crystal |1 sat | oRopRRa Lol et B s RO S (ashap i ng

the 25 crystal h-ﬁﬁf\?hgjg SRERE ERR s rHi&h?'Fft)}}Exg,o {c&%ﬂ@@(shﬂ?a%&&bné)?%ﬁé?t bel ow

a critical I|evel, preferab e exceeded duri'ng the
crystallisatiogc, Solvent may be dried during the crystallisation process,
for exanple by decreasing the water content of a m xture of the
conpound/salt to be crystallised and the appropriate organic

| vent/ | vent  syst 0. WD 02/ 083688 PCT/ SE02/ 00725 18 b
e easi ng i neCERRINFRsR o RS of it MiRRROR Sph B8 RPN Boval

system may be achieved by attaining supersaturation in a solvent system

which comprises Compound A, B, C or D or salt thereof, (e.g. by cooling,

by solvent evaporation and/or via the addition of anti-solvent (i.e. a solvent

in which the compounds of the invention are poorly soluble (e.g. a

15 hydrocarbon, such as iso-octane, n-heptane or isd-hexane, or a dialkyl ether,

such as di-iso-propyl ether, di-n-butyl ether, etc))), or by decreasing the

solubility of the substance by the addition of a salt (such as NaCl), or, in the

. ‘ case of compounds of the invention that are acid addition salts, addition of
| an excess of the appropriate acid.
20 : " s

Crystallisation temperatures and crystallisation times depend upon the

compound or salt that is to be orystallised, the concentration of that

compound/salt in solution, and the solvent system which is used.

25 Crystallisation may also be initiated and/or effected by way of standard
techniques, for example with or without seeding with crystals of the
appropriate crystalline compound of the invention, and/or by adjustment of

pH. »



of water by formation of an azeotrope, with successive distillations). To
ensure that hydrates (e.g. nonohydrates) are produced, water nust be 5
present in the solvent fromwhich the crystallisation occurs. The water
content should preferably be kept above the critical |evel nentioned above
during the wopwtsabisi sati on. The "critical |evel" of waterPEBMRELY28pon
factors such as tenperature, 10 concentration in solution of the conpound
to be crystallised, i rrpurl ty profl | e, a the sol vent system which is

MARCOSIR N T mars{??)‘lseﬁ%meﬁssﬁwg ¥Eed T pRparceubatddsne
from a_sol venty sy g QBB Y alRlsEls tRFedt, TR IO cotapemaand one

or nore organi¢’'s ud| ng organi c solvents that are  capabl e of
di ssol vi ng Wab?the(ﬁv&ltldmh@.ﬁ&{rent%yktmdomprﬁmgw @Qapaikyl alcohol afidraner sel y,
crystalline anhydrates nay be prepared by crystallising 20 conmpounds of
t he i nventi onappropriate difPg.gmlkdethepaghisulverdol vent system which may have
been dried, and/or may be dried during the crystallisation process, such
that the witer content is bel ow the above-nentioned critical |evel. Thus,

anhydrat e Ty b6REREGEH NG e bt T HVRnlbe Thdte S8R0 tproAaad im vl o

S substantla 0 anti y free of water", we

i nclude that HPFRthE PR tldnrbﬂd@lbsﬁ@h MHirRol® dfG(ll@mpcbxhﬂt whi ch
will result ?p&he forrra |(§ﬁmo at nost, m%gg/};ygf hydr at mé

nonohydr at e) , A,0Contpoundr B, cﬂ]ompoanﬂv@ntor,s;&spmllryndCQElpou Ery@t dlisation
condi tions. WD 02/ 083688 PCT/ SEQ2/ 00725 19 npounds o e Jnventi on t hat
are anhydr at ephennacgutically-saseptablesaltpany Of those compounds, W ich process

10 comprises crystallising the relevant compound from a solvent system

g

[a

comprising a combination of a C3.7 alkyl alcohol and a di-C3.5-alky] ether.

Preferred ethers include di-C3.5-alkyl ethers, such as di-n-propyl ether, di-
iso-propyl ether and di-n-butyl ether. Preferred alcohols include n-propanol,
15 iso-propanol, n-butanol, 4-methyl-2-pentanol, 3-methyl-1-butanol, 2-

methyl-1-propanol and pentan-1-ol.

~ Preferred solvent combinations include:
n-propanol and di-n-propyl ether;
20 iso-propanol and di-iso-propyl ether;
n-butanol and di-n-butyl ether;
4-methyl-2-pentanol and di-n-buty] ether;
iso-propanol and di-n-butyl ether;
4-methyl-2-pentanol and dl—zso-propyl ether, a.nd
25 pentan- 1-ol and d1-zso-propy1 ether.

Compound/salt may be added to the alcohol/ether solvent system with the

latter in pre-mixed form. Alternatively, compound/salt may be dissolved in



preferably 2% nore preferably 1% and nore preferably 0.5% (ww water,
whet her such water is bound (crystal water or otherw se) or not. Hydrates 5
contain no less than 0.5 nol of water per nol of conpound of the invention.
Whet her anhydrates or hydrates crystallise is related to kinet cs and to

the equili BYQ0A8368Rditi ons of the respective forms at the

conditions. to When the conpound of the invention is provided as a
crystall.ine formof Corrpound A, benzenggul phonic acid salt, it is

preferred thatythat, saliel omoefﬁad%ﬂ'ena%m%rrmg?h{egaaaas EUL e Vi || be

appr eci at ed by erson ounds I nventi on that are

in the same chgjRici, gzﬂfsfi’nﬂ)f £1§6b8%§a€16$ﬁkitz) adRefeinbeford@esebibad.ned in
di fferent physical fornms (€.g. different crystalline forns) under

different crystallisation conditions. The crystalline formof the conpound -
of the invention that is obtained dep nds u on both t kjn tics .and the

t her nodynani csPrsfergbly canmadafsaléaﬁdlm solverisp yApating

concent 1 a1 bn BrotCHRUORR ErBrerE e ﬁ%éiiﬁeﬁ"oﬁﬁoeﬁpﬁlgﬁi#y% ﬁ?ﬁ‘ég b/ mitay be
more stabl e th Fﬁb“ﬁ?e E&h 1RSI GREbIRTN, Of‘llﬂﬁrthe réé%!tsﬂtedolutfdxvﬁtanbwbae forms

t hat have a re ow t erm)dynamc stability nmay be kinetically

f avour ed. ThustoddolﬁddE‘édtQmstdihsmibnc factors, such as tine, inpurity
profile, 25 agitation,:-the presence or absence of seeds, etc. may al so
I nfl uence which forns appear. Thus, the procedures dlsclosed herein may be

;?’;‘EES?LP%JP& AN A LR A r}jﬁ%;q Skl .arzlerngm
e OO T g Tt g5 o

hereinafter. yged to provide crystalline Compound D in the form of the free base.

We have found that, when compounds of the invention (and particularly
Compound D) are prepared by crystallisation from this particular solvent
15 system, highly crystalline material is obtained in an efficient manner, with a
high recovery of crystalline material (in a good yield), and in a predictable

amount of time.

Compounds of the invention may also be prepared in the form of a solvate
20 (by which we include in the form of a hydrate, such as a monohydrate) or |

otherwise (e.g. in the form of an anhydrate).

To ensure that anhydrate is produced, the solvent from which the
crystalhsatlon occurs should preferably be dried, either before or during the
25 crystalhsa’uon process, in order fo reduce the water content below a critical
level, which should preferably not be exceeded during the crystallisation.
Solvent may be dried during the crystallisation process, for example by
decreasing the water content of a mixture of the compound/salt to be

crystallised and the appropriate organic solvent/aqueous solvent system (e.g.



5 1n order to ensure that a particular crystalline formis prepared in the
absence of other crystalline forns, crystallisations are preferably carried
out by seeding with nuclei and/or seed crystals of the desired crystalline
formin substantially conplete absence of nuclei and/or seed crystals of
other crysWQI0R{08368% or ns. Seed crystals of appropriate coﬁﬁ@’ﬁﬁ@/‘é%ﬂf’t may be
I 0 prepared, for exanple, by way of slow evaporation of solvent froma
portion  of solution of appropriate cor’rl)s)und/‘salt._ Conpounds of, the .
i nvention may,be i sol.at usin chni.que \,ch.ar I t hose
skilled in th«]é’ydfl?r,ea?%g%giﬁﬁl&"gt ‘51‘2%% ?‘?r?&?"“\f‘? tag js Rﬁesﬁﬁﬂ“f‘é&(}‘%ﬁ{l’r"% ugi ng.
Conmpounds may | i | : S A .appreci at ed
QP Sl R romifith ?fé’d“&%&o%@, G SliBassivel divhillarioh®)

by the skilled perso ng tenperature an rying time nay affect.
the solid state properties of conpounds (or salts) that are in the form of
sol vates, 20 such as hydrates (e.g. dehydrati on may, occur at el evated

t enper at ur es dldémsure ¢hii dendrates fsgirmpnoliyirates)aarp | produesd) swatergmustebd or mat i on
of crystalline hydrate, there_may he a critical hum dity bel ow which the
drying shdul ®réssat B thesp F%&Pﬂé&?%%ﬂm@'@ lﬁﬂtHP%rmﬁ‘rEi);' bihPo‘é’?\%gﬁnd a
solid state tr [ s aHawE - . I e | ost

I f the crystalcgﬁ%gi glﬁé(;{ﬁglp? %fgﬁgp ﬁ?gﬁﬁﬁttag%grﬂé% %%‘ggléi?&egtm%oéé?%?v&p?essures
for a | onger Qﬁﬁing(i!he Mﬁysﬁﬁ%miéﬂund that, by enploying crystallisation
processes as described” herein, it is possible to produce conpounds of the
i nvention with a higher WO 02/ 083688 PCT/ SE02/ 00725 21 chem cal purity
than that of the coppound of the invention which is to be isolated in the

first instancd&herloritical levall fof water depnds Jimesuragtors sueh s IGUPSTateRs: nay be
ffected ing 5 hni Whi | | t il in th
ortCFor eamprBosiRaRR: o sougn 1 R Sototnd oy B pRtalig Rt on from

an appropriat eyofile, and the solvent system which is employed, but may be determined

—tN\

non-inventively.

Thus, crystalline hydrates may be prepared by crystallising compounds of
15 the invention from a solvent system comprising water, or a combination of
water and one or more organic solvents, including organic solvents that are

capable of dissolving water (e.g. methanol, ethanol, iso-propanol, etc).

Conversely, crystalline anhydrates may be prepared by cl:ystallising
20 compounds of the invention from an appropriate organic solvent system -
which may have been dried, and/or may be dried during the crystallisation
process, such that the water content is below the above-mentioned critical
level. Thus, anhydrate may be produced by crystallisation from a solvent
_ system which is substantially free of water,
2 P | ., .
By “substantially free of water”, we include that the water content in the
solvent system is below that which will result in the formation of, at most,
10% of hydrate (e.g. monohydrate), for any parﬁcular solvent system and set

of crystallisation conditions.



solvent system (e.g. ethyl acetate, iso-propyl acetate, dichloronethane,

| so- propanol, n-heptane, nethanol, ethanol, nethylethyl ketone,
acetonitrile, pentan-2-ol, 3-nethylbutan-1-o0, hexan-1-ol, water or a
conbi nat i on,_ of e . 10 solvents). Suitable tenperature Lyes for

t he recrysﬁ%ﬁpyég i'on depend upon the concentration of.tﬁgﬂgg%gggﬁd, or
salt, in solution, and upon the solvent system which is used. \Wen
conpqunds of the invention are crystalljged, or recrystallised, as . 15
descri bed herein, the resultant conpound, or salt, may be in a formwhich
has i nproved chem cal and/or solid state stability, as nentioned

her ei nbef or e. Comipoand®o£tlid etntiretlat aid afliydeaies ddrdaiaalo tdves thafl. 3%pnpounds
of the invention are useful because they possess pharnacol ogical activity.

They are t her preferablyri2fioc mozel prafershly Hécmdimersl preferahly 0. 86 {¥VW) Wotero a
further aspect_ of the.invention there is provided the, 25 conpqunds of the
i nvent i on for Whgther such W&'F%Z%gQH?&gW??‘FWﬁ{%&Fﬂ%HEWW? °rtnﬂg %’ﬁ thds of

t he i nventjion | Qi1 Indd | | cals aGi i Mty for

exanpl e asg mg&@%ﬁ@g&gﬁ%’@%ﬁ@?ﬂ% oﬁe@% ?QP@éghP%ds}ﬂéﬁ%g e&fgfelés iéirv%%té%ﬁ'i n inter
alia international patent applications WO WO 02/ 083688 PCT/ SE02/ 00725 22
99/ 31100, WO 00/ 77000 and WO 01/ 28992, the rel evant disclosures in which
document s ar e Wissthdryanhydmatesoonhydrates orpstallion iserelafed ta kinstiondsd &6 thehe

i nvention are thus expected to be useful in.both the 5 prophylaxis and the
treatment of sgwikihrines cenditigng of therespective £orms 3tithe speqiic canditiqng ar
arrhythm as. Particul ar di sease states that may be nentioned include
atrial fibrillation (e.g. atrial flutter).

10 When the compound of the invention is provided as a crystalline form of

Compound A, benzenesulphonic acid salt, it is preferred that that salt is

provided as a monohydrate.

Further, as will be appreciated by the skilled person, compounds of the
15 invention that are in the same chemical form (free base/salt) may also be.
" obtained in different Iihysical forms (e.g. different crystalline forms) under
different crystallisation conditions. The crystalline form of the compound
- of the invention that is obtained depenas upon both the kinetics and the
thermod);namics of the crystallisation process. ' 'Under certain
--20 thermodynamic conditions (solvent system, temperature, pressuré and - — .

concentration of compound of the invention), one crystalline form may be
more stable than another (or indeed any other). However, crystalline forms
that have a relatively low thermodynamic stability may' be kinetically
favoured. Thus, in addition, kinetic factors, such as time, impurity profile,

25 agitation, the presence or absence of seeds, etc. rﬁéy also influenée which =
forms appear. Thus, the procedures disclosed herein may be adapted by the

skilled person as appropriate in order to obtain different crystalline forms.



The conpounds of the invention are thus indicated in the treatnment or 10
prophyl axis of cardiac diseases, or in indications related to cardiac

di seases, in which arrhythm as are believed to play a major role, including
i schaem ¢ heart di sease, sudden heart attack, nyocardial infarction, heart
failure, caMQe983688irgery and t hronboenbol i c events. 15 | PEIREOMPURS nent of
arrhyt hm as, conpounds of the invention have been found selectively to

del ay cardi ac repol arization. At hough rrpounds of the . invention have

T eal ?n‘i_ﬂ? of ifefif i daff B *Sns%ili‘%i gl Vb it Rgatled #@3 be
Fur ther aspectoal 0 arotbsek o Ry Baviies Mgt SR o e B 2 e

of an arr hyt higkamply ssdasetibadhaempfterses admi ni stration of a -
t herapeutically effective anmobunt of a conpound of the invention to a person
sufferi ng from or susceptible to, such a condition. For the avoidance of

t r eat nent as the

doubt "t .U th 1
oyl oy & 35" SFaEE o st i PGB ooipe ﬁ@@o@ﬁﬁbmrw‘w‘?—%wﬁwpounds
of the invent 'asgh%'dfo@z%[s?ﬁtmhﬁgransdgp%{@s%floﬂsr cfor I BB V-

I ntravenousl Yy raar ter nasa

i nhal ation, ompyhéeding vithaiclepdRYiéraiead cryatileof the d&&iﬁed&&ﬁﬂanfneﬂ‘aﬂﬁﬁﬁceut i cal
preparations conprising the active ingredient (either as the free base or

as a 5 salt), sibstantiaiyr canpldte calisenceaof epicldd| anddars segd icuystals Bfpethér ng upon
the disorder and patient to be.treated, as well as the rdzs&&e of
adni ni'st r at i oftystalne ¢ SP%S"YYﬁﬁlSH@‘ appropriate crrapeindisalt may Beses. The

compounds g RS0 G058 LI N8YbyNvES of Sk AP BRHOH ot DolB Bt RSN pothibigS

of solution of appropriate compound/salt.

Compounds of the invention may be isolated using techniques which are
well known to those skilled in the art, for example decanting, filtering or
15 centrifuging.

Compounds may be dried using standard techniques. It will be appreciated
by the skilled person that "’drying temperature and drying time may affect the
solid state properties- of compounds (or sélts) that are in the form of solvates,
20 such as hydrates (e.g. dehydration may occur at elevated temperatures
and/or reduced pressure). For example, following the formation of
crystalline hydrate, there may be a critical humidity below which the drying
should not be petformed, as the crystal water may be lost and a solid state
transformation may occur, i.e. the crystal water may be lost if the crystals

25  are dried at high temper‘étures or at very low preséuries fora longer period.

We have found that, by employing crysfallisation processes as described

herein, it is possible to produce compounds of the invention with a higher



to useful in the treatnent of arrhythm as and/or other cardi ovascul ar

di sorders. According to a further aspect of the invention there is thus
provi ded a pharnaceutical formulation including a conpound of the
invention in adm xture with a pharnaceutically acceptabl e adjuvant,

di l uent or WQOP$68 15 The conpounds of the invention mayPOESEQGOPRE,
processed before formulation into a suitable pharmaceutical fornulation.
For exanple, the crystalline form my ?le mlled or ground into smaller

particles. 20 Preferred phargaceutical fornyl ations incl ude.th in the
formof a gel FhqTica ‘E?Wxtlﬁ%ﬁagrﬂ%thﬁ CWBWEB%JRH@% 1l Wﬁ’ oly ﬁ&éﬁ:{ei on are
provided in | fithe ih&tafcddo!l ymer that swells in an aqueous nedi um
such as those%?agﬁdngl[tlhnqitr e] gastrointestinal tract. Such systens are well

known in the art (see, for exanple, Advanced Drug Delivery Reviews, 11, 37
(1993)). 25 The anount of conpound of the invention which is enployed in
such a f or muFurthénpwification nappunde of dhelinviention apay peveffeeted usingbe

t(cjirete cr ﬁf';neﬁi nofebpighen Vogh AR Welopoms RO IHled s B o dor SXprbitian |
roatnent of NURMUCREY besaoltl B W g aiifidh S8 aBidhiipte,
admi ni strati Ogolvgigtckfys@lﬁ@?é.g.oet%i?ﬁaecie%té,%&lﬁfﬂﬂykﬁc&@l@}’ ditBid#binethan®, @ ent er al

adm ni strati on, ree base (i.e., in the Case of a salt, excluding any
wei ght r esul t prapaholy m-hptape,emethapol fetbanobumethylétbyl) ketenef ecedonitrileanges  of

daily doses of the canpounds _of the jnvention (in the farm, of ee base as
i ndi cat ed abopél)tan'rg‘?lgg“l{‘ . l.buf%r'&ph%ﬁaﬂcl)‘d@ P’@;ﬁrrﬁiﬁtcﬁb’ﬁﬁ%@t F¥ about

0 005, 082, S AE, Skl A YL AR R b 005 10

upon the concentration of the compound, or salt, in solution, and upon the

solvent system which is used.

When compounds of the inventioﬁ are crystallised, or recrystallised, as
15 described herein, the resultant compound, or salt, may be in a form which
has improved chemical and/or solid state stability, as mentioned
hereinbefore.'
o {. ; ' ) !
Pharm_ﬁceutical Preparatio:'ns= and Medical Uses
Compounds of the invention are useful because they possess pharmacological

activity. They are therefore indicated as pharmaceuticals.

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

25 compounds'”of the invention for use as pﬁannaceutidals.

In particular, the compounds of the invention exhibit myocardial
electrophysiological activity, for example as rriiay be demonstrated in tests,

such as those described in inter alia international patent applications WO



The conpounds of the invention have the advantage that they are effective
agai nst cardiac arrhythmas. i5 Conpounds of the invention may al so have
t he advantage that they may be nore efficacious than, be | ess toxic than,

have a broader range of activity (including exhibiting an i pation of
class |, cl WO2(0B368%| 455 ||| and/or class N activity (esb’égﬁgm@’ | ass |
and/or class N activity in addition to class Ill activity)) than, be nore

potent than, be longer acting than, prodsce 20 fewer .side effects

(includingal r

poi ntes) than 99@‘99?@‘29@&?9% sorbegw?%wﬂ %éﬁgﬁl@[ﬁﬁda %ﬁgve ot her
usef ul phar macRleHLAR ard QBB incEPoft&T by fefiriends known in the prior art.
25 . The conpounds of the invention have t he advantage that they are in a

form which provides for inproved ease of handling. Further, the conmpounds -

of the invention have the advantage that they y bhe produped n, formnms
whi ch have i rdieossep@mdsiofdhe mygnuen pg F%P@“@a i g peetpl ch?}iilthﬁ e.g.

e o o ORGP, SEAGRAIE b i
i nvention may.y &ﬁﬁa@%ﬁfﬁﬁa@d@&h@ﬂﬁr@&&sé fieks '@yt By Be Ghetitioakd i sed in

good vyi el ds, |n a hlgher purity, 1nless tinme, nore convenlently and at a

| ower cost, tHatludeatial Hbrillationqeipdatridl fidter)C and D and sal ts thereof
prepared previously. The invention is illustrated, but in no way |imted,
by the following 10 exarrpl es, with reference to the enclosed figures in

whi ch: Fi h wder diff t. f. th | I
Form of | Compoli SRIPREHS, A e SRAPAER 1y (e BHCRL D) B FeReR Gh o 2
shows an Xy ay, BowASks 8t E4RE URERE Jr?ﬁ ufdﬁ‘ih&ﬁ%%iﬁéd 1o'tardiRé Bisdses, in

which arthythmias are believed to play a major role, including ischaemic heart

disease, sudden heart attack, myocardial infarctioﬂ, heart failure, cardiac

surgery and thromboembolic events.

15 In the treatment of arrhythmias, compounds of the invention have been found
selectively to delay cardiac repolarization. Although compounds of the
invention have been found to delay cardiac repolarisation in particular in the
‘-'treatnent of arrhyth.rmas their mode(s): of act1v1ty is/lare not necessarily

restricted to thJS mode of action.

20
According to a further aspect of the invention, there is provided a method of
treatment of an arthythmia which method comprises administration of a
therapeutically effective amount of a compound of the invention to a person
su'ffering‘ from, or susceptible to, such a condition.
) i
25

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

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

e



Compound A (A Form, obtained by way of Exanple 2. Figure 3 shows an X-ray
powder diffractogramfor the crystalline formof Conpound A (C Fornm,
obtai ned by way of Exanple 3. 20 Figure 4 shows an X-ray powder
diffractogramfor the crystalline formof Conpound A, ben(zjengsyl honi ¢
acid salt, WBOXMHE® by way of Exanple 4. Figure 5(a) showd “HRERPHY powder
diffractogramfor the crystalline formof 25 Conpound A,

pars-tol uenesul phoni ¢ acidsalt (A Formjpz obtained by way of Exanple 5. WO
02/ 083688 PCTLoE02/ 00725, 26, .

i . S - LAY r
di f f r act ogr am*P8r “TH° s?falﬂFcl ﬂ‘iﬁ%&’fﬁ ! g@gﬁ%}%r% g@%ﬁ&\é\ﬁﬂ orally,
par a-t ol uenes | i HoublP, rabkeriall an@RmAXIly\eirtrahasalys le 5. 5
Figure 6 shom%%%-%ﬁf’p%ﬁgér gi ??ragt oegr}a for the cﬁer/igt alﬁs??e%rm of
Conpound A, 1ifhathtiony o2 byagiyt bthercparenterab abute, imbthei foenh of pharmmgeutical Exanpl e -
6. Figure 7 shows an X-ray powder diffractogram for the crystalline form of
1o Compound Aprepagitionplcomprisingdhe petivei ingredicat (aither ag theafrer bassyorggya of

Form of  CampStihn e BLABEPRYIcRhE SefepvT dotege fothy ¢ Dafii e bah §19.2, or | "
Ex | 15 8.4 Fi [ ;
crystalling | AR SLbROR Bl RNE ne ub T AR I £ e

10 shows an Xcawoﬁﬁwﬁgamaylbéamﬁﬁgg@am\f@%ingtdb@scrystaI | i ne form of
Conpound D, net hanesul phoni-c acid salt, obtained by way of Exanple 10.

Figure 11 shows an X-ray powder diffractogramfor the crystalline form of

The compounds of the invention may also be combined with any other drugs

10 useful in the treatment of arrhythmias and/or other cardiovascular disorders.

According to a further aspect of the invention there is thus provided a
pharmaceutical formulation including a compound of the invention in
admixture with a pharmaceﬁtically acceptable adjuvant, diluent or carrier.

15
The compounds of the invention may be further processed before
formulation into a ‘sﬁitablg pharmaceutical formulation. For example, the

_ ctystalline form may be milled or ground into smaller particles.

20 Preferred pharmaceutical formulations include those in the form of a gelling
matrix system, in which compounds of the invention are provided in
association with a polymer that swells in an aqueous medium, such as those
found in the gastrointestinal tract, Such systems are well known in the art
(see, for example, Addvanced Drug Delivery Reviews, 11, 3:7 (1993)).

s o . .

The amount of compound of the invention which is employed in such a
formulation will depend on the condition, aﬁd patient, to be treated, as well

as the compound(s) which is/are employed, but can be determined non-

inventively.



Compound D, hippuric acid salt, obtained by way of Exanple 11. 25 Figure 12
shows an X-ray powder diffractogramfor the crystalline formof Conpound
C, obtained by way of Exanple 12. WD 02/ 083688 PCT/ SE02/ 00725 27 g. Figure
13 shows an X-ray powder diffractogramfor the crystalline form of

Compound C, W&Q’Wéﬁ@%ul phonic acid salt, obtained by way offCEREMII0ES13,
Figure 14 shows an X-ray powder diffractogramfor the crystalline form of

5 Conpound C, para-tol uenesul phonic aci gqsalt, obtained by way of Exanple,
14. Figure 15 shows an X-ray powder diffractogramfor the crystalline form
of Conpound 1), [(biphenyl-4-carbonyl)am no] acetic acid salt, obtained by
1o way of Exargahtgm@daf@ Odyses 16 m}p\@n@;@uyﬁg@f HeWaierentlbh f agHeoqegm for the
crystalline formof Conpound D, hem succinic acid salt, obtained by way of
Exanpl e 16. 1%hdrapmutie) frZatetentvef bumatsrearg abowtdb005dtof 25.G.nglkg hodyf weighhe
crystalline formof _Conpound D, (3,4-dichloro oyl am nqQ) acetjc acid

sal t, obtai nedtmralyagmigistration,nd -about .05 etolg&grz]&%k%aho ) rugigpoRbler |
$

di ffractogramfor .t rystal.lin f.. 20Q - 0 .
[ (napht hal @neP#% er%ﬁ%@fl%f&ﬁahéﬁ"a@e%%c%% %‘ega?tqlggg%a‘i%nggaﬁyexc&uady}n%f -
Exanpl e 18. FigyhBe BoNE P | ) r ¢
crystalline fggx\vg?éﬁtc%rrpou%aﬁbg(ﬂ%%{e& 3- '?)gta(rjdéarlrl\fralg h&%ﬁg%{rﬁlﬁ aérg%ie% acid
sal t, obtai nedfidilpalpses2ST thé compomids of the Hvguitien @A tsehform fifreé-basy apowder
diffractogram for the crystalline form of npound D, trans

¢

Co
D, L- 1, 2- cycl opndicatad abeve) bwthel (eg. trerapeutic) treabpentiof bumapy avgeapowt 0.88%mpl e 20.
to 10.0 mg/kg body weight at oral administration and about 0.005 to 5.0

10 mg/kg body weight at parenteral administration.

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

against cardiac arthythmias.

15 Compounds of the invention may also have the advantage that they may be
more efficacious than, be less toxic than, have a broader range of activity
(including exhibiting any corpbination of élass 1, class II, class III and/or
class IV activity (especially class I and/or class IV activity in addition to
class III activity)) than, be more potent than, be lénger acting than, produce

20 fewer.side effects (including a lower incidence of proarthythmias such as
torsades de pointes) than, be more easily absorbed than, or that they may
have other useful pharmacological propetties over, compounds known in the

prior art.

25 . The compounds of the invention have the advantage that they are in a form
which provides for improved ease of handling. Further, the compounds of
the invention have the advantage that they may be produced in forms which

have improved chemical and solid state_stability (including e.g. lower



WO 02/ 083688 PCT/ SE02/ 00725 28 Figure 21 shows an X-ray powder
diffractogramfor the crystalline formof Conpound D,

(+)-0 O -di benzoyl -D-tartaric acid salt, obtained by way of Exanple 21. 5
Figure 22 shows an X-ray powder dlffractogramfor t he crystalllne f orm of
Conmpound D, WOHOHH - di - para-tol uoyl -D-tartaric acid salt; OBt4"MEd by way
of Exanple 22. io General Procedures X-ray powder dlffractl on anal ysi s
(XRPD) was performed using variable sld§s on sanples prepared according to

standard neth a Qs [ al
(1995), Fundaﬁgﬁog{:@ﬁc‘?% ys'E ﬁ'og(r?%tm % IB&P ﬁﬁl versrty Ggp‘églls

Jenki ns, %ndas . (1996), I nt roductl on to X-Ray Powder

Di ffractorret rg Jo |l ey & Sons, New York; Bunn, C. W (1948), Chem cal
Crystal | ography, Cd arendon Press, London; or Klug, H P. & Al exander, L.
E. (1974), X-ray Diffraction Procedures John Wley and Sons, New York.
X-ray anal ysegomwnéepf&memrh@ax aljochAva eQ@YMt%Gb@T- £¥ Maytonet er .

AR T R R e W e s s A
described in gaﬂr?e &tlw\gga*at stlo»#] r dok® $6an fﬂn%fo?(%%r?o%hdsqﬁa@'d‘ﬂnd@

Cal orimetry, Springer rirn ermigravrrretrrcaaysrs TGA) was
per formed usi I&ﬁd@d&éﬁﬂ;&fﬁbfpﬂ'ﬁ;iaﬁ&ﬂpreﬁ%ﬁ?ﬂ i nstrunent. WO 02/ 083688

PCT/ SE02/ 00725 29 It will be appreciated by the Skl | I ed person that
crystalline fornms of
The invention is illustrated, but in no way limited, by the following

10 examples, with reference to the enclosed figures in which:

Figure 1 shows an X-ray powder diffractogram for the crystalline form of
Compound A (B Form), obtained by way of Example 1.

15  Figure 2 shows an X-ray powder diffractogram for the crystalline form of
Compound A (A Form), obtained by way of Example 2.

Figure 3 shovr/s an X-ray powder diffractogram for the crystalline form of
Compound A (C Form), obtained by way of Example 3.

20 : .- |
Figure 4 shows an X-ray powder diffractogram for the crystalline form of
Compound A, benzenesulphonic acid salt, obtained by way of Example 4.

Figure 5(a) shows an X-ray powder d1fﬁ-actog1'am for the crystalhne form of
25 Compound A, para-toluenesulphomc acid ‘salt (A Form), obtairied’ by way
of Example 5.



conpounds of the invention may be prepared by anal ogy with processes

descri bed herein and/or in accordance with the Exanples bel ow, and may
show essentially the sane XRPD diffraction patterns and/or DSC and/or 5 TGA
t hernograns_as those disclosed herein. By "essentially the s

me" _XRPD
di ffracti onVBa¥8FH8s and/ or DSC and/ or TGA t her nogr ans, MECTlg‘?P@’IOWG% t hose
i nstances when it is clear fromthe rel evant patterns and/or thernograns

(allow ng for experinmental error) .t hatggss_enti ally the same . crystalline

f orm has beengf or ; ' : T at ur vary in |
t he range f5§@r§§@a§m§ﬂ§5§ﬁ¥%@d§? gg&@%%’%%é%@?@%@ range t2
on the |ast degfjRlind!sd ra-téluanebﬁlpﬁ@niaaaa%mt@%rm, dHisine§ by wazcbfper son
that XRPD intensrties y vary wheh neasured for eSsentially the sane
crystalline fBxamplerS.a variety of reasons including, for - exanple,

preferred orientation. 15 Preparation A Preparation of Conpound A and
Benzenesul phonate Salt Thereof a (i) 4- (3-Hydroxypropyl)am no] benzonitrile

20 Alternative, 1 A_m.xture 4-f | upr nzonitrid e.(1 . | )-and
3- amino- 1 ﬁ%‘ﬁ%ﬁdh%gﬁ%%{aywcﬁﬁ@ﬁ%%&f@ 'rf?rrg'% %Yaég’aeaﬁﬁérﬁ;ﬁ i nert
at nosphere fo S Abef ¢ ] h}ﬁﬁ : a The ‘[ was
allowed to cooblo oqygo‘%’tg%dg%€g# an %T?é#’ﬁgﬁ gg?%}f&gﬁ v%%lt{jfieet hyl
ether. The or Bgamgld @yer was separated, dried (Na2SO4), filtered and 25

concentrated in vacuo to yield 17 g (97% of the sub-title conpound as an
oil that crystallised upon standing. ' Alternative 2 4-Fl uorobenzonitrile

(24.6 g, 0.203,nol,_ Aldrich _99% wa ded to 3-am no-I|-propanol (122.0 ‘g,

1.625 mol, 8 E_egww,sfmwr%kﬁ@ﬁgowcgﬁﬁgwswmw3%51%%%%&“8 B for |

hours, unqg ' @o&ﬁp%%ﬁa' A-,rhﬁ5§13£hﬁlhl%ﬂesulphonic acid salt, obtained by way of
'Example 7.

Figure 8 shows an X-ray powder diffractogram for the crystalline form of
Compound A, 2-mesitylenesulphonic acid salt, obtained by way of Example
15 8.

Figure 9 shows an X-ray powder diffractogram for the crystalline form of
; Compound D, obtained by way of Example 9.

20~ Figure 10 shows an X-ray powder diffractogram for the crystalline form of

Compound D, methanesulphonic acid salt, obtained by way of Example 10.

Figure 11 shows an X-ray powdér diffractogram for the crystalline form of
Compo:und D, hippuric acid salt? obtained by way of Example 11.

25 | o R
Figure 12 shows an X-ray powder diffractogram for the crystalline form of
Compound C, obtained by way of Example 12. '




WO 02/ 083688 PCT/ SE02/ 00725 30 was allowed to cool to 22C and water (300
m.) was added. The cloudy solution was extracted twce wth nethyl ene
chloride (300 nL and 200 nlL) and.the conbi ned net hyl ene chloride extracts
were washed with water (300 nmi; GC analysis of organic |ayer gave -1.0

ar ea% ani noyPIPEEI8 5 remaining). Aternative 3 To 4-fl uBrEBERABHSt dl e
(30.29 g, 247.7 mol, 1.0 eq), was added 3-am no-|-propanol (150 nL, 148.8
g, 1981.5 mol, 8.0 eq), The mxture stirred under nitrogen at room

tenperature (27C til all of the sov?f'had di ssal ved. . The sol ution was
heated (oil b%ﬂﬁgre't.ig SI}‘?W&‘Hﬁ'[Z%P‘_’WP‘cT éal'fg qﬁ?@@eﬁﬁgl?eaf)ﬁ'ﬁ@]-m?% rs,
bef ore bei ng i ami e (HITA) I ' rg). Water
(365 L) vas SRR fiRERbph RGN i oo BUR D v Sl BAMAIS) . L T
di chl oronet hane (365 nL, then 245 nL). The conbined organic |ayers were
washed with water (365 nmL). The DCM sol ution of the product was dried by
distillation: FigireddtshoR8annXraypewdér difimntegtannfor the crystalling famr ofsh DCM
(200 m.). More_ solvent (250 nL) - V\fp;i removed_to, bri t he tgbﬁl Sfl vent
vol une to 365 Gampaund)C,para-telyencsaiphenis Srist sty pbial tgffYy'f"ﬁ)éﬁ 8PS onat e ~
Al ternative | 1'& cooled (0C) solution of 4-[(3-hydroxypropyl)- 20
am no] benzonitrtle (fromstep (i) (Aternative 1) above; -17 g, 96.5 nmol)
in dry MeCN (195 nL) was treated with triethylamne (9.8 g, 96.5 mmol ) and
t hen p-tol uenesul fonyl chloride (20.2 g, 106 mmmol ). The m xture was
stirred at OCHigured3 shomstansXirey powderdifijactogramnfor dhe dryistallizec foym véit er
(200 nL) was added to the residue, and the aqueous sql ution was_extracted
25 with DoM  TrempougdnDe [Ghinbenyivdscagbanyd) axstic agid) salt; coptaipad by
concentrated in v 0. The.resulting residue was purified by

i mnls 35

crystal lis®tidfay? ropanol to yield 24.6 g (77% of the title
conpound. '

Figure 16 shows an X-ray powder diffractogram for the crystalline form of

Compound D, hemisuccinic acid salt, obtained by way of Example 16.

15 Figure 17 shows an X-ray powder diffractogram for the crystalline form of
Compound D, (3,4-dichlorobenzoylamino)acetic acid salt, obtained by way
of Example 17. -

Figure 18 shows an X-ray powder diffractogram for the crys‘talline form of
200 Compound D, [(naphthalene-2-carbonyl)amino]acetic acid salt, obtained by -
way of Example 18.

Figure 19 shows an X-ray powder diffractogram for the crystalline form of
Compound D, 2,2,3,3,-t¢tramethy1-1,4-§1ibutanoic acid salt, obtained by way.
25 of Example 19, | | o : '

Figure 20 shows an X-ray powder diffractogram for the crystalline form of
Compound D, trans-D,L-1,2-cyclopentanedicarboxylic acid salt, obtained
by way of Example 20.



Alternative Il The solution of the crude 4-[(3-hydroxypropyl)am no]-
benzonitrile (fromstep (i) (Alternative 2) above) was concentrated to a WO
02/ 083688 PCT/ SE02/ 00725 31 volume of 300 nL by distillation and a further
200 nL nmet hyl ene chloride added and re-distilled to 300 nL gsolution wat er
by Karl - Fi S¥@&820836887%) . Triethyl anine (20.55 g, 0.203 noP§STSEGBRed by

4- (N, N-di net hyl - am no) pyridine. (248 ng, 2.0 mmpl) was added and the
solution was cooled 5 to 0OC. A splutiogﬁpt tosyl chloride (38.70 g, 0.203
nmol) in methylene chloride (150 nlL) added over ca. 30 minutes with cooling
and good agitation, allowing the tenperature to rise to 5C. The reaction

was stirred [ i . | ag&g{; er 5
hours, triet ﬁfﬁ“&%ﬁgﬂﬁ‘g‘f%? g?ﬁ'ﬁ%fpégaﬁf%gﬁr%ﬁ?é%ﬁgg%%%g ) {oégéﬁf)med very
little -10 i fcaﬁiéboﬁﬂﬂtme(nr)xmmrfmﬁéﬁaylob-taﬁsﬁauau 2 obtathebbplwast oR0- 23
hours.) Water (300 nlL) was added and the | ayers vigorously agitated for 15
mn. The org&Esampkdluti on was concentrated by distillation at 35 to 40C to
a volume of ca. 60 to 70 nL. iso-Propanol (100 nlL) was added over 5
mnutes. (At this stage, some granular precipitation of product occurred
prior to additjon f 1 so-gpropanol,. stallizatipon . pdly upon
i i on of 1 EUELTR238r8E 35 et P S Sederats B (BE GRS kBl | )
renove the | a _ € ol N i A r r H enmoved
and the disti Wﬁé’““%@’_che%dgdaﬁfj&%c@r!%%%gﬁaglgsgﬁgesﬂg%nﬂgthﬁe?ye
chloride.) TheyagrofExample 32.urry was cooled to 0O to 5C over ca. 1 hour wth
slow agitation and held 20 for one hour at 0-5C.° The crystals were filtered
on a nediumsinter and the conpacted danmp filter cake carefully washed
with cold %OC) i SOz rocpsnol (80 nmL). The filter cake was dried under
vacuum and®a ersl;@l,im CA¥Eogen overnight. Yield : 52.6 g, 78.4 nole% ;
HPLC : 99.64 area% 25 Mcroanalysis : found (theory) : %C :61.60 (61.67);
%1 :5.41 (5.49);

X-ray powder diffraction analysis (XRPD) was performed using variable

slits on samples prepdred according to standard methods, for example those
described in Giacovazzo, C. et al (1995), Fundamentals of Crystallography,

15 Oxford University Press; Jenkins, R. and Snyder, R. L. (1996), Introduction
to X-Ray Powder Diffractometry, John Wiley & Sons, New York; Bunn, C.
W. (1948), Chemical Crystallography, Clarendon Press, London; or Klug, '
H.P. & Aléxander, L. E. (1974), X-ray Diffraction Procedures, John Wiley  *
and Sons, New York. X-ray analyses were p‘erformed using a Siemens

20 © D5000 diffractometer. T e -

Differential scanning calorimetry (DSC) was pérformgd using a Mettler
' DSC820 instrument, according to standard methods, for example those
described in Hohne, G. W. H. et al (1996), Differential Scanning

25 C'alorimétry, Springer, Berlin.

Thermogravimetric analysis (TGA) was petformed using a Mettler Toledo
TGAS850 instrument.



