WO 2011/ 102795PCT/ SE2011/ 050172 1 NEW CRYSTALLI NE FORM OF A CYCLOPROPYL
BENZAM DE DERI VATI VE FI ELD OF THE | NVENTI ON The present invention rel ates
to cryst avDizng/fogr9ss of a conpound (1), 4-{(1S, 2S)-2-[ @4¢I/SE2011/050172

5cycl obut yl pi perazi n-1-yl)carbonyl]-cycl opropyl | -benzam de, particularly
such as Form |, pharnmaceutical formulagions containing said conpound and to
the use of said active conpounds in therapy. BACKGROUND OF THE | NVENTI ON
10The crystalline fornms of 4- {(1S,

2S) - 2- i i e do vl | -
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The histam ne H3 receptor is of current interest in devel opi ng new

medi canents. The H3 recelgtor is a presynaptic autoreceptor |located both in
t he cent FAELQWEW%\@E Oy vous 15systens, the skin, and in organs, such

as, for %@[ﬁ?és@nt ihfétioH Mg atct Rﬁcrjgﬁél‘?iﬁé ks F %QQ?@B%{%% @&4}15 hgesy)-And. the

gastroi ntestinal tract. Recent &vidence sugges eceptor has
i ntri nsi cyclobutstpipanziné-ydrtibonyy-ciyclopiopyd -taszamide, msti¢utariyi suoh @b Ferm Lit i s

active in.the absence of an agoni st).. Conmpounds actjng as. i nver.se agoni sts
SRR Tt Bt ot bt R A R e e e
regul at e chhgotiRlsqRSRr&y. hi stam ne and al so of other 20 neurotransmtters,

such as, for exanple, Serotonin and acetyl choline. Some histam ne H3
| i gands, such as, for exanple, a histam ne H3 receptor antagoni st or

i nverse I i ease of neurotransmtters in the brain,
wher eas ?@%aﬁdﬁ%%%@ﬁ\éﬁaﬁgfs&such as, for exanple, histamne H3
recepior ThgQRystdlSndm@ymi Bhil-t{tFS,QB)EZI{(4363}6MH%1$ﬂbi‘peﬁfzinhi-S}I)ad”fbdﬁfyl]-as wel | as,

inhibit the release of neurotransmtters. This suggests that histan ne 25H3
recept or CHGORIOPYS -banpyaids argshil §2 geatahlpasiong éanaing Hogusapteregsogtaéccheur onal
activi ty.coﬁtﬁﬁ?%result, efforts have been undertaken to devel op new

t herapeutics that target the histam ne H3 receptor. W)2009/ 024823

descr i bedsThichéstayint H8sicscppdr ia oficurbet imérestyie dowi @iyt namnddicdaichtsatlihe €5,

30such as, for  exanpl

4- ((trandyeepop (R Bf;?&fl@ism gutprepentarlorated bothin ieeentralyaad periphsralnervous

15 systems, the skin, and in organs, such as, for example, the lung, the intestine, probably the
spleen, and the gastrointestinal tract. Recent evidence suggests the H3 receptor has
intrinsic, constitutive activity in vitro as well as in vivo (i.e., it is active in the absence of an
agonist). Compounds acting as inverse agonists can inhibit this activity. The histamine H3
receptor has been shown to regulate the release of histamine and also of other

20 neurotransmitters, such as, for example, serotonin and acetylcholine. Some histamine H3
ligands, such as, for example, a histamine H3 receptor antagonist or inverse agonist may
increase the release of neurotransmitters in the brain, whereas other histamine H3 ligands,
such as, for example, histamine H3 receptor agonists may inhibit the biosynthesis of
histamine, as well as, inhibit the release of neurotransmitters. This suggests that histamine

25 H3 receptor agonists, inverse agonists, and antagonists could mediate neuronal activity.

As a result, efforts have been undertaken to develop new therapeutics that target the

histamine H3 receptor.

W02009/024823 describes the synthesis of a number of cyclopropyl amide derivatives,
30 such as, for example, 4-((trans)-2-[(4-cyclobutylpiperazin-yl)carbonyl]-cyclopropyl}-

benzamide (enantiomer 1; Example 43).



benzam de (enantioner 1; Exanple 43). WD 2011/102795PCT/ SE2011/ 050172 2
DETAI LED DESCRI PTI ON OF THE | NVENTI ON One object of the present invention
is to prowvoadelicwyssal | i ne forns of conmpound (1), 4- {(1BCTAE2011/050172
S)-2-[(4-cycl obutyl pip erazin- 1 -yl)carbonyl]-cyclopropyl} -benzam de. 5
Anot her object of the present inventiop is to provide a crystalline form of
conpound (1), 4- { (1 5, 25)-2- [(4-cyclobutyl piperazin- 1

-yl )carbonyl]-cyclopropyl} -b enz am de, as Forml. Sai d conpound (1)

havi ng aﬂﬁfm@gﬂﬁE%%%g&%NW?ﬁﬁgwEﬂ j\pver se agoni st effect at the 10

1 . .
H3 receptor maki n em sul e to be fornmulated into pharmaceuti cal
formul ati ons. Accordingly, the present invention provides a crystalline
form of conpound fl ), 4-{(15, 2 9)-2-[(4-cyc | obutyl pifp erazin-_ 1
-yl ) car b&REILIRSy ef Bis PERssILinvenEing anfoguovide crystefme daisasaf cgpppped {IhdeHt Pon

| at t ' arized in 20 that
ai a for m bhad iR R el 2 B RPN by EREAEREC ESL L Sbout 18, 3

' 2Thetsa, when neasured using radiation with a wavel ength of about 1.54
angstronms, WO 2011/ 102795PCT/ SE2011/ 050172 3 about 18.3 ! 2Theta n
measur ed ‘U9 Oﬁlé&‘i ‘Eiltﬁ%ﬁre\?\ﬁl’tt FVEn YRR, B 1R R ot Cfé{%]i]f‘e Q%O%W&?PPBMW‘E

{(18S, 25)-2-[(4-cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl } -benzamide, as Form I.

Said compound (I) having a histamine receptor antagonist or inverse agonist effect at the
10 H3 receptor which making them suitable to be formulated into pharmaceutical

formulations.

Accordingly, the present invention provides a crystalline form of compound (1), 4-{(1S,
2S)-2-[(4-cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl}-benzamide

15

HN O
D.
One aspect of the invention relates to a crystalline form of compound (I), characterized in

20  that said form has an XRDP pattern (Cu Ka)) with at least one peak at about 18.3 °2Theta,

when measured using radiation with a wavelength of about 1.54 angstroms.

Another aspect of the invention relates to a crystalline form of compound (1), characterized

in that said form has an XRDP pattern (Cu Ka) with at least two peaks at about 4.9 and



Yet anot her aspect of the invention relates to a crystalline form of
conpound (1), 5 characterized in that said formhas an XRDP pattern (Cu Ka)
with at |Iwesbirteme peaks at about 4.9, about 18.3 and &boGE200/0%172Thet a,
when neasured using radiation with a wavel ength of about 1.54 angstrons.
Still another aspect of the invention gelates to a crystalline form of
conpound (1), 10 characterized in that said formhas an XRDP pattern (Cu
Ka) with at |east four peaks at about 4.9, about 18.3, about 19.6 and about

angst romi 0 U PR SNGE el PP B BE M Rl SO PR T 1 o7

of conpoungstfon)s., 15 char acterized in that said formhas an XRDP pattern (Cu
Ka) with peaks at sel ected '2Thet a-val ues descri bed above and with
addi ti onal peaks at about 16.4 and about 16.6, '2Theta when neasured using

radi ati ORyapf by & c?'o?ﬂﬁ%ﬂvéﬁhoﬁ‘?é?% tB ?&y?ﬁ?&% FQPof c%%ao g (? ?t her aspect

of the invention relates to a crystalline form of conpo
char act erchzredermedt 1halnatsa1ddorfrm has atnaXREﬁ PERDA (GatK @rwitl GUcdsadhrod pdakpetaks at

sel ected ' 2Thet a- v CI‘I ve and with an .addi tional. peak at
Sbout 5. SbTThbaRo 4} b 35 (2R » 20 SeopioRpe RS B desBanurbt n o about
1. 54 angs{ehg th%tflabg,utq 5‘415 Q@d;mgspect of the invention relates to a
crystalline form of conmpound (1), 25 characterized in that said form has an

XRDP pattern (Cu Ka) with peaks at '2Theta-val ues selected from about 4.9,
about 16. abgut 16, ut 20. when
measur ed SIA}éHan ﬁle %ﬁpgftdftﬁ%nvﬁntlonv@\?teelse%gtcﬂls'%lul gfgm{l Eagzp Uﬁl&i )roms Still a

furthgr %ﬁmetten@ffd ih Higatis M &6tk BAk AEXRDPDattOrnd Cur @ttt htleast ﬂfuﬁr&@éks@@ npound
(1), 30 characterized in that said formhas an XRDP pattern ( Ka) with

peaks at 2boutte?.abou] Ifes abeutd Qrteandiabem b Thetey whep sipesmedusigh mgfation. 4,
radiati o E Ko PR Mgl Saangetroms. o
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A further aspect of the invention relates to a crystalline form of compound (1),
15 characterized in that said form has an XRDP pattern (Cu Ka) with peaks at selected
°2Theta-values described above and with additional peaks at about 16.4 and about 16.6,

°2Theta when measured using radiation with a wavelength of about 1.54 angstroms.

Yet a further aspect of the invention relates to a crystalline form of compound (1),
20  characterized in that said form has an XRDP pattern (Cu Ka) with peaks at selected
°2Theta-values described above and with an additional peak at about 5.3 °2Theta, when

measured using radiation with a wavelength of about 1.54 angstroms.

Still a further aspect of the invention relates to a crystalline form of compound (1),
25 characterized in that said form has an XRDP pattern (Cu Ka) with peaks at °2Theta-values
selected from about 4.9, about 16.4, about 16.6, about 18.3, about 19.6 and about 20.4,

when measured using radiation with a wavelength of about 1.54 angstroms.

Still a further aspect of the invention relates to a crystalline form of compound (1),
30 characterized in that said form has an XRDP pattern (Cu Ka) with peaks at °2Theta-values
selected from about 4.9, about 5.3, about 16.4, about 16.6, about 18.3, about 19.6 and

about 20.4, when measured using radiation with a wavelength of about 1.54 angstroms.



4 Still a further aspect of the invention relates to a crystalline form of
conpound (1), characterized in that said formhas an XRDP pattern (Cu Ka)
wi t h peakwoani2zbbmsa- val ues sel ected from about 4.9, ab®at/SE2016/05@bDUt
16. 4, about 16.6, about 18.3, about 19.6, about 5 20.4, and about 23.2,
when neasured using radiation with a wavel ength of about 1.54 angstrons.
Still a further aspect of the invention relates to a crystalline form of
conpound (I), characterized in that said formhas an XRDP pattern (Cu Ka)
Wi th peaks at 2Theta-val ues iosel ected fromabout 4.9, about 5.3, about
9.0, about 12.6, about 16.4, about 16.6, about 18.3, about 19.6, about

20. 4, an$nﬂbﬂhﬁhaﬁm§mnwﬁ&ﬁ1ﬁﬁﬁ&bﬁ&dm3§kngmwadﬂﬁmHﬁﬁhwﬁddﬁmmumaqglength of
about 1.54 angstrons. Still a further ect of the inventign relates to a

crystal |CH%faFt6’Fl?ﬁddf1 thas ¥pid S hasan X%D@rpé tary (E i K@gvithpeaka et Zdihgtardiyeshas an

XRDP pat & g@én@ou‘(‘ﬂ bhaReRkS calbolif Pk a8t 1 6%, Joo@PRY, aBod: 198 Q%utg 0,
about 12.6, a t 16.4, about 16.6, about 18.3, 'about 19.6, about 20. 4,

about 521.29,4, abbaltouR 33.2, wheh mbmtedzwsufg Iﬁd‘ﬂaeolawlmwtmgﬂnr@fdtbusu Ingg r adl ation
with a mavele th of about 1.54 angstrons. 20Yet still a further aspect of
t he |nveﬁPg%ﬁ) el ates to relates to a crystalline formof conpound (1),
characterized by the X-ray powder diffraction pattern essentially as shown
in Figure 1. Anot her enbodi ment relates to a crystalline form of

conpound Sgill)a fupher fh“»agctaf %(Dlmlhemmgﬂi o erssfeling dmyofgompepndtled in Figure
2. 1In anohgr%étﬁ%z tlrlmf ald [1 aﬂd{b@e a{t fKo@n Onge% gltl c)2"I}111 él-valuesC

t hernogram ¢ ef'mC e ameaUMeof

abOUt1022§@ectbﬁlfI$)¥ﬂ éﬁouamet zlftﬁihtSBbQéBuﬂBIOt abo%t 05 ﬁS%@Iu’[ 1618, S0 66, benpound (1)
has a DSC thernngran1conpr|5|n an endothernic event with a eak

t enper at U8e> abouiB 86 abpws 30.4 zmﬂiézwbsm@wsy@bqsm)@d@mnsvmhta is well

known th 2“%Q§19§§a&&ﬁq;5 h&ak tenperatures as well as energy val ues may
vary due o exanpl €, e purity of the sanple and sanple size and due

to instrunental paraneters, especially the tenperature scan rate Hence t he
DSC data pres ed are ot to be t%ken as abs | ute val ues. %Srson skilled
inthe a 16&% @F“Hﬁnp theripyrotionrelpss oeraptal @@@W“bp (WHEWE% al scanning

cal orjsmet.ghr.s@ritdBh tHALKITOHTRREER BRDP daftrmd@La PRERIERLRY a 858 about 4.9,
about 5.3, about 9.0, about 12.6, about 16.4, about 16.6, about 18.3, about 19.6, about
20.4, about 21.2, about 23.2 and about 24.6 °2Theta, when measured using radiation with a

wavelength of about 1.54 angstroms.

20 Yetstill a further aspect of the invention relates to relates to a crystalline form of
compound (I), characterized by the X-ray powder diffraction pattern essentially as shown

in Figure 1.

Another embodiment relates to a crystalline form of compound (I) that has a DSC

25 thermogram essentially as depicted in Figure 2.

In another embodiment, a crystalline form of compound (I) has a DSC thermogram

comprising an endothermic event with an onset temperature of about 225°C.

In still another embodiment, a crystalline form of compound (I) has a DSC thermogram

comprising an endothermic event with a peak temperature of about 235°C.



can be collected according to standard nethods, for exanple those descri bed
in Hohne, G W H et at (1996), Differential Scanning Calorinetry,

Spri nger ,wBeni1/10279Fhe crystalline fornms of conpound () Pofi/SER@1/0583ENt
invention may al so exi st as solvates, including hydrates. 10 The present
invention also relates to the use of agcrystalline formof conpound (1), as
her ei nbefore defined. A crystalline formof conpound (1), as hereinbefore
defined has one or nore advantageous 15 properties. For exanple, in sone
enbodi nenj ; rystallj V.
propertig£§w?%gﬁmﬁéfﬁ%gkgg%&ﬁ%ﬁé?%g%ﬁ?gﬁﬂﬁgpé+%%ag%?%??ggﬁgtﬁgﬁﬁgﬁ?ﬁl | ack
of sol venrtry ducgo, fonataiiple,abdpeiiy of thd dahgloindvampd ghd arldali® te mshremkhtay,

and/ or | ow hygroscopi.city. In certain enbaodi nents, such properties

advant agd8ifé? rF’é‘éP?qlatﬂé’ttée tomP SRS SSRR % , Hance thegdSC datariesshicd Are B{d9 or

delivery é)%ftakcéﬁ R AHRG e ValueOA %IG:&BM §1Eiﬁ% {Ge BRI Qé(t lu%QHg?Rﬁ‘IMta(l gﬁpanﬁ§ers

descri bed herein, tfor exanple Forml conpound provi de advant ageous

propert i dor aifferemghscinhimgstmbiniatdryso thut datasbapeablan thedax pestneet] have be nor e

stabl e chem cal in a crystalline stat n conpar,i son wi.th the, sa

Subst ancest hE EIimsRutintdd Qi TR, fop et TRE HOveOr HhC A TORRLBr one 3.
Pharm  Soy. 4969 (B9s6) AREEENALISPR%ng CRAGHAN, XpRAES, 1948n. Thi s observation
is conmon for small nolecules (i.e. non-proteins) but not always true for

macr onol ddglcestdliingefopnepeéampouad (Ded drd tyestnt mveitical maynd seRExsire olvRtgar m
Res. 1997 éﬁh R@ﬁ%%51379'1387’ especially page 1379. A crystalline state
el ]

is thus 6%% r small nol ecul es such as conmpound (I). 30 6

detergined by the crystal structure, including the size and shape of the
unit cell. Al diffraction peak '2Theta val ues disclosed and / or clainmed
her ei n r efhemresentanveslop atpdelatsh to s vaprek deasialling dormepleomnound ). avat eri al

wll not gj iffraction peaks. See e.g. Klug, H P. & Al exander, L
E., X—Ra%gk¥ﬁF?ggpF%%%Procedures For Polycrystalline and 5 Anorphous

Materials, 1974, John Wley & Sons. The ability for a conpound to |unp
toget her or cake without control will increase if the conpound is heated to
near its A@Wﬁt@ﬁglet %#J eanppound ﬁun%“éleﬁﬂb%%l?é@gﬁﬁ"{ hasipng o1 glofg afVaAEEBw and

di ssol;ut ipfhPEAPELE EIAS, if WWMALRTodichis2a BRNEAIN S BRA AUk (BAhsRIL of a
advantageous properties, such as, for example, a high melting point, a substantial lack of
solvent (e.g., water) content, little or no weight loss on heating, and/or low hygroscopicity.
In certain embodiments, such properties advantageously facilitate the manufacture, storage,
formulation, and/or delivery of compound (I).
20 A crystalline form of compound (1), as described herein, for example Form I of compound

(I) provide advantageous properties with regard to stability.

