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Pain treatment is often limited by the side effects of currently available medication.
For moderate to severe pain, opioids are widely used. These agents are cheap and
effective but suffer from serious and potentially life-threatening side-effects, most
notably respiratory depression and muscle rigidity. In addition, the doses of opioids
which can be administered are limited by nausea, emesis, constipation, pruritis and

’urinary retention, often resulting in patients electing to receive sub-optimal pain
control rather than suffer these distressing side effects. Furthermore, these side-
effects often result in patients requiring extended hospitalisation. Opioids are highly
addictive and are scheduled drugs in many territories. There i‘s therefore a demand
for new analgesics that have an improved side effect profile compared to currently
used products, at equi-analgesic doses.

Evidence is accumulating that cannabinoid agonists have potential as analgesic and

inflammatory agents. Two types of cannabinoid receptors are implicated, the
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To this end the present invention provides 1-[(indol-3-yl)carbonyl]piperazine
derivatives having the general formula |

20 Formula |
wherein
R represents 1-4 substituents independently selected from H, (Ci.q)alkyl (optionally

substituted with halogen), (C1.4)alkyloxy (optionally substituted with halogen),
halogen, OH, NH,, CN and NO,;

25  Ryis (Csg)cycloalkyl or (Cs.s)cycloalkenyl;
Rz is H, methyl or ethyl;
Rs, Rs, Ry R4, Rs, Rs and Re'are independently hydrogen or (Ci.4)alkyl, optionally
substituted with (C+.4)alkyloxy, halogen or OH;
Re is hydrogen or (C1.4)alkyl, optionally substituted with (Cq.4)alkyloxy, halogen or OH;



containing a further heteroatomselected fromO and S; or 5 R7 is H,
(Ad-4)al kyl or (C3.5)cycloal kyl, the al kyl groups being optionally
substi t ut e 2004/0d082H, hal ogen or (Cl_4)al kyl oxy; or a plrrmereesiisezb| y
acceptabl e salt thereof, as agonists g@f the cannabinoid 1 receptor, which
can therefore be used in the treatnent of pain such as for exanple
peri-operative pain, chronic pain, neuropathic pain, cancer pain and pain
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[ cIo ent or a cycl ohexyl ‘group
50 c?e Swlaln ora b nzyl S|de c aln provides compounds havmg CB1 agonist activity.

The term (Cis)alkyl as used in the definition of formula | means a branched or
unbranched alkyl group having 1-4 carbon atoms, like butyl, isobutyl, tertiary butyl,
propyl, isopropyl, ethyl and methyl.
25 Inthe term (Ci.4)alkyloxy, (C.4)alkyl has the meaning as defined above.
The term (Css)cycloalkyl means a saturated cyclic alkyl group having 5-8 carbon
atoms, and can thus represent cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
Preferred (Cs.s)cycloalkyl groups are cyclopentyl and cyclohexyl.
The term (Css)cycloalkenyl means a cyclic alkenyl group having 5-8 carbon atoms
30  and at least one double bond, like cyclopent-3-enyl or cyclohex-3-enyl.
The term halogen means F, Cl, Bror .
In the definition of formula | Rs can form together with R; a 4-7 membered saturated
heterocyclic ring, which means that Ry together with the carbon atom to which it is
bound and R together with the nitrogen atom to which it is bound complete a 4-7
35  membered saturated ring, such as an azetidine, a pyrrolidine, a piperidine, or a 1H-

azepine ring. Such rings may contain an additional O or S-heteroatom to form rinas



More preferred are the conpounds of formula | wherein in addition R
represents (Cl.4)al kyloxy or hal ogen, while even nore preferred are the
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represents a nmethoxy group at the 7-position of the indole ring. 10
Especially preferred are the 1-[(indol-3-yl)carbonyl]pi perazine derivatives
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-(Cyclohexylmethyl)- 7—methoxy—1H-|ndoI 3-ylJcarbonyl}-3,5-dimethyl-4-

ethylpiperazine;

1-{[1-(cyclohexylmethyl)-7-methoxy-1 H-indol-3-yllcarbonyl}-3,4,5-trimethylpiperazine;

(S)-1-{[1-(cyclohexylmethyl)-7-methoxy-1 H-i ndol-3-yl]carbonyl}-3,4-dimethyl-

piperazine;

20 (S)-2-{[1 -(cyclohexylmethyl)-7-methoxy-1H-i ndol-3-ylJcarbonyl}-octahydro-2 H-pyrido-

2H-pyrido[1,2-alpyrazine;

(S)-2-{[1-(cyclohexylmethyl)-7-methoxy-1 H-indol-3-yl]carbonyl}-octahydro-2 H-pyrrolo-

[1,2-a]pyrazine; and

(S)-2-{[1-(cyclopentylmethyl)-7-methoxy-1 H-indol-3-yllcarbonyl}-octahydro-2 H-pyrido-
25 [1,2-alpyrazine; or pharmaceutically acceptable salts thereof.

The 1-[(indol-3-yl)carbonyl]piperazine derivatives of the invention may be prepared
by methods known in the art of organic chemistry in general. More specifically such
compounds can be prepared using procedures outlined by C. J. Swain et al (J. Med.

30 Chem. 34, 140-151, 1991) and by P. E. Peterson, J. P. Wolf Il and C. Niemann (J.
Org. Chem. 23, 303-304, 1958) or by modification of these procedures.



condensation of a conmpound of Formula Il, wherein RlL, R2 and R have the
meaning 5 as previously defined and C(O X represents a carboxylic acid or
an acti vaweoodensszat i ve t hereof, such as a carboxylic adTiEHa03/Ee226
preferably a chloride or a bromde, gith a conpound of Formula Il where
R3 - R7 have the rreani ng as previously defined. Wen C(O X represents a
carboxylic acid (i.e., X is hydroxy) the condensation reaction can be
effected with the(id of a coupling reagent, .as for 10 exanple

car bonyl dii m dazole—@ cycl ohexyl carbodiim the like, in a solvent
such as di methyl f orfram de or di chl or onet . O X represents a
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literature proceduktes or nodifications of eratured4 procedures known to
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When C(O)X represents a carboxylic acid halide (i.e., X is halide) the condensation
with the amine derivative Ill can be carried out in the presence of a base, for example
triethylamine, in a solvent such as dichloromethane.
15
Compounds of formula lll can be obtained from commercial sources, prepared by
literature procedures or modifications of literature procedures known to those
persons skilled in the art. For example, compounds of formula |1l can be prepared by
reduction of a diketopiperazine, using a reducing agent such as lithium aluminium
20  hydride or borane-tetrahydrofuran complex as described by M. E. Jung and J. C.
Rohloff (J. Org. Chem. 50, 4909-4913, 1985). Diketopiperazines can be prepared by
a variety of routes, as described by C. J. Dinsmore and D. C. Bershore (Tetrahedron
58, 3297-3312, 2002).

25  Compounds of formula Il can be prepared by reaction of a compound of formula 1V,
where R has the meaning as previously defined, and a compound of formula V,
where Ry and R; have the meanings as previously defined and Y is a leaving group,
for example a halide or an alkyl sulfonate, in the presence of a base such as sodium
hydride. The carboxylic acid can be converted to a carboxylic acid halide, if desired,

30  for example a carboxylic acid chloride, using a reagent such as oxalyl chloride.



For exanpl e, conpounds of fornula V where Y is para-tol uenesul fonate can be
prepared from conpounds of formula V where Y is hydroxyl, using a nethod
descri bedway2o0Bs/00D8320k at al (J. Chem Soc. Perkin Trans.PClI/ERO/B022s 1993).
Compounds of fornula V where Y is hydgoxyl and R2 is hydrogen can be
prepared by 10 reduction of a carboxylic acid or carboxylic ester, using a
reduci ng agent such as borane-tetrahydrofuran conplex or |ithium alum nium
hydri de. Conmpounds of forrmuba |V can be accessed from conpounds of fornula
VI by acylation at the 3-poSitiQ@MH using an acyl ating reagent. For

exanpl e, compounds of 15 for/frula IV can be accessed fyom conpounds of

formula VI by treat neat “w rifI uoroacetic anyhydridg in a solvent such
as di nmet hyl f or megyi_de e by hydrolysis in a ue/oEQ sodi um hydr oxi de
at an el evat ed tenpera X/ 1 RI'l \ HN RXRRl FoRfula VI Fornul a
VIl 20 Conmpounds of formul aw/l can be obtained from conmercial sources,
prepared by |literature procedures or nodifications of literature
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wher ei PPTRRe{tRT#MArafyean aPmplepcorditiiom alygiiniym hydridde or a functional i sed
(Cl.4)al kyl halide, in the presence of a base such as potassium carbonate.
Compounds of fornmula | wherein Ris (Cl_4)al kyloxy or functionalised

(CL. 4)Gekybungs afeiprinelz¥pearebedpctéssadedom @oriomdsoapasmsLiafvF exmul a |
wher e'ék))%tfo% at}ytﬂreog(-%osition, using an acylating reagent. For example, compounds of
15 formula IV can be accessed from compounds of formula VI by treatment with
trifluoroacetic anyhydride in a solvent such as dimethylformamide, followed by

hydrolysis in aqueous sodium hydroxide at an elevated temperature.
N N
H )\
R; R
Formula VI Formula VII

20 Compounds of formula VI can be obtained from commercial sources, prepared by

1

literature procedures or modifications of literature procedures known to those
persons skilled in the art.

Compounds of formula Il can alternatively be prepared by acylation of a compound of
25  formula VII, using an acylating reagent. For example, compounds of formula Il where
X is chloride can be prepared by reaction of a compound of formula VIl with oxalyl

chloride in a solvent such as 1,1,2,2-tetrachloroethane followed by rearrangement at

elevated temperature.



with a (Cl_4)al kyl halide or a functionalised (Cl.4)alkyl halide, in the
presence of a 15 base such as sodi um hydride. Conpounds of formnula I

wher ei n Rwics20bio8R2y be prepared by the reaction of a ampcrzNEs/0562260r nul a
| wherein Ris nitro with a reducing agent such as hydrogen / palladi um on
activated carbon. 20 The 1-[(indol-3-yl)carbonyl]piperazi ne derivatives of
Formula | and their salts may contain at |east one centre of chirality,

and exCempduadefafrfermsliasy|ttenibe Sred tébﬂit@ﬁ ik
di aster The ent |nveﬁ{r|§gn i nc udesl thoe a'?(%gem ?gf\dgg"u'a Vi

ner s S
st er eol" ?ﬁ@et%mmtﬁ E‘Ete iz Y ie thiaresgope of athasei sugha seditmmhyainideS
enantioners of the conpounds of fornmula | and their salts, substantially
free, i.e. associated with less 25 than 5% preferably | ess than 2% in

parti cliterskited persan 1wih dikewise appesciateatidtovaious alﬂRIrmoKBlyl)%éran uch
e _racemc m xtures cont i ni ng
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synt hema&tlmbemhdtlbﬂapgtfo@ §tc%"rr%§b§%‘fﬁg5to%ﬁaﬁtbcﬁth%%ilbastlﬁlefnx?lﬁh %ﬁ] wn n

t he ar synthesis with chiral uction or sta

i nter dué‘tr@amﬁnf?@'@@@u%% Df/&)r@wiq/hmheoemﬁv\ner(@h Qaskyl se((agsacycﬂmalk’;ﬂ
stereo on ch di a. Such
et hodecar s e BRWHATIEY B HR AR E B ofoddhBuic ryakdaivassmy A n
Col | i nks pGRaresivyl theakactordof d cofipasipy, of F8ARuIad ke rdid )s hﬁ?rogen with

%r maig% ﬁi!ll X?iagc%;}nﬁagl e salts may be obtained bK treat| ng free base
of “a o % unictighalised (fwerlkyl helide, dnd e gyesgnheoohhdvase aci d,
hvdr obguii & pétassiuni\barbofBie Vi U al,iu cu iu Suiruric acia, or an organic
acid such as for exanple WO 2004/ 000832 PCT/ EP2003/ 050226 8 ascorbic acid,

ci tri cCampaunds,of deirulach wheteit R & 621 dalkyiikpior fantibnanekan(cs., Rotyloxyf unari c
aci d, I C r opi oni ¢_aci acetic aC|d met’hane
sul f oni cyg)%l %r%p%?écﬁjbyﬁHg He%gt‘fo }fl'ﬂ C"@%‘B‘M fo'Fnu?Ehé whereiRt R de hvgjoexi st i n
unsol vaitred 63.)elkyl halideos el Haiceen ARk P table
S # ts s%%ﬁm f ter' gt hanol arr]td teﬁig(Cll éIRyl ﬁa%%ﬁﬁk{gt%éie SO \f%t ed
g rbﬂsg r\¢§tent to the unsol vat ed forns for the purpose of
t he i noeR re n har ceu i cal
comos.t.ﬁﬂﬂﬁ%%%@f?@ﬁﬂ%ﬁﬁ?‘ RS A R S P
havi ngcOnNMOUsEhek rmuts h@rem Roiis aitrophvith reacstluicirephyenteaeppas i @rogeht/
the.reﬂjg1 ﬁaﬁtﬂﬁtﬁ h%t?g rghar maceutical |y accept abl e auxi l1aries, and
er e

optional 'y "ot agents. The term "acceptable" neans bei ng
conpatible with the ot her i ngredi ents of the conposition 15 and not

dgl et 0 t reci pients thereof. Conpositions include e. t hose
56 e LIIS[(lngol ? yl)carbohyl]piperazine denvatlversrpof Formula | and their sagllts may

contain at least one centre of chirality, and exist therefore as stereoisomers, including
enantiomers and diastereomers. The present invention includes the aforementioned
stereoisomers within its scope and each of the individual R and S enantiomers of the
compounds of formula | and their salts, substantially free, i.e. associated with less
25  than 5%, preferably less than 2%, in particular less than 1% of the other enantiomer,
and mixtures of such enantiomers in any proportions including the racemic mixtures
containing substantially equal amounts of the two enantiomers.
Methods for asymmetric synthesis whereby the pure stereocisomers are obtained are
well known in the art, e.g. synthesis with chiral induction or starting from chiral
30 intermediates, enantioselective enzymatic conversions, separation of sterecisomers
or enantiomers using chromatography on chiral media. Such methods are for
example described in Chirality in Industry (edited by A.N. Collins, G.N. Sheldrake and
J. Crosby, 1992; John Wiley).

