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2011/ 10dnsapue/HEERoantp0&E®NELs ay inhibit the biosynthesis of histamine, as well as, inhibit

the release of neurotransmitters. This suggests that histamine H3 receptor agonists, inverse
agonists, and antagonists could mediate neuronal activity. As a result, efforts have been
20 undertaken to develop new therapeutics that target the histamine H3 receptor.

U.S. patent application publication no. 2009/0076020 describes the synthesis of a
number of cyclopropyl amide derivatives, such as, for example, 4-((trans)-2-[(4-
cyclobutylpiperazin-yl)carbonyl]-cyclopropyl } -benzamide (enantiomer 1; Example 43).
Improved processes of making these compounds would be advantageous, especially

25  processes amenable to large scale synthesis.
Described herein are processes of making cyclopropyl amide derivatives of formula I

and pharmaceutically acceptable salts thereof:



(I') wherein Yis OH\-, or 1-N\/ 1-N Further described herein is
a conpound of Fornula la, or a pharnmaceutically 5acceptable salt thereof:
Thr oughowwot2hiigiogtiogcl osure it is to be understood that, pemsSE201apRIIopri at e,
sui tabl e protecting groups may be added to, and subsequently renmoved from
the various reactants 10and internediates in a manner that will be readily
understood by one skilled in the art of organic synthesis. Conventi onal
procedures for using such protecting groupsQas well as exanples of suitable
protecting groups are described, for exanpl, in "Protective Groups in
Organic Synthesis," T. W Green, P. G M~WitY¥, Wl ey-Interscience, New
York, (1999). A transformation of a groyp or substituent into another group
or substituent by 15chem cal mani pul ati gn can be conducted on any
internediate or final product on the symyetic path toward the fina
product; the type of transformation i 'ted only by the inherent
inconpatibility of other functional grayss contained in the nolecule to the
conditions or reagents enployed in the firansfornmati on. Such inherent
inconpatibilities, and ways to W) 201%£102794PCT/ SE2011/ 050171 3

ci rcunvent them by carrying out approdpriat¥2transformations and synthetic

steps in a suitable order, wll be readily understood by one skilled in the
art of organic synthesis. Exanpl es of trdhsformations are gi ven bel ow, and
it is understood that the described %

wherein Y is OH, _g_N\—/N , Or _g-N\—/N .

Further described herein is a compound of Formula Ia, or a pharmaceutically

0O

OH

5  acceptable salt thereof:

H.N o

(la).
Throughout this disclosure it is to be understood that, where appropriate, suitable
protecting groups may be added to, and subsequently removed from, the various reactants
10 and intermediates in a manner that will be readily understood by one skilled in the art of
organic synthesis. Conventional procedures for using such protecting groups as well as
examples of suitable protecting groups are described, for example, in “Protective Groups in
Organic Synthesis,” T. W. Green, P. G. M. Wuts, Wiley-Interscience, New York, (1999).
A transformation of a group or substituent into another group or substituent by
15  chemical manipulation can be conducted on any intermediate or final product on the synthetic
path toward the final product; the type of transformation is limited only by the inherent
incompatibility of other functional groups contained in the molecule to the conditions or

reagents employed in the transformation. Such inherent incompatibilities, and ways to



transformations are not limted only to the generic groups or substituents
for which the Stransfornmations are exenplified. References and descriptions
of ot her woi2ombilog7otr ansf or mati ons are given i n " Conprehen3iSeeo1QosEmni ¢
Transformations-A Quide to Functional 3G oup Preparations” R C. Larock,
Wley VCH 2nd Edition (1999). Exanmpl ary reaction conditions are
given below, and it is understood that the describe reaction conditions are
not | i micissamaeityihers by §arryias ori apEoNTBATEISFOrBGHONS andrynthRes sepsis assutinlc

10descr i i, ons 01 re?tzil@%néeﬁt(ﬁcﬁplgfoﬂce%ﬁiédqg ke J}Pbt‘dngﬁﬁ Qynigél%sc“ bed in

t ext books of "organic anced Organic
Chemi st r y I\Ma@ipl@tdf tﬁdsfbrrﬂmon\d\éfeegivémbamcanance uhdEeiohd thawn che' dosgéeidc
Synthesis", Smth, 2nd Edition, McGawHII, ni ques for

purifi catf%néf‘?r@ﬁtl‘?%taé?% inifedonknte the ﬁ%neﬂ;srges‘eﬂpétog S‘tjﬂﬁélﬂli’a@ fog Wl’fllcgﬂéanl e,
nor g acﬁ%fo%%oie%g R ﬁeaomew{c@@{ﬂqu o‘ﬁ%f&rhefﬁﬁﬁﬂgng pl at e,

recrystallization Tation and I quid l'i quid
extract |tmmsfoemaﬂromfarw@wemlmﬁ@dmmehmazd|Orgamma‘mfanmdtub1;s—eﬁeﬁm&e tded in the

o ot | e A é?%w? EPRERRG 5 ek NoB el Sl Elphuant e ani no

group from t gkiaigplay RN cERAGIIsARS Q6 BEIbWNEhEH HAWASFRoAMhdt iR dRbgsul e to
whi ch the am no q%roup is attached. Accept abl e 20am no- prot ecti ng groups,

i ncl ude rbagtioacenditiony drerneielamites orflyp to élxainwré)ed agriction porgiitensi Rgfagersapen

o a0, o bsrbrion Bk ifiafl: AeRBon Portd I ofs AR REDh gty of Qtebte: &'

ur et han&h&ﬁ’llib@rypﬁ&h%@tfbv Ex LD Al Orgadt Ehemehsr) erroms‘heEdlamc am@nat e
protective group), which includes but is not |imted to, for exa

aryl al kﬂp@%w@aﬁ%@%@ﬁ) R Qégansm%wtlﬁéw”,f%mtwan%qheon BdaGTamoRiL 42 HH

25al k b

ol Koo by g Ry 6, TR SR
tert- butmxmalaernldcrewlrsed phase cﬂrmngiegﬂlphjr on thlenmastpotatits plate, f@rmdlﬁxzaltioﬁ,an be

prepared. . in acc WI th the fol]ow ng.Schenes. an general know edge
of dre skt ﬂlaaan ?w? Read i diap bl datarinh e nat tva“&hwﬂﬁ%q set forth

in the I.—'tgﬁgggg gryﬁg Sfﬂfplleagy\{,heggl vents, tenperatures, pressures, 30and other
reaction con ns may readily be selected by one of ordinary skill in the

art. Starti ngT Imatclem i Eahmoemﬁectmoup”aﬂefeys Emad feabgmz@irmmeach dapalpie eﬁar ed by
in the a refers strai ght or

one skill eghdl } gh a ]%/
br anched® P%toa"flkﬂﬂlélo(gﬁ?}ﬂ’rst?c?é ‘P)B'F?)Wl?t ?%IBPOG%?\ pafrﬂl?lﬁ@l“fl% 8 ﬁ"’t%a‘élo rbon
atoms. EeeiPingekewibre®althy nol@LRUS SvhidkCthb dfinddstbu@istattached. Acceptable

20  amino-protecting groups, include but are not limited to, for example, amino-protecting groups
described in “Protective Groups in Organic Synthesis”, 4™ edition, Wiley Interscience, 2006.
The amino-protecting group may be, for example, a urethane type protective group (which is
also referred to as a carbamate protective group), which includes but is not limited to, for
example, arylalkyloxycarbonyl groups, such as, for example, benzyloxycarbonyl; and

25  alkoxycarbonyl groups, such as, for example, methoxycarbonyl and tert-butoxycarbonyl.
Typically, the amino-protecting group is tert-butoxycarbonyl.

In general, the compounds of formula I can be prepared in accordance with the
following Schemes and the general knowledge of one skilled in the art and/or in accordance
with the methods set forth in the Examples that follow. Solvents, temperatures, pressures,

30 and other reaction conditions may readily be selected by one of ordinary skill in the art.
Starting materials are commercially available or readily prepared by one skilled in the art.
The term "Cjalkyl" refers to a straight or branched chain alkane (hydrocarbon)

radical containing from 1 to 6 carbon atoms. Exemplary "C,¢alkyl" groups include, but are



WO 2011/ 102794PCT/ SE2011/ 050171 4 not |limted to, for exanple, nethyl;

et hyl; propyl; isopropyl; 1-methylpropyl; n-butyl, t-butyl; isobutyl;
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PG NNHPG- NNH\-0 ) \- / (I11)(IV) 5Fon the conmpounds depicted in Schene 1,
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5 For the compounds depicted in Scheme 1, PG is an amino-protecting group; and R is
H or a Cysalkyl.