ON : 8.44 (8.47); ¥ : 9.71(9.70). WO 02/083688 PCT/ SE02/ 00725 32 (iii)
N, 1V Bi s(2- oxi ranyl net hyl ) benzenesul phonam de Water (2.5 L, 10 vol.)
foll owed by epichlorohydrin (500 m., 4 eq.) were added to

benzenesul phonam de (250 g, 1 eq.). The reactants were h 40C.
Aqueous soWPEAEG¥r oxi de (130 g in 275 nL of water) was 3’3352%"@905%h t hat
the tenperature of the reaction renained between 40C and 43C. This took
appr oxi rrately 2 hours. (The rate of soggum hydroxide additi-on needs to be

o oner o RS be P at?%‘%“ﬂ% Horkc g g R oty e
hydr oxi de "ago @gﬁ?ﬁd’é 8f the'erveRA6h 6y Wé%)réﬁdrédeb@ filald wie g?odeesess t hen

at to anbien nperature overnig The excess epichlorohydrin was renoved
as a water ad@@&rib@ﬂdadwinvmdmrmnohcebrdahed with theaExatopled delow,nansk may t enp

30Q), until no nore epichlorohydrin distilled. Dichlor sa@g‘}LL) was
added and t hehowxessendiadly theespmen FREL) dilfk actlsnrﬂman&ne ‘tﬂ‘féi Fer e
allowed to se this too ut al.t h I nphases
are 15 obfai Jr%gl*a'i"?’éﬁg"%"?’éﬁo‘?sng‘oﬁ?/élfsr?pc&ﬁ&ih.eremeogﬁ 82 \Aergysgpsgrﬁget gd and
the dichlor a AL egdnd/Ry t S dg@(hﬁ H NVR
(400|\/H|z, CDC )ﬁSHgﬁ‘égﬁ@ Ié%&fg% Qnrg/?rzﬁ% ?‘%ﬂ@ﬂ;‘%{? zﬁﬁﬂl 3. 1%\/ v .22 (4H,

m, 3.58-3. 73,4134t thOse iAstafces. wher AHs dﬂtar fFomS3tha. Me\(aht-l,patttms ahdﬂﬁ 7.87
(2H, m. 20 (iv) 5-Benzyl-3, 7-di hydroxy-

- phenyl sul phahetinagrémsli(alewing ﬁzrce@wmemal(m@) LﬂlathS%p?anébe $88€d to the
nt 1t he. | nicaysialing éerg b Bees 1opehedVAIRRTOVgf, bchamst prapsiiies o |
ol vent was GoLl Sel o b ABC2R f 2efch P YD 500 led Sy by

vary in the range #2 on the last decimal place. It will be appreciated by the

skilled person that XRPD intensities may vary when measured for

essentially the same crystalline form for a variety of reasons including, for

example, preferred orientation.

15

Preparation A
Preparation of Compound A and Benzenesulphonate Salt Thereof

H

i) 4-[(3-Hydroxypropyl)anﬁno]beﬁzonitile
20 Alternative 1 A mixture of 4-fluorobenzonitrile (12.0 g, 99.1 mmol)-and 3-

amino-1-propanol (59.6 g, 793 mmol) was stirred at 80°C under an inert
atmosphere for 3 hours before water (150 mL) was added. The mixture was
allowed to cool to room temperature, and was then extracted with diethyl
ether The organic layer was separated, dried (NapSOg), ﬁltered and
| 23 | concentrated in vacuo to yield 17 g (97%) of the sub-title compound asan

oil that crystallised upon standing.

Alternative 2 4-Fluorobenzonitrile (24.6 g, 0.203 mol, Aldrich 99%) was
added to 3-amino-1-propanol (122.0 g, 1.625 mol, 8 equiv., Aldrich 99%)
and the mixture heated to 80°C for 5 hours, under nitrogen. The solution



portion (no exotherm seen), and the reaction was heated at reflux for 6
hours (no change from 2 hour sanpling point). Mdre benzyl am ne was added
(15 nlL) and the solution was heated for a further 2 hours. The I M5 was

distilled off a. 3.25 L) and toluene was added (2.5 L). ent was
WO 02/ OSSG%OP%‘W@EOZ/ 00725 33 distilled (ca. 2.4 L) and Pﬁéﬁoiﬁ%\éher

tol uene added (1 L). The head tenperature was now 110C. A further 250 niL
of solvent was collected at, 110C. Theoﬁgtlcal ly, this left the product in

S5 00, i EBBed o Whg 20 oA @60@%%‘3%%0‘ T
GoPh(a), o T ?%%“’”W“S%ﬁ‘?%ﬁwﬁ%“%@% NI (). 3 AR

dd, CHHNSO2AF ahd )the Tostbined mettylefibldibiide ekircts veas waeddwith water
CHHNSCJZAr(a)) 3.09-2.97 (4H,_ m_CHHNBn(a) + CHHNBn(b)g 2.83 10 fZH, dd,
CHHNBN( b)), 2 (300 24k; 6€, amlm:rqfaql)gawakaxelt green~{ Qopsepth ARIRAProRAnSt | a
conprising a 1:1 mxture of trans- (a), and cis-di oI (b)) (v) 3

- Benzyl - 7- fph&F#3MEIhony 1) - 9- oxa- 3, 7- di azabi cycl o[ 3. 3.1 ] nonane 15 The

tol uene sol uti r ) 0 ?’Elﬁn'fb 0 OowadC.
Anhydr ous net *%ﬁ%caa@d&%@}l@%\ggzgg %W hi's gatgegg
tenmperature ri;3ged 8QmHinBa -prpadél (1501, 198.81 g)U1Xs,5 meholaBdsed)phThe ¢ aci d
was added (1' L) and the reaction heated to 110C for 5 hours. , Toluene was

then distil | esnikhoenvedsestiresscendsn nittogen at eam tsompesaiveed(27 &b uatk #hof t he 20
ot her w s { ho 8 %%aﬂ"&saﬂvaﬁi?ﬁeﬁ@ﬁﬁéf vrenredd fribhetfle TRG A" 050
and a vacudm appli ed, L QahFdRE7 Wi, ‘Béfor@i:elhgeshh%h% Anbiéitabiperahipe 110C
‘overnight (14 hours). 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
15 removed and replaced with fresh DCM (200 mL). More solvent (250 mL)

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

(i) 3-(4- Cyanoamlmc&propyl 4-methy1benzenesulfonate L

Alternatlve I A cooled (0°C) solution of 4-[(3-hydroxypropyl)
20 amino]benzonitrile (from step (i) (Alternative 1) above; 17 g, 96.5 mmol) in

dry MeCN (195 mL) was treated with triethylamine (9.8 g, 96.5 mmol) and

then p-toluenesulfonyl chloride (20.2 g, 106 mmol). The mixture was

stirred at 0°C for 90 minutes before being concentrated in vacuo. Water

(200 ml.) was added to the residue, and the aqueous solution was extracted
25 with DCM. The organic phase was dried (NazSO4), filteréd and

concentrated in vacuo. The resulting residue was purified by crystallisation

from iso-propanol to yield 24.6 g (77%) of the title compound.

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

benzonitrile (from step (i) (Alternative 2) above) was concentrated to a



and 650 nbar allowed a further 0.53 L to be renoved. (If the toluene can be
renoved at a |ower tenperature and pressure then that is beneficial.) The
25 reaction was then left to cool to 30C and dei oni sed water (250 nL) was
added. This caused the tenperature to rise from30C to 45C. Mre-water

(2.15 L) WO RO over a total tine of 30 minutes such tHSHHPT2S

tenperature was | ess than 54C. The solution was cooled to 30C and then
di chl oronet hane (2 L) was added. Wth @Iternal cooling and rapid stirring,
C

o o e s e 3 oo B

temper at ur e Bakiew i to-diffifed 0500 B, foltidiSwated by REHIFibdr ORFoY OPPped and

t he phases separated in 3 m nutes. ayers wefe partitioned. TM5s (2 L)
was added t o Triwthylagtiher (eihage B2630! mol)pnfcllotvedi Hyi | 4-GViNodinsethylt ed.
Solvent (2.44 L) was collected until the head tenperature reached 70C.
Theor et i cal | yaminp)pyriding (248amgy %0 wmemol) was. asided pnd the sptptiomwag eeeled on was

t hen al | owed t o, cpol, t o, anbi eng t er.at over pight wi.th s stirring.
The sol i d Spr AUt SOt ?ﬁn E"éyggﬁﬂﬁgeR?§t78r%a‘5-agﬂ&nﬂ’/&ﬂé’a"‘hk’0¥gﬁe| VB (0.5
L) to give a C 8 r , : Iy 50 [ acuum
gave 50.8 g (3. 5% ?a?djf}ﬁg% E‘Sggdm‘é’(?}% Bgf) t |segi %irtgg:l?ﬂm %lddiggggl ved in
acetonitril e do}@folallWing¥he tompedatiife/d rise 185°C, TS Teavtiow wak istifted Af t er
cooling to anbient tenperature, the crystals that forned were collected by

filtration anfdrvssHemlirsviinhthec eangei 8rtd $°C100der pitrogehe (pfiedutthomess dried in
(R0 oS kit o, 143 ot i EESY, 1
3 Benzy! - B it B4y e Siersion orelyb henRlootdt BEpd 25 vty Wler
hydrobrom ¢ g8pg rhil) 4vds adled#1d th¥ Qhyers Wigor86idy dgltited Got 453min. 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
15 of iso-propanol. Crystallization occurred rapidly upon addition of iso-
propanol.) Distillation was continued using vacuum to remove the last of
the methylene chloride. (A further ~30 mL was removed and the distilla_te

was checked by GC for the "-'absence of methylene chloride.) The crystal - .
‘ slurry was cooled to 0 té 5°C over ca. 1 hour w1th slow agitation and held
20 for one hour at 0-5°C. The crystals were filtered On a medium sinter and the
compacted damp filter cake carefully washed with cold (0°C) iso-propanol
(80 mL). The filter cake was dried under. vacuum and a stream of nitrogen

overnight. Yield : 52.6 g, 78.4 mole% ; HPLC : 99.64 area%.

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



benzyl - 7- (phenyl sul phonyl ) - 9- oxa- 3, 7- di azabi cycl o[ 3. 3. 1] nonane (400 g, see
step (v) above) and the m xture was heated to reflux under a nitrogen

at nosphere. The solid dissolved in the acid at 95C. After heating the
reaction for 8 hours, HPLC anal ysis showed that the reaction was conpl ete
25 The contWR0¥08%88 cool ed to room tenperature. Tol uene PEHSE20728 o

vol .) was added and the m xture stirred vigorously for 15 m nutes.
Stirring was stopped and the phases.werg, partitioned. The toluene phase,
was di scarded,.a g.wWrh. .a small amunt” of .interfacial material. The

aci di ¢ phase Wii gl 1 ot Pl ¢SU-[PA’98?1?‘%9. vessel and WD 02/ 083688

PCT/ SE02/ 0072 i i ' by ret . avaly s added
in one portio .a?t%hgf?iq'ﬁ?@r ﬂéﬁ@glﬁpqéga u?l%{bl?légog‘yd?gf?ggﬂb4\8egaw% e pH was
checked to epgdHdao BenpesesulbhondidedDs0 £11 €q.)., The r€dctartoivete hemedtdded and
the tenperature fell from80C to 60C. After vigorous stirring for 30

mnutes, 5 theoithagageons sodian hydroxide (13g in@TSank dfawreter)vass dddedar ded
along with a snall anount of interfacial material. The tol uene phase was
returned te tkwch that therteipemaatiofthe/reastion remainel hetepemd0°C and 4330. rel .

vol.) was added, The tenmperature was adj usted_to_bet n 40C angd 45C.
Concent r at ed Thisdtookapproxmataly 2-howes ﬁfl:l)emogaa%b}nbﬁe oﬁglerﬁdam‘g’s such

|to? 21(::i Tmhte aitg t?‘g&ﬁég %ﬁ%*%@?ﬂf@ﬁé@@ﬁ@ﬁ@&@g? Q%e%ﬁ%a? éga,ggirtéiﬁ??en cool ed
Lo 3G The PUAME tUCARhaR! SHnky stid) ARG tEShRThiot (4F dodiugpanc!

(0.8 L, 2rel "\ y suction and then further dried in a vacuum
oven at 40C. g/ﬂl%‘xijdé way c&n%»l%@e%he relbtiNR SRR at 40°T forBhdid) theBal. 70 (br
d, 2H), 3.09 , 2H), 3.47 (br” s, 4H), 3.60 (s, 2H), 4.12 (br s, 2H),
7.30- 7. 45 16m ambjent temperature overnight. The excess epichlorohydrin was removed

A

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

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
15 obtained after standing overnight). The ﬁhase_s were separated and the
dichloromethane solution used in the subsequent step below. .
1H NMR (400MHz, CDCl3): § 2.55-2.65 (2H, m), 2.79 (2H, ¢, J4.4),3.10-
3.22 (4H, ;n), 3.58-3.73 (IZH,i m), 7.50-7.56 (2H, m), 7.58-7.63 (1H, m),
7.83-7.87 (2H, m). o
20 o
@iv) SLBenzyl-3,7-dihydroxy-1-phenylsulphonyl—1,5-diézacyclooctane
IMS (2.5 L, 10 vol) was added to the dichloromethane solution from step

(iii) above. The solution was distilled until the internal temperature reached
70°C. Approximately - 1250 mL of solvent was collected. More IMS
25 (2.5 L,. 10 vol) was added followed by benzylamine (120 mL, 0.7 eq.) in one
portion (no exotherm seen), and the reaction was lieated at reflux for 6 hours
(no change from 2 hour sampling point). More benzylamine was added (15
mL) and the solution was heated for a further 2 hours. The IMS was
distilled off (ca. 3.25 L) and toluene was added (2.5 L). More solvent was



APl MS: niz = 219 [CL3H18N20+H] +. (vii) 3,3-Di nethyl-

-[9- oxa- 7- (phenyl net hyl ) - 3, 7-di azabi cycl o[ 3. 3. 1] non- 20 3- |y 1-2-butanone
Water (500 mi, 5 vol.) followed by 1-chl oropinacolone (45.8 niL, 1 eq.)
wer e added to sodi um bi carbonate (114.2 g, 4 eq.). A solution of 3-benzyl-
9- oxa- 3, 7- dWezRI083§&| o[ 3. 3. 1] nonane x 2 HCO (100.0 g; seePETEE2NT2S above)
in water (300 nL, 3 vol.) was added slowy, so that the evolution of carbon
25 dioxide was controlled (20 mns.). The reaction mxture was heated at 65

to 70C for 4 hours. After coolin to atbient te era i ch| or onet hane
(400 i, 4 voMistilleds(cad@ed Ianand ég ne furghery folyeger eﬂ?‘Slm ut&sh LP?él phases

P i ARG P 1EE, TR 5 L L SRR f 00

02/ 083688 PCTA 03/ QAL 381y 08 oh B HEBhciSIhOR AT of Bferlor 118002NO! (1

L) was added a aton co nue Further solvent was coll ected

(600 nL). Ethgpd sdldtion wayaseddiddiesnextdtephe distillation continued. Further
solvent was collected (500 m.) (the head tenperature was now 77C). This

sol ution 55(t AEDNMR 400 MHm,rtEECtg)nij 718857D.861(4Hj netPh'H)p'V )SSvVail (@bdndi rect | y
in the next Stiﬁ 1H NVR (400MHz

01-2.59 (2
?)Zi-l 2561-2. 65 Ax wsgjﬁh(ﬁm,m , 3883, &ﬁ%(ﬁhngcﬁ(l @1(%)333 ((5 S,Ss)( g 87
, br s 6 d,
37 ) (v PARH. st te] b o8 e chuvgSo Rk ot (1 9
.3.1] 3-
61% V\/L?O(r:]at a”%ﬁ dﬁbﬁnson V%E?@E %ﬂ-ﬂiﬂgﬁ dggﬁ@)’tgz?é%%tdﬁ:go °
sol ution fromdiENSGYAREY, 3319e2191\(um mpmmﬁh@)mmmmm))hmbgenat ed
at 4 bar. The reaction was
10 (2H, dd, CHHNBn(b)), 2.71 (2H, dd, CHHNBn(a))
(Data taken from purified material comprising a 1:1 mixture of frans- (a),

and cis-diol (b))

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

15 The toluene solution from thé previous step (iv) above was cooled to 50°C.
Anhydrous methanesulphonic acid (0.2 L) was added. This caused a

. temperature rise from 50°C to 64°C. After 10 minutes, methanesulphonic
acid was added (1 L) and thé reaction heated to 110°C for 5 hours. Toluene
was then distilled from the reaction; 1.23 L was collected. (Note that the

20 internal temperature should not be allowed higher than 110°C at any stage
otherwise the yield will be decreased.) The reaction was then cooled to 50°C

and a vacuum applied to remove the rest of the toluene. Hcating to 110°C

and 650 mbar allowed a further 0.53 L to be removed. (If the toluene can be
removed at a lower temperature and pressure then that is_beneﬁcia].) The

25 reaction was then left td cool to 30°C and deionised water (250 mL) was
added. This caused the temperature to rise from 30°C to 45°C. More water
(2.15 L) was added over a total time of 30 minutes such that the temperature

was less than 54°C. The solution was cooled to 30°C and then

dichloromethane (2 L) was added. With external cooling and rapid stirring,



15 consi dered conplete after 5 hours. The catal yst was renoved by
filtration and washed , wth ethanol (200 nL). The conbi ned et hanol
filtrates were/may be used in step (ix) below Solution assay gave 61.8 g
of title product in Methanol (theoretically 1.35 L; neasured 65 L). A
portion. of WO@208¢88duct was i sol ated and purified. Anal ys?%T/Wé&/"‘Hé?forrred
on the purified 20 product. 1H NMR (300MHz, CDC13): 8 1.17 (9H, s), 2.69
(2H, dt, J 11.4, 2.4), 2.93 (2H, d, JﬁOS) 3.02 (2H, d J 13.8), 3.26

be hor or med Zﬁ'gct%w%g&r‘évé sl o i by S50 RudRREIER T, 7150
material . Thiﬁ@, ) Efa%@ﬂ?astuc ﬂle%ﬁié?l'ié}'telﬁaéﬁaﬁ{r@'%low\’ém fbis uRMP! € by

using differen al ysts as Pd/fCwth a nmetal [loading different

fromthat in ghenifies THEbticiagavasstoppenlang e ptimseeseparateddn/ Tninuted.or by
i nproving the mass transfer properties of the reacti on WO 02/ 083688
PCT/ SE02/ 0072Fh@ Tayers werexpartitionadacIMRi(R (Loaweseadided taithe déq&mr@meﬁia@et hat

yor Séiﬁa{? onseliagn fgﬁélﬁﬁlﬁ@m@ﬁ%ﬂeﬁ% SOtven B et poltectiel bR "
ch Lec 0
mterial ray Bgﬁr educed bel h&*égsif € erhe%%%%rﬁsl Eﬁ%ﬁ@%ﬁﬂghﬂ L8 oter I "

mat eri al ow ‘tween 4: 1:20.). (ix
Conpound A, bgngrepds Ul PReogilet GCwds ﬂ@dntalmw&ﬂwﬁécﬁﬂ&ol‘dm&imt temperafotassi um
carbonate (56.6 g, 1.5 equiv) and 3-(4-cyanoanilino)propyl-4-

net hyl benzenesuémight atith flewestisting 'Rhms)ahém@ct tot pr@;lplmt@dqWBS/ ﬁltmde added
to an et hanol solutlon of 33fllmeth -1-(9- oxa37dc(ii |cy %} 3.1]non-
3-yl) - 2- but anand 8“’36& fawg-coleye B L). The

reaction wgs Grey%%gee.{t 96 é%?vaeﬁmé‘, 0.8 £78.895 BVer™T'HEBS. Sﬁ'@g mﬁfsant
product was dissolved in acetonitrile (100 mL) at reflux to give a’pale
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
15  sub-title compound. . ‘
1H NMR (400 MHz, CDCla): & 7.18-7.23 (10H, m), 3.86-3.84 (2H, m),
3.67 (2H, d), 3.46 (2H, s), 2.91 (2H, d), 2.85 (2H, dd), 2.56 (2H, dd)

! ‘

(vi) 3-Benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane x 2 HCl
20 Concentrated hydrobromic acid (1.2 L, 3 rel. vol.) was added to solid 3-
benzyl-7-(phenylsulphonyl)-9-oxa-3,7-diazabicyclo[3.3.1]nonane (400 g,

see step (v) above) and the mixture was heated to reflux under a nitrogen
atmosphere. The solid dissolved in the acid at 95.°C After heating the
reactlon for 8 hours, HPLC analysis showed that the reaction was complete. _
25 The contents - were cooled to Toom temperature. ' Toluene
(12 L, 3 rel. vol) was added and the mixture stirred vigorously for
15 minutes. Stirring was stopped and the phases were partitioned. The
toluene phase was discarded along with a émall amount of interfacial

material. The acidic phase was returned to the original reaction vessel and



15 remained (8.3 g), so nore 3-(4-cyanoanilino)propyl -4-
nmet hyl benzenesti | 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 51)
was added. Y3P¥8B8 (0. 725 L) was renoved. The internal tmﬁ‘%ﬁ&é was 20

now at 88C. Sol vent (0.825 L) was renoved, |eaving the product as an iso-
propyl acetate solution (theoreticallyasgn 2.04 L). After cooling to 34C
o

water (0.5 L) S . 1 Thar ' ol Pd, in
the m xture. sp}qgu%ﬁ@gfo%%ee@g&\gég%},%g%e @?ﬁ%@gﬁ%%ﬁﬁﬁ#&%ﬂ@é(l M
0.31 L) was aggiefal mpehithre! fRe!R6MEICHCILS 800G, | THE pHhavas?Bifeckedido t he 25
m xture was stirred vigourously for 5 mnutes. The pH of the aqueous phase

was 12. The phamass itveves Bépar Tobwnand.G Hg Aqmebowsl.piveescaddeic andigls Mor e

water (0.5 L) was added, and the phases re,separated. The agueous phase
was di scardedtenfﬂﬁ@tﬁl@rﬁnrﬁ%sesféq GQ&U{A&%FIVM&N QWEJQE@F&HB% WO

made up 1 o cxledngses Yoo gt SRR sy By APSpT el Wil £ 077, "

In order to ' 4 34l Ivod | al | adi um
5 Content ¢ nauell AraBuaCueinRateish wlaririd. MG 1ofiene SRR s HaLAne] D2 | all DT

g, 25 w9 wvagrigidelegkatiiod hesselpknd Ropropdnd ¢ I, ri@erch k) (Wasleddedin@he he
m xture heated at reflux with vigorous stirring for 5 hours. The sol ution

was then coofeathetatureoomast edjustedt 4o ebetween Wd° G tandr éd§°Cor Concgarated The resin

was renoved by filtration.) 10 An assay_ was perforped to égl cul ate the
required ampuhydreehlorenacadd200 prbhiwesaadded P¥emAR cmimies SRcte that e honat e

o e 90 1 eRheRdrs” PARAREY R Wl Gen” S0 (1 B8 A Gflie AR 21
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.), dried by suction and then further dried in a vacuum oven at 40°C.
Yield =297 g (91%).
15 1H NMR (CD30D + 4 drops D20): 8 2.70 (br d, 2H), 3.09 (d, 2H), 3.47 (br
s, 4H), 3.60 (s, 2H), 4.12 (br s, 2H), 7.30-7.45 (m, SH).
API MS: m/z =219 [C13H1gNoO+H] .

(vii) 3,3-Dimethyl-1-[9-oxa-7-(phenylmethyl)-3,7-diazabicyclo[3.3.1]non-
20 3-yl]-2-butanone '
Water (500 mL, 5 vol.) followed by 1-chloropinacolone (45.8 mL, 1 eq.)

were added to sodium bicarbonate (114.2 g, 4 eq.). A solution of 3-benzyl-
9-0xa-3,7-diazabicyclo[3.3.1]nonane x 2 HCI (100.0 g; see step (vi) above)
in water (300 mL, 3 vol.) was added slowly, so that the evolution of ca}rbqn
25 dioxide was controlled (20 rhins.). 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

mL, 4 vol.) and the organic extracts combined. The solution was distilled



15 nonohydrate) in isopropyl acetate (200 nL) was added over 5 m nutes
(better to add slower if possible) with vigorous stirring to the solution
of the free base (1 L) and a pale yellow precipitate fornmed. The
tenperature rose from 18C to 22C. After 10 mi nutes, the m xture was cool ed
to 10C and WR/0838%uct col lected by filtration.. The prodSdSENYRashed

Wi th iso-propyl 20 acetate (250 nL), sucked dry on the filter then

dri ed-under vacuum at.40C for 2 days tg gl ve 59.0,g (61% from

o-benayl o oxas T 0 sl susl kg aed Miapgn z@d%waa 383 e o

70% (W aqu
sol u'g [ o\rllv) of qt @%}@hﬁgﬂy%hgﬁ@ﬁﬁwp@ ?LCP“@& 86 %ﬁwgd as a
nonohydrate. W Q¢ 8B PEHE GERIRHA Gntiled. EFhml soame wﬁs)coﬁactedvat er

(250 m.) were added to crude sub-title conpound (50.0 g). The sol ution was
heated to 75C.(5Pft erli)al (theashead| teriperstire cwast n6®C.7776p solkisi splutier hel d at

75C for 5.mnu t hen cool,ed our tati,on started at
195G The cdi o Wencimtiooly asiaymng 1180 L @haterel s ysah diteBich 2t g neit

et hanol :water (2:1; 150 nlL), sucked dry on the filter, and then drled I n
vacuo at 40C t e%i ve pure sub-title product (41.2 g, 82% (This

recrystalli satlI?rN]g&y ea(lz\?ﬂo’ CB@]?G‘TS b gggr gfltijl ygt gr zn@f 29lygst if to

necessary to fi n-ves 5 vol. (gave

62% recovery) (2, @), 2.8722.98 (@Hlm)35 30<(12H 6)933& (DQP/Q),QCSJ’X/@H)M)S)TT\%
sub-title product vias i sol ated as t he nonohydrate foll ow ng the

rescrystal | i s, J46)de88(kHndd, b.657.0)17ed 0245 dadl 760)r ay di ff ract i on)
Met hod 2 :
10

(viii) 3,3-Dimethyl-1-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-y1)-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

15 considered complete aﬁerl 5 hours. The catalyst was removed by filtration
and washed with ethanol (200 mL). The combined ethanol filirates

~ were/may be used in step (ix) below. Solution assay gave _61.8 g of title
product in ethanol (theoretically 1.35 L; meaéured 1.65L). A portion.of the
product was isolated and purified. Analysis waé performed on the purified

20 product.
1H NMR (300MHz, CDCl3): 8 1.17 (9H, s), 2.69 (2H, dt, J 11.4,2.4), 2.93
(2H, d, J10.8), 3.02 (2H, d, J 13. 8),326(2H 8), 3.32 (2H, dt, J 14.1), 3.61
(2H, br s).

25  This reaction may also be performed using a l'owef wei'ght.ratio of catalj;)st :
to benzylated startiﬁg 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
RW/C) end/or by improving the mass transfer properties of the reaction



(a) 3-(4-Cyanoanilino)propyl benzenesul fonate To the sol ution of
4-[ (3- hydroxypropyl )am no] benzonitrile (fromstep (i) 20 Alternative 3
above, assumed 43.65 g, 247.7 mmol, 1.0 eq) in dichloronethane (360 niL

total solution volune) was added, sequentially, triethylanne (/52 m.,
37.60 g, 37VOB/0B688 1.5 eq) and trimethyl am ne hydr ochF&T 5P g9 ¢,
123.85 mmol, 0.5 eq) in one portion. The yellow solution was, cooled to.

20*C (using an acetone/dry,ice. bath or,a cold plate), 25 and treated with
a solution of benzenesulf | chl oti de 2 N A43. .74 47 2 mml|, 1.0
eq) in dichl om’FB%fHZY%& shcﬂg‘glym@ Wilh ppr '@*ﬁ%@éﬁ’é’é‘?" Werarg °£ﬁ‘6§| cohol )
via a pressur ecﬁ)lﬂ:ﬂ L§i i AHSHRER Lo oM@ Sscald J&lger
portionw se sﬁ’gh t g%&’tfﬁgcl r?’?@r&n@fgp% enper%\%h-l%p@dgﬂ%gunét gxceed -%gc. The
addi ti on t ook {Rfn Rhdtud@seribed dAnhe aibeve kbetioh)t UUsingesuch hiechmituesy ¢t f or WO
02/ 083688 PCT/ SE02/ 00725 40 35 mi nutes at between -15 and -10C. Water (365
nL) was added wesightitatio of eatalyrshtaistertinggnatenal ogy bareduged below 438 (egol ed back
to OC and stirred vigoro Slﬁ/ for 15 m nutes. The organic |ayer (volune 570
m) was cdl | detweengd0andi; Qkd at at mospheric pressure to renove DCM (450

m., 5 pot tenperature 40-42C, still-head tenperature 38-39C). Ethanol (250
m.) was added, and the solution was allowed to cool to bel ow 30C before

turning on thf(iyg ulPA EbéiRbN@iphoai doRlEaatod Y didte Was col | ected, .
pressure 5.2 KP ) = enperatures were 21-230),

and the product gradually came out of solution. The distillation was
stopped to at this point, and nore ethanol (50 nlL) was added. The m xture
was warmed (R¥ethadtler bath at 50C) to 40C to dissolve all the solid, and

Stirred  sibwBPaRR R EHR et £30aa, B I e it on
time some prqgumlidiadedesiiphbhdts 30 sRYF (ii) BBBVE 90L1 5 1 WRARIVOME Adled - SC
| to an ethanol solution of 3,3-dimethyl-1-(9-o0xa-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
15 remained (8.3 g), §0 more 3-(4-cyanoanilino)propyl-4-
methylbenzenesulphonate (12.2 g) was added, and the resultant was heated
at 80°C for 4 hours, Solvent (1.35 L) was distilled, then iso-propy! acetate -
. (2.5 L) added. Solvent (2.51 L) was removed. 'iso-Propyl acetate (2.5 L)
was added. Solvent (0.725 L) was removed. The internal temperature was
20 nowat 88°C. Solvent (0.825 L) was removed, leaving the product as an iso-
propyl acetate solution (theoretically in 2.04 L). After cooling to 34°C,
water (0.5 L) was added. There was a black suspension, possibly of Pd, in .
the mixture. The pH of the aqueous phase was 11. Sodium hydroxide (1 M,
0.31 L) was added, so that the temperature was less than 25°C, and the
25 mixture was stirréd vigourously for 5: minutes. The le'of the 'aqﬁeous phasé
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 (ice/methanol bath) and stirred at this tenperature for 20 m nutes
before collecting the pale yellow solid by filtration. The solid was
washed with an ethanol/water m xture (42 nmL EtCOH, 8 nL H20), and suction
dried for 30 mnmnutes before drying to constant weight in chS} L7|um oven
(40C, 72 h¥RYBPRe mass of crude product obtained was FFT 0800 $49. 9
nmmol e, 20 60% . Ethanol (160 nL, 8 vols) was added to the crude product
(20.00 g, 63.22 mmol, 1.0 eq). The m xtuyge was st.irred under . nitrogen and

warnmed to 40C us r,. b achi this t r.at all of
the sol i d ha&‘ﬁ?%‘?%p\%“?%s’gﬁ“\aéh%ﬂtfaéﬁms 2 BREub b Eshate: thEo . S
vols) was addgg, B8R ¥ info P81 10800 ;0 m nutes, whilst the internal
tenperature 25 vvatggrpn‘g#nt alnngg mn tﬁ %Iglens 8-41' C. The water bath was
removed, and the solution was all ovved to cool to 25C over 40 mnutes, by
whi ch ti me crystallisation had begun. The m xture was cooled tq -5C over
10 mnutes, t(eerdaste avoid produgingsubditlerrsodust camprisinges high Pﬁlhdt%% The

Pl Yol 01 SOl e e SIS Sl B B " TR 8 o
a_vacuum oven 61503(:% %g{i 94! Fas a@ﬁ tH’%ﬁésﬁ{m&ng h}%#@e B&%&g@o%g%nﬁbch@' ned was

18.51 g (58.51 from e crude produ ound A,
benzenesul phoninibctafélféaﬁe’ﬂ 4t remBOWitH vidcRousStitfine Fdr 3 Iedurs OTHE beltion Wagl vol ume
770 nL, approx. 20 vols with respect to the am ne) of

3, 3-di net hyl -Iﬂa(:ﬁcoa]&da‘pi‘ednatmpede:mpév&s]s]nmed for 3 1dpys- Tbclr%snbmS(assurred
34.97 g (verified b é 54.5 mol, 1.0 eq; see step (viii) above)
was added 3-(4Ie§}ﬁ¥¥ﬁézbbﬁ lirglion) opy | benzenesul f onat e (49.05 1o g, 154.52
mmol, 1.0 ?@1 see step (a) above) in one portion. The resultant m xture
was heated™at 74C for 6 hours, then stirred' at roomtenperature (20C) for

65 hours (over Ahhe,WRPkand; gofriikd | 16 d cHRIBEN e | redBREECIaticnt of

benzenesulphonic acid, to make the benzenesulphonate salt.

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

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

(better to add slower if possible) with vigorous stirring to the solution of the

~ free base (1 L) and a pale yellow precipitate formed. The temperature rose

" from 18°C to 22°C. After 10 miﬁutes, the mixture was cooled to 10°C and

the product collected by filtration. The product was washed with iso-propy‘/l

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

for 2 days to give 590 g (61% from 3-benzy1—9-oxa-3;7-
diazabicyclo[3.3.1]nonane x 2HCI).

(The crude benzenesulphonate salt was altematlvely prepared by the
25 addition of a 70% (w/w) aqueous solutmn of benzenesulphomc acid to an

ethanolic solution of the free base.)

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



that the reaction will also succeed without this prolonged stirring at room
tenperature). Ethanol (370 nmL) was renoved, and water (200 nL) was 15 added
(this gave a 2:1 EtOH H20 m xture, total volune 600 nmi). Upon addi ng the
wat er, the pot te erature fell from80C to 61C. The sol utlon

-re- heat ed &90?/@ B68% hen al l owed to cool naturally to ambi & ’SE?zéOr‘?‘Zﬁgrature
overni ght (19 hours) whil st stirring slowy. A solid was observed at this
stage. The m xture was cooled to 0OC and? hen stirred at 20 this tenperature

Lol 6 vas v RGP Gof BT S Yol dbomty Wha i Y o B ™
crude.pr oduct °HBPARER GRS Th KuiE S Rl ot @Oé\?%a@cru Eproatet
ves Tound 10 BRaBed V6 OThoRIAREPE RAd (PISHPLE S Aok,

recrystallise usi ng ow) to gl've %e sub t|tIe

conpound in aﬁ%#?%é@%o@&g?%&%&ﬁno &4 W) 18%eC t&j]alsgﬁtﬁlogrw ocedur e:

WO 02/ 083688 562 m.) and water (281 nL) were
added to the gl prasiict theobtfiliraed absshed(Sﬁmﬂ'l 0) ethdinesl: Wﬁtbﬂtl@ly\/as
heated to 75C. All material dissolved at 55C. The solution was held at 75C
for 5 mnutes,150afhy),sucksl dy amtiediltarpaiithenairied. /5 vaouo ait 40f@d0 givat i on
started at 35C. The cold 5 soJ ution s filtered and the coll ected
precipitate mmgrwa%)h%félequﬁcfe@h&rﬁal 2%). water (2:1, 168 nl). The solid
material was sucked dry on the filter, before being dried in vacuo at 40C
to give product (47.1 g, 84% . (Xx) Corrpound A (free base) 10 Method | Crude

benzenesul phopghf rS@yktaliRBtibh thay beCaRitid dut Wikl Breatc? Rofinids 6401¢ent if
10 necessary to fit the reaction vessels e.g-.
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
15 rescrystallisation (as determined by single crystal X-ray diffraction).

Method 2

(a) 3- (4-Cyanoan111no)propyl benzenesulfonate

To the solution of 4-[(3-hydroxypropyl)amino]benzonitrile (ﬁom step §))
20 Alternative 3 above, assumed 43.65 g, 247.7 mmol, 1.0 eq) in
dichloromethane (360 mL total solution volume) was addea, s.equentially,
triethylamine (52 mL, 37.60 g, 371.55 mmol, 1.5 eq) and trimethylamine
hydrochloﬁdc (11.89 g, 123.85 mmol, 0.5 eq) in one portion. The yellow
solution was. cooled to -20°C (usmg an acetone/dry ice bath or a cold plate),
25 and treated with a solution of benzenesulfonyl chlonde (32 mL, 43.74 g,
247.7 mmol, 1.0 eq) in dichloromethane (220 mL, 5 vols with respect to the
cyanoalcohol) via a pressure equalising dropping funnel. The solution was
added portionwise such that the internal temperature did not exceed -14°C.

The addition took 25 minutes to complete. The mixture was then stirred for



Met hod 1) was added-to aqueous sodi um hydroxide (1M 500 nL) washing in
with dichloronmethane (1.0 L, 20 vol). The conbined m xture was stirred 15
for 15 mnutes. The |layers were then separated and a snall anmount of
interfacial material was left with the upper aqueous |ayer, Eth | (500
m., 10 vol WOne083@8ed to the di chl oronet hane sol ution and’qﬁs@H/&Qgﬁ vent was
rem)ved by distillation (1.25 L). The still head tenperature was now at
78C. The solution was allowed to cool gé@ bel ow reflux and 20 et hanol (250

m., 5 vol dded. Sol vent 2 | ut |
s i1 ot e AR RO T 185 e oot TR Gl 9065, "

conver si on LG 1 e5as8le /YR Tkt faf S04 vhileto o Ui atineas, cool ed

slowy. At 5 e corrpoun was a stal l'i sati on began

and the ni Xt UgoNslys For' 1§dmiutéC e Sfpamicldyes. (vamﬂmesm mll.bctwaszas
collected by frltrafion and washed with ethanol (2 x 50 ni, x 1 vol.).

The product v@lebiedmndlrdletillead\ahammspmnmpmﬂsm to gemonve rDEH Mﬂ}@lt,o gi ve an
of f-white powder (26.3 g: 02/ 083688 PCT 7 NMR (400
o, D13 poteamentud 404Gy e st S835°6) o RO

el (s it 3o gidéa, i il Yy foyA 1o Pogtorbefoly HEC e .