A substance can be expected to be more stable chemically in a crystalline state in
comparison with the same substance in an amorphous state, as described in Haleblian and
25 McCrone J. Pharm. Sci 1969, 58, pages 911-929, especially page 913. This observation is
common for small molecules (i.c. non-proteins) but not always true for macromolecules
like proteins, as described in Pikal and Rigsbee, Pharm. Res. 1997, 14, pages 1379-1387,
especially page 1379. A crystalline state is thus beneficial for small molecules such as
compound ().
30
X-rays will be scattered by electrons in atoms in a substance. Crystalline material will

diffract X-rays giving peaks in directions of constructive interference. The directions are



10powder, such as during particle size reduction, will bring energy into
the material and thus give a possibility to raise the tenperature. Storage
of a conpwOndiiz®2sl | as transport of a compound can uniPoTSERO1G05117Y al so
| ead to an increased tenperature. Melting is an endotherm c event.

Endot herm c events can be neasured by, qe.g. differential scanning
calorinetry (DSC). 15 It is thus beneficial for a conpound of formula (I)
or a pharmaceutically acceptable salt thereof salt thereof to have such

endot her r&é&rﬁ&%ﬂ“ﬁg rﬂ?reta ?r?stﬁles’i}[&g{ugé,%&u{lﬁ%%ﬁ&iég@?ﬁg sh%%gﬁt@éﬁﬁ# cdIEper at ure

expected durin use reven ou romformng an
undesi r ediffftabiioropeak 2R Ehet2 OalRHARMGIEhCALr HelddLAT ONSerXoqQr Kbsrgdihtiorone

aspect of the present invention there is provided. a pharnaceuti cal
f or nul at i*SheTe 9@%@%%5&#@@9 ARGV ORRh BT 158 déf%ﬁ?ﬁmag%)sﬁ%&h as Form
I, for usqul MM RIGLEM: PNE aRAE Dif’frﬁ@tﬁdﬁ%%cé?ﬁuég%?PB{zleﬂ%ta@iﬁl%%'dat ed wth

the H3 receptor. 25 The formulation used I n accordance t'h the present

i nventi olAmarphbnes Mateaalfs ot s inhindliley &oSonsr al adm ni stration, for exanpl e
such as a tablet, pill, powder, granule or capsule, for parenteral
injection (including intravenous, subcutaneous, intranuscul ar,

i ntravascleabil@y fdrf désipeiid td 1gﬁlptt@§étﬁe%lor%91€e‘ RitBdut dbhtRI Wilin@XAERf e SUCh as
an ointnment, patch or cream for 30 rectal admi nistration for exanple such

as a supposippwrdyisdneted br nesr He mehon-tpapetatuee. dlunzgrandicskas atilldaye difirent

2011/ 102795PCT/ SE2011/ 050172 7 Sui t abl,e .dai | oses ;a crystalli.ne form of
P he Com SRt dTSofibn DRarehfss b BOhb R Rt ety AEmPR e il 4 4L L b

humany, anpewapRkeoh d¥afueihy pertle dif rRBE:tiFE/ Wil hadysetghhtothe BRfcrI @hd thus
adm ni stration and about 0.001 to 250 ng/ kg bodywel ght at parenteral
adni ni st r2&¥9 oPPSSIPHEY tq/rsisedhe waIPClAtyBsHOREe Oha campowd asylleasi temsrorield es

o L
of the pahdehtrndndvemyErddetidenrravicnedabie mephiys oy, ap. d&kfoeentiat edahning f or m of
conmpound Cglloz’i’rne%rl;l%gs%ﬁ. for exanple FormI, may be used on its own
15
It is thus beneficial for a compound of formula (I) or a pharmaceutically acceptable salt
thereof salt thereof to have such endothermic events at a temperature higher than the
highest temperature expected during normal use to prevent said compounds from forming
an undesired lump or cake.
20
PHARMACEUTICAL FORMULATIONS
According to one aspect of the present invention there is provided a pharmaceutical
formulation comprising a crystalline form of the compound (I), such as Form I, for use in
the prevention and/or treatment of conditions associated with the H3 receptor.
25
The formulation used in accordance with the present invention may be in a form suitable
for oral administration, for example such as a tablet, pill, powder, granule or capsule, for
parenteral injection (including intravenous, subcutaneous, intramuscular, intravascular or
infusion), for topical administration for example such as an ointment, patch or cream, for
30 rectal administration for example such as a suppository and for other non-parenteral

administration.



10 but will wusually be adm nistered in the formof a pharnaceuti cal
formulation in which the active ingredient is in association with

phar mmcewocalllp2mscept abl e di |l uents, excipi ents and/ or PCASEROICASIITEr  Known
to a person skilled in the art. Dependent on the node of adm nistration,
the pharmaceutical fornulation nmay conprise fromO0.05 to 99 %w (per cent by
wei ght), for exanple fromO0.10 to 50 %, of active ingredient, all

per cent ages by 15wei ght bei ng based on total conposition. The invention
further  RARMISRIPIROERS R HF oPUERBLALLAD(P s RORSAPE Sllec !

formul ation o elnven IC a crystalline form
of the carpowndofi )nanﬁnulhnalsdl‘n(glhmﬂan, as ab@bﬁlnli‘dﬂﬁiltﬁr(ﬁ tdab0 nedkg wi t h

phar maceut i cal I accept e 20di.luents, excipients d/or inert carriers.
MEDI CAL Uateveig b%ﬁ@%%@%ﬁl%}ﬂraﬂ% andeabept %H%P@r%ﬁ&rag/lﬁg Radyweiglict t he

conpound Qfe)ntéiiaqsaﬁﬁhﬁgtgatgy nl ‘Fhé‘tygﬁc)él H’eﬁlf&y% BF Bk SEGE i reﬁle'i{?s%'es withf! an' ”9
human, (? be used to nodul ate | east one 25hi sta H3 receptor.
ternmss" mydd¢ engt and woltldépene sh vatiomdattatsi sugh as e rélﬂmﬂm imiuaaonﬁ,,thasomeﬁj

her ei n, fer. to, for exa oni st activity) or
i bi 41 GREEson. e 4o AT Se R Srradis B RaLbt (SRRIICOPTHL | eatt one
hi stam ngnbdcihgceptor. In one enbodi ment, at |east one crystalline form of
the conpound (I) described herein nay be adm nistered to a mamal ,

i ncludi ng human, to be used as an inverse 30agon|st of at | east one
hlstamneHSr n_an ne crystalline form
R Ne: N YR e T S A

i ncl udi NGubwithiksuallP bOedMERACRS irBthe FnAGONpIMrmateutitall fBRREIaaLinhHtRMcne H3
receptor. In WD 2011/ 102795PCT/ SE2011/ 050172 8 anot her enbodi nent, at

| east on@C%Yey@gwdlqnh@ in gysrigtion weth phameAsaetically ageepibiqrditicisr @Iy be used

t th
oS a0, a0 ARRR}th Al b 875 o PORDUSHATR R BRERLAGH st oanot her
her ei n maymiestusiod, me paathagouticat foafubktioh eagtcoomeishirstai e 39B%me@ept or . 5

At | east one cryst ine f rmof he conpound (1) described herein may be
adni ni st SFPYwigh ﬁﬁ%zfamn %Erpﬁlo(?i] tomfhn; of actlys inged o2k PEAENtRE bYr  nor e

of a Wi dg,dNIein gfbag&lrtgitro{a@@ém 5519(?nsorders i n which nodul ating the
hi st am ne receptor 1s beneficial. At |east one crystalline formof the

conmpound (1) described herein may adm nistered to a mammal ,

The invention further provides a process for the preparation of a pharmaceutical
formulation of the invention which comprises mixing of a crystalline form of the
compound (I), such as form I, as hereinbefore defined, with pharmaceutically acceptable

20  diluents, excipients and/or inert carriers.

MEDICAL USES
In one embodiment, at least one crystalline form of the compound (I) described herein may
be administered to a mammal, including human, to be used to modulate at least one

EE TS

modulates”,

EE TS

25 histamine H3 receptor. The terms “modulate”, modulating”, or
"modulation”, as used herein, refer to, for example, the activation (e.g., agonist activity) or
inhibition (e.g., antagonist and inverse agonist activity) of at least one histamine H3
receptor. In one embodiment, at least one crystalline form of the compound (I) described
herein may be administered to a mammal, including human, to be used as an inverse
30 agonist of at least one histamine H3 receptor. In another embodiment, at least one

crystalline form of the compound (I) described herein may be administered to a mammal,

including human, to be used as an antagonist of at least one histamine H3 receptor. In



i oi ncluding human, to be, for exanple, be useful to treat at |east one

di sease of the central nervous system the peripheral nervous system the
cardi ovaswolar/wy®sem the pul nonary system the gastroPOTSERIIMAF013Y St em
or the endocrinol ogi cal system Another enbodi nent provides a nmethod for
treating a disorder in which nodulating the function of at |east one
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psychiatric disorders include, but are not limted to, for exanple,
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Di sor der (‘§)C10BRAAEEIPEYE ﬁﬁ%a@nenei 3ﬁ@@%&?%ﬁcgﬂéﬂﬁvwﬁr@%@agm( s) Due
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Hi story of Panic D sorder(s), Specific Phobia, Social Phobia,

bsessi ve- Conpul si ve Disorder(s), Stress related Di sorder(s), Posttraumatic

Stress DGl @eiodshent ASIbes toSthe @85S0 8 efydRII(1%)form of a compound (I) in the
manufacture of a medicament for the treatment of at least one disorder selected from
20  schizophrenia, narcolepsy, excessive daytime sleepiness, obesity, attention deficit
hyperactivity disorder, pain, neuropathic pain, Alzheimer’s disease, cognition deficiency,

and cognition deficiency associated with schizophrenia.

A further embodiment relates to a method for the therapy of at least one disorder selected

25 from schizophrenia, narcolepsy, excessive daytime sleepiness, obesity, attention deficit
hyperactivity disorder, pain, neuropathic pain, Alzheimer’s disease, cognition deficiency,
and cognition deficiency associated with schizophrenia, in a warm-blooded animal in need
of such therapy, wherein the method comprises administering to the animal a
therapeutically effective amount of a crystalline form of the compound (I).
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L0 gt B RS T TR BN i o Lo
obesity Ql"ept*é@shdilg major depression, mood stabilization and/or apathy, and Dysthymic
Disorder(s)), b) Bipolar Depression and/or Bipolar mania, such as, for example, Bipolar |
20 (which includes, but is not limited to those with manic, depressive or mixed episodes),
Bipolar I, and Bipolar Maintenance, ¢) Cyclothymiac’s Disorder(s), and d) Mood
Disorder(s) Due to a General Medical Condition; Sleep Disorder(s), such as, for example,
excessive daytime sleepiness, narcolepsy, hypersomina, and sleep apnea; Disorder(s)
Usually First Diagnosed in Infancy, Childhood, or Adolescence including, but not limited
25 to, for example, Mental Retardation, Down’s Syndrome, Learning Disorder(s), Motor
Skills Disorder(s), Communication Disorders(s), Pervasive Developmental Disorder(s),
Attention-Deficit and Disruptive Behavior Disorder(s), Feeding and Eating Disorder(s) of
Infancy or Early Childhood, Tic Disorder(s), and Elimination Disorder(s); Substance-
Related Disorder(s) including, but not limited to, for example, Substance Dependence,
30 Substance Abuse, Substance Intoxication, Substance Withdrawal, Alcohol-Related

Disorder(s), Amphetamines (or Amphetamine-Like)-Related Disorder(s), Caffeine-Related
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disorders (e.g., binge eating, anorexia, bulimia and compulsive), and/or cravings (for
drugs, tobacco, alcohol, any appetizing macronutrients or non-essential food items); ii) to
prevent weight gain (e.g., medication-induced or subsequent to cessation of smoking);
and/or iii) to modulate appetite and/or satiety. At least one solid form described herein

20  may be suitable for treating obesity by reducing appetite and body weight and/or
maintaining weight reduction and preventing rebound. At least one solid form described
herein may be used to prevent or reverse medication-induced weight gain, ¢.g., weight gain
caused by antipsychotic (neuroleptic) treatment(s); and/or weight gain associated with
smoking cessation.

25
A crystalline form of the compound (I) may be useful to treat at least one
Neurodegenerative Disorder.

Exemplary Neurodegenerative Disorders include, but are not limited to, for example,
conditions associated with cognitive disorder(s) or indications with deficit(s) in cognition

30 such as: dementia; incl. pre-senile dementia (early onset Alzheimer’s Disease); senile
dementia (dementia of the Alzheimer’s type); Alzheimer’s Disease (AD); Familial

Alzheimer’s disease; Early Alzheimer’s disease; mild to moderate dementia of the
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degeneration(CBD); traumatic brain injury (TBlI); postencephelatic
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2011/ 302 19RGEH SERQINL QhRdFRcdiz; A MBALlat@arddnihasallinDegrUeN) atb@fitive
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At t ent i onnefrophit laadl JdlcoipiAS); Batiavhasil dpsmraensCBDY;| trdenatibbiraimr e not
limted to, for exanple, glt tention defici % di sorder. (ADD%, attention
deficit HYPBr A RopyneaPEERtRPARSRIBYT: Bigl safirectiNieTank ot ey discasg A
crystal ligigy 96 MddmE N8y RIRANskdsk: ARY2 ﬁd%&ibué GibsbIRh LR, | ncl udi ng
acute or chronic pain disorders including but not limted to, for exanple,
W despr eaaulpiplic B¢letos 3adM Q) enhofprinaurohlaisceep {MIND Y BurkinsbnTs IRisnme (ATY); Bai n,
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neural gi gydQWr Q%bhﬁ%ﬁxia?ﬁ%d?ﬂ@ﬁ@wté&%; Rahfas MSEEER12PE @pin@@é‘ijebellar
Degerneration ;Neuromyelitis Optica; Multiple System Atrophy; Transmissible
20 Spongiform Encephalopathies; Attention Deficit Disorder (ADD); Attention Deficit
Hyperactivity Disorder (ADHD); Bipolar Disorder (BD) including acute mania, bipolar
depression, bipolar maintenance; Major Depressive Disorders (MDD) including
depression, major depression, mood disorder (stabilization), dysthymia and apathy;
Guillain-Barré Syndrome (GBS); and Chronic Inflammatory Demyelinating
25 Polyneuropathy (CIDP).