35  Pharmaceutically acceptable salts may be obtained by treating a free base of a

compound of formula | with a mineral acid such as hydrochloric acid, hydrobromic
aviu, prvopliviie avid aliu SUITUnNG acld, or an organic acid such as for example



suitable for oral, sublingual, subcutaneous, intravenous, epidural,
intrathecal, intranuscular, transdernal, pulnonary, l|local, or rectal

admi ni st rata mn4/0m8zt the like, all in unit dosage forns FQVERAB/IDRET at i on.
For oral adm nistration, the active iggredient may be presented as discrete
units, 20 such as tablets, capsules, powders, granulates, solutions,
suspensions, and the like. For parenteral adm nistration, the

phar naeemnbmécuaomebidomar@énct b&d] lé\&ﬁ@fdcﬂﬁ rﬁ§| ic 86d pﬁﬁ?ogﬁ% adid By eHth - dose

or rrultl-dose contalners e.g. |nject|on I qui s In ernin unts,
for ex&mish @ce lig @i PUECHIIE agidd pmm@mpwld aakticecid) methmne stilfordgel acia, a
freezeaqgltﬁzgmgé yophi lized) condition requiring only the addition of sterile
25 liquid carrier, e.g. water, prior to use. Mxed with such

pharmaceutical ly accept abI e aUXI liaries, e.g. as described in the standard
ref5ere Remi ngton: The Science and Practice of

Ge ,
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especi W]thépfﬁﬂrh’iao‘éutlcﬁbaéﬁ@éﬁ%Ibc%lvéﬁtgL@Lﬁﬁ\t Hé'v@é étng %@q ghggﬁebénmiy be

conpressed into solid dosage units, such“as
pr ocesSereniahithe sapated brmsugpesnsisieres equivalent &hﬂfﬂ u@olma@%m’is for the

phar ma I ble Iiquids the active agent can be applied as a
fluid éﬁr:;:)ps‘é ftl¥eﬂ1 %gaﬁas an injection preparation, in the formof a

sol ution, suspenS|on enul sion, or as a spray, e.g. a nasal spray. For
ﬁ ng olid dosage units, the use of conventional additives such as
he Pigsery|ig oS, UBbﬁg/ﬁmwte%ph@rm@e@ﬁqaltmpwsmaonssccmnpnsng|aa1led In

e R oS e Yk AR o

with the functio active uunipuuna
with mhajmacrwtnaaﬂy v@ccmymme obalt hmeraagow/ A008Q2rePWitHEPRRAR 208881y 9

t t t | ude | t
st ar oh e BT 20, BlaRal netiarkahetnaia: WEEStS hdneof forilsed i n
sw t ab‘laecepm:bl‘é”smegﬁé R#fg cembatife Wi St ﬁfédl@rﬂé‘%‘?‘fﬁe Y ﬁlo ns,

%tonl c,saline solutions and sterile 1njecta uti1 ons na d,
t ai MhPhdeleieriaus dal the é@ﬁt@gﬂ@bﬂl@erdoép@pmmltlotﬁrsagmm& aergj/ mosaet ting

agent Ssuifeipfd! &% BrAPYL g%lycgubc?{t%rﬁég e&gllgag/kaﬁ%ﬁso &H@Q }?'ggenceﬁzrther

i ncl udes a phar maceuti cal “conposi
conbi natraesailan, tpam(mgmag puihenay, loval, toxbbetal admeAsiehtoPNBAG ihd Mke, gHal d

]E)g(r:k?%hr%gr@tser Ieﬁ8f ﬁCH d%ﬁlglsg%gtewgtehoniof 'cl)'Let he use of the conposition
1 [(| mo@wdmmrsh@wh] Bhed BEAF Wgréarelnv%éy%% ghrerg ed?é&r8{écgﬁQ§ found

g oni s s of the CB-1 receptor, as det er
r Bort%‘rC Astaplelsi apsutasoprewdess, grentates, BOIUHQ[I%I’S’GSDGI‘NSIGDRmmd"[hbl ikdi ng as

vel | g5y &r’éhﬁérgl Q&%rﬁgl‘ré:l‘?dn, the pharmaceutical composition of the invention may
be presented in unit-dose or multi-dose containers, e.g. injection liquids in
predetermined amounts, for example in sealed vials and ampoules, and may also be
stored in a freeze dried (lyophilized) condition requiring only the addition of sterile
25  liquid carrier, e.g. water, prior to use.
Mixed with such pharmaceutically acceptable auxiliaries, e.g. as described in the
standard reference, Gennaro, A.R. et al., Remington: The Science and Practice of
Pharmacy (20th Edition., Lippincott Williams & Wilkins, 2000, see especially Part 5:
Pharmaceutical Manufacturing), the active agent may be compressed into solid
30  dosage units, such as pills, tablets, or be processed into capsules, suppositories or
patches. By means of pharmaceutically acceptable liquids the active agent can be
applied as a fluid composition, e.g. as an injection preparation, in the form of a
solution, suspension, emulsion, or as a spray, e.g. a nasal spray.
For making solid dosage units, the use of conventional additives such as fillers,
35  colorants, polymeric binders and the like is contemplated. In general any pharma-

ceutically acceptable additive which does not interfere with the function of the active
cutpouunas can pe used. sunapie carriers with which the active agent of the



activity of cannabinoid receptor nodul ators are well known in the art. In
general, 15 expressed receptor is contacted with the conmpound to be tested
and bi ndi w@ mn4/0832mul ati on or inhibition of a functi onaCIERp@GBNSE226S
measured. To neasure a functional resgonse isolated DNA encoding the CBl
receptor gene, preferably the human receptor, is expressed in suitable

host cells. Such a cell mght be the Chinese Hanster Ovary cell, but other
cell's ahenBbsTaplubé %Hn%nlsPér@HeraQbIYd EB ogﬁ’loﬁE'lhau @?&BSWH igrigin.
Met hods to construct reconbi nant reSS| ng ce I nes are we known

i n t helagetderjvaiings o the like, or Wtemlthereﬁfpmengm amlab)lmaatoun;s Vaomyesr; Col d

Sprin r S.....Ccol d. Spri.n st editio
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truction of suitable expressmn systens are now, well Known in
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constr e e Pl alo PR d chpi
prefer gﬁ%yﬁ}\%ﬁpégl td r eg]tctil@gtgl 8ntp?|5ﬂgég?%tgaga%é§n Ic|Brga Poﬁgﬁ%ﬂlﬁfgfﬁ e
cont rode&rmmhumeombma’uanwth packayireg thate dal Sudtbblerfopéait hnpusitiche dagpdi ng

sequen an_be provi de 0 uences Is well known,
expreség?ﬁ?%%{% ”a @Cﬂ'gW%Wéﬁng‘? %ﬁﬁwsgr%fsﬁgnﬁﬁﬂp%ﬁ'@owqrﬁhﬁ Yie
vari et ¥s Gerdinbéfore deseribidng prokaryoti c hosts such as bacteria and

eukaryotic hosts such as yeast, plant cells, insect cells, mammlian
cdls] avian cells and the like. Cells expressing the receptor are then

t 5 bhi ndi.ng,
“oni bt 118 Frect B lcERoABREMnG dePRARa of P BHER el RUPTthir ancs
cont ai agogjstshef the T Bsis patePiRT, é@de@ﬁ‘)med gce piuphiaeB- Df?ep@w é@a?ﬁfﬁr\g
bi ndi n canp %ﬂ V\l? 2004/ 000832 P2003/ 050226 10 For measurenent
of bi ngf_{% qeilgh 3); PdRIYy drtermins: rI INdigk [asdweb mso v ddlrerdyjologisalis ed.
The nogétiviydet Mamn&adﬂe‘ébﬁfb‘?'ﬂn@gu@?d}gaé}bz\gé&@%%eld fhd 3H (ﬁﬁ’Eg%jQ o?lheWhl ch

has approximately equal affinity f bi ndi ng sites
aslday EXVEEseS reeerioniingontactedwitibitheicengBlindgtmibst testethand dsinbingsor

deter%ﬂhp@tlbn%rm[}@gma%%n&% a&ﬁ\ﬁ%%@%lﬁ%%%%ﬁas for exanpl e neasur nment

rece pathways Thus, such a

met hodTomma:duresa fenpmm|rer0mfset|$tﬂa@1DNAC@1ﬁo@rn90ﬂhet¢B1 esdd t@rtt!iélﬂace of a
host cel |l the cell to the test conpound. The second nmessenger

res pong@f?rggfyhtgﬁwﬁ%é]8‘?"‘@@“&@6‘34%9%?9%'\“ Sitablechosd sslmguichia el mighteduced
or i an@ﬂ@@hl%@%&h@ﬂarmaﬁ’Vcél'F%Lﬁfoftr?&tceWs ardSIshoSstit PB%”W&%W% bi ndi ng

to the receptor. In addition to direct measurenent o I'evel s in
t KO exeRlsearecaimamenalies afigin.
Methods to construct recombinant CB1 expressing cell lines are well known in the art
(Sambrook et al., Molecular Cloning: a Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, latest edition). Expression of the receptor is
attained by expression of the DNA encoding the desired protein. Techniques for
25  ligation of additional sequences and construction of suitable expression systems are
all, by now, well known in the art. Portions or all of the DNA encoding the desired
protein can be constructed synthetically using standard solid phase techniques,
preferably to include restriction sites for ease of ligation. Suitable control elements for
transcription and transtation of the included coding sequence can be provided to the
30  DNA coding sequences. As is well known, expression systems are now available
which are compatible with a wide variety of hosts, including prokaryotic hosts such as
bacteria and eukaryotic hosts such as yeast, plant cells, insect cells, mammalian
cells, avian cells and the like.
Cells expressing the receptor are then contacted with the test compound to observe
35  binding, or stimulation or inhibition of a functional response.

Alternatively isolated cell membranes containing the e dpressed CB1 (or CB2)
receptor may pe used 10 measure binding of compoun



be used which in addition to transfection with receptor encoding DNA are
also transfected with a second DNA encodi ng a reporter gene the expression
of whi ch woongbmszas with receptor activation. |n gener @dGT/ERpavISer26gene
expression mght be 15 controlled by |any response elenment reacting to
changi ng | evel s of second nessenger.. Suitable reporter genes are e.g.

LacZ, al kaline phosphatase, firefly luciferase and green fluorescence
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20  pounds on the CB1 receptor the ECs, value must be < 107 M, preferably < 107 M.

The compounds may be used in the treatment of pain such as for example peri-
operative pain, chronic pain, neuropathic pain, cancer pain and pain and spasticity
associated with multiple sclerosis.

25  Cannabinoid agonists of the invention would also potentially be useful in the
treatment of other disorders including multiple sclerosis, spasticity, inflammation,
glaucoma, nausea and emesis, loss of appetite, sleep disturbances, respiratory
disorders, allergies, epilepsy, migraine, cardiovascular disorders, neurodegenerative
disorders, anxiety, traumatic brain injury and stroke.

30  The compounds could also be used in conjunction with other analgesic drugs such

as opioids and non-steroidal anti-inflammatory drugs (NSAIDs), including COX-2
selective inhibitors.