In one embodiment, C,_salkyl is selected from methyl, ethyl, propyl, and isopropyl.
In another embodiment, the amino protecting group is tert-butoxycarbonyl.
In a further embodiment, R is H.
10 In a yet another embodiment R is methyl.
In an even further embodiment, the compounds of formula II, III and IV are

compounds of formula Ila, IIb, Illa, I1Ib, IVa and IVDb, respectively:
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In still a further embodiment, the compounds of formula II, III and I'V are selected
15  from formula Ila, formula IIb, formula Illa, formula IIIb, formula IVa, and formula IVD.
In yet still as further embodiment, compounds in accordance with formula II, III, or
IV may be in the form of a suitable salt, such as, for example, the acetate or dihydrochoride.
In certain embodiments, the compounds of formula IVa and IVb may be in the form of the
dihydrochloride salt.
20 Step 1:
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sui tabl e reagagi2t o deprotect the ami no group, such as for exanple, an
acid, such as for exanple, hydrochloric acid, trifluoroacetic acid, or
sul foni ¢ 15 deqrapounds g apgprdapcevisly fayama I\s eantbephtaingst byetieapr somppendare,
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sol vents, such as, for exanple, a solve m Xture conpri sihg 2-propanol and
t ol uene.example, an acid, such as for example, hydrochloric acid, trifluoroacetic acid, or sulfonic
15  acid, in a suitable solvent, such as, for example, dioxane, dichloromethane, 2-propanol or a
suitable mixture comprising two or more solvents, such as, for example, a solvent mixture

comprising 2-propanol and toluene.
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Scheme 2 WD 2011/ 102794PCT/ SE2011/ 050171 6 For the conpounds
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and LGis O, Br, |, tosylate, brosylgte, nosylate, or nesylate. In a
further enbodinment, Xis Br. In a stiII further enbodinment, LGis 5C. In
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15 MagazX meBR2idd 8)G 1s¥2- 33(2007) ; v02008064817 Fanlng Zhuanl i Shengi ng,
101747211; WO 2006036015; WD 2006028290; WD 2007011065; Organic Letters
(2002), 4(24), 4373-4376; WO 2002051781; Tetrahedron (2004), 60(34),
7411-7417; OQgiy Cadeed:t ers (2007), 9(2), 255-257; and Journal of the

Chem cal Society, Perkin Transactions 1 (2001), (10), 1204- 1211. 20ln one
embodi ment , doompramds it secarsenscdeitic formiuichV T Grapul) any/VItGtepbd apdaintbd by
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(R)- (5+) ]\rlrgéagynlecg;(%?)g%zﬁt()g&%gl o 2%0§064 1|7\|0Fanil'11]1'§ %%Ean 1 She)nqlng, 101747211, WO
2006036015; WO 2006028290; WO 2007011065; Organic Letters (2002), 4(24), 4373-4376;
WO 2002051781; Tetrahedron (2004), 60(34), 7411-7417; Organic Letters (2007), 9(2),
255-257; and Journal of the Chemical Society, Perkin Transactions 1 (2001), (10), 1204-
1211.

20 In one embodiment, compounds in accordance with formula VI can be obtained by
adding a compound in accordance with formula V, which is dissolved in a suitable solvent,
such as, for example, tetrahydrofuran, 2-methyl-tetrahydrofuran, toluene, dichloromethane, or
a mixture of two or more thereof, to a solution comprising 1) a suitable reducing agent, such
as, for example, borane*THF or borane dimethylsulfide in a suitable solvent, such as, for

25  example, tetrahydrofuran, 2-methyl-tetrahydrofuran, toluene, dichloromethane, or a mixture
of two or more thereof, and i1) a chiral oxazaborolidine, such as, for example, (R)-(+)-methyl-
CBS-oxazaborolidine (CAS-No. 112022-83-0).

In another embodiment, compounds in accordance with formula VII can be obtained
by treating a compound of formula VI in a suitable first solvent, such as, for example,

30  dichloromethane, tetrahydrofuran, 2-methyl-tetrahydrofuran, or a mixture of two or more
thereof, with a phase-transfer catalyst, such as, for example, an ammonium salt (e.g., methyl
tributyl ammonium chloride or tetrabutylammonium chloride), a heterocyclic ammonium salt

(e.g., 1,1'-dibenzyl-4,4"-bipyridinium dichloride, 1,2,3-trimethylimidazolium methyl sulfate),



I n anot her enbodi nent, conpounds in accordance with fornmula VIl can be
obt ai ned by treating a conpound of fornmula VI in a suitable first sol vent,
such as, wonomxaapke, 30 di chl oromet hane, tetrahydrof ur aT/SE2011/050171

2-met hyl -tetrahydrofuran, or a mxture of two or nore thereof, with a
phase-transfer catalyst, such as, for exanple, an ammoniumsalt (e.g.,

met hyl tributyl ammoni um chl oride or tetrabutyl ammoni um chl oride), a
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2- 30 nezohgd)g’/tl@praahmgopﬂ@eam@s Dey. momzuf e;lg her eof The resulting mxture is
further treated with sui t abl e second base, such as, for exa sodi um
hydr oxi de or moeﬁiemhpw@pbﬁp@@wm}su@ﬁcqoesdatnﬁewa@épmléﬁVéH Oeﬁéegg@m@é byase,
an unis e n | kvl as, for
exanpl e%r§%q§ a&éﬁ%%ﬁmﬁlﬁ?raesultltablfe?f rgg)q%eg?”%%? [ fogg)égﬂ%@ ah%}(}qﬁﬁlg by (ﬁ%uﬁﬁgr mul a

VI 1125  hexyl hthlurn) in a suitable solvent, such as, for example, hexane, and i1) a suitable triC,_

salkyl phosphonoacetate (e.g., triethyl phosphonoacetate, trimethyl phosphonoacetate, and
methyl diethylphosphonoacetate) in a suitable solvent, such as, for example, tetrahydrofuran,
2-methyl-tetrahydrofuran, or mixture thereof, and combining therewith a compound in
accordance with formula VII in a suitable solvent, such as, for example, tetrahydrofuran, 2-
30  methyl-tetrahydrofuran, or mixture thereof. The resulting mixture is further treated with a
suitable second base, such as, for example, sodium hydroxide or lithium hydroxide. Prior to
the addition of the second base, an unisolated intermediate is formed containing an alkylester,

such as, for example, ethyl ester where the free carboxylic acid group of the formula VIII



WO 2011/ 102794PCT/ SE2011/ 050171 8 conpound is present. |In one enbodi nent,
the unisolated internediate that is formed prior to the addition of the

second bawse 2s/i034at ed. In a further enbodi nent pCcrise2@anopaand in
accordance with formula VIII is purifiged by recrystallization using a

sui tabl e solvent, such as, for exanple, ethanol, water, toluene, 5

i sooctane, or a mxture of two or nore thereof I n an enbodi nent where

X i s BRcoptpeuRq psqiressak dnjoge gmpestiyrent., ithaimisglated enterpjediatetipkip formed prior to
phosphp:}ﬁ@&?&ig&%@ets&iogglgﬂeqp%%p‘tg&inoacet ate; and the second base is sodium
e. npounds

hydr oxi I'n accordance with fornmula V are commercially
avai | abl e andniarfaithgten{bb8iméth,) the e¢pdumdnin pbengdnke withdprogandtias paciydd c
aci d, ichis (iom:rerci-al |y -%@i I g,bl e 10 from for exanple, BOC Sciences.
Step 4: 0y recrystallizaifoiiieg 3 Hibleorisnt uel ashior SX#IPS hetohivae, hidifned by

treaki NG5 EATPRY ixiuﬂigfpﬁ% ?ﬁ@?% ﬂ%lregffor mula VIIl in a suitable solvent,

such as, tfor exanple, di me ormamde with a suitable netal, such as
zinc (e.g., Znno cdstiimenawhoaretXald BRctht dilrst dase is meltexgblithfunr; thxaidlsalkyl

bis(tri-t-bytyl phosphi ne)pall adi um(0); and a suitabl e netal cyani.de, such
oot or TipSHhgaReeSREE iy Phgpucic: 21l S B AR orpounds
i n accor dancecyhpdunti®madcardurccdl R iPhul S0ladd &m&YlallyRshiede SRYiHEIRE: t hr ough
to step S. 20Step 5: A conmpound in accordance with fornula Ia can be

obt ai ned18y29)r2=6t-bregoghenhisyaapropancgebordamased wittich fseommeacinly aveilablsui t abl e
sol vent SUCh as for (?ggrple water, with a suitable base, such as, for
exanpl e, & PE%W&?’O@( Ce&ﬁ%f‘a sui tabl e peroxi de, such as, for exanple,
hydr ogen peroxide, followed by treatment with a suitable acidic solution,
such as, 25for exanple, an aqueous solution of sodium hydrogen sulfate. WO
2011/ 102794PCI#8E2011/ 050171 9 Schene 3

A compound in accordance with formula IX can be obtained by treating a compound
in accordance with formula VIII in a suitable solvent, such as, for example,

15  dimethylformamide with a suitable metal, such as zinc (e.g., zinc dust); a suitable catalyst,
such as, for example, bis(tri-z-butylphosphine)palladium(0); and a suitable metal cyanide,
such as, for example, zinc-(II)-cyanide.

In certain embodiments, compounds in accordance with formula IX are not isolated,
but instead carried through to step 5.

20 Step 5:

A compound in accordance with formula Ia can be obtained by treating a compound
in accordance with formula IX in a suitable solvent, such as, for example, water, with a
suitable base, such as, for example, sodium hydroxide, and a suitable peroxide, such as, for
example, hydrogen peroxide, followed by treatment with a suitable acidic solution, such as,

25  for example, an aqueous solution of sodium hydrogen sulfate.