NVR (CDCl3) nﬁ&%é ?’3 m4 Maré so%n@%as&@mé%d i, wag cdllected, 68 46,

96. 61, 111.64, 43. M5 (ES): mlz = 385 (MtH) + Method 11 A

m xture of 4- ,?{easlﬁgsmnpaa(sambmammmmshadﬂpmpmms m@awpaea,no) - 10
benzonitrile (see Preparation B(l)(vi | ow;

(11.05 g, O. omdﬂhlepro& ot/gradualiy carhe putRfsolution @awwletﬂlaiwehm%é? oI one

(4.44 9, C1)0 032 ‘H:Bs ponil’;h?m ' 628" &ndst (%b' {rﬂ'ﬁdwgé add5a. O VAl it Rburd &R € DM

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

15 (ice/methanol bath) and stirred at this temperature for 20 minutes before
| collecting tﬁe pale yellow solid by filtration, The solid was washed with an
ethanol/water mixture (42 mL EtOH, 8 mL Hy0), and suction dried for 30
minutes before drying fo constant weight in the vacuum oven (40°C, 72
hours). The mass of crﬁde product obtained was 47.42 g (149.9 mmole,

20 60%). Ethanol (160 mL, 8 vols) was added to the crude product (20.00 g,
63.22 mmol, 1.0 eq). The mixture was stirred under nitrogen and warmed to
40°C using a hot water bath. On reaching this temperature, all of the solid

had dissolved to give a clear, yellow solution. Water (60 mL, 3 volS) was
added dropwlse over a penod of 10 mmutes, whiilst the internal temperature

25 was maintained in the range 38-41°C. The water bath was removed, and the
solution was allowed to cool to 25°C over 40 minutes, by which time
crystallisation had begun. The mixture was cooled to -5°C over 10 minutes,

then held at this temperature for a further 10 minutes. The pale yellow solid

was collected by filtration, suction dried for 10 minutes, then dried to



was added and the m xture filtered. The filter cake was then washed with a
m xture of DCM and MeCN before the solvent was evaporated fromthe 15
filtrate. The resulting residue was purified by chronmatography on silica,

eluting with a gradient of ethyl acetate : nethanol : a ' I t hanol
(95: 5: to@@”ﬁgﬂéﬁsﬁ to give the-title conmpound (5.8 g, gtgﬁﬁwggaratlon
B Q 20 Preparation of Conpound B (Method I) (i) tert-Butyl

2- br onoet hyl car bamat e Sodi um bi car bonatg (6.15 g, 0.073 nol) and di-t-butyl
di carbonate (11. Eb S f H20 (50
n) and 25 dFW%Wmtﬁdﬂle%ﬂﬁwe@ e(?’\ ggoléﬁ&rgj 3%8@‘5%5 gertle Syl ani ne

hydr obr oni de %‘HP  oBtdifed Wds) 18/3% ng d5 1S bl 93%3 (oh the apeldd he

reaction was s overn| ght at 25 he di chl or onet hane | ayer was
separ at ed, vvagﬁ;adcwth H20 (200 nmL) and washed with a solution of

pot assi um hydr ogensul phate (150 niL, pH = 3.5). The organic | ayer was WO
02/ 083688 PCT/ SE02/ 00725 44 dried (Na2SO4) and concentrated in vacuo. The

crude oil was . .chromat agraphed ony i lica. wi t h di chl or onet hane
Co af fora 7 of) Qumnaindh, vagenauphontdi el mbadtiite" | 0. °070r s

oi | 1H VR (300, U1yt 770, Ephona ol iapeke 47 (.

3-Benzyl - 9- oX§s ¢he! aliry Tl 3,3 imbth Bli(DrdxaaSJ%-anzabidgzblomBSl]nm-awl)}llternat i ve
preparation to that deScri bed in ¥ Baratlon A(vi) 10 _above. A 3L,

t hr ee- necked bhmaknevessemed phod puvetitiedbyragpag), i 164t mmal; 1. 0;§q, s9RSted et or
and a refl ux condenser Aqu dr obromi c aC| d 480/ L 1 nol)
was added to $¥ill) Above)evias Pg&d? %‘Ré P%Qﬂ“gl %nesuq foats (4940?

10 g 154.52 mmol, 1.0 eq; see step (a) above) in one portion. The resultant

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
15 added (this gave a 2:1 EtOH:H7O mixture, total volume 6QO mL). Upon’
adding the water, the pot temperature fell from 80°C to 61°C. The solution
was re-heated to 70°C, then allowed to cool naturally to ambient
temperature overnight (19 hours), whilst stirring slowly. A sohd was
observed at this stage. The mixture was cooled to 0°C and then stirred at
20 this temperature for 15 minutes before collecting the off-white solid by
filtration. The solid was washed §vith a cold 2:1 mixture of ethanol:water
(150 mL), suction dried for 1.25 hours, then oven-dried (40°C, 20 hours).

The mass of crude product obtained was 57.91 g (103.3 mmol, 60%).

25 :T'he cr.ude:f produc;t was 'foﬁnd to be 98.47% pure (as determined by HPLC
analysis), and was recrystallised (using the procedure detailed below) to

.give the sub-title compound in a purity of 99.75% (84% recovery).

Recrystallisation procedure:



3, 7-di azabi cycl o[ 3. 3. 1] nonane (190 g, 0.53 nol, see Preparation A(v)
above) and the m xture was heated to reflux under nitrogen. The sol
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uene. ﬁase V\%s separated and returned to the origi

o 80C
t he

30
nal

reaction ves s@llssolQedeat)ﬁa?@J THe Solbjiomarasdutlé dit AACt for -3 mmu’ws,l b@ferﬂper ature -

25 was adj ust

added (until| beihgicopledtto SiCovar t dthours Pagriviiation stagt

ed to between 40C and 50C. Conqentrateefléirgé

B

cid was
ween

i nutos andl  SUNSe R GEE s SO LPARIEle AL %séﬁﬁ%ﬁda&hﬁa%f o

Lo, SRR S B ig by g ettt

further dri edbelﬁg@n\éaewaaw/amoac 16 e prothedt ¢47.13084%)84% . (iii)
tert-Butyl 7-benzyl-9-6xa-3, 7-diazabicyclo [3.3.1 ]nonane-3-carboxylate 5

A 5L, three-necked flask was equi pped with an over head

hydr ochl ori de
stirrer, a t
dlchloronetha

her nonet er n a,ni trogen bubbler. Water (1.4 L),
(9 Compound gﬁﬁb?ﬁ?&bl carbonate (150 g, 1.79 nol) and

3- benzyl - 9 oxa- 3, 7- di azabi cycl o[ 3.3.1]nonane x 2 HO (130 g, 0447
fromstep ell) above) to were all charged in order. The m xture was

rapidly for tefetiddpt es

15

20

25

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 mixture was stirred
for 15 minutes. The layers were then sepérated and a small amount of
interfacial material was left with the upper aqueous layer. Ethanol

(500 mL, 10 vol) was added to the dichloromethane solution. and then

solvent was removed by distillation (1.25 L). The still head temperature

rough

nol ,
stirred

was now at 78°C, The solution was allowed to cool to below reflux and "

ethanol (250 mL, 5 vol.) was added. Solvent was removed (250 mL). This
warm solution was diluted with ethanol to 890 mL, 17.8 vol. (25 vol.
assuming 100% conversion to free base). After heating to reflux the
solution was cooled slowly. At 5°C a seed of title 6ompound was added.
Crystalhsatmn began and the mixture was stirred at 5°C for 30 minutes.
The product was collected by filtration and washed with ethanol
(2 % 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%).

-



and then di-tert-butyl dicarbonate (0.113 L, 0.491 nol) was added slowy.
The m xture was stirred rapidly for three hours at roomtenperature. The
organi c | ayer was separated, dried with magnesiumsulfate, filtered and
concentrated to afford 160 g of an off-white solid. The off-white solid was
15 charged MRXB868  three-necked flask equipped with an SFEMEEEStirrer,
a thernoneter and an addition funnel. Ethyl acetate (0.6 L) was charged
and .the clear. solution'was cooled to 43%0C: A solution of- HO in di oxane

e e .«Bea&:ééﬁ?%z@@své“?m%@ aﬁaﬁ Bur - The
product 20, 14526 GALISHIEHT b ). 4 RLUOM (HESRED 4 O S Whe ARl @KL (O 1

L), and dried i nva vacuuim oven | ne pr’oduct

wei ghed 146 gm)gg%@}pg)s 14 (28, d)ezpe@!qyd),ﬂzsxmﬁ(ﬂmmm@ﬁm $[3.3.1

] nonane- 3- car boxyl at e 2 hydroch ori de Hydrochl ori de salt from step (iii)

above (146 g, 184 NMRo(CDaIs): B4, orfq(msg £1.57, 5362, 66115, S6ATgeds.1h a Parr
hydrogenator bottle. Methanol (0.5 L) was added and the bottle was shaken
vi gor ousl y 5undi8r46aR6.6d; Abb SRl .03, 139Bogen at 3.5 bar. The reaction was

nmoni t ored by 02/ 00725 46 analysis and was found to
be conplete a&é\fg§£ % ?gsglrﬁgéﬁtal yst was filtered and the filtrate was
concentrated to afford an off-white crystalline product. The crude product
was di ssolved in hot acetonitrile (1.2 L), and then filtered while hot.
The filtrate wgsthedlipted with ethyl acetate (1.2 L). 5 The clear solution

was al | owed to sTand overnight at roomtenperature. The first crop of
crystals was mlmmmdoﬁﬁd[%@-@ﬂa&;ﬂdtazabwudn[& 3. 13rfone3y)peopylleminalub-titl e

hondi 550l ebeRFOMBIOAsE BRPRwPIE FRDiY DEIGHI S B BO2aiteh, diagPs

(11.05 g, 0.08 mol) in MeCN (300 mL) was treated with 1-chloropinacolone
(4.44 g, 0.032 mol). The mixture was stirred at 50°C overnight before DCM
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

15 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%).

Preparation B(I)
20 Preparétion of Compound B (Method I)

(i) ter+-Butyl 2-bromoethylcarbamate
Sodium bicarbonate (6.15 g, 0.073 mol) and di-z-butyl dicarbonate (11.18 g,
0.051 mol) were dissolved in a mlxture of HyO (50 mL) and
25 dichloromethane (150 mL), then cooled to 0°C. 2-Bromoethylam1ne
hydrobromide (10.0 g, 0.049 mol) was added slowly as a solid, and the
reaction was stirred overnight at 25°C. The dichloromethane layer was
separated, washed with H2O (200 mL) and Hwashed with a solution of
potassium hydrogensulphate (150 mL, pH = 3.5). The organic layer was




acetate (0.4 L). A second crop of crystals (38 g) was obtained-after
cooling 1o the solution to 10C. Both crops were found to be conparabl e by
GC anal ylsi s and 1H NMR anal yses. Conbined yield: 90 g (83%. (v)
tent-Butyl 7-[3-(4-cyanoanilino)propyll-9-oxa-3,7-di azabi 1] -
nonane- 3- c3¥® gﬁ&?e 15 The hydrochlo)c/)rl de salt of tert- buf‘g;'i%E%E/%m%S !

9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1] nonane- 3- carboxylate (see step (iv) above;
1.1 g, 4.15 npol) was m'xed vvith MeCN 4446 m_) vvater (2.5 nL) and K2C3

(3.5 9, 25 mMgily @‘aﬁ %ﬁcenﬁ:fatége%ﬂ bﬁié)ffi—u@é'céﬁ s added

and the m xture throu r The filtrate was

concentrat ed dfpoma ﬂ}fédgiri\/ﬁh@a §313 elitiag WllﬂﬁdfChRﬁoﬁl@tHiﬁSQo afffords7.8%as t hen
m xed with 3-(4-cyanoanili no{ propyf 4- met hyl benzenesul phonate (see

Preparation Ag(',{b%)aobthe sub-titlegongopndas k cleaywolaeeneil( 0. 86 g, 6.2 mmwl) in-

MeCN (18 nlL)., The re uIt S st h before

be| ng concent}%tWR @ﬁgzn&rﬁﬁ )réér%u@swgé ’tfég‘ﬁe{f'bﬁqt M‘?%ﬁo m.) and
M NaCOH %Soq%i) The 25 | ayers were separated and the DCM | ayer washed

tWI ce wt us NaHCO3, before being dried (Na2SO4) and concentrated in

vacuo. The pApHngs: WIJQ#H @@dlzl@;ymm ash chromat ography, eluting with a

gr adi ent of t uene etate : triethylamne (2:1:0 to

1000: 1000: 1), to give 1. 47 g (91% of the sub-title conpound. WO 02/ 083688
PCT/ SE02/ 00725 47 (Vi) % di azabi c cl'(i [3.3.1
] non-3-yl ) pr ofh Q%Bm}ﬂ'&ro}ﬁﬁza odlaz\abwych[ﬂhknanmem conmpound was obt ai ned

7550 10 g RS RSO HEBBRIGFA G
7-[3-(4- CY@HOM%' ”R)f(’l'rOﬁl‘fée]-ngc‘l&?afglaglégove?&ﬁﬂie‘ay‘&itﬁ{agnﬁgﬁeﬁc stirrer, a

nonane- 3- car boxyl ate (from step
thermometer and a reflux condenser, Agqueous hydrobromic acid (48%,
0.76 L, 4.51 mol) was added to solid 3-benzyl-7-(phenylsulphonyl)-9-oxa-

3,7-diazabicyclo[3.3.1]nonane' (190 g, 0.53 mol, see Preparation A(v)

above) and the mixture was heated to reflux under nitrogen. The solid
15 dissolved at 90°C. After heating the mixture for 12 houfs, 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
few minutes. The phasés were separated. The aqueous phase was fctumed
to the original reaction vessel and aqueéué sodium hydroxide (10M, 0.85 L,
20 8.5 mol) was added in-one portion. The internal temperature rose to 80°C
and the mixture was strongly basic. Toluene (0.8 L) was added when the
internal temperature dropped to 55°C. After stirring 'vigorously for 30
minutes, the toluene. phase was separated and returned to the original
reaction vessel. 2-Propanol (1.9 L) was added and the internal temperature
25 was adjusted to between 40°C and 50°C. Concehtrated hydrochloric acid
was added (until acidic) at such a rate to maintain the temperature between
40°C and 50°C. A white precipitate formed. The mixture was stirred for 30
minutes and then cooled to 7°C. The white powder was collected by

filtration, washed with 2-propanol (0.4 L), dried by pulling air through the



(vii) Conmpound B 10 To a solution of tert-butyl 2-bronoethyl carbamate (4 21
g, 0.019 nol; see step (i) above) in DW (65 nL) was added

4-{[3-(9-oxa-3, 7- diazabicyclo[3.3. 1] non-3-yl)propyl]am no}benzonitrile
(see step (vi) above, 4.48 g, 0.016 nol) and triethylamne (3.27 nL, 0.024
mol ). The n@Q0868%as stirred overnight at 35C and then PSHEERVEOZSed in
vacuo. The residue 15 was dissolved in dichloronethane (80 nL) and washed
With saturated sodiumchloride.. The aqu ous layer was extracted wth,

di chl or onet hane X 150 ni Qrgani c_extracts we dri ed
(Na2SOn " ana. Semiles Fot 4R darmiles, 4Rt glen g gﬁ - el P ialiv reh Ao’

chr onmat ograph&%efq;%o?g@ I ica gel eluting with chlorof orm nethanol : conc.
NH40H (9: 1: 0. "0 'ord 3.75 g (56% of the title conpound. 1H NWR
(300 MHz, CD30D) S7.37740(d J=8.8 Hz, 2H), 6.64-6.67 (d, J=8.8 Hz,
2H), 3.94 (bs, 2H), 3.21-3.31 (m_ 4H), 3.01 (bs, 4H), 2.47-2.59 (m 8H),
1.90 (bs, 2H) (iii). tBa‘-B'styl %em@m%?-élamhpymml nenaEa3Barbogyla 121. 9,
113.2, 97.7, 80.3, .25 69.2,58.8,58.1,57.5,57.3,41.9, 38.3,28.9, 26. 2.

API - MVS: (Wl VD 02/ 083688 PCT/ SE02/ 00725 48 Pr eparation B(II)

P nd
(25 (7- Bonzyl - dhont Speaisbdt AR, beb. Shdpred, vt o, qysthead, BT Beia
tert-butyl eSttﬁérlxrﬁinEétéf‘%Ed K%&oéen(‘@ﬁbb?er( UWater @FMYLPW&%&%B&B&@ A et hyl

tosylate to A solution of p-toluenesulfonyl chioride (28.40 g, 148 mpi) in
L), sodium bicarbonate (150 g, 1.79 mol) and 3-benzyl-9-oxa-3,7-

diazabicyclo[3.3.1]nonane x 2 HCl (130 g, 0447 mol, from step (ii) abo{'e)

10 were all charged in order. The mixture was stirred rapidly for ten minutes
and then di-tert-butyl dicarbonate (0.113 L, 0.491 mol) was added slowly.
The mixture was stirred rapidly for three hours at room temperature. The
organic layer was separated, dried with magnesium sulfate, filtered and
concentrated to afford 160 g of an off-white solid. The off-white solid was

15 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 HCl in dioxane (4 M)
was added dropwise unt11 the pH was less than'4, The hydrochloride salt’
precipitated and the mixture was stirred for an additional hour. The product

20 was-collected by filtration, washed with-ethyl acetate (0.1 L), and dried
overnight in a vacuum oven. The white crystalline product weighed 146 g
(92% yield). |

@iv) tert-Buj:y] 9-0xa-3 ,7-diazabicyclo[3.3.1lnonane-3-carboxylate

25 hydrochloride ! | |
Hydrochloride salt from step (iii) above (146 g, 0.411 mol) and 20%
Pd(OH),-C (7.5 g) were charged to a Parr hydrogenator bottle. Methanol

(0.5 L) was added and the bottle was shaken vigorously under an
atmosphere of hydrogen at 3.5 bar. The reaction was monitored by GC



di chl oronet hane (100 nlL) was added dropw se over 30 mnutes at OCto a

m xture of tert-butyl N-(2-hydroxyethyl)carbamate (20 g, 120 mmol),
triethylamne (18.80 g, 186 nmol) and trinethyl anmoni um chloride (1.18 g,
12.4 mmol ) in dichloromethane (120 nlL). The m xture was stirred 15 at 0C
for 1 hour Wo2/0836B& er ed, washi ng with di chl oronet hane (1®CTHE2/0072Fhe
filtrate was washed with 10%citric acid (3 x 100 nL) and brine (100 niL).
The organic | ayer was dried W|th magnesh msulfate and then filtered: The

filtrate was concentrat ed L% duced sure 1% }@ﬁ . The oil
was di ssol ved 8Alysisand Wasdey P3P f'Feﬂner 84he y S L) was

hours and- t herifed B ahe Bty ﬁa%yceﬁ@%ﬂ?ﬁdr o°d AL8 f?wﬁl“fé‘?ﬁ’s?di%ﬁfeizrne”
(240 nL) to yi J%&hc& heppubulie &ak@dlﬁpwael&isqomdqn%k Qb'étbﬁﬁﬁle @%;raﬂc% 9, -
64% . mp. 64-66C. 25 TH NVR ( 300MHz 3,) 0 (9 45 (3H, s),

3.38 (2H, q), tHerDfiltefedHhild hotd. Bhe ﬁlthhte by d?luibd wam et acEta&?(](ZEL) d) B
mz = 216 (M+(316)-Boc). WO 02/ 083688 PCT/ SE02/ 00725 49 1. (b)

[ 2- (7- Benzyl - eaz splugionveasi dllpwied[to standpn@mlgbi ot 5@%%@1@%@% Eheaci d
tert-butyl t A l.ut 7 di 3 31
i hydr ochl or  dB%t @8 SpPysiHts as ROk andtpd ey Aot RS Rt ot "Coe

in water 10 niL was a m Xxture was stirred

at roomtenper, s, fheh diSsolveduinchot dvetuliteild (04 dL), 2ndtdihtted with ethyl
but yl oxycar bonyl am no) et hyl tos&l ate (see step (a) above; 11.92 g, 37

mol ) in tol uewcetaed®.4l). Viassconderp offrystals (38, gkwas ebiained: &Mpedua 65
10 the solution to 10°C. Both crops were found to be comparable by GC

analysis and 1H NMR analyses. Combined yield: 90 g (83%).

5 L) was add b y@eamvg@n% %OA gﬁte@oﬁa g«g@ cf“ @'@ﬂ% Q&R‘%ﬁat(eé%gwarllg mol )

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

nonane-3-carboxylate

15 The hydrochloride salt of fers-butyl 9-oxa-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

stirred for 4'h before CHCl3 was added and the mixture was filtered through

Celite®..' The filtrate was concentrated in vacuo to giv.e 0.933 g of the free

20 base. Thiss was then mixed with 3-(4-cyanoanilino)propyl 4-

methylbenzenesulphonate (see Preparation A(ii) above; 2.1 g, 6.2 mmol)

and K9CO3 (0.86 g, 6.2 mmol) in MeCN (18 mL). The resulting mixture

was stirred overnight at 60°C before being concentrated in vacuo. The

 residue was treated with DCM (250 mL) and 1 M NaOH (50 mL).” The

25 layers were sebaréted and the DCM layer washéd twice with aqueous

NaHCO3, before being dried (NapSO4) and concentrated in vacuo. The

product was purified by flash chromatography, eluting with a gradient of

toluene : ethyl acetate : triethylamine (2:1:0 to 1000:1000:1), to give 147 g
(91%) of the sub-title compound.



10 70C for 7 hours before stirring at roomtenperature overnight. The
reaction was reheated to 50C and the phases were separated. The aqueous

| ayer was extracted with toluene (40 nL) at 50C. The conbi ned organic

| ayers were washed with saturated sodi um bi carbonate (25 n1_ The__sol vents
were evapor MQRY/08H8®r reduced pressure to yield a mixture RSUSEH00TH ang
solid (13 g, >100% . Ethyl acetate (50 nL) and citric acid (10% 25 nlL)
were added to a portion of the oily sol'g (5 g, 138 nmmol ). The aqueous

| ayer was separated and the organic |ay washed again with citric acid

(10% 20 nmL). ' The aqueous |ayers were conbined and treated with solid
sodi um bi car bgpat e unfrkl gNEGLL A3 3; 3 AVMAS ld&hfn% b&o th 20
ethyl acet at ec(?g ¥ - diaddto e n@ﬂ-@ ‘ &red. The

filtrate was qNgner at ed to dryness under reduced pressure to gi ve the sub- -
title conpound”as a col ourless sem-solid, which solidified fully when
stored in the Thef sutgutlatmn;(oundswgs obtamed m 86%58166@(981@5 an HORMRoES 00 MHz

328 (1 ki eyt v Ecfiond P zw,;g?ngsgzg ai
g) (7- Benzyl - 9 tﬁrgi’u&wdr aﬁ)%‘qé‘;?g&‘%%ﬁgfﬁq gﬁﬁ? 97?9) %’?h@?f C};c?d ggm]ve (a)

Triethyl am ne I{oﬁgﬁélgq,arﬁﬁg Tat8Bbth s Y%S( ?g@@;é)sl owy to a soI ution of 5
[3 1

3-benzyl . ~9- oxa- 3, 7- di azabi cycl o] nonane di hydrochl ori de (see
Preparation A(vi) above; 5 g, 17 mmol) in ethanol (50 -nL). Acrylam de
(1.34 g, 18 nnnlg was added to this m xture, which was then heated at
reflux for 7 Hbu ction m xture was then concentrated under

10 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-oxa-3,7-
diazabicyclo[3.3.1]non-3-yl)propyl]Jamino} benzonitrile (see step (vi) above,
4.48 g, 0.016 mol) and triethylamine (3.27 mL, 0.024 mol). The mixture

was stirred overnight at 35°C and then concentrated in vacuo. The residue
15 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 -
' concentrated in vacuo. The crude.red-brown oil was chromatographed (x2)
| on silica gel eluting with chloroform:methanol:conc. NH4OH (9:1:0.02) to
20 afford3.75g (56%) of the title compound. - e
1H NMR (300 MHz, CD30D) § 7.37-7.40 (d, J=8 8 Hz, 2H), 6.64-6.67 (d,
J=8.8 Hz, 2H), 3.94 (bs, 2H), 3.21-3.31 (m, 4H), 3.01 (bs, 4H), 2.47-2.59
(m, 8H), 1.90 (bs, 2H), 1.39 (s, 9H) ’
130 NMR (75 MHz, CD30D) § 158.5, 134.7, 121.9, 113.2, 97.7, 803
25 692 58.8, 58.1,57.5, 57.3,41.9, 383 28.9,26.2.
API-MS: (M+1) =430 m/z



reduced pressure. Water (50 nL) and sodi um hydroxide (1 M 150 nL) 10 were
added to the residue and the m xture extracted with ethyl acetate (2 x 200
nm). The conbined organic extracts were dried over magnesium sulfate
filtered and concentrated under reduced pressure to give 3 %%{))

solid. Thi sWHROBE] ystallised fromethyl acetate (50 ni) Hf 57\/03 he sub-
title conpound (3.80 g, 76% . 15 mp.157-159C. 1H NWR (300MHz, CDC13) S
2.39 (2H, t), 2.42-2.61 (6H m, 2.82-249€5 (4H m, 3.39 (2H, s), 3.91
(2H, bs), 5.0 7.18-7.21 (2H, m, 7.25- 7.39 (3H, m, 9.5 (1H,
bs) . WE: 'z i_éréﬁ]“u“\ ;&s{;(m 20 (b) [

-(7-Benzyl - tiond h&Hd B [BlethollIMpon- 3-yi ) et hyl ] carbam ¢ acid
tert-butyl_es ccinimde -0 g, 33 nznol) was added in portions
over 1 mnute to a,solution of -

3-(7-benzyl -9-o0xa-3, 7-di 5 pr opj onam de
(see step (a)(lﬁ 4444 e 2l e’ cid
tert-butangl (1 1 nl) and tert butanol (20 m.). The mxture was then
heated at 60- Mﬂiﬂ@sm nutes. The reaction was allowed to cone to room
tenperature and then water (100 nL) was added. The m xture was extracted
with ethyl acetate (2 x 50 nL). The conbi ned organic extracts WO 02/ 083688
PCT/ SEQ2/ 0072 Alfetvutive tvashed with brine (50 nl), dried over magnesi um

sul fate, filtéred (washing the filter cake with ethyl acetate (50 nL)) and
then the filtrate concentrated under reduced pressure to give the
sub-title co >1?0/() 5 1H NWR (300MHz, CDC13)
6 1.46 (9H, s 7 2.75-2.91 (4H, m,.3.22

(2H a). 3,28 4 2%lut?3n A gf 8}3 télﬁgﬁesﬁﬁ?mylfs cim?orfdje "628 40 g, 148 mmol) in

dichloromethane (100 mL) was added dropwise over 30 minutes at 0°C to a

mixture of fert-butyl N-(2-hydroxyethyl)carbamate (20 g, 120 mmol),

triethylamine (18.80 g, 186 mmol) and trimethylammonium thoride
(1.18 g, 12.4 mmol) in dichloromethane (120 mL). The mixture was stirred
15 at 0°C for 1 hour then filtered, washing 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
o . filtered. 'The filtrate was concentrated under reduced pressure to give an oil.
| The 6il was dissolved in ethyl acetate (46 mL) and then iso-hexane
20 (160 mL) was added slowly. The resultant slurry was stirred at room
telmperature for 17 hours and then filtered. The collected solid was washed
with iso-hexane (240 mL) to yield the sub-title compound as a colourless
powder (25 g, 64%).
m.p. 64-66°C.
25 1H-NMR (300MHz, CDCl3,) § 1.40 (9H ), 2.45 (3H, 5), 3.38 (2H q) 4.07
(2H, 1), 4.83 (1H, bs) 7.34 (2H, d), 7.87 (2H, d).
MS : m/z =216 (MH*(316)-Boc).



bs) 7.2-7.42 (5H m. M5 mz = 316 (Wi+). 1o Alternative 3 (a)

3-Benzyl - 9- oxa- 3, 7-di azabi cycl o[ 3. 3. 1 ] nonane All vol unmes and equi val ents
are neasured with respect to the anount of 3-

benzyl - 9- oxa- 3, 7- dlazablcyclo[B 3.1 ] nonane di hydrochl ori de é

Prepar at i onVR0¥P588n0ve) used. Tol uene (420 ni, 7 vols) aRg "Eﬂ?l@?)7ﬁ§ sodi um
hydr oxi de solution (2M 420 nm., 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 g,
20603mm|e(,qjd] . 2 Preps ] ) 1@

stirred under &ilgidd : o3 ; p et

20 m nutes bytembﬁlédgéie two clear Iayers had forrred The Iovver aqueous
| ayer was re he tol uene solution of sub-title corrpound (free -
base) vas azeddr i edobttiont nospifer i c3heazdtd-ox4-8 Ftdihzabidyciod3 3f1 Jsaianent

removed = 430 nil; total volune of toI(L;,é]ne added =_430 M.),, then '
concent rat ed giydrasbiaride Gee PreparationA(va) 8bovgg}Q 234 Enepl éﬂéﬂa}@]@sat this

cubs e S oo rkasur da pogtuiRngf sun G SR I 118 MM o used

gs(tsg(r:P :Blrjlt y?éﬁ%ar bo(riﬂlt'am no Wﬁ ?%h%%g@%%dréggﬁﬁ%zenesﬂ%ﬁgt@g)

Tri et hyl am negy 65odth, téffpedatived! for 116 afinuttes Add@dlutlbnoﬂﬁ' pm(telrﬂn to a
solution of tert-butyl N (2-hydroxyethyl)carbamate (50.11 310. 2 mmol e,

1.0 eq.) in dbnﬁylmmmuhml(nmmtosﬂawo(@y stame(a)sabgw,oﬂa?aﬁasg,céal ed to 5
-10C and t th d 4, 84 155. 1
added I one FUReD oA tolyens (A0aE S adasd LTl nis Fdhead ares T ) S

10 70°C for 7 hours before stirring at room temperature ovemnight. The

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

15 and solid (13 g, >100%). Ethyl acetate (50 mL) and citric acid (10%, 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 aqueous layers were combined and treated with solid
sodium bicarbonate until neutral. The aqueous phase was extracted with

20 ethyl acetate (2 x 50 mL), dried over magnesium sulfate and filtered. The
filtrate was evaporated to dryness under reduced pressure to give the sub-
title compound as a colourless semi-solid, which solidified fully when
stored in the refrigerator (4.68 g, 93%).

m.p. 58-60°C. .

2 HNMR (300MHz, CDCl3) & 1.46 (9H s) 238- 2 57 (4H m), 2 2.6-2.68
(2H, m) 2.75-2.85 (4H, m), 3.22 (2H, q), 3.26 (2H, s), 3.83 (2H, bs), 6.17
(1H, bs) 7.2-7.4 (5H, m).

MS: m/z =362 (MH™),



-15C, stirred for 5 mnutes, then treated with a solution of

nmesi tyl enesul fonyl chloride (74.74 g, 341.2 mmole, 1.1 eq) in

di chl oronet hane (250 nL, 5 vols), over 28 minutes such that the internal to
tenperature renai ned bel ow -10C. Once the addition was conplete a

preci pi t at eWOWB¥B¥ed and the nmixture was stirred at - 10EHGEIZ7%, t her 30
m nutes. Water (400 nL, 8 vols) was added and all of the precipitate

di ssol ved. The m xture was stirred rapigly for 5 mnutes, and then the two.
| ayers were separated., A solvent swap fTom di chl oronethane to iso 15
propanol was Emt by distillation at reduced pressure. Solvent was
renmoved (450 nmL) and replaced with iso-propanol (450 nL) (initial pressure
was 450 nbar, b.p. 24C;, final pressure was 110 nbar, b.p. 36C). At the end
of the distil (At3-ONBefigy1\E0ka-8 58 ardbicyesi3 BaRoed-ylRtiyliptopioigmideol une down
to 350 nL (7 volI ST WtTh respect to the anount of tert-butyl N 20

( 2- hydr oxyet h{lijetigddmingt 63.668 g)) 35.Themob) wes eddedsslowly éel a golation efhen

t 175 dded s) o v, wi th stifring, ' . sol ut,i
oradual Iy 80 Bharzyh g3, RabbiP IR Hoemts « ot GRYSOHIFLEct adde® hor e
t 125 ni ded. : | 4 nregi.pi ft
mhout 75 mt TiRaRi RIS, £8; 11 oRRE!R il THOHIOY WGBS €l 5
C. 25 The ' m X{ 4i& VBB nirhbl) 4k ﬂ&w% ARtk dvikieh Has tHef Iatdddamas

collected by filtration, washed with iso-propanol:water (1:1, 150 nL) and
dried in vacuweflnt f80C hours21Theueaction mixtaret was shen tdontentratetpander as a
white crystalline solid (92.54 87% . WD 02/083688_ 53 PCT/ SE02/ 00725
mp. 73.5C 1Hredvred Juessire. MIB%OsmL)md(syﬁuur%ﬁydmme ?lsM, 130 mL)s2 (6H,

8) 3.40 (M (s sadd e fobiaud 23 thé il eftratied #itn %thl acetate

(2 x 200 mL). The combined organic extracts were dried over magnesium

sulfate, filtered and concentrated under reduced pressure to give a colourless
solid. This was recrystallised from ethyl acetate (50 mL) to give the sub-
title compound (3.80 g, 76%).

15 m.p. 157-159°C.
IH-NMR (300MEz, CDCl3) & 2.39 (2H, 1), 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 (3, m), 9.5 (1H, bs). |

MS: m/z =290 (MH™),

2 -
()] [2-(7-Benzyl-9-oxé,-3,7-diazabicyclo[3.3.1]non-3-y1)ethyl]carbamic acid
tert-butyl ester

N-Bromosuccinimide (6.0 g, 33 mmol) was added in portions over 1 minute
to a solution of 3-(7-b_enzyl,-9‘-oxa-_3.,7-diazabicycllo[3.3.1]non‘-3-yl)eth};l]-
25 propionamide (see step (a) above; 5 g, 12 hnnol) in "potass.ium tert-butoxide
in tert-butanol (1 M, 81 mL) and tert-butanol (20 mL). The mixture was
then heated at 60-65°C for 30 minutes. The reaction was allowed to come
to room temperature and then water (100 mL) was added. The mixture was

extracted with ethyl acetate (2 x 50 mL). The combined organic extracts



5 (c) [2-(7-Benzyl -9-o0xa-3, 7-di azabi cycl o[ 3. 3. 1] non-3-yl ) et hyl ] car bam c
acid tert-butyl ester, 2,4,6-trinethyl benzenesulfonic acid salt A warm
(28C) solution of 2-(tert-butyl oxycarbonylam no)ethyl 2,4, 6-

trimethyl benzenesul fonate (70.93 g, 206.03 nmole, 1.0 eq, see step (b)
above) in t WQeME3BR40 n, 4 vols) was added to a sol uti orPCG‘fSEQZ/QiBPszI 9io
oxa- 3, 7-di azabi cycl o[ 3. 3. 1]nonane (44.98 g, 206.03 mmole, 1.0 eq.) in
toluene (240 nL, 4 vols) (see step (a) ove) The. resultant 'solution was .

stirred rapidly unde t ng at 68C for 8 ur, The
reacti on was I"éF? W4§£§$|Wl[ha8 %3@ r‘g‘f‘iﬁrlg BERGSIEN SH, ﬁi?& ?‘ﬂi ck,
white solid Is e M Xture
was 15 cool edgﬁgﬂlg%ﬁéaﬁgggg%ﬁ ' Qcoeﬁﬁée(wa @V\?ﬁg }H%l gﬁ ifi ratl on.
The reaction c‘éﬁé&@até@ﬁnd@srb&itew ﬁrbsshﬁi uegbve( ﬁﬁosﬂﬁ-ﬁtl@@dr@@dﬁd dsoa t he
filter. The filter cake was washed with tol uene (150 nlL). The white solid

pr oduct vvas shnmvnoﬂ(dﬁgélﬂﬁ%).lS m nutes, then dried to constant weight in
vacuo. at for 23 hours. The yield of sub-title conpound obtai ned was

79.61 g, 2(5 1 H—NMR&B@QMwwDﬂl@)éM@(ﬁbhs}uM 2 B4 M ¥rhg42H670 ni)

The. m xtur e wid SISChdl (100 3 B Jl® et SRBckh 188 6.87 GB: o nut ob

with rapid stigr t | ayers were then separated. The tol uene
sol uti on was (;b mgﬁikﬁ%% 200 nmL by vacuumdistillation (bp" 50-54C at

25 650- 700 nmbayrg: Ry 46F6 @HA0 nbar at the end). As the distillation
progressed, the solution becane cloudy due to the formation of sub-title
conmpound. It was assuned that 20% of the, original anount of 3-benzyl-9-
oxa- 3, 7-di azabj cycl 9[ 3. 3. 1] nonane remained in the filtrate, and so extra 2
WO 02/ 0836®8 Pdigrmgtive 80725 54 (tert-butyl oxycarbonyl am no) et hyl
2,4,6-trinmethyl benzenesul fonate (14. 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-oxa-3,7-diazabicyclo[3.3.1]nonane dihydrochloride (see

15 Preparation A(vi) above) used. Toluene (420 mL, 7 vols) and aqueous
sodium hydroxide solution (2M, 420 mL, 7 vols, 4.0 eq) were added to 3-
benzyl-9-oxa-3,7-diazabicyclo[3.3.1]nonane  dihydrochloride (60.07 g,

' 206.03 mmole, 1.0 eq., see Preparation A(vi) above). Tl‘le mixture was
stirred under nitrogen, heated to 60°C and held at this temperature for 30

20 minutes by which time two clear layers had formed. The lower, aqueous
layer was removed, and the toluene solution of sub-title compound (free
base) was azeodried at atmospheric pressure (total volume of solvent
removed = 430 mlL; total volume of toluene added = 430 mL), then
concentrated to.a vo]ume of 240 mL (4 vols). Karl Fischer analyms at this

25 stage showed 0. 06% water in the solution. The dried solut1on of sub-title
compound (theoretically 44.98 g, 206.03 mmole, 1.0 eq) was used as such in

a subsequent step.



g, 41.21 mmole, 0.2 eq) was added in one portion (charged as a solid rather
than as a solution in toluene). The cloudy solution was heated at 67C for 8
hours with rapid stirring, and then left to stir at anbient tenperature for
11 5 hours. The m xture was cooled to +8C, and sub-title conEound was

col | ect ed W@ of/d3ss8at i on. The reaction vessel was washed RETRERMOES: ol uene
(2 x 30 m.), and added to the filter. The white solid product was suction

dried for 15 mnutes, then dried to canst ant wei ght in vacuo at 40C for 7
hours. The yield of subtltlec rro %ﬁ % .25 41. 39 ol e, 20% io
The conbi ned(b)2eltert-ButyloKysarpony .86 g,

SR G e e i e YA
LA 7 il o o R o g3 0, 74

3, 7- di azabi cy gl & Bin3dithieeomathyhe 6230yinLc &rvads)i dI‘lmcscduhemtwastpolecbtq er . 20
Met hod 1: Sodi um’bi carbonate (0.058 g, 0.069 mmol) and 5% Pd/C (0 250 g,

Johnson Mat t b9 CTate tritA6thplesting hydraehbmtifled( 14 B4ag.s b ul iromale, §.5-
?i?fyLu?yf’X%ﬁs;dd%ci‘égbc'gééﬁé%[pﬁ bt epsen ke S SO0 értﬁ }dﬂmn in
T8 hours.  Thel? g,régapg‘oﬁﬁ il e FERR] Sl h Aol | 88na 1 hen
bressure (o GEavaRes °P3’mr}‘.1?18“§§ Lol ?@'?r%c R g Y
separ at ed, | afRHIb e TR0 s Mol o e B e The T 1 trat e

was Concel'at " 3B 248BR68 SR/ 692/ 00726 the addition was complete a
precipitate had formed and the mixture was stirred at -10°C for a further 30

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-

15 propanol was carried out by distillation at reduced pressure. Solvent was
removed (450 mL) and replaced with iso-propanol (450 mL) (initial
pres;ure was 450 mbear, b.p. 24°C; ﬁnai pressure was 110 mbar, b.p. 36°C).

At the end of the distillation, solvent (150 mL).was removed to bring the

- volume down to 350 mL (7 vols with respect to the amount of tert-butyl N-

20 (2-hydroxyethyl)carbamate us;ed). The solution was cooled to 25°C, then
water (175 mL) was added slowly with stirring, causing the solution
gradually to turn cloudy. No solid had precipitated at this stage. More
water (125 mL) was added, and a solid precipitate started to form after about

75 mL had been' added: The internal temperature rose from 25°C to 31°C.

25  The mixture was stirred slowly and cooled to 7°C. The solid was collected
by filtration, washed with iso-propanol:water (1:1, 150 mL) and dried in
vacuo at 40°C for 21 hours to give the sub-title compound as a white

crystalline solid (92.54 g, 87%).