The compounds of the invention may be administered for humans in a sufficient
35  amount and for a sufficient amount of time to alleviate the symptoms. lllustratively,

daily dosage levels for humans can be in the range of 0.001-50 mg per ka body
weIgHIL, PIEIeranly i a uany uousage or U.01-20 myg per kg body weight.



di et hyl ether. The aqueous phase was then acidified to pH 1 using 5 M
hydrochloric 15 acid and the resulting fine precipitate filtered off,
washed wi Wo wat/ens®nd dried to afford 7-nmet hoxyi ndol e- ayaEr2008ydsi26aci d
(3.6 g). 7-Methoxyindol e-3-carboxylicifacid (3.0 g, 16.6 mml) was added
portionwise to a stirred suspension of sodium hydride (60% di spersion in
mneral oil, 1.56 g, 39mmol) in dinethylformamde (75 m). After 1 h,
br ononet hyl cycl ohexane (5.7 g, 32.3 mmol) 20 was added. The m xture was
heated_fo.60C with stirring for | h, The mxture was diluted with water
(250 mTE‘eéﬁ‘@’WQEH%H'Uﬂr@WdeQmV‘IGfQH@N@QeEmplﬁﬁen di ethyl ether. The aqueous
phase was acidified to pH 1 using 5 M hydrochloric acid and the precipitate
filtered off. The crude product was recrystallised fromethyl acetate to
afford_l_"(m_ﬂil ohexyl met hyl ) - 7- met hoxyi ndol e- 3- carboxylic acid (3.75 g) as
N 25 : ,

in THEa@aQsanﬂ) was added oxal yI chI ori de (4 59, 35 Smml) dropvvl se with
stlrrlng The mi xture was stirred at roomtenperature for 18 h. The
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was washed with water sodi um sul fate and 35
evapor dfedamp %ﬁllfdcwals ausm&ﬂdedﬂhl%MVMILpnrhydr@ddé)yomtlans i1 40 roy@h@gr aphy

| ut t hl th t fford the titl
compo et o Lendin it Wt A e DR OueeP e aP EmastR OB 12 The
f r ee bdaeEhyWamedJ ‘Sts@laq@@bulsﬁpﬁbﬁ Wik tlﬁﬂémQéldKfl@Q tH‘p)—i Wl@mfg' 4 MehGgo HFo?ica

rred Hr}l’l f mal ei c aC|d§r mol ) ’n et her and
m@ han%ﬁ' @@ § restiiing Hae precigjtate; 'ﬁ@iﬁ@ﬁd@a@ﬁdrwﬁdwﬁltﬂra}@immt@s and t he
sol i d Fidher- 23S stal lised from methanol /di et hyl
ether to raff@‘réd@){yg d@%g %dgﬁwsacriﬂmﬁgxc acid salt) 5 as a crystalline

solid ?Meithgxylﬁdalefafwljooxwh‘, B (340(?9\/|'|k6 GGBBGD) w@xbl zﬁdc%} boﬂﬂ)r\wtb torg , »
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I(izgé ?\E dll_ll,&eg?iflf?rrg‘:égﬁd%"(75 ). A‘ﬂte?f} K, %r‘orr@melhﬂ ﬁl@hé«&%@ ((527ng 2 32@%@)1 22 (1
205) - wa§ pddegy Fhe migiure v[/mhpafedlfp @Qéﬁmj\(l’@ stirring for 1 h. The mixture was
diluted with water (250 ml) and washed with ethyl acetate and then diethyl ether. The
aqueous phase was acidified to pH 1 using 5 M hydrochloric acid and the precipitate
filtered off. The crude product was recrystallised from ethyl acetate to afford 1-
(cyclohexylmethyl)-7-methoxyindole-3-carboxylic acid (3.75 g) as a crystalline solid.
25 To a solution of 1-(cyclohexylmethyl)-7-methoxyindole-3-carboxylic acid (2.5 g, 8.8
mmol) in THF (30 ml) was added oxalyl chloride (4.5 g, 35.3 mmol), dropwise with
stirring. The mixture was stirred at room temperature for 18 h. The volatile
components were evaporated under reduced pressure to afford 1-(cyclohexylmethyl)-
7-methoxyindole-3-carbonyl chloride (2.7 g) as a crystalline solid.
30 To 1-(cyclohexylmethyl)-7-methoxyindole-3-carbony! chloride (1.9 g, 6.2 mmol) was
added a solution of N-ethylpiperazine (1.35 g, 11.8 mmol) in dichloromethane (60
ml). The mixture was stirred until the acid chloride dissolved. Triethylamine (3 ml,
21.5 mmol was added and the solution stirred at room temperature for 18 h. The
reaction mixture was washed with water (2 x 50 ml), dried with sodium sulfate and
35  evaporated to afford an oil. This was purified by flash chromatography eluting with 0-

10% (v/v) methanol in dichloromethane to afford the title compound (free base) as a
yuril.
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cyclopentanemethanol p-toluenesulfonate as a colourless oil (4.3 g, 17.0 mmol).
The title compound was prepared following the method of Example 1, using
cyclopentanemethanol p-toluenesulfonate instead of bromomethylcyclohexane. 'H
NMR (400MHz, CDsOD) & 1.29-1.35 (2H, m), 1.38 (3H, t, J7.5),1.52-1.71 (6H, m),
25  2.39-2.49 (1H, m), 3.24 (2H, q, J 7.5), 3.05-3.35 (2H, br m), 3.35-3.70 (4H, br m),
3.95 (3H, s), 4.38 (2H, d, J 7.5), 4.40-4.65 (2H, br m), 6.79 (1H, d, J7.5),7.10 (1H, t,
J7.5), 727 (1H, d, J7.5), 7.60 (1H, s); EIMS: m/z = 370.2 [M+H]*.

Example 3

30  The procedure described under Examples 1 and 2 was further used to prepare the
following compounds:
3A: 1-{[1-(cycloheptylmethyl)-7-methoxy-1 H-indol-3-yllcarbonyl}-4-ethylpiperazine,
hydrochloride salt was prepared using cycloheptanemethanol p-toluenesulfonate.
EIMS: m/z = 398.2 [M+H]".
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purified by flash chromato- graphy using 95% di chl or onet hane, 5% et hanol
as eluent to yield the title conpound as the free base. Hydrochloride salt
f or mat Example 4ach| eved by the addition of hydrogen chloride 2M 10 sol ution
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from dh?@ﬂ@ﬁhbﬁﬂ@@’a]t and met hanol to afford t|tIe corrpound (1:1 hydrochloric
acid salt) as a crystalline solid (0.172 g, 0.42 mmol ). 1H NMR (400MHz,
CI?@OD) Ter gplgtpmoF-flugrg ingple (1.Q @, 7.4 mmol) in dimethyl formamide (20 ml) was

added sodium hydride (60% dispersion in mineral oil; 327 mg, 8.14 mmol). The

mixture was stirred at room temperature for 10 minutes before the addition of
bromomethylcyclohexane (1.3 ml, 9.3 mmol). The resulting mixture was stirred at
room temperature for 15 hours. A further addition of sodium hydride (170 mg, 4.23
25  mmol) then bromomethylcyclohexane (0.65 ml, 4.65 mmol) was made and the
reaction stirred for a further 15 hours.
The reaction was quenched with 2-propanol (10 ml) and then concentrated. The
resulting brown gum was partitioned between ethyl acetate (50 ml) and 5% sodium
hydrogen carbonate solution (50 ml). The organic layer was washed with water (50
30  ml), dried over sodium sulfate and concentrated. The crude intermediate was then
purified by flash chromatography using 95% dichloromethane, 5% methanol as
eluent, to afford 1-(cyclohexylmethyl)-5-fluoroindole (1.26g, 5.45 mmol).

To a solution of 1-(cyclohexylmethyl)-5-fluoroindole (208mg, 0.9 mmol) in 1,1,2,2-
35 tetrachloroethane (15 ml) at 0°C, was added oxalyl chloride (0.122 ml, 0.945 mmol)

with stirring under a stream of nitrogen. The mixture was allowed to warm to room
lemperature over I nour, tinen heated to 120°C tor a further 1.5 hours. The mixture
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7.04 (1 H, td, J 9.0, 2.5, 7.45 (114, dd, J 9.5, 2.5), 7.47-7.51 (1 H,
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detector at a wavelength of 240nm 10 (-)-51: Enantloner 1, retention tine
8.1 mnutes; enantiomneric excess >98% [a]p22 -12 (¢c=1.25 ng/m in CHC 3).
(+)-5Exdmplktfoner 2; retention tinme 11.1 m nutes; enantioneric excess >
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compounds:
5A: 1-{[1-(Cyclohexyimethyl)-6-fluoro-1 H-indol-3-yllcarbonyl}-4-ethylpiperazine,
hydrochloride salt was obtained from 6-fluoroindole. EIMS: m/z = 372.0 [M+HT".
5B: 1-{[1-(Cyclohexyimethyl)-7-fluoro-1 H-indol-3-yl]carbonyl}-4-ethylpiperazine,
25 hydrochloride salt was obtained from 7-fluoroindole. EIMS: m/z = 372.0 [M+H]".
5C: 1-{[6-Bromo-1-(cyclohexylmethyl)-1 H-indol-3-ylicarbony-4-ethylpiperazine,
hydrochloride salt was obtained from 6-bromoindole. EIMS: m/z = 432 4 [M+H]".
5D: 1-{[7-Bromo-1-(cyclohexylmethyl)-1 H-indol-3-yllcarbonyl}-4-ethylpiperazine,
hydrochloride salt was obtained from 7-bromoindole. EIMS: m/z = 432 5 [M+H]",
30  5E: 1-{[5-Chloro-1-(cyclohexylmethyl)-1 H-indol-3-yllcarbonyl}-4-ethylpiperazine,
hydrochloride salt was obtained from 5-chloroindole. EIMS: m/z = 388.2 [M+H]".
SF. 1-{[6-Chloro-1-(cyclohexylmethyl)-1 H-indol-3-yllcarbonyl-4-ethylpiperazine,
hydrochloride salt was obtained from 6-chloroindole. EIMS: m/z = 388.5 [M+H]*.
5G: 1-{[7-Chloro-1-(cyclohexylmethyl)-1H-indol-3-yllcarbonyl}-4-ethylpiperazine,
35 hydrochloride salt was obtained from 7-chloroindole. EIMS: m/z = 388.0 [M+H]".
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5N: 1-{[7-Benzyloxy-1-(cyclohexylmethyl)-1 H-indol-3-yllcarbonyl}-4-ethylpiperazine,
25  hydrochloride salt was obtained from 7-benzyloxyindole. EIMS: m/z = 460.4 [M+H]".
50: 1-{[1-(Cyclohexylmethyl)-6-methoxy-1H-indol-3-yl]carbonyl-4-ethyl piperazine,
maleic acid salt was obtained from 6-methoxyindole. EIMS: m/z = 384.5 [M+H]".
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Cycl ohe et h 7- hydroxy-1 H-indol - 3-vl | car bonyl} 4- et hyl pi perazi ne
roc’ﬁfzor)écyi QSW%IHgl'O a sol utlon of 4-{[7-benzyl oxy- (cycl ohexyl methyl)-1

m xt urmméms&btamaeﬁrm ﬁFcemorrEioM a|5d w-ﬁetmplpetazﬁfbceﬂme 16
hour s EES%%%JIIM 'tqum xture was filtered through dicalite, and the’

filtral'd condén under reduced pressure to afford the title conpound
(free Basti[1-@sCoclghexi&BF)Bmeth3FTHYIndol-3-yllcarbonyl}-4-methylpiperazine,

20 hydrochloride salt was obtained from 6-methoxyindole, N-methylpiperazine and 1-
cyclohexyl-1-p-toluenesulfonyl ethane. EIMS: m/z = 384.2 [M+HT".
5Z: 1-{[1-(1-Cyclohexylpropyl)-1H-indol-3-yljcarbonyl}-4-methyipiperazine,
hydrochloride salt was obtained from indole, N-methylpiperazine and 1-cyclohexyl-1-
p-toluenesulfonyl propane. EIMS: m/z = 368.0 [M+H]*.

25
Example 6
1-{[7-Amino-1-(cyclohexylmethyl)-1H-indol-3-yllcarbonyl}-4-ethylpiperazine
4-{[1-(Cyclohexylmethyl)-7-nitro-1 H-indol-3-yl]carbonyl}-1-ethylpiperazine (200 mg,
0.5 mmol) was dissolved in methanol (10ml) to which was added palladium (5 wt. %

30  on activated carbon; 50mg, cat.) as a slurry in methanol (3ml). The system was then
sealed and flushed with nitrogen before fixing a hydrogen source (balloon). The
mixture was stirred at room temperature under hydrogen for 15 hours after which it
was filtered through celite and concentrated. The resulting brown oil was purified by
flash chromatography using 95% dichloromethane, 5% methanol as eluent to yield

35  the title product as the free base. "H NMR (400MHz, CD50D) 84 0.97-1.08 (2H, m),

1.12 (3H, t, J 7.5), 1.17-1.26 (3H, m), 1.53 (2H, d, J 12.5), 1 63 1.75 (3H m 1.87-
190 (171, M), £.44-2.90 (oH, M), 3.37 (4H, t, J 5.0), 4.20 (2H, d, J 7.5), 6.5 9 (1H, dd,




Hydrochl oride salt formation was achi eved by the addition of hydrogen
chloride (2M solution in diethyl ether, 3ml) to a solution of the free
base (180wepoofomssrol ) in 15 diethyl ether (5 m). The mGACiRDE3ASE226aS
filtered and dried. The solid was crygtallised fromdiethyl ether and
ethanol to afford the title conpound (1:1 hydrochloric acid salt) as a
crystalline solid (132 ng, 0.3 mol). 1H NVMR (400MHz, CD30D) 6H 1.05 (2H,

r’r) , 1 19 .%,3H0),8. 931(138 { 3H7.59,,7.06 115l dd1.58.0( Zld), 79 (hHé%g,(éthMn/zL 92 (1

, éigéi J;I , 3.27 (2H, g, J 7.5), 3.45 (2H, d, J
120)3 dJ70) 20455(2HdJ14.0),659(1HdJ70)
6.97 (1 H, t,J?O) 7.14 (1 H d, J 7.0), 7.52 (1 H s); EIMS mz =
370. 2 II\/HrH] +. Exanple 8 1-f[1 -(Cycl ohexvl nethyl)-7-(2-fluoroethoxV)-1