Step 1.1 5A conpound in accordance with formula |I'b can be obtained by

treating a conpound in accordance with formula la, with a suitable

acti vat i nyoagant279guch as, for exanple, 1,1 - carbonyl dipcwisdamelosni7i n a

sui tabl e sol vent, such as, for exanple, tetrahydrofuran, chloroform

di et hyl f ormam de, 2-nethyl-tetrahydrofuran, or m xtures of two or nore

t hereof, and subsequently addi ng a conpound in accordance with fornmula IVa

or a suitable salt thereof, 10such a&themed exanpl e, the di hydrochl ori de,

and a suitable base, such as, for exanple, triethylamne or

di i sopropyl et hyl am ne. I n one enbodi nent, a conpound in accordance

with formula | b can be obtained by treating a conpgund i n accordance with

formula la, with a conpound of fornmula IVa or a suq abEe salt thereof, such

as, for exanple, the dihydrochloride, in the pr /”$%a sui tabl e 15base
eth

such as, for exanple, N-nethylnorpholine, diiso opyI | am ne, or
triethylanine and a suitable activating agent, quch a xanple

0- (7-azabenzotri azol - 1- y1) - K , N - tetranet ronlum
hexaf | uor ophosphat e,, O- (beanb/ azol - N, N - tetranet hyl uroni um
on azol e a nixture of 1-

hexafluorophosphateé -car
hydr oxybenzot ri nd 1- et h{¥ - di et hyl ari nopr opyl ) car bodi i m de
hydr ochl ori de, i 10 a suitable sol vent,
such as, for exarnpl e, dinet Me- THF, water, or m xtures thereof

Step 1.2 A co in acCordance with formula Ic cdPbe obtained by
treating a co 5in ordance with fornula 1§ wth a conpound of
formula | Vb or Gitabl e saM~iHeéreof, such as, f npl e, the

di hydrochloride, |in the pre a SU|tabIeVgise Nsuch as, for exanple,

N- et hyl nor phglrhesor dIISOpL\P | et am ne, as 't ble_activating
agent, such as, for exanple,
oni um

0-(7- azabenzot r ol - 1- y1l)-N, %DC% t et ramet
hexaf | uor ophosphat e, 0- (benzotrlazol 1-y1)-N, N -tetramet hyl uroni um
10hexaf | uor ophosphate, or a m xture of 1-hydroxybenzotriazol e and

1-et hyl-3-(3- dinethylam nopropyl)carbodiimde Rydrochloride, in a suitable
sol vent, such as, for exanple, dinethylformahiide, i net hyl sul phoxi de,

water, or mxture thereof (Ic)

Step 1.1
5 A compound in accordance with formula Ib can be obtained by treating a compound
in accordance with formula Ia, with a suitable activating agent, such as, for example, 1,1°-
carbonyldiimidazole, in a suitable solvent, such as, for example, tetrahydrofuran, chloroform,
dimethylformamide, 2-methyl-tetrahydrofuran, or mixtures of two or more thereof, and
subsequently adding a compound in accordance with formula I'Va or a suitable salt thereof,
10 such as, for example, the dihydrochloride, and a suitable base, such as, for example,
triethylamine or diisopropylethylamine.
In one embodiment, a compound in accordance with formula Ib can be obtained by
treating a compound in accordance with formula Ia, with a compound of formula IVa or a
suitable salt thereof, such as, for example, the dihydrochloride, in the presence of a suitable
15  base, such as, for example, N-methylmorpholine, diisopropylethylamine, or triethylamine and
a suitable activating agent, such as, for example, O-(7-azabenzotriazol-1-yl)-N,N,N’,N'-
tetramethyluronium hexafluorophosphate, O-(benzotriazol-1-yl)-N,N,N’,N'-
tetramethyluronium hexafluorophosphate, 1,1’-carbonyldiimidazole, or a mixture of 1-

hydroxybenzotriazole and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, in



I n one enbodi nent, a conpound in accordance with fornula Ic can be obtai ned
by treating a conpound in accordance with formula la, with a suitable

acti vat i nyoagant279guch as, 15for exanple, 1,1'-carbonyl #cTsEd@zobE71in a
sui tabl e sol vent, such as, for exanpl gy tetrahydrofuran, chloroform

di met hyl f or mam de, 2-nethyl-tetrahydrofuran, or mxture of two or nore

t hereof, and subsequently addi ng a conpound in accordance with fornmula |Vb
or a suiaaibpllesalvent; suchassfor expamplaglimpidylfesmamide MeHER waRIr ochixgietle, and
a suita S.base, such as, for exanple, triethylamne or
diisopropyFe'hyIanine. 200ne aspect of the invention is a conpound of
formula |a, dte@lpharmaceutically acceptable salt thereof, O (la) to be

used as an internediate for the preparation of the c ounds of fornula Ib
and |o. VIO 2bSaPIQTAGHpesRrdsEse PSS 19 SarpheabeipeEby treating aogOH@nt | on

Is f g(t hﬁ%c&‘%&dn’é@%ﬂhrfoﬁﬁ@a\f}éyig}v‘é %@?%k?&mu‘l& 1\733‘6’%1 Qlitgt UBff3dsp0d that

t he anples are given ration only. Fromthe above
di scussisoph as)dort dxemplea thel delsy drochdorsdel, (1 thd praserideef arstitddnbascearch as,fot he

essential characteristics of the disclosure, 5and w. ut departing from
Che® opi ARG RCeepeTHErABE o A RIS Sehany LD O deeRSpidhe. « o
adapt thg @ sedRSbrG-(V AzMRhERHSz01S 07 )-NIN, N N Gbthd ARy ludhidn F esul t, the
disclosure is not Timted by the illustrative exanples set forth

her ei nbdiesefluospphosplime (il heneetriaza- i-yl)-dady e ¥ -tCedséthglufa@unand ar e

uncqrr ect ed Unl.ess o rwise noted, co rei eagents used in
o egbr | 5 e resesphete P OHERTR Bo Tt Tadfd o E T Tt B o0 “aci ¢ onal
purifi C&ﬁﬁl@fhylaminoprglbiﬂ)c@ﬂﬁ)dﬁhﬁ@ M dsechisiRdin 4 figtablRlsyBBAS swhed, fof cRiggar i ng
t he exanpl e conmpounds were comerci al anhydrous grades and were use

wi t hout digethlprrgpngidpgdigethylpuinhpgigde; wefer, or mixture thereof.

In one embodiment, a compound in accordance with formula Ic can be obtained by

treating a compound in accordance with formula Ia, with a suitable activating agent, such as,

15  for example, 1,1’-carbonyldiimidazole, in a suitable solvent, such as, for example,
tetrahydrofuran, chloroform, dimethylformamide, 2-methyl-tetrahydrofuran, or mixture of
two or more thereof, and subsequently adding a compound in accordance with formula IVb
or a suitable salt thereof, such as, for example, the dihydrochloride, and a suitable base, such
as, for example, tricthylamine or diisopropylethylamine.

20 One aspect of the invention is a compound of formula Ia, or a pharmaceutically
acceptable salt thereof,

L

OH

HoN 0

(Ia)
to be used as an intermediate for the preparation of the compounds of formula Ib and Ic.

25



Al'l starting materials are commercially available, unless stated otherw se.
The foll ow ng abbrevi ati ons may be enpl oyed herein: CBS:

Cor ey- BakwbizeShiobmtta; 15 13C NVMR carbon nucl ear nagnet iPCTISES@masaer d:
doubl et; DVF: N, N-di net hyl formam de; jPVSO. di net hyl sul foxi de; EDCI x HCl:
1- et hyl - 3- (3-di met hyl am nopropyl ) carbodii m de hydrochl oride; ES:

el ectrospray; g: gram h: hour(s); 1H NVR groton nucl ear magnetic
resonance; HPLC. high pressure liq tography; kg: kilogram L:

! ' ter; m rml”ﬁ}eqhx%nl’t?hﬂls Qfdeifﬁqed 1rfqh|elfk}£dv51§g ’Ex%_%les”ﬁ g‘ﬁﬁtb% ’unaérﬁﬁw

m nut e(s); spec rorret r

N- et hylthaohpBodrhpies atﬁ[gmenﬂ)@rrWeSy g tlusiatibh onty . sFromltm@M&ive dzscud\s’BJBHlﬁd the

2-met hyl -t et rahydr f br.: broad; Bu: buty cal cd: a}\l culated; CeliteO
br and GRS Bk mé%ﬁ §7hCa1 gspefaim éleé‘@%%‘flal thapretoristiescPithadisslonie.cel i t e

doubret 80 ST o e F U Epede AR, Sin it Bhlg ol <t

1, 4- di azatditiyationp B) &lap} the tdasesuld@ vadowshisoy aelt doadeionOCN a 2&ult, the

di chl oro hane, DI PEA: t N-.i sopro m ne; DI\/E di met hyl
et her - NS b e By s g SO B FBR REGATP dr doubl et o
triplet; EDCA[ft@hdeydindé dre 1H'd@’%%@sytéi§i'u§‘@’l@f)%ﬁé{bﬁe RbREAEd. M de hydrochl ori de;
ESI: el ectrospray i on source; OAc: ethyl acetate; EtOH: ethanol; g: gram

h: hour ( s) HIBTt eSS @h@gm@ptqdammelmlahrwgems used in preparing the example

tet r.amet h ni um he af | uor o- phos T N Hydr oxybenzotri azol e;
e i RO R s TR BB R edioR So- Y opanol | Meok

m%‘t hanol Ny : Uileds| dtigdraise niifa0the sanbid mgédsmrm@mﬁg B Suhipdd @nﬁpﬂhﬁd@@e@gent )

MPLC: medi um pressure liquid chrorratgﬁgwﬁ y; MIBE: nethyl tert-butyl ether;
NaHCOB: copunaiibiteinys arades ppdreare usedhpineith femhedryag orqpureﬁrew@@t qui n:

2012/ 102704p T SIBETPERELY 4o hete S HFROR s Sl &herith oot anol

td: triplet ofhcdoliblvidigabbfeAiativnd fnhyibe Gﬁlpﬁiy'bd‘ haeind CB dofdyFBakshi-Shibata;

t et r ahydg of ur an. The mass spectra ecorded o ers

condPst i nfgl\B\flR afarhen lil%lﬁ?énwg@l%@@n@ﬁ%ﬂmgo% RMHE; %%Q@ethv\afl %h 0.1%

formc 2.5
FUL0: @m&ﬁ@ylfo%d@ BHOT & Wl P;&%‘P L1 ég%g%ltéﬁ}ﬁgﬁ&liﬂ#%w 0 &rﬁodim%g@m

m partical e size Waters M cronas e nmass
spect r ortetlerchivaslc el g spiay fe: @mmJledmnnis)p HWMBnpls)mnrmEle(aE&agnejmer ated in
mass s ter scanne t ween

t t
oo mbgwancd BT Ve iR il M R bRt BTG & Bt e, ol d

Advance MORNHz &L%ﬂml&P%HzOﬂi%gﬁ{er@ﬁﬂuphﬁﬁﬁé?s?dnﬂﬁ'bt E&nP&\M&bN%i WRIS NS 2. 6
software. The chemical 10shifts (8) are reported in parts-per-mllion from

t he 2@eutrmsatswtr@mmnNMMeN-methyl monnhellnea@pma@@mmléhqne sesingeolded on a
Br uker t hi, e vance 1J2aNHz / 5 te th
I\/LRMV@?IIS?I % a gny@(%etr Sro Wran e zlf))u%% éﬂn@ g)u%te% E*ePt%%ft X an(w

XW N- N war k3 are repo
part s- peyfditbhhc@dud £ filkeindedbal fbtgﬁtbréd)ira’(%ﬂbf @éﬁt@ Cdep@aidi€ dldoublet; dd:

PR -1 {oiat o Soubies: dda’ dubict of daublet oF doublet; dddd: doublet of doublet of doublet of
doublet; DABCO: 1,4-diazabicyclo[2.2.2]octane; DCE: dichloroethane; DCM:

25  dichloromethane; DIPEA: N-ethyl-N-isopropylpropan-2-amine; DME: dimethyl cther;
DMEA: dimethyl ethylamine; dq: doublet of quartet; dt: doublet of triplet; EDC: 1-cthyl-3-
(3-dimethylaminopropyl) carbodiimide hydrochloride; ESI: electrospray ion source; EtOAc:
cthyl acetate; EtOH: ethanol; g: gram; h: hour(s); HBTU: O-Benzotriazole-N,N,N’,N’-
tetramethyl-uronium-hexafluoro-phosphate; HOBT: N-Hydroxybenzotriazole; HRMS: high

30 resolution mass spectrometry; iPrOH: iso-propanol; MeOH: methanol; mg: milligram;
MgSOj4: anhydrous magnesium sulfate (drying agent); MPLC: medium pressure liquid
chromatography; MTBE: methyl tert-butyl ether; NaHCOj3: sodium bicarbonate; NH4Cl:

ammonium chloride; q: quartet; quin: quintet; rt: room temperature; sat: saturated; t: triplet;



Cl Borane dinethylsulfide (2.0 kg, 24.8 noles, 94% ww was m xed in
toluene (8 L) at tjacket=20 C. (R)-(+)-Methyl-CBS-oxazaborolidine (2.6 kg,
2. 74 nol esp 2My10a®4a t ol uene sol uti on was added. The chacgisEgoiresEel was
rinsed with toluene (0.5 L) and tjackey was set to 2045 C

1- (4- Brono- phenyl ) - 2-chl or o- et hanone (7.84 kg, 33.6 noles), which is
commercially available from Ji angyan Keyan Fi ne Chem cal Co. Ltd, was

di ssol veEA ririgthylemuipe; (BOHy rarpbuiaselpil Hindctnd dewhlc Al Avkeinorpasetinagdaiidve 40
Cinth r the 2- MeTHF sol uti on was added during 3 h. The

| atter \?Telgtset?&ah %&ﬁllr?isled with 2-MeTHF (2 L) and added to the reaction

m xture, whi chhewassslspédtrastdre rdcogiedtonts Watkeed M8ofsiftdng df dn. AlRaadey2si9s (D€ a
sanpl e on §5 HPLC indi cated full conversion at this 1QIO| nt usi ng t he

f ol | owi rgohHaahesst SRt (Hdmith hhadermig agigeB g HANEH apg e 7 Xpiodssi ¢ h
0. 1%sTFAs | o) F\;%‘_ﬁli O@M 2%%1 ﬁ%tftl@alg S&gﬁﬁ?dT\')_VAterslﬁlﬁbﬁa&%% d@ﬂgctgp Lol ith

Performance The reaction mxture waS cooled to
tj acket 200 ﬂld)mhm@eﬁtmtmmmnpbd WikhOid ol rokpray ildnesoilrde{ESI)ldperatanihnIVEOH

was added during 3 he rest during addition 30 mn was

di stil | E9SBO6LF giﬁ?g‘é(? “Wa%ﬁ‘?f‘m 'Jéﬂe P38 SRETOBRS Wa’f’ﬁ%”é‘Fﬂ;Eﬁ‘iW@e%m/% %‘%Weft was
cool ed to t] agketrRMICsp RS Rek Whdhcd b FEkud URESHiZdIA&an& 408MEZB L H20)
and concentrated under vacuum at WO 2011/102794PCT/ SE2011/ 050171 13

tj acket Samrmsm@trapptemﬂndratogbgﬁedlmtb XN MPME veraipn diorsetiwiare. al'le-akiemial
sol ut.i on, ¢ estore OCf irectl n the next
oo e A e s 4% pert per-m Mo B Y dtisoies SHYFHaied &

The *C NMR spectra were recorded on a Bruker UltraShield Advance 125MHz /

54mm spectrometer and processed with XWIN-NMR version 2.6 software. The chemical
shifts (8) are reported in parts-per-million from the deuterated solvent used.

Example 1
15 (R)-1-(4-Bromo-phenyl)-2-chloro-ethanol

OH
O
Cl

Borane dimethylsulfide (2.0 kg, 24.8 moles, 94% w/w) was mixed in toluene (8 L) at
tiacket=20 °C. (R)-(+)-Methyl-CBS-oxazaborolidine (2.6 kg, 2.74 moles, 1M) as a toluene
solution was added. The charging vessel was rinsed with toluene (0.5 L) and tj,cket Was set to

20 45 °C. 1-(4-Bromo-phenyl)-2-chloro-cthanone (7.84 kg, 33.6 moles), which is commercially
available from Jiangyan Keyan Fine Chemical Co. Ltd, was dissolved in 2-MeTHF (75 L) in
a separate vessel and when tiy,., 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 L) and added to the
reaction mixture, which was left stirring at tjaeie=45 °C for 1 h. Analysis of a sample on

25  HPLC indicated full conversion at this point using the following gradient method (mobile
phase 20-95% B; A: 5% CH;CN in H,O with 0.1% TFA, B: 95% CH;CN in H,O with
0.085% TFA, 10 min run) on Chromolith Performance RP-18e, 4.6 x 100 mm. The reaction
mixture was cooled to tjucker=10 °C before slow quench with MeOH (36 L). The first liter of
MeOH was added during 30 min. and the rest during additional 30 min. MeOH was distilled

30  off under vacuum at tj,=50 °C. The organic solution left was cooled to tj,ke=20 °C,

washed with 1M HCl in H,O (7 L conc HC1 + 73 L H,0) and concentrated under vacuum at



Aliquat 0 175 (nethyl tributyl amoniumchloride) (1.12 kg, 4.75 noles) was
added to Exanple 1 as a 2-MeTHF solution (33.6 noles, 40 L) at tjacket=20
C. NaOH (Wwolokigo2®4. 4 noles, 45% ww) diluted in H20 (2prCx/smasiasided duri ng
20 mn. The reaction mxture was leftstirring at tjacket=20 C for 2 h.

Anal ysis of a sanple on HPLC indicated full conversion 10 at this point
using the foll ow ng gradi ent nethod (nobile phase 20-95% B; A: 5% CH3CN in
H20 Wi t His@ 13 “EHR approxoseieisHidN Example WWwphtaingd o088 36MEAIF sgutiemhcandly) on

Chr onol i f phase was separ at ed
of f and S{tﬂggg{“gﬁr%@% 3 ujsmgcg%“%ﬂ&/i ﬁﬁ%&%ég{gft@?%gg%g). 2-MeTHE (25 L) was
added and t he organi c phase concent @t ed;ugder vacuum at tjacket=50 Cto
approximately 30 L. Exanple 2 obtai 152- MeTHF sol ution, can be
stored at 5 C for 140 h or ygeg- (ﬁqgmﬁd -phéndyIj-Ggragxt synthetic step.
Exanmple 3 (1S, 25)-2-(4-Bronp-phenyl)-cyclopropanecarboxylic acid 2'=-0
HO Tri et hyl phosphonoacetate (10.5 9 noles, 98% ww) was dissolved in
2- MeTHF 20(14 L) at tjacket= -Br +#ium i n hexane (21 L, 48.3
nmoleg, 2.3 M was added at a rate t turner below OC. The charging
vessel was rinsed with 2- MeTHF ([3 L) and the reaction solution was |eft

stirring at t4tRERHE (@ethx frpitd ammenigmzhigser(lsb ke itoly pelssevarsiddsd 30
L F (2
) was ta[ﬁe ; gﬂ}i{ §199a %%AQTHF sgﬁ‘ﬁoﬁk‘ﬁ?hﬁ%s\’%ﬁ £ht t‘é‘é%%—fd Jtselq%(gh ég'fl%}g'v?? iF (

L) and Ion solution was stitring af acket | east
16 h w trholbdndSP/(awrw)Sdlﬁﬁedwinaiz(l (2dokedsaddeCduripe (ysiirs  Die @agmmphigtuwa walkPL C

[ foll t ho bi | h 95% : 5% CH3CN i
00 i { NEBS TR e 2505 O BENAPAVRDO! AethPS PSR TR ffloriAryonn
Chr qggp! i 4; mfﬁ&hpﬁmm@ fﬁ?ovaiﬁg ?ra‘lhe@lt el (HRS'oil@ ghe?s@tzﬁcbs%lbl ACOIVERNI Qi L O

the internedi ate =(4-brono-p cl opropanecar boxylic acid
WO 2011/11192‘7/914[00'% SEEO BlB@%(ﬂHfCI‘izﬂn H,0 Wlth O 085% TFA 10 min run) on Chromolith

Performance RP-18¢, 4.6 x 100 mm. The aq. phase was separated off and the organic phase
washed with H,O (2 X 25 L). 2-MeTHF (25 L) was added and the organic phase

concentrated under vacuum at tj,ce=50 °C to approximately 30 L. Example 2 obtained in a

15  2-MceTHEF solution, can be stored at 5 °C for 140 h or used directly in the next synthetic step.