A crystalline form of the compound (I) may be useful to treat at least one
Neuroinflammatory Disorder including, but not limited to, for example, Multiple Sclerosis
(MS), which includes, but is not limited to, for example, Relapse Remitting Multiple

30 Sclerosis (RRMS), Secondary Progressive Multiple Sclerosis (SPMS), and Primary
Progressive Multiple Sclerosis (PPMS); Parkinson’s disease; Multiple System Atrophy
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2011/ 102795PCT/ 'SE2011/ 050172 13 A crystal l'ine form of the conpound (1) may

be used fdordaneADHERL amhaffestivadispeiget one di sorder sel ected from cognitive
deficits in schizophrenia and Al zhei ner's di sease. One enbodi nent of the
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attention
neuropathic pain, Diabetic neuropathic pain, Central and peripheral neurogenic pain,

Central and peripheral neuralgia, Low back pain, Postoperative pain, Visceral pain, and
15 Pelvic pain; Allodynia; Anesthesia dolorosa; Causalgia; Dysesthesia; Fibromyalgia;
Hyperalgesia; Hyperesthesia; Hyperpathia; Ischemic pain; Sciatic pain; Burn-induced pain;
Pain associated with cystitis including, but not limited to, interstitial cystitis; Pain
associated with multiple sclerosis; Pain associated with arthritis; Pain associated with
osteoarthritis; Pain associated with rheumatoid arthritis; Pain associated with pancreatitis;
20  Pain associated with psoriasis; Pain associated with fibromyalgia; Pain associated with

IBS; Pain associated with cancer; and Restless Legs Syndrome.

A crystalline form of the compound (I) may be useful to treat at least one of the following
disorders Autism, Dyslexia, Jetlag, Hyperkinesias, Dystonias, Rage outbursts, Muscular
25 Dystrophy, Neurofibromatosis, Spinal Cord Injury, Cerebral Palsy, Neurological Sequelae

of Lupus and Post-Polio Syndrome.

A crystalline form of the compound (I) may be used for the manufacture of a medicament
for the treatment of at least one autoimmune disorder, psychiatric disorder, obesity

30 disorder, eating disorder, craving disorder, neurodegenerative disorder, neuroinflammatory
disorder, Attention-Deficit and Disruptive Behaviour Disorder, and/or pain disorder

described hereinabove.
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and/or pain disorder in a warm-blooded animal, comprising administering to said animal in
need of such treatment a therapeutically effective amount of a crystalline form of the

20  compound (I).

Yet another aspect provides a method for treating at least one disorder selected from

cognitive deficits in schizophrenia, narcolepsy, excessive daytime sleepiness, obesity,

attention deficit hyperactivity disorder, pain, neuropathic pain, and Alzheimer’s disease in
25 awarm-blooded animal, comprising administering to said animal in need of such treatment

a therapeutically effective amount of a crystalline form of the compound (I).

Yet another aspect provides a method for treating cognitive deficits in schizophrenia in a
warm-blooded animal, comprising administering to said animal in need of such treatment a

30 therapeutically effective amount of a crystalline form of the compound (I).



15sel ected fromthe group consisting of attention deficit disorder (ADD),
attention deficit hyperactivity disorder (ADHD) and affective disorders,
wher ei n twe 2afifwesve di sorders are Bipolar Di sorder ineCudEagiasurze mani a,
bi pol ar depression, bipolar maintenance, major depressive disorders (MDD)

i ncludi ng depression, major depressionyynood stabilization, schizoaffective
di sorders including schizophrenia, and dysthyma. 20 Still another aspect
provi des a nethod for treating Al zheinmer's disease in a warm bl ooded

ani mal , 5l 1. ri ' ' ] f - reatnent a
therapeuﬁ%ggﬁh§&ggpgg?%83&%%5%%?0O?H%%%$V§®%$ﬁ$H%Q?%gﬁﬁg%dgﬁ%ﬁgg%pound (r).
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to sai d SHEHRIC PYREebe esteling fornpg %ﬁﬁ?mao‘t‘ hpeutically effective amount
of a crystalline formof the conmpound (l1). WD 2011/102795PCT/ SE2011/ 050172
15 Yet still another aspect provides a nethod for treating a pain disorder
in a war fdbhoatiechspert paivides ampethed fog tizatmgiastaepsygn b ovasai Woadedrmimdln need

of such treat.nent .a.t.herapeutically .effective anpbunt of a crystalline form
of the cGRPBINGSAHiNICRRY oI 4nimllirmerd s FreRmsyl ARSI f or

treati ng ABLINRRALIUNE o PAENstallin@ f¥¥a BF thk @esgBuRNiITRl , conpri sing _
adm nistering to said animal in need of such treatnent a therapeutically
effective amount of a crystalline formof the cogﬁlound fl). In one

enbodi menfct angtbergapeat brayadis @ ragthedfor itsatingexenssivicatyspe clesBinpssdn aavaig: but
not 10li m . far I . L } as, for
exanpl e, %ﬁ’é‘g? rargla as,,cogﬁ%ﬁﬁgra?&rh%?ﬁﬁ%%oiﬁﬁdﬂ%gﬁﬁ%&%,e@? F%{E&gﬁe%%g%ded ani mal

i's a bumacrapuatdlBrefB8HeE impiin \oif d @systdligneifotm of th winpduad (l).ne form of the
conmpound (I) in therapy. 15 Another enbodi ment provides the use of a

crystalline formof the conpound (I) in the manufacture of a i canent for
use in tKYEERPodAG RE fhedBradion selateh o tha PESYEREHM 4@%&@@@@ 8f B of

formul a (HileadS dicidMSdnd8lEh e RlayPoRRAHITBREE PidLakioh IMRAMEMOPs Biscase,
formul ati on conprising a conbi nati'on conprising such a 20 conpound of

formula (1) is admnistered, concurrently, sinultaneously, sequentially,
separ at ely, o BULUNGL W oh Aot her. phar FRCeuLLeal ) ASHLYS. R OPRRUNd
15 selected from the group consisting of attention deficit disorder (ADD), attention deficit
hyperactivity disorder (ADHD) and affective disorders, wherein the affective disorders are
Bipolar Disorder including acute mania, bipolar depression, bipolar maintenance, major
depressive disorders (MDD) including depression, major depression, mood stabilization,
schizoaffective disorders including schizophrenia, and dysthymia.
20
Still another aspect provides a method for treating Alzheimer’s disease in a warm-blooded

animal, comprising administering to said animal in need of such treatment a therapeutically

effective amount of a crystalline form of the compound (I).

25 Still yet another aspect provides a method for treating attention deficit hyperactivity
disorder in a warm-blooded animal, comprising administering to said animal in need of

such treatment a therapeutically effective amount of a crystalline form of the compound

D.



(1) antidepressants including for exanple agonel atine, amtriptyline,
anoxapi ne, bupropion, citalopram clom pram ne, desipram ne, doxepin

dul oxet i &0 2el1zm@g™Ran, 25escital opram fluvoxam ne, fl| u®xeSERE1/086EPE r one,

i mpramne, ipsapirone, maprotiline, nortriptyline, nefazodone, paroxetine,
phenel zi ne, protriptyline, ranelteon, jgboxetine, robalzotan, sertraline,
si butram ne, thionisoxetine, tranylcypronmaine, trazodone, trim pram ne,
venl af axi ne and equi val ents and pharnmaceutically active isoner(s) and

met abol i t f. Ik i | i I.nc i exanpl e
quetiapiQ%Qg%%gﬁﬁggﬁgggggﬁﬁg%?3Hé%?%ggm?2%%§$¥§?8§%§§%%p%%%%#ﬁ%k%@g%hereof;
WO 2011/ haddpdaiprSEROti 0B HEZ td &aid animal {n ndel ofiRidhpeyahait iaakerbprakivgliyng f or
exanpl e and sul pride, aripiprazal e, enapi ne, penzi soxidil, bifeprunox,

car bamaz @g‘:ileﬁé‘fe 36‘!‘%‘?56?%%‘}’5@[““6;%9@%? empPg Yapi ne, dival proex,

dul oxeti ne, eszopiclone, hal operidol, iloperidone, |anotrigine, |oxapine,
nmesori dazi ne, ol anzapi ne, pali peridone, perlapine, perphenazine,

phenotshi azit nell asphamppdet pydvipdes @emathorkior iy mharopatioc pdionpe mazinfdooded

ri speridone, sertindole, .sulpiride, suproclone, .suriclone, thioridazjne,
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zot epi ne ofRLiFAphSRAN6T ABYs@AM Y@t Sic 3DMpRIAS (MAceuti cal Iy active isoner(s)
and netabolite(s) thereof; (iv) anxiolytics including for exanple

al nespi rone, azapirones, benzodi azepi nes, i0 barbiturates such as

adi nazol al prazol am. bal ezepam , bent azepa romazepam,, brotj zaol am
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di phenhy dihdtedne, foestazt,aitimahe Aebasestic Whinkd18 20624, firlewidgRpads, Asazepam
| orazepam | or met azepam neprobamate, m dazol am nitrazepam oxazepam

pr azepamang hamsep iy one sE1bad B the wawapitoded animad i guman: emazepam
triazol am ul dazepam zol azepam and 15equi val ents and pharnmaceutically
active isoner(s) and netabolite(s) thereof; (v) anticonvul sants

i ncl udi ng\rfotticr axmpprevilas tharmz epa oystaliinerfaze phtie cetnbosid( nindkerapel bamat e,

f osphenyt oi n, gabapentin, |acosam de, |anotrogine, |evetiracetam

oxcar bazepi ne, phenobarbital, phenytoin, pregabaline, rufinam de,

t 0PI 1 ARl kARG RN ¥ RRSIH (Peorze sBAMcABrm B theRBHpEEh Y fn O
pharmaceutically 20active 1soner(s) and netabolite(s) tﬁ%reo ;

manufacture of a medicament for use in therapy.

Another aspect of the invention is wherein a compound of formula (I) as defined herein, or
a pharmaceutical composition or formulation comprising a combination comprising such a

20  compound of formula (I) is administered, concurrently, simultancously, sequentially,
separately or adjunct with another pharmaceutically active compound or compounds
selected from the following:

(1) antidepressants including for example agomelatine, amitriptyline, amoxapine,
bupropion, citalopram, clomipramine, desipramine, doxepin duloxetine, elzasonan,

25 escitalopram, fluvoxamine, fluoxetine, gepirone, imipramine, ipsapirone, maprotiline,
nortriptyline, nefazodone, paroxetine, phenelzine, protriptyline, ramelteon, reboxetine,
robalzotan, sertraline, sibutramine, thionisoxetine, tranylcypromaine, trazodone,
trimipramine, venlafaxine and equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof;

30 (i1) atypical antipsychotics including for example quetiapine and pharmaceutically

active isomer(s) and metabolite(s) thereof;



(vi) Alzheiner's therapies including for exanpl e donepezil, rivastigm ne,
gal ant am ne, nemantine, and equi val ents and pharmaceutically active

i soner (s)wandivme@bol it e(s) thereof; (vii) Parki npom'sg2aihesapi es

i ncludi ng for exanple | evodopa, dopam ne agoni sts 25such as aponor phi ne,
bronocriptine, cabergoline, pran pexol;gropinirole, and rotigotine, MAOB
i nhibitors such as selegeline and rasagiline, and other dopam nergics such
as tol capone and entacapone, A-2 inhibitors, dopam ne reuptake inhibitors,
NVDA ant agoni st:S,...Ni i , r r tric
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fal voxat e, X XlO 1 E{ OP Yner Xarncf aln II‘OIl apir ne g Nzoa1 tZO teer odi ne
and and equi v 8 |drr§c |capl? 8é)t| Y s%noe f 5’ gﬁc? T Aol | te(s)
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capsaicin, and anti convul sants iosuch as gabapentin, pregabalin, and

anti depr dsatiraiaan. duemirans. danseamrdoragengicabrrdieepartie, CYPRgINaHE diazepam,
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met abol i noci ¢ rve p plés in udlng
par acet anmimetddSpdrSneprdbanate hsidagalah, m&a@@hmc oxdzbparet@aicpanmi fpyazkpam,r acoxi b,
val decoxi b, parecoxi b, diclofenac, |oxoprofen, 15 naproxen, ketoprofen,

i bupr of ercCl7eRfeFaRIZolA) Bnipalm, emarpame Tiazalim. 8ldeasnam. plakera® 4hd phi ne,

oxycolqon% ulb;glraﬁ@%a hé}matc ﬂplact%q eregg%@ﬁ%@&beﬁ@(sﬁwé@teut' cal l'y

aCtIVEIS ITEI’ S rreta0|tes I hsomi a
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2‘{“;?2,[ Elat o’su;plglq ?elgarnap[ fosplf}eg}pt%{nbigg‘t?élpentl I?awolsgn%de Clgrln(oj{roglhe cl operi done’
levetlracetarn, oxcarbazepine, phenobarbital, phenytoin, pregabaline, rufinamide,
topiramate, valproate, vigabatrine, zonisamide, and equivalents and pharmaceutically
20  active isomer(s) and metabolite(s) thereof;

(vi) Alzheimer’s therapies including for example donepezil, rivastigmine,
galantamine, memantine, and equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof;

(vil) Parkinson’s therapies including for example levodopa, dopamine agonists

25 such as apomorphine, bromocriptine, cabergoline, pramipexol, ropinirole, and rotigotine,
MAO-B inhibitors such as selegeline and rasagiline, and other dopaminergics such as
tolcapone and entacapone, A-2 inhibitors, dopamine reuptake inhibitors, NMDA
antagonists, Nicotine agonists, and inhibitors of neuronal nitric oxide synthase and
equivalents and pharmaceutically active isomer(s) and metabolite(s) thereof;

30 (viil) migraine therapies including for example almotriptan, amantadine,

bromocriptine, butalbital, cabergoline, dichloralphenazone, dihydroergotamine, eletriptan,

frovatriptan, lisuride, naratriptan, pergolide, pizotiphen, pramipexole, rizatriptan,



20dexcl anol , et hchl orvynol, etom date, glutethimde, hal azepam

hydr oxyzi ne, necl oqual one, nel atonin, nephobarbital, nethaqual one,

m daf | ur ,woizeob@emse, pentobarbital, phenobarbital, propofisE20masalt eon,
rol etam de, triclofos, secobarbital, zal eplon, zol pidemand equival ents and
pharmaceutically active isonmer(s) and petabolite(s) thereof; 25(xiv) nood
stabilizers including for exanple carbamazepi ne, dival proex, gabapentin,

| anotrigine, lithium olanzapine, quetiapine, valproate, valproic acid,
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di et s s( L&yivalents and pharwapedtivellapetimeiisoragénsd msebalite(s) tharedt i ng obesity

associ ated di sorders, .such as, for .exanpl.e, biguanide drugs, insulin
(ynthotic | nea) PR ANIgUEST: disioin B 1) BEPYS Duhibe i HRSEH S o

di vi ded 'o&%@ut%ﬁiﬁig&ibﬁiveﬁhé{?@&@zdtﬁg Yh IR cSn, 31 rédiRb And eﬁidl’é%ﬁﬁla%%eand

i nhi bitors), PPAR nodul ating agents, such as, for exanpl'e, PPAR al pha

and/ or gahamasgeidally sctivubdroed)aneé awtabotis®dhaedd - | oweri ng agents, such as,

for exanple, inhibitors.of HWG CoA .reductase (.3-hydroxy-3-nethyl gl utaryl
coensymar A 1 edbimutPaliobyi M RE hEHL 35e b ANt TR LRI Vs e
(| BATyoi nRiEH ds0fabapeati pregaalifl, dndtifeprddda@s bith Bidubxachd] vedafaeiker i ng
agent, such as, for exanple, colestipol, cholestyram ne, or chol estagel; a
CETP ( ch@magérlipe, demepramingn ardequiyabgngs #1d nhapnsschbeallyacinodisesed ploind

absorpti | .sk.ca MIP (m crosomal transfer protein) inhibitor; a
nicotinig&%%#%@ggﬁpég %ve, i ncl udi ng sl ow rel ease and conbi nati on products;

a phyt ost er ol (gionpodioghtivp peilubabpicainchiding moagtanantNS AIDS arbeox3os aichy aci d;
an anti-obesity therapy, such as, faqr exanple, 15sjhutram ne, phenterm ne,
orl i st at 25 GelpsBH-SHPTICaRe 1%9X1§nﬁa?@?f9¥@xpﬁ§?oxélh s enac, loxoprofen,

15 naproxen, ketoprofen, ibuprofen, nabumeton, meloxicam, piroxicam and opioids such as
morphine, oxycodone, buprenorfin, tramadol and equivalents and pharmaceutically active
isomer(s) and metabolite(s) thereof;

(xii1) insomnia therapies including for example agomelatine, allobarbital, alonimid,
amobarbital, benzoctamine, butabarbital, capuride, chloral, cloperidone, clorethate,