H- i ndoEX |_ arbonyl } - 4- et hyl pi perazine 25 Sodi um hydride (60% di spersi on
qu (ranr ner | | 5 it _Zd%ml_ y d d por —|4Oet¥¥| se ev;naélﬂestlrrl ng
(cycl omedrytiwetidy kil 7- hydr oxy-1 H-i ndol e- 3- yI]carbonyI} 1- et hyl piperazine
(200 , 0.54 mmmol) _in dinethylformam de (5nl). After 30 m nutes,

1 br omt? 8-Solyfinoft4r ﬁé)en(zw@xw GyeBhenpmetiys 1 Akiddale-Fplicarbabyij-4- was heat ed

2" or opansPeTo e 79, 4% mibrZl BHR o 0HM. VAR B TRAG S PEWE A s
parti tadiivatbchesrbernt@d nigl) onra‘nktam?Wéé(hyﬂ?dgeﬁé@e@E(ﬂdéﬂéj b%sbyéibpggn
The .organic | ayer was washed wwth water (50

caq bocrI&P e %&/Qtfl on %
? &l og AaihgHiss Jinedesulting n?das%@masa‘tlf@aed thieugh divelitenaedtedi at e
was pbﬁllrétb%brﬁénfrb%ﬂmrﬁﬂarr?@@tﬁ ﬁﬂ%@u@oﬁc&i%@lﬁ%%&%w?ﬁgﬁb%ﬁg@t hanol

as 35 eluent to afford the title conmpoun
(400M8S a gpBT(9656HY, 2.308Nn¢ I2H m, 119 (3H m, 1.39 (3H t. J 7.5). 1 .56

(2228 E@Wr&ﬁ%ﬁuéé'é@{ﬁ r%h@é) (\/y@? agg QI? ggglg%/fg%%%?éﬁo 22d69_( 1[\2 n?]
7 5) bl &Dn( i chbthym)theﬂ 3’3191) (ola Islonmbn dftﬂéfr(eé bldsegl 80 f‘n8<;87o éﬁ'ag%}l)lfﬂ% ) g 72) (1

Ei' 5.0l ﬁ%‘%xp&h&ié‘g pl). Mhﬁ]pFeC'Q't@@dW Blt@"eg! ar\gd Ciﬂe(ct\]'(tllecﬂ%sdymmmylajlsédet hoxy- 1
Hi nd%drﬁ‘d&’éth?@é’tﬁ@ﬁéﬂd athafbhg é’q‘d}‘a éﬁ"é kfE WhbouRk qulﬁ%rgﬂﬂgﬁgga% sfar?t?

procedure descri bed under exa u5|n rono tha
1- br omacmsmihmresolm@:smhg/m 3rrhmo1=) HQENMR[(WEBBMHZ oD B €05 2H

1-{f1- H-i ndol I bonyl } -2 -
tetr atBbrs | SFEEBTT Y ik donorh Se2hi D) R YbiTh T 0w Git) m), 3.73°
dii sor(QBlp]vH)eB hzvl @M, qu(705)8§ 49 (2H1 ng)oer\‘P 2H aHdJ 2%% o §9 Z.0),
r anet Ip per azi ne g é:; i h di chl 6r omet ahe“( ) was
aﬁéﬂed“a% d, J 14.0),6.59 (1H, d, J 7.0, 6.97 (1H , t, J70) 714 (1H,d, J7.0), 7.52
(1H, s); EIMS: m/z = 370.2 [M+H]".

Example 8
1-{[1-(Cyclohexylmethyl)-7-(2-fluoroethoxy)-1 H-indol-3-yllcarbony}-4-ethylpiperazine

25  Sodium hydride (60% dispersion in mineral oil, 65 mg, 1.62 mmol) was added
portionwise with stirring under a stream of nitrogen to a solution of 4-{[1-
(cyclohexylmethyl)-7-hydroxy-1H-indole-3-yllcarbonyl}-1-ethylpiperazine (200 mg,
0.54 mfnol) in dimethylformamide (5ml). After 30 minutes, 1-bromo-2-fluocroethane
(49 pl, 0.65 mmol) was added. The mixture was heated to 60°C with stirring for 48

30  hours. The reaction was quenched with 2-propanol (10 ml) and then concentrated.
The resulting brown gum was partitioned between dichloromethane (50 ml) and 5%
sodium hydrogen carbonate solution (50 ml). The organic layer was washed with
water (50 ml), dried over sodium sulfate and concentrated. The crude intermediate
was purified by flash chromatography using 95% dichloromethane, 5% methanol as

35  eluent to afford the title compound (54 mg, 0.1 mmol). 'H NMR (400MHz, CD30D) 64
1.05 (2H, m), 1.19 (3H, m), 1.39 (3H, t. J7.5). 1.56 (2H. m). 1.69 (3H m\ 1 92 (1H



15 solution of 1-(cyclohexyl methyl)-7-nmethoxyi ndol e-3-carbonyl chloride
(0.33 g, 1.08 mml, prepared followng the nethod in Exanple 1) in

di chl or omatdn€00082m ). The m xture was stirred at roorrdreReesszsoe for 6
h, evaporated under reduced pressure q@nd the residue purified by flash
chromat ography eluting with 5-10 % (v/v) nethanol in dichloronethane to
afford the title conpound (free base) as a colourless oil (0.43 20 g). The

free bagealdh bifg, 926 W%ﬁ %?é?methgftl))d'géﬁg]FPfHEtthef %zg‘m 4 and

treated =~ dropw se drochl ori'c aci

di et hylm)eﬂr?&m(ris nn)l )4 75 (rrrk m)a§u$7t' (Td, M), TP thtd w@@),cboﬁéfnlﬂeti JoS/O)
filtrati y her dried under reduced
pressutr7eﬂ?f)1l—:{ei\/?q§6ﬁg0¥\nﬁt ‘%ﬁ r} %M%uﬁﬁz(lﬁfﬁm @?ﬂl oric acid salt) as a
vvhlte solid (0.09 g, 0.20 mml) "H NVR (400MHz, CD30D) 5H 0O 98-1.39 25
1.42 (6H, d, J 7.0), 1.64-1.89 (9H, n') 3.44-3.70 (3H, m, 3.95
s%MI'B'_FLQ(434(3H ,677(1HdJ 7)711(1Ht,J82)
; bi +n%§é§npl e 11 30
i met hy Ippenmedzfollmvmg Iﬂy&zlpmcladore d%csrddeid u!hd@[r Ex0ptd Bhwyg edrngedhanemet hoxy- 1

ot or e BE TR Tdtidethene. B B P mrEfa0 Using” o Y

3, 5-di net hyl pi per azi-ne- 1-car boxyl i c aci d tert-butyl ester (E. J. Jacobsen
et al; 35 J. Med..Chem 42, 1123-1144, 1999) instead of
2,19 5, Examplaid hyl pi perazine. To an ice cool ed sol ution of

-

52 g, 1.08 mol)

in WO mwém&ﬂ@eraﬁﬁém@aah@ﬁaé&@lt 19 di chI or onet hane (5 m ) was added
was allowed to warmto

dr opwi trlfhuor cetic CI d@ﬁé h@@ The m xture
room t ?'éo '@OPZOW nedR@Pan!. dr9hmmelbaag i2$5.&onmponent s under
reduce@etpérﬁéwp@pergﬁrﬁe (854 W5 nhBA BIARFORRAL gsZM)? v%%éj%#(?@d] droxide

sol ution and ext dinto r onet hane
co?ﬁ:n négl Dgazﬁ|1C(CVQJQB%Wmitfe,ll)d?weelhwylhdwag?ﬁeanb@mybmhI@aﬂi&e(Qaﬁﬂ ge\iambrat ed to

I | ut h 5= % (v/
ot hanB10) ArE el SR LR e RS R R RSB 14 B B8y 6 &
col our heigsir@ivas stined eftrremttéﬁﬁ)e\n@@r@lfcﬁ@lh V@épbi’et@ti@!riahék redured dréssdre and
treated 2 M hydrochloric acid in diet %met her (1 m). The

resul t ?Hg Bgé%%'%ﬂ% Bbﬁf'%gy Hash ebirpategrapty GFIWJ”IQ with W &eam@thanolii et hy |
et her (rﬂélcmo}oﬁﬁﬂwa%'é' t‘é%ffé?(ﬁjﬁ{e ﬁﬁ@gﬁ%ﬁ%@ﬁ@ aééb adh B rI%Q% g I {@hg 0. 31

conpound hydrochloric acid s ourless

masl ) . 9l hwﬁae@beew&m QCIO32ZOMrBe!) was4d|$szrwedaumoguchlgrcﬂmethane14 lnIZEtre(aidrd rr)
1. 44 E?H)pvﬁsdm% ??Vl hx;drg hlgﬁyacpcfm dlef?'uyﬁéq’the (0. \‘1' rr(lslgand %Oetfm I éthg?(?) ml) 3.42

(4H,

The resulting precipitate was collected by filtration, washed with diethyl ether (15 ml)
and dried under reduced pressure to afford the title compound (1:1 hydrochloric acid
salt) as a white solid (0.09 g, 0.20 mmol). '"H NMR (400MHz, CD;0D) & 0.98-1.39

25 (8H,m), 1.42 (6H, d, J7.0), 1.64-1.89 (9H, m), 3.44-3.70 (3H, m), 3.95 (3H, s), 4.21-
4.34 3H, m), 6.77 (1H,d, J7.7), 7.11 (1H, 1, J8.2), 7.38 (1H, d, J 8.2), 7.58 (1H, s);
EIMS: m/z 412.4 [M+H]".

Example 11
30  1-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-2,6-dimethylpiperazine,

hydrochloride salt

4-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-ylJcarbonyl}-3,5-dimethylpiperazine-

1-carboxylic acid fert-butyl ester was prepared following the method in Example 10

using 3,5-dimethylpiperazine-1-carboxylic acid tert-butyl ester (E. J. Jacobsen et af;
35 J Med. Chem. 42, 1123-1144, 1999) instead of 2,3,5,6-tetramethylpiperazine. To an

ice cooled solution of 4-{[1-(cyclohexylmethv))-7-methoxy-1H-indol-3-yllcarbonvl}-3.5-
dimethylpiperazine-1-carboxylic acid fert-butyl ester (0.52 g, 1.08 mmol) in



3.95 (3H, s), 4.26 (2H, d, J 7.0), 4.74-4.86 (2H, m, 6.76 (1 H d, j7.5),

7.09 (1 H t, J 158.0), 7.21 (1 H d, J 7.5), 7.46 (1 H s); EIMS nmz

384. 2 [ MrWjor2004/680832pl € 12 1 -1[ 1- (Cycl ohexyl et hyl) - 7- metdToB®2ed3/050226

H-indol -3-yl | carbonyl } -3 5-d i nmethyl pjgperazine hydrochloride salt 20 To a

solution of 1-(cycl ohexyl net hyl)-7-nmethoxy-i ndol e-3-carboxylic acid (0.25
g, 0.87 mvl, prepared follow ng the nethod in Exanple 1) and

2, 6-di gﬁgﬁy j i .Chlb s m) was

added | 1 sopropy rg;a Hlﬁﬁ |V|(,$ns é@d&?g Snﬁ , @Oé%&rﬁd%%&d;%m B iR

1- hydr wa,st@immdrtpa/mrretc( Mo teg‘nperem@"emnﬂr)? h hm@reriramavdsof anysvodtiler ed at

t Th ] d with 5 M 25
nydr ox P PRtk el e SRl B PhrcdaneRtBob M ea e
r esi dueodiv@s hpdrokidecsbltorf (msﬂm)céﬁms&tawéeamﬂa didhisroA@tivarid 25x 30mp.(v/v)
met hangl in dichloronmethane to afford the title conpound (free base) as a

col®ur I'Bgcogbinedpeganie yepnwerg dried with magnesideicsuf ﬁdGNEPW@Fert%er (3
m 1
). “TROGEThRes BMEPLYam Enlm RN Glifo 4 Il el rer ke L
di et hyln dmhmromﬂa&amle)toaafﬁbrdrthqetitlemdmpouadl(rireel bpse)samaeotmlrleaéfodr'dhé he title
ooty sk liBRAb Bt B stfed G el SRRt B 8 o)
1.56 (Egﬁrd%'hld?bc atid h @ibtﬁlyl @ﬂTéf ('-‘?in§ 41‘!’1e fgsult%goﬁﬁeé%hlatquaséoﬂéctéd 1.5),
3.39-3.50 (2H éa s), 6 (2 . 2H br d, J
131G, lerairpn(waﬁhedWIth! dre yl ethen(‘e%nﬂ)lanql dried gndemre; ucze@@rqssure tal, J 8.0),

Lol ity Bl s B8 5ol N adPadidl QRGBS HFRR03 050220 20

prepara 31hmnﬁ<ﬂ) |1BNNNI©Q mmeyrtdISOB) &34\ 041(-25-1‘ brq, J9. O) 1. 11 1.25 (3H, m),
1- (Cycl ohe 7?/ g/va y-1 Hin Jcar bory 3} - met hyl pi per azi ne
hydrocﬂﬁf‘r 0 15513(%61'?@3 L83 Hb 1 62 1 0 (4H, m), 3.33-3.42 (4H, m),