Example 3
(1S, 25)-2-(4-Bromo-phenyl)-cyclopropanecarboxylic acid

e

/_
HO

Triethyl phosphonoacetate (10.5 L, 51.9 moles, 98% w/w) was dissolved in 2-MeTHF
20 (14 L) at tjaerer= —20 °C. Hexyl lithium in hexane (21 L, 48.3 moles, 2.3 M) was added at a
rate to maintain tiyer below 0°C. The charging vessel was rinsed with 2-MeTHF (3 L) and
the reaction solution was left stirring at tjzcier=10 °C. Example 2 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,ckei=65 °C for at least 16 h with the last 3
25  hat tjaker=75 °C. Analysis of a sample on HPLC using the following gradient method
(mobile phase 20-95% B; A: 5% CH;CN in H,O with 0.1% TFA, B: 95% CH3CN in H,O
with 0.085% TFA, 10 min run) on Chromolith Performance RP-18e, 4.6 x 100 mm indicated

full conversion to the intermediate (1S, 25)-2-(4-bromo-phenyl)-cyclopropanecarboxylic acid



ethyl ester. The reaction solution was cooled to tjacket=20 C. NaOH (7.6
kg, 85.5 noles, 45%ww diluted in H20 (12 L) was added over 20 mn. The
reacti on wol2oti/we79ebt ai ned was | eft stirring at tjacket 26@/SE2d1o05mr1 | east 2
h. Analysis of a sanple on HPLC indicaged full conversion at this point
using the follow ng gradi ent nethod (nobile phase 20-95%B; A: 5% 5 CH3CN
in HO with 0.1% TFA, B: 95% CH3CN in H20 with 0.085% TFA, 10 m n run) on
Chr onol iathyl reétnelr oFreiradiorpogien wes Goqledwjamr%r% NeQkt (7gnks SO i mekswas

cool ed tQ, p ar I C
phase wa@é Eu_fépmqg dﬂ%oﬁq%af &? e co H?Z%%j%%lfl ﬁaﬂgOﬁ gm@?@e(gg{a%h fied
to pH <36ﬁ'>smrh1|g aHBRQA6( 9Clfor dt%asfmheana%%dﬂh\s@mﬂleldmtlémﬁjﬂ’nd'r@@({ﬂ.lﬂ 5 L)
Only 17 L of the diluted H3PO4 CO .was sed tt% achi eye 10 the pH <3.5

aci di ¢ &§NveKgEat &Jé%P%&ttl}Sé@ttBﬁ lopringe o¢ (mgb ﬁ)phaméo-@ér{eol?ﬂ%dm

or gani c i o i A r t under
vaoutm A sl arO AP TS IS By §N¥§ﬂﬂﬁ SRR AR AR

di | ut ed GhrbmokthOMr{oivhascelRP-aBe,t4.ax ke n3h ThardctidtOsolut®nlyyaswasleddaded over 20
mn. The reagt sol uti on was cool e acket 8 C. Seed 066
ol ) ekl el D SE e onohal aof thd SRR phaeu N ra duiieds o

The reaqly o, W‘hé%é%ﬁ@m&‘@& %@ie@%e&@a&ﬂﬁ@&%ﬁl@@%ﬁﬁ HPO, gﬁﬁ iﬁfrhol%&' rri ng
for at least 1 h. ddltlonal H20 (8 L) was added during and the
product 888swWiW) dl@rt@(timdﬂa‘O AR laasBely Wil bf ho IdduﬂelémlsP@@(ad;)Nas Dsqﬂi tngwhmd@r

Fourl et abaFrch 71 4N 14 (ot By 10 TP Bed PihoRes osiahol sy

20Recr ysotrgédlé 5%&%&&%@2\3{@&1 2M9r11ma Pﬂﬁ%e&fcomte@ u%délﬁva%ﬁuﬁ‘i a(- 04 kg)

were mxed in EtOH (52 heat ed at tj acket =70 tg was added.
The r eadhi@rd0s6l t@tap@mmmstelyo]dlIedTh©2{MaHﬂEseiB@010Vewélﬂthd g1 Etﬂﬂ)(l(lﬁeL)L) was

dded d d | d K
dur  ng. Fhieors brBa BB I Bl e 20 5 BEREERA RN B BERLTE 1o
(8 L) ang, FB3A 2Sdeti-(165Y0.065 maf&@ywyﬁmwaﬁa thfé(&oﬁt@ams 264:6d forka &xanpl e

3(41.5 noles, 88%ww), which was redissolved in toluene (39 L) and
i s0d8t arfeEB 15 Bie repefionanigue @as podlpdinr tugaTUtE aronfals arsbledi siaang fpRat

reaction tiQ I r h,

t hen coo angﬁ;ﬂ 0 &IY@‘% ﬁqg(%ﬂ%verag&ﬁ%ﬂé% QU&dt\%ém?i b t‘gérsggtef(r)%oénd
washed wintlvaahed wtthl celdad, dougn e)rQﬂaghl)ldanxdlcm&ﬁ@cﬂ(a?(e 2366 LY kiz IEthple 3
portions, Drying u(pder vacyum at 40 C %ave 7.4 k ? | e 3 (29, 8 nol es,
97% w w)(21 3a0A29G e Vo0t et over faprstensdirm /¢4 ke 7 (‘garogy-phenyl)-2-
1-(4-br et hanone (67.5 noles). 1H NWR (DI\/SO d6é): 6
12. 36 (%ﬁbraféﬁﬁ)ibﬂe(%??}h 5 = Hz), 7.13 (d, 2H, J=8 Hz), 2.39 (m 1H),
1. 820(m 1H) ,Rebrys@allizatiof ldf Exampee 3: rﬁwdb@tchekmmmmm &16)7:046kg1) &rd 6,

Aty bbb ot o ke
Rt =5. 03 s@ld‘t‘loﬁ"v&a@ c@@l@h Y3 4, a%{atl=30r9€ BQ& A smb 'H2® (@b Qﬁ Qsas ﬁd@&’io/ﬁlﬁ E@O hid0a0 thB 0. 1%

formc acid, B: 8 mn run) on Xbrid Cl8, 3.0 x 50mm 2.5 [tm
particl e:rsatézlbzatfﬁhevq@rcodl@dtto vas—30&C yradg o & hm@lct wos (ilercdiofttand

(15 551 07 YRibReRp B (FESURTRIARE: L oBARGund MR BPIARRIES i e

gi vi23g an.ECRaEkhmpRs 3 ¢ 1Pinbley, 830 Q8wR%iech Wit Fedisd@ved i toiueEO h)anand 5. 97

mn (isomer 2).
1sooctane (57 L) at tje=60 °C. A clear solution was obtained. The reaction solution was

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 Example 3 (29.8 moles, 97% w/w),
30  44% yield over four steps from 7.84 + 7.93 kg 1-(4-bromo-phenyl)-2-chloro-ethanone (67.5
moles). "H-NMR (DMSO-de): & 12.36 (s, 1H), 7.44 (d, 2H, J=8 Hz), 7.13 (d, 2H, J=8 Hz),
2.39 (m, 1H), 1.81 (m, 1H), 1.43 (m, 1H), 1.33 (m, 1H); *C-NMR (DMSO-dy): 5 173.76,
139.88, 131.20, 128.24, 119.14, 24.73, 2431, 16.78; LC-MS (ESI): m/z 239 (M-1 (Br”")) and



Exanple 4 (1S, 25)-2-(4-Cyano-phenyl)-cycl opropanecarboxylic acid 0 j*LOH
ON 10Exanple 3 (3.7 kg, 14.9 noles, 97% w w) and zinc-dust (98%, <10[tm
(99 g, 1. %02wmlwgp4were mxed with DMF (13.5 L) and t hepslrsEeopiosa7stirred
at tjacket=20 C. The m xture was inertjed and left with N2 pressure of
0.1-0.2 bar. Bis(tri-tbutyl phosphine)palladium(0) (27.5 g, 0.054 nol es)
was added to the slurry, and the vessel was inerted and left with N2

pr essur &44f(Myl {Bg. )2 BaT5 O3mmin witl epleticamethodi(@gbiophasp atReYo-BsA dLABRRA( CN) 2
1.0 k 0 I d e i por.t d the
gyst emgvvagy:sfﬁ%ﬂ?e %éﬁ\é\@ﬁﬁﬁ §% 18 #)porn?gg@(?% ?g](%dix 86@ g'rs FP‘%.Bﬁ.f%%‘yani de
salts armehlmhlpyodwxwas analy¥ed bﬁawhtralr\@)mmmwﬂhdj\/&/a&tdaeaﬁ adng Botiadic ketlod5C
and sti rre% at | east 2 h. Anal yS? s _of anpl e on HPLC i ndicated full

conver si®R 3@19 #esELQsohgeangdl FAn el Sy 9. éw‘%@gepéﬁp@ﬁfﬂ ?re‘}rﬂwat B %0 phase
20-95%% 0% 0 H20 20
Wit h§0 gg%}o ?ggln?%gg&c? %bﬁgr?wrehn t%n?é % %gdléer for r%a%ﬁc{%lg@%{ ?) 4.6 x

100 mm ahde&.97eant ([i@mer2xt ure was cooI ed to t] acket =20 C.