20 dexclamol, ethchlorvynol, etomidate, glutethimide, halazepam, hydroxyzine,
mecloqualone, melatonin, mephobarbital, methaqualone, midaflur, nisobamate,
pentobarbital, phenobarbital, propofol, ramelteon, roletamide, triclofos,secobarbital,
zaleplon, zolpidem and equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof;

25 (xiv) mood stabilizers including for example carbamazepine, divalproex,
gabapentin, lamotrigine, lithium, olanzapine, quetiapine, valproate, valproic acid,
verapamil, and equivalents and pharmaceutically active isomer(s) and metabolite(s)
thereof;

(xv) obesity therapies, such as, for example, anti-obesity drugs that affect energy

30 expenditure, glycolysis, gluconeogenesis, glucogenolysis, lipolysis, lipogenesis, fat

absorption, fat storage, fat excretion, hunger and/or satiety and/or craving mechanisms,



anti hypertensive, such as, for exanple, an angi otensin converting enzyne
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(e.g., Vv LGl i [ QR el oni di F LSl E b .am
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adm njsSt 1Ak kA AN IhdiEntRY BFista, Qf réﬂ?@n,'e@h&ﬁ"ﬁé, Qﬁi‘tﬁﬁro&fn%?&x?d- For
veterinary use the anmounts of dlfgérent onponents,” the dosage form and the
dose of antihypeeenedi, sacherst formyanapleyanaangioterisin depertogenzyae (AUE) mhtitor,s such

as, for %ﬁ%lqgﬂo?engigﬁl g'e%le&gllr e\lll{tgguo%list,ra%qalﬂlrern%%g Elo(c):l];er:[ abnealp na{ a 1r|enet1rg£i(ca %‘ioecﬂ'er, a

beta adrenergic blocker, a mixed alpha/beta adrenergic blocker, an adrenergic stimulant,

calcium channel blocker, an AT-1 blocker, a saluretic, a diurctic, and a vasodilator; a
20 melanin concentrating hormone (MCH) modulator; an NPY receptor modulator; an orexin
receptor modulator; a phosphoinositide-dependent protein kinase (PDK) modulator;
modulators of nuclear receptors, such as, for example, LXR, FXR, RXR, GR, ERRa, f,
PPARa, B, y and RORalpha; a monoamine transmission-modulating agent, such as, for
example, a selective serotonin reuptake inhibitor (SSRI), a noradrenaline reuptake inhibitor
25 (NARI), a noradrenaline-serotonin reuptake inhibitor (SNRI), a monoamine oxidase
inhibitor (MAOQI), a tricyclic antidepressive agent (TCA), a noradrenergic and specific
serotonergic antidepressant (NaSSA); a serotonin receptor modulator; a leptin/leptin
receptor modulator; a ghrelin/ghrelin receptor modulator; a DPP-IV inhibitor; and
equivalents and pharmaceutically active isomer(s), metabolite(s), and pharamaceutically
30 acceptable salts, solvates, and prodrugs thereof;
(xvii) agents for treating ADHD, such as, for example, amphetamine,

methamphetamine, dextroamphetamine, atomoxetine, methylphenidate,



When enpl oyed in conbination with at | east one solid form described herein,
t he above ot her pharnaceutically active conpound may be used, for exanple,
in the amvorbs/ioadscat ed in the Physicians' Desk Ref er eRCE/SERDR0SE7Y., 64t h
ed. 2010) or approved dosage 20 ranges and/or dosage described in published
references or as otherw se determ ned one of ordinary skill in the art.
Dosages can be readily ascertained by those skilled in the art based on
this disclosure and the know edge in the art. Thus, the skilled person can
readily i 0 F ives,
veh|cIes%%%%gggﬁﬁggggfggg&ﬁﬁn%%mgé zﬁ%ﬁ%%%gﬁlPﬁ&%@ﬁ%ﬂ%ﬁ%ﬁﬁ?%@%ﬁﬁln "Yet hods
prOV|dednm&ﬂﬁﬂmﬂsmheesﬁeﬁdflc dose IeveI and frequency of dosage for any

particul ar subject, however, y and general |l y depends vari ety of
factors, incl GHYiHYageRis usgito Freﬁﬁ ﬁﬁa@%a Pﬁ(ﬁwgﬁﬁl %‘pe@ 808 m@firam Land/ or

bi oavai | abiy &4 ,Yor%g% | PE Sibiifh Ifeﬁlélgérﬁént@?e?%lésf’(ﬁg gﬁ%ﬁféﬁché I £Sal gﬁ%??febggy

wei ght, general sex, diet 30 e an

adm nisst maidtionrgicrla‘c@tmfagemstsepardml agdnisty, awhditaganison (c.@andhrswvlerd)t y of t he
particular conditio . ?01 /102 PCT/S 811/050172 20 In the context of
the pr esé‘ﬁ?mgfﬁé%?f”ft?“é’é‘ml% g “f‘ﬂ]el:“ég&? o1, BROKNS BYLEXOS @ent i on”

unless t kg ﬁﬁa@ﬁ@aﬁ@?ﬁ&hﬁ@mﬂﬂﬂﬂ?ﬁ&h%ﬁ§nﬁ&?$Bﬁdﬁﬁﬂ%B%&%)ﬂ%ﬁ&ﬂterns
"t herapeutic" and her apeuti cal | y" shoul d be construed accordingly. 5In

the context of the present specification, the tern1"d|sorder" al so incl udes

eﬁggg: :T;gl? g}ég\?l %élsnrtc{;feoli %eatilertaﬁgu%% Jn,lé)%qlg{llﬁkliect?etalt 28 ntof & é)aalf%lf:ar reag‘sre)(*illl h one

entron

conpoyndsicl@}ariiBe (icddepdedihg 66 tHeehBiéreat&l, &1@:)roatefdfraaﬁnﬁlmwt@aaua ke agent,
which is a H3 inhibitor and (b) a second therapeutlc agent, which is a

NVDA- r ec 6pYsity ahthadbssbeisgfreteéd from  (a) a first therapeutic agent,
which is a crystalline formof conpound (1), 4-{(1S, 2S)-2-[(4-

cycl obut yl pi perazin-1-yl)carbonyl]-cycl opropyl | -benzam de, such as for
exanpl e fFor seterindrp andlthebjnoansed difteréhenmpendnts tigdntge fohinahd itls: dseefit | ne;
(a) a flrst t herapeutic ag ich is a H3 antagoni st or inverse agoni st
and (b) ahSWEGRYMEHERHPREY ?I&f %@}ﬁh gRPeDGAN YRrIGUS facta@ép% a% fQS) qxﬁ’élP@stF%r as

i nhi bjst ofndividual requirement of the animal treated.

When employed in combination with at least one solid form described herein, the above

other pharmaceutically active compound may be used, for example, in the amounts

indicated in the Physicians’ Desk Reference (PDR; e.g., 64th ed. 2010) or approved dosage
20  ranges and/or dosage described in published references or as otherwise determined by one

of ordinary skill in the art.

Dosages can be readily ascertained by those skilled in the art based on this disclosure and
the knowledge in the art. Thus, the skilled person can readily determine the amount of

25 crystalline form and optional additives, vehicles, and/or carriers in compositions and to be
administered in methods provided herein. The specific dose level and frequency of dosage
for any particular subject, however, may vary and generally depends on a variety of
factors, including, but not limited to, for example, the dissolution and/or bioavailability of
the solid form(s) described herein; species, age, body weight, general health, sex, and diet

30 of the subject; mode and time of administration; rate of excretion; drug combination; and

severity of the particular condition.



(a) a first therapeutic agent, which is a crystalline formof conpound (1),
4-{(1S, 2S)-2-[(4-

20cycl obuwl2pipwe®zi n- | -yl ) car bonyl ] - cycl opropyl | - benzamrCaiSE26mo125 f or
exanple Form 1, and (b) a second therapeutic agent, which is a donepezil.
(a) a first therapeutic agent, which igga crystalline formof conpound (1),
4-{(1S, 2S)-2-[(4-

cycl obut yl pi perazin-1-yl)carbonyl]-cycl opropyl | -benzam de, such as for
exanple k r i at i I S
i vast i i o coyiRRdr &R brBenIpRiaR ARtk T ARt RUBRes Brlention” e f or m
of rogpoun:nﬁ:si there de B}lﬁebﬁilc ia&)cgﬁot{sl(té-the colntrary. Thle terrtrjls ”therapgutic” and ] f

cycl obut yl pi per azi n-1-yl)carbonyl]-cycl opropyl|-benzam de, such as for
exanpl e ¥3Wﬁﬂﬁ9“%%m'§%¥ﬂ%b%%§ﬁﬁﬂe &P ic agent, which is a gal antani ne.
(a) a first therapeutic agent, which is a H3 inhibitor and (b) a second

t herapeutic agent, 30which is a voltage-gated cal ci um channel i nhi bitor

sel ected Ih tlemonteWo ¢ pr<bOR 3PSt iBR21DE 1¢ro5 BlisoRde2" alé@)nchudes f@nditlvel apeut i ¢
agent, which js a crystalline.formof conpound (1), 4-{(1S, 2S)-2-[(4-

cycl obut YPESHEFEATR SPEC{S 0dicaions i heonBg¥opy! | - benzani de, such as for
exanple Forml, and (b) a second therapeutic agent, which is pregabalin.

(a) a first therapeutic agent, which is a crystalline formof conpound (1),
4-{(1S, dspn@empadiment of the invention the combination comprises the group of compounds

5cycl obut yl pi azin-lsyl)carbonyl]-cycl opropyl}-benzam de , such as for
exanpl e ﬁgﬁﬁgﬁsfgﬁkg?ﬁggg%gécond t herapeutic agent, which is gabapentin.
Such gonbi nati on products enploy the conpound of this invention within the
dosage range_descri bed herein and the other pharmaceutically active

conpound (ra Bishibetaredtia aagnt mhichdp pibliahibies ey aserosd shrirrsitie Agerdos age
descr'beQMhH1ﬁQﬁﬂ§ﬁﬂi¥&%ﬁk?gm%gﬁﬁ&%gﬁgedH% 10DS OF PREPARATI ON A process

for the preparation of a crys Ine formof a conpound (1), 4-{(1S,

25) - 2- [ (4a) a first thycdpolnid agepi, péii@zis a-chysydl icafobay dmpyaldapy, dpyl S, A3e22z[¢4q de,
Form 1, are described in 15conprising the foll ow ng steps: a) dissolving
(1s, 25) -Czeleﬁutwmﬁa%w plearhpny ey elppiopyl disazapidssyych @ gnsieaarawg FormT,

& hyarochl o P RPLCLp R AT RN eSS Us0 i 1 the presence of a
base such as Nnet hyl nor phol i ne;
(a) a first therapeutic agent, which is a H3 antagonist or inverse agonist and (b) a second
therapeutic agent, which is a acetyl choline esteras inhibitor.
(a) a first therapeutic agent, which is a crystalline form of compound (1), 4-{(1S, 2S)-2-[(4-
20 cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl}-benzamide, such as for example Form I,
and (b) a second therapeutic agent, which is a donepezil.
(a) a first therapeutic agent, which is a crystalline form of compound (1), 4-{(1S, 2S)-2-[(4-
cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl }-benzamide, such as for example Form I,
and (b) a second therapeutic agent, which is a rivastigmine.
25 (a) a first therapeutic agent, which is a crystalline form of compound (1), 4-{(1S, 2S)-2-[(4-

cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl }-benzamide, such as for example Form I,

and (b) a second therapeutic agent, which is a galantamine.

(a) a first therapeutic agent, which is a H3 inhibitor and (b) a second therapeutic agent,

30 which is a voltage-gated calcium channel inhibitor selected from:



20b) adding an activating agent such as a m xture of 1-hydroxybenzotriazol e
/" N- met hyl norphol i ne and 1-ethyl-3-(3-dinethylam nopropyl)carbodiimde
hydr ochl owode1t/m2m®s5sui t abl e sol vent such as DVSG, f ol | owedl/SEgo1e)pstieat i ng
the solution to 60C and adjusting pH to about 8 with a base such as an
trialkylamne for exanple triethylam negj followed by 25d) cooling to 20C,
adding water and let to stirring for 16 hr.; followed by e) filtering off
the product; followed by f) slurry washing with cold water; followed by g)

drying t opt aj ' - ' C bLipg Form
4t ComRub gl ARRR dnt MR ¥ AR Re ARl of S BBAA SIS RR R Lok
as, for exeophtglpipcretimyhg)chftoxiideyOpopyl} -wakanidos such xt toresahplefeedh., O her
suitable solvents for crystallisation are | ower al cohols, such as, for
exanpl e, 2AS{NESEONNRIABILIC agehfy BPiRdP PregabiliBpanol . 1- but anol and water or

; . C ‘ ¢ o ~f
m Xt ures (E)ha‘,aﬁl%f){hera Q’ithség%H, Whadh 199 c_ﬂfsta;ﬂlﬂ’fe ﬁﬂ%‘?e&q%&isngl @é E‘;{J{I( ?Sﬁg?-gé[r(&m an

appropriat’e sol vent system containi'ng at |east on

achi eved clyylohutty biiprramgn-3 yp Erenyl]-aycloproppl } ebessdnudat, swopstsdon dypnpdd Fent 1,
evaporation,, by te rature decrease,. and/or.via the addition of

anti sol véAt (]{)i%??mgp@?ﬂa%lmc qgﬁnta\ﬂﬁtcﬁ‘ 't ﬁajal?ﬁ??ﬁ’ounds of the invention are
poorly soluble) and/or by a chem cal reaction. An exanple of a suitable
solvent is DMSO and an exanpl e 10of a suitable antisolvent is water.

Cryst al | isvgh rombinenpepatuetesmated thd ermpaed e thisijpoantidrewidoindendasagd on in t he

e L T .
or Wi fyhoutitlsieeslirogeddshgcial gdsaing/od thet ddBa@sGilfcdah eheCubSitaloni roRr&eepound of
15t he invention.

METHODS OF PREPARATION

A process for the preparation of a crystalline form of a compound (1), 4-{(1S, 2S)-2-[(4-

cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl }-benzamide, Form I, are described in

15 comprising the following steps:

a) dissolving (1S, 25)-2-(4-Carbamoyl-phenyl)-cyclopropanecarboxylic acid and
cyclobutylpiperazine or a suitable salt thereof (for example the dihydrochloride) in
a suitable solvent such as DMSO in the presence of a base such as N-
methylmorpholine;

20 b) adding an activating agent such as a mixture of 1-hydroxybenzotriazole / N-
methylmorpholine and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride in a suitable solvent such as DMSO; followed by

¢) heating the solution to 60°C and adjusting pH to about 8 with a base such as an
trialkylamine for example tricthylamine; followed by

25 d) cooling to 20°C, adding water and let to stirring for 16 hr.; followed by

¢) filtering off the product; followed by
f) slurry washing with cold water; followed by
g) drying the obtained solid under vacuum at 40°C
to obtain a crystalline Form I of compound (I).
30
Alternatively, the compound of formula (I), 4-{(1S, 25)-2-[(4-cyclobutylpiperazin-1-

yl)carbonyl]-cyclopropyl}-benzamide, dissolved or as a slurry of amorphous material,



The crystalline formof a conpounds of fornmula (I) may be isol ated using
techni ques, which are well known to those skilled in the art, for exanple
decant i ngyvof2oitt®eiong or centrifugi ng. The cryst al | ipag/SEor1miosf17a
conpounds of fornmula (1) nmay be dried using standard 20t echni ques, which
are well known to those skilled in theyart. Aternatively, a crystalline
formof conpound of fornula (I) nmay be further purified by colum

chromat ography on silica eluting with a suitable organic solvent or

m xt ure and
et hanol (e At s ERRER L o TR 8y ol bl & eﬂ*@%@&%%&@@ﬁ@n N CF
DRAW NGvath@mT enittusdsasrcafn Olqaerramtmwﬂvh endd fok S%?ﬂgaam arlxm?ar ghathost n f or
FormIl o np Fi gure shows ifferential scannin

cal ori metshsh ¢ exmgeen@@%aﬂ? If %tharm?i TOP%§&WH @ {{bytanolypnd water or

2011/ 102 792R6IY RERQA 1/ 050172 23 WORKI NG EXAMPLES The invention is further
defined in the followi ng Exanples. It should be understood that the
Exanpbes(ayﬁdgzM&mxﬁyhmaymmmndbfﬁsnmatﬂbﬁommmympﬁmuawwbbeabove di scussi on

and t he Exanpl es, .one illed in the art can certaln t he essenti.al
ohar ht ot SR T I SRE SR AR B AT sy e 15 SRR OTTeR A i 1

and scopgofer§akm BARIVERKSYA g@fa'tlgﬁ SbycRApeRBura ecr8Re] dndfartviOMme aliditisflapt the
invention to various uses and conditions. As a result, the invention is not

limited lptisdhecnt (ileugselachtie wineintht eempeunds of the ineansipn atsfepO@Ny splwbla) at her

defined b nde her et I ratur dn deqgr

Col sius (ha/oDRy S SPUREAARPERICA WhEb R ard ki iFTRAL AL 1Y SR End ) RERERE)

r eagent s ofgeditdivle ptRPBEhIg wakte. exanpl e conmpounds wer e used as rece|ved

wi t hout additional purification. Unl ess otherw se noted, the solvents used
in prepariigalinionamperatuEsine (s dapens unomiks cansenteiieg dr tesolianand and

wer e use%ﬁ%&¢5m%y&&ﬁh§%[ drying or purification.