1-(cyc t ) i-dgl agi-d=\a

rac- b’(&f@”p:gge‘?g?. %%’ HE]{IWRA(@O I@/ﬁlzéHC@tg? H‘_gd g7d5) Zfbg(gﬂ tn’{ 1.33
(34 d8Q]) 8.29)(1H1L d56 7. 2}7 .48 (1, s); EMS) m/A3882IVB&H](4H, n), 3.17-3.22 (2H,
m, 3.39-3.51 (3H, m, 3.94 (3H, s), 4.26 (2H, d, J 7.0), 4.43 (2H, br d, J
14.0), 6.76 10 (1 H d, J 7.5), 7.1 (1 H t, J 7.5), 7.25 (1 H d, J 8.0),
7.54 ( Exdm )312E||v5 mz = 370.2 [MH +. 13B:

1-{f1- cl opent yl et hyl -7 met hoxy-1 H-indol - 3-yl ] carbon I? 3, 5-

di met h 1néGvdehepa/lmﬁﬂwﬂ)nﬁmethom1}ééqlndomllmrbﬁnvw $rdimgthylpiperazine,
1-(cych Wty ) - 7- et hoxy-i ndol e- 3- car boxyl ic acid and

2, 6-di mgia%—mmne. 1H NWVR (400MHz, 15 CD30D) 8H 1.24-1.36 (8H, m,
1.51- 1To2 ¢alktiompf 1Zcydolidxinetiapit 2imetioxy-b)dole33&arii@lic acid (0.25 g,

0.87 mmol, prepared following the method in Example 1) and 2,6-dimethylpiperazine

(0.12 g, 1.05 mmol) in dichloromethane (10 ml) was added diisopropylcarbodiimide
(0.16 ml, 1.05 mmol) and 1-hydroxybenzotriazole (0.01 g, 0.09 mmol). The mixtures
was stirred at room temperature for 18 h. The mixture was washed with 5 M sodium
25  hydroxide (2 x 10 ml), dried with magnesium sulfate and evaporated. The residue
was purified by flash chromatography eluting with 5-10 % (v/v) methanol in
dichloromethane to afford the title compound (free base) as a colourless oil. The free
base (0.15 g) was dissolved in diethyl ether (3 ml) and treated dropwise with 2 M
hydrochloric acid in diethyl ether (1 mi). The resulting precipitate was collected by
30 filtration, washed with diethyl ether (15 ml) and dried under reduced pressure to
afford the title compound (1:1 hydrochloric acid salt) as a colourless solid (0.15 g,
0.36 mmol). 'H NMR (400MHz, CD30D) & 0.98-1.26 (5H, m) 1.32 (6H, d, J 6.5),
1.56 (2H, br d, J 12.0), 1.62-1.90 (4H, m), 3.06 (2H, dd, J 14.5, 11.5), 3.39-3.50 (2H,
m), 3.95 (3H, s), 4.26 (2H, d, J 7.5), 4.52 (2H, br d, J 13.5), 6.77 (1H, d, J7.5), 7.1
35 (1H,t,J8.0),7.24 (1H, d, J8.0), 7.54 (1H, s); EIMS: m/z 384.2 [M+H]*,



dd, J 14.5, 11.5), 3.39-3.50 (2H, m, 3.95 (3H, s), 4.37 (2H, d, J 7.5),
4.52 (2H, d, J 14.0), 6.77 (1 H d, J 7.5), 7.10 (1 H t, J 7.5), 7.24 (1
H d, J 8w@zo0#0@82(1 H s). EIMS;, mz = 370.2 [ MtH] +. PLAMP2003/050226
(S)-1-{[1-(Cycl opentyl net hyl )-7-nmet hoxy-1 Hindol -3-yl]carbonyl }-3 20

met hyl pi perazi ne, hydrochl oride salt was prepared using

1- (cycl opentyl nmet hyl )-7- net hoxy-i ndol e-3-carboxylic acid and

(S)-2-nmet hyl pi perazine. 1H NVMR (400MHz, CD30D) 8H 1.26-1.36 (5H, m,
1.51-1.72 (6H, m, 2.42 (1 H, heptet, J 7.7), 3.20 (2H, dd, J 14.5, 10.9),
3.38-3Example 1§ ) '3.95 (3H, s), 4.37 (2H, d, J 7.5), 4.43 (2H br d J

%458) ( ﬁﬁ?ro&:&dlgﬁ\?%scﬁgéd @‘Ide?e%%gg% Wé]s i&m{e\jrd}geij t?fpre;(aareHhe %Ilowmg oK

1 (q/clcxmhcpqdndet hyl ) - 7 nmet hoxy-1 H-indol -3-yl]carbonyl }-3 3-

t hyl.ni q hl ori de salt was oreoared usi ng
n% T34 q dol-3 131meﬂwlplperazme

?6&} "L;H%E%Qﬁ% ::aﬂ{@ss p&%ﬁé“%ﬂ%"ﬁz@v&w@ﬁ@@@%%ﬁaéfv%ﬁ%&é- 45,
10. 9), carigixy(ieHcidsynd Gacgﬁrmahlylp&)eraﬂn@@wNMR (mmm,,casea) 620L08d1 28 7. 1),

6, s (](EH,\,@S 33038 gezie%[ ﬁ,hs{(zﬁ b, J125), 16501 88 i, ), 3439 dn>® (4
(5 {ht-al0u ohess| ARLWA Lo gt olbimgioleds il SR by 87t Y -

pi per azi ne, drochl’ori'de salt’ was preparéd usin

1-1@ycl(dHestyy %’ﬁ)h@ﬂ)(—" 7, et RéXy?. 2551Hnd|011 8.03- Eé#t(tbklys) EIBIS; an/amrd370.2
(S)-2-§rﬁlt_F 4 pi perazine. 1H NVMR (400MHz, CD30OD) 8H 1 f11 1 99 (ci-I mM 1 @
LWr

ti\' 1 cn 4071 1-12r"\ Ql r, QO07iQu.,,,\ 000 WO
2004/ 0QQER2 -PCTCEHBPERH HHERYH-7- %tﬁa@lwmomyn@r@wﬁﬁs s), 4.27 (2H, d,
J7.0),,443 (2H br d J 12.3), 6 76 (1 H 8), 7.10 (1 H_t, J
7.9), pipst ragine hi twas pr@par@l wngﬁf(@yelowotybn@wl;ﬂﬁ 13F:

(R) - 1- fndthdsy- %ﬁé’@;ﬁb&ﬁlo“&dﬂe ng té‘&ﬁ‘r’(etﬂwlé%ﬂﬂéei%he.g?-yhlldli\ﬁ@fmmf3

met hyl pi per azi ne
1-1Zy c 1PN dret. B¢11.3G (819, mpt ho&tyt .7 AdRH emB-2.48 bﬂ)bdyhépteacl 715)3&:[)7 (2H,

R Q0 1.01- , 1.33
(R 2 TR s B 108 o S OO 30U S 90 Pl P ama b iy

3.95 (3.0\Sh, 7 d 3 b 1 H d,
3.9 §au 0)% 774(1% d(aH 5 711)(71I—@)t J‘?’B‘} 7(2&'1'114 b, 9803 %‘5533%)1*4 Ei)@ysﬁ e
mz = 378. =037([?AU}4]+1F|J 10 Exanpl e 14 140 (Q/cl ohexvl met hyl ) - 7- met hoxy- 1

H i ndol.B% _ g Ge 1b éir ochloride salt
To a sofU

Hzmdolméihylb]pemilmm\&df&fﬁendle salt I\Mdsmrépar@tll mng @ (Ey(ﬂopéntﬁ%éﬂ‘mb -y-and
pot assi u%g)?yr lt?l%r(]) e c(a boxy?c acndlanémg) % methylplperazme 'H NMR (400MHz,
CDs0D) 84 1.26-1.36 (5H, m), 1.51-1.72 (6H, m), 2.42 (1H, heptet, J 7.7), 3.20 (2H,
dd, J14.5, 10.9), 3.38-3.5 (3H, m), 3.95 (3H, s), 4.37 (2H, d, J7.5), 443 (2H, brd, J
14.5),6.77 (1H, d, J7.6), 7.10 (1H, t, J7.7), 7.25 (1H, d, J 8.1), 7.59 (1H, s). EIMS;
25 m/z =356.2 [M+H]".
13D: 1-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3,3-
dimethylpiperazine, hydrochloride salt was prepared using 1-(cyclohexylmethyl)-7-
methoxy-indole—3—carboxylic acid and 2,2-dimethylpiperazine. '"H NMR (400MHz,
CD30D) &4 1.10-1.22 (5H, m), 1.38 (6H, s), 1.54-1.86 (6H, m), 3.31-3.34 (2H, m), 3.2
30 (2H,dd, J14.5,10.9), 3.81 (2H, s), 3.95 (3H, s), 3.96-3.99 (2H, m), 4.26 (2H, d, J
7.1),6.76 (1H,d, J7.5), 7.10 (1H, t, J8.1), 7.24 (1H, d, J 8.0), 7.53 (1H, s). EIMS;
m/z = 384.5 [M+H]".
13E: (S)-1-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3-methyl-
piperazine, hydrochloride salt was prepared using 1-(cyclohexylmethyl)-7-methoxy-
35  indole-3-carboxylic acid and (S)-2-methylpiperazine. 'H NMR (400MHz, CD;0D) &4

1N14_122(E6H mY 1 2R2/MRH A 1aiR\ 189 4 Q7 /R m\ 218 2 97 (9L ) 2 20 °




15 dinmethyl formam de (5 nml) was added iodoethane (0.17 ml, 2.10 mmol). The
m xture was heated to 50C for 18 h and diluted with water (20 m ). The
suspensi owonme4/0doesz extracted with nethyl tent-butyl etHGaVEK2R0305826m ),
the conbined organic |ayers washed wiih water (3 x 20 m), dried with
magnesi um sul fate and evaporated. The residue was purified by flash
chromat ography eluting with 5-10 % (v/v) nethanol in 20 dichloronethane to

af f o d 3(d¥e(a e 0y, @‘Iﬁ%@%ﬁe)?@? §§%|QU15H§Sf1@'3§ 6 78ffirgey base

(0.42 was ‘di‘'ssol ved di et nd treat’ed dropWw'se with 2
M hyd c?c)h?dlﬂl(&l‘béhﬂﬁgh Hﬂét(hbll deﬂﬂé}) Zﬁ4rfﬂh s)rH:—dM‘&‘esmzH a70.pribkiHi t at e was
col |l ec gg 2% h0 di e h| 15 ) and dried under
reducedpiress Iorlc aC|d salt)

as a \Ahnettlevls@lerallzn(u@ rﬂﬁjrge:hl@n&'@sz% rép arU H - y@@é )R
R e e T#ef’g.p@”“i%gpi‘L"“'N‘Lmﬁ 5 (o
7 0 1 J 8.0),
UL Dk AN SR G 336 Mbiqthad-Paflen s de-dhptays 50 o
The pr 0@6513!863 8égBH hﬁd3195q6H SXaWVE(ZHZLdWag G)l,lmmﬂl'u&ﬁ@ UQMPBW@ t he

foll
H?I ng\(l)mﬂﬂ%-qﬁ fgggg}]oﬁél( Hat, 5/%19}1&2@ d e{ﬁeny%mﬁ %EIM%WZ:EI qu Qe salt
was prﬁ\pa;qu5u5| ng 1-{[1 - (cyclopentyl met hyl )-7- 35 nmethoxy-1 Hindol -3-yl]

car bonyl } di met hyl pi perazine. 'H NVR (400MHz, CD30D) 8u 1.27-1.40 (5H,
m101é$_(ﬁnieﬁ J65)173143(6Hrr)944(1HthtPt .17 rn WO
2004/ 00083 A H 4 1 (4H m,
3.95 (3AHE di 213',‘?_77(1H d,

J 8.0) ethmri@er(ainrié throbhf’orw)esaTt 27 (1 H, d J 8. 0), 7.61 (1 H s). EIM
mz = 398 cl ohex methé - 7-nmet hoxv-1

H i ndoITQI?- WIPM Bf)ﬁ;i“}'(%%@hﬁ)‘lyhne ylg Temethaxyt Th'ﬁcﬂya “Yigaskenilng,5-

eyl S ROEEASA e TG PRSI PR oy XN 2 0. 1R BpD IR e

Hﬂ\ll\/Rde@tleMﬂmarﬁjBaC(ﬁ)mBMaQ eﬂﬁie]j ia8oét@Eine . 17ImB2.1BMmd!). TheGm5<)ture

1.44-1,.88,(1 3.95_(3 4.20-4.41 (3H,

6.77 (14 h%a‘?edﬂ@%)c foy 1%1“ {gd P wals" (2h75h, fl)ie ﬁpsnfnswsvv% then oL (1

H S) . ekdrad{&d Wﬁﬂmetlﬂ#@er?—b[;%bﬂhbr 4Q 3bh@l), the combined organic Iayers

1-{[ 1- (Cycl ohexyl net hyl ) - 7- rrethox-l I—Llno-?’;e%lcarbonyl} 2 6-di met hyl - 4-
a

|pw|@§h@<imt@ WA ém%mi)dérl%mthmggqﬁsepﬁ iesamggevaporated. The
oI SR ES AR TS e ROy, luting with 5192 (Xb RNty s

1-
d

1d@2|0(r51h1ethe)ne tb afﬁ)rd e title cdm?)o()md (f.tedﬁaéé)-las d colbu%le@;% oil1Thd fike88 ( 6H,
3. 26 (2H, d,
0

) %@ gbﬁ% YW d&dn%olvec? cgle#wl e{her (10] mjl) anc} ’treated drgpwise Wlth% M

hydrochloric aC|d in diethyl ether (1 ml). The resulting precipitate was collected by

t

et hy

1-{I[

Hin

0.47-

n,

J 7
filtration, washed with diethy! ether (15 ml) and dried under reduced pressure to
afford the title compound (1:1 hydrochloric acid salt) as a white solid (0.35 g, 0.78

25  mmol). '"H NMR (400MHz, CD50D) & 0.98-1.23 (5H, m), 1.30 (3H, t, J7.0), 1.39

(6H, d, J7.0), 1.53-1.88 (6H, m), 3.22-3.35 (2H, m), 3.42-3.61 (4H, m), 3.95 (3H, s),

4.26 (2H, d, J7.0), 4.53 (2H, brd, J13.0), 6.77 (1H, d, J 8.0), 7.10 (1H, t, J 8.0), 7.27

(1H, d, J8.0), 7.57 (1H, s). EIMS: m/z 412.4 [M+H]".