Thi ol -functionalized silica (Silicycle, SiliaBond Thiol) (1.07 kg, 28% w w)
was added and the vessel was inerte&."i‘m&ieacti on mxture was stirred for

at least 36 h at tj@ackai=2 ff via a filter
with activated char(g‘g’a%#)-zz éﬂ?@; ent l! Hirfopﬁﬁecfag‘i)&%eq\sfeassel and the
filter system were washed 25 with 2- I\/ET (53 L). The filtrate and washi ngs
were conbined and stirred at t _j acket WC Apale yellow liquid resulted.
NaCl (3.5 kg) in H20 (16.4 L) was agded dioHng 15 min. at such a rate so
the inner tenperature remained belo 15 C. The resulting reaction m xture
was heated to tjacket=45 C and the ag. phase was separated off The organic
phase was washed WD 2011/102794P 011/050171 16 with NaHSO4 x H20 in
H20 (2 x (2.87 kg + 16.4 L)) and Ng n H20 (3.5 kg + 16.4 L). The organic
phase was cooled to tjacket=10 C and #aCH (1.54 kg, 19.3 noles, 50% w w)
diluted in H20 (41 L) was added durimg 45 mn. The resulting reaction

m xture was heated to tjacket=30 C agq the organi c phase separated off The

ag. phase was stirred at tC jacket- 5and pH agAusted to 6.5 wth HIPO4
(0.98 kg, 7.dExampled (3§§%M\9/)m<di:s Q7 &dv i aHQ@lr(c wt (O %t, <10pm) (99 g, 1.51

moles) were mixed with DMF (13.5 L) and the slurry was stirred at tjockei=20 °C. The

A\

mixture was inerted and left with N; pressure of 0.1-0.2 bar. Bis(tri-¢-
butylphosphine)palladium (0) (27.5 g, 0.054 moles) was added to the slurry, and the vessel
was inerted and left with Ny pressure of 0.1-0.2 bar. The mixture was heated to tjacker=45 °C,

15 Zn(CN), (1.0 kg, 8.52 moles) was added to the suspension in one portion, and the system was
inerted and left with N, pressure of 0.1-0.2 bar (N.B. Cyanide salts are highly toxic). The
resulting mixture was heated to tj,cke=75°C and stirred for at least 2 h. Analysis of a sample
on HPLC indicated full conversion at this point using the following gradient method (mobile
phase 20-95% B; A: 5% CH3zCN in H,O with 0.05% formic acid, B: 95% CH;CN in H,O

20  with 0.05% formic acid, 8 min run) on Chromolith Performance RP-18¢, 4.6 x 100 mm. The
reaction mixture was cooled to tj,x=20 °C. Thiol-functionalized silica (Silicycle, SiliaBond
Thiol) (1.07 kg, 28% w/w) was added and the vessel was inerted. The reaction mixture was
stirred for at least 36 h at tjo1e=20 °C. The scavenger was filtered off via a filter with
activated charcoal or equivalent (pall-filter). The vessel and the filter system were washed

25  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 tjacer=45 °C and the aq. phase was separated off. The organic phase was washed



a rate that maintained the inner tenperature below 25 C. 2-MeTHF and H20
were distilled off under vacuumuntil a vol unme 85-90% of the vol une prior
to di stilwetzoomo2mpproxi mately 8 L. The reacti on m xt ur @Cusg2@e0kmEd t o
tjacket=0 C and continued chargi ng of fgH3PO4 (1.17 kg, 10.1 noles, 85% w w)
diluted in H20 (8.2 L) until pH=4. The slurry was left stirring 10overni ght
at tjacket= 1 0 C. The product was filtered off, washed with H20 (2x4 L).
Dryi ng umitleNalSOu A indb© Gay €. 8% kapl 16.4L)) 2nd Nakg in H10 £3.5bEes]6.98).2% w/ w) ,
75% vyi el 1HNVR ( DMSO-d

2H, J=8 HHOEG %ﬁlwaipggleq?ogﬁ(f 0 1%?&%9517({17%% %ﬁ?ﬁ%gsgﬂyz%w? 37 (d,

13C- NWR i EaGn 36D (46 1 §dhs 2didedldtRinG 815 mhid2 1hé reshPéhgI3actibhdniltire $ASh&Red o 16,
25.04, 17.44; LC ( Sl): mz 186 (M1). Ri=3.63 min with 15anaﬁi§|cal

met hod (tamdsti06" Goinsige 0&39@%11356 S@paﬁ@@ -t hhaa1 phdse s stided af tia@a—28HEN, 8. 6
1 1S,
r2n5)n run) i I—gﬂﬁ%&%{e ﬁeﬁffﬂ@ ycI prop ?egla gel?ﬁp/) |%%glévﬁgﬁhéﬁlilbﬁﬁ%@gaanpl(e 4

(4. 46 kga, ra@2h& rﬁnhﬁmedgﬁe Yemkinperaase btlsed s oC. FRM(THF dnd IO tverd distkRid- 3 0

C. NaCH (2.25 kg 1 noles, 50%ww) . diluted in H201(6 L) was added at
such a r0£f lénd:?éVﬁfi%m}téﬁé’OH%P HePB odshayolyme pERGToglisg afiea.seprapiaatelyfs ed
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concentration as previousl rogen -inner peroxi nol es,
35% w wkogwd8.1 addes] 8ato w/w)atilatadan DN In) urti pblwd 3T hEsluy s Lefft airilginlgg vessel

0. 518! 0 SHermighii biib °6) BBt Pptterr e b P b g e hi s
poi nt usmlagr m@umlt h@%%@v@Eﬁﬂhﬁm4 @ezzne% 1(1@961%@ 9@@%%/&9735%61@;(1 AH. 5%
CH3CN in H20 with 5% formc acid 05% formc

acid, 8MMRK (rDMﬁOEIh) @1}2041&)(& {H), Pkt (o Pnts f@; 18@ (4.2 Jx8 10, hifl (hidd),
reactio ke e inr
east o st AR GethEN 00y RE AR EsRE Gl i L R B 1B e 6
WO 2011/1092894 K37, 38883 12086 204, 17.44; LC-MS (ESI): m/z 186 (M-1). R=3.63 min with
15  analytical method (mobile phase: 5-90% B; A: H,O with 0.1% formic acid, B: CH3CN, 8.6
min run) on Xbridge C18, 3.0 x 50mm, 2.5 um particle size.

Example S
(1S, 28)-2-(4-Carbamoyl-phenyl)-cyclopropanecarboxylic acid
H,N

O

T
o

HO

20 Example 4 (4.46 kg, 22.0 moles, 92.5% w/w) was mixed in H,O (40 L) at tjacker=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
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 tiyne, below 35 °C.

25  The charging vessel was rinsed with H>O (1 L) and the reaction slurry was left stirring for
0.5-1.0 h. Analysis of a sample on HPLC indicated full conversion at this point using the
following gradient method (mobile phase 20-95% B; A: 5% CH;CN in H,O with 0.05%
formic acid, B: 95% CH3:CN in H,O with 0.05% formic acid, 8 min run) on Chromolith
Performance RP-18¢, 4.6 x 100 mm. The reaction mixture was cooled to tjucke=0 °C and left

30  stirring for at least 0.5 h when the temperature was reached. The sodium salt of Example 5



17 was filtered off and washed with cold H20 (2x7 L). The solid was slurry
washed on the filter with NaHSO4 x H20 (2.76 kg, 20.0 noles) diluted in H20
(35 L). T™Weslwmeywswas kept stirring at tjacket=0 C for pLTIsE201fi/08(121 pH was
not < 3.7, it was adjusted with NaHSO47x H20 in H20. The product was
filtered off, washed vvith cold H20 (3 x14 L). Drying under vacuum5 at 40 C
gave Exarrple5(40 , 18.2 noles, 93.4%ww, 83%yield 1H NWR
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comercially 20 avail abl e from Lanzhou Boc’ Chem cal ‘Co., was di'ssolved in
Et OH (2.178® with aalyticahiokiépd 2oogle pree:i e9oiR A:H:Qrwith Ovids ﬁa:du@@lmdrB ‘one

port on I t he ditli CY. none es) The
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was | ef tanslylzéd dbig clital tch Reded 7R O VCdéteétioh UsingNaddriidhaBod 4A8bitk phasd8 nol es,
95% w w) was added in 20 &grtl ons over 90 mn. EtOH é)340 nL) was used f or

ri nsi ng.EtOiEIsphexane/d A SH54: Live/ahen Kedmosik 3- rAtﬂilwgaif, $0 249 mm,éampl e was

anal yzed _on, GC u 25.m 2 [trr)
M Eh o QPSRN A" e oHE PREbT PEM Gl gy Oan et dl
then 2 mhin @bnk60).C). Frontinlet tenperature=200 C usi ng He as gas and a
detector tenperature=300 C. More NaBH(OAc)3 (30 g, 0.14 noles) was added to

conpPete the reaction within 1 h. The reaction mixture was cooled to tjack
30 C before quenching with 5M NaCH Et OH was distilled of f underat
tejta: O vacuunet _ M