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
15 the invention.

The crystalline form of a compounds of formula (I) may be isolated using techniques,

which are well known to those skilled in the art, for example decanting, filtering or

centrifuging.

The crystalline form of a compounds of formula (I) may be dried using standard

20 techniques, which are well known to those skilled in the art.

Alternatively, a crystalline form of compound of formula (I) may be further purified by
column chromatography on silica eluting with a suitable organic solvent or a mixture of
solvents, such as for example mixtures of dichloromethane and methanol optionally

25 containing ammonia in methanol.

BRIEF DESCRIPTION OF DRAWINGS
Figure 1 shows an X-ray powder diffractogram (XRDP) pattern for Form I of Compound
D.

30 Figure 2 shows a differential scanning calorimetry (DSC) thermogram for Form I of

Compound (I).



Compounds used as starting materials in the Exanple and Methods are
comercially 15avail abl e otherw se a process for preparing themare

descri bedwOreotiie2198t er nedi ates A-F herein. Exanple 1 4- PCISE2011/050172

2S) - 2-[ (4- Cycl obut yl pi perazi n-1-yl ) carbonyl | -cycl opropyl t - benzam de, Form I
20 First Method Intermediate E (5.52 ¢g9326.7 nmoles, 99.1% w w) and
Internediate F (6.07 g, 28.0 moles, 98.40% ww were m xed in DMSO (82nl)
at tjacket=22C. N-Methyl norpholine W) 2011/102795PCT/ SE2011/ 050172 24

(2.94 ni, %%NW added over 5 mn. The charging vessel was rinsed
W th DIVISe;v MM sol ution (1.80 g, 2.66 nmmoles, 20% ww was
added i n Theeanpaitioh o furftfee detimedginnthe \f@E@ﬁhg\@&nfpims &cshotkdhbeDMEaIor dtéb Bthet. ) .

EDCl x HCl1 (7.16 g, 38.0 mmol es) _ was added over m tjacket = 22C.
The r eactﬂil%(ﬁx?rﬁgle% StrpEia e DY ryayy Ohillystragiopnly. emmdhe §€fmﬁ>t ﬁsleﬁﬁlsx%a% apgh dhe

heat ed t(Engl 16%”6’1100;41111% 1H5tﬁ@grt\e‘aﬁ Qsc-g%n(tﬁe é&gntgll ﬁé!ragte E)of bR 1H%I§ron-rhe
solid mxture was cooled to 20C after which H20 6 .8nmL) was added and | eft

to stisr faod wi€tout Tﬁhmrpmg)ﬁnut theagpiriti dntdescode dlidreofanah sdalslc rvyrlmdmngw ad col d
H20 (2 x ave 7.5

W a5 aTomy 8 RN CRETRE) B Giripin fispiofnd CoRBifs 7 A7gs (GG The o 1
2H), 7. ng(elﬂﬁoﬁ is hBt Hhnited- %Aﬂ{edﬂlugmﬁlvg &ampldd) set 3101@1@ TRre3® belBw, ‘Uﬂ)t -rather
2.72-2.62 H, 2.26-2.12 (m 4H), 1.99-1.88 (m 2H),

1.83-1. 7@eélmdwechalmvappeaeecthqretw) 1.47-1.39 (m 1H), 1.28-1.20 (m 1H);
LCMs (ESI): mz 328 (M+l). The chiral purity of the product was anal yzed
on a chi rAdl teaplerature it hin db,grd@t(émihm(?co aﬁDanam}lcmécmgi i socratic nethod

(robil e se: t ane/ Et O 80/ 1%.Di et hy on Chiral pak AD H,
476 15 HEUT STV ISR g, AR RBAEED ) PEPeB B ggmble compoundy

were used as received without additional purification.

Unless otherwise noted, the solvents used in preparing the example compounds were

commercial anhydrous grades and were used without further drying or purification.

Compounds used as starting materials in the Example and Methods are commercially
15 available otherwise a process for preparing them are described in the Intermediates A-F

herein.

Example 1
4-{(1S, 25)-2-[(4-Cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl}-benzamide, Form I

HN o
20
First Method

Intermediate E (5.52 g, 26.7 mmoles, 99.1% w/w) and Intermediate F (6.07 g, 28.0
mmoles, 98.40% w/w) were mixed in DMSO (82mL) at tj,cke=22°C. N-Methylmorpholine



Second Method 4- { (15, 25)-2-[(4-cyc |obutylpip erazin-l-yl)c arbonyl]
-cycl opropyl} -benzam de (10 gram 30.54 mmol es) was di ssol ved in DVSO (83
m) at 70@0and/weméened filtered into a 20 reactor. ThePCirISERG118M872 i nsed
with DMSO (17 m) into the reactor. The tenperature was decreased to 55C
and seed crystals of 4-{(15,

25)-2-[ (4-cycl obut yl pi perazin-1yl)car bonyl ]-cycl opropyl | - benzam de were
added (0.2 gram 0.61 noles). Then after 30 minutes the slurry was cool ed

char gi ng Eas iUy Elest Ny B Shel i o chec 58 Bty Bl 5 A1
i sol ati 0rDM$@€(2s8(1hL91 IHOM/NNH\MMM@S(@(&) o, dicsphiac eREs was hyvasddedan m xt ur e

of DMBO (28 ml) and water (12 m) foll owed %three water (3x40 m ), one
slurry wa8R Pamgnt \Iée@h%rglng&@ﬁ@hwamwéswﬂhrﬁ Q 8 gdpi @Qﬁldaﬂéiﬂ (W& edri ed

In%l ég) hr3§é) r@&“’?egfga%gddc%?ys%p d‘%\a%‘{’%"ﬁ? FEN Y réﬁ_@'{“?lﬁ\g;gs &rn?ﬂﬁt%%ﬁersz h.
25) - 25[ ( 4Hl©)t€dcﬂbnl"so’lhﬁd)rp%ﬁﬂieﬂ hiatyd Joce0ebamglpH ayagtapmpm Berszayisde (3.0

gram was di ssol ved in net hangl water (6.0 m)

at 65C ar‘i%anggO Eféf%eﬁ%sqhqm@wawaﬁpeo lgd F%%&Fcﬁftermérﬁ Hq%?q etk Witir e was

decr ease 1S,

2S) - 2- [(%d%é;/hc uty %tlrgigllr g@?ﬁh? @car ony %déﬁ %d%ﬁ ﬁl gféwr@acr%i(((je (0. 06

gram 0. XF8Onf2oi %M)Amﬂngﬁnmrmatmsnah@"ﬁ gave V. S8as (@aﬁlmmiotes PO owen, 3.5

QI:I; ti onég % ‘2y1ﬁ thmgﬂ%a?ﬁél}wrﬁ ﬁgz( Ilﬁt\se?i 731@ j\;\é%%% 225 @igrtsh a

m Xt upe qﬁ{gn’ﬁgme@gkgmﬁﬂzh)am WO, (431) mily2-2fsona, Im) ZJF@2§9|(h1d2H5 oduct was
dried at 60C for 15 hrs to obtain the title conpound in 2. gram (7.60

mol es), 280-24 il 4Hrd . Vr {188 &ns2H), 1R3el . 30 (.2hby ddlct. 5@(11?1,821‘@@@1 47ﬂl 191@n,f irst

nmet hod a b ( ) re IV, RP att .S ,shown in
Froure 1178l 2t ol tpedel TS (G EE T LT e SR oRRbesalls pEeRe
conf i r medvdshgalyadd sh aeried lcalhnﬁlamlﬂeuv y&t@loni(Ds0 ey MRih 1s$axlahe mkthoRll ect ed
XRPD peaks of Crystalline Forml ak Measured Angle [2Th.]

(mobile phase: Heptane/EtOH (80/20) + O 1% Dlethylarmne) on Chiralpak AD-H, 4.6 x

15 150mm, giving an enantiomeric purity of >99% ce.

Second Method
4-{(18S, 2S)-2-[(4-cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl } -benzamide (10 gram,
30.54 mmoles) was dissolved in DMSO (83 ml) at 70°C and screened filtered into a

20  reactor. The filter was rinsed with DMSO (17 ml) into the reactor. The temperature was
decreased to 55°C and seed crystals of 4-{(1S, 25)-2-[(4-cyclobutylpiperazin-1-
yl)carbonyl]-cyclopropyl}-benzamide were added (0.2 gram, 0.61 moles). Then after 30
minutes the slurry was cooled to 20°C over 3.5 hrs. At 20°C, water (40 ml) was charged
over 2.5 hrs. After charging the slurry remained at 20°C for additional 12 hrs. before

25 isolation. The solid product was washed (displacement wash) with a mixture of DMSO (28
ml) and water (12 ml) followed by three water (3x40 ml), one slurry wash and two
displacement washes. Then the solid product was dried for 18 hrs. at 60°C. to obtain the
title compound in 9.32 gram (28.5 mmoles), 93 % yield as crystals.

30 Third Method
4-{(18S, 25)-2-[(4-cyclobutylpiperazin-1-yl)carbonyl]-cyclopropyl }-benzamide (3.0 gram,
9.16 mmoles) was dissolved in methanol (34.5 ml) and water (6.0 ml) at 65°C and
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screened filtered into a reactor. Then the temperature was decreased to 55°C and followed
by addition of seed crystals of 4-{(1S, 2S)-2-[(4-cyclobutylpiperazin-1-yl)carbonyl]-
cyclopropyl}-benzamide (0.06 gram, 0.18 mmoles). After 5 minutes the slurry was cooled
to 20°C over 3.5 hrs. At 20°C, water (31.5 ml) was charged over 3.5 hrs. Then after
additional 2 hrs, the solid form was isolated and washed twice with a mixture of methanol
(9 ml) and water (3 ml). Finally, the solid product was dried at 60°C for 15 hrs to obtain
the title compound in 2.49 gram. (7.60 mmoles), 81 % yield as crystals.

The solid product obtained in the first method was analysed by XRPD. A representative
XRPD pattern is shown in Figure 1. Selected peaks are provided in Table 1. The XRPD

pattern confirmed the solid material to be Crystalline Form 1.

Table 1 Selected XRPD peaks of Crystalline Form I

Peak Measured | Relative

Angle intensity
[°2Th.]

1 4.9 s

2 53 m

3 9.0 w

4 12.6 w

5 16.4 m

6 16.6 m

7 18.3 Vs

8 19.6 S

9 20.4 S

10 21.2 m

11 232 m

12 24.6 w

The solid product obtained in the second and third method, respectively, were analysed by

XRPD and a representative XRPD pattern as shown in Figure 1 and with selected peaks as
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are provided in Table 1 were obtained. The XRPD pattern confirmed the solid material to

be Crystalline Form 1.

Solid product obtained according to method 1 of the Example 1 was analyzed by thermal
techniques. DSC analysis indicated that Form I of Compound (1) is a high melting solid.
The DSC-trace shows a small endothermic event, onset at 225°C, followed by a distinct
endothermic event, onset at 235°C. A representative DSC thermogram is shown in Figure

2.

X-RAY POWDER DIFFRACTION ANALYSIS
An XRDP pattern for Crystalline Form I was collected using an XRPD instrumentation as

described below.

An X-Ray Powder Diffraction (XRPD) pattern was collected under ambient conditions on
a PANalytical X "Pert PRO MPD theta-theta system using long-fine-focus Cu Ka-radiation,
wavelength of X-rays 1.5418 A, at 45 kV and 40 mA . A programmable divergence slit
and a programmable anti-scatter slit giving an irradiated length of 10 mm were used. 0.02
radian Soller slits were used on the incident and on the diffracted beam path. A 20 mm
fixed mask was used on the incident beam path and a Nickel-filter was placed in front of a
PIXcel-detector using 255 active channels. A thin flat sample was prepared on a flat zero
background plate made of silicon using a spatula. The plate was mounted in a sample
holder and rotated in a horizontal position during measurement. A diffraction pattern was
collected between 2°2theta and 40°2theta in a continuous scan mode. Total time for the

scan was approximately 10 minutes.

It is known in the art that an X-ray powder diffraction pattern may be obtained which has
one or more measurement errors depending on measurement conditions (such as
equipment, sample preparation or machine used). In particular, it is generally known that
intensities in an X-ray powder diffraction pattern may fluctuate depending on measurement
conditions and sample preparation. For example, persons skilled in the art of X-ray
powder diffraction will realize that the relative intensities of peaks may vary according to

the orientation of the sample under test and on the type and setting of the instrument used.



24.6 w WD 2011/ 102795PCT/ SE2011/ 050172 26 are provided in Table 1 were
obt ai ned. The XRPD pattern confirnmed the solid material to be Crystalline
Form |. SwDi2d1iproomdact obt ai ned according to nethod 1 of PCSERMawpile2 1 was
anal yzed by thermal 5 techniques. DSC anal ysis indicated that Form | of
Conmpound (1) is a high nelting solid. Jhe DSC-trace shows a small

endot herm ¢ event, onset at 225C, followed by a distinct endotherm c event,
onset at 235C. A representative DSC thernogramis shown in Figure 2. 10

X- RAY P I 4 R -for i orm |
v vol 1 e TPl Wl fafthe BERRORBE LABUIR AR RIRLLA QST B
Powder Dipkddisdicighn af wihie}hepsatripés gits\via shecdifftag aingderiind elic s0ib caitrattoanstithé ons on
a PANal ytj cal X Pert PRO _MPD. t het a-tEeta system usi ng | onﬂ;qf' ne-focus Cu

Ka- r adi atfifdRctomsteiafaf awdias phimanty fyfae janplg max alsethayea pipall gffedto Hance a o
progra ki it : arrsk I- Iobei@kvi Ng an
i rradi at {Slgg%l},lﬁa g?m%%ﬁml\ﬁg%gﬁgeetggﬁgéoz ralc??léﬁﬁgsﬂgl (Flg%slrse I 'Eezi I1/\e/£erngllsused on
t he i nci aento Ewnstruadhe absdlitc acd ey bystallpatibrm thappronmies b pedendifikachias used
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pl ate was nounted in a sanple holder and rotated in a horizontal position
duri ng néasuceRdirctometiyt fahadVilen&psmseldi®ohas col | ect ed bet ween 22t heta and
402t heta in a conti nuous scan node. Total tinme for the scan was
approximately 10 mnutes. 25 It is known in the art that an X-ray powder
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2011/ 1%02%%§B%1§%%% tRaPd0ft 90%, more particularly greater than about 95%. In
embodiments of the invention, the degree of crystallinity as determined by X-ray powder
diffraction data is greater than about 98%, wherein the % crystallinity refers to the % by

weight of the total sample mass which is crystalline.

20 Peak search on XRDP data of Crystalline Form 1.
A manual peak search was done preceded by an angle correction against NIST SRM 676
alumina (0-Al,Os3 ) standard.
The measured relative intensities vs. the strongest peak are given as very strong (vs) above
50%, as strong (s) between 25 and 50%, as medium (m) between 10 and 25% and as weak

25 (w) between 5 and 10% relative peak height.