30 Example 15
The procedure described under example 14 was further used to prepare the following

compounds:

15A: 1-{[1-(Cyclopentylmethyl)-7-methoxy-1H-indol-3-yllcarbony}-3,5-dimethyl-4-

ethylpiperazine, hydrochloride salt was prepared using 1-{[1-(cyclopentyimethyl)-7-
35  methoxy-1H-indol-3-yl] carbonyl}-3,5-dimethylpiperazine. 'H NMR (400MHz, CD;0OD)

dn 1.27-1.40 (5H. m). 1.39 (6H. d. JB6.5).1.73-1.43 (6H. m\) 2 44 (1H hentet .17 M




156.76 (1 H d, J 7.5), 7.1 (1 H t, J80), 7.23 (1 H d, J 8.0), 7.48 (1
H s). EIMS5, mz = 412.4 [MH +. 15D. 1-{[1-(Cycl ohexyl nethyl)-7-net hoxy-1
H- i ndol - 3wy 1004a0dosszy| } - 4- et hyl - 3- et hyl pi perazi ne, hydrraniresdso=al t was

prepared using 1-{[ 1- (cycl ohexyl net hylg - 7-

met hoxy- 1H-i ndol - 3-yl ] car bonyl } - 3- et hyl pi perazi ne. 1H NVR (400MHz, CD30D)

bH 20 0.97-1.43 (11 H, m, 1.56 (2H, br d, J 12.0), 1.64-1.89 (4H m,

3. 12- 3308693, (obL 342&39@1 Athm 2 7.9 rs),
SR (2bf, ﬁ )3)3951(3?1-‘13 s() b:|38d%HJd JG/%) ﬂjg%g(%f%r 1
H s). Jél“i\@ 6r’ﬂ7z(1i‘| 3b8/8201 Mﬁ@ (ﬂH,lt5ES Q)J L (s, drﬁererb’tﬁW)s)?Emhoxv 1

H i ndo rogQhyt }trans-2 5-di methyl - 4-ethyl pi perazi ne, hydrochl oride
salt 2?/% :Hé:é“? pﬁl ‘'ohexyl met hyl ) - 7- net hoxy- 1

Hh i ndof5B: ¥l _{[t-aﬁ)baﬂolvéﬁ\llmﬂﬁﬁ)ﬂ&etdomﬂ Riihgble®y HeanenWeg-stheP2seslsf ol | owi ng
t X / )
(cfﬁm olfRAameL o Hele Sltgvazsam@@ﬁgﬁd esipg 1ol tnfeyalohayl-2, 5-

di met h 4 d t
a%P‘f‘;rdV“%@"A@F{’??Fﬁ@ézmﬁa@mﬂéw‘?ﬁé%me@t%%%%%%ﬁﬁ%ﬁ%# B
1.37 (Q‘I-@OMHZJC@@OIZ))@O%—A@Q](%B n)3H,3213H, 3, .16—53 T&4€ﬁBIS (bﬁHm)n) 3. 95 (3H

4. 7.10 (1 H,
[y o adop sl o et 20 Bt ) 677 el o) P sl 1 e -
s o o et o gy 45
1-19 1- ngﬂr{hh@w‘@hwlmetWB T%mﬁéhchmvamndol 3- vllcarbonvl}—Z 6 dimethyl-4-

o b SRR ch il IR L B 88 R o TR RB S T | )
.J. - 0 methoky)—1H(E1m:2—9l}édr666’ﬁ}32 @@M&Hﬂ@%r@i&ﬁazm NEAR (@@mMﬁi 093@6»( 2H, d,

8.0), %él@?ci&%hi . 1@(3%5&7(01 144§§§H e;wgow 5)1—1 558616 mvm]zs— 15G
(L 13 ”Syéd@i‘yr)d [ RENags difts Wgsﬂ.gb il l’j};d%ng%a}(zﬁ,%r 3,

rimet yIp 2|n rochl ori‘de sa par
1- @ﬂﬁc(ﬂbbelnt!)ﬂ ﬁpt?hy(T)H t5J B-0ye 7 123x(HL d, J 8.0), 7.48 (1H, s). EIMS; m/z =

dol 12?)-y tbonyl } - 3, 5-di net hyl pi perazi ne and i odonet hane. 'H NWR
M ] 8H 1.23-1.70 (14H, n), 2.40 (1 H heptet, J 7.5), 2.96 (3H,

. cati72 0) ., 4.50 (2H,
), }5?32%{)fﬁ(c4\&:léﬁé(fkvhhéthm)7ﬁwe?l50>(v3ﬂr1 idol- ﬁyﬁ&r(oé’ﬁ{n}q etHyl_a 223 (T H ((j, :

0) meﬂnylpupe;azm;a hydrmlortdezsait ®83 pzepe[rwlujsnng 1{5[11(5ylclohexylmethyl) 7-
{

.m[g%h (RLSPEAAB oL DO fharaOR:, TXERRNL) B8 o,

120 1- 0(95791 QBQXWH-IrTﬁi)hYBB (ZFI Bﬁﬂ hgxy-03, 1.64-1.89 (4H, m), 3.12-3.68 (7TH, br m),
H i ndo& % Q_’]gcar bonyl } - 3- g per azi ne and i odonet hane. "H NVR "'(400MHz,
cD30D) 38R (@957 80 (¢h 44, J'f'r)O ‘b B22113k[ SHP- & (1H. b oL B0B T . (@HHbtr Jm, 3.95

8.0), 7.26 (1H, d, J 8.0), 7.54 (1H, s). EIMS; m/z = 398.2 [M+H]".
15E: 1-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-ylJcarbonyl}trans-2,5-dimethyl-
4-ethylpiperazine, hydrochloride salt

25 1{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}Mrans-2,5-
dimethylpiperazine was prepared following the method in example 12, using 1-

(cyclohexylmethyl)-7-methoxy-indole-3-carboxylic acid and frans-2,5-

Hin
400
r s
r d,

1
t

1-
(

b
b
8.
1-
d

dimethylpiperazine. The procedure described under example 14 was used to afford

the title compound. "H NMR (400MHz, CD;0D) &y, 0.97-1.32 (9H, m), 1.37 (3H, t, J
30 7.0), 1.44-1.89 (8H, m), 3.12-3.78 (6H, br m), 3.95 (3H, s), 4.17-4.33 (3H, m), 5.00

(1H, brs), 6.76 (1H, d, J7.5), 7.10 (1H, t, J8.0), 7.21 (1H, d, J 8.0), 7.48 (1H, s).

EIMS; m/z = 412.4 [M+H]".

15F: 1-{[1-(cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3,4,5-

trimethylpiperazine, hydrochloride salt was prepared using 1-{[1-(cyclohexylmethyl)-

35  7-methoxy-1H-indol-3-yllcarbonyl}-3,5-dimethylpiperazine and iodomethane. '"H NMR
(ANOMH7 CD.OM 8. N 07-1 RAM7H m) 2 0R /2 hrel 292 2 AQ (AL e ) 2 AF




(3H, s), 4.26 (2H, d, J 7.0), 4.49 (2H, m, 6.76 (1 H d, J 7.5, 7.10 (1
H t, J 80), 7.27 15 (1 H d, J 8.0), 7.54 (1 H s). EIM5;, mz = 384.2

[ MEH] +. 1900 2008)00832{ f 1- (Cycl opent yl et hyl ) - 7- net hoxv- 1 PCT/EP2003/050226

H i ndol - 3-yl | carbonyl } - 4-et hyl - 3- netdwyl pi perazi ne, hydrochloride salt was
prepared using (S)-1-{[1- (cyclopentyl nethyl)-7-methoxy-1

H- i ndol - 3- yI ] carbonyl } - 3- et hyl pi perazi ne and i odoethane. 'H NWVR (400|\/Hz,
CD30D)g 9, 4p6L2t8 o . om4glgzﬁ4 b’lrd7?e/@bb 61?7&134)@%7'35 #fbﬁhgplt (2H g

J 6.9) 8.0, %3?6((2#!( db.cl7n§) 7@547(7“1 :.S)+EI$\&S WB‘@PS 07|;l\/1Jd+](1 H t, J 7.7), 7.26
( Jl[T ?ge’rﬁnﬁ% égqu)élm]é_h SR Lot )R-
met hyl mrpenhammrazmdhmbmonde seaIWasz\pfen@Ir@cpasmg 1U{E1-m©ydlc5§eri¥ thiethydp

o oS ML L 5 e DL S eny Ui SR e e
c 4 <““‘b“”f“2409 r08) 8% gl %éﬁ@fﬁfﬁdﬁ?*é?p%w”’%)@?%“@h% 17,

6 9) 3%13(48I-(14|‘btbr9)) 3®57(BH, 5),H.38,(28, 8, 2Y,0),74.50 (2H1bHd, ¥ 13.5)76.7Y, 7 26 (1

PSSt S gE B (ot 87 ob e, s o <R 3

di met hjipHper azi ne, hydrochloride salt was prepared using (S)-1-{[1-
(cycl opentyl rret hyl ) -7- rret hoxy 1 Hi ndoI 3-yl]carbonyl }- 3-net hyI pi per azi ne
arld i &8dh fryclahexy OINmethaspstindi 3ty [Rarkoms-88H, m), 1.52-1.74

6H N : 2 86-2. 3 (5H b
Ry T AR NN XY A
H d, 3- nﬂeﬂhbxy—?l I-1-010(013I=yl _cbrbohy?} Fmethylgipetdzitd and ioddm&thide 7'HRANIMR 1 N cl
P IN C WO 2004/ 000832 PCT/ EP2003/ 050226 24 15L:

éR) 1h 4%*(‘@@%9@:%?@@ ﬁ?ﬂ%ﬂ#hm héx82 BH+br sicl. 18-3/61 (ahl Hory),)3.85 4-
t
(L;rlél o] el-ﬂl)ltééle%re%?lh (F& d y/d;r hox@%’ﬁﬁgg%ﬁcar nyﬁ(gqr};eﬁt?y(ﬂ)pl{ipér azi ne

and |6ummtm&ﬂ¢75m(NWR)(Emsbm/zem MHH} 27-1.42 (5H, n), 1.52-1.74
a4 mg 2. 8 09 (3, my 3. 172360 (SH. br

V8- 6.77 (1 H,

d, 1J 7m%lhvl|5|péﬁbilﬂe I‘I*rvdifcac:h-'!oﬂde7%a1It \X/ag%réﬂar'éd usﬂwg r?ﬂg‘r;'[y 7.60 (1 H, s).
EIMS, mlz = 370 MrHf +. I5M 1- cl ohexy |)-7-nmet hoxy-1

H i ndo C-YQIDPIGPB’AWGM)I'? -MetBoxy- ﬂéi“lﬁﬁDLay @Mhb‘ﬁﬁémamympenaydmﬂﬂ ori de salt
1 ndol RRefir S BRIR A0 CRRIAT LAY 4 g ohB Lt bR e )
g&g(z)M-EAB%WB?B)ap&ﬂ 97%%; 31903 Qz B, n? 327827533@19 lerfH)téﬂ%r(@H 9, a%eing 13)1
géf?d (Tzlégg) '21514(2@)13 s), 677(’1H J8)2) 710(1&-! t, J7.7), 726(1?-1 d, J (1R
8.1), 7.60 (1H, s). EIMS; m/z = 384.2 [M+H]".
16J: (R)-1-{[1-(Cyclopentylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-4-ethyl-3-
methylpiperazine, hydrochloride salt was prepared using (R)-1-{[1-

23
w

25  (cyclopentylmethyl)-7-methoxy-1H-indol-3-yl]carbonyl}-3-methylpiperazine (prepared
as detailed in example 12) and iodoethane. "H NMR (400MHz, CDsOD) &y 1.24-1.42
(8H, m), 1.561-1.73 (6H, m), 2.43 (1H, heptet, J 7.6), 3.12-3.23 (2H, m), 3.47-3.71
(5H, brm), 3.95 (3H, s), 4.38 (2H, d, J6.9), 4.51 (2H, brs), 6.77 (1H, d, J8.2), 7.10
(1H,t, J7.7),7.26 (1H, d, J 8.1), 7.60 (1H, s). EIMS; m/z = 384.2 [M+H]".