55 under reduced pressure to give the sub-title conpound as a yellow solid
(0.67 g, 87%. mp. 91-93C. 1H NMR (300MHz, CDC13) 3 1.46 (9H, s), 2.25
(2H, t), 2.58-2.65 (2H mM 5 2.95-3.06 (4H, m, 3.2-3.38 (4H, m, 3.64
(2H, bs), 4.65 (1H, bs). Ms: mz = 272 (M#). Method 2:

[ 2- ( 7- Benxwo 02088688- 3, 7- di azabi cycl o[ 3. 3. 1 ] non-3-yl) et hyPFT/SEROBRH ¢ aci d
tent-butyl ester 2,4,6-trinethyl benzenesulfonic acid salt (320 to g, 1.0
mol eq, 1.0 re] vol/w, see step (i), Alternative 3 above), toluene (640
m., 2.0 vol) and aqueous sodi um hydroxi“de (1M 1.6 L, 5.0 vol) were

stirred togenlpe3H8€ 15 ninutes and the layers were then separated. The

organic layesr, containing [2-(7-benzyl-9-0xa-3, 7-.di azahi_ c o{ 3.3, 1] non- 3-
yl ) et hyl ] carmaoe mCQthSééryle(P%nﬁﬁ?-g% Zﬂge@ %dﬁrﬁ%ﬁ’ ﬁfaﬁéﬁ (690 ni,
15 2.16 vol) d 0] Y ifric.acid (32.83g, 0.3 nol eq) -
and 5% Pd/ dzgﬁ)’yéfb(ﬁ{l)é’fa}(gg’b%’fé)%%@%@aé)er wet catal yst, Johnson '
Matt hey type 440L) were added. The conbined m xture was then hydrogenat ed
under 4 bar of hydrogen pressure for 24 hours.' The reaction was nonitored
by TLC usi n@ 3.7 Ben2yPbaixa-3)7-dinzabicy tle[ 134 ronxbobjethyl fcatbamic Xcids 20

chl or of orm net fanotrconcentrat ed ammonia 80:18:2 v/v). Visualisation was
by WV |ight fepSeutphdstemnd,46-trimethylbe fi allot assi um per manganat e.

This showed tThe conpl ete di sappearance of starting nateri nd_t he

appear ance oA wtazms (B8IG) s@u@enp@ﬁﬂd&eﬂ%@tﬁewwy;@amﬁ@h%%ﬁ | tered

t hrough | dese| guhr . and was.wash it h g . 25 The
resul '? ing somlg? ﬂbSergﬁB@f?r{%%%?‘g%%(ﬁjnﬁSé(:@gﬁWé%’ %Sqt?sl %él S%%JO@) was used
directly in foR. t, i f 3-b 1-9-

[2-(7- Bgnzyl g@%zgl?%ﬁ%ﬁ g%ﬂ/?lvo .‘g?éi?%r‘li-tg-%ﬂs?lg?ﬁ?ﬂo] - ceelllrz amc acid
tert-buty)h egkps Rdidzébibydlomiiynbamie(44.08fgnR06.68i dsale; I(B@qg, in .

toluene (240 mL, 4 vols) (see step (a) above). The resultant solution was

stirred rapidly under nitrogen, with heating a't 68°C for 8 hours. The
reaction was left to stir at ambient temperature for 84 hours. A thick, white
. solid precipitate had formed in a pale yell_ow solution. The mixture was
15 cooled to +9°C, and sub-title compound was collected by filtration. The
reaction vessel was washed with toluene (100 fnL) and added to the filter.
The filter caké was washed with toluene (150 mL). Th? white solid produf:t
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,
20 141.7 mmole, 69%. The combined filtrate and washings (670 mL) were
washed with aqueous sodium hydroxide solution (2M, 200 mL, 3.3 vols).
The mixture Was heated to 60°C, and held at this temperature for 20 minutes
with rapid stirring.  The two layers were then separated. The toluene

* solution was concentrated to 200 mL by vacuum distillation (bp 50-54°C at -
25 650-700 mbar; bp 46°C at 120 mbar at the end). “As the distillation
progressed, the solution became cloudy due to the formation of sub-title
compound. It was assumed that 20% of the original amount of 3-benzyl-9-

oxa—3,7—diazabicyclo[3.3.l]ndnane remained in the filtrate, and so extra 2-



WO 02/ 083688 PCT/ SE02/ 00725 56 1.0 nol eq., 1.0 ref vol/wt, see step (i),
Alternative 3 above), toluene (100 nli, 2.0 vol) and aqueous sodi um
hydroxi de (1M 100 L, 2.0 vol) were stirred together for 20 m nutes, then

at' 30C. for 10 mnutes, and the |ayers were then separated. Th rganic
| ayer, corWaiOHPEIEHs] 2- ( 7- benzyl - 9-oxa-3,7 5 PCT/SE02/00723

di azabi cycl o[ 3. 3. 1] non-3-yl )ethyl]carbam c acid tert-butyl ester, was
diluted with ethanol (100 ni, 2.0 VOlSI . To this was added a sol ution of
citric acid ,(5..14 g, O. |_e i [ f glyl d by 5%
Pd/ C (1.50 g(tg" t&"@ﬂgﬁyc%ﬁoﬁa@@%ﬁe ’ 1“@?&’9%’%?&?}%%&&% %ﬁ%y type
440L). The (o]120])! ) : t 49k akolidrathér hydr ogen
gbﬁgg%g%giregb%r@% 4d8A i ¥HE BEARA (%H%xge akolidfra

pressure to reaction was nonitor by TLC, using a silica

plate with |16 JMI@6h 1k tBflénd). ITHE Moudy¥sblfition was heated at 67°C for 8
chl orof orm rrg%ﬂadr?o : éoncent rat ed) anmoni a)-x80: 18:2 v/v). Visualisation was

by W |ight (3&4 wifll répid stiyring; taad therglefi torstiaqb eobiens dempetatwie foir Hanganat e.
This showed the conplete disappearance -of starting material .and the

appear ance ohotfse Jle- mixtuee Wasceogledina. +8 ke &ﬂé‘aéwb-gﬂe ROMRAUAd\WES basi fi ed
Wi th aqueous sodi um %drqxi de_(10M,

8 , ,0.9 | h fdl d
t hr ough ki esebledied byHutratipn.t ghéﬁ@%&%@s%d%@ﬁ%#héﬂ%ﬁ t?lll‘sﬁee:rﬁ, 2.0
). Th |t} | yt i f . SUh-1i 5 g,
T00% vae usdd xehd B wd;adifa 8o 4B ik T CnBRFABAT ot Wi etior” 0,
Met hod | 3- (4! i1 w | ] [
ALY 25 abdred 18 38 rpimigeep Bt RGURE RERIR Y Vs W40 T forT P Y S "
nunol ) were jaddedyeoyiald Bt wib-Bile Porpbua®-waee23.23-gli 4123 nuyclepP8%3. 1] non- 3-

10 The combined yield of sub-title compound (a white splid)‘ was 102.86 g,
183.11 mmole, 89%. '
m.p. 190-190.5°C
1H-NMR (300MHz, CDCl3) & 1.43 (9H, 8), 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
15 (2H, bs), 4.13 (2H, bs), 6.74 (2H, 5), 7.12 (1H, bt), 7.42-7.46 (SH, m)

({i) [2-(9-Oxa-3,7-ciiazabicyclo[3.3. 1]non-3».-yl)ethyl]carbamic acid fert-
butyl ester. " '

20 Mothod 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-ylethyl]carbamic acid tert-butyl
ester (see'step (1), Alternative 1 above; 1 g, 2.77 mmol) in ethanol (10 mL).

The mixture was then hydrogenated at 500 kPa (5 bar) for 18 hpuris. The

25 re#ction mixture vlvas filtered ﬂnough'Célite® and then washed with ethanol
(20 mL). The solution was concentrated under reduced pressure to give an
 oil. This was dissolved in dichloromethane (20 mL) and washed with
sodium hydroxide (1 M, 10 mL). The organic phase was separated, dried

over magnesium sulfate and then filtered. The filtrate was concentrated



yl)ethyl ]carbam c acid tert-butyl ester (see step (ii), Method 1 above;
0.250 g, 0.92 mmol) in ethanol (5 nlL). The reaction m xture was heated to
70C for 10 hours before concentrating the m xture under reduced pressure.
The WO 02/ 083688 PCT/ SE02/ 00725 57 residue was partitioned between et hyl

acetate (200M2983¥d sodium hydroxide (1 M 10 nl). The X4Te8%NHMase was
re-extracted with ethyl acetate (20 nL). The conbi ned organi c phases were

concentrated under .reduced pressure give a yellow solid (0.290 g). The
“solid was dissolved 5 jn ethyl aget eE%‘?Q rnL) and,this Sﬁl ut i washed

with a sol utuederde ’é‘qurPEPSﬂ%lta Qlﬁe -tiflg @unfll%' q.d_y)e W% queous

phase was Se{tﬁé’? e@rygasﬁled wi th sodi um hydroxide (1 M 10 ni) and
extracted w En cetate (2 x 10 nL). Al organic phases were

conbi ned, drhﬁ:ﬁﬁ ¢gragnesi um sul fate and then filtered (washing filtered.
sol i ds W|th ethyl acetate (10 nL)). The lo filtrate was concentrated under

reduced pres$SHOGMEP (S00MHR, EBOI@)I\SSLMG (@H (sﬁ 2AED(2H, 1), h5&-2v655(28], )y i ed i n
et hyl acetate (0.2 i) and’ then filtered gl ve title corrpound (0. 050 g,

129 . mpsllz%ﬁtfﬁ(%mbﬂlmﬁﬂ nﬁ)vS@{ﬁBH $)1482 (1Hsbsk), 1.7 (2H, qt),
2.20 (2H, t) 15 2.22-2 3 (4H 2.38-3.1 (2H, m) 2.8-2.85 (4H, ), 3.05
(2H q), 3.1M§:miz= QYZCMH?Q(M bs), 6.47 (1H, t), 6.66 (2H d), 6.69
(1H, t), 7 41 (2H, d). M5 mz 430, (M) . Method Il 20 To the sol ution of
[ 2- (9-oxa- 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl )dhyl Jcarbam c acid tert-butyl

o 100w D e 10 iy erbanol
(approx. 200 cafbhmie deidederr-biltabester, 4,64h1mﬂ£)thylhﬂmzeaeméﬁmmdl salt €320
10 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 for 15 minutes and the layers were then separated. The
organic layer, containing [2-(7-benzy1—9-oxa—3,'i-diazabicyclo[3.3,1]non-3-
yl)ethyl]cérbamic acid tert-butyl ester, was diluted with ethanol (690 mL,
is 2,16 vol) and water (130 mL, 0.4 vol). Citric acid (32.83g, 0.3 mol eq) and
5% PJ/C (20.8 g, 0.065 wt eq of 61% water wet catalyst, Johnson Matthey
type 440L) were added. 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 mobilé phase X:DCM (1:1 v/v; X is
20 chlorofonn:metﬁanol: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
and the appearance of the sub-title compound. The reaction mixture was
filtered through kieselguhr and was washed with ethanol (590 mL, 1.84 vol).
25 The resulting solution of sub-title compound (assumed 154.85 g, 100%) was

used directly in a subsequent reaction.

Method 3: [2-(7-Benzyl—9-oxa—3,7-diazabicyclo[3.3.1]non-3-y1)eﬂ1y1]-
carbamic acid fert-butyl ester 2,4 6-trimethylbenzenesulfonic acid salt (50 g,



pot assi um carbonate (18.58 g, 1.5 nol eq.). Solid 3-(4-cyanoanilino)propyl
25 benzenesul fonate (28.17 & 1.0 nol eq., see Preparation A(ix), Method 2,
step (a) above) was added and the conbi ned m xture was heated to 70C for
six hours. The reaction was nonitored by TLC using a silica plate wth

mobi | e pha¥® 0/08%ME 1: 1 v/v (in which X is chlorof orm metMdRH¥Wcent rat ed
ammoni a 80:18:2 v/v). Visualisation WO 02/083688 PCT/ SE02100725 58 was by
WV [ight (254 nn) and by staining. W|th queous pot assi um permanganat e.

Appear ance ot el %LF]L&%L%@B%S?&?%%& LRGP S RSBl " <
I
Ol ort s A EA b B oo RSP SIOR L, 20 SoppwRr ot e

organi ¢ phasegy ﬂ@gtmggoqﬁmufesvm@ﬂ@wmcﬁﬁmdumtgsgldndvvheddyeds (38.6
g). Preparation C 10 Preparation of Compound C (i

4- (4dwanfphgvmﬂmnse@ame& ];The Prgaaihaumr.] eantbmgzaél(bb@zz/l@ -0%8-3 T1p| | ;aq )d

was dissolved in a nixture o t t vol) an
iogabyplos 34 o padledmlohienss KoRreTSub Foror g ' | o

?ﬁ?\ﬁgoﬁllwgt{_h;@a WF;@:? ) f )T 4%% EQ%E%NEG; &1310 Oélloriol

eq.) and copp¥ ﬁ‘(?‘gﬁgp 18“%?‘ w& Béﬁlﬁo d? wer e agl W

4- Brombenz%%tlﬁz%g) %ﬁ%fﬂ?/uigvﬂi‘gﬁéfﬂi) 0. I"W&%ﬂ&w@&%?d&%mmﬁo igh with a’

m xt ure of Wat er , 1 vol). This mxture was
stirred rapi @03 Wtd@!' of6l¥ogeter fwet catat, rﬂohnmmivhfcﬂlewtypgl%ﬂphﬂ'@be A

sol ution of but yn-1-ol (92.1 n, 1.1 ng O n., 1 vol) and
wat er (200 mgonﬂbmﬂmlm;ema&wn&ydmseg&tedwé?r% %&’&“Pﬁg A ormbi ned

mxture was tf?n? D4 rf'lo%;[:se ¢ readtion Was ibnfSred 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 and the appearance of the sub-title

15 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
solution of sub-title compound (assumed 24.15 g, 100%) was used directly
in a subsequent reaction. |

20
(iii) Compound B

Method I

3- (4-Cyanoamhno)propyl—4-methylbenzenesulfonate (see Preparation A(ii)
25 above; 0.30 g, 0.92 mmol) and potassmm carbonate (0.2 g, 1.38 mmol) were

added to a solution of [2-(%-0 xa-3,7-d1azablcyclo[3.3.1]non—3-

yl)ethyl]carbamic acid ters-butyl ester (see step (ii), Method 1 above; 0.250

g, 0.92 mmol) in ethanol (5 mL). The reaction mixture was heated to 70°C

for 10 hours before concentrating the mixture under reduced pressure. The



hours. The reaction was nonitored by HPLC for the di sappearance of

aryl brom de and the formation of sub-title conmpound. Once all of the 25
starting material had been consuned, the reaction was cooled to 25C and
filtered through | desel guhr. The filter cake was washed se arate with

t ol uene (1WO 02/083888/0l ). The DME: water m xture was partlaIPF EWP@ trated in
vacuo to remove the majority of the DME. -This was then partitioned wth

the toluene wash. The tol uene | ayer wa%oncentrat ed |n vacuo to give sub

WO 02/ 083688 PCT/ SE02/ 00725 5 title el ich was
dried in a veesidue o‘ovénpavgw hpetwgen 4 \ﬁ"& g"a@é aﬁ@?%IEﬁnNNR (300

2 oy 3, eBpdisRe B, e ooy Shasichy Ze%ﬂ*“tgd 8y oy 2517 e

t, 1H, 3C & phudes| whenconcehtrated under
El (4- q/angc_)?)heny%%b@n%g?yn ?ﬁd Loﬁbﬁa@d'ﬂtgéﬁi )ph eygs‘?;e step (|) abov in 10

et hanol (200 ygdyced y@bmeancglmhryanowrmhd (eﬁae@mmezs@hg W Ssﬁv , 10%

Johnson Matt hey type 487 60% vvater) re sticr und | ve bar
hydrogen pr eds ethyl facetats (19 mbdead thig solutign, ¥ ad!émhg h‘{vﬂ fgf) LC for

compound. - ThaokE@AA0A atatet (DBl T bfismo Pk s b ARl e L 1
et hanol (80 ﬂtﬁég%%ﬁ}a)h%%%dsgrﬁmﬂ%rﬁ%kn%u%ﬁua&dweﬂi abetatei (@ wacuo to

gi ve sub-tit "8 oil. Yield 36.2g, 88.5% I|H NWR
(300 'VHZ CD%)%,IZ Alﬁ%@gaﬁ&ﬁ&sésdwerb&mblued dttdd, over amagnesisgpsulfate J=8. 1
: 3 8

and then ?ilt(eied (wash1n2g i?l?e?;ed sglfc%s \gv;[th ethl_ybl aoc:aLtatSeS ol TR 4
10 filtrate was concentrated under reduced pressure to give a yellow solid
(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) 8 1.32 (9H, s), 1.7 (2H, qt), 2.20 (2H, t),
15 2.22-2.3 (4H, m), 2.38-3.1 (2H, m) 2.8-2.85 (4H, m), 3.05 (2H, q), 3.19 (2H,
q), 3.79 (2H, bs), 6.47 (1H, t), 6.66 (2H, d), 6.69 (1H, ), 7.41 (2H, d).
MS: m/z = 430 (MH™).
Method I1
20 To the solution of [2-(9-oxa-3,7-diazabicyclo[3.3.l]non-3-y1)e'i.hy1]carbamic
acid tert-butyl ester generated in step (ii) (Method 3) above (assumed 24.15
g, 1.0 mol eq., 1.0 wt/vol) in a mixture of toluene (approx. 100 mL),
ethanol (approx. 200 mL) and water (approx. 14 mL), was added anhydrous -
potassium carbonate (18.58 g, 1.5 mol eq.). Solid 3- (4-cyanoamlmo)propy1
25 benzenesulfonate (28.17 g; 1.0 mol eq., see Preparation A(ix), Method 2,
- step (a) above) was added and the combined mixture was heated to 70°C for
six hours. The reaction was monitored by TLC using a silica plate with
mobile  phase X:DCM  1il v/iv (n which X is

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



20 13C NWR (300 MHz, CDC13) 6 148.04 (C), 132.16 (C, 119.1 (O, 109.64.
(O, 62.46 (C, 35.77 (O, 32.08 (O, 27.12 (O. (iii)

4- (4- Cyanophenyl ) butyl tol uenesul phonate The sub-title conpound was
prepared by addition of toluenesul phonyl 2s chloride to

4- (4- hydr oxg baaspésgbenzdnitril e (see step (ii) above). WPOUIESILEIB

PCT/ SE02/ 00725 60 (iv).tert-Butyl 7-

4- (4- cyanophenyl ) but yl ] - 9- oxa- 3, 7-di aﬁ%bi cycl o[ 3. 3. 1] - nonane- 3-car boxyl at e
A 2L three-necked fl ask was_ equi pped w°th a magnetic stirrer, a '

t her nonet er wasl by &V | lightc (e asvr andrhy mtairiegwwithc Agiepls  PREFIWNMSo| ut i on

5 of 4-(4- henyl ) but yl . t ol | te (72 g, 0 218 nol, . t
(101 above permrmeriay kRl shiried B ol epotaing of ity senid ° °1 7

U

di azabi cycl o - . | 2 nol, :
see Prepar at %Jgdnﬁg% i’?%}%&aﬁt\ﬁ/%?ﬁ%%ﬁlgé&% ﬂ%ﬁ?gﬁxfeﬂd%tﬁﬁ?gss gﬁ%&éngﬁ car bonat e
(62.9 g, 0.45K M Jolvddtewhetenceaiedua vicubur Thevessidie wae cpaftition2d hours at
io 85C. TLC analysis indicated conplete consunption of starting naterial.
The react§ onbetimeen talueres(200 atleandowaten(@00anbpr dtherlayers weae edhi th water
(0.5 L). The mxture was exXtracted wi.th hyl acetat.e (3 x,0.4 and the
organi ¢ fracenbhe organicRlifge N@G.CORP?Wt?/Sgi’h%@“’V\ﬁot%tf%%rye{l‘éwfo 0 nlL) and
brine (200 nb) tﬂe- organic |l ayer was dried with magnesi um 15 sul f at e,
filtered and <,80§1§ ntrated under vacuum The crude brown oil was purified
by chromat ography on silica gel, eluting wth 3:2 hexanes/ethyl acetate
affording 34, g (48%yield) of sub-title conpound as an off-white solid.
20 (v) 4-[4-%&9-& azabicycl o[ 3.3.1 Jnon-3-yl)butyl]benzonitrile A 2L
t hr ee- necked ask was equi pped_with a magnetic stirrer, a

10  Preparation of Compound C :

(i) - 4-(4-Cyanophenylbut-3-yn-1-ol

Potassium carbonate (376.7 g, 2.5 mol eq.) was dissolved in & mixture of

1,2-dimethoxyethane (DME, 1.2 L, 6 vol) and water (1.2 L, 6 vol).
" 15 Palladium on charcoal (20 g, 0.01 mol eq., 10% Johnson Matthey type 87L,
60% water), triphenylphosphine (11.5 g, 0.04 mol eq.) and copper(l) iodide
(4.2 g, 0.02 mol eq.) were added. 4-Bromobenzonitrile (200 g, 1 mol eq.)
was then added, waSiuing-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

20 minimum of thirty minutes. A solution of but-3-yn-1-ol (92.1 mL, 1.1 mol
eq) in DME (200 mL, 1 vol) and water (200 mL, 1 vol) was added dropwise
over five minutes. The combined mixture was then heated to 80°C for three
hours. The reaction was monitored by HPLC for the disappearance of
arylbromide and the formation of sub-title compound. Once all of thel

25 startil‘lg ﬁateﬂﬂ had been consumed, fhe reaction was cooled to 25°C and
filtered through kieselguhr. The filter cake was washed separately with
toluene (1.6 L, 8 vol). The DME:water mixture was-partially concentrated in
vacuo to remove the majority of the DME. - This was then partitioned with

the toluene wash. The toluene layer was concentrated in vacuo to give sub-



t hermoneter and an addition funnel. The flask was charged with tert-butyl
7-[4- (4-cyanophenyl ) butyl]-9-oxa-3, 7-di azabi cycl o[ 3. 3. 1 ] - nonane- 3-
carboxylate (34 g, 88 mmol, fromstep (iv) above) and di chl oronet hane 25
(440 nmL). Trifluoroacetic acid (132 nL) was added slowy_at room

t enper at urWO 0%/p#36885| ut i on was stirred for three hours at PGHPEROBGPnt TLC
anal ysi s showed conpl ete consunption of starting material. The contents
were transferred to a single-necked flagk and concentrated under vacuum.
The residue s di ssol ved.in di.chl gr.on®t hape ,(:5Q0 a | ith WO
02 083688 PCHLSENIPEF Fyelioy E%li‘ﬂr@ilg% W&S%ﬂw’%i%c‘é%ﬁ%%n\g@@glﬁ The
aqueous | aye 1@? r oextracted with dichloronethane (2 x 200
m.) .- The con%? ne '?g@nﬁgﬂ%’?z@ were washed with brine (200 nlL), dried
over magnesi g NMR 3860 Mz, COQLHB v;spgdi.slmlgr, J<AQHm) 2H, €H)p7.80P6. 8 g
(100% yield) of sub-title 5 conpound as an off-white solid. The crude
mat eri al was 7u§6ddj J=1.5 &1z 8%k, CH), 3;880:3.8u(q, 28, GHa), RIS 1Q% (toH, (vi)
Compound C A 3L three-n d, ftl was. equi pped with a magnetic stirrer, a
| 0 t her nofet Qﬁﬁnh-@?‘rlj‘ﬂi& ser. The flask was charged with
unpurified 4- | ﬁ 894-003? 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) butyl ] benzonitrile
(25.8 g, 88 ? rom step (v) above), dichloronethane (0.88 L) and
tert-butyl 2- bronvethyl carbamate (see Preparation B(l)(i) above, 27.7 g,
123 mol ). Triethylam ne (0.0197 L, 0.141 nol) was then added. The cl ear
sol ution 15 \(#Hp4-(4Hydretyutyl)edzomitrils under a nitrogen atnmosphere and then

cooled to roomtenperature. The progress of the reacti 0{1 M/%s‘i‘?tsonitored by
TLC anal ysi $-drdyanopheryauirddyr-d-de(ospiletd &4, 835 &SPo 14t8b0¥¢)e 1 eact i on

i th et b CHRBORCA0D ool 6E el oy BREer AACORTECHA ' o0t

m), and Johnson Matthey type 487, 60% water) were stirred rapidly under five bar

E

hydrogen pressure for five hours. The reaction was monitored by HPLC for
the disappearance of the starting material, and the formation of sub-title
compound. The reaction was filtered through kieselguhr and washed with
15 ethanol (80 mL, 2 vol). The ethanol solution was concentrated in vacuo to
+ give sub-title alcohol as a yellow-brown oil. Yield 36.2g, 88.5%.
1H NMR (300 MHz, CDCl3) § 7.550-7.578 (d, J=8.4 Hz, 2H), 7.271-7.298
5 ‘ (d, J=8.1 Hz, 2H), 3.646-3.688 (t, 2H), 2.683-2.733 (3, 2H), 1.553-1.752 (m,
- 45) | .
20 13C NMR (300 MHz, CDCl3) §°148.04 (C), 132.16 (C), 119.1 (O), 109.64 .
(C), 62.46 (C), 35.77 (C), 32.08 (C), 27.12 (C).

(3i) 4-(4-Cyanophenyl)butyl toluenesulphonate
The sub-title compound was prepared by addition of tplueqegulphpnyl
25  chloride to 4-(4-hydroxybutyl)benzonitrile (see step (ii) above). ’




20 brine (200 nmL). The organic -layer was dried over magnesium sul fate and
concentrated under vacuum The resulting yellow viscous oil was

chromat ographed on silica gel, eluting first with 9:1

di chl or onet hane/ net hanol, then with 9:1:0.02 dichl oronet hane/ net hanol/ 28%
aqueous arf@ ARy dr oxi de to afford the title conpound YSESE248725 75 g6os
yield) as an off-white solid. The earlier fractions (5.1 g) from

chr omat ogr aphy were found to contain Osmall ampunt of a less polar

impurity (by,TLC ), el uting. w : ,l S S
di chl or onet H YHE’@@XHM ------ R S REre-the | ater

factions (20,4). W8 ot by TLC anal yS| S. The earl ler fractions WO

02/ 083688 PGHS 52 .. (5.1 g) were conbined with another.|ot of
title compougdofy. tﬁr@rndbkedaﬂﬁsmgwasi cjuippetl iwithurd tmpgreetic stirreyanogr aphed -
on silica gel, eluting first with 19:1 I chl or onet hane/ net hapol , and* then
with 9:1 di chermometenané amefltgcohdenser. élflfeoﬂaskavqgaqhérgﬂdl Wmaﬁebmn (5.5 g).

sorul ?Sﬁes&ai’?ﬁﬁ@%m%e"' sheerbpa Wén?%nﬂﬁ%@?%&a 3%@9&%%?5%5 Pe {50
mL t 0 dy. t I .ed
Tpnes: um suRIOIE o CEmeRErTAamidE) (0537 T 4R B d@??%?'? conpound
S 2 of - hiasagle 1. §]rﬁ>hané[?)ﬂuarb2ﬁy&té TYGHdhlorieS (45 35 0l182cmiol

di chl or onet hane he organi c 1o | ayer was washed se uentially with
25% aqueous  gepdPreparasion B(I)@[e) gHid@) wak pdded; faltowerey PIQt}i$s1lan@ alé (100 ni).

The material ‘'was then dried_ over magnesiumsulfa %g ent rated under
vacuum t o af (@Qigs 0468 m@lbnﬁbemteaggeaﬁm@rmwwasp%m& Cbé’}l he | ots

vere bl endedeLadeiRY ana ?{Slgrlg %erxt%h'c%rrhp b SRRt of Etaﬁ‘ﬂ{?ﬁ'fé%ap.
The reaction mixture was cooled to room temperature and diluted with

water (0.5 L). The mixture was extracted with ethyl acetate (3 x 0.4 L) and

P <an py

the organic fractions were combined. After washing with water (2 x 200
mL) and brine (200 mL), the orgé.nic layer was dried with magnesium
15 sulfate, filtered and concentrated under vacuum. The crude brown oil was
purified by chromatography on silica gel, eluting with 3:2 h_exanes/ethyl
acetate affording 34 g (48% yield) of sub-title compound_as an off-white

solid.

20  (v) 4-[4-(9-Oxa-3,7-diazabicyclo[3:3.1]non-3-y)butylJbenzonitrile
A 2L three-necked flask was equipped with a magnetic stirrer, a

thermometer and an addition funnel. The flask was charged with tert-butyl
’.7 [4- (4-cyanophenyl)bﬁtyl]-Q-oxa-3 7-diazabicyclo[3.3.1]-nonane-3-
carboxylate (34 g, 88 mmol, from step (iv) abovc) and dlchloromethane
25 (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) and washed with



(1) 4-1(2S)-Oxiranyl met hoxy] benzonitrile Potassium carbonate (414 g) and
(R -(-)-epichlorohydrin (800 m.) were 20 added to a stirred solution

of p- cyanophenol (238 g) in 2.0 L MeCN and the reaction m xture was
refluxed under an inert atnosphere for 2 h. The hot soll;ttljls%ymﬁfiltered
and the fWQ2BERoncentrated, giving a clear oil which . was crystallised
fromdi-iso-propyl ether giving the product in 90%vyield. 25 (i)
tert-Butyl .7-[(25)-3-(4-cyanophenoxy) ¢2- hydroxypropyl]-9-oxa-3,7- | :

01 arabi oy¢! O rdich, AN Mcitp6RD JAHERC Thehauedis dEyelofle defdratsk caut pped

with a magn Irrer an ernonet er was char wthtert-butyl
9-oxa- 3, 7- diralieysd Ritf dehlbioaivititee 32 6a200 )t Thesombinetirargadiase (53. 7
g, 0.235 nol, WO 02/083688 PCT/ SE02/ 00725 63 obtained from the

hydr ochl ori dle?rslelwere veshel epthrtaineR0BD)( dvigd avenmpgnesium sulfate and

[ (2S) - oxi ranyl nmet hoxy] benzonitrile (41. o 0. l.,, See, st.e 1) above),.
and a 10:1 (menﬁﬂiﬁéﬂi@?r o‘fac'QuTBr@pgﬁéId/z\%gt%lg @%ﬁ%@eld;h%f ﬁ‘i@(’?‘f}%e was
stirred at 60C for .20 hou ri ' i L | Y HPhER @l s were
5 gradualdy m%a%%gﬁwhﬁg#@am%’?gﬁsﬁ @.@F@)ﬁ(?x&%%s c%%l ed and
concentr at edst Qﬁﬁm\i Grififdiond 100 g (>100%yield) of sub-title
conpound as te sol1d. The unpurified material was used in the next step.
(i) 4- { [(2S)-2-Hydroxy-3-(9-o0oxa-3, 7-di azabi cycl o[ 3.3.1

] non-3-yl)propyl]- 10 oxy}benzonitrile A 3L, three-necked fl ask equi pped

with a magne(vipCemponed C a thermonmeter and an addition funnel was charged
with unpurified tent-b

tyl ,7-] (,2S) - 3- (4; . . .
cyanophenoxyf- ﬂhy@%{ﬁ#@ﬁyﬂ%éb-%ﬂ%-%}“?mpaﬂm & Pggaste SUTEh R 3-
b | 100 I ' 15 L). 15
T Fror dhcetepnaeser sy oiddendiaC AR SRR S THAGA WIS )
the resul ting aqlxa08)7vRszebidytlof3!3 fifont uyBbutytbeszonitrilew (2618 goisst TLC

mmol, from step (v) above), dichloromethane (0.88 L) and tert-butyl 2-

bromoethylcarbamate (see Preparation B(I)(i) above, 27.7 g, 123 mmol).

Triethylamine (0.0197 L, 0.141 mol) was then added. The clear solution

15 was refluxed for 12 hours under a nitrogen atmosphere and then cooled to

room temperature. The progress of the reaction was monitored by TLC

analysis and it was found to be complete at this poiht. The reaction mixture

‘  was transferred to a separating funnel and washed sequentially with water

(200 frlL), 15% aqueous sodium hydroxide (200 mL), water (200 mL), and

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

concentrated under vacuum. The resulting yellow viscous oil was

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

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

25 66% yield) as an offwhite solid The earlier fractions (5.1 g) from

chromatography were found to contain a small amount of a less polar

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

dichloromethane/methanol/28% aqueous ammonium hydroxide) while the

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



anal ysi s showed conpl ete reaction. The contents were transferred to a
si ngl e-necked flask and concentrated under vacuum The residue was;,
di ssolved in dichloTonet hane (1.2 L) and washed with saturated sodi um 20

bi carbonate. - -The aqueous |ayer was separated and extr |
di chl or om3VYQ8HB3B8 x 0.2 L). The conbined organic Iayersgét%gnm‘éﬁed With

brine (0.25 L), dried over magnesi um sul fate and concentrated under ‘vacuum
to afford 73 g (> 1Q00%yield) of sub-tghtle conmpound as an off-white solid.

he rified i al d_i X 0 ' [
Compound D FoT) Bpsreerriang optber 3 otitfe SRty i et L 4
with a magnej Eg%ﬁl%ﬁﬁfyf)iagg &g&ﬁmgﬁbﬁéd 8l dilea'gRl | dhitieoRieeReeH 19:The f 1 ask

was charged W uri

4-{ [ (2S) - 2- hiidrRKymathafe/methadol] add ahabivithd: b [dictRorbimeshar@/methanolpig | S
oxy}benzonitrile (73 g, fromstep (iii) above), dichloronethane (0.7 L) and
tert-butyl 2affordnaepalyl yelldya et S5 Bepdihst POWAE WaS; )115&9]893 my4 g,

Sﬁf’ﬁ? on s debicrorteBane 2005k, e iAo e Wi FATRO AN, ure. 10

3 rastt .

ccquent i al |y "eds o Eriits ST SdBah P (S ver was

dried over "ﬁggesﬁué%&uﬁala@@ thbh Gtied eerrndgmnhee stlfat add codemtsatelium  The
e

resulting y w'viscous oi | was purified, by chromatography on silica
gel , " el uti nguhddrstacwiimhto&fiordititlel conmpound an anraffwdits powdas {5\ nTBe 1: 0. 02 15

di chl or onet hane/ met hanol / 28% aqugous, ni ym hy, Xi ta afford an
of f-white folfhg fection W @fg.olwensé@%@am@s@b@éaﬂﬁn 1% RI&™ et hane
200 nlL) and,washed sequenti al |y..wi t % | \ 100
M) and vt elBYEL SR shedearHY vt fare U SRR BuRidacxIor
' mL), water (100 mL), and brine (100 mL). The material was then dried

(@]

over magnesium sulfate and concentrated under vacuum to afford title

compound as an off-white powder (19 g). The lots were blended together.

15 Preparation D
Preparation of Compound D

6y 4-[(2.5)-Oxiranylmethoxylbenzonitrile )
Potassium carbonate (414 g) and (R)-(-)-epichlorohydrin (800 mL) were
20 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
solution was filtered and the filtrate concentrated, giving a clear oil which

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

25 (i) tert-Bﬁtyl 7-[(2.5')-3~(4-cyanbpﬁenoxY)-2-hydfoxypropyﬂ-9-oxa—3 ), 7-
diazabicyclo[3.3.1]nonane-3-carboxy1ate '

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,



magnesi um sul fate and concentrated under vacuumto afford title conpound
20 as an off-white solid (35.4 g, 67%yield in three steps). Mthod |1

i so- Propanol (5 mL) and water (0.5 rnL) were added to [2-(9-

oxa- 3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl ) et hyl ] carbam c acid %(B & ls ester
(see Prepéh‘%@ﬁ”@ 8®(11)(ii), Method | above; 0.43 g, 1.6 K é% 4-1(25)
25 oxiranyl net hoxy] benzonitrile (0.280 g, 1.6 nmol, see step (i) above) was
added. The mxture was heated at 66C fggr 19 hours (reaction was conpl ete

o give tne eRed %ﬁ“ﬁ}%ﬁ%@éﬁﬁé@@*ﬁﬂ.ﬁ pigon SRLy fAeposure

02/ 083688 P Qz/lgzom s8e bt abb
2.3-2.75 (eg&%ﬁ% Eﬁgmgﬁy]baﬁdﬂ&%l%m -3.38 g oh o ?1% (zvlfgs)
3.95-4.19 (3nd )10: 15(6'5) Gd]lﬂtlohso)f 2-pr®anol(\mter .94 16 ﬂmgyurempq\"\/R
(300|VHz DVSO-

D6 9, 1H, |
2.78-2.9 (4Ht at36(£C(£_®H Od}ouiss dmlgz\ﬂ% ﬁ)ﬁfé‘h%ﬁ ég’?‘%% mﬁ}enal%wf El 19 ?) 1H,

s vl g ull iy 5 P s Tho Finbibivddoogh@t oy 2, = 47

1 | ) et hyl frt dProf psubatiti
B?U%l(l)?) g ]%ﬁ{cg@t%%ove a@ggﬁgb{%ﬁ@?ﬁ 00 gr(e-ue()%dyﬁel )Dro Wt/voelj)n in a
téth

m xture of a{samlt@mhcﬁ%dmpunfmammna(lamsnmgmm mAxE stePd wat er
(approx 130 L), was basified wth agueous sodi um hydroxi de (10M 51 ni,
0.9 mol eq.). Sol I d 4-[(2S)-oxiranyl met hoxy] benzonitrile (99.80g, 1.0 nol

fo 70C Tor . Goni-an® Byl et Altab 0T, TR IES 1P5 O

HoHTT-OFea O UST [=}

plate with 'oxyt/)fblelelzgﬂﬁ‘ﬁg X:DCM 1:1 v/ v (|n which X is

A 3L, three-necked flask equipped with a magnetic stirrer, a thermometer
and an addition funnel was charged with unpurified ter¢-butyl 7-[(28)-3-(4-
cyanophepoxy)-Z-hydroxypropyl]-9-oxa-3 ,7-diazabicyclo[3.3.1]nonane-3-
carboxylate (100 g, from step (ii) above) and dichloromethane (1.15 L).
15 Triﬂuoroaéetic acid (0.352 L) was added slowly at room temperature and
the resulting solution was stirred for three hours, at which point TLC
analysis showed complete reaction. The contents were transferred to a
single-necked flask and concentrated under vacuum. The residue was;
dissolved in dichloromethane (1.2 L) and washed with saturated sodium
.90 bicarbonate. - The aqueous layer was separated and extracted with
dichloromethane (2 x 0.2 L). The combined organic layers were washed
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.

25



chl or of or m met hanol : concentrated anmonia 80:18:2 v/v). Visualisation was
by W light (254 nm and by staining with aqueous potassium 20

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,
filtered MM OAR$PSSBdesel guhr and washed through with et haR6FSEBMRL, 4.0
vol). This gave a solution of title conpound (assuned 254.38 g, 100%th,
2.4 L, 1.0 wt/vol for reaction work uggy . This solution was charged into a

25 flask th )&3 ﬁgéntg for reduced pressure distillation. A graduation
life was nafk side of this flask. Solvent (1250 nlL) was renoved

at between 50C and 35C, 320 nbar and 100 nbar. Then 4-net hyl pentan-2- ol
(1500 m.) was added in order to reach the graduated |ine. Solvent (1250
m.) was renoviethait]l elhedneSickeddlak @as2quippsdrwith@ magnabigrstirgebree WO

02/ 083688 PCITSED2/ 00725 66 4- et hyl pent ap- 2- ol (hlq.go was , %ided in
order to reatharmemeter and arrefiux condensero|Theftask yeaseharge o PFHK'/@ at

2o 1528 eIl el ol AP LS SRR ", 185 (22

added. - The | @}3&%}1&%&8?@?%2%@?&6&@? aB6ve)! aRhlSrohYigmeVT L) hidr ed

t hrough ki es clear ution (1.2 L). This solution was
charged i nt oz-BhigRD-bicandethyibarbhmatsa ésesePrepardtion B{D() eabqyee Sduge
distillation. Solvent (450 nL) was renoved at betyween a%g %Bd 5C, 90 nbar
and 35 nbar . 0;BBanel)i Qaletlyylaming (53r1obL0853a80L) 3vas) taer adde ¢ of

4- et hyl pent an- 2-ol . D -n-butyl her 10, (,1. 27 V. d and the
sol ution wasS@IMHEMSAS Wﬂg‘ﬁﬁq'ij féli éghpu[soanc} h?)% ?%%gigtr%%‘, %e‘c caused a
precipitate for The i xtur I r to

appr oxi maf el Biof&?“%’e fr‘%‘ﬂ"u&%s\;\e%&si%%%ﬁfe&ctg gsa:fp E@W%&Fgﬁgﬁjﬁaﬁs washed
wth a pre-myxed SehyteD water (160 mL) and brine (100 mL). The organic layer

was dried over magnesium sulfate, filtered and concentrated under vacuum.

The resulting yellow viscous oil was purified by chromatography on silica
gel, eluting first witﬁ 9:1 dichloromethane/methanol; then with 9:1:0.02

15 dichloromethane/methanol/28% aqueous ammonium hydroxide to afford an
offowhite foamy solid (40 g). The solid was dissolved in dichloromethane
(200 mL) and washed sequentially with 20% aqueous sodium hydroxide
(100 mL) and water (100 mL). The organic layer was: dried over o
magnesium sulfate and concenirated under vacuum to afford title compound !