DIFFERENTIAL SCANNING CALORIMETRY (DSC) ANALYSIS
DSC from 25°C to 350°C was performed under nitrogen in an aluminum sample cup with
a perforated lid using a NETZSCH DSC 204 instrument. The scan rate was 10°C per

30 minute. The sample size was less than 1 mg. It is well known that the DSC onset and peak

temperatures as well as energy values may vary due to, for example, the purity of the



27 The skilled person wll also realize that the position of reflections
can be affected by the precise height at which the sanple sits in the
di ffract owoteri/memst he zero calibration of the diffract eceseee11/sm75ur f ace
pl anarity of the sanple may al so have a small effect. Hence a person
skilled in the art will appreciate thajgthe diffraction pattern data
presented herein is 5 not to be construed as absolute and any crystalline
formthat provides a power diffraction pattern substantially identical to
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determ ned by X-ray powder diffraction data is greater than about 98%
wher ei n YN DHEBISSOBIINTERMEPEXEES to the % by wei ght of the total sanple
mass which is crystalline. 20 Peak search on XRDP data of Crystalline Form
. A manual peak search was done rﬂleg ggathTan angl e correction agai nst
NI ST SRM 676 al umi na (a-Al 203 ) stan : he nmeasured rel ative
intensities vs. the strogRpsi(4{Brakoapkenyi)vBohleso-¢tianobt rong (vs) above 50%
as strong (s) between 25 and 50% as nedium (n) between 10 and 25% and as
weak 25(w) between 5 and 10%r el atiak Wi ght. DI FFERENTI AL SCANNI NG
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CALORI METRY (DSC) ANALYSI S DSCHfr+ex 350C was performed under
nitrogen in an alum num sanpl e cup » prf%at ed |id using a NETZSCH
DSC 204 instrunent. The scan rate was 10C per m nute. The sanpl e size
was less than 1 ng. It is well known that the DSC onset and peak
terrperatures as well as energy val ues %Ewary due to, for exa l e, the

purity ofBartie dipmghybulfided3 Pdmpess spoden PGS v anisssin telusnel (Shhil e si ze
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Hence t dat are not to as absdl ute val ues.
15 solution was added The charging vessel was rinsed with toluene (0.5 L) and tjaciet was set

to 45 °C. 1-(4-Bromo-phenyl)-2-chloro-ethanone (7.84 kg, 33.6 moles), which is
commercially available from Jiangyan Keyan Fine Chemical Co. Ltd, was dissolved in 2-
MeTHEF (75 L) in a separate vessel and when tiner was above 40 °C in the first vessel, the
2-MeTHF solution was added during 3 h. The latter vessel was rinsed with 2-MeTHF (2
20 L) and added to the reaction mixture, which was left stirring at tjacke=45 °C for 1 h. At full
conversion, the reaction mixture was cooled to tj,cke=10 °C before slow quench with
MeOH (36 L). The first litre of MeOH was added during 30 min. and the rest during
additional 30 min. MeOH was distilled off under vacuum at tju1e=50 °C. The organic
solution left was cooled to tjacke=20 °C, washed with IM HCl in H,O (7 L conc HC1+ 73 L
25 Hy0) and concentrated under vacuum at tj,=50 °C to approximately 40 L. Intermediate
A obtained in a 2-MeTHEF solution can be stored at 10 °C for 20 h or used directly in the

next synthetic step.



A person skilled in the art can set up instrunmental paranmeters for a
Differential scanning calorineter so that data conparable to the data

pr esent edwbena/warsbe col | ected accordi ng 5to standard meTiseds,/ofmr2 exanpl e
t hose described in Hohne, G W H et al (1996), Differential Scanning
Calorimetry, Springer, Berlin. SYNTHESh$ OF | NTERMEDI ATES Bor ane
dimethyl sul fide (2.0 kg, 24.8 noles, 94% ww was mxed in toluene (8 L) at
tjackei =20 C. (R)-(+)-Methyl - CBS- oxazaborolidine (2.6 kg, 2.74 noles, 1M
as a toluene issolution was added ng vessel was rinsed vvlth
toluene (0.5 L) and tjacket was seflwt}ﬁleglgﬁé%

1- (4- Br ono- phenyl ) - 2- chl or o(R)Ra@EB@niopBényigoxiBand nol es), which is
comercially avail abl e from Ji angyan _Keyan Fi ne Chem cal Co. Ltd, was

di ssolved in 2- -inner MeTHF (75 L) separate vessel and when twas
above 40 Cin the first vessel Bt ' (uti on was added during 3 h.
The latter vessel was rinsed with 2-WeTHF (2 \20L) and added to the reaction
m xture, which was left stirring at tjackei=45 C for 1 h. At full
conversion, the reaction m xture was cooled to tjacket= 10 C before sl ow
quench wigj u%/?@"”@%ﬁle 1trm%llfahfn§5nu|1ﬂ1tcﬁforl‘aﬁ d\I’E@W{c?NQSBQM@Q WHiTHAEH 80 m n.
and the rest during itiornal 30 mn was tilled off under vacuum
at tj ackdinteBledinte 'Fsh@s aoE@/éﬁiPE swiitinn GA.6 edles, W9 )ab bl.ed20 SCt 11‘@@&(5:2 8g.C,

washed o) N Cl + 73 centrated
inder vacucHTaE oK RAFESHRE BTRB G b aadiRy oube X6 e ST GRERE" A Sbr ai ned
in a 2- Medikinrs Ghytdfiafing@athg . S0 edfoat hl%@uﬂ%m?e@smn fHe 2 g_slehiasélbvragct ly in

the next synthetic step V<O 2011/ 102795PCT/ SE2011/ 05017
separated off and the organlc phase washed with H,O (2 x 25 L). 2-MeTHF (25 L) was

10 added and the organic phase concentrated under vacuum at tj,cke=50 °C to approximately
30 L. Intermediate B obtained in a 2-MeTHF solution, can be stored at 5 °C for 140 h or

used directly in the next synthetic step.

Intermediate C

(1S, 25)-2-(4-Bromo-phenyl)-cyclopropanecarboxylic acid

15 HO

b
o

Triethyl phosphonoacetate (10.5 L, 51.9 moles, 98% w/w) was dissolved in 2-MeTHF (14
L) at tjaeker= —20 °C. Hexyl lithium in hexane (21 L, 48.3 moles, 2.3 M) was added at a rate
to maintain iy, below 0°C. The charging vessel was rinsed with 2-MeTHF (3 L) and the

20  reaction solution was left stirring at tjzcke=10 °C. Intermediate B as a 2-MeTHF solution
(33.6 moles, 30 L) was added during 20 min. The charging vessel was rinsed with 2-
MeTHF (2 L) and the reaction solution was left stirring at tj,cket=65 °C for at least 16 h with
the last 3 h at tjsce=75 °C. At full conversion the reaction solution was cooled to tjacke=20
°C. NaOH (7.6 kg, 85.5 moles, 45% w/w) diluted in H,O (12 L) was added over 20 min.

25 The reaction solution obtained was left stirring at tjackr=60 °C for at least 2 h. At full
conversion the reaction solution was cooled to tjacke=20 °C, the aq. phase was separated off

and the organic phase was extracted with H,O (37 L). The combined aq. phases were



29 Internediate B (R)-2-(4-Brono-phenyl)-oxirane 5 Aliquat 0 175 (nethyl
tributyl ammonium chloride) (1.12 kg, 4.75 noles) was added to Internediate
A as a 2-WbTDhH/®ot9ati on (33.6 noles, 40 L) at tjacket =2@CTSEMNads(152 1 kg,
57.4 noles, 45%ww diluted in H20 (2 L) was added during 20 mn. The
reaction mxture was left stirring at gjacket=20 C for 2 h. At full
conversion the aq. phase was separated off and the organi c phase washed
with H20 (2 x 25 L). 2-MeTHF (25 L) was u) added and the organic phase

t t ;
Fotor nedrardie §pR YRS YR A GE TR B, +0c PRIMARIPIO Iy Qupyy 140
h or used7di ¢&xbt dilutcd H3h64 QAextas ayittbathievsthe pH <15 eTheadidicenq Hass was

2S) - 2- (4- Brono- phenyl ) - H¥C| opr ]Egnecar boxylic acid 15HO Tri et hyl
phosphon&atedted t;vltkl 2MSTHF (B 1§ Inp| T, cogdapagyopganimphagpsigslugiang ringing wWeTHE (14

L) at t] %CIbl%Il“Flg (?Q)%er &%ent%eit&b 'VchE}%f(ﬁ%ﬁc 25'1:) OICto gp%xﬂﬁétﬁﬁr 112L 3 M was

added at a ra arging vessel “was rinsed
wi th 2- MVERdR-NM3THF sﬁhﬁlmhh@sﬁﬁlﬁ&dﬁ%tlﬂﬁt@ﬁ(lﬂtj Dﬁat\/t@&edcﬁf ctC sid HyO O BY was
tjacket=10 C Internediate B.as a 2- MeTHF Iutlon% Ies 30 L) was
added durffg 26T AP RInTHAC EISHY UK coRies tP finsed mﬁ@e od (e i0F9802 L) and

e CaCIR SR e Ll P 2 ekt of e Crterto gpscle P
was cool edhstcooled 19 ket *€@ver 6 h and left stirring for at least 1 h. Additional H,O (8 L)

was added during 40 min. and the product was filtered off and washed with cold H,O (10

10 L). Drying under vacuum at 40 °C gave 6.18 kg Intermediate C (21.5 moles, 84% w/w),
64% yield over four steps from 7.84 kg 1-(4-bromo-phenyl)-2-chloro-ethanone (33.6
moles).
Recrystallization of Intermediate C: Two batches of Intermediate C (6.18 + 7.04 kg) were
mixed in EtOH (52 L) and heated at tjoke=70 °C. H,O (52 L) was added. The reaction

15 solution was cooled to tjacke=30 °C over 2.5 h. H,O (16 L) was added during 20 min. and
the crystallization was cooled to tjacker=20 °C during 3 h. The product was filtered off and
washed with a mixture of H,O (8 L) and EtOH (2 L). Drying under vacuum at 40 °C gave
10.0 kg Intermediate (41.5 moles, 88% w/w), which was redissolved in toluene (39 L) and
1sooctane (57 L) at tj,ae=60 °C. A clear solution was obtained. The reaction solution was

20 cooled to tjacker=45 °C and left stirring for 1 h, then cooled to tjacke=20 °C over 2 h. The
product was filtered off and washed with a mixture of toluene (4 L) and isooctane (36 L) in
two portions. Drying under vacuum at 40 °C gave 7.4 kg Intermediate C (29.8 moles, 97%
w/w), 44% yield over four steps from 7.84 + 7.93 kg 1-(4-bromo-phenyl)-2-chloro-
ethanone (67.5 moles). 'H-NMR (DMSO-dq): 5 12.36 (s, 1H), 7.44 (d, 2H, J=8 Hz), 7.13

25 (d, 2H, J=8 Hz), 2.39 (m, 1H), 1.81 (m, 1H), 1.43 (m, 1H), 1.33 (m, 1H); “C-NMR
(DMSO-de): 8 173.76, 139.88, 131.20, 128.24, 119.14, 24.73, 24.31, 16.78; LC-MS (ESI):
m/z 239 (M-1 (Br”)) and 241 (M-1 (Br*")).



C. NaOH (7.6 kg, 85.5 noles, 45%ww diluted in H20 (12 L) was added over
20 m n. 25The reaction solution obtained was left stirring at tjacket=60 C
for at | ewet2on/12798t full conversion the reaction sol utipom/SEa@1080red to
tjacket=20 C, the aq. phase was separated off and the organi c phase was
extracted with H20 (37 L). The conbi neg; aq. phases were WO

2011/ 102795PCT/ SE2011/ 050172 30 acidified to pH <3.5 with H3PO4 (9 L, 131
nol es, 85%ww) diluted in H20 (12.5 L). Only 17 L of the diluted H3PO4
(agq) was used to achieve the pH <3P meﬁ?at@ﬂ dic aq. phase was extracted
with 2-MeTHF (2 x 15 L). The conbi ne& organi c phases including rinsing with
2-MeTHF (2 L) wer e (¢Sy22-(4aCeanosphaiyl exlopropandcaybeydic-acidC t
approximately 11 L. " 5 The 2- MeTHF solution was diluted with EtOH (14.5
L) at tjacket=35 C and H20 (16 L) was ai)ELed over 20 mn. The reaction
solution was cooled to tjacket=28 C. Se 16 g, 0.066 noles) was added and
the solution was stirred for 2 h atack K28 C. The reaction mixture was
cooled to tjacket=0 C over 6 h and I ¢ft stirring for at least 1 h.

Addi tional H20 (8 L) was added duri ng
of f and washed with cold H20 (10 1¢
6.18 kg Internediate C (21.5 nol es ow w), 64% vyield over four steps
from7.84 kg 1-(4-brono-phenyl)-2-chiZor o- et hanone (33. 6 nol es).

Recrystal lization of Internediate C [Two batches of Internmediate C (6.18 +
7.04 kg) were mxed in EtOH (52 L) afd heated at tjacket=70 C. H20 (52 L)

was adde The,.re n i ut i en ol.ed t bACK OVe 2.5 h.
H20 (16 ﬁﬁlterm dlatagf:(gﬁk 1§1g95 6161%‘192/ \\gﬁ‘ﬁ)?f eZl%Cr§7 S?Q% |§§ﬁﬁ)3m9\gas co% ed to
t] acket =2bl gdwm Aixed With DIVEF pleosiup&ncmg sﬁuhlytv@rs%dn@a it pd=reshethavi th a

m xture of H20 (8 L) and EtOH (2 g under vacuum at 40 C gave 10.0
kg InterMt%@'@a%mfﬂsdmﬂ]@EthQBN@W@%We%@ -3y Bagirs6ol ved in tol uene (39

L) and i d. The
reacti on%ggﬁé}fﬂggwg%al coé{) e@ﬁ’?? t0 Q’gé‘(k&é%@i? g%anecsfpt:og#l% Q{S}E%’I‘I‘I ﬁgé?é éil

t hen coolved it@tedjaad keft wkb I\oneselurebf IO 1-TR&apr Dictudtxtiva svalk ihkited e:dtjag{ttﬂfand
washed vm'than‘ixturggof t ol d i sooctane (36 L) |ntwo

por t i ons. CDEPIGRY2 (hB&e: ¥ae egwa edqlédga SPSDEIRIGN |1 PRG PRIGPAta@dEhq 29, 8

mol es,, I f t eps
1- (4- br o%t%&aﬁ 16%&?%185%58}&%2\% ws?l% L lrrgﬁg’g} NEC a&dg%l\l/é%r%%l)ghlyes 12. 36

(s, 1H), taxid¥ T, reﬁﬂ-t;mg]m&tlhilz)washe&ted KB‘(ad(m 2HC ahdaitle)i for2at BGst( . Alfyll 1. 81

1 6 3. /76,. 139. 88,
151, 20, " 5 ohon Yregthyion st g efod Bpg D0 € v t%muow#%edz%ca( M 1
(Br79)) asgicddd dilVhBoddBridd)X1.07 kg, 28% w/w) was added and the vessel was inerted.