30 15K: (S)-1-{[1-(Cyclopentylmethyl)-7-methoxy-1H-indol-3-yllcarbony}-3,4-
dimethylpiperazine, hydrochloride salt was prepared using (S)-1-{[1-

(cyclopentylmethyl)-7-methoxy-1H-indol-3-yl]carbonyl}-3-methylpiperazine and
iodomethane. "H NMR (400MHz, CD;0OD) & 1.27-1.42 (5H, m), 1.52-1.74 (6H, m),
2.43 (1H, heptet, J7.4), 2.86-2.99 (3H, m), 3.17-3.60 (5H, br m), 3.95 (3H, s), 4.38

35  (2H,d, J7.6),4.52 (2H, brd, J14.6),6.77 (1H, d, J7.9), 7.10 (1H, t, J 7.7), 7.27 (1H,
d /81 7AN(M1H <\ FIMSK: m/7 = 27n n raawnt



EIMS, mlz = 412.4 [ M+H +. 15N

1-{[ 1- (Cycl ohexyl net hyl ) - 7- met hoxy- 1H-i ndol - 3-yl | carbonyl }-3 3 4 15

t ri met hyl pigpmona@ios®2, hydrochl ori de salt was prepared usiRGI/EP2003/050226
1-{[1- (cycl ohexyl nmet hyl ) - 7-net hoxy- Ipg

H i ndol - 3-yl ] car bonyl } - 3, 3-di net hyl pi perazi ne and i odonet hane. 'H NMWR
(400MHz, CD30OD) 8H 0.98-1.90 (17H, m, 2.85 (3H, s), 3.29-3.70 (4H, ,
3.95 (3BL: (R)-1 {FH @fdo&ﬁmt&lﬂ’léthﬂ? rﬁet%x(z-hHanddl 3al/l1ZaFr)onvE31@ (L H t,J
81)725(1 S) 8.2 [ MrH +. 20
150: (S}ML@L@E@&LM@EQ@;@ELMW@@QSIHQKRMH{G yI | carbonyl }-3 4-

(eyel of AT ’*B?" SRR B o RIS LE A 8 per azi ne
and_ | tatommsthane Gomemos@zepn SO B0 (SN 402 OH

o 5$ ?ﬁﬁ%ﬁeﬁetﬁg%ﬁza&? 2 9313k m)H’s 7360450, | (; m),z:w@st A3 8 0y
| 3
-(cycl o?ﬁ@xd Is%‘etﬁﬁ ‘F@?ﬁﬁrré?rﬂdxﬁﬁ%ﬁ. s ?L'ﬂ?,dy?? AR |H bt byA-25(13.

f1 uor o6t H;BI })pV;fé}(did se BAS; cmlzl DBVAS [Maﬂ}Hi] was prepar ed using (S)-1-{[1-
(cyclo L‘L’ T -_,'i - I -3t htlhl perlZZHI nﬁ)

3 31 éﬂ]lQQra(ZVHé hbﬂrd&hlor%e%%lt(\ﬁ’éé p?d_}aaréd agngzﬁfp C%S]OHQ}%TG@ﬂ’ -'t4 59
1@) Vﬂeﬂmmﬂ# lndol @yﬁ:fobonwi} 86s- dqneﬂhylp)perazmnwendnodoethaa@ o IMR] +.

prﬁgglo %ﬁf'/ ?‘IQB%%@# ﬂ?&d&@%ﬁi}e% -4 BB BPHY i o8 43Hask6 204/ 000832

PCT/ EP2@13(40H 0231 6. 77251HTQ1 61759117t1@("1l-q)ft J8.0),7.25 (1H, d, J8.1), 7.53 (1H
(R) - (+?E;L|\}]-(tertbut oX arbonyl 2- pi peri di ne carboxyl Ic acrd (2.00 é 8.72

nmol ) g W?Gr‘br?e‘i ﬁ'e' (30 rﬂ) wer e added gl yci ne net hyl ester

hydr och5Rr Hde . : %,rgpyl] 3- et hyl
carboditm nyd yatroxybenzotri azol e

(1522 glm@thgmlmzlmahmdréchlonée baltavasrmebare@&;s’rﬂmg 13{?14cyﬂm1e)xyln:l'ém d xture
vas welHRERGRR P Bo o ARG gﬁﬂgw PRS2t BROTEED ‘T aeL" e
brine %ﬂﬁmmﬁﬁ Cdgeesiaweg"s 500 l4'7'145 2%9(3@”9{} THOGEH {mtﬁﬁ oy |4}

(R -1- tertbutOXécar ony 3_ii)el’l car gl ycine esker as a
col our$)e§5227FrI60( >g67875 rdmﬂ?)?) 010 (1H, 1, J8.1), 7.25 (1H, d, J 8.2), 7.54

(R - 1 %>b l\%yﬁw%bl %02 Mpﬁ +| di ne- 2- car boxygl yci ne mnet hyI ester (2.46 g,

8. 20 was di S50 [ fluoroacetic acid (10 m) and the resulting
s@lut | ¥8Os{$)-1-€M -(cyclohexylmethyl)-7-methoxy-1H-indol-3-yilcarbonyl}-3,4-

dimethylpiperazine, hydrochloride salt was prepared using (S)-1-{[1-

(cyclohexylmethyl)-7-methoxy-1H-indol-3-ylJcarbonyl}-3-methylpiperazine and
iodomethane. "H NMR (400MHz, CD;0D) &, 0.97-1.89 (14H, m), 2.92 (3H, br s),
3.19-3.61 (5H, br m), 3.95 (3H, s), 4.26 (2H, d, J7.0), 4.49 (2H, m), 6.76 (1H, d, J

25 7.5),7.10 (1H,t, J8.0), 7.27 (1H, d, J8.0), 7.54 (1H, s). EIMS; m/z = 384.2 [M+H]".
15P:  (S)-1-{[1-(cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3-methyl-4-(2-
fluoroethyl)piperazine, hydrochloride salt was prepared using (S)-1-{[1-
(cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3-methylpiperazine and  1-
bromo-2-fluoroethane. 'H NMR (400MHz, CDsOD) &4 0.96-1.90 (14H, m), 3.31 —

30 3.90 (7H, br m), 3.95 (3H, s), 4.26 (2H, d, J7.0), 440 — 4.59 (2H, m), 4.68 — 5.04
(2H, br m), 6.77 (1H, d, J 7.5), 7.11 (1H, t, J 8.0), 7.27 (1H, d, J 8.0), 7.56 (1H, s).
EIMS; m/z = 416.0 [M+H]".

Example 16
35  (R)-2-{[1-(Cyclohexylmethyl)-7-methoxy-1 H-indol-3-yl]carbonyl}-octahydro-2 H-

nvridnl1 2.alnurazine




for 1 hour. The trifluoroacetic acid was then renoved to yield a col ourl ess
oil, which was dissolved in nethanol (85 m) and triethylamne (9.0 m,
64. 6 nmol Woemdeahos3the 15 resulting m xture was heat ed urravemeddossezbor 4
hours. The solution was then concentgsmated to afford a pale orange oil

whi ch was recrystallised fromheptane 48% ether 48% 2-propanol 4% to
yield (R)-octahydro-1, 4-di oxo-2H pyrido[ 1, 2-a] pyrazine as white crystals
(0.66 go 3. Autivrobd (R0 RIte@Bl hy-2dbi i blclade i ne
(0.5 g, 2.98 mpl) \Sva%@a)ddéd por ?%%\?A g@?ﬂé@éﬂ%lﬁﬁ@efr&bg@h?&gg@%ﬁ Igi?thi um
al umi nBuA haalbein dichlararagthangdd 3@ umlh: weiel . edded glycBermmkthy! Taster

| ti A h d f . T. |yt . th
ool e S BREHE S o B R iy Byo Bty eyt Satiafiides "o
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The i ebigr essecolb@ddsstoin2. 4288 Rarmaolhours. After cooling to room

terHJerature, triethylamne (0.30 m, 2.13 mmol) was added, followed by
(ﬁ)-octahydro-Zprrido[l, 2-alpyrazine (0.28 g, 2.03 mmol) as a 35 sol ution
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(2H, n??“é‘%%?ﬁ?a'ﬁ%ﬁcﬁé%’ 373%}‘[“%’607 (1'H dd, J 8.0, 7.5), 7.25 (1 H, s),
7.29 (1'H d, J 8.0): EIMS: mz = 410.2 [MH +. 10 Exanple 17 The

procedure descri bed under Exanple 16 was further used to prepare the
20 (R)-Octahydro-1,4-dioxo-2H-pyrido[1,2-a]pyrazine (0.5 g, 2.98 mmol) was added

portionwise to a stirred solution of lithium aluminium hydride (1M in tetrahydrofuran;

11.9 ml, 11.9 mmol). The resulting mixture was heated under reflux for 0.5 h. The
solution was then cooled to 0°C and treated dropwise with water (1.35 ml), 1M
sodium hydroxide solution (0.45 ml), then water (1.35 ml). Tetrahydrofuran (10 ml)

25 was added and the solution stirred for 0.5 h, before filtration. The filter cake was
washed with tetrahydrofuran (2 x 5 mif) and the combined filtrate and washings
concentrated to yield (R)-octahydro-2H-pyrido[1,2-a]pyrazine as a yellow oil (0.29 g,
2.07 mmol).

30  To a solution of 1-(cyclohexylmethyl)-7-methoxy-1H-indole (0.49 g, 2.03 mmol) in
1,1,2,2-tetrachloroethane (2.5 ml), was added oxalyl chloride (0.19 ml, 2.13 mmol)
with stirring under a stream of nitrogen. The mixture was heated at 120°C for 2
hours. After cooling to room temperature, triethylamine (0.30 ml, 2.13 mmol) was
added, followed by (R)-octahydro-2H-pyrido[1,2-a]pyrazine (0.28 g, 2.03 mmol) as a
35  solution in 1,1,2,2-tetrachloroethane (2 ml). The solution was stirred at room

temperature for 2 hours. Sodium hydroxide solution (1 M; 8 ml) was then added and
Ne resuing rnuxwre paruuonea netween dichlorometane (1U mi) and water (10 ml).



foll owi ng conpounds: 17A. (S)-2-{[1-(Cycl ohex |ynethyl)-7-methoxy-1

H- i ndol - 3-yl | car bonyl }-oct ahydro-2H 15 pyrido[ 1, 2-al pyrazi ne,

hydr ochl owicdmoseios32nas prepared using (S)-(-)-1-(tertbutReayEP2003/050226

car bonyl ) - 2-pi peridine carboxylic aciggy [a] D22 -18 (free base; ¢ 4.05 nmg/m
in CHCI3); 'H NVR (400MHz, CDCI3) 6H 0.99-1.08 (2H, m, 1.13-1.28 (3H, m,
1.50-2.03 (12H, m, 3.02-3.12 (11-1, m, 3.13-3.30 (3H, m, 3.43-3.50 (3H,
m, 3. The( anﬁ:) la rZWas( Eéiétrac 5 d, J
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m, 56189 9H 96-2.05 (1 H m, 2.21-2.27 (2H, m, 2.77 (1 H,
t,10) 11. 0), 307(1H d, J 10.5), 3.08-3.20 (2H, m, 3.93 (3H, s), 4.18

(2H, dgé &E!g)]z426441(1H m, 4.43-4.56 (1 H m, 6.65 (1 H d, J

8.0), t, J 8.0), 7.25-7.30 (2H, m.; EIMS. mz = 396.2 35
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H t, J_11.0) 01-3.20 94 (3H, s)430(2HdJ
17B. (R)-2-{[1 (Cvclohexylmethvl) 7-methoxy-1H-indol- 3-yllcarbonyl}-octahydro-2 H-
pyrrolo[1,2-alpyrazine was prepared using (R)-(+)-1-(tertbutoxycarbonyl)-2-
pyrrolidine carboxylic acid. "H NMR (400MHz, CDCls) &4 0.92-1.04 (2H, m), 1.13-1.21
(3H, m), 1.40-1.45 (1H, m), 1.57-1.89 (9H, m), 2.00-2.10 (1H, m), 2.15-2.29 (2H, m),
25  2.76-2.85 (1H, m), 3.02-3.23 (3H, m), 3.93 (3H, s), 4.18 (2H, d, J 7.0), 4.32-4.56 (2H,
m), 6.67 (1H, d, J7.0), 7.08 (1H, t, J 8.0), 7.25-7.30 (2H, m); EIMS: m/z = 396.2
[M+H]".
17C. (S)-2-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yl]carbonyl}-octahydro-2 H-
pyrrolo[1,2-a]pyrazine, hydrochloride salt was prepared using (S)-(-)-1-
30  (tertbutoxycarbonyl)-2-pyrrolidine carboxylic acid. *H NMR of free base (400MHz,
CDCls) 8n 0.93-1.03 (2H, m), 1.11-1.21 (3H, m), 1.35-1.46 (1H, m), 1.56-1.89 (9H,
m), 1.96-2.05 (1H, m), 2.21-2.27 (2H, m), 2.77 (1H, t, J 11.0), 3.07 (1H, d, J 10.5),
3.08-3.20 (2H, m), 3.93 (3H, s), 4.18 (2H, d, J 7.0), 4.26-4.41 (1H, m), 4.43-4.56 (1H,
m), 6.65 (1H, d, J8.0), 7.07 (1H, t, J 8.0), 7.25-7.30 (2H, m).; EIMS: m/z = 396.2
35  [M+H].