20  as an off-white solid (35.4 g, 67% yield in three steps). . I

Method II iso-Propanol (5 mL) and water (0.5 mL) were added to [2-(9-
oxa-3,7-diazabicyclo[3.3.l]non-S-yl)ethyl]carbamic acid tert-butyl ester
(see Preparatic'm B(IN)(ii), Method I above; 0.43 g, 1.6 mmol) and 4—[(2S)-
25 lo;dran.}llrﬁcthoxy]ber'xzonitile (0.280 g, 1.6 mmol, see step () above) was
added. The mixture was heated at 66°C for 19 hours (reaction was complete
in 2 hours). The solvent was evaporated to dryness under reduced pressure

to give the title compound as an off-white solid (0.71 g, 100%).



butyl ether (320 nL, 1.25 vol) and 4-nethyl pentan-2-ol (130 niL, 0.50 vol).
15 The danp product was dried in vacuo at 55C to constant weight to
give.the title conmpound as a white solid (193.6 g, 76%9. MP. 99-101 C
1H NVR (300MHz, CDC13) $1.41 (9H, s), 2,.3-2.75 (6H, m, ( 5H,
3.1-3. 38( WO 0388 88 (2H s), 3.95-4.19 (3H, n), 5.85 (ﬁéf’g@zﬂa"ﬁ% o6 20
(2H, d), 7.6 (2H, d). Exanple 1 Crystallisation of Conpound A (Method (1);
B Form Conpound A (246.58 g; preparegsanal ogously to procedures described

o conbi nen TERNNR GoARAYE CRER S AR DI 2525 (60, B 215900 (28
evapor at ed () Gi 8 3 ol din. V9188 DI 5, 553-A.10! (3H, x5 .98 €1HL5RY, 689 and { hen

heated to di's clear solution was obtained. Ethyl acetate
(80 nmL) was Hnayeplsg @)stlllatlon in order to dry azeotropically the
conmpound (leaving 1 WD 02/ 083688 PCT/ SEQ2/ 00725 67 et hyl

o]
?fet Et e). ThEI9MR (300MHS, DWOth)qéfle?vﬁ QHne) 212-3.5 Br@ﬁmrﬁé& "1 L flange
t t Tt f ft t
ool nat \a ol 2.8 (HBamm)s SO RO g (P ke (e, H20 I 1y °

(i i ornal 1 chpdrhl i&ﬁﬂﬁ?ﬁ%&ﬁ? br#be”é‘éﬁf\}?’.@%%%‘ﬁe‘? TIPS batween

S bet ween
38-40C for tpf;? 3&2’(_44 The solution was then cooled to 20C with a
water/ice b or 1 hour. The product was filtered, washed with

cold (0C) ethyl acetate (330 ni), and then dried overnight in vacuo at 40C
oyt al s ver Biaibad YN Fhe gf’m%%;;? atndrBanecs byl B g,
" 10 yDethyljcarbamic 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
mL), w'as basified with aqueous sodium hydroxide (10M, 51 mL, 0.9 mol
eq.). Solid 4-[(25)-oxiranylmethoxy]benzonitrile (99.80g, 1.0 mol eq.; see
15 step (i) above) was added and the combined mixture was heated to 70°C for
four hours. The reaction was monitored by TLC using 2 silica plate with
mobile  phase . XDCM L1 Vv (n which X s
chloroform:methanol: concentrated ammoma 80:18:2 v/v) Visualisation
was by UV light (254 nm) and by staining with aqueous potassium
20 permanganate. This showed the complete disappearance of starting material
and the appearance of the title compound. The reaction mixture was cooled,
filtered through kieselguhr and washed through with ethanol (620 mL, 4.0
vol). This gave a solution of title bompound (assumed 254.38 g, 100% th,
2.4 L, 1.0 wt/vol for reaction work up). This solutlon was charged into a
o5  flask that was set up for reduced pressure distillation. A graduatlon lide was
marked onto the side of this flask, Solvent (1250 mL) was removed at
between 50°C and 35°C, 320 mbar and 100 mbar. Then 4-methy1péntan—2-
ol (1500 mL) was added in order to reach the gréduated line. Solvent (1250
mL) was removed at between 35°C and 80°C, 220 mbar and 40 mbar. More



(Table 1) and are shown in Figure 1. 15 Table 1 d value (A)lIntensit 9
11.081 8.32 7.85 7.024 6.72 5.93 5.7.16 5.54 5.48 5. 144 El 2947 | WO v (%

02/ 083688 4.714 4.625 4.5433 4.44100 4.3412 4.207 4
3. 472 3.414 - . 122 3.925 3.6515 3.519

WO 02/083688 PCT/SE02/00725

o = : ' 66 - L
4-methylpentan-2-ol (1500 mL) was added in order to reach the graduated

line. Solvent (1250 mL) was removed at between 62°C and 76°C, 100 mbar
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
5 were separated and the organic layer was filtered through kieselguhr to give
a clear solution (1.2 L). This solution was charged into a clean flask, which
was set up for reduced pressure distillation. Solvent (450 mL) was removed
at between 52°C and 55°C, 90 mbar and 35 mbar. Theoretically, the
product was now left in 2 volumes of 4-methylpentan-2-ol. Dr-n-butyl ether
10 - (1.27 L, 5 vol) was added and the 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
collected by filtration and was washed with a pre-mixed solution of di-n-
butyl ether (320 mL, 1.25 vol) and 4-methylpentan-2-ol (130 mL, 0.50 vol).
15 The damp product was dried in vacuo at 55°C to constant weight to give.the
title compound as a white solid (193.6 g, 76%). |
m.p. 99-101°C
_ 1H-NMR (300MHz, CDCl3) 8 1.41 (94, s), 2.3 -2.75 (6H, m), 2.75-3.0 (SH . ‘
m), 3.1-3.38(3H, m), 3.88 (2H, s), 3.95-4. 19 (3H m), 5.85 (lH bs), 6. 99
20 (2H, d), 7.6 (2H, d).

Example 1 |
Crystallisation of Compound A (Method (I); B Form)

Compound A (246.58 g; prepared analogously to procedures described in
25 Preparatron A above, though, on this occasion matenal was re-combined
with mother hquors, base washed with NaOH, and then evaporated to give
solid) was slurried in ethyl acetate (500 mL) and then heated to dissolve the
solid. A clear soluti.on was obtained. Ethyl acetate (80 mL) was removed

by distillation in order to dry azeotropically the compound (leaving 1.7
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2. 063 68 PCT/ SE02/ 00725 A unit cell

X-ray data.
foll ow ng di

inensions: a 9.096 A, b = 11.077 A, c = 22.136 A

. ~was determ ned from single crystal
It was orthorhonbic, with space group P212121 and the

a=R=y=90, WOHH9B8Y 3A3. WO 02/ 083688 PCT/ SE02/ 00725 69 BECSERUNEH t wo

endotherms with extrapol ated onset tenperatures of ca.

121C and 126C. TGA

showed . a decrease in mass of ca. O. 1% (W/vv) bet ween 110 and 130C. 5
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Exanpl e 2
(250 M) wa

10

15

was then left to cool naturally (heat source completely removed) under

ﬁitrogen, with overhead air stirring.  After 40 minutes cooling,
crystallisation began (internal temperature was 38°C). The solution
temperature was between 38-40°C for tﬁe next 1.5 hours. The solution was
then cooled to 20°C with a water/ice bath and left for 1 hour. The product
was filtered, washed with cold (0°C) ethyl acetate (330 mL), and then dried
overnight in vacuo at 40°C to give 126.83 g (yield 51%, assuming input
material was dry). -

The crystals were analyzed by XRPD and the results are tabulated below
(Table 1) and are shown in Figure 1. '

d value (A) In,:tensity (%) |
11,0 1 81 '
8.3 2

78 |5

7.0 24

6.7 2

5.9 3

5.7 16 ' B
5.5 4

54 8

5.1 44

4.94 7




to m xture was heated. The hot solution obtained was filtered (there was no
residue). During filtration, sonme solid precipitated fromthe sol ution
being filtered. This was re-dissolved in ethyl acetate (50 nL) and
filtered. The conbined filtrates were concentrated by renovin hyl
acetate (YO8  The renmmining sol uti on was al | owed tk % ?’&7 room
tenperature 15 (crystallisation started at 40C). The slurry was then cool ed
. to 10C for 1 hour. The solid product 6pas filtered, washed with cald et hyl
acetate (100 —H)—ane~pen—e++ee— n vacuo at 40C to give 126.7 g (68 % . ,
The crystals rre anal JZed by XRPD and the results are tabul ated bel ow 20
(Tabl e 2) ang T T

2. Table 2 d value ()Intensity (% 10.965
8.354 7.89 7.§ 2\/\O 02/{083688 7.03}6.96 6.82 6.712 6.42 5.92 5.6 (5.64)26

5.6 (5.56)8 Haxp 5. 420 33 33

444 100
434 V)
420 7
i12 2
3.92
3.65
3.51
347
341
3.34
331
3.25
3.04
2.89
2.82
277
270
2.58
3.44
334
218
7,06

W

[
(V)]

w] w| & =] Bl ] W B ] ] O] »] B MO

A unit cell was determined from single crystal X-ray data. It was
orthorhombic, with space group P212121 and the following dimensions: a =
9.096 A, b=11.077 &, c=22.136 A, o= p =y =90°, and V =2230.3 A3,



5.127 5.014 4.903 4.848 4.788 4.7016 4.4964 4.45100 4. 3626 4.254 4.15.6

4.1015 4.039 3.976 3.9011 3.805 3.7315 70 PCT/ SE02/ 007
3.524 3.478 3.443 3.39.2 3.352 3.316 3.231 25 Wb 02/083688 3.602

WO 02/083688 PCT/SE02/00728
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DSC showed two endotherms with extrapolated onset temperatures of ca.
121°C and 126°C. TGA showed a decrease in mass of ca. 0.1% (w/w)
between 110 and 130°C.

Example 2
Crystallisation of Compound A (Method (I); A Form)

Ethyl acetate (250 mL) was added to Compound A (188.10 g, prepared

analogously to the processes described in Preparation A above) and the

10 mixture was heated. The hot solution obtained was filtered (there was no
residue). During filtration, some solid precipitated from the solution being
filtered. This was re-.dissolved in ethyl acetate (50 mL) and filiered. The
combined filtrates were concentrated by removing ethyl acetate (120 mL).
The remaining solution was allowed to cool to room temperature

15 (crystallisation started at-40°C). The slurry was then cooled to 10°C for 1
hour. The solid product was filtered, washed with cold ethyl acetate (100
mL) and then dried in vacuo at 40°C to give 126.7 g (68 %).

.
‘

The crystals were analyzed by XRPD and the results are ‘gabulatcd below
20 (Table2) and are shown in Figure 2.

Table 2

d value (A) Intelilsity (%)

109 65
83 54
7.8 9

7.5 3




3.132 3.011 2.955. 2.933 2.895 2.855 2.806 2.743 2.69-2 2.632 2.562 71
PCT/ SEQ02/ 00725 DSC showed an endothermw th an extrapol at ed onset
tenperature of ca. 125C. TGA showed a decrease in mass of ca. 0.1% (w w)
between 120 and 130C. 5 Exanple 3 Crystallisation of Conpound A (Method
(111); C ™m0 pYs8B8Rpound A, benzenesul phonic acid salt noPfoMSE/BR78 (4.5 kg,
prepared anal ogously to the processes described in Preparation A above)
was added io to dichloronethane (89. igkg). Aqueous sodi um hydroxi de (1M

46.9 kg) WDO-02/,083688 PCIH-SEOG2/B0725 was added and the reaction mxture
was stirred|#& 45 nijfutes. The fi nal tenperature of the contents was
16. 9C. The two—phases—were—teft—for 68 mnutes to separate and the aqueous
| ayer (48.8 was discarded. The organic layer was filtered into a cl ean
vessel and fgtrered—[ghanol (72) kg) :
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5. was added. Solvent (101.1 kg) was distilled off (3 hours 20 mn.). The
final tenperature of the contents was 76.0C. Ethanol (25.4 kg) was added
and a further 11.6 kg of solvent was distilled off (1 hour 30 mn.), the
final tenperature of the contents was 79.3C. The solution was cooled to
-17C overwo@bws3bast no crystallisation was observed. A fRETBERIOGRS7 kg of
solvent 1o was distilled off and the reaction m xture was cooled to 15C
overnight, during which time the product crystallised. The, reaction
mxture was cooled to OC and stirred f&r 30 ni nutes. The product was
filtered of f |@D washe@ with ethgnol (7.3 kg) to give a danp solid (2.7
kg). The product was . dried at rodmtenperature for 2 hours 16 min (33 mm
Hg), then at |805245C 15|ffor 15 hourfs 24 nminutes (29 nm Hg) to | eave 2.18 kg
of product, ' ibi-ch—was—99—+6%pt+€ by area, 0.3% w w et hanol. The crystals .
wer e' anal yzeo §7XRPD ﬁd the reslts are tabul ated bel ow - (Table 3) and

are shown in fFgggpre—3T120~Tabte3 | a-value (A)lntensity (% 10.44 9.6100
8.50.6 7.00.9 3‘5&;9 WO (Z/ 083688 5.36 5.220 4.8322 4.716 4.556

3.39 2
3.35
3.31
3.23
3.13
3.01
2.95
2.93
2.89
2.85
2.80
2.74
269
2.63
2.56
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DSC showed an endotherm with an extrapolated onset temperature of ca.
125°C. TGA. showed a decrease in mass of ca. 0.1% (w/w) between 120
and 130°C. -

Example 3
Crystallisation of Compound A (Method (1I); C Form)

Compound A, benzenesulphonic acid salt monohydrate (4.5 kg, prepared

analogously to the processes described in’Preparation A above) was added

10 to dichloromethane (89.7 kg). Aqueous sodium hydroxide (1M, 46.9 kg)



4.39.0.6 3.960.5 3.831 3.582 3.501 3.430.4 3.291 3.226 3.192 3.120.3
3.080.5 2.990.3 2.860.3 2.660.6 2.630.8 2.550.9 2.370.7 2.310.4 2.190. 6"
2.130.4 2.100.3 73 PCT/ SE02/ 00725 WD 02/ 083688 PCT/ SE02/ 00725 74 A unit

cell was determned fromsingle crystal X-ray data. It was __orthorhonbic
with spaceW@BOB38Sch and the fol | owi ng di mensions: a = PEESERRORS 1 =
19.391 A, c = 21.071 A a=(3=y=90, andVv=4365.8 A3.

: . 72 - - T S
was added and the reaction mixture was stirred for 45 minutes, The final

temperature of the contents was 16.9°C. The two phases were left for 68
' minutes to separate and the aqueous layer (48.8 kg) was discarded. The
organic layer was filtered into a clean vessel and filtered. Ethanol (72 kg)
5 was added. Solvent (101.1 kg) was distilled off (3 hours 20 min.). The final
temperature of the contents was 76.0°C. Ethanol (25.4 kg) vs}as added and a
further 11.6 kg of solvent was distilled off (1 hour 30 ‘min.), the final
temperature of the contents was 79.3°C. The solution was cooled to -17°C
overnight but no crystallisation was observed. A further 32.7 kg of solvent
10 was distilled off and the reaction mixture was cooled to 15°C ovemnight,
" during which time the product crystallised. The. reaction mixture was
cooled to 0°C and stirred for 30 minutes. The product was filtered off and
washed with ethanol (7.3 kg) to give a damp solid (2.7 kg). The product was
dried at room temperatiue for 2 hours 16 min (33 mm Hg), then at 40-45°C
15 for 15 hours 24 minutes (29 mm Hg) to leave 2.18 kg of product, which was
99,76% putre by area, 0.3% w/w ethanol.

The crystals were analyzed by XRPD and the‘results are tabulated below
(Table 3) and are shown in Figﬁre 3. |

20
Table 3

d va'lﬁe (A) | Intensity (%)

104 5 ‘,
9.6 100
8.5 0.6
70 |09

5.7 9




5 DSC showed an endotherm w th an extrapol ated onset tenperature of ca.
122C. TGA showed a decrease in mass of ca. 0.3% (ww between 25 and 140C
Exanple 4 to Crystallisation of Conpound A, benzenesul phonic acid salt
nonohydrate 1.88 g (4.9 mml) of Conpound A (prepared anal ogously to
procedur esWO348368%ed in Preparati on A above) was di ssol PEWSER/OESH et hyl
acetate. 0.807 g (5.1 mmol ) of benzenesul phonic acid was dissolved in 4.5
mL.  net hanol . The benzenesuLphonic_aci? sol ytioon was added to the stirred
15 sol uti on of Conpound A The-benzene élphOndte salt precipitated after

ca. 10 minutle3 The piécipitate |as kept at 4C overnight. The crystals
were filtere f it hyl acetate and dried in vacuo
overni ght. i d“(60 % . The product was recrystallised from
Cabul at ed bel PUES(Tabl 420) and ard shown’in Fiaurc 4. Table 4 d val ve -
(A)Intensity {Fg18. 7100 9. 413 7.5(Q.3 6.60.2 WO 02/083688 PCT/ SE02/ 00725
6.40.2 6.32 5{ 10.3 4.830.3 4.770.3 4.6937
4.55 6
4.39 0.6
3.96 0.5
3.83 1
358 |2
3.50 I
3.43 04
3.29 1
3.22 6
319 2
3.12 0.3
3.08 0.5
2.99 0.3
2.86 0.3
2.66 0.6
2.63 0.8
2.55 0.9
237 0.7
2.31 04
2.19 06 - :
2.13 0.4
2.10 0.3
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determ ned fromsingle crystal X-ray data. It was nonoclinic, wth space
group P21/W0an@8368%e fol | owi ng di mensions: a = PCT/SE02/00725

10

15

20

' - I3 7 4 1 B .
A unit cell was determined from single crystal X-ray date. It was

orthorhombic, with space group C2cb and the following dimensions: a =
10.685 A, b=19.391 &, ¢ =21.071 A, a =B =y =90°, and V = 4365.8 A3.

DSC showed an endotherm with an extrapolated onset temperature of ca.
122°C. TGA showed a decrease in mass of ca. 0.3% (w/w) between 25 and
140°C. | |

Example 4 ' _
Crystallisation of Compound A, benzenesulphonic acid salt monéhydrate

1.88 g (4.9 mmol) of Compound A (prepared analogously to procedures
described in Preparation A above) was dissolved in 23 mL ethyl acetate.
0.807 g (5.1 mmol) of benzenesulphonic acid was dissolved in 4.5 mL
methanol. The benzenesulphonic acid solution was added to the stirred
solution of Compound A. The benzenesulphonate salt precipitated aﬂer ca.

10 minutes. The precipitate was kept at 4°C overnight. The crystals were

filtered off, washed with ethy] acetate and dried in vacwo overnight. Yield

1.6 g (60 %). The product was recrystallised from EtOH:H20 (1:1)

The crystals were analyzed by XRPD and the results are tabulated below

(Table 4) and are shown in Figure 4.

Table 4

dvalne (&) | Tatensity (%)

18.7 100
9.4 13
7.5 103

6.6 0.2

2.310. 3



18.833 A, b
The product

= 9.293 A c=16. 271A, a=90, 3=94: 94, y=90, and V =
is a nonohydrate wi thout a well

2837.1 A3. 5
defined nelting point. DSC

showed an endothermw th an extrapol ated onset tenperature in the range

ca. 85-110C. TGA showed a decrease in mass of ca. 3% (ww) between
160C. 10 B¥@p3H83688 Crystallisation'
acid salt (A and B Forns Conpound A (1.14 g, 2.96 mol,
anal ogously to procedures

to addition

for formati of

et hyl acet at
(0.57 g, 2.99
washing in O.
wer e added.
h. The solid
Yield 1.4 g

m xed with 145
added 0.85 m

into solutio
crystallizat

added nore et

was then sti

washed with 4

60 and
of Conpound A, Par a- PET/SERO8Zphoni ¢

pr epar ed

15 descrlbeq in Preparation . A above (e.g. prior
cid R t he procedure descri bed thereln
6k Conpo benzenesulphonlc acid salt)) was dissolved in
‘6’°“ UK sotuttTon of para-tol uenesul phonic acid (PTSA)
9 ﬁgol in|“methanol (0.3 nL) was added dropw se. The PTSA
e 40 negRancl , ang an. additional 5 nL of ethyl acetate
AWhite sjurry forned in few mnutes. This was stirred for 1
ygs filtefed off angd washed with 5 rnL of ethyl acetate.
84.8 % . IThe salid 1.40 g) toluenesul phonic acid salt was
$4M7 of ethQB acetate| and heated to reflux. To the slurry was
|_net hanoll W.t-hin-a—25 few seconds, all of the solid had 'gone
1 4.6fhi s wap3hllowed tg cool and, within a few m nutes,
ieﬂ?yﬁs—ebﬁggvedfﬂarwy this becane a set solid. To this was
ﬁ&q acetate’(10 nL) and nethanol (0.15 nL). The thick slurry
iy at ?or 30 utes. The solids were filtered off and
tﬁ?ﬁ aceta e (5 nL) WO 02/ 083688 PCT/ SE02/ 00725
4.40
4.19 0.6
4.13 0.2
4.05 0.3
3.92 0.2
3.89 0.3
3.76 28
3.61 0.2
3.35 i
1
331 03 1
13.21 0.2
3.13 14
3.07 0.2
3.00 0.4
2.68 2
235 -1
231 03
2.09 0.6
2.00 0.4
1.88 1




77 These were allowed to dry on suction.
of this (500 ng) was dried at 50C under reduced pressure,
A portion of toluenesul phonic acid salt was recrystallised from acetone.

z%{s Form) were analyzed by XRPD and the resu'%’r/gfozﬁ)o'}ngm at ed

The crystals

bel ow ( TaByQo0
t ol uenesul phonic acid salt was suspended in a phosphate buffer (ionic
Mat pH 3), followed by degantation. The crystals (B Form

.strength 0.1
wer e analyz
and are showf
10. 0. 30 8. 70.
4.492 WO 02/

#P¥ and are shown in Figure 5(a). A porti b

Yield 1.10 g (66.6 %9. A portion
giving 0.440 g.

T, 34 et s A SR T (D ), 1
J@g%@@ljﬂhg 3%11981»909%:&1? A}/ ahid the FolISwWREY Qimersions: %9&3 4.864

18.833 A,5=9.293 A,c=16.271 A, a=90° B =94.94°,7=90°, and V =
2837.1 A3,

. The product is a monohydrate without a well defined melting point. DSC

10

15

20

showed an endotherm with an extrapolated onset temperature in the range
ca. 85-110°C. TGA showed a decrease in mass of ca. 3% (w/w) between
60 and 160°C.

Exaniple 5
Crystallisation’ of Compound A, para-toluenesulphonic acid salt (A and B

Forms

Compound A (1.14 g, 2.96 mmol, prepared analogously to procedures
described in Preparation A above (e.g. prior to addition of benzenesulphonic
acid in the procedure described therein for formation of Compound A,

benzenesulphonic acid salt)) was dissolved in ethyl acetate (20 mL). A

solution of para-toluenesulphonic acid (PTSA) (0.57 g, 2.99 mmol) in
" methanol (0.3 mL) was added dropwise. The PTSA washing in 0.1 mL

methanol, and an additional 5 mL of ethy] acetate were added. A white
slurry formed in few minutes, This was stirred for 1 h. The solid was filtered
off and washed with 5 mL of ethyl acetate. Yield 1.4 g (84.8 %). The solid

(140 g) toluenesulphoﬂic acid salt was mixed with 15 mL of ethyl acetate

235

and heated to reﬂux To the slurry was added O. 85 mL methanol Wlthm a
few seconds all of the solid had gone into solution. This was allowed to

cool and, within a few minutes, crystallization was observed. Soon, this

became a set solid. To this was added more ethyl acetate (10 mL) and

methanol (0.15 mL). The thick slury was then stirred at 0°C for 30
minutes. The solids were filtered off and washed with ethyl acetate (5 mL).

5



4.368 4.195 3.995 3.931 3.771 3.592 3.401 3.335 3.291 -3.190.7 3.081
2.860.7 2 .220.7 2.110.6 -1.0-90.7 2.001 78 PCT/ SE02/ 00725 For the A form
DSC showed an endothermwi th an extrapol ated onset tenperature of ca.
145*C. TGA showed a decrease in nmass of ca. 3.3% (wWW between 20 and
120T. | wab0208%8P Tv-al ue (A)Intensity (0/6) 18.6100 9.FGY/SENY0AR |

These were allowed to dry on suction, Yield 1.10 g (66.6 %). A portion of
this (500 mg) was dried at 50°C under reduced pressure, giving 0.440 g.

A portion of toluenesulphonic acid salt was recrystallised from acetone. -
5 The crystals (A Form) were analyzed by XRPD and the results are tabulated

below (Table 5(a)) and are shown in Figure 5(a). A portion of

toluenesulphonic acid salt was suspended in a phosphate ‘buffer (ionic

strength 0.1 M at pH 3), followed by decantation. The crystals (B Form)

were analyzed by XRPD and the results are tabulated below (Table 5(b))
10 and are shown in Figure 5(b).

Table 5(a)
d value (A) | Intensity (%)
19.9 100
10.0 30
8.7 0.5
7.6 . 1
7.0 0.9
6.6 0.7
6.4 1
6.0 4
5.7 1
55 08 |
52 1
499 | 33
4.86 4
4.49




WD 02/ 083688 7.60.4 6.28 5.00.9 4.6620 4.492 3.738 3.114. 2.330.6 79
PCT/ SE02100725 For the B form DSC showed an endotherm w th an extrapol ated

onset

tenperature of ca. 153C. TGA showed a decrease in nass of ca, 4.4%

(ww between 25 and 120C. 5 Exanple 6 Crystallisation of d
A, 1- hydr oWP-020%8$ht hoi ¢ acid salt To Conpound A (0. 60 g,PCI{%%gB%I :

prepared anal ogously to procedures

described in Preparation A above (e.g.

prior to addition of benzenesul phonic %o acid in the. procedure described
therein for' _i.ar_nai-l-gr—e-f—-se-n@eﬁﬁP A % nzenesul phonic acid salt)) in ethyl
acetate (10 n4_-§8vvas added 1- hydr oxy- 2-naphthoic acid (0.323 g, .1.7 mmpl)
i n met hanol Hopb—ATsotottomrwa not formed. The m xture was stirred at
room t enper at r”'g for 30 mnutes. | No crystallization was noticed. The
sol uti on was{{Hgm Tool for 30 Ip mnutes. Small anmounts of crystals were.
observed. The '§0lventq were evapprated to dryness, the solids were taken
up in ethyl pgebate (§381) and hpated to reflux. To the partial solution
was added nephanol (0.2 m). The lfresultant slurry was cooled with
ice/water, f|B888red andl washed wifh ethyl

3.77 1

3.59 2

3.40 1

3.33 5

3.29 1

3.19 0.7

3.08 1

2.86 0.7

232 0.7

2.11 0.6

2.09 0.7

2,00 1

i

For the A form, DSC showed an endotherm with an extrapolated onset

temperature of ca. 145°C, TGA showed a decrease in mass of ca. 3.3%

(wiw) between 20 and 120°C.

5
Table 5(b)
. . . i

d value (A) | Intensity (%)

18.6 100

9.7 0.6

9.3 43




acetate (2 nmL). The solid was then dried in an. oven at 50C under

20 pressure for 24 h. Yield 0.510 g (57 %9. WO 02/083688 PCT/ SE02/ (r)gc;ggecsio
The crystals were anal yzed by XRPD and the results are tabul ated bel ow
(Table 6) and are shown in Figure 6. Table 6 5 d value (A lntensity (%

17. 6100 1 W@ 0B0%I6844 7. 94 7.55 6.62 6.42 6.25 5.75 5. 629PCTSENM0RE" 4 957
4.889 4.4720 4.404 4.214 4.168 4.086 | | |

79
7.6 0.4
6.2 8
5.0 0.9
466 20
4.49 2
3.73 8
3.11 4
2.33 0.6

For the B form, DSC showed an endotherm with an extrapolated onset
temperature of ca. 153°C. TGA showed a decrease in mass of ca. 4.4%

(w/w) between 25 and 120°C.

Example 6
Crystallisation of Compound A, 1-hydroxy-2-naphthoic acid salt

To Compound A (0.60 g, 1.56 mmol, prepared analogously to procedures
described in Preparation A above (e.g. prior to addition of benzenesulphonic
10 acid in the proéedure described ﬁerein for formation 6f Compound A,
benzenesulphonic acid salt)) in ethyl acetate (10 mL) was added 1-hydroxy-
2-naphthoic acid (0.323 g, 1.7 mmol) in methanol (1 mL). A solution was
not formed. The mixture was stirred at room temperature for 30 minutes.
No crystallization was noticed. The solution was then cooled for 30
15 minutes. Small amounts of crystals were observed. The solvents were
evaporated to dryness, the solids were taken up in ethyl acetate (5 mL) and
heated to reflux. To the partial solution was added methanol (0.2 mL). The

resultant slurry was cooled with ice/water, filtered and washed with ethyl

acetate (2 mL). The solid was then dried in an oven at 50°C under reduced
20 pressure for 24 h, Yield 0.510 g (57 %).



3.955 3.845 3.808 WO 02/083688 PCT/ SE02/ 00725 3.643 3.553 3.336 3.037 2.962
2.634 81 Exanple 7 Crystallisation of Conpound A 1, 5-naphthal enesul phonic
acid salt 5 Conpound A (0.490 g, 1.27 mmol, prepared anal ogously to
procedures described in Preparation A above (e.g. prior to addition of
benzenesul WOMI08368%Kci d i n the procedure described therei RCTSEY YR ati on of
Compound A, benzenesul phonic acid salt)) was dissolved in ethyl acetate
(10 mL). A solution of 1,5-naphthal en,eé@l phonic acid in nmethanol (0.5

Bh

m.) ' was added, io In few m nufes i olid a red. i S, stirred at
r oém't enper at 3P8 crygplsvers; analyzed 5’% %&ee’%g‘gﬁst A @gﬁﬁiﬁdﬁa%ne
chunks of whi i } kn the slurry. The solids were
filtered to, gf@ggb)gﬁdgéﬁgﬁ%?ﬁg%hd. Thi s vvag taken up in nethanol (50

m.) and water (100 nmL) and heated to reflux, until an al nost clear
sol ution was obtained. The solution 15 was allowed to attain room -
tenperature, dableas then cooled with ice/water for 30 mnutes. The solids
were filtered to give a white powder (0.150 g). The solid was dried in an
oven at 50€&€ under reduced pressure for 5 h. 1H NVR denonstrated a 1:2 ratio

?;bﬁfgsegobgﬁgaﬁ’aﬁ‘% (3‘2'6\, I%’teﬁ?ft}?t%) were anal yzed by XRPD and the results are
17.6 100
12.4 16
8.8 44
7.9 4
7.5 | 5
6.6 2
6.4 2
6.2 5
5.7 5
5.6 29
5.2 4 ‘
51 6 . | - '
495 7
4.38 9
4.47 20
4.40 4
4.21 4
4.16 18 .,
4.08 6
3.95 5
3.84 5
3.80 8




(Table 7) and are shown in Figure 7. WO 02/083688 82 Table 7 d val ue
(A)Intensity (% 16.1100 8.64 8.119 7.82 7.17 6.83 6.310 6.06 5.53 5.4

(5.43)3 5.4 (5.39)4 5.32 4.9617 4.8822 4.6818 4.624 4.499 4.3
4.046 3.9413 3.552 3. 445 ' . 348 4.1012

WO 02/083688 PCT/SE02/00725

e o8l
3.64

3.55
3.33
3.03
2.96

2.63

2 O] QN W W

Example 7
Crystallisation of Compound A, 1,5-naphthalenesulphonic acid salt

5 Compound A (0.490 g, 1.27 mmol, prepared analogously to procedures

described in Preparation A above (e.g. prior to addition of benzenesulphonic

acid in the procedure déscribed therein for formation of Compound A,.

benzenesulphonic acid salt)) was dissolved in ethyl acetate (10 mL). A
solution of 1,5-naphthalenesulphonic acid in methanol (0.5 mL) was added. -

10 In few minutes, white solid appeared. This was stirred at room temperature

for 30 minutes and then cooled with ice/water, Some chunks of white solid

where noticed in the slurry. The solids were filtered to give 0.34 g of _wl;ite

solid. This was taken up in miethanol (50 mL) and water (100 mL) and

heated to reflux, until an almost clear solution was obtained. The solution

15 was allowed to attain room temperature, and was then cooled with ice/water

for 30 minutes. The solids were filtered to give a white powder (0.150 g).

The solid was dried in an oven at 50°C under reduced pressure for 5 h.

IH-NMR demonstrated a 1:2 ratio of acid to base.
20 The crystals were analyzed by XRPD and the results are tabulated below
(Table 7) and are shown in Figure 7.



3.4015 3.2311 PCT/ SE02/ 00725 WD 02/ 083688 PCT/ SE02/ 00725 3.205 3.15.4 2.872
2.723 2.193 2.183 83 Exanple 8 Crystal lisation of Conpound A,
2-mesi tyl enesul phonic acid salt 5 A solution of 2-nesityl enesul phonic acid
(0.276 g) in nmethanol (0.3 nL) was added to a stirred solution of Conpound
A (0.45 g,W@PHH3s8d anal ogously to procedures descri bedPEHSEROBRPation A
above (e.g.. prior to addition of benzenesul phonic acid in the procedure

~ described therein for formation of Co und A, benzenesul phonic acid .
" saft)) in ethyl acetate (10 1o nmL). Pretpitation occurred i mediately. The
slurry was st at room tenperature for 30 mnutes and then cooled with
ice/water. The product was filtered off and washed with ethyl acetate (3
m) to give the title conpound (0.60 g, 88 % . The salt produced was

s added 1o [ v O O 5 The sol ut on was &l oved to cool - to
rpon1tenperatpnﬁ1and trq005tirred.pt 0- 5C for | hour. The slurry was
filtered to give a colagurless solid (0.370g, 54% over two steps). The
crystals were| &6al yzed |dy XRPD and| the results are tabul ated bel ow 20
(Tabl e 8) and ;Ep thmrlbn Elgure—3
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6.0 6

5.5 3
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4.68 | 18 3

3.62 2

239 |9
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4.04 6
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3.55 2

3.44 5

3.40 15

3.23 11




WD 02/ 083688 PCT/ SE02/ 00725 84 Table 8 d value (A)Intensity (% 18.9100

9.525 8.81 7.81 6.3 (6.33)10 6.3 (6.26)9 5.73 5.32 5.13 4.982 4.7520 4.622
4.504 4.46,5 4.41.2 4.291 4.241 4.132 3.925 3.8012 3.691 3.542 3. 361 3.176
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83

3.20
3.15
2.87
2.72
2.19
2.18
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| Example 8
Crystallisation of Compound A,_ 2-mesitylenesulphonic acid salt

5 A solution of 2-mesitylenesulphonic acid (0.276 g) in methanol (0.3 mL)

was added to a stirred solution of Compound A (045 g, prépared
analogously to procedures described in Preparation A above (e.g. prior to
addition of benzenesulphonic acid in the procedure described therein for
formation of Compound A, benzenesulphonic acid salt)) in ethyl acetate (10
10 mL). Precipitation occurred immediately. The slurry was stirred at room
temperature for 30 minutes aﬁd then cooled with ice/water. The product was
filtered off and washed with ethyl acetate (3 mL) to give the title compound
(0.60 g, 88 %). The salt produced was dissolved in ethyl acetate (10 mL)
and heated to reflux. Methanol (3 mL) was added to give a clear solution.

15 The solution was allowed to cool to room temperature and then stirred at 0-

5°C for 1 hour. The slurry was filtered to give a colourless solid (0.370g,
54% over two steps). |

The crystals wére analyzed by XRPD and the results are tabulated below
20 (Table 8) and are shown in Figure 8.



3. 041 WO 02/ 083688 PCT/ SE02/ 00725 85 2.38 2.11 2 1 Exanple 9

Crystallisation of Conpound D 5 Method I: Conpound D (prepared anal ogously
to the procedures described hereinbefore) was first purified by col um

chromat ography on silica gel using 9:1:0.05 dichloronethan nol / 28%
aqueous aﬁNBﬂ%@”Q? eluent. The resultant |ight yeIIOM/pB&HS@HEQg g) was
di ssol ved in dichloronethane io (400 nL) and then the yell ow sol uti on was
diluted with n-heptane (2 L) until th%4nixture becanme turbid. The m xture
was stirred vjgQrgusly at roomtenperature and seeded with crystals of
Conmpound D ( ed by slow evaporation of solvent froma small portion
of a solution of title conpound, prepared in anal ogous fashion to this
procedure). A great deal 15 of product had precipitated after stirring for
two hours. THejv#gel(A) Nintehsity'(%) Was. filtered and then dried under vacuum:
at 40C to afflord 179 qglof title gqompound as an of f-white powder. A second
portion (44 ¢)188 col u00purified material gave an additional 25 g.of
title conpound_after simlar recqystallization. 20 Method I1: A m xture of

Compound D (gr%dared a Bﬁogously tlo the procedures described herei nbefore
(see especi al 3 i )
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Met hod 11 above); 14.29 g), iso-propanol (28 nlL) and di-iso-propyl ether
(140 nm.) was heated to 80C. The solution was filtered hot to clarify it and
25 then reheated to, 80C. The solution was then allowed to cool to room
tenperature whereupon a precipitate started to form After stlrrlng for two
hours the WP @488 at e was col lected by filtration, washetFTERA973D wo

02/ 083688 PCT/ SE02/ 00725 86 propanol :di-iso- propyl ether (1:6, 70 nL) and
then sucked dry.on-the filter. The dagg product was dried in vacuo at 70C
overnight to ﬁl ve t-he—titte—eonrpound a white solid (10.1 g, 70%.

1H NMVR (300M#:38cDC13)| 8 1.41 (9H s), 2.3-2.75 (6H, n), 2.75-3.0 (5H) 5
m, 3.1-3.38FH——FB8(2H—=)] 3.95-4.19 (3H, m, 5.85 (1H, bs), 6.99
(2H, d), 7.6 ?2‘#1 d) Method I'l1l: Lonmpound D (prepared anal ogously to the
procedures desctribed nhereinberore; 1.0 g) was dissolved in hot nethyl

i so-butyl ketone to (10 mL). iso-Hexane (30 nL) was added and the sol ution
decanted, froma snmall anobunt of undissolved material, into a clean flask.
The solution was cooled overnight in a fridge which caused a granul ar

preci pitate tExample® The solution was allowed to warmto roomtenperature
and t hen theMMﬁ%&iltration. The solid was sucked dry on
the filter t S1§£1SgHo at 40Cto give an off-white solid (0.73
g). Method N. Conpound D (prepared anal ogously to the procedures described
herei nbefore; 1.0 g) Was dissolved in hot iso-propyl acetate (10 nl).

i so- Cctane (%ﬁeﬂﬁbh IWr?Go ? B{grephedsmblogonsly de dspritedires describéd s mal |
anount of undisSsorv erial, into a clean flask. The sol ution was

cool ed over mmumbefom)fwas:lgbstvpunﬂcdcbwwhman shromostegraphy compisiliseegalo f or m

The sol ution was all owed th? to, r iﬁg@erature and t,hen {he solid
using 9:1:0.05 dic orome ane/met ano o aqueous ammonia as eluent.