The reaction mixture was stirred for at least 36 h at tj,c.=20 °C. The scavenger was

40 min. and the product was filtered
Dryi ng under vacuum at 40 C gave

15 filtered off via a filter with activated charcoal or equivalent (pall-filter). The vessel and the
filter system were washed with 2-MeTHF (53 L). The filtrate and washings were
combined and stirred at tj,e=5 °C. A pale yellow liquid resulted. NaCl (3.5 kg) in H,O
(16.4 L) was added during 15 min. at such a rate so the inner temperature remained below
15 °C. The resulting reaction mixture was heated to tjacker=45 °C and the aq. phase was

20  separated off. The organic phase was washed with NaHSO4 X H,O in H,O (2 x (2.87 kg +
16.4 L)) and NaCl in H,O (3.5 kg + 16.4 L). The organic phase was cooled to tjacke=10 °C
and NaOH (1.54 kg, 19.3 moles, 50% w/w) diluted in H,O (41 L) was added during 45
min. The resulting reaction mixture was heated to tjacke=30 °C and the organic phase
separated off. The aq. phase was stirred at tj,ce=20 °C and pH adjusted to 6.5 with H;PO4

25 (0.90 kg, 7.81 moles, 85% w/w) diluted in H,O (5.3 L) at a rate that maintained the inner

temperature below 25 °C. 2-MeTHF and H,O were distilled off under vacuum until a



WO 2011/ 102795PCT/ SE2011/ 050172 31 Internediate D (is,

2S) - 2- (4- Cyano- phenyl ) - cycl opropanecar boxylic acid O OH CN Internediate C
(3.7 kg, wo.201mobk®s, 97% w w) and zinc-dust (98%, <10p®LT(SE01g05@7H51 5
nol es) were mxed with DV (13.5 L) and the slurry was stirred at
tjacket=20 C. The mi xture was inerted gnd left with N2 pressure of 0.1-0.2
bar. Bis(tri-tbutyl phosphine)palladium(0) (27.5 g, 0.054 noles) was added
to the slurry, and the vessel was inerted and left with N2 pressure of
0.1-0.2 T, ng 0 kg, 8.52
nol es) \A/aQ]?[ugloFdéesz%%%ttfqu%ee\éo\g@ﬁ% Eglg%ﬁdqlgntﬁlgﬁoeﬁ %@5@&1&@@ SdE th %\%%l em was

i nerted anmdturetvhs vodléd ﬂN&la@@nﬂB‘?@laﬁi @ntiudd &aZglb@bff(H[\jPB!4 (mamggm Bﬁioll@ are
highly toxic). The resul tl&%]mxt re was_he ted to j acket =75C and stirred

for at |&agt vavidilugdin 0 Gohbbrail pRi¢hdhes Rt Qvgugist ed to
t ket =20 13 hi ol
(116187ekg%Jac O}OOV\//@W)Of \/\/aﬂ118&& dg}gggl}%t%tgﬁzﬂ \wgggeg(\é\lsﬂvais{g? ele'rlé)Sllb he reggt: gn)

m Xt use wasuws htr406WC ga:yre laterthediste [BE.2¥ g, 1tlj2ankles, B3R %Cw/Whe/58cpekhn dHr was

(pal 111 R OME-fradbBatiha®Bion B A T STk el enerre

(53 L). a sbiyngs e neel (8 r5e i ket =5 C.
A pal e y-eﬁ:PPOINQMI%ng) rqerygu(\lﬂ?ed) gNazc?ﬁ P@%\I i n(HIS%S(ﬁH%) Bems. gwa%?gded

during 133a2d. 12695 d¢H9% 1088, %lﬁh?eS 04;&@444119(&;3‘48@&} emr‘ze (Mad) bel ow 15 C.
The resulting reaction m xture was heated to tjacket=45 C and the aq. phase
was 20 separated off. The organi c phase was washed wi th NaHSO4 x H20 in H20
(2 x (2.87 kg + 16.4 L)) and NaCl in H291 (t3 5 kg + 16.4 L). The organic
phase®was cooled to t Intermedia

(1S, 25)-2-(4-Carbamoyl-phenyl)-cyclopropanecarboxylic acid
H,N

< )<

O 0

b

HO

Intermediate D (4.46 kg, 22.0 moles, 92.5% w/w) was mixed in H,O (40 L) at tjacke=30 °C.
NaOH (2.25 kg, 28.1 moles, 50% w/w) diluted in H,O (6 L) was added at such a rate so

15 tinner remained below 35 °C. The charging vessel was rinsed with H,O (1 L). If the pH
was not >12, more NaOH was charged in the same concentration as previously. Hydrogen
peroxide (4.89 kg, 50.3 moles, 35% w/w) was added at a rate to maintain tip,e; below 35
°C. The charging vessel was rinsed with H,O (1 L) and the reaction slurry was left stirring
for 0.5-1.0 h. At full conversion the reaction mixture was cooled to tj,e=0 °C and left

20  stirring for at least 0.5 h when the temperature was reached. The sodium salt of
Intermediate E was filtered off and washed with cold H,O (2%7 L). The solid was slurry
washed on the filter with NaHSO4 x H,0 (2.76 kg, 20.0 moles) diluted in H,O (35 L). The
slurry was kept stirring at tj,ckee=0 °C for 1 h. If the pH was not < 3.7, it was adjusted with
NaHSO, x H,0 in H,O. The product was filtered off, washed with cold H,O (3 x14 L).

25 Drying under vacuum at 40 °C gave Intermediate E (4.0 kg, 18.2 moles, 93.4% w/w), 83%
yield. "H-NMR (DMSO-dq): & 12.40 (s, 1H), 7.94 (s, 1H), 7.79 (d, 2H, J=8 Hz), 7.32 (s,
1H), 7.23 (d, 2H, J=8 Hz), 2.44 (m, 1H), 1.88 (m, 1H), 1.47 (m, 1H), 1.39 (m, 1H); *C-
NMR (DMSO-de): & 173.83, 167.67, 143.94, 132.17, 127.68, 125.73, 25.21, 24.67, 17.11;
LC-MS (ESI): m/z 206 (M+1). The product was analyzed on a chiral column with UV-



jacket-1 0 C and NaOH (1.54 kg, 19.3 noles, 50%ww) diluted in H20 (41 L)
was added during 45 mn. The resulting reaction mxture was heated to

tj acket =3w0 2@ 1zme795she or gani ¢ phase separated of f The a®CT(SEa®m@/09E32 stirred
at tjacket=20 C and pH adjusted to 6.5 with H3PO4 25(0.90 kg, 7.81 noles,
85% ww) diluted in H20 (5.3 L) at a rgje that maintained the inner
tenperature below 25 C. 2- MeTHF and H20 were distilled off under vacuum
until a WD 2011/102795PCT/ SE2011/ 050172 32 vol unme 85-90% of the vol une

prior to I 1 \0@? ool ed
to tjac kcgl;g {egﬁ@ lllsq%é f('%gcnrta 1|ﬁl£r1)ﬁle CK&tOB Bﬁask ﬁtﬁ,}ﬁ&ﬁ%ﬁ%ﬁﬁ?"h@ég/@l 85%
W W) di | @hadoimdsiiB0Ah8echt, 506 hmp Hedm phRec1S bilk, [ivingsn beftioSiliit b
overnight at tjacket=10 C. The product was filtered off, washed with H20
(2x4 L). M?Weuﬁdﬂﬁ@m@wgmﬁai)m%@v@m tostarBdi ate D (2.24 kg, 11.2
mol es, 93.2% w w), 75%yield. 1HNWR (DMSO-d6): 6 12.45 (s, 1H), 7.72 (d,
2H, J=8 Hz), 7.37 (d, 2H, J=8 Hz), 2.50 (m 1H), 1.94 (m 1H), 1.50 (m
1H), 1.42 (m 1H); 1SC-N|\/R(DI\/BO?1'6} 6 173.51, 146.68, 132.27, 126.93,
118. 97, 108.85, 25.16, 25.04, 17.4%" Fésm mz 186 (M1).

10l nternediate E (is, 25)-2- {@g@ﬁ;blg?]pw W@H@ycl opr opanecar boxylic
acid H2N 020HOInterrred|ate (4.46 kg, 22.0 noles, 92.5%ww was m xed
in H20 (40 L) at tjacket-30 C. NaOH (2. 25 kg, 28 1 nol es, 50% ww diluted
in H0 (6 L) was added at such a rj%F «3REi nner renai ned bel ow 35 C. The
charging vessel was rinsed with H ’eﬁ If the pH was not >12, nore NaCH
was charged in the sane concentrati vi ol sel ry. Hydrogen peroxi de
(4.89 kg, 50.3 nmoles, 35%ww was added a rate to naintain tibelow 35
C. The charging vessel was rinsed with H200(1 L) and the reaction slurry
was left stirring for 0.5-1.0 h. At full conversion the reaction mxture

was cooled to tjacket=0 C and | eft 20stirring for at_least 0.5 h when the
t enper at IFBogrmyerazanc4g 2 FRa malep)unhish s coggmercially available from SAFC, was

10 dissolved in EtOH (415 mL) at tjoe=20°C. Acetic acid (140 mL) was added in one

portion followed by the addition of cyclobutanone (26.5 g, 0.37 moles). The charging
vessel was rinsed with EtOH (25 mL) and the light yellow solution was left stirring at
tiacket=20°C for 1 h. NaBH(OAc); (80 g, 0.36 moles, 95% w/w) was added in 20 portions
over 2 h. EtOH (25 mL) was used for rinsing. The reaction mixture was left stirring for 2

15 h. At full conversion NAOH (296 g, 3.70 moles, 50% w/w) diluted in HO (230 mL) was
added at such a rate SO tinner remained below 35°C.
EtOH was distilled off under vacuum at tjake=45°C to approximately 650 mL. The water
phase was extracted with toluene (550 mL) at tj,=45°C and the obtained organic phase
was concentrated under vacuum at tj,ce=45°C to approximately 250 mL. The toluene

20  solution was diluted with 2-propanol (140 mL) at tjae=20°C and H,O (2.2 mL, 0.12
moles) was added. HCl in 2-propanol (82 mL, 0.49 moles, 6M) diluted in 2-propanol (140
mL) was added over 30 min at tj,cker=20°C. The reaction solution was heated to
tiacker=48°C. HCl in 2-propanol (164 mL, 0.99 moles, 6M) diluted in 2-propanol (276 mL)
was added over 2 h at tip,.=46°C. The reaction solution was kept at tjack=48°C for an

25 additional 4 h before cooling to tjscker=10°C over 1 h. The product was filtered off and
washed with cold 2-propanol (2 x 230 mL). Drying under vacuum at 40°C gave 44 g
Intermediate F (0.20 moles, 95.9% w/w), 80 % yield. 'H-NMR (DMSO-dq): & 12.46 (s,
1H), 10.07 (s, 2H), 3.73 (m, 1H), 3.05-3.61 (m, 8 H), 2.37 (m, 2H), 2.14 (m, 2H), 1.70 (m,
2H); “C-NMR (DMSO-ds): 3 58.05, 44.67, 39.59, 24.38, 13.18.



Internediate E was filtered off and washed with cold H20 (2x7 L). The solid
was slurry washed on the filter wwth NaHSO4 x H20 (2.76 kg, 20.0 nol es)

di | uted iwWoOHRO/3BSL). The slurry was kept stirring at Pracked1050@7for 1 h.
If the pHwas not < 3.7, it was adjusted with NaHSO4 x H20 in H20. The
product was filtered off, washed with %@Id H20 (3 x14 L). 25 Drying under
vacuum at 40 C gave Internediate E (4.0 kg, 18.2 noles, 93.4%ww, 83%
yield. 1H NWR (DMSO-d6): 6 12.40 (s, 1H), 7.94 (s, 1H), 7.79 (d, 2H, J=8
Hz), 7.32 (s, 1H), 7.23 (d, 2H, J=8 Hz), 2.44 (m 1H), 1.88 (m 1H), 1.47
(m 1H), 1.39 (m 1H); 13CNWR (DVSO-d6): 6 173.83, 167.67, 143.94, 132.17,
127. 68, 1ZENERALMETHODRS. 67, 17.11; LC-Ms (ESI): mz 206 (Mrl). The

product was anal yzed on a chiral colum wth U/- WO
2011/ 102795888y @E@@Wﬁ@gewéeé@ ta%tné@@reé\rﬁeu@%d jodgt 8490 MERALLPEE | e

phase: E?Qli'éupé B@JlrJ\%ére(o%%ﬁé{ Rink YBUKY) dv400 NVIRDSthortet b BaRRkd 150 X

4.6 mMm m particle size, giving an enantioneric purity of >99% ee,
Rt =13.540 withna 3ingofiew ifjjctmnd®EIZHA2-'16 probe boarewitR V.-gradinttes ussti @BESTF 215

1- Cycl obyt yl pi azi ne 2HC1 . HNx  2HCI oc-piperazi ne (46, g, nol es),
wnien 1 o HeiHRalE ot e or Greadricrt SO vultel Dy 2 )
at t] ackelirRBfeld YeblrbificeefhifpbdQvitia 4 \4asle BeHcAd M ReFddicars. tatheued by

the addition of cycl obutanone (26.5 g, 0.37 noles). The chargi ng vessel was

rinsed wishiitsBrogivens prn) dewia andapficlghirom dINIByvResonanck omlglecitiasfare denotadi ng at

i ket - 20C f 1 BH 3 . 0.3 | 959% w/ .added i 20
K e ot om find by BESHSE0 Goio B Bl ot TRl fBten and piareRRHART o 0, 2

was |gft stirring for 2 15 h. At full conversion NACH (296 g, 3.70 noles,
50%ww diluted in H20 (230 L) was -inner added at such a rate so
t r emai ned¥ISBYIBENS) FYQUEH S gt quteraged pystym déth olestgentrat B hcket =45C to

appr oxi 13k, 6) 41035 @by T VRSl RIIARE IR nBXLILAE] ALl BhbEAE #BS0 M)

at tj ac al ne organi € phase was concen r vacuum
at tj ackeadwéd@akomajop icxis ngtoetey f@SQolstulesukert ddotgrepRtimglresultoim wakipth | ut ed
w th 2-propanol (&40 nb) at tjacket=20C and H20 (2.2 nmL, 0.12 noles) was
added. H®asy spostral pegkndPr eemmig When efgoripg @rbrogme igpIesel i n 2- propanol (140

m.) was added over 30 min at tjacket=20C. The reaction solution was heated
to tjacket=48C. HCl in 2-propanol (164 ni, 0.99 noles, 6M diluted in
2- pr opandlC-M& gnahgsps were recorded on a Waters LCMS equipped with a Waters X-Terra MS,

C8-column, (3.5 um, 100 mm x 3.0 mm i.d.). The mobile phase system consisted of A: 10
mM ammonium acetate in water/acetonitrile (95:5) and B: acetonitrile. A linear gradient
was applied running from 0% to 100% B in 4-5 minutes with a flow rate of 1.0 mL/min.

20  The mass spectrometer was equipped with an electrospray ion source (ESI) operated in a
positive or negative ion mode. The capillary voltage was 3 kV and the mass spectrometer
was typically scanned between m/z 100-700. Alternative, LC-MS HPLC conditions were
as follows: Column: Agilent Zorbax SB-C8 ( 5 um, 50mm x 2mm i.d) Flow: 1.0
mL/minGradient: 95% A to 100% B in 5 min. A = 5% acetonitrile in water with 0.1%

25 formic acid and B = acetonitrile with 0.1% formic acid,UV-DAD 210-400 nm.
Alternative, LC-MS analyses were recorded on a Waters 2790 LCMS equipped with a
Phenomenex Luna C18 (5 um, 50x 4.6mm i.d.) The mobile phase system consisted of A:
10 mM ammonium formate (pH 4) in water and B: acetonitrile. A linear gradient was
applied running from 95% to 5% B in 5 minutes with a flow rate of 2.0 mL/min. The mass

30 spectrometer was equipped with an electrospray ion source (ESI) operated in a positive or
negative ion mode. The capillary voltage was 3 kV and the mass spectrometer was

typically scanned between m/z 100-700. . Alternative, LC-MS analyses were recorded on a



was added over 2 h at tinner=46C. The reaction solution was kept at

tjacket =48C for an 25additional 4 h before cooling to tjacket-1 OC over 1

h. The prwouoti/me®sfiltered of f and washed with cold 2- pcosanai/of@7x 230
m.). Drying under vacuum at 40C gave 44 g Internediate F (0.20 noles, 95.9%
ww, 80 %yield. 1H NWR (DIVBOdG) % .46 (s, 1H), 10.07 (s, 2H), 3.73

(m 1H), 3.05-3.61 (m 8 H), 2.37 (m 2.14 (m 2H, 1.70 (m 2H);

13C NWR (DI\/ISO d6) 6 58.05, 44.67, 39.59, 24, 38, 13.18. WO

2011/ 102795 050172 34 1H )
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400Mz spa stoRr @nSibfeaion Ad 0 WSPATTF ARinBk atkedn day 4R8oMYR cS pafichogrRERAt wai pped
5 with a 3rrm |l ow injection SEI 1H D-13C probe head with ZI_%madl ents, using
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upfi elsd fposiavd. bﬁlegaﬁsa)fd)aﬁﬁ@ieﬂmhé cqpliilay tvoksgear s JleViahe thesmasd spéctrognetdn and br
for singlet, doubl et, Pl et, quartet mul tiplet, and broad respectively.
10 Mass §f?éé¥l?1%\a l(Yl\?Bﬁ‘n%rbé"Y%ﬁ”i’;{éll%' ¢, aut omat ed systemwlth el ectrospray
(+ESI) ionization. Generally, only spectra where parent masses are observed
are reported. The | owest nass major ion is reported for nol ecul es where

i sot ope dpkicompngndsdmut beeﬂmnmdldsin;gl(@m&ak@equfeMddﬂhemd"dmVeflor exarrpl e when

i ZiL”‘Eo%féDZIa"m oo PR SHaeis G AbbReNoraa e BRI RES: 8| WRPR00 mm

X 3.0,mmi. : The nobi | e phase system consi sted of A 10 mM anmoni um
acetate in water/acetonl trile (95:5) and B: acetonitrile. A linear gradient
was appl iP@BREHMﬁ@NH)&TO%to 100% B in 4-5 ninutes with a flow rate of