(R)-1-Cyclobutyl-3-methylpiperazine X 2HCI

2

”
2
2

HN N
\_/
x 2HCI

(R)-Boc-2-methylpiperazine (350 g, 1.71 moles, 98% w/w), which is commercially
20  available from Lanzhou Boc Chemical Co., was dissolved in EtOH (2.75 L) at tjacke=20 °C.
Acetic acid (1.37 L) was added in one portion followed by the addition of cyclobutanone
(184 g, 2.57 moles). The charging vessel was rinsed with EtOH (250 mL) and the light
yellow solution was left stirring at tj,ce=20 °C for 1 h. NaBH(OAc); (497 g, 2.48 moles,
95% w/w) was added in 20 portions over 90 min. EtOH (340 mL) was used for rinsing. The
25  reaction mixture was left stirring for 2 h. A sample was analyzed on GC using HP-5MS
column (length 25 m, ID 0.32 mm, Film 0.52 pm) with a gradient method (2 min at 60 °C,
followed by 25 °C/min during 8 min then 2 min at 260 °C). Frontinlet temperature=200 °C
using He as gas and a detector temperature=300 °C. More NaBH(OAc); (30 g, 0.14 moles)
was added to complete the reaction within 1 h. The reaction mixture was cooled to tjacker=0

30  °C before quenching with 5M NaOH (5.5 L). EtOH was distilled off under vacuum at tjacie=



WO 2011/ 102794PCT/ SE2011/ 050171 18 50 C. The H20 phase was extracted with
toluene (5.5 L) at tjacket=20 C. The organi c phase was conbined with a
second bawvohyiigmwamued with (R)-Boc-2-net hyl pi perazi ne (200/sg2ei/omales, 98%
w w). The conbi ned organi c phases werggconcentrated under vacuum at tj.ket_
50 Cto approximately 2 L. The obtained tol uene solution with the

internmedi ate can be 5stored at 5 C for several days. The toluene sol ution

was di | 0@ wWhenHA phasp ays lexiraeted wih talpepek 65420t G-arll *HCT hicprgang: panol
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( Wa% c%gnbl 2d&Fith ? Mcog{% B&Eﬁfd’std[r{%dﬁi/lﬁ{ Q@%b%g-&étkh@}gi@tﬁz@g gg% Fé\{ &7 (2. 1m2n

The reaction solution was heate 0 ac nol
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Example 7
4-{(18, 25)-2-[((R)-4-Cyclobutyl-2-methylpiperazin-1-yl)carbonyl|-cyclopropyl}-

benzamide
Y N/ﬁ
I\/N\O
HoN o)
20 Example 5 (10.0g, 48.7 mmoles) was mixed in 2-MeTHF (200mL) at tj k=25 °C.

1,1"-Carbonyldiimidazole (11.0 g, 53.6mmoles, 82.1% w/w) was added in 1 portion. The
reaction slurry was slowly heated to tjake=85 °C and after approximately 5 h the reaction
slurry was cooled to treaction mixure=25 °C. Example 6 (13.8 g, 58.5 mmoles) and TEA (7.55
mL, 53.6mmoles) were added to the reaction slurry. The reaction slurry was heated at

25 tjacker=70 °C for 3h. Analysis of a sample on HPLC indicated full conversion at this point
using the gradient method (mobile phase 20-95% B; A: 5% CH;CN in H,O with 0.1% TFA,
B: 95% CH;CN in H,O with 0.085% TFA, 10 min run) on Chromolith Performance RP-18e,



WO 2011/ 102794PCT/ SE2011/ 050171 19 4.6 x 100 mm The reaction slurry was
cooled to ttacket=40 C. 1M Na2CO3 in brine (90 nL) was added. The aq. phase
was separwoediioft79and t he organi ¢ phase was washed wi t hPomiSE201(A511y1 The
assay of Exanple 7 in the organic phase was determned by 1H NVR and the
vol une of the organic phase was adjusted to 10 relative volunes (15.4 g of
Exanpl e 7 The 5 organi ¢ phase was cooled to ttacket=15 C and extracted

with 1:):% PO M. Ko rquetion ey wies ceolptHot;g,~40 W .n)L Nph&slinhene € mphase
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anal yzed on chiral ctio u5|ng i socratic metho il e phase:
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i acket - AQfeic acid, B: CH3CN, 8.6 min run) on Xbridge C18, 3.0 x 50mm, 2.5 pm partlcle size. The
LC purity of the product was analyzed on an Atlantis T3 column (3.0 x 150mm, 3.0 um
particle size) with UV-detection (250 nm) using a gradient method (mobile phase 2-50% B

25  A: H,O with 0.03% TFA, B: CH3CN with 0.03% TFA, 30 min run), giving a purity of 99.48

area % at 12.06 min. The product was analyzed on chiral SFC (UV detection) using isocratic
method (mobile phase: 55% EtOH with 0.1% DMEA, supercritical CO,) on ChiralPak AD-

H, 10 x 250 mm, 5 um particle size, giving an enantiomeric purity of > 99% ee, R=1.98 min.



for 1 h. NaBH(OAc)3 (80 g, 0.36 noles, 95% w w) was added in 20 portions
over 2 h. EtOH (25 nL) was used for rinsing. The reaction mxture was | eft
stirring wonrofa/t279F%he sanple 10 anal yzed on GC i ndi cat e#Cfri$ERo1g¢omnier si on at
this point using HP-5M5 colum (lengthp25 m ID 0.32 mm FilmO0.52 [trr)
with a gradient method (2 min at 60 C, followed by 25 Cnmin during 8 mi
then 2 mn at 260 C). Front inlet terrperature 200 C using He as gas and a
det ector tenperature=300 C. NACH (28ixample8 70 ol es, 50% w w) diluted in
H20 (230 -inner nL) was adde uch a rate remai ned bel ow 35C.
15EtOH was distilled off undg'rcay&]ai’ﬁl&ﬂp%er%mé %Q#CJSC to approxi mately 650
nm.. The water phase was extracted with toluene (550 nlL) at tjacket=45C and
t he obtai ned organi ¢ phase was conce 2&, under vacuum at tjacket=45C to
i . flas diluted with 2- propanol (140
m.) at tjacket=20C and H20 (2.2 niL,\Q0. nol es) was added. HCl in
2-propanol (82 nL, 0.49 noles, 6M di n 2-propanol (140 nL) was
20added over 30 min at tjacket=20C. The r tion solution was heated to
tj acket =48C. I (
2- pr opanol (2]{;{?00 %b&am&rgg?gg\;é%& gs)%gltCHtjlgﬁor?g@ L)%?duyg%%ﬂ}rléegéﬁgcﬁﬁbsol ution
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was complete after 2 h, For analysis, the fol] owi ng gradi ent nethod was used
(nobi | e Bhhyes g gb5ush agatesoytigpigemaingd PRIO™wSth- 0. 05% f or mi ¢ aC| d, B: 95%
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Per formance RP-18e, 4.6 X e reaction sol Ion was heated to 60C
and pH adjtasthese wiat ¢xtibed (vEtH®gege (B0, 1BL hato) k.45 O ldnd theldheaisal omgamic xt ur e

was cooled to 20C aft ich H20 9.8 was added an eft to stir for
o, PR eau e Y E e & S ap g FE heTadDy 230 Blt d golupss | 53
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phase: 5-90%B; A H20 with 0.1%formc acid, B: CH3CN, 8.6 mn run) on
Xbri dge t@g46%.0TRe BOAHAN PIBONM 5Pt #ltesT4BeC e additumel 4 § before cooling

t0 tjacker=10°C over 1 h. The product was filtered off and washed with cold 2-propanol (2
230 mL). Drying under vacuum at 40°C gave 44 g Example 8 (0.20 moles, 95.9% w/w), 80

25  %yield. '"H-NMR (DMSO-dq): 3 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-dq): & 58.05, 44.67, 39.59,
24.38, 13.18.

Example 9
4-{(18S, 25)-2-[(4-Cyclobutylpiperazin-1-yl)carbonyl]|-cyclopropyl}-benzamide



20 the product was analyzed on an Atlantis T3 colum (3.0 x 150mm 3.01.tm
particale size) with UV-detection (250nm using a gradient nethod (nobile
phase 2-58002B11/W279H20 with 0.03% TFA, B: CH3CN wi t h 0. 0Bea/BE20118801m n run)
giving a purity of 97.83 area% at 11.%9 mn. The chiral purity of the
product was anal yzed on a chiral colum wth UV-detection (250 nm using
I socratic nmethod (nobile phase: Heptane/ EtOH (80/20) + 0.1% D et hyl am ne)
on 25 Chiral pak AD-H, 4.6 x 150mMm gﬁﬁzng an enantioneric purity of >99%
ee. WO 2011/102794PCT/SE2011/050171“ is clained is: 52. A process
?rto ai% conprising reacting a

for preparing a conpound accordi g
conpound of formula I X ON (IX 1) a base and a peroxi de;
Q3. The prd%§;§ of claim2, wherein said

gcess of cltaim 2 or 3, wherei n said

and then (2) an acidic solution.
base i s sodi um hydroxi de. 4. Theg

peroxi de i s hydrogen peroxide. ple process of any one of clains 2-4,
wherein said acidic solution is an aqueous sol ution of sodi um hydrogen

sul fate. 6. The process of claim 2, wherein the conpound of formula I X is
prepared by reacting 15a conpqypd o¥pgfornmula VII| WO

2011/ 102794PCT/ SE2011/ 050171 23 wherein Xis O, Br, or I; with a netal, a
met al cyani deixaample @ (6aLag, $61 .mmoles, 99.1% w/w) and Example 8 (6.07 g, 28.0 mmoles,

98.40% w/w) were mixed in DMSO (82mL) at tjacke=22°C. N-Methylmorpholine (2.94 mL,