The resultant light yellow powder (203 g) was dissolved in dichloromethane
10 (400 mL) and then the yellow solution was diluted with 7-heptane (2 L)
until the mixture became turbid. The mixture was stirred vigorously at
room temperature and seeded with crystals of Compound D (prepared by
slow evaporation of solvent from a small portion of a solution of title
compound, prepared in analogous fashion to this procedure). A great deal
15 of product had precipitated after stirring for two hours. The resulting slurry
was. fillered and then dried under vacuum at 40°C to afford 179 g of title
conﬁiound as an off-white powder. A second portion (44 g) of column
purified material gave an additional 25 g of title compound after similar
recrystallization. '
20 .
Method II: A mixture of Compound D (prepared analogously to the
procedures described hereinbefore (see especially Prepa;;ation D(iv),
Method III.abiove);_14.29 g), iso-propanol (28 inL) and di-iso-propy! ether
(140 mL) was heated to 80°C. The solution was filtered hot to clarify it and
25 then reheated to 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-



collected by filtration. The solid was sucked dry on the filter then dried
in vacuo at 40C to give an off-white"solid (0.82 g). 25 Method V. Conpound
D (prepared anal ogously to the procedures described hereinbefore; 1.0 g)

was di ssolved in hot aqueous ethanol (50% 20 nlL). The solution was cool ed
over a week@Ao836B8a fri dge, which caused needl e WO 02/ 08BEBBEREY2EEQ2/ 00725
87 shaped crystals to form The crystals were collected by filtration and
sucked . dry on the fllter Dryi ng |n % o at 40C gave a coI ourless solid

0.48 Met hod
c(zlescrlg)ed heﬁl@'gﬁﬁg dirl'éso oun @g)ﬁﬁl OUS| ethg)ﬁ?t%}'eggrgit ane
et 1 agrggwg'v@ysdan @'maguna UPFQC U ﬂ?gmefo Qq(e"{ﬁ@‘fﬁl@d in a

granu ar precipitate to sol ution

was al | owed t%ﬂ‘@é@d&ééd@ﬁﬁé&tﬂfmﬁoqtg‘%"@)ﬂd then the solid collected by

filtration. was sucked dry on the filter then dried in 10 vacuo

at 40C to gi viyagvH (300MHE, CDCly) ¥ £al s)JBS-2.7§<6H] m)( 2.76+8.0&8Hhods |t
VI) were anal yzed by(XRPD and thje; resuF?BsI’ )-({re ta §< Leg( beI ow gTagIZ 9)0

and are shp ) 5, b9,
8 441 7.85 W%’T g%ﬁ@mémg EE, 9 @%M&@&énbli% b, b9), 688 11. 2"
(H d), 7.6 (2H, d)

Method III: Compound D (prepared analogously to the procedurés
described hereinbefore; 1.0 g) was dissolved in hot methyl iso-butyl ketone
10 (10 mL). iso-Hexane (30 mL) was added and the solution decanted, from a
small amount of undissolved material, into a clean flask. The solution was
cooled overnight in a fridge which caused a granular precipitate to form.
The solution was allowed to warm to room temperature and then the solid

_collected by filtration. The solid was sucked dry on the filter then dried in
15  vacuo at 40°C to give an off-white solid (0.73 g).

Method IV: Compound D (prepared analogously to the procedures
described hereiniaeforc; 1.0 g) was dissolved in hot iso-propyl acetate (10
mL). iso-Octane (20 mL) was added and the solution decanted, from a
20 small amount of undissolved mateﬁal, into a clean flask. The solution was
cooled overnight in a fridge which caused a granular precipitate to form.
The solution was allowed to warm to room temperature and then the solid |
collected by filtration. The solid was sucked dry on the filter then dried in
- vacuo at 40°C to give an off-white solid (0.82 g). :
25"
Method V: Compound D (prepared analogously to the procedures described
hereinbefore; 1.0 g) was dissolved in hot aqueous ethano} (50%, 20 mL).

The solution was cooled over a weekend in a fridge, which caused needle-
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shaped crystals to form, The crystals were collected by filtration and sucked
" dry on the filter. Drying in vacuo at 40°C gave a colourless solid (0.48 g).

Method VI: Compound D (prepared analogously to the procedures
s described hereinbefore; 100 mg) was dissolved in toluene (1 mL). iso-
Octane (2 mL) was added and the cloudy solution was cooled over a
weekend in a fridge which caused a fine granular precipitate to form.. The .
solution was allowed to warm to room temperature and then the solid

collected by filtration. The solid was sucked dry on the filter then dried in
10 vacuo at 40°C to give an off white solid (62 mg).

The crystals (from Methods I to VI) were analyzed by XRPD and the results
are tabulated below (Table 9) and are shown in Figure 9.

s Table |
d value (A) | Intensity (%)
223 a5
11.2 .. |16
8.4 ' 41
7.5 5
7.1 ' 14
6.4 17
58 . |60 ¢ o
5.5 13
52 7
491 31
4.81 28
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A unit cell was determined from single crystal X-ray data.

It was

orthorhombic, with space group P212121 and the following dimensions: a =
5.870 A, b=9.098 &, c=45.101 A, o= p=7=90° and V = 2408.6 A3,



A sol ution of methanesulfonic acid (0.87 g) in ethyl acetate (40 nL) was
added. After 3 mnutes the solution was seeded with previously prepared
salt (14 ng, from Method .| above) which caused the inmediate formation 25
of a precipitate. After 5 mnutes the solid was collected by filtration '
and washawio01/esh6s8t hyl acetate before being sucked dry AFHHIZPIRE er .
Drying in vacuo at 40C for 3.5 hours gave a white crystalline solid (4.71
g, 97% . mp. 170-2 C (dec.) WO 02/ 083858 PC;T/ SE02/ 00725 90 Method I11:
Oorrpound D, net hanesul phonic acid salt

ar ed acc to the
met hod descr iIB&€ shnwvdtmbmdqthfmo maectr?@a eté%‘é‘??)‘???'{r?lq ec‘{qB nm., 10

vol ). At 70C, I anbi ent
t enper at ur e. }I(ﬂ)ef@r giju’@@ glar%g{egﬂs i&fngf rgt(:a' %ﬁ”@n%?%gg with a
smal | vol urre ﬂt g acetonitrile. This was |n|t|aIIy dried in vacuo at
40C (el ting poin 59.4 to 69.9C (deconposed), residual solvent
acetonitrile 0.08%ww (GC)). This was further dried in vacuo at 80C,
resi dual solvent acetonitrile less than 0.02% ww (GC). Purity 99.92% HPLC
area. 10 Met hBgamhpleAOni xt ure of Conpound D, nethanesul phonic acid salt (2.0
g, 1.0 nol eq. prepare ccordl g 1 he 1r’rﬁthod gesgribed in Method 11
above) and ackiXst ) 2, FRGTAN oAU e to 80C. At this
tenperature a sol utlon had forned The soI ution was allowed to cool to 15
25C 5C and then cooled further to 5C 5C. The product wae&s1 col | ected by
filtration an d | D (2setes)i frepdred @dalogbusly to e\pmce)sses The danp
soI I d was dn%ac%%ﬁg?ﬁgoc @Thlrgg]g%r\?% t he tltgl e %orrpound 15 g,

7.5% as an ofiéscribed dnsPrcpatation I ko) wasrdissolvedsindmethanel \léﬂt )
acetom trile less than 0.02% w w (GO) .

10 Methanesulphonic acid (56 mg, 38 pL) was added to the solution. The.

methanol was removed under reduced pressure and the remainirig gum was

re-dissolved in the minimum amount of hot ethyl acetate possible. The

solution was seeded with previously prepared crystals of salt (prepared by

" slow evaporation of solvent from a small portion of a solution of title

15 compound, prepared in analogous fashion to this procedure) and were left in

the fridge for several days to crystallise. The resulting crystals were

collected by filtration and washed with a small amount of cold ethyl acetate
(recovered 280 mg, 91%).

20 Method I Compound D (4.00 g, prepared analogously to the processes

described in Preparation D above) was dissolved in ethyl acetate (40 mL).

. A solution of methanesulfonic acid (0.87 g) in ethyl acetate (40 mL) was

added. After 3 minutes the solution was seeded with previously prepared

salt (14 mg, from Method I aboye) which caused the immediate formation

25 of a precipitate. .Aﬁer 5‘ minutes the eolid was collected by filtration and

washed with 'cthyl acefate before being sucked dry on the filter. Drying in
vacuo at 40°C for 3.5 hours gave a white crystalline solid (4.71 g, 97%).

m.p. 170-2 °C (dec.)



20 Method V:
1.0 nmol eq.;

A m xture of Conpound D, nethanesul phonic acid salt (10.0 g,
prepared anal ogously to the nethod described in Method I1

above, except that, in this case, butyl acetate cf. ethyl acetate was used
as solvent) and pentan-2-ol (100 ni, 10 rel vol.) was heated to _85C to
give a 25 WOI030833 The sol ution was allowed to cool to FEESEEV LG then
cooled further to 5C. 5C. The product was coll ect ed by filtration and
~washed with cold pentan-2-ol (20 n| L, reI vol.). The danp solid was

dried in vacuo at_ 40C for t t rs ﬁ% avet%@glec gamd(G 72

67, 29 s Mathed Al g terspiphead e s S

I%CT/ 2202/%0325 LBt o an f r ab W W nic acid
i s i #1800k SRR Do Pt

salt (3.0 g,

prepare accor escribed in

Met hod V abo‘é@étoﬁ&‘i'le%”‘ﬁﬂhwm%l?n At 96°C, 1:5561141:105 hied forfled) Thls haated to

90C to 5 give a sol utiobn. The so

ution was all owed to cool to 25C 5C and

then further atlowtédotanob@o dinbiefihtenperaturs Vihe produetcweas esflectad: b¥iti on and
washed with cold 3-net hyI but an- | solid was
dried in vdcudilatiom@ndTwasheq a%hﬁwm?h %Em@o%fg?fﬂi\i&"s@n&ﬁ?%f ﬂ%g%pwtaé solid
(2.43 g, 8 1%, d XY Hé t hangggdg@honi c

acid salt (2. G’u&lﬂyl ﬁolm eaac:uopp%p% e@ g%gorgpﬁ’%% [i gtgng?hg%gd%scrl bed

in Method V

give a solutlon

‘?&H@&Q hesiaall sdﬂ'en(t efBhitrifo wgwodv/w Z(g@)')hem@waso 80C to

xture was allowed to cool to. 5C and t hen

further 15 coqy@Ber driddGntvdzfio al 86°Qyrresidudl selvent etdtenitrile loss than 0:G2%on and
washed w th cold hexan-1-ol éG n., 2 rel vol.). The danp solid was dried

in vacuo at
g, 81%.
10
15
20
25

a0fer (GE). Pugity 899 %HPLC@I%npound as an off white solid (2.43

- Method IV A mixture of Compound D, methanesulphonic acid salt (2.0 g,
1.0 mol eq., prepared according to the method described in Method II

above) and acetonitrile (20 mL, 10 rel vol.) was heated to 80°C. At this

temperature a solution had formed. The solution was allowed to cool to

25°C #+ 5°C and then cooled further to 5°C + 5°C. The product was
collected by filtration and washed with cold acetonitrile (4 niL, 2 rel vol.).
The damp solid was dried ir vacuo at 80°C. This gave the title compound
(0.15 g; 7.5%) as an off-white solid. 99.97% HPLC area. Residual solvent
acetonitrile less than 0.02% w/w (GC). '

Method V: A mixture of Compound D, methanesulphonic acid salt (10.0 g,
1.0 mol eq.; prepared analogously to the method described in Method II
above, except that, in this case, butyl acetate cf. ethyl acetate was used as
solvent) and pentan-Z -0l (100 mL, 10 rel vol.) was heated to 85°C to give a
solution. The solution was allowed to cool to 25°C + 5°C and then cooled -
further to 5°C.% 5°C. The product was collected by filtration and washed
with cold pentan-2-ol (20 mL, 2 rel vol.). The damp solid was dried in
vacuo at 40°C for twenty hours. This gave the title compound (6.72 g,
67.2%) as an off-white solid. 99.47% HPLC area.



The crystals (Methods | to VII) were anal yzed by XRPD and the results are
20 tabul ated bel ow (Table 10) and are shown in Figure 10. Table 10 d val ue
(A)lIntensity (% 12.7100 9.46 7.320 7.111 6.83 WD 02/083688 6.611 6.43

6.017 5.418 5.121 4.9238 4.8322 4.745 4.664 4.454 4.2711 4. 1414 4.0530
3.9938 3. aWQ92/083¢889 3. 657 3. 4219 PCT/SE02/00725

o o1

Method VI: A mixture of Compound D, methanesulphonic acid salt (3.0 g,
1.0 mol eq.; prepared according to the method described in Method V
above) and 3-methylbutan-1-ol (15 mL, 5 rel vol.) was heated to 90°C to

5 give a solution. The solution was allowed to cool to 25°C = 5°C and then
furti)er cooled to 5°C *+ 5°C. The product was collected by filtration and
washed with cold 3-methylbutan-1-01 (6 mL, 2 rel vol.). The damp solid
was dried in vacuo at 40°C. This gave the title compound as an off-white
solid (2.43 g, 81%).

10
Method VII: A mixture of Compound D, methanesulphonic acid salt (2.0 g,
1.0 mol eq.; prepared according to the method described in Method V
above) and hexan-1-ol (15 mL, 5 rel vol.) was heated to 80°C to give a
solution. The mixture was allowed to cool to 25°C £ 5°C and then further

15 cooled to 5°C £ 5°C. The product was collected by filtration and washed
with cold hexan-1-ol (6 mL, 2 rel vol.). The damp solid was dried in vacuo
at 40°C. This gave the title éompound as an off white solid (2.43 g, 81%).

The crystals (Methods I to VII) were analyzed by XRPD and the results are
20 tabulated below (Table 10) and are shown in Figure 10. -

Table 1_0

| dvalue (&) | Intensity (%)
1127 |10

9.4 6
73 20
7.1 11

6.8 3




3.376 3.313 3.225 3:124 3.006 2.965 2.925 2.894 2.813 2.712 92

PCT/ SE02/ 00725 WD 02/ 083688 2.635 2.572 2.503 2.413 93 PCTI SE02/ 00725 A
-unit cell was determned fromsingle crystal X-ray data. It was

ort horhornhic, with space group P212121 and the follomﬁng dinensions: a
7.772 A, WWQ020836880 A c = 25.750 A a goo, and V = 1717FSVREY8I2BsC showed
an endotherm wth an extrapol ated onset tenperature of ca. 1670C. TGA
showed a decrease in mass of ca. 1.2% (W w between 25 and 1000C. jo

Exanple | | 6%;fhllic H poun , hippuric acid salt

6.4 3

6.0 117

5.4 18

5.1 21

492 38

4.83 22

474

4.66

445 4

427 11

4.14 14

4.05 30

3.99 38

387 |33

3.73 9

365 |7 |
342 19 |
3.37 6

3.31 3

3.22 5

3.12 4

3.00 6

| . 1296 RE .

7.92 5

2.89 4

2.81 T3

371 2




A solution of hippuric acid (0.8g)"'in nmethanol (20 M.) was added to a
sol ution of Conpound D (2.00 g, prepared anal ogously to the processes

described in Exarnple 9 above) in nethanol (5 nmL). Thell, the solution was
15 concentrated in vacuo, to give an oil. Diethyl ether (20 nt} was added
and the n%&@M8368ks re-concentrated to give a foam Sth-FEHPERRA2Y her (100

m.) oveémight and filtering yielded 2.22 g of title conmpound (79 % . The
salt, was dried in vacuo, at 34*C, yiel diggg 2.19 g (78 %9 . 20 The presence
of the hippur eS8 wars—confyrmed by NVR The crystals were anal yzed
by XRPD and t pé& ed below (Table 11) and are shown in
Figure 11. 25[%\ b 11 d value (A lntensity (% 16.4100
13.83 6.98 6.6 . 217 5.115 4.9313 4.824 4.6118 4.5026

A -unit cell was determined from single crystal X-ray data. It was
orthorhombic, with space group P212121 and the following dimensions: a =
7772 A, b=14.250 A, c=25.750 A, 0= B =y=90°, and V = 1717.2 A3,

DSC showed an endotherm with an extrapolated onset temperature of ca.
167°C. TGA showed a decrease in mass of ca. 1.2% (w/w) between 25 and
100°C.

10 Example 11
Crystallisation of Compound D, hippuric acid salt

A solution of hippuric acid (0.8g) in methanol (20 mL) was added to a

solution of Compound D (2.00 g, prepared analogously to the processes
described in Example 9 above) in methanol (5 mL). Then, the solution was
15 concen‘trated in vacuo, to give an oil. Diethyl ether (20 1i1L) was added and
: thé mixture was re-concentrated to g@ve a foam. Stitring in ether (100. mL)
ovérnight and filtering yielded 2.22 g of title compound (79 %). The salt

was dried in vacuo at 34°C, yielding 2.19 g (78 %).-

20  The presence of the hippuric acid salt was c_onfum_ed by NMR. -

The crystals were analyzed by XRPD and the results are tabulated below
(Table 11) and are shown in Figure 11. '

25



4.2830 4.206 4.118 3.688 3.545 3.275 5 Exanple 12 Crystallisation of
Compound C PCT/ SE02/ 00725 (i) Conmpound C was prepared anal ogously to the
procedure described in Preparation C above, except that the foll ow ng
final process step was WO 02/ 083688 PCT/ SE02/ 00725 95 wundertaken: A 3 L,
t hr ee- neck WQ e¥R368%s equi pped with a magnetic stirrer, a PEHEMMEter and a
refl ux condenser. The flask was charged with unpurified

~4-[4-(9-oxa-3, 7-di azabi cycl o[ 3:3. | ]non-g-.yl_)butyl ] benzonitrile (see .
Preparation Cévg above, 25.8 g, 88 mmol ? di chl oronet hane (0.88 L) and 5
tert-butyl 2- hyl car bamat e (see Preparation B(l)(i) above, 27.7 g,
123 mmol ). Triethylamne (0.0197 L, 0.141 nol) was then-added. The clear
solution was refluxed for 12 hours under a nitrogen atnosphere and. then

TLC anal ysi o had e G| Peenety CAOLE compl ete. ar his point. 10, (ii) The
reaction m xtlugeqwas trpnferred to a separati ng funnel and washed -
sequentially with water! (200 m) 5% aqueous sodi um hydroxi de' (200 niL),
wat er (200 ni] 138nd brip® (200 nL)] The organic |layer was dried over
magnesi um sul phate-—and| under vacuum The resulting 15 yell ow
vi scous oil wa&%hromat b raphed onj|silica gel, eluting first with 9:1

6.2 6 '

6.1 25

5.6 5

5.5 7

5.2 17

5.1 15

4,93 13

4.82 4

4.61 18

4.50 26

4.28 30

4.20 6 ¥

4,11 8

3.68 8

3.54 S

3.27 5

5 Example 12
Crystallisation of Compound C

@) Compound C was prepared analogoiisly to the procedure described in

Preparation C above, eicept that the following final process step was



di chl or onet hane/ net hanol, then with 9:1:0.02 dichl oronet hane/ net hanol / 28%
aqueous ammoni um hydroxide to afford crude Conpound C (25.1 g, 66 %yield)
as an off-white solid. The,earlier fractions (5.1 g) from chronmatography '
were found to contain a snmall 20 amount of a | ess polar inpurit by TLC
anal ysis, WOR208¥8%hith 9:1:0.05 dichl or onet hane/ net hanoIP/r&j ‘}é/? eous
anmoni um hydroxi de) while the later fractions (20 g) gave one spot by TLC
anal ysis. The earlier fractions (5.1 g were conbined with a.previsouly |

ot el oot L SEPRAY ok oo R PR e )

di chl or omet hhaheXel dar g aﬁgqqxfcbﬁaen%xt]hr&ﬂask%&mhafgammﬁwﬂﬂe@t hanol to

afford a pal e yellow po powder was di ssolved in
di chl or omet hage[4¢@08xa38.7-didubicyekiB Bthjgomel}d)buqd]bemmlwaehed sedseential |y

-

w th 25% aqueous sodi um hydroxi de (50 , m.), and _brine (40
nL). The rraterﬂreparm Qﬁ@hameea&Bv&rS&/\mmlboé@bmomM&B% d228ndo6

| ph t titl
Conpound 3 ataNInT PETBOREr apglE CRRdiBgars RED tme, 475 ved in

-

di chl or onet ha (s e Svt?%“sd _ W th
25% aqueous sgglsum gtomggqﬁfga@@?b%tgrm?%gﬁm , an fg?ngtﬂSey(lOO
m). The mat erdi@lh soRfidnhwas esfhidd Foen2 HagResidemashitiolel atraogheronnknt r at ed
under vacuumto afford as an off-white powder (19 g). The ots were

bl ended t oget lihen cbokedc ty soeins tenaparatareal yThel mgmsav[ofaﬂxﬁ resetionsvies s are

t abul at ed bel ow 10 Table 12 nd ure 1 Tahle 12 d val ue
( )Intensity gnitagedby TLC an ys?s and it was owndtoq)e plete agﬂnspomt

10

(ii) The reaction mixture was transferred to a separating funnel and washed
sequentiallly with water (200 mL), 15% aqueous sodium hydroxide (200
mL), 'water (200 mL), and brine (200 mL). The organic layer was dried
over magnesium sulphate and concentrated under vacuum. The resulting

15 yellow viscous oil was chromatographed on silica gel, eluting first with 9:1
dichloromethane/methanol, then - with 9:1:0.02
dichloromethane/methanol/28% aqueous ammonium hydroxide to afford
crude Compound C (25.1 g, 66 % yield) as an off-white solid. The earlier

' ﬁacﬁoﬁs (5.1 g) from ch£oﬁ1atography 'were found to contain a small
20 amount of a less polar impurity (by TLC analysis, eluting with 9:1:0.05
dichloromethane/methanol/28 % aqueous ammonium hydroxide) while the
later fractions (20 g) gave one spot by TLC analysis. The earlier fractions

(5.1 g) were combined with a previsouly prepared batch of Compound C

(7.1 g, containing a slight impurity) and chromatographed on silica gel,

25 eluting first with 19:1 dichlorozheﬂuane/methanol, and then with 9:1
dichloromethane/methanol to afford a pale yellow powder (5.5 g). The
powder 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



10. 016 9.164 8.1100 6.584 5.519 5.241 5.121 4.9920 4.9021 4.609 4.4630
4.3225 4.0678 WO 02/ 083688 4. 0033 3. 8515 3.8023 3.6610 3.565 3.4417 3.334
3.165 2.948 2.824 2.694 2.445 97 PCr SE02/ 00725

WO 02/083688 PCT/SE02/00728

96
magnesium sulphate and concentrated under vacuum to afford crude title

compound as an off-white powder (5 g). The 20 g fraction was dissolved in
dichloromethane (500 mL). The organic layer was washed sequentially
with 25% aqueous sodium hydroxide (100 ml), water (100 ml), and brine
5 (100mL). The material was then dried over magnesium sulphate and
concentrated under vacuum to afford as an off-white powder (19 g). The

lots were blended together.

The crystals were analyzed by XRPD and the results are tabulated below
10 (Table 12) and are shown in Figure 12.

Table 12
d value (A) | Intensity (%)
19.4 24
10.0 116
9.1 64
8.1 100
65 . |84 ,
55 |19
5.2 41
5.1 21
4.99 20
4,90 21
4.60 9
4.46 30
4.32 25
4.06 78




DSC showed an endot herm c peak with an extrapol ated onset tenperature of
ca. 971C. TGA showed a decrease in mass of ca. 0.6% (ww between 25 and
1200C. 5 Exanple 13" 1 Crystalligation of CgLnmpound C, nethanesul phonic

acid salt Co
descri bed W

Met hane~ul phonic acid (56 ng, 38 pJ,) was added to the sol ution.

ound C (250 ny,

prepared i n anal ogous fasmp%%@i:&m%o% process
T lo

8% e 12 above) was dissol ved in methanol

The

met hanol was renmoved under reduced presgure and the remai ni ng. gum was

.nlfhr\ A

re-di ssol ved a—the—riHi e afrett—of hot i so-propanol possible., The
sol ution was s@Qged wi |7 previouslyl prepared salt (prepared by sl ow
evaporation o tvert |'1| ma smatri} portion of a solution of title
conmpound, 15 p?'?gared iln "anal ogous {fashion to this procedure) and left in
the fddge for[gggveral |days to crystallise. The resulting crystals were
col lected by filtratiorq WD 02/ 083688 PCT/ SE02/ 00725 98 and washed with a
smal | amount pB.66ol d i gadpr opanol (jrecovered 220 ng, 72 %9 . The crystals
were anal yzed| by XRPD dnd the resulits are tabulated below 5 (Table 13) and
are shown in FB§6re 13.|5Table 13 -& -value (A Intensity (% 13.3100 12.35
9.65 7.56 :
' 3.44 17

3.33 4

3.16 5

2,94 8

2.82 4

2.69 4

244 S

DSC showed an endothermic peak with an extrapolated onset temperature of

ca. 97°C. TGA showed a decrease in mass of ca. 0.6% (w/w) between 25
and 120°C.

‘Example 13
Crystallisation of Compound C, methanesulphonic acid salt

Compound C (2'50” mg, prepared in analogous fashion to the process

described in Example 12 above) was dissolved in methanol (10 mL).

10 Methanesulphonic acid (56 mg, 38 pL) was added to the solution. The
methanbl was removed under reduced pressure and the remaining gum was
re-dissolved in the minimum amount of hot iso-propanol possib}e., The ,
solution was seeded with previously prepared salt (prepared by slow
evaporation of solvent from a small portion of a solution of title compound,
15 prepared in analogous fashion to this procedure) and left in the fridge for

several days to crystallise. The resulting crystals were collected by filtration



6.96 6.83 6.712 6.42 6.22 6.02 5.512 5.32 5.113 5.05 4.895 4.814 4.344
4.234 4.206 WO 02/ 083688 PCT/ SE02/ 00725 4.085 3.992 3.898 3.855 3.804 3.682
3.522 3.492 3.432 3.392 3.332 3. 253

WO 02/083688

and washed with a small amount o

72 %).

98

f cold iso-propan

PCT/SE02/00725

ol (recoveréd 220 mg,

The crystals were analyzed by XRPD and the results are tabulated below

(Table 13) and are shown in Figure 13.

Table 13
d value (A) | Intensity (%)
13.3 100
12.3 5
9.6 5
7.5 6
6.9 6
6.8 3
6.7 12

164 2
6.2 2
6.0 2
5.5 12
5.3 2
5.1 13
5.0 5
4.89 E |
4.81 4
4.34 4
423 4
4,20 6




3.012 2.942 2.901 2.801 2.491 2.402 99 DSC showed endot herm c peaks with
extrapol ated onset tenperatures of ca. 145C (mnor) and 170C (major). TGA
showed a decrease in nmass of ca. 0.9% (ww between 25 and 105C. 5 Exanpl e
14 Crystallisation of Conpound C, para-tol uenesul phonic i Compound
C (250 ny,WBOUPE¥¥Y i n anal ogous fashion to the process aggg%@?hégl in
Exanpl e 12 above) was dissolved in nethanol (10:nL). to Tol uenesul phonic
acid (110 ng) was added to the solutio The met hanol was renoved under

reduced presspye—ane ”‘% Fefretfi-Ag gum Was re WO 02/ 083688 PCT/ SE02/ 00725
100 dissolv F}W% t he i“ni num anmount of hot ethyl acetate possible. The
solution was sbggu'ed wi12'n previous|y prepared salt (prepared by slow
evaporation of ""5Solventf"froma snall portion of a solution of title
conpound, prepsged 1n [@nal ogous flashion to this procedure) and left in the
fridge for sejeral dayg to 5 crystiallise. The resulting crystals were
coll ected by ff3.B5ratiof S5and washedl with a small amount of cold ethyl
acetate (recopered 2801ng . 78% . The crystals were anal yzed by XRPD and the
results are tiab8Pated el ow (Tablle 14) and are shown in Figure 14. 10

3.68 2

3.52 2

3.49 2

3.43 2

3.39 2

3.33 2

3.25 3

3.01 2

2.94 2

2.90 1

2.80 1

2.49 1

2.40 2

DSC showed endothermic peaks with extrapolated onset temperatures of ca.
145°C (minor) and 170°C (major). TGA showed a decrease in mass of ca.

0.9% (w/w) between 25 and 105°C,

Example 14 , S L
Crystallisation of Compound C, para-toluenesulphonic acid salt

Compound C (250 mg, prepared in analogous fashion to the process
described in Example 12 above) was dissolved in methanol (10 mL).
10 Toluenesulphonic acid (110 mg) was added to the solution. The methanol

was removed under reduced pressure and the remaining gum was re-



Table 14 d value (A)lIntensity (% 13.2100 8.10.5 7.50.7 7.13 6.60.7 6.40.9
6.30.7 6.00.8 5.61 5.42 5.23 5.04 4.972 4.860.8 4.672 WO 02/ 083688 4.420.7
4.283 4.247 4.192 4.121 4.082 4.032 4.011 3.921 3.820.7

WO 02/083688 PCT/SE02/00725

x -100 o
dissolved in the minimum amount of hot ethyl acetate possible. The solution

was seeded with previously prepared salt (prepared by slow evaporation of
solvent from a small portion of a solution of title compound, prepared in
analogous fashion to this procedure) and left in the fridge for several days to

5 orystallise. The resulting crystals were collected by filtration and washed
with a small amount of cold ethyl acetate (recovered 280 mg, 78%).

The crystals were analyzed by XRPD and the results are tabulated below
(Table 14) and are shown in Figure 14.

10
Table 14

d value (A) | Intensity (%)
13.2 100
8.1 0.5
7.5 0.7
71 |3
6.6 - 107
6.4 0.9
6.3 0.7
6.0 0.8 -
5.6 1
54 2
5.2 3
5.0 4
4.97 2
4,86 0.8
4.67 2




3.780.8 3.660.8 3.570.5 3.461 3.362 3.321 3.122 101 PCT/ SE02/ 00725 DSC
showed an endot herm c peak with an extrapol ated onset tenperature of ca.
138C. TGA showed a decrease in nmass of ca. 0.2% (ww between 25 and 150C
5 Exanpl e 15 Conpound D, [ (biphenyl-4-carbonyl)am no]aPetic id salt (a)
j , (Bi phenyWOM2@86%onyl ) am no] acetic acid net hyl ester topﬁ?@ﬁ@)@aﬁet hane
(50 nm.) and then triethylamne (11.2 nL, 79.6 nmol, 2.0 eq) were added to
gl ycine nethyl ester hydrochloride (5. i)?p 39.8 mol, 1.0 eq). The m xture
cel

was stirred apnd-cooled- tqz 5C—4s+HAg an et hanol WD 02/ 083688
PCT/ SE02/ 007254432  batR:# A susperjsi on of bi phenyl - 4- car bonyl chl ori de
(8.26 g, 39.8gpt—tf5—eq—tndfjchl oronet hane (25 nlL) was added over 22
m nutes. The r’ﬁ’; ure wés stirred|for 3 hours at -5C, and then left to stir
at room tenpefgpure over ni gnt (1g hours). Water (75 nL) was added and the -
m xture was sfifred 5 fapidly for {30 minutes at room tenperature. The
| ayers were sepapated. |Bhe organilc | ayer was washed with water (75 nli),
then evaporatpd to dryness usingla rotary evaporator to give an off-white
solid (6.58 g|4.62% . 1

4.08 2

4,03 2

4.01 1

3.92 1

3.82 0.7

3.78 0.8

3.66 0.8

3.57 0.5

3.46 1

3.36 2

3.32 1

3.12 2

DSC showed an endothermic peak with an extrapolated onset temperature of
ca. 138°C. TGA showed a decrease in mass of ca. 0.2% (w/w) between 25
and 150°C.

Example 15
Compound D, [(bipheny1-4-carbon11)amino] agetic acid salt

(a) [(Biphehyl-4-carbonyl)amino]acetic acid methyl ester
10 Dichloromethane (50 mL) and then triethylamine (11.2 mL, 79.6 mmol, 2.0
eq) were added to glycine methyl ester hydrochloride (5.0 g, 39.8 mmol, 1.0

eq). The mixture was stirred and cooled to —5°C using an ice/methanol



1H NWVR (300MHz, CDC13) S 3.82 (s, 3H), 4.29(d, J =
1H), 7.3-7.5 (m 3H), 7.62 (d, J = 4.8 Hz, 2H), 7.
|t(()B_7. ﬁo (ld, 4J:8. ngz, 2H) mp. 127-128C (b)

Bi phenyl - 4- carbonyl ) am no] acetic acid [(Bi phenyl-4-carbonyl)am no ti
aci d net hywaeestoessg 6. 58 g, 25 mol, 1.0 15 eq., f)r/om steﬁngEogB%%))agg °
added to the flask followed by aqueous sodium hydroxide (1M 84 M, 50
Ln(;rglr, 2Tg eq)l. ;I'_he_ mxturﬁ was heat ed Jgg 50C using an oil bath for 5

S. e solutiaon was then.stirred rni ght. (1 r :
terr})e (rj a]E ur e.h bathe Aofuspension %ﬁ‘&’é" q’eﬂﬁ?aﬁ ?’é}fr]&%i]‘?ré%@di]@%h@r%%ﬁg%s
cool e urther {o PSi Isel ot a chloric
acd (8 ) v i ggﬁ%ﬂ%ﬁsﬁ rif Fhe SR ot A RO R e et
_ u I V@&od0 IRX Wasorf (! r 15 :
m nutes and vva%gast er?qfl tgerﬁgud‘?tb?hg (\%h%%ﬁgégl{égf\?jagsﬁa?r o{?itglgp?%'rﬂfrgo

m nutes and t lhQemeiitg U6 houthc Watet(79 L Y was ddiled andshe migture vaas stimbd whi t
solid (5.75 g, 93¢ S T R (SO(OM-IZ,)fDIVBOdG) S 3.g§g(d, 1257t

2H)_, 7. 35- 3. 5 rgpidly forB0 minntes agrqom temperaturey ﬂhﬂl,aysrsﬂﬂet@emf,ateﬂﬁif}lea 89 (t,
105 (&) Efloggﬁfmigwg??iﬁsgﬁ@%ﬂéﬁ e%é?é%lg%% 9%5’;?9?§5°5§|T %&5@%29525
3gietnigcazr;]1ci0idl (i‘.sﬁlgga, r?ﬂrﬁ é?_ep (géj grgov%f. G’?ﬁg %Hik%rég ’Bs%ﬂgat glmt BO]G_ZC_ 5
was held at thi '%@Q@%@?@? %19%6%;2‘?{7’ %?g gddpﬁ@nﬂﬁgmggls'g%gut l)on
cool to room tgngy, 3L (ryBHY, 162 (@23 ~c4.8/H 2H), 7168 (d,d =38.1uBliznZHan
10 7.90(d,T=84Hz,2H)
m.p. 127-128°C

5.1 Hz, 2H), 6.68 (s,
68 (d, "J = 8.1 Hz, 2H),

(b) [(Biphenyl-4-carbonyl)amino]acetic acid
[(Biphenyl-4-carbonyl)amino]acetic acid methyl ester (6.58 g, 25 mmol, 1.0

15 eq., from step (a) above) was added to the flask followed by aqueous
sodium hydroxide (1M, 84 mL, 50 mmol, 2.0 eq). The mixture was heated
'to 50°C using an oil bath for 5 hours. The solution was then stirred
overnight (16 hours) at room temperature. On cooling, a white precipitaté
formed. The mixture was cooled further to 5°C using an ice/water bath.

20 Concentrated hydrochloric acid (8 mL) was added very slowly to the cooled
solution, ensuring that the tempefatu.re did not rise above 10°C. The mixture
was stirred for 15 minutes and was then filtered. The white solid was air
dried for 30 minutes and then dried in vacuo at 40°C for 16 hours to give an
off-vihite solid (5.75 & 93%). | |

25 1H-NMR (300MHz, DMSO-dg) & 3.95 (4, J = 5.7 Hz, 2H), 7.35-7.5 (m,
3H), 7.7-7.8 (m, 4H), 7.97 (d, ] = 6.9 Hz, 2H), 8.89 (t, ] = 6.0 Hz, 1H),
12.58 (s, 1H) '
mp 217-217.5°C



i ce/water bath. Crystallisation began at approximately 30C. The precipitate
was col lected by filtration, air dried for 15 mnutes, then dried in vacuo
at to 40C for 26 hours to give colourless crystals (2.9 g, 58 %9. 1H NWR
(300MHz, DMSO-d6) 8 3.95 (d, J = 5.7 Hz, 2H), 7.35-7.5 ( 3 7.7-7.8
(m 4H), 7WOP2086688) = 6.9 Hz, 2H), 8.89 (t, J = 6.0 Hz, ?@T{SE@W% (s, 1H)
15 (d) Conpound D, [ (biphenyl-4-carbonyl)am no]acetic acid salt

[ (Bi phenyl - 4-car bonyl ) am no] acetic aci 1.14 g, see steps (b) or (c) -
above) and Conpourid D (2 g, prepared anal ogously to nethods descri bed
her ei nbefore) were di ssolved in hot iso-propanol (40 nL). On cooling to

room t enper at gd(’ﬁ{e% MAL n’lgi dﬁ@ﬁﬁﬁ%ﬂhlé}ﬁoﬁﬁaﬁﬁo}mgwams filtered, 20

washed with i 2—x—20 Tty —amusucked dry on tne filter. Drying

for 6 hours i feRGieP (2004R1C 20veld)heasaddedato H(bipHenyl-#eashonylmind]t i ne

solid (2.50 g, 809 . 1H NVR (300MHz, DMBO-d6+) 8 1.34 (9H, s), 2.25 (2H,
t), 2.3-2.5 (#ddtic adid (2.06g,2rom(stéph (b))aboRe)- The mikkyrenyas heated  629GUH, ),
3.0-3.1 (2H, m), 25 3.82 (2H, s), 3.88 (2H d), . 3.95-4.05 éZH, . 4.1-4.2
(1H, m), 6565ufinpant il bath whilstbeiag stireds_ Fhegesulifng pyle oran W?@BH%’]BH, m

7.96 (2H, d), 8.75 (1H. .t I p,143-143. 5 / 8 00725

-104 (The C?’ yMI}?I‘S\/@F @%?‘i%@é“gﬁ‘% °f_xf§>6“§§tf\é\?ﬁ§g rsgg‘ﬁﬁ?‘ s@%‘lﬁggﬁ |t§3).t ed

bel ow (Tabl e 19) (A0S 25l hnd uH SrabSooolal ik © 9CAUsy am
ice/water bath. Crystallisation began at approximately 30°C. The precipitate

was collected by filtration, air dried for 15 minutes, then dried in vacuo at
10 40°C for 26 hours to give colourless crystals (2.9 g, 58 %).

1H-NMR (300MHz, DMSO-dg) & 3.95 (d, J = 5.7 Hz, 2H), 7.35-7.5 (m,

3H), 7.7-7.8 (m, 4H), 7.97 (4, ] = 6.9 Hz, 2H), 8.89 .(t, J = 6.0 Hz, 2H),

12.58 (s, 1H)

15 (d) Compound D, [(biphenyl-4-carbonyl)amino]acetic acid salt

[(Biphenyl-4-carbonyl)amino]acetic acid (1.14 g, see steps (b) or (c) above)
and Compound D (2 g, prepared analogously to mej;hods described
hereinbefore) were dissolved in hot iso-propanol (40 mL)..' On cooling to 5
room temperature a crystalline precipitate formed which was filtered,

20 washed with iso-propanol (2 x 20 mL) and sucked dry on the filter. Drying
for 6 hours in vacuo at 40°C gave the salt as a colourless, crystalline solid

(250 g, 80%).
1H-NMR (300MHz, DMSO-dg+) 8 1.34 (9H, s), 2.25 (2H, t), 2.3-2.5 (4H,
m), 2.6-2.7 (1H, m), 2.7-2.8 (1H, m), 2.85-3.0 (4H, m), 3.0-3.1 (2H, m),

25 3.82 (2H, s), 3.88 (2H, d), 3.95-4.05 (2H, m), 4.1-4.2 (1H, m), 6.65 (1H, t),

7.14 (2H, d), 7.35-7.55 (3H, m), 7.7-7.85 (6H, m), 7.96 (24, d), 8.75 (1H, )

mp 143-143.5°C



11.524 10.34 10.06 9.411 7.734 7.223 6.25 5.949 . 5.715 5.66 5.411 5.313

5.214 5.06 4.898 4.819 4. 706 4.6057 4.5489 4.36 9 WD 02/083688 4.227 4.1318
4.068 3.8513 3.7927 3.6412 3.6111

WO 02/083688 PCT/SE02/00725

The crystals were analyzed by XRPD and the results are tabulated below

(Table 15) and are shown in Figure 15.