R N e A MR U

vol t age waSordadeWuabdth M@eﬁ@%geﬁpegtst@éwtr@derweenﬁém&pérwoﬁs Qiaﬂdihﬁﬂetb@di ween
m z 100-700. Alternative, C conditions were OWS:

Agi | ent Zepblakofsubist; (ddg: ‘éﬁﬁbqus@ﬁﬁwb@mﬁdpu‘ﬂyt #ﬂ@ﬂfvdombl@t @ﬁ.d%b}?@%@n@ht 95%
Ato 00%B 5 % { mc acid
L0 B e PRV A G SAFLAIAL EDASP Oy o8 0aR T, o0
LC— VB analhlyﬁasDﬂe‘r diffeeaninlednoing aaldéinetry; &7 SublsShbtrgdett PV dwhdnhica
Phenonenex Luna Cl18 (5 pm 50x 4.6mm. i The e syste
consi st eaamurﬁorpilennépgnﬁﬁm%%r@cﬁerﬁ&hel%wmypylhC%cé?@%ml RAYEOCHREGNi tri | e.
A linear @Iagé&fbts%%?%rﬁﬁﬂ oheﬁtdzi;'@"é'ﬂg@ al AR oM. ethandf, Bei dihy?, FTARE €S With a
flow rate of he mass spectronet er was equi pped with an
el ect r os foasict-wmssoor in6afcESFT-Rapemat edidr traasfpos Riaimae; girgram; h: hour(s); 'H
20  NMR: proton nuclear magnetic resonance; HOBT: N-Hydroxybenzotriazole; HPLC: high
pressure liquid chromatography; iPrOH: iso-propanol; L: liter; m: multiplet; M: molar;
mL: milliliter; Me: methyl; MeOH: methanol; mg: milligram; 2-MeTHF: 2-methyl
tetrahydrofuran; MHz: megahertz; min: minute(s); mmol: millimole; mol: mole; MS: mass
spectrometry; MTBE: methyl tert-butyl ether; NaHCO;3: sodium bicarbonate; Pd/C:
25 palladium on carbon; ppm: parts per million; q: quartet; quin: quintet; rt: room
temperature; s: singlet; sat: saturated; t: triplet; TEA: tricthylamine; tBuOH: fert-butanol;
td: triplet of doublet; TFA: trifluoroacetic acid; TGA = thermalgravimetric analysis; THF:
tetrahydrofuran; UV = ultraviolet; XRPD = X-ray powder diffraction; and the prefixes n-,

s-, i-, t- and tert- have their usual meanings: normal, secondary, iso, and tertiary.

30



negative ion node. The capillary voltage was 3 kV and the nmass spectroneter
was typically scanned between niz 100-700. . Alternative, LC M anal yses
wer e recowOediign2®s WO 2011/ 102795PCT/ SE2011/ 050172 35 AgTISEmd1102002 LCVS
equi pped with a Zorbax SB C8 (3.51.tm 150x 4.6nmmi.d.) The nobile phase
system consisted of A® 0.05%FA in watg¢ and B: acetonitrile. A linear
gradient was applied running from10%to 90% B in 8 mnutes with a flow
rate of 1.0 nL/mn. The nass spectronmeter was equi pped with an el ectrospray
ion source (ESI) operated in a 5 positive or negative ion node. The
capillary voltage was 3 kV and the mass spectroneter was typically scanned
bet ween mEAROKFODOGKhe conpounds have been nanmed using Canbri dgeSoft
MedChem ELN v2. 1, ACD/ Nanme, version 8.08, software from Advanced Chem stry
Devel opnéhtman stamingdy bndingpererwisTihor donsst Radilicanddlf dhiNe-i | e; aq:

aqueous; Bu: butyl; calcd: calculated; CeliteO: brand of
dratonacngghlgm%'1—%|Iter|ng agent, registered trader of Celite
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tert-butyh (sxy@rvarﬁagl@&&enﬁmﬂnum&u@ﬁﬁbwm@; plBﬁQ@uL?cﬁ"FPQH] -adgum on car bon;
ppm parts per mlli et; quin: quin ; roomterrperature S:

si ngl et ; Mef ylh@éarmﬁgﬂ?éo@&[dpnwe]dr bf nTRKL) i1t @lbWﬁk}s %ﬁﬁ 1lyto8udrp

tert-jput angl , ;

ther ngt‘gr Bbradct 2 L B Pl B GRRNE s adlEfio drt HeHOLBRA M T N
X-ray powdeds (060G ngetlipwereanited h%eﬂfeEﬁmd(ﬁASuhm-ted for 30 minutes ataadmt ert- have

their usual neani ngs: nornal econdar d tertiar
temperature pI‘lOI‘ to Hle start of tﬁe assay. E y Weﬁs (coi1 mn #1) were >1llsed to define

total binding and 1 pmol/L imetit (eight wells, column #2) define the non-specific binding.
Plates were then mixed on an orbital mixer, incubated 90 minutes at room temperature, and

20  thenread on a Trilux 384" counter.

Guanosine 5’-0-(3-[>°S1thio)triphosphate [GTPgS] Binding Assay
[35

S]GTPyS binding assay was performed in a buffer consisting of 20 mmol/L. Hepes, 100
mmol/L NaCl, 10 mmol/L MgCl,, 3 ng/mL saponine and 10 umol/L GDP. The pH was set

25 at 7.4 at room temperature. Liquid handling robots were used to prepare, in drug plates, 10
points dose response curves of the compound of formula (I) (3-fold serial dilutions, starting
at 1 umol/L for hH3 receptors and 10 umol/L for rH3 receptors). The assay, performed in
96-well plates, consisted of 120 pL, containing 20 pL. of RaMH (ECS80, antagonist mode),
20 pL the compound of formula (I) at varying concentrations, 20 pL of the tracer

30 [35S]GTPyS (60000 dpm/well, 0.2 nmol/L) and finally 60 uL. of membranes (10 pg of
protein/well for hH3) mix is added to start the reaction. Membranes, SPA beads (125

ug/well) and GDP were mixed together and incubated for 30 minutes at room temperature



WD 2011/ 102795PCT/ SE2011/ 050172 36 PHARMACOLOGY Human hi stam ne H3 bi ndi ng

assay with the Agonist Radioligand 1-3Hl-N anethyl histamne 5 The H3

bi ndi ng aweagiv@z798sed to evaluate the ability of a compousd2afi/ofaarul a (1)
to inhibit [3t1]-N a-nethyl histam ne under the conditions as descri bed

bel ow. All binding assays were perfornmgg in a buffer consisting of 20

nmmol /L Hepes, 100 nmol/L NaC . The pH was set at 7.4 at room tenperature.

Li quid handling robots were used to prepare, in drug plates, 10 points dose

response curye t C I - f i ~l utions,
startingp§?¥%Hif?%%f?@??ggﬁgq§g§§§§E§%%?3?%@§Q?§“§§?ﬁg+$m%f%#@%{E@%nsisted
of 100 ul30 ambl/Bifod HHR 2Qeptdrs) aéfidauthé positvotumtibnr Plart alerdihod hmiged(@ol um #1) ,
20 ut, of inmetit (5X).for the non igechfic bi ndi ng (col um #é%, 20 ut, of

t he conpdRiRBeron By raital npixst, (npubatad 60 gHpHRYAtCBMHRATPHRIUER 4n¢ BISP G3ad 983 t o
#12), pl ysr A0k 9k4™ efudtdf 11 - N-aMet hyl hi st ami ne (25 000 dpmiwel |, 1.5 nnol/L)
inall wells and finally 60 ut, of 15 nenbranes (20 [tg of protein/well)
mx is added to start the reaction. Menbranes and SPA beads (1000 jig/ well)
wer e m xed together and incubated for 30 m nutes at roomtenperature prior
to the start of the assay. Eight wells (colum #1) were used to define

t ot al MIﬁﬁgﬁhfgd 1 [trmol/L inmetit (eight wells, colum #2) define the
non-speci fic bihding. Plates were then m xed on an orbital m xer, incubated
90 m nut @sc@hpdudd ot Een shaiag phOd vaRtheat weddetdrard Ti hdodidadBHliheiunt er .
Guanosine 5'-0-(3-1-35Sithio)triphosphate |-GIPgS1l Bi ndi ng Assay [355] GTPyS
bi ndi ng #8%xy deweEbesbrioye nie ifhibigsnsgicdindipgef HI-AGod¥lethpl ¢ tgdBes, 100

nmol / L i ﬂp%: Ao/ Hg%g The pH
was setN%g 3?%35%Eaﬁ&ﬁﬁggg%ﬁ%%e?ggﬁ¥§ﬁ§§?§@¥§?ﬁan %%EH@Q 8%5 ?gygged to
prepane, d-Methylliphatrestimlitab|’ 18]S TieS dirtdespartse-+01rA\es nafoltthe conpound of
formula (1) (3-fold serial dilutions, starting at 1 [tnol/L for hH3
receptors and 10 [trnol/L for rH3 receptors). The assay, perforned in
96-wel | plates, consisted of 120 [LL, containing 20 ut, of RaMH (EC80,

ant agoni st node), 20 ut, the conpound of formula (I) at varying
concentrations, 20 ut, of the tracer 30[355] GTPyS (60000 dpmwell, 0.2

nnol /L) and finally 60 ut, of menbranes (10 ug of protein/well for hH3) m x
is added to start the reaction. Menbranes, SPA beads (125 jig/well) and GDP
were m xed together and incubated for 30 mnutes at roomtenperature WO
2011/%02795PCT/ SE2011/ 050172



37 prior to the start of the assay. Eight wells were used to define
basel i ne and RaMH EC80 (30 nnol/L for hH3 receptors) define the positive
control . Whavasioamse then m xed (2 mnutes) on an orbit CTsEX@n/05G1Mz ubat ed
60 m nutes at roomtenperature, and then read on a Trilux 384TM counter. 5
RESULTS A conpound formula (1) show ngzpl C50val ues that were generated in
accordance with the assays descri bed above, the inhibit specific binding of
[3H - N-a- Met hyl Hi stamine to the human H3 receptor (445 aa)) as 7.9 0.060
(13 nnnl(gdl@gg the inhibition of H3 agonist R 10a- Met hyl - H stam ne

stinmul ate ’T ] GTPyS binding as 8.5 0.14 (3.0 nnol/L). 15 38 CLAIMS 1. A
crystal | ilneA tesnilof foenpdesiapduni (1)44- {{1(S1 3S)-2-[(4-cyclobutylpiperazin-1-

25) - 2-[ (4-cycl obut yl pi perazi n-1yl ) carbonyl ]-cycl opropyl} -benzam de, 5

2. A cryé@ﬁ?%Pﬁ@}?ﬁmﬂWBPw§§WB€HWG (1) of claim1, characterized in that
said formhas an 10 XRPD pattern (Cu Ka) with at | east one peak at about
18.3 '2Theta, when neasured using radiation with a wavel ength of about 1.54
angst sons. 3. Acrystalline formof conpound (1) of claiml,
characterized in that said formhas an XRPD pattern (Cu Ka) with at |east
two peaks at about 4.9 and about 1838 '2Theta, when 15 neasured using
radiation with a wavel ength of aboutNl.54 angstrons. 4. A crystalline form
of conmpound (1) of claim1l, ch t'eriMed ™ that said formhas an XRPD
pattern (Cu Ka) with at |east thyee pe ks about 4.9, about 18.3 and
about 20.4 '2Theta when neasured u5|ng on.wth a wavel ength of about
1.54 angstrons. 20 ﬁiwc:x

HN O
D.

2. A crystalline form of compound (I) of claim 1, characterized in that said form has an
10 XRPD pattern (Cu Ka)) with at least one peak at about 18.3 °2Theta, when measured using

radiation with a wavelength of about 1.54 angstroms.

3. A crystalline form of compound (I) of claim 1, characterized in that said form has an
XRPD pattern (Cu Ka)) with at least two peaks at about 4.9 and about 18.3 °2Theta, when

15 measured using radiation with a wavelength of about 1.54 angstroms.

4. A crystalline form of compound (I) of claim 1, characterized in that said form has an
XRPD pattern (Cu Ka) with at least three peaks at about 4.9, about 18.3 and about 20.4
°2Theta when measured using radiation with a wavelength of about 1.54 angstroms.

20
5. A crystalline form of compound (I) of claim 1, characterized in that said form has an
XRPD pattern (Cu Ka) with at least four peaks at about 4.9, about 18.3 about 19.6 and

20.4 °2Theta, when measured using radiation with a wavelength of about 1.54 angstroms.



5. Acrystalline formof conpound (1) of claim1, characterized in that
said formhas an XRPD pattern (Cu Ka) with at |east four peaks at about

4.9, abouwo281idoatysut 19.6 and 20.4 ' 2Theta, when neasuPel/SEsIMgG3razi ati on
with a wavel engt h of about 1.54 angstrons. WO 2011/102795PCT/ SE2011/ 050172
39 6. Acrystalline formof conpound (49 of any one of claims 3-5 wherein
the XRPD pattern (Cu Ka) further conprises peaks at about 16, 4 and about
16. 6, about 18.3 and about 19.6 2Theta, when nmeasured using radiation with

() or oy “ong st ko AR an ple UMKl ART R AR D, fHARRE
conpri segCa Kpg dkrtiadr calmptitespedksZat b, 1 oydhend atras U6 6dabosit Y3 madubditan.owi th a

wavel engt h _of about 1.54 angstrons. 8. crystalline form of conpound
(1) of clafpitd, Whendperetiediusiag gy it amw@&ﬁ{*wiéb% I PaRet it t ern (Cu
Ka) with peaks at about 4.9, about 5.3, about 9.0, about 12.6, about 16.4,
about 16.6, about 18.3, about 19.6, about 20.4, about 21.2, about 23.2 and
about 524.76 ARTtystaHlineferm nEesupead (Biofgny ek aff dlams\ii-6,hvlereiavied ¥R§Drpacttrnabout
1. 54 angstr . 9. .Acrystalline_fq of conpound (1).of claiml

char act ot RISy hor coORRBE b AP donT halh SRR oA SR 10
A cryst alditnewh @@l oCAOYRE afiftrodfs. any one of claims 3-9, characterized
by the DSC t hermogram conpri si ng an endot herm at about 235C. 11. A

crystalline formof compound (I) of claim 10, characterized by the DSC
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crystalline f 0 ny oneé o CRAE88ri zed by
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9. A crystalline form of compound (I) of claim 1, characterized by the XRPD pattern

15 essentially as shown in Figure 1.

10. A crystalline form of compound (I) of any one of claims 3-9, characterized by the

DSC thermogram comprising an endotherm at about 235°C.

11. A crystalline form of compound (I) of claim 10, characterized by the DSC thermogram

comprising an additional small endotherm at about 225°C.

20 12, A crystalline form of compound (I) of any one of claims 3-9, characterized by the

DSC thermogram essentially as shown in Figure 2.

13. A crystalline form of compound (I) of any one of claims 1-12, which is substantially
pure.
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14. A pharmaceutical formulation comprising a crystalline form of compound (I) as
claimed in any one of claims 1-13 in association with a pharmaceutically acceptable

adjuvant, diluent and/or carrier.
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crystalline formof compound (I) according to any one of clainms 1-13." 20
associated with schizophrenia.

17. A crystalline form of compound (I) according to any one of claims 1-13 for use in the
10 treatment of schizophrenia, narcolepsy, excessive daytime sleepiness, obesity, attention
deficit hyperactivity disorder, pain, neuropathic pain, Alzheimer’s disease, cognition

deficiency, and cognition deficiency associated with schizophrenia.

18. A method for the therapy of a disorder selected from schizophrenia, narcolepsy,

15 excessive daytime sleepiness, obesity, attention deficit hyperactivity disorder, pain,
neuropathic pain, Alzheimer’s disease, cognition deficiency, and cognition deficiency
associated with schizophrenia, in a warm-blooded animal, comprising administering to said
animal in need of such therapy a therapeutically effective amount of a crystalline form of
compound (I) according to any one of claims 1-13.
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