27.2 mmoles) was added over 5 min. The charging vessel was rinsed with DMSO (2.8 mL).
5  HOBtNMM solution (1.80 g, 2.66 mmoles, 20% w/w) was added in one portion. The

charging vessel was rinsed with DMSO (2.8 mL). EDCI X HCI (7.16 g, 38.0 mmoles) was
added over 10 min. at tj,e= 22°C. The reaction was complete after 2 h. For analysis the
following gradient method was used (mobile phase 20-95% B; A: 5% CH3;CN in H,O with
0.05% formic acid, B: 95% CH3CN in H,O with 0.05% formic acid, 8 min run) on

10  Chromolith Performance RP-18¢, 4.6 x 100 mm. The reaction solution was heated to 60°C
and pH adjusted with TEA (5.18g g, 51.2 mmol) to pH~8. The solid mixture was cooled to
20°C after which H,O (69.8mL) was added and left to stir for 16h. The product was filtered
off, and slurry washed with cold H,O (2 X 33 mL). Drying under vacuum at 40°C gave 7.53
g Example 9 (22.8 mmoles, 99.0% w/w), 85% yield. 'H-NMR (DMSO-de): 8 7.91 (brs, 1H

15 ),7.78 (d, J/=8.0 Hz, 2H), 7.29 (br s, 1H), 7.24 (d, /=8.0 Hz, 2H), 3.68-3.39 (m, 4H), 2.72-
2.62 (m, 1H), 2.40-2.29 (m, 2H), 2.26-2.12 (m, 4H), 1.99-1.88 (m, 2H), 1.83-1.70 (m, 2H),
1.67-1.56 (m, 2H), 1.47-1.39 (m, 1H), 1.28-1.20 (m, 1H); LC-MS (ESI): m/z 328 (M+1). R,
=1.62 min with analytical method (mobile phase: 5-90% B; A: H,O with 0.1% formic acid,
B: CH;CN, 8.6 min run) on Xbridge C18, 3.0 x 50mm, 2.5um particle size. The LC purity of

20  the product was analyzed on an Atlantis T3 column (3.0 x 150mm, 3.0um particale size) with
UV-detection (250nm) using a gradient method (mobile phase 2-50% B; A: H,O with 0.03%
TFA, B: CH3CN with 0.03% TFA, 30 min run) giving a purity of 97.83 arca% at 11.10 min.
The chiral purity of the product was analyzed on a chiral column with UV-detection (250 nm)
using isocratic method (mobile phase: Heptane/EtOH (80/20) + 0.1% Diethylamine) on

25  Chiralpak AD-H, 4.6 x 150mm, giving an enantiomeric purity of >99% ee.



7. The process of claim6, wherein Xis Br. 8. The process of any one of
clains 6 or 7, wherein said netal is zinc. 9. The process of any one of

cl ai rs 6-W80 2hiereion said netal cyanide is zinc-(l1)-cyarCiSE26E1050ihe
process of any one of clains 6-9, whepein said catalyst is bis(tri-t-
but yl phosphi ne) pal | adi un{0). 11. The process of claim6, wherein the
conmpound of forrmula VIII is prepared by reacting a conpound of formula VIl
x 10( VI I\hapiscdaimegtis:s ¢/, Br, or |; with (1) a mixture of a first base and
a tri G _6al kyl phosphonoacetate; and then (2) a second base. 12. The
process lof clAicompdyndwidowiuria {dher e phpowacutohlly acasptablevhlt thegeqdr epar ed by
reacting a conpound of formula VI LG 15 (¥l') with a base; wherein X is
c, Br, or I and LGis O, Br, I, tosyl ate;nJ{J]grosyl ate, nosylate, nesylate,
or triflate. 13. The process of claim1l bgi n the conpound of fornula
VI is prepared by reacting 20a conpound\gf formula V WO

2011/ 102794PCT/ SE2011/ 050171

HoN O
(la).
5 2. A process for preparing a compound according to claim 1, comprising reacting a

compound of formula IX

A

OH

CN
(IX)
with (1) a base and a peroxide; and then (2) an acidic solution.
10 3. The process of claim 2, wherein said base is sodium hydroxide.
4. The process of claim 2 or 3, wherein said peroxide is hydrogen peroxide.
5. The process of any one of claims 2-4, wherein said acidic solution is an aqueous

solution of sodium hydrogen sulfate.
6. The process of claim 2, wherein the compound of formula IX is prepared by reacting
15 a compound of formula VIII

A

OH

X
(VIID)



24 LG (V) with a reducing agent and a chiral oxazaborolidine; wherein X is
ad, Br, or I and LGis d, Br, I, tosylate, brosylate, nosylate, nesylate,
or trifl ave.2oBl2B4process for preparing a conpound of fPomsER@1OMI7Dr a
pharmaceutically acceptable salt thereef, (IDb) which process conprises
reacting a conpound of formula la O iL OH 10H2NO (la) wth (1) an
activating agent and (2) a conmpound of formula |IVa, or a suitable salt

t hereof WO 20cr¢indorpd4PeT/oskE2ith » 05t /A mesl gEnidehandyt eyl of cl ai m 14,

of ol ai 14, WerEN PRt eET Tl | Ve, or vl tabi e salt {nereof
is prepa.ed bhherpgosss ofary anempolaids 6for 7owhatkia shidliraetal is zinc.
9. The process of any one of claims 6-8, wherein said metal cyanide is zinc-(II)-cyanide.
5 10.  The process of any one of claims 6-9, wherein said catalyst is bis(tri-z-
butylphosphine)palladium(0).
11. The process of claim 6, wherein the compound of formula VIII is prepared by

reacting a compound of formula VII

X
10 (VID)
wherein X is Cl, Br, or I; with (1) a mixture of a first base and a triC, salkyl
phosphonoacetate; and then (2) a second base.
12. The process of claim 11, wherein the compound of formula VII is prepared by

reacting a compound of formula VI
LG
HO

15 X
(VD)
with a base; wherein X is Cl, Br, or I and LG is Cl, Br, I, tosylate, brosylate, nosylate,
mesylate, or triflate.
13.  The process of claim 12, wherein the compound of formula VI is prepared by reacting

20 a compound of formula V



----- , O\\ [ -NL-\--<> Y- \--1 5(Ma) with an acid. 17. The process of claim
16, wherein the conpound of forrmula Ma is prepared by reacting a conpound
of formulwohlai/@vha) w th cycl obutanone and a reduci ngprPagsER011A8017A
process for preparing a conmpound of feognula Ic, or a pharmaceutically
acceptabl e salt thereof, H2N 15(Ic) which process conprises reacting a
conmpound of fornmula la WO 2011/ 102794PCT/ SL%2011/ 050171 26 H2NO

)

X
V)
with a reducing agent and a chiral oxazaborolidine; wherein X is Cl, Br, or [ and LG
is Cl, Br, I, tosylate, brosylate, nosylate, mesylate, or triflate.
5 14 A process for preparing a compound of formula Ib, or a pharmaceutically acceptable

salt thereof,

X
O

HN 0
(Ib)

which process comprises reacting a compound of formula Ia

0O
RN
) OH

10 HoN O
(Ia)
with (1) an activating agent and (2) a compound of formula IVa, or a suitable salt

thereof

\\\\\

HN}DN—-<>

15 (IVa).



(la) (1) with an activating agent and a conpound of fornula IVb, or a
suitabl e salt thereof H'N\/N <> 5(1Vb) and (2) a base. 19.The process of
cl ai m 18, woterigion79she activating agent is a m xture of PCT/SE2011/050171

hydr oxybenzotri azol e and 1-et hyl-3-(326¢i met hyl am nopr opyl ) car bodi i m de
hydrochl ori de. 10 20. The process of claim 18, wherein the conpound of
formula IVb is prepared by reacting a conmpound of forrmula I11b 0, Nci Nx>
(111b) wisth abhcanoegss af claigpid, Prherqin seid astivafing genhis b 1 oearbonyldirreidazaicsai d
acid is dr I e
compound bt 1 oTRSRP i, FE st in B Rl of ol b NGRELESET. 116 o
N--\NH 0 (I ItbéreaﬂWptdpa&yléiy&bmm]@nﬁn@bdmaoﬁbchmiarlgaagent. 23. The process
of claim17 or 22, wherein said reduci Ng agent is sodiumtriacetoxy

bor ohydri de. =z,

(>>\ZN‘\ )~
5 (I1la)
with an acid.

17.  The process of claim 16, wherein the compound of formula I1a is prepared by

reacting a compound of formula Ila

~
2
2

O “
>—N NH
O%
10 (ITa)
with cyclobutanone and a reducing agent.
18. A process for preparing a compound of formula I¢, or a pharmaceutically acceptable
salt thereof,
X,
i O
HoN o}
15 (Ic)

which process comprises reacting a compound of formula Ia



10

15

20

WO 2011/102794 PCT/SE2011/050171

19.

20.

21.
22.

23.

26
I
J\OH
HoN 0
(la)

(1) with an activating agent and a compound of formula IVb, or a suitable salt thereof

-0

(IVDb)
and (2) a base.
The process of claim 18, wherein the activating agent is a mixture of 1-
hydroxybenzotriazole and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride.
The process of claim 18, wherein the compound of formula IVD is prepared by

reacting a compound of formula I1Ib
0
>
A
(11Ib)
with an acid.
The process of claim 16 or 20, wherein said acid is hydrochloric acid.

The process of claim 20, wherein the compound of formula IIb is prepared by

reacting a compound of formula IIb

7O

(IIb)
with cyclobutanone and a reducing agent.
The process of claim 17 or 22, wherein said reducing agent is sodium triacetoxy

borohydride.