Table 15
5 .

d value (A) | Intensity (%)
204 45
15.3 100

' 115 24
10.3 4'
10.0
9.4 11
7.7 34
7.2 23
6.2 5
5.9 49 -
5.7 15 |
5.6 6 o o
54 11
53 13
52 14
5.0 6
4,89 8
431 9 |
4.70 6
4.60 57
4,54 89
4.36 19




3.4011 3.316 2.986 2.9412 2.886 105 PCT/ SE02/ 00725 Exanmple 16 Compound D,
hem succinic acid salt 5 A hot solution of Conpound D (5.35 g; prepared
anal ogously to procedures described. hereinbefore) and succinic acid (0.71.
g) in iso-propanol (20 m.) was seeded with Conpound D, hem succinic acid
sal t (prepWPdd0H88s| ow evaporation of solvent froma smdldUSERHn of a
solution of title conpound, prepared in analogous fashion to this
procedure), and then left to stand in tQﬁ lo fridge. The follow ng day, the
“precipitated solid-wasgeH-ected—hy fiﬂt ation and washed with

i so- propanol (“2@2 m_)'tw I'Rel solid was sucked dry on the filter and then
dried in vacysqat—40C—THhgr—2—hours| to give the title conpound as a white
solid. The fi I%‘r%\te was “al | oned toj evaporate totally by being left open to
the at mospherfggaghis T¢fgh a sol1d fhat was slurried in iso-propanol 15 (20 .
mL.) and then |[filtered, |washing on fhe filter with iso-propanol (70 niL).
The solid was Bgsked dny3on the fijter and then dried in vacuo at 40C for
90 mnutes tjo give the title compound as a white solid (2.8 g). WO
02/ 083688 PCI/BED2/ 007227106 np 1{12-114C The crystals were anal yzed by -
XRPD. and the_LesJ.Ll-t—s—-erL%—x—a-bu-l'—a-t—ed bel ow (Table 16) and are shown in
Figure 16. 5 3.64 1 ,

3.61 11

3.40 11

3.31 6

2.98

2.94 12

2.88 6

Example 16

Compound D, hemisuccinic acid salt

5 A hot solution of Compound D (5.35 g; prepared analogously to procedures
described hereinbefore) and succinic acid (0.71. _-‘g).!i'n iso-propanol (20 ml:)
was seeded with_Compound D, hemisuccinic acid salt (prepared by slow
evaporation of solvent from a small portion of a solution of title compound,
prepared in analogous fashion to this procedure), and then left to stand in the

10 fridge. The following day, the precipitated solid was collected by filtration
and washed with iso-propanol (20 mL). The solid was sucked dry on the
filter and then dried in vacuo at 40°C for 2 hours to give the title compound
as a white solid. The filtrate was allowed to evaporate totéllly by being left
open to the atmosphere. This left a solid that was slurried in iso-propanol

15 (20 mL) and then filtered, washing on the filter with iso-propanol (70 mL).
The solid was sucked dry on the filter and then dried in vacuo at 40°C for 90
minutes to give the title compound as a white solid (2.8 g).



Table 16 d value (A)Intensity (% 35.45 18.0100 12.12 8.37 8.012 7.515 7.35
6.810 6.112 5.89 5.49 4.8941 4.797 4.6828 4.595 4.5426, 4.4337 4.3510
4.1816 4.0410 WD 02/ 083688 PCT/ SE02/ 00725 3.994 3.905 3.834 3.674 3.588

WO 02/083688 PCT/SE02/00725

106
mp 112-114°C

The crystals were analyzed by XRPD and the results are tabulated below
(Table 16) and are shown in Figure 16.

Table 16
d value (A) | Intensity (%)
354 S |
18.0 100
12.1 2
8.3 7
8.0 12
7.5 15
73 |3
6.8 10
6.1 , 12
58 |9 ‘
54 19
4.89 4]
4,79 7
4.68 28
%3
1454 26 - a
4.43 137
4.35 10
4.18 16
4.04 10




3.132 3.07 .6 3.03.3 2.474 2.443 107 Exanple 17 Conpound D,
(3, 4-di chl orobenzoyl am no)acetic acid salt 5 (a)

(3, 4-Di chl or obenzoyl am no) acetic acid nethyl
(33.0 nL, 234 mmol,
gl yci ne neMW8/02/0838%&r hydrochl oride (14.7 g,
m xture was stirred and cooled to 2C using an ice/ water
of of 3, 4-dichl orobenzoyl

and then triet

di chl or onet ha
for 1 hour at
hours). Water
30 mi nutes at
| ayer was wash
rotary evaporé
85% was added
hydr oxi de sol U
concentrated t

hyl am ne

chl ori de
was _added

ester Dichl oronet hane (150 nlL)
2.0 . eq.) were; added to

117 nmol,  1.R$TER030073%e
bath. 10 A solution

(24. g, 117 nmmol, 1.0 eq.) in

(75 i)
389 t hen

|%ft to sti

ver m nutes. The mi xture was stirred
at room tenperature overnight (16

22BE __d .\
SAEREE~Y |

1tbr3to gi

t en

ancaddaed o
A t>) avuucu A
ﬁ%r at ure.

T
ve an of f-wl

hd the m xture was stirred rapidly for
ne | ayers were separated. The organic 15
), then evaporated to dryness uSing a -
nite solid. The isolated solid (26.18 g,

3@y ai cnl
t1on (300

04 ONMEt hane
n, 10 vol

300 m., 10 vols.) with 1M sodium
5). , The |l ower organic |layer was

3.3 yness

8n vacuo (1

b5.91 g, 84 % . WD 02/ 083688
3C 6H (300 MHz, CDC13) 3.66 (1H, s,

- 7.87 (2H m CH), 8.100 (1H, s, CH),

Compound D, (3 ,4-dichlorobenzoy]arﬁino)aceﬁc acid salt

(a) (3,4-Dichlorobenzoylamino)acetic acid methyl ester

Dichloromethane (150 mL) and then triethylamine (33.0 mL, 234 mmol, 2.0

-eq.) were: ad&ed to glyéine methyl ester hydrochloride (14.7 g; 117 mmol, |

PCT/ SE02/ 00728 _108 mp | 133 2- 134
CH3), 4.03 (2H3.X J=6l2CH2), 7.7
9.18 (1H, t, J= -
( EL AR {3
3.03 3
247 4
2.44 3
Example 17
5
10
15

1.0 eq.). The mixture was stirred and cooled to 2°C using an ice/water bath.

A solution of of 3,4-dichlorobenzoyl! chloride (24.55 g, 117 mmol, 1.0 eq.)

in dichloromethane (75 mL) was added over 7 minutes. The mixture was

stirred for 1 hour at 2°C, then left to stir at room femperature overnight (16

hours). Water (225 mL) was added and the mixture was stirred rapidly for

30 minutes at room temperature. The layers were separated. The organic

layer was washed with water (225 mL), then evaporated to dryness using a

rotary evaporator to give an off-white solid. The isolated solid (26.18 g,
85%) was added to dichloromethane (300 mL, 10 vols.) with 1M sodium
hydroxide solution (300 mL, 10 vols). " The lower organic layer was

concentrated to dryness in vacuo (2591 g, 84 %).



5 (b) (3, 4-D chlorobenzoyl am no)acetic acid

(3, 3-Di chl orobenzoyl am no) acetic acid. nmethyl ester (25.91 g, 100 mmol,
1.0 eq., see step (a) above) was added to the flask foll owed by agueous
sodi um hydroxide (1M 198 nmi, 200 nunol, 2.0 eq.). . The m xture was
heated to B®2P8368%) an oil bath for 2 hours. On cooling, BECTHOY725
precipitate 1o fornmed. The m xture was cool ed further to 5C using an

- ice/water bath. Concentrated hydrochl acid (60 nL) was added very
slowy to the cooled solution, ensuri hat the tenperature did not rise
above 10C. Thanpml3&2r B4 stirred for 10 minutes and was then filtered.
The white solid was air drl%g@ or 15 mnutes and then dried in_vacuo at

40C for 16 hodis (309 Mhz, 161z 3-64 (s (dlDofi0d @b did 56, &8, 748p. 140.0

o, o 10 (1 e R P A0, R Ty g, R o (2 T

Compound D, (3, 4-dichlorobenzoyl am no)acetic acid salt
(3, 4-Di chl or obenzoyl am no)acetic acid (0.56 g, see step (b) above) and

Conpound Ds( 1.(0P(3H4-Dicldpasbedzaylahigdacetiy a¢id procedures descri bed
herei nbefore) were dissolved in hot ethyl acetate (4 nL On cooling to

room t enper at &Bé-thl,qrpbqrmoylan@ng}aé@ﬂqoawldtraeﬁwl eler (B9.Oh Eval)0F mmpeds ed, 25
hed th eth t 5.nL d t
over nignt 1 n Vg, 66 2 (k. ¥ aeed e $1a8R oflGwee dSaduepye: aP i ne

A oS OIS OB g

2.5-2.6 (1 H, 1 , 3 0-
e (rr) gf_é)éted%o §?i€ll_lzlsi%§|ﬂn mbatﬁ%’?lé@rﬁdfd{i_cdﬁm%za%tép é:ﬁ%ﬂgéte oo

10 formed. The mixture was cooled further to 5°C using an ice/water bath.

Concentrated hydrochloric acid (60 mL) was added very slowly to the
cooled solution, ensuring that the temperature did not rise above 10°C. The
mixture was stirred for 10 minutes and was then filtered. The white solid
was air dried for 15 minutes and then dried in vacuo at 40°C for 16 hours to
15 give an off-white solid (19.15 g, 78%).

m.p. 140.0 - 140.3°C

. OH (300 MHz, DMSQ-D5) 394 2H, d,J = 6, Csz, 7.77- 7.87 (2H, m,

| CH), 8.10 (1H, s, CH), 9.06 (1H, t, J= 6), 12.66 (1H, bs, OH)

20  (c) Compound D, (3,4-dichlorobenzoylamino)acetic acid salt

(3,4-Dichlorobenzoylamino)acetic acid (0.56 g, see step (b) above) and -
Compound D (1.62 g; prepared analogously to procedures described
hereinbefore) were dissolved in hot ethyl acetate (4 mL). On cooling to
room temperature, a crystalline precipitate formed which was filtered,
25 washed with ethyl acetate (15 mL) and sucked dry on the filter. Drying
overnight in vacuo at 40°C gave the title salt as a colourless, crystalline
solid (0.92 g, 58%).
m.p. 128.5-130.5°C



7.12 (2H, d), 7.7-7.8 (3H, m, 7.84 (1H, dd), 8.09 (1H, dd) 8.92 (1H, t) 5
The crystals were anal yzed by XRPD and the results are tabul ated bel ow
(Table 17) and are shown in Figure 17. Table 17 i 10 d value (A)Intensity
(% 16.6100 13.84 10.910 10.33 6.36 6.215 5.531 5.330 5.114 5.012 4.6038
4.3320 4. 30M0040834881 4. 113 3.858 3.7013 WD 02/ 083688 PCT/RHEEYYW7IS5 3. 506
3.3010
B - 109 - Co '

1H-NMR (400MHz, DMSO-D6) 8 1.34 (9H, s), 2.26 (2H, t), 2.3-2.5 (3H,

m), 2.5-2.6 (1H, m), 2.6-2.7 (1H, m), 2.7-2.8 (1H, m), 2.85-3.0 (4H, m), 3.0-

3.1 (2H, m), 3.8-3.9 (4H, m), 4.01 (2H, d), 4.1-4.2 (1H, m), 6.69 (1H, 1),

7.12 (2H, d), 7.7-7.8 (3H, m), 7.84 (1H, dd), 8.09 (1H, dd) 8.92 (1H, 1)

The crystals were analyzed by XRPD and the results are tabulated below
(Table 17) and are shown in Figure 17.

Table 17
10
d value (A) | Intensity (%)
16.6 100
13.8 4
10.9 10
10.3 3
6.3 6
62 |15
3 55 |31
5.3 30
5.1 14
5.0 12
460 |38 )
433 20
, 430 11
422 11
411 3
3.85 8
3.70 i3




3.167 3.066 2
(napht hal ene-
[ (Napht hal ene
(66 nm.) and t

gl yci ne mnetW@

. 995 2.953 110 Exanple 18 Conpound D,
2-carbonyl )am no]acetic acid salt 5 (a)

- 2-car bonyl ) am nol acetic acid nethyl ester Dichloronethane
hen triethylamne (14.6 nmL, 105 mvol, 2.0 eq.) were added to

p2/083688r hydrochl oride (6.61 g, 52.5 nmol, 1PQI/SEY2/§07257 \whi

preci pitate appeared on the addition of the tri'ethylam ne, 1o and the

sol ution becane a |ot. thicker. The m xt It was stirred and cooled.tq 2C o
52.5
d? onet hane [ 33 m.) was added over 15 mnutes. The

using an ice/
mmdl, 1.0 eq.
pal e brown m
added and the
t emper at ur e.

sodi um hydr ox
rotary evapor
117.7-118. 1C
CH2), 20 7.5
CH, 9.124 (
[ ( Napht hal ene
[ (Napht hal ene

ater—pat-h—A—setkut+oen of 2-napht hoyl chloride (10.07 g,
358 di chi

‘|3bc was g Trred—Tfor 25 hours at 5C. Water (100 nL) was
%xture was. stirredjrapidly for 30 mnutes at 15 room .

de (1M 100 mi) and then evaporated to dryness using a

@6 to giv@ an off-white solid (12.21 g, 96 %9. mp.

bH (400 MYz DMSO-DG) | 3.68 (3H, s, CH3), 4.08 (2H, d, J =

D299.66 (2H m CH), J.935- 8.015 (4H, m CH), 8.491 (1H,
ot d—=46- P/ 083688 PCT/ SE02/ 00725 11'1 (b)

139ar bonyl:') am no] acetic acid -

2—carbonyt-amnotacetic acid nethyl ester (10.03 g, 41

Example 18

5

10

15

20

Compound D, [(naphthalene-2-carbonyl)aminolacetic acid salt

(a) [(Naphthalene-2-carbonyl)aminolacetic acid methyl ester
Dichloromethane (66 mL) and then triethylamine (14.6 mL, 105 mmol, 2.0
eq.) were added to glycine methyl ester hydrochloride (6.61 g, 52.5 mmol,

1.0 eq.). A white precipitate appeared on the addition of the triethylamine, -
and the solution became a lot thicker, The mixture was stirred and cooled to
2°C using an ice/water bath. A solution of 2-naphthoyl chloride (10.07 g,
52.5 mmol, 1.0 eq) in dichloromethane (33 mL) was added over 15
minutes. The pale brown mixture was stirred for 25 hours at 5°C. Water
(100 mL) was ad&ed and the mixture was-stirred rapidly for 30 minutes at
room temperature. The layers were separated. The organic layer was
washed with sodium hydroxide (1M, 100 mL) and then evaporated to
dryness using a rotary evaporator to give an off-white solid (12.21 g, 96 %).
m.p. 117.7- 118.1°C - . ._ L
g1 (400 MHz, DMSO-Dg) 3.68 (3H, s, CH3), 4.08 (2H, d, J = 4.5, CH)),
7.59- 7.66 (2H, m, CH), 7.935- 8.015 (4H, m, CH), 8.491 (1H, s, CH), 9.124
(1H, t, J=45.6, NH)

te

Bagl ayer | er e separ pt ed. The organic layer was washed with-

4.5,
S,



mmol, 1.0 eq., see step (a) above) was added to the flask foll owed by
aqueous sodi um hydroxide (1M 120 nmL, 123 mmol, 3.0 eq.). The mxture 5 was
heated to 55C using an oil bath for 2 hours. The' m xture was cooled to 5C
using an ice/water bath. Concentrated hydrochloric acid (50 m_‘% was added
very sl ow yW@82883688cool ed sol ution, ensuring that the tenPeF2RBO¥2Yi d not
rise above 10 C. A dense yellow precipitate was forned. The m xture was
stirred for 10 m nutes and was then filbiied. The yellow.sglid was air 1o
dried for 15 mnutes and then dried in up at_40C for 16 hours (8.73 g,

93 9% . Met h?no(b)(KbTanhtha}me%ca@onﬁglmmmm 20 vols) were added to
' -t nd. .0.0, 2 . '
hented to 7oc (bRl SRR ReRoRiP a5tC AR estdle (U3 ko dtias hei o

at this tenpergiifie f@leqllsed] ﬁb@?ﬁ%fﬁ&&&% # verdsk Goltewed byrther to

15 5C using an 1 celwat er’bath. sation began at approximatély 30C
The preci pit at gquedas sodinac hpdrokidef (1M, r120imh, 128 mnblj 80 éq). Tie mixmiees, then
dried in vacuo at 40C for 2 hours (3.2 g, 64" 9% . The isolated sub-title
conmpound (352 was Redttd tor65°C Geinggn wilbathifbe @ Hoursnafher mixte was cadledtol s) and
met hanol (50 ni, 10 vols. The m xture was heated to 70C to di ssolve 20 the
sol i d.. The sol 6%C asingsan ie/watenbath. (nsicentratedbydrochlodc acid €50 mL) was

andthen vas. PSR ey Bavg 18 8¢ GOOFd FORHER, SoPHERE Bt bR ARSIt $i8d {or 10
S0 Sk A . ARG oo s B Yy vy
70 T3°2 626, vRpptitte fo 16 Binfes s i Bbsds A ¥edalid G512
(c) Cormpoung Dyykd 25P1% Rah&ids afd CRP&Td UG bR A64C For 6 hobR! (8.73 g,
" 93 %). Methanol (50 mL, 10 vols) and water (100 ml, 20 vols) were added
to a portion of the sub-title compound (5.0 g, 22 mmol). The mixture was

heated to 70°C using an oil bath whilst being stirred, The solution was held
at this temperature for 10 minutes, and then was allowed to cool further to

15 5°C uéing an ice/water bath. Crystallisation began at approximately 30°C.
The precipitate was collected by filtration, air dried for 15 minutes, then
dried in vacuo at 40°C for 2 hours (3.2 g, 64 %). The isolated sub-title
compound (3.2 g, 0.014 mol, 64 %) was added to water (100 mL, 20 vols)
and methanol (50 mL, 10 vols). The mixture was heated to 70°C to dissolve

20 the solid. The solution was allowed to cool to room temperature,
crystallisation occurred on cooling. The mixture was cooled further to 2°C,

. and then was filtered using a sinter fannel. The solid was air dried for 10

minutes, then dried in vacuo at 40°C for 16 hou;s (2.21 g, 44 %).
mp.167.1 - 167.4°C o

25 S (400 MHz, DMSO-Dg) 3.98 (2H, d, J = 5.6, CHp), 7.58-7.65 (2H, m,
CH), 7.95- 8.05 (4H, m, CH), 8.49 (1H, s, CH), 8.99 (1H, t, J = 5.6, NH),
12.63 (1H, bs, OH) "



[ (Napht hal ene- 2- car bonyl )am no] acetic acid (0.51 g, see step (b) above) and
Compound D (1.01 g; prepared anal ogously to procedures described

herei nbefore) were dissolved in methyl iso-butyl ketone (30 nL) at 100C. 5
On cooling to roomtenperature a crystalline precipitate formed which was
filtered, WYOW¥E83#8% h acetone (25 nl) and sucked dry on tﬁ&ﬁﬁﬁ%’%"ﬂ” Dryi ng
over a vveekend I n vacuo at 40C gave the title salt as a colourl ess,
crystalline solid (1.17, g, 77% mp. 13§95 - 140C 10.1H NMR (300M—Iz -
DMSO-D6) 8 1.3 ’.'. . 0. 14 - ! e 2- 7 (1H, m,
2.7-2.8 (I1H nfo) Py - : /"""- . s), 3.92

(7 2? 7d) (§H95 n?(l@}?hﬂﬁl‘énefﬂ carﬂ)oﬁ l§axﬂm(3}acbhc Hilld (@ 5q8g (séé*steF)(w aﬂov%}a%@gfj ?)1H
t). 15 The crySonipoundr B a(m.ﬂllygecplbparmpmmgbmbe toepmdedumsedtsaﬁhetht ed :
bel ow (Table 18) and are shown-in Figure 18. Table 18 20 d val ue '
(A)Intensity ( h@renﬁaemmbmrezdzsscévglm Bl im-betyb ketope 30 anlo) std W3Co83688
PCT/ SE02/ 00725

On coo }mg to room temperature a crystalline precipitate formed which was

filtered, washed with acetone (25 mL) and sucked dry on the filter, Drying

over a weekend in vacuo at 40°C gave the title salt as a colourless,

crystalline solid (1.17 g, 77%).

m.p. 138.5 - 140°C

10 1H-NMR (300Mi-1z, DMSO-D6) & 1.34 (9H, s), 2.25 (2H, t), 2.3-2.5 (4H,
m), 2.6-2.7 (1H, m), 2.7-2.8 (iH, m), 2,85-3.0 (4H, m), 3.0-3.1 (2H, m),
3.81 (2H, s), 3.92 (2H, d), 3.95-4.05 (2H, m), 4.1-4.2 (1H, m), 6.68 (1H, 1),
7.11 (2H, d), 7.5-7.7 (2H, m), 7.7-7.8 (2H, m), 7.9-8.1 (4H, m), 8.47 (1H,
d), 8.85 (1H, 1). |

15

The crystals were inalyzed by XRPD and the results are tabulated below

(Table 18) and are shown'in Figure 18.

Table 18
20
d value (A) | Intensity (%)
16.8 100
6.2 15
58 . |11
5.6 15
5.2 6
5.1 15
4.90 10




4.664 4.5331 4.377 4.3115 4.237 4.0810 3.703 3.519 3.257 3.125 113 Exanpl e
19 Compound D= 2, 2,3, 3-tetranethyl -1, 4-di butanoic acid salt 5 Conpound D
(200 ny; prepared anal ogously to procedures described hereinbefore) was

di ssolved in ethyl acetate (10 nmL). 2,2, 3,3-Tetranethyl - 1, 4-di but anoi c

aci d (38. 3WQ02/483688cq. ) was dissolved in 1 nL of nethanol PCERBO2HAREd to the
sol ution of Conpound D. The sol vents were evaporated, ethyl acetate was
added, and thep this solvent was sl ow Y 1gyapor at ed by io | eaving the

resul tant in gA-eper—ftasf—at—roomtenpéiature for several' days. The
crystals forniegmgre fi Pé\zred of f. [INVMR anal yses showed that a 1:1 salt had
been fornmed (([586mg——2R§g—The crystals were anal yzed by XRPD and t he
results are tag‘tﬁeat ed below 15 (Table 19) and are shown in Figure 19. WO
02/ 083688 PCT/gHE¥7r0072p3{14 Table|19 d value (A)Intensity {% 14.2100

4.37 7

431 15

423 7

4.08 10

3.70 3

3.51 9

3.25 7

3.12 5

Example 19

Compound D, 2,2,3,3-tetramethyl-1,4-dibutanoic acid salt

5 Cdmpdund D (200 mg; prepared analogously to procedures described
hereinbefore) was dissolved in ethyl acetate (10 mL). 2,2,3,3-Tetramethyl-
1,4-dibutanoic acid (38.3 mg, 0.5 eq.,) was dissolv_ed'-' in 1 mL of mgthanol
and added to the solution of Compound D. The solvents were evapbréted,
ethyl acetate was added, and then this solvent was slowly evaporated by

10 leaving the resultant in an open flask at room temperature for several days.
The crystals formed were filtered off. NMR analyses showed that a 1:1 salt
had been formed (~100mg , 42%).

'.The crystais were analyzed by XRPD and the results are tabulated below
15 (Table 19) and are shown in Figure 19.



10.312 7.118 6.411 6.05 5.610 5.441 5.122 4.8412 4.776 4.7313 4.667 4.504
4.293 4.225 3.873 3.784 3.625 3.494 3.354 3.096 2.753 1 5 WD 02/ 083688
PCT/ SE02/ 00725 115 Exanpl e 20 Conpound D, trans

D, L- 1, 2-cycl opent anedi car boxylic acid salt Conpound D (1 - prepar ed
anal ogousi yWOP9838%dur es descri bed RSB sP

- 114

Table 19

d value (A) | Intensity (%)

142 100

103 12

71 is

6.4 11

6.0 5

56 10

5.4 1

5.1 22

484 12

4.77 6

473 13

4.66 7

4.50 Y

429 3
422 5 5
3.87 3

378 14

3.62 5

3.49 4

3.35 3

300 6 |
275 3




her ei nbefore) was dissolved in ethyl acetate (5 nL.). trans-DL-1,2 5

Cycl opent anedi carboxylic acid (17.4 ng, 0.5 eqg.) was dissolved in nethanol
and then added to the solution of Conpound D. The solvents were

evapor at ed, _and then dissolved in the ethyl acetate. After ile a white
precipitat ew 3/0#38$%d. The crystals were filtered. NVR-a Q?GW@O%Shomd
that a 1:1 salt had been fornmed (' 60 ng ). 10 The crystals were anal yzed
by XRPD and the results are tabul ated beljgw (Table 20) and are shown in

Fi gure 20. Tabﬁgﬁ_@%&d value (A)Intensity (% 12.9100 11.114 10.735 9.010
7.714 7.015 6. 6.114 6.021 5.617 5.455 5.337 WO 02/083688

PCT/ SE02/ 00725 C@n%ﬁﬁnd-ﬂ?t%s -D,L-1,2-cyclopentanedicarboxylic acid salt

Compound D (100 mg; prepared analogously to procedures described
hereinbefore) was dissolved in ethyl acetate (5 mL). trans-D,L-1,2-

5 Cyclopentanedicarboxylic acid (17.4 mg, 0.5 eq.) was dissolved in
methano] and then added to the solution of Compound D. The solvents
were evaporated, and then dissolved in the ethyl acetate. After a while a
white precipitate was formed. The crystals were filtered. NMR-analysis
showed that a 1:1 salt had been formed (~ 60 mg ). |

10
The crystals were analyzed by XRPD and the results are tabulated below
(Table 20) and are shown in Figure 20.
Table 20
15 ' .
d value (A) | Intensity (%)
12.9 100
11.1 14, i ‘
10.7 35
9.0 10
7.7 14
7.0 . |15
6.5 - 118
6.3 10
6.1 14 | K
6.0 21
5.6 17
5.4 55 )
5.3 37




4.6832 4.3129 4.2626 4.0213 3.8612 3.6122 3.5019 3.2416 2.9015 116 Exanple
21 Compound D, (+)-0O O -di benzoyl-D-tartaric acid salt 5 Conpound D (100
ny; prepared anal ogously to procedures described hereinbefore) and 0.5
equi val ents_of ?’ -0 O -di benzoyl-D-tartaric acid were m xeg afcordi ng to
procedure dWOOMEE8 i n Exanpl e 2Q above. The salt was cr YSTEFYY%EE from
ethyl acetate. NMR showed that a salt with a drug:acid ratio of 2:1 was
fornmed in -70 %yield. 10 The crystals wgge anal yzed by XRPD and the .

results are tapghatedbglzgw—(Tablg 21) and are shown in Figure 21. Table
21 15 d val ue %ll nt ensi t5§ (%9 15. 24100 13.55 WD 02/ 083688 PCT/ SE02/ 00725
8.72 7.73 4.73 20

4.68 32

431 29

4,26 26

4.02 13

3.86 12

3.61 22

3.50 119

3.24 16

2.90 15

Example 21

Compound D, (+)-0,0’-dibenzoyl-D-tartaric acid salt

5 Compound D (100 mg; prepared analogously to procedures described
hereinbefore) and 0.5 equivalents of (+)-O,0’-dibenzoyl-D-tartaric acid
were mixed according to procedure described ;in-Example 20 above. Tﬁe
salt was crystal]isedh"fréam ethyl acetate. NMR showed that a salt with a
drug:acid ratio of 2:1 was formed in ~70 % yield.

10
The crystals were analyzed by XRPD and the results are tabulated below
(Table 21) and are shown in Figure 21. |
Table21 =~ o

15

d value (A) | Intensity (%)
15.1 100
13.5 5




7.14 6.64 5.73 5.53 5.39 5.27 4.799 4.509 4.3810 4.2510 3.533 3.494 2.924
117 Exanple 22 V' Conpound D, (+)-0 O -di-para-toluoyl D-tartaric acid

salt 5 "' Conmpound D (1.0 g; prepared anal ogously to procedures described
her ei nbefore) was_di ssolved in ethyl acetate (15 nmi,). (+)-(P,ésg 3 .. par a-
tol uoyl -D-t % 92{03638, ¢ g (0.43 g) was dissolved in ethyl a SR @Z m) .
The solutions were m xed. After a few mnutes a white precipitate was
formed. The m xture was stored.at 4C ovgmgni ght. The crystals were altered

off and io dri ’\MUH(TEI’ geuum yierding 1.1 g (76 % of a 2:1 salt
(confirnmed by . Thelcrystals wefe anal yzed by XRPD and the results are
t abul at ed bel ofay 7('Tabl e [42) and are|l shown in Figure 22. WO 02/ 083688 118
Tabl e 22

71 4

6.6 4

5.7 3

5.5 3

5.3 9

5.2 7

4.79 9

4.50 9

438 10

4.25 " 110

3.53 3

3.49

292 4

Examigle22 ‘

Compound D, (+)-0,0’-di-para-toluoyl-D-tartaric acid salt

5 Compound D (1.0 g; prepared analogously to procedures described
hereinbefore) was dissolved in ethyl acetate (15 mL). (+)-O,0’-Di-para-
toluoyl-D-tartaric acid (0.43 g) was dissolved in ethyl acetate (20 mL). The
solutions were mixed. After a few minutes a white precipitate was formed.

- The mixture was stored at 4°C overnight, The crystals were filtered off and
10 dried under |vacuum, yielding 1.1 g (76 %) of a 2:1 salt (confirmed by
NMR).

The crystals were analyzed by XRPD and the results are tabulated below
(Table 22) and are shown in Figure 22.



d value (A)Intensity (% 15.8100 14.42 13.12 6.87 6.22 5.77 5.65 5.3
(5.32)3 5.3 (5.25)5 4.845 4.809 4.759 4.593 4.3913 4.3712 4.262 4.102 3.985

3.822 3.323 3.051 PCT/ SE02/ 00725 5 WO 02/ 083688 PCT/ SE02/ 00725 119 Exampl e

23 Crystallisation of Conpound B
y WO 02/083688 P PCT/SE02/00725

118 -

Table 22

d value (A) | Intensity (%)

15.8 100 '

14.4

13.1

6.8

6.2

5.7

5.6

53 (5.32)

53 (5.25)

4.84

4.80

4,75

4.59 '

239 |13

4.37 12

4,26 2

4,10 2

3.98 5
2
3
1

W Wl o Ll L W L < ] 9] NN

3.82
3.32
3.05




The crude material from Preparation B, Alternative Il, step (iii), Method
Il  was dissolved in iso-propanol (190 nL, 5.0 rel. vol.) at 60C, and the
hot 5 solution was filtered. The filtrate was stirred, and left to cool to
roomtenperature. A white solid crystallised. The m xture was cooled from
room tenpeWRPB6Iy approxi mately 8C. The product was coPfEEERHIFy
filtration and was washed with iso-propanol (50 nL, 2.0 vol.). The danp
product was dried in vacuo at 40C to cqpetant weight to give the title
conmpound as 1Ex i £ crystalline solid (30.96 g, 81%. mp. 113.5C

1H NVR ( 400MHz3 8 1.40 (9H, s), 1.81-1.90 (2H m), 2.35-2.54 (8H,
M, 2.93 (4H ElystalfiSationdof Cethibould B3. 87 (2H, bs), 6.66 (2H d), 7.39 (2H,
d) 15 Ms: mz ="(CVHF, 430) ADbDreviations APl = atnospheric pressure

i oni sation (i nThelcatdecmatesialvBpm Pephration B,0hlerpative B) step diil); Methad Iy - -

doublet (in relati N DCM = di chl t VE o=
NN i et hy | or PaicRBo A Ro-ararennl ol Saeteboriia o2 0aCord B hohoubl ot
(1 el o 400 B e s S g S 8] R oo a0

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 constant weight to give the title compound as
10  a white crystalline solid (30.96 g, 81%). '
m.p. 113.5°C
IH-NMR (400MHz, CD3OD) 5 1.40 (94, s), 1.81-1.90 (2H, m), 2.35-2.54
(8H, m), 2.93 ‘(4H, t) 3.18-3.27 (4H, m),- 3.87 (2H, bs), 6.66 (2H, d), 7.39
(2H, d) ' '
15 MS: m/z.= (MH, 430)

Abbreviations

API = atmospheric pressure jonisation (in relation to MS) |
20 br - broad (in relation to NMR)

d = doublet (in relation to NMR)

DCM = _ dichloromethane

DMF = N,N-dimethylformamide

DMSO = dhnethylsulfoxide - .

' 25 dd = doublet of doublets (in relation to NMR) |
Et = ethyl -
eq. = equivalents
GC = gas chromatography |

h = hour(s)



HPLC = high performance |iquid chromatography |M = industrial nethylated
spirit IPA = iso-propyl alcohol 5 KF = Karl-Fischer m= multiplet (in
relation to NVR) M nmethyl MCN = acetonitrile mn. = mnute(s) 10 MP.
= melting point M5 = mass spectroscopy Pd/C = palladiumon carbon q =
quartet (irvVoere®dssn to NMR) rt = roomtenperature 15 s BCHSEQIO®RS (i n
relation to NVR) t = triplet (in relation to NMR) TLC = thin |ayer
chromat ography UV = ultraviolet 20 Prefjpges n-, s-, i-, t- ,and tent-. have
t heir usual fngs: nml, s 450, and tertiary. WO 02/ 083688
PCT/ SEO2/ oo7g§ﬁ%1 Cains 1. A géﬁrrg%%ﬁ%lpcal | y-acceptabl e salt of one of
the foll ow ng oundss 5 high performance liquid chromatograph

4- ({3-[7-(3, S-Iélplr)fg)hyl - 2- oxobut yF) -pQ- oxa- 3, 7-qgi azabi cycglrop[ g 3. 1] non- 3- |

"yl ] propyl} aniM8)benzowmitril e; indestrialbmethylated spirit

{7-] 3-(4-cyanoar}il i no) propyl ] -9-oxa- 3, 7-di glzabi cyclo[3.3.1 ]- non-3-yl)

et hyl car banat etP iso-propyl alco
5 KF = Karl-Fischer
m = multiplet (in relation to NMR)
Me = methyl
MeCN = acetonitrile
min. = minute(s)

10 mp. = melting point
MS = mass spectroscopy
Pd/C = palladium on carbon
q = quartet (in relation to NMR)
It = room temperature -

15 s = singlet (in relation to NMR)
t = triplet (in relation to NMR)
TLC = thin layer chromatography

.UV = ultraviolet |

20 Prefixes n-, s-, i-, - and tert- have their usual meanings: normal, secondary,

iso, and tertiary.



tert-butyl 2- {7-[4-(4-cyanophenyl)butyl]-9-oxa-3,7-diazabicyclo[3.3.1] to
non- 3-yl } et hyl carbamate; or tert-butyl
2-{7-[(2S)-3-(4-cyanophenoxy) - 2- hydr oxypr opyl ] - 9- oxa- 3, 7-di -

azabi cycl o[ 3. 3. 1] non- 3-yl ) et hyl carbamate, provided that | S not

4- ({3-17-( 57%9%:1? hyl - 2- oxobut yl ) - 9- oxa- 3, 7- b&HisedTnind

di azabi cycl o[ 3. 3. 1] non-3-yl ] propyl } am no) benzonitrile, benzenesul phonic
15 acid salt. 2, . 121 C I

4- ({3-[7-(3, 3- 5ﬁ5§hyl-2-oxobutyl)-9-oxa-3,7-diazabicyCIo[3.3.1 ]-

non- 3-yl ] propy am no) benzonitrile; tert-butyl 2- {
7-[3-(4-cyanoani | i no) propyl ]-9-oxa-3, 7-di azabi cyclo-[3.3. ! ]- 20 non-3-yl)
et hyl carbamat e; tent butyl . .

2-{ 7- [ 4- (4- cyahophehy Phamacepticallyxacceptzblgi sakipiofyene- of. dha folloyrng. y| )

et hyl car bamat e; or tﬁ%t-butyl 2-

{7-[(25) - 3- (4-CFRVP

noxy)-2-hydroxypropy|]-9-oxa-3,7ldi- azabicyclo[3.3.1
] non-3-yl'} Osen;g -kgag(ﬁ@@-t&ng 1-9rox<’appt§»f)t9mﬁ@astmﬁmeﬁqspps. og-3sal t of any

of those c I’h Substanti a crystalline form WO 02/083688

PCT/ SEQ2/ 00725y1};%3ﬁy1}a1%ind9b§:@6ﬁﬁﬁ1%§| as claimed in Caim2, which conmpound
is 4-({3-[7- _ ) )

(3, 3-di net hy!l -22rebuiplit y2X73hecysnaandinopiopylla-oxs3J-dippahiceleB3etopy | } -

ami no) benzonitrile. .5 4. A conpound as clainmed in Caim3, characterised by
a differenti-alno%%ﬂh}ﬁthﬂcgkﬁ@f"%try curve, at a heating rate of 10C/ nin in

a closed cup W th pin | ld.QOER 7. iRkddiog £ndot her s
with extrapol tﬁf}é]?)utg]nset Q&%W&Pééh%ﬁyﬁgggﬂtd %%@%@%’@%rﬁ%r an
X-ray, po r o ' Br characteri sed by peaks with d-val ues at
e sw -8 A AFdthPBaraina s Br . | ' '
tert-butyl  2-{7-[(25)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-di-
azabicyclo[3.3.1]non-3-yl} ethylcarbamate,
.provided that the salt is not 4-({3-[7-(3,3-dimethyl-2-oxobutyl)-9-oxa-3,7-
diazabicyclo[3.3.1]non-3-yl]propyl} amino)benzonitrile, benzenesulphonic

15 acid salt.

2. 4-({3-[7-(3,3-Dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo[3.3.1]-
" non-3<yl]propyl} amino)benzoniu‘ile;l |
tert-butyl  2-{7-[3-(4-cyanoanilino)propyl]-9-oxa-3,7-diazabicyclo-[3.3.1]-
20 non-3-yl}ethylcarbamate;
fert-butyl  2- {7—[4-(4-cyan0phenyl)buty1]-9-6xa-3,7-diazabicyclo-[3.3.1]-
non-3-yl}ethylcarbamate; or o _
tert-butyl 2-{7-[(2S)-3-(4-cyanopheﬁoxy)-2-hyd1'oxypropyl]-9-oxa-3,7-di-
aiabicyclo[S .3.1]non-3-y1} eth&lcarbamate,
25 ora £>hannaceutically—ac:ce'pta;b1'e salt of any of those compounds, -

in substantially crystalline form.



10 7.0, 5.7, 5.4, 5.1, 4.94, 4.71, 4.62, 4.54, 4.44, 4.34, 4.20, 3.92,

3.65, 3.51, 3.41, 3.34 and 2.89 A and/or essentially as defined in Table
1 and/or in Figure 1. 5. A compound as clained in Caim3 characterised by
a differential 15 scanning calorinetry curve, at a heating rate of 10C/ mn
in a cl osedWQURRFBH a pi nhol e under flowing nitrogen, exHBEHYZH
endotherm with an extrapol ated onset tenperature of about 125C, and/or an
X-ray powder diffraction pattern charagbgrised by peaks w th d:val ues at.

10.9, 8.3, 7.8, 6.9 D : : 0.{5. 56 o Ata.r5. 0,
4.84, 4.78, 4. 70, 4548‘?“‘&9‘@;9528&}?%%?’ .léﬁg‘,(gn. ch Qorggoud'is #-(1342- 01 o
3.7313.4713. 314 2, : -9Ut5ta-327-Bkabioyel63.3. e hoars-yHpt def i ned
in Table 2 andf':’)’rg c?%elt;:}%ré%rg%xo%uﬁg) A gonpoun?j lggmcllg;i rr}g?ﬁi nJygFa(?pr}r’]a};
characteri sed kyino)defifoniteibd.i al scanning calorimetry curve, at a heating

rate of 10C/mn in a closed cup 25 with a pinhole under flow ng nitrogen,
exhi biting an endothermw th an extrapol ated onset tenperature of about

Wi ooval s " ReBB b bid b Gy, BB AR leP
3.50)"'3.29, 3.22 ak i - i 3
and/ er in Fi guﬁgaé?%\%alégflﬁggg %Eﬁ aﬁ%ﬁ%ﬁ%é@ﬁo%%ggcgﬁﬁg@g% ('Elafae-saagtlhgi med ,in
g a g‘bZ, whi ch y3@] tg | Sinfolt- uhded 7ﬂdvﬁn%‘ gitfpehy lexhibiting endotherms with

- utyl)-9-oxa- 3, 7-di azabi cycl 0[ 3. 3.1 ] non-3-yl ] propyl} am no)benzo-

nitrile, benzergfhpslhRbiocns@abmpemhires &f dbouf\1SHQ armis126°Q); ad/ok an Ol-aayn 7,
characterised by an X-ray powder diffraction pattern characterised b

: y
peaks with d-vgloweisr diffra8tich patetn charasteriseddsy, peaka syithed-valueg abl.037.83, * 2, 68,

2.35 and 1. 88 4 a09/ 9% S°984, A1 462, 4.54, 444, 434, 420, 3.92, 3.65, 3.51,

3.41, 3.34 and 2.89 A, and/or essentially as defined in Table 1 and/or in

Figure 1.

5. A compound as claimed in Claim 3 characterised by a differential

15 scanning calorimetry curve, at a heating rate of 10°C/min in a closed cup
with a pinhole under flowing nitrogen, exhibiting an endotherm. with an
extrapolated onset temperature of about 125°C; and/or an X-ray powder
diffraction pattern characterised by peaks with d-values at 10.9, 8.3,7.8, 6.9,
6.7, 5.6 (5.64), 5.6 (5.56), 5.5, 5.4, 5.1, 5.0, 4.84, 4.78, 4.70, 4.49, 445,

20 4.36,4.15, 4.10, 4.03, 3.97, 3.90, 3.80, 3.73, 3.47, 3.31, 2.95, 2.89, 2.85 and
2.80 A, and/dr essentially as defined in Table 2 and/or in Figure 2.

6. A compound as claimed.in Claim 3, characterised by a differential
scanning caloﬁmc&y curve, at a heating rate of 10°C/min in a closed cup

25 with a pinhole under flowing nitrogeﬁ, exhibiting an endotherm with an
extrapolated onset temperature of about 122°C; and/or an X-ray powder
diffraction pattern characterised by peaks with d-values at 10.4,9.6, 5.7, 5.3,
5.2, 4.83, 471, 4.55, 3.83, 3.58, 3.50,3.29, 3.22 and 3.19 A, and/or
essentially as defined in Table 3 and/or in Figure 3.



defined in Table 4 and/or in Figure 4. 10 9. A salt as clainmed in Caiml
or Claim2, which salt is a 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, toluenesul phonic acid salt. 15 10. A salt as clained in
Claim9, cNQ®MB¥B8sed by a differential scanning cal ori RetP§2%R%e, at a
heating rate of 100 mn in a closed cup with a pinhole under flow ng -

ni trogen, ~exhibiting an endpthermw thjgs extrapolated onset tenperature
of about 145C and/or an X-ray powder diffraction pattern characterised by
peaks wth d-values at 19.9, 10.0, 6.0, 20 4.99, 4.86, 4.38, 4.36, 4:19,
3.99 and 3.337A, apdédn aslamnéd @l Claira 2, ddficnsalt isna 44(2{5+[§-(3(3a§11m’(w19r in
Figure 5(a). 11. Asalt as clained in A ai m 9, characterised by a

differential Qeonubiatyd)-Oenach,Vdinzabhicyeiolds3. 1jnon=3-ytlpronsd} smine)Rszenc nin in a
closed cup with a 25 pinhqle ynder, f]owing nitrogen, exhibiting an -

endot her m wi t Mitzie, benzenepiphenin agidsalt + enperat ure of about 153C and/ or an
X-ray povvder diffraction pattern characterised by peaks with d-val ues at
18.6, 9.3, 96.2, 4.66, 4.49, 3.73 and 3.11 A and/ or essentially as defined
in Table 5(b) g and/o rsa1'trhsF¢12ﬂﬁal ¥ D1ainVQ, QR4RSREIREd AT ARER AP QHRder24 12. A
salt as clainmed in aim1l or Caim 2, V\,ﬁlchsaltlsa4 3, 3-

di met hyl - 2- oxqﬁ)f&awhbnq;amm aha}adenmlbb}cpetks[ with. d-vhluss-&- W{Tpgép

ani no) benzonitrile, hydroxynaphthoic aci d sal

1
i S, e, e4‘14§,e3,l-7§y A Hphals o 188 Ax o FstefR1y o
h t d | 17.6, 12.4, 8.8, 5.7, 5.6, 5.1,
4. 32“46523564 bR S Rt oy Wy W8 170 2 4 BB ST S

10

clalrred in

9. A saltas claimed in Claim 1 or Claim 2, which salt is a 4-({3-[7-(3,3-
dimethyl-2-oxobutyl)-9-oxa-3 ,7-diazabicyclo[3.3.1]non-3-yl]propyl}-

amino)benzonitrile, toluenesulphonic acid salt.

15 10. A salt as claimed in Claim 9, characterised by a differential scanning
calorimetry curve, at a heating rate of 10°C/min in a closed cup with a’
pmhole under flowing nitrogen, exhibiting an endotherm with an
extrapolated onset temperature of about 145°C; and/or an X-ray powder
diffraction pattern characterised by peaks with d-values at 19.9, 10.0, 6.0,

20 4.99,4.86,4.38,4.36,4:19, 3.99 and 3.33 A, and/or essentially as defined in

Table 5(a) and/or in Figure 5(a).

11. A salt as claimed in Claim 9, characterised by a differential scanning
calonmetry curve, at a heatmg rate of 10°C/min in a closed cup with a |

. 25 -' pinhole under ﬂowmg n1trogen, exhibiting' an endotherm with an
extrapolated onset temperature of about 153°C; end/or an X-ray powder
diffraction pattern characterised by peaks with d-values at 18.6, 9.3, 6.2,
4.6, 4.49, 3.73 and 3.11 A, and/or essentially as defined in Table 5(b)
and/or in Figure 5(b).



essentially as defined in Table 6 and/or in Figure 6. 10 14. A salt'as
claimed in daiml or Caim2, which salt is a 4-({3-[7-(3, 3-

di et hyl - 2- oxobut yl ) - 9- oxa- 3, 7-di azabi cyclo [3.3.1 ] non-3-yl]propyl }

am no) benzqpj.tri| napht hal enesul phonic acid salt. 15 15.

cl ai ned m‘@é #ﬂ%ﬁ characterised by an X-ray powder di TPF% ﬂlon pattern
characteri sed by peaks with d-values at 16.1, 8.1, 7.1, 6.3, 5.4
(5.39), 4.96,, 4.88, 4.68, 4.49, 4,34, 4128, 4.04, 3.94, 3.44, 340 3. 23,

3.20 and 3.15 A ‘and/or essentlally as defined in Tal,le 7 and/for in Fi gure
7. 20 16. A salt as clained in daim1l1l or Caim2, V\/mch salt is a

4- ({3-[7-(3, 3-12i natlsyllta&chmtdmycm lomaCIalmidvéxa@lmaimsw&[{i‘ -B-@,3-

L\nonI ? yl] plrop%‘mp - a’-’gpgq?bﬁt[ on| t lciflg?q §%nﬁ%§£' h tjil C i d ;gl t. 17.
salt as clai r :

diff t tt d- val t 18 8, 9.5, 6.3

(6,35 6.3 F2&9%0&63?9%%?@%@%%@@E?%“So and Eeiﬁ and or

essentiallys as defined in Tabl-e 8 and/or in Figure 8 WO 02/083688
PCT/ SE02/ 00725 .125 18. A conpound as clained in Caim 2, whi ch corrpound
is tert-butyl 1?3 A salt as claimed in Claim 12, characterised by an 'X-ray powder

EE'%(i]sﬁsﬁ'é‘lyﬁ%a;‘é’u%%eé‘m"xy) shebiegond r°pe@ism“ i o PZB"IEAEE: 1 16
charact eri sed di n o | tg t ating
ate of 1007 mi 4 §0aSds GSBa iy 0 O e e Fes MR A BES,
exhi biting an :(Yjéﬁn t sz;at t enperature, of about
bet ween 100 an%ﬂ%g%@,fyr an rdﬁTaQér%ﬁgﬁgﬁ diffraction pattern
characterlq@d by peaks with d-values at io 22.3, 11 2, 8.4, 7.1, 6.4, 5.8,
5.5, 5.2, 4.91, 4.81, 4.62, 4.52, 4.32, 4. .22, 4.

14. A 'salt’as claimed in Claim 1 or Claim 2, Wthh salt is a 4-({3-[7-(3,3-

dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo[3.3.1 jnon-3-yl]propyl} -

amino)benzonitrile, naphthalenesulphonic acid salt.

15 15. A salt as claimed in Claim 14, characterised by an X-ray powder
diffraction pattern characterised by peaks with d-values at 16.1, 8.1,7.1, 6.3,
6.0, 5.4 (5.39), 4.96, 4.88, 4.68, 4.49, 4.34, 4.10, 4.04, 3.94, 3.44, 3.40, 3.23,
3.20 and 3.15 A, and/or essentially as defined in Table 7 and/or in Eigqre 7.

20 16. A saltasclaimed in Claim 1 or Claim 2, which salt is a 4-({3-[7-(3,3-
dimethyl-2-oxobutyl)-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl}propyl} -

amino)benzonitrile, mesitylenesulphonic acid salt.

17. A salt as claimed in Claim 16, characterised by an X-ray powder

25 diffraction pattern characterised by peaks with d-values at 18.8, 9.5, 6.3
(6.33), 6.3 (6.26), 4.75, 4.50, 4.46, 3.92, 3.80 and 3.17 A, and/or essentially
as defined in Table 8 and/or in Figure 8.



4.06, 3.91, 3.81, 3.50, 3.34 and 3.15 A, and/or essentially as defined in
Table 9 and/or in Figure 9. 20. Asalt as clained in Cdaiml or aim2,
which salt is a tert-butyl 2- 15

{7-1(2S)-3-(4-cyanophenoxy) - 2- hydr oxypr opyl ] - 9- oxa- 3, 7-di azahi cycl o

[ 3. 3. 1] nonW® Q83688 hy| car bamat e, et hanesul phoni ¢ aci d safYT/ ¥R sa1t as
claimed in Caim?20, characterised by a differential scanning calorinetry
curve, at a heating rate,of 100 mn in @sclosed cup 20 with "a pinhole
undei flowi ng,pitr : i Qg L] : t BRIdR comWdubld 38 rertutypRol at ed
onset terrperag‘%}re &%%M%%%%H%ﬁdﬁglﬁﬁgx@%y powder dLforat(E:’tion
pattern charagyerisgad4y -mgh@n iy)42-Ieydeokyprepyl]-9idkas3,7qlidzabicyslo-7. 1, 6. 6,
6.0, 5.4, 5. 1”3(32 gl 8):’% .27%. 11? 4.05, 3.99, 3.’87, 3.73, 3.65, 3.42,

3.37 and 3. 00[#3.13mul-B+ylpethylosibainate. as defined in Table 10 and/or in Figure
25 10. 22. Asalt as clained in daiml or daim2, which salt is a
tert-butyl 2-

7-1(2S) - 3-(4- I h P 2- | : ' ' - [3.3.1
§hon. 3-y1 3 56t A1 cappshribasid £, (A L ORI 1e, riitictisdd Srag aicfoivod |
PCT/ SE02/ 00725 23. A y ] ' ' , : ' X-
powder di f f r §¢A0EHE 5%[% ifeﬁcﬁgr@g’@gar Pg%@%y péﬁl(lgggmﬁi?lﬁc%e%/gﬁgﬁs a a26. 4,r Y
6.9, 6.2, 6.1,iuba%inReld ullet fldwidg, niftofdn, ekhiibiting. &2Bendothém avithlamnd 3. 68

A, and/or essentlalsqy 5 as defined in %(llo’l e 11 and/or in Figure 11. 24. A
conpound as clepirapolated ofisel tenferathviectf abomb berveeensl (0eand. Hi4"( apd/or an

{7-[4-(4-cyanophenyl ) butyl ] -9-o0xa- 3, 7-di azgbi.cyc] o[ 3. 3. 1.knon-3-yl 1 ethyl -
car bamat e. 10 X462y powdap ctan palFe qr?&@‘%%%&&’“@n&?@‘c&'&?ﬁ@%# by a
differential )3 112,84,7.1,64,58,55,52,491,4.81,4.62, 452,432,422, 4.12,

4.06, 3.91, 3.81, 3.50, 3.34 and 3.15 A, and/or essentially as defined in

Table 9 and/or in Figure 9.

20. A salt as claimed in Claim 1 or Claim 2, which salt is a terz-butyl 2-
15 {7-[(2S)-3-(4-cyanophenoxy)-z-hydroxypropyl]-9-oxa-3,7-diazabicyclo-
[3.3.1]non-3-yl} ethylcarbamate, methanesulphonic acid salt.

21. A salt as claimed in Claim 20, characterised by a differential
scannin‘g calorimetry curve, at a heaﬁng rate of 10°C7nﬁn in a closed cup -

20 with a pinhole under ﬂévs;ing nitrogen, exhibiting an endotherm with an
extrapolated onset temperature of about 167°C; and/or an X-ray powder

- diffraction pattern characterised by peaks with d-values at 12.7,9.4,7.3, 7.1,
6.6, 6.0, 5.4, 5.1, 4.92, 4.8‘3, 427, 4.14, 4.05, 3.99, 3.87, 3.73, 3.65, 3.42,

3.37 and 3.00.A, and/or essentially as deﬁqed in 'I‘able 10 and/or in Figure

25 10.

22. A salt as claimed in Claim 1 or Claim 2, which salt is a tert-butyl 2-
{7—[(2S)-3-(4-cyanophcnoxy)—2-hydroxypropyl]-9-oxa-3,7-diazabicyclo-
[3.3.1]non-3-yl} ethylcarbamate, hippuric acid salt.



scanning calorinetry curve, at a heating rate of 100 mn in a closed cup
with a pinhole under flowi ng nitrogen, exhibiting an endothermw th an
extrapol at ed onset tenperature of about 97C, and/or an X-ray povvder 15
dlffractlon pattern characteri sed by peaks with d-values at_19. 4

9.1, WOH2/083688 5 o 5 1 4 .99 4.90, 4.46, 4.32, 4. d’@T’SE"’cS‘I?"Ss 8;5 and

3. 80 A and/or essentially as defined in Table 12 and/or in Figure 12. 26.
A salt as claimed in daiml or Caim2,1o4hich salt is a tert-butyl 2- '20
{7-[ 4- (4- cyanophenyl ) but yl ] - 9- oxa- 3; 7- dlazablcyclo[B 3.1 ]non-3-yl} ethyl
car bamat e, met hanesul phonic acid salt. 27. A salt as clainmed in C aim 26,

characterised by, aadidlf %Q'Jlﬁ:hﬁsh inSCRAI 70 dhataeterived by anirXeegy powder heat i ng
rate of 10C/mn in a closed cup 25 with a pinhole under flow ng nitrogen,

exhi bi ting enddifﬁ%ﬂimpatltémchmnmpstchbyepeahs%ﬂld—é’ﬂb‘éﬁatlﬁ@ss68:f 2ol 145C
and 170C;, and/or an X-ra powder diffracti pat.te cha cter| by
peaks with d- véliaés?,étlf{?%\)“sl_b?%o 49286% ,grh@ng3é§é. é/a T o3 "ﬁg'

4.89, 4.81, 4. 34, 02/ 083688 PCT/ SE02/ 00725 - 127
3.85 and 3.80 AS dﬁ‘iﬂ?‘ﬁ@ﬁ%ﬁ%%%&ﬁ;é@%ﬁ&yﬁed in Table 13 and/or in Figure
13. 28. Asalt as clained in daiml or daim2, which salt is a tert-butyl

2- 5 {7-[4-(4-cyanophenyl)butyl]-9-oxa-3, 7-di azabl cyclo[3.3.1 ]Jnon-3-yl}
et hyl carbamat g4, tOW&b’tﬁ oﬁﬂmmlmnmﬂmelahmZ whzch/t;ommmdssm w21 n Caim

28, characterised a d| fferential scanni ng cal
heating rate of{7-:|[@€%lm}mnpph@y&)b@§@]i 9wxg-3, Gdigzabicye B ﬁﬁ%’nﬁ'ﬁﬁfeﬂ’fy ovm ng
nitrogen, exhibiting an endothermw th an extrapol ated onset tenperature

of about 138C, carhamte.an X-ray powder diffraction pattern characteri sed by
peaks with (a values at 13.2, 7.1, 5.2, 5.0,

25. A compound as claimed in Claim 24, characterised by a differential

scanning calorimetry curve, at a heating rate of 10°C/min in a closed cup

with a pinhole under flowing nitrogen, exhibiting an endotherm with an

extrapolated onset temperature of about 97°C; and/or an X-ray powder
15 diffraction pattern characterised by peaks with d-values at 19.4, 10.0, 9.1,

8.1, 6.5, 5.5, 5.2, 5.1, 4.99, 4.90, 4.46, 4.32, 4.06, 4.00, 3.85 and 3.80 A,

and/or essentially as defined in Table 12 and/or in Figure 12.

26. Asaltas claimed in Claim 1 or Claim 2, which salt is a tert-butyl 2-
20 {7-[4-(4-cyanophenyl)butyl]-9—oxa-3',7-diazabicyclo[3.3.1]non-3-y1}ethy1-

carbamate, methanesulphonic acid salt.

27. A salt as claimed in Claim 26, characterised by a differential

scannmg calorimetry curve, at'a heating rate of 10°C/min in a closed cup
25 with a pinhole under flowing nitrogen, ex}nbmng endotherms with
extrapolated onset temperatures of about 145°C and 170°C; and/or an X-ray
powder diffraction pattern characterised by peaks with d-values at 13.3,
12.3, 9.6, 7.5, 6.9, 6.7, 5.5, 5.1, 5.0, 4.89, 4.81, 4.34, 4.23, 4.20, 4.08, 3.89,



4.67, 4.28, 4.24, 4.19, 4.08, 3.36 and 3.12 A and/or essentially as
defined in Table 14 and/or in Figure 14. 15 30. A salt as clained in Caim
1 or Claim2, which salt is a tert-butyl 2- {

7-[(2S)-3-(4-c ano henoxy) 2- hydr oxypropyl ] - 9- oxa- 3, 7-di azabi cycl o- [3.3.1
] non- 3=y1} ‘¥9W bamatel [ (bi phenyl - 4- car bony! ) ami no] acBtTEE0R12Y salt .
20 31. A salt as cI ained in Caim30, characterised by an X-ray powder
diffraction pattern characterised by pe;ﬁ wi th d-val ues at 20.4, 15 3,

376, ek 1hus g B, shoke gl odu f Bl Do Madidbighon, |

15 and/or in Fi:’gure 25 15. 32. Asalt as clained'in daim1l or daim2,
which salt is tent-butyl 2-

{7-1(25)-3-(4- cyanophenoxy) 2- hydr oxypr opyI] 9- oxa- 3, 7- di azabi cycl o-

[ 3. 3. 1] non- 3-yl } et hyl carbamat e, hemi succinic acid salt_ W 02/0 2)28

PCT/ SE02/ 0072528,28 AZaltassisimeddn flaimmb er Glainy % whis S%H%P&%’F op by an

18,0, b 3. B, of e oymopnbgy b {0 By RS Tt s yRE 0
4.54, 4.43, 4. ?p?})gr?iﬁé??%u@%??lﬁ% ?aadfngo 3.83, 3.67, 3.58, 3.07 and 2.47

A, and/or esse abl e 16 and/ or in Figure 16. 34. A
salt as clained in daiml or Jdaim2, which salt is a tert- butyI 2-
{7-1(2S) - 3- (4 cyanophenoxy) - 2- hydr oxypr opyl ] - 9- oxa- 3, 7- di az cycl,
[3.3.1] non- 3-y29. et Aybalardsackaimed (i3, ﬂﬁorcbbr@ﬁmeﬁcbrhm@);tfl&%ﬁﬂﬁc
salt. 35. Asalt as clainmed in Caim 34, characteri é? ﬁhan X- r%)é povvder
diffraction pascamning-talovimetyicusee, 8y efating wtepfdl0) g cloged cupz.

10-9, 10 with a pinhole under flowing nitrogen, exhibiting an endotherm with an
extrapolated onset temperature of about 138°C; and/or an X-ray powder
diffraction pattern characterised by peaks with d-values at 13.2,7.1, 5.2, 5.0,
4.67, 4.2‘8,_ 424, 419, 4,08, 3.36 and 3.12 A, and/or essentially as defined in
Table 14 and/or in Figure 14.

15
30. A salt as claimed in Claim 1 or Claim 2, which salt is a fer¢-butyl 2-

{7-[(2S)-3-(4-cyanophenoxy)-Z-hydroxypropyl]-9-oxa-3,’_7-diazabicyclo-
[3.3.1]non-3-yl} ethylcarbamate; [(biphenyl-4-carbonyl)amino]acetic. acid
 salt. |
20
31. A salt as claimed in Claim 30, characterised by an X-ray powder
diffraction pattern characterised by peaks with d-values at 20.4, 15.3, 11.5,
9.4, 7.7, 7.2,. 5.9, 5.7, 5.4, 5.3, 5.2, 4.60, 4.54, 4.13, 3.85, 3.79, 3.64, 3.61,
3.40 and 2.94 A, and/or essentially as defined in Table 15 and/or in Figure

25 15, '

32, A salt as claimed in Claim 1 or Claim 2, which salt is a terz-butyl 2-
{7-[(2.5’)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-diazabicyélo—

[3.3.1]non-3-y1} ethylcarbamate, hemisuccinic acid salt.



6.3, 6.2, 5.5, 5.3, 5.1, 5.0, 4.60, 4.33, 4.30, 4.22, 3.85, 3.70, 3.50,
3.30, 3.16, 15 3.06 and 2.99 A, and/or essentially as defined in Table 17
and/or in Figure 17. 36. - Asalt as claimed in CCaim1 or Caim2, which
salt is a tert-but

{7-1(2S)- B‘YQOQ!%Fﬁ\éphenoxy) 2- hydr oxypr opyl ] - 9- oxa- 3, 7- di BeHB%YEd 20
[3.3.1] non-3-yl }ethyl carbamate, [(naphthal ene 2- cat bonyl ) am no] acetic
acid salt. 37. Asalt as clained in Cla %B characterised by an. X-ray
powder diffraction pattern characterisé by peaks wi th d-val ues at 16. 8,
6.2, 5.8, 5.6, 25 5.2, 5.1, 4.90, 4.76, 4.66, 4.53, 4.372-4.31, 4.23, 4.08,

351, 3. 25 andy. 124 oo dnel@ims SP A bY, BRardltbiftAlby an TRALE pfyaspd/ or i

Figure 18. 38.7°A sal't as clalned 1 or daim?2, which'salt is a
tent-butyl 2- diffraction pattern charactensed by peaks with d-values at 18.0, 8.3, 8.0, 7.5,
{7-1(25) - 3-(4-cyanophenoxy) ydr ox 7-di hi cy

02/ 083688 PCT/ BBOB/E)EIRSS. 8;L291, 4{&313&) oS, 3‘1§/5P}495ﬁy4€far ﬁéﬁaﬁés 2“%"3 3;
tetramethyl - 14d|buta |c salt, as cl m 38,
characteristd Y a3‘r99¢~ § %m$§ 63567d‘i“¥‘fz 3@& Bﬁa/ﬁﬁf’?sgpﬁalgﬁgsr#cﬁngfﬁéed by
peaks with d-v e 7.1, 6.4, 6.0, 5.6, 5.4, 5.1, 4.84,
4.77, 4.73, 4. @%‘ﬂ 36 djbi é?g"'uge?g 3. 62, 3.49, 3.35 and 3.09 A and/or
essentially as defined in Table 19 and/or in Figure 19. 10 40. A salt as
claimed in daiml or aim2, which salt is a tert-butyl

{7-1(2S)-3-(4- ManoAfsaltwsw)alﬁxeﬂyﬂmm;apl@pﬂl@mﬁZ,oWhlGh saltds &Z%b@%(il?o
[ 3. 3. 1] non- 3- y:ﬁ%ﬁ | car bamat e, I opent a ijtl car3b7o | c a | d sal t. 41.
A salt as clai €ﬂ4a¢)fﬁnﬂ9hen@%)'& %@Pﬂﬁ AX&y éé‘y
a5, fractiog, pad flj‘no%@? AL SERY, @e‘ahmrs&n%ylmaaeémla%l@sal@l 1,
35. A salt as claimed in Claim 34, characterised by an X-ray powder
diffraction pattern characterised by peaks with d-values at 16.6, 13.8, 10.9,
6.3,62, 5.5,5.3,5.1, 5.0, 4.60, 4.33, 4.30, 4.22, 3.85, 3.70, 3.50, 3.30, 3.16,
15 3.06 and 2.99 A, and/or essentially as defined in Table 17 and/or in Figure
17. '

36, . A salt as claimed in Claim 1 or Claim 2, which salt is a tert-butyl 2-
{7-[(2.5')-3-(4-cyanophenoxy)-Z-hydroxypropyl]-9-oxa-3,7-diazabicyclo- |

20 [3.3.1]non-3-yl}ethylcarbamate, [(naphthalene-2-catbonyl)amino]acetic
acid salt.

37. A salt as claimed in Claim 36, characterjsed by an X-ray powder
diffraction pattern characterised by peaks with d-values at 16.8, 6.2, 5.8, 5.6,

25 | 5.2, 5.1, 4.90, 4.76, 4.66, 4.53, 437 431, 423 408 3.51, 325 and 3. 12A
and/or essentially as defined in Table 18 and/or in Figure 18.

38. A salt as claimed in Claim 1 or Claim 2, which salt is a tert-butyl 2-
{7-[(25)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3 ,7-diazabicyclo-



9.0, 7.7, 7.0, 6.5, 6.3, 6.1, 6.0, 5.6, 5.4, 5.3, 5.2, 4.73, 4.68, 4.31,
4.26, 4.02, 3.86, 3.61, 3.50, 3.24 and .2.90 A and/or essentially as
defined in Table 20 and/or in Figure 20. 20 42. A salt as clained in daim
| or aim2, which salt is atert-butyl 2- {7-[(25)-3

_ (4- cyanop¥R8YIB688_ 1y dr oxypr opyl | - 9- oxa- 3, 7- di azabi cycl ofCT/SE02/00725.
[3.3.1] non-3-yl }ethyl carbamate, 0,0'-dibenzoyltartaric acid salt. 43. A
salt as clainmed in Caim42, characterigpgl by an,X-ray powder 25

o1 acti on AR AeYRARlY pﬁ??? At gyl Lyeid. >
essentially asggidefined in Table 21 and/or in Figure 21. WO 02/083688

PCT/ SE02/ 00725 ,130: . 44. A salt as clained in Cdaim1 or Caim?2, which
salt is a tert- butyI 2-

(373, 7 non 3t el s o S S el A
45. A
i1 1racti ot patiiBRE %&ibﬁeéénsi*?@% PR ngf o123 19"-‘““’9% 8, 5.7,

5.6, 5.3 (5. 2pk 69,6, 54891, 4187454747 3073, A466 450, 3228348, 3068, B.49,

essentially as  detvPned in’ Tabl e 22 and/or in Fi gure 22. id 46. A process
for the prepar3Bsand®.09 A ant/oaessentizlipds defimed/incFeblofl9 abidirin Bigure, 7 to
17, 20 to 23 or 26 to 45, which process conprises addition of an. acid, or
a base (as appi®priate), to the appropriate free base conpound, as defi ned
in Claiml. 15 47. A process as claimed in C aim46, wherein the process
conprises addition of an acid to the appropriate free base conmpound. 48. A

process For thigpreRasraﬁtds%Tmﬁledﬁ?@ﬁﬁPi‘ g@éu&habvﬁﬁﬂ salt 1§%yteﬁltﬁ1t§lf2- d ains

to 45, ‘onprises cryst ising the appropriate free base
{7-[(28)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7- d1anglcyclo-

[3.3.1]non-3-yl} ethylcarbamate, 1,2-cyclopentanedicarboxylic acid salt.

41. A salt as claimed in Claim 40, characterised by an X-ray powder
15  diffraction pattern characterised by peaks with d-values at 12.9, 11.1, 10.7,
9.0,7.7,7.0, 6.5, 6.3, 6.1, 6.0, 5.6, 5.4, 5.3, 5.2, 4.73, 4.68, 4.31, 4.26, 4.02,
3.86, 3.61, 3.50, 3.24 and 2.90 A, and/or eésentially as defined in Table 20

- and/or in Figure 20. | '

20 42. A salt as claimed in Claim 1 or Claim 2, which salt is a tert-butyl 2-
{7-[(2S)-3-(4-cyanophenoxy)—2-hydroxypropyl]-9-oxa-3,7-diazabicyclo-
[3.3.1]non-3-yl} ethylcarbamate, O,0’-dibenzoyltartaric acid salt.

43. A salt as claimed in Claim 42, characterised by an X-ray powder

25 diffraction pattern charactensed by peaks with d-values at 15.1, 13.5, 7.1,
6.6, 5.3, 5.2, 4.79, 4.50, 4.38, 4.25, 3.49 and 2.92 A, and/or essentially as
defined in Table 21 and/or in Figure 21.



20 compound, as defined in Claim1l, or-the appropriate pharmaceutically
acceptabl e salt thereof. 49. A process as clainmed in Caim48, which
conprises crystallising the conpound or salt.froma solvent. 25 50. A
process as clainmed in Caim49, wherein the solvent is selected fromthe
group: acetWPA¥BIFWer al kyl al cohols, aliphatic and ar oRGI/SE02/00725
hydrocarbons, dial kyl ethers, dialkyl ketones acetonitrile, chlorinated
al kanes, aqueous solvents, or mxtures reof WO 02/ 083688 131

l

Egl-r/e(?tEgé/ 0?:35 ‘?he érsgﬁﬁg%%%gaéﬁkﬁi@fggce@a es’%ﬁﬁn\gg’ﬁﬁglr ranéﬂg%lvgna IZ
al kyl al cohol sé—/ é@& 4@%}&%@ %WM lcyioigly,af.a{mableyémdrocar bons,
| -

di -Cl1. 6 al kyl ket Ohes, “chl ori nat ed urethanes or
et hanes, acet ofg, 3Il]ﬂmrS-y!/}@tlwrlcarbammhe;(@@’e&-pdre-rtelubyltﬁianoﬂamdedbss as -’
claimed in Calmb51 wherein the solvent is selected fromthe group: ethyl
acetate, iso-propyl acetate, nethanol, ethanol, iso | o propanol, n-heptane,

S5 A B S W R,
2,710 17 20aithouRbarioth burdtor Wl AP GRS PATEY horms g 167725l 1 on.

as clalrredln "al a crystallisation

claimed in anysqnes 95), @891 s80L84.75, 439, 487 aﬁnd)B@tBeA$ ahdtortdssclmaélvaﬁﬁt i on of
a crystalline formof 4-({3-[7-(3, 3

di net hyl - 2- oxoHefigdd) inFable2Bad/ar mFigntey22. of 3. 3.1 Jnon-3-yl]propyl) 2o
am no) benzonitrile; tert-butyl : -2-
{7-[3-(4-cyanoanilino)propyl]-9-oxa-3, 7-

16 46. A process for the preparation of a salt as claimed in any one of

Claims 1, 2, 7 to 17, 20 to 23 or 26 to 45, which process comprises addition
of an acid, or a base (as appropriate), to the appropriate free base compound,

as defined in Claim 1.

15 47. A process as claimed in Claim 46, wherein the process comprises

addition of an acid to the appropriate free base co'mpound.

48. A process for the preparation of a compound as claimed in any one of
Claims 1 to 45, which comprises crystallising the appropriate free base
20 -compound, as defined in Claim 1, or-the appropriate pharmaceutically

acceptable salt thereof,

49. A process as claimed in Claim 48, which comprises crystallising thé
compm_md or salt from a solvent.

s S .. __
50. A process as claimed in Claim 49, wherein the solvent is selected
from the group: acetates, lower alkyl -alcohols, aliphatic and aromatic
hydrocarBons, dialkyl ethers, dialkyl 'ketones, acetonitrile, chlorinated

alkanes, aqueous solvents, or mixtures thereof.



di azabi cycl o[ 3.3.1 ] non-3-yl} ethylcarbamate; tert-butyl 2- {7-[4-(4-
cyanophenyl ) butyl ] - 9-oxa- 3, 7-di azabi cycl 0[ 3. 3.1 ] non-3-yl} ethyl carbam
ate; or tert-butyl 2- {7-[(25)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-
3, 7-di azabi cycl o[ 3. 3. 1] non- 3-yl } et hyl carbamat e, or a pharpaceutically 25
accept abl e ¥AP083¢88any of those conpounds, which process BSF/SF?%OQFS
crystallising the relevant conpound or salt froma sol vent system
conprising a.conbination of a C3_7 al kyjgpl cohol .and a .di - C3_5-al kyl ether.
WO 02/ 083688 PCT/ SE02/ 00725 132 55. A process as clained in d aimb54,
wherein the ether is di-n-propyl ether, di-iso-propyl ether or di-n-butyl

sther. 56_ A PEpCesg disofsalsEiinmdd l Elafn>90 arhokbial floSSolvateis deltctd>
al cohol 5 is n-prop nof, [

i so- propanol , n-butanol, 4-nethyl-2-pentanol,
3-net hyl - 1-  bufrefcthe gowp iy f-alkyd mogtates) linear prbianchéd Gl .6 Blkyl plcpholsess as
clained in any one of Clains 54 to 56, wherein gh&_ S Ivenéioéonbi ionis
n- pr opanol andCgiioreliphstig hydracerbons.ske10emalic BRerocaragns; ¢t b-rﬁ)ﬂg‘y et her;

n- but anol and dj - n- Quiyl hey ;. 4- nmethyil - I | %8s et her,
i so- pr opanof aﬁthelﬁi Bh-bﬁtﬁ atkyg{(ﬁtgp?s, &i\%{lﬁépﬁ’g%%{rh9§ﬁ %nn%’ a%blt?xlﬁgrgl_% bropyl

et her; or pent - mﬁﬁlﬁ' kher&gF propyl ether. 58. A process as clained in
Cl ai m 57, V\hergq;a%elr’t(ﬁje SO ngérconbi nation 15 is iso-propanol and _

di -i so-propyl ether. 59. A process as clainmed in any one of Clains 54 to

58, wherein the conpound is heated in the solvent conbination @o a
tenperat ure i n52he AaprgeessSax olaimelin fiaign 51 wvharsinethe selventaisnigledted any one

St { Gﬁi[ (m;S)S 4 3E %@igmmgm\@ner o n A ?gggga?errpi?g-%lgo;}j aggtaf:er, YalRhhd ,. %Qhej.n%l,_t f5t - butyl
hydroxypr opyl 1= 20581, Sr-hieftafg 2Bietyft' Ghet, Sholiole dithibrofieiade? WaeR! 6r 07 2

mixtures thereof.

53, A process. for the preparation of a salt as claimed in any one of
Claims 1, 2, 7 to 17, 20 to 23 or 26 to 45, which process comprises an
15 addition, as claimed in Claim 46 or Claim 47, followed by a crystallisation,

as claimed in any one of Claims 48 to 52.

54, A process for the preparation of a crystalline form of 4—({3-[7-(3,3{
dimethy1-2—oxobutyl)-9-oxa—3,7-diazabicyclc‘)'[3.3.1]non-3-y1]propy1}-

20 amino)benzonitrile; fer:-butyl +2~{7-[3-(4-cyanoanilino)propyl]-9-oxa-3,7-
diazabicyclo[3.3.1]non-3-yl} ethylcarbamate; tert-butyl 2-{7-[4-(4-
cyanophenyl)butyl]-9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl}ethylcarbam-
ate; or tert-butyl 2- {7-[(2S)-3-(4-cyano'phenoxy)-2-hydroxypropy1]-9-oxa—
3 7-diazabicyclo[3.3.1jnon-3-yl} ethylcarbamate, or a pharmaceutically-

25 aécel;téble ;alt of any of those compounds, which process comprisés
crystallising the relevant compound or salt from a solvent system

comprising a combination of a C3.7 alkyl alcohol and a di-C3.5-alkyl ether.

-



pharmaceutical |l y-acceptabl e salt thereof. 25 61. A process as clainmed in
Cl aim6l, wherein the conpound is tert- butyl 2-

{7-[(2S) - 3-(4-cyanophenoxy) - 2- hydr oxypr opyl ] -9-oxa- 3, 7-di - azabicyclo[3.3.1
] non-3-yl} ethyl carbamate, WO 02/083688 PCT/ SE02/ 00725 13 orrpound
obt ai nabl e ¥R/92P8BBcess according to any one of O ains écp%ﬁg@'%g
conpound as clained in any one of Clains 1 to 45 or 62 for use as 5 a

medi canent . 64 . A pharmaceutical fornulggd on including a conpound as

defined in one &@ c?e?ﬁ é@géuﬁéa HCRim 3, heéiil thb ¢itfer'h Wlndropyl

phar maceut i cal acc uvant, I uént or carrier.

conpound as deefthé}ed'i isB—;ﬂprl@ﬂ&r@fdﬂhdiwnsdeihdro 45 or 62 for use in the
prophyl axis or the treatnent of an arrhythma. 66. The .use of a conpound as

defined in any of one Clainms 1 to 45 or 62 15 as active ingredient for the
manuf acture of_ a nedi canent f r use [ 0 e treatment of
an arrhyt hm a.567. ‘ﬁ]@r‘l@és% %14#%8% ﬁ;é‘a{ﬂ?fnt 12 lﬁPﬁ‘ﬂythm' a
is an atrial ar vent i cul h din

C ai m 66, whert §|'hpf9P@n° rﬁsﬂﬁm%gf’l)s[tbgf&]?}eil Z%&gyl-%—q)%&ag%? %Sﬂaﬁaﬂeﬁﬁse as
clained in C %ﬂﬁlﬁﬁ,ﬂ%ﬁﬁﬁmpfdjbﬁn@rdrﬁn\éhfaﬁLﬁol s atrial 25 flutter.

57. A process as claimed in any one of Claims 54 to 56, wherein the
solvent combination is n-propanol and di-n-propyl ether; iso-propanol and

10  di-iso-propyl ether; n-butanol and di-n-butyl ether; 4-methyl-2-pentanol and
di-n-buty] ether; iso-propanol and di-n-butyl ether; 4-methyl-2-pentanol and
di-iso-propyl ether; or pentan-1-ol and di-iso-propyl ether.

58. A process as claimed in Claim 57, wherein the solvent combination

15 is iso-propanol and di-i'so-pfopyl ether.

59, A process as claimed in any one of Claims 54 to 58, wherein the

compound is heated in the solvent combination to a temperature in the range

50 to 100°C.

20 |
60. A process as claimed in any one of Claims 54 to 59, wherein the
compbund to be crystallised is tert-butyl 2-{7-[(2S)-3-(4-cyanophenoxy)-2-
hydroxypropyl]-9-oxa—3,7-diazabicyclot3.3.1]non-3-y1} ethylcarbamate or a
pharmaceutically-acceptable salt thereof.

25

61. A process as claimed in Claim 61, wherein the compound is tert-
butyl 2-{7-[(28)-3-(4-cyanophenoxy)-2-hydroxypropyl}-9-oxa-3,7-di-
azabicyclo[3.3.1]non-3-yl}ethylcarbamate, -



70. A method of prophylaxis or treatment of an arrhythm a which nethod
conprises adm ni stration of a conpound as defined in any one of Clains 1

to 3_5th 62\&)003/ gerson suffering from or susceptible to, such a

condi tion. 83688 PCT/ SE02/ 00725 134 .71. The netho ,ped in

C aim70, WRM¥BH%he arr hythma is an atrial or a vent rﬁgﬁﬁgg}og;gﬁyt hm a.
5 72. The nethod as claimed in -daim70, wherein the arrhythma is atrial
fibrillation. 73. The nmethod as cl ai nedi3® G aim 70, wherein the arrhythm a

is atrival “flygpterp tompound obtainable by a process according to any one of Claims
46 to 61.

63. A compound as claimed in any one of Claims 1 to 45 or 62 for use as

5 amedicament,

64. A pharmaceutical formulation including a compound as defined in
any one of Claims 1 to 45 or 62 in admixture with a pharmaceutically
_ acceptable adjuvant, diluent or carrier.

10

65 . A compound as defined in any one of Claims 1 to 45 or 62 for use in

the prophylaxis or the treatment of an arthythmia.

66. The use of a compound as defined in any of one Claims 1 to 45 or 62
15 as active ingredient for the manufacture of a medicament for use in the

prophylaxis or the treatment of an arrhythmia.

67. The use as claimed in Claim 66, wherein the arthythmia is an atrial or

a ventricular arthythmia.
20
68. The use as claimed in Claim 66, wherein the arthythmia is atrial
fibrillation.
69. The use as claimed in Claim 66, wherein the arrhythmia is atrial

25  flutter. : - o

70. A method of prophylaxis or treatment of an arrhythmia which method
comprises administration of a compound as defined in any one of Claims 1

to 45 or 62 to a person suffering from, or susceptible to, such a condition.



WO 02/083688 PCT/SE02/00725
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- 71. The method as claimed in Claim 70, wherein the arrhythmia is an atrial
or a ventricular arrhythmia,

5 72. The method as claimed in Claim 70, wherein the arrhythmia is atrial
fibrillation.

73. The method as claimed in Claim 70, wherein the arrhythmia is atrial
flutter.