7.0), 4.32-4.53 (2H, m, 6.65 (1 H d, J 7.5), 7.07 (1 H t, J 7.5),
7.23-7.31 (2H, m. EIM;, mz = 382.2 [MH 15 17F:

(3R, 9R) - 2W{(d e4/@psi2ohexyl net hyl ) - 7- met hoxy-1 H- i ndol - 3- yWdTeEm2basmnsh3ze 3-

I sobut yl oct ahydr o- 2H pyrrol o[ 1, 2- al pya7azi ne was prepared using

(3R, 9R) - oct ahydro- 1, 4-di oxo-2H-pyrrol o[ 1, 2-a] pyrazine (comrercially

avai l able) instead of (R)- octahydro-1, 4-di oxo-2H pyrido[ 1, 2-a] pyrazi ne.

EI NS, n¥D FS)45~3F12(¢M17&éntvIHe@nvli 2In8Bbxg-1{H- ﬂ:rdbmc\}neaﬁaaﬁbnﬂicwx)dra 2t hoxy- 1
H i ndol - 3- II b / }-3- 20 rrethyl oct ahydro- ZHpyrrol o[ 1 Z-al pyrazi ne was
pr epar @414 ae RIGDH B WRp RbePA€daising (JHanine nethyl ester
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ydr oxy) et hyi - 4- net y pi per azi ne was si'ng
(tertbm/bfﬁ%rbﬁﬂyl'l)]gl yC| ne and L- threom ne nmethyl ester hydrochl oride
salt. 4 . :

(9)- 2- ({54 L ' ~
3-di ”Ebhyblomzia@@%@lzwh‘v@r)tfch@'rla[e%aﬁwé§pﬁe%é‘rét?u§\iﬁ§ (85 war ed usi ng

1- (tertbutoxycarbonyl)- proline and am noi sobutyriC acid nethyl ester
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N i BONA LG QRataet B8 (T8, 47, 7-04d 1oL T ) e e e @kyrabi ne (37
m, 26 75 m Th t heated to 80C f 16 h,
fil ter%lﬂmglr)\wzt F;B%z?%?ﬂmﬁ gt e wa)shed \?\n thm;(ortrjgn\gas(zgg r671) OThe co?ﬂral ned
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a d_1,4-di benz erazipe-2-carboxylic 10
pyiolol 2210 & e ed HaRo AP R HRART de (1 M
sol uti o@- dlDX@-@fH pimydlbpf Eraﬁlpyrailﬂer(tmmﬁ?erﬁ'@ﬂil )avéilatﬂ@ m%@dtdf?R) ed dropw se
vmthasoumn of |benz¥ per azi ne- 2-carboxylic acid
octahydro-1,4- dIOXO 2H—pyndo[ 2—a pyrazme EIMS; m/z = 452.2 [M+H]".
17G: (3S,95)-2-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbony}-3-

20 methyloctahydro-2H-pyrrolo[1,2-alpyrazine was prepared using 1-

(tertbutoxycarbonyl)proline and L-alanine methyl ester hydrochloride salt. EIMS: m/z

=410.0 [M+H]".

17H: (2R, a.S)-1-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yljcarbonyl}-2-(o-

hydroxy)ethyl-4-methylpiperazine was prepared using 1-methyl-1- “
25  (tertbutoxycarbonyl)glycine and D-threonine methyl ester hydrochloride salt. EIMS:

miz = 414.2 [M+H]".

171: (2S,0R)-1-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-2-(a-

hydroxy)ethyl-4-methylpiperazine was prepared using 1-methyl-1-

(tertbutoxycarbonyl)glycine and L-threonine methyl ester hydrochloride salt. EIMS:
30  miz=414.2 [M+H]".

17J: (5)-2-{[1-(Cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3,3-dimethyl-

octahydro-2H-pyrrolo[1,2-a]pyrazine was prepared using 1-(tertbutoxycarbonyl)-

proline and aminoisobutyric acid methyl ester hydrochloride salt. EIMS; m/z = 424 2
[M+H]™.
35



ethyl ester (10g, 32.1 mol) in tetrahydrofuran (30 m) and stirred for 16
hours. The m xture was quenched by slow addition of sodi um hydroxi de

sol uti on WO Np4/dmee32M ), 15 fol |l owed by di chl or onet hane (PROCERTD)3/05T126

organi ¢ phase was separated, dried wdgh sodiumsulfate and evaporated to
afford 1, 4-di benzyl - 2- (hydr oxynet hyl ) pi perazine (8.36 g) as an orange oil.
To a solution of diethylamnnosulfur trifluoride (1.5 m, 12.16 mml) in

di chl oExamiglert® (10 ml) at -72C was added

1, 4-di he - (hydr oxynet hyI%pi perazine (3 g, 10.1 20 nmol) in
di chl o%ﬂé&\éﬁi@ﬁgﬂﬁml)ﬂrmt oxvhi Hripdel-3-yHiearhpnyl}Beflupromathyl) ed for 16 h
whi | st FEBiRE 1 : rature and treated with water (20 m). The
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for 72maguesiunBulfate eresiapbraieg o difer 1,uedipaszyippthsabileaagird with
|trates were evaporated to afford
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(23-1 ?Pﬁ%?'éﬁgtﬂWﬁ)S}eﬂi(ggré?lzgw moENaH oilhs a col ourless solid. To a solution
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i . EMGLENAENIHIT Melrice: (T3 S Hion I Gy OLR0Ga 1 50 ey Shfh 5
pi per a¥padeatrddropwise withrensolytiomotil drdibeapphzeraziné 2-chbowpi: agdded 1- ( 3I 35
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y

flash V\ﬁ 208%{%)0832 PCT/ EP2003/ 050226 29 chromat ogr ap el'uting With 0-10
%! Pv/ v £ ichigramethrae 64849 AiheThe orgamis phasewas iseparatedysiendwithi r ee

b - j 7 They. 0. di | ved
T RN p6 SuBboraldh ey MR- Ry Bl R 2t d i
di et hy(8.24 gkas an ardhge The resulting precipitate was collected by
filt ' hed, . with 5 diethyl_ eth 0 d dried und duced
pr essare S ARPCT I BrTopu ke RiER (155 Dl Satned it dsblmossitaneas a

I 1098l) 20H7d° i 2- 0O 98-1. 27
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. m, 1.57.(2H br d, J 12.9 AH m
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D, 7T (it webrming'tofibopd iehdpdrne i lededitn water (2o Fhy. Ornd affudus - 57 (1
phase was basified to pH 9 using 4 M sodium hydroxide and the organic phase

separated. The aqueous phase was extracted with dichloromethane (2x30 ml) and
the combined organic layers dried with sodium sulfate and evaporated. The residue

25  was purified by flash chromatography eluting with 20% (v/v) ethyl acetate in hexane
to afford 1,4-dibenzyl-2-(fluoromethyl)piperazine (0.94 g) as a colourless oil.
To a slurry of palladium on carbon (10% wt/wt, 1 g) in ethanol (20 ml) was added 1,4-
dibenzyl-2-(fluoromethyl)piperazine (2.98 g, 10 mmol) in ethanol (20 ml). The
mixture was heated to 65°C under an hydrogen atmosphere (5 atm.) for 72 hours,

30 filtered through dicalite and the dicalite washed with ethanol (50 ml). The filtrates
were evaporated to afford 2-(fluoromethyl)piperazine (0.97 g) as a colourless solid.
To a solution of 1-(cyclohexyl)methyl-7-methoxy-indole-3-carboxylic acid (0.59 g,
2.04 mmol, prepared following the method in Example 1) and 2-(fluoromethyl)
piperazine (0.37 g, 3.15 mmol) in dichloromethane (15 ml) was added 1-(3-

35  dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.47 g, 2.45 mmol) and 1-

hydroxy benzotriazole (0.07 g, 0.51 mmol). The mixture was stirred at room
SHIpErawie 10l 10 11 dna evaporatea. 1ne residue was purfied by tlash



Example 19 1-f f 1-(Cycl ohexyl nethyl)-7-nmethoxy-1

H- i ndol - 3-yl | car bonyl }-3-(fl uoronet hyl)-4- ycl opropyl piperazine,

hydr ochl owicdmoseios32l5 To a sol uti on oft-{[1-(Cycl ohexyl metTngs2pesfosoreshoxy- 1
H i ndol - 3-yl ] carbonyl }-3- (fluoronetipd) piperazine (0.2 g, 0.52 mol,
prepared followi ng the nethod in Exanple 18) in nethanol (10 nm) was added
acetic acid (0.18 m, 3.1 mmol), 4A nolecular sieves (1 g),

[ (1- et broreatolripl hﬁl@(\wlth fou(m% t\yb)smbm”eﬁho( P &8h16*rom§kh%n@*f8'a)ﬁor%% sodi um

cyanobor ohydri de | ). The m xture was heated to 20 for

18 h, f'T?P@F@@UHHdﬁ?ﬁ@aﬁ%@F auqogztélaﬁagﬂéa%g)hmeénﬂedmm@r%g) w26 m) and

ret han oot RRITh el e G AT YRR S AAPRIER IR acitin (4 vy 1o

m) andletlayluaﬂmre(d ra dTherescifting prtdaelmtatmwmmoﬂécﬁeﬁiby.filt“fétﬁ)roma’slhie@ vifiase was
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dried with f t t dt
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base was_ di ssol ved in diethyl ether treat ropwse with 2 M

hydr oc(ﬂQﬂMHZa@DdODh SdDe&amﬂe(tShbrm)( 1 5 ()ZH Tine, UelQBY, 18- pr9®o(|4b{ na), e was
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(3H, m, 5.10-5.31 (1 H m, 6.77 (1 H d, J 7.3), 7.11(1 H t, J 8. 1),
7.28 (L H d, J81), 7.56 (L H s); EIMS: mz 428.2 [MH +. 35 WO
2004/ OB838B8pplea’s/ EP2003/ 050226 30 Exarrpl e 20 In-vitro determ nation of
efficagcy.a |tn CHO cells 5
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Cappr olterdfetyh Betanlob 2 § 0 88 hmol, B bdrefiTo oG BE R 7 0P compound
( 10mM Exaimpieoh8) in rodEShoMelS rdl) dsealldetl &dtichhdid 1. X8l @iventol), udnge of

tock sol uti f to 0,11 nM Th k_sol uti 101)
dded GRISUA RN Hlal B fhmcvelopiopviaey piisastyinisne ((he2oa: ¢ BNCH7C for

5 hourgnd 8odium cyanoborohydride (0.15 g, 2.33 mmol). The mixture was heated to 70°C
20  for 18 h, filtered and the precipitate washed with dichloromethane (20 ml) and

methanol (20 ml). The filtrates were evaporated, dissolved in dichloromethane (30
ml) and washed with sodium hydroxide solution (4 M, 15 ml) and saturated sodium
chloride solution (15 ml). The organic phase was dried with sodium sulfate,
evaporated and the residue purified by flash chromatography eluting with 2 % (v/v)

25  methanol in dichloromethane to afford the title compound (free base) as a yellow oil
(0.2 g). The free base was dissolved in diethyl ether (3 ml) and treated dropwise with
2 M hydrochloric acid in diethyl ether (1 ml). The resulting precipitate was collected
by filtration, washed with diethyl ether (10 ml) and dried under reduced pressure to
afford the title compound (1:1 hydrochloric acid salt) as a colourless solid (0.2 g, 0.43

30  mmol). '"H NMR (400MHz, CD;0OD) & 0.91-1.25 (9H, m), 1.57 (2H, brd, J 12.6),
1.62-1.91 (4H, m), 2.8-2.93 (1H, m), 3.33-3.82 (5H, m), 3.96 (3H, s), 4.27 (2H, d, J
7.0), 4.43-4.86 (3H, m), 5.10-5.31 (1H, m), 6.77 (1H, d, J 7.3), 7.11 (1H, 1, J 8.1),
7.28 (1H, d, J 8.1), 7.56 (1H, s); EIMS: m/z 428.2 [M+H]".
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al I ow agoni st-i nduced expression of the luciferase enzyne. Under subdued
light, 15 LucLite substrate (Packard; reconstituted as per manufacturer's

i nstructi wos2004@0832) was added to each well. Pl ates werr€TcERrR2e03ad02t h Top
Seal and then incubated at roomtenpgature for 5 m nutes before counting
on the Packard TopCount (single photon counting, 0.01 mnute count tine, 5
m nute count delay). A "best-fit" curve was fitted by a m ni nrum sum of
squares nethod to the plot of 20 counts per second (CPS) agai nst conpound
concentration gl\/) to obtain an EC50 value. Table 1 shows the pEC50 val ues
obt ai n&Xamplie representative corrpounds of the invention. Table |

Re[) & lunfan CB1 receptor expressed
| ndol @ﬂ](_baelllmnyl} 4- et hyI pi perazine, N CH hydr ochloride salt o 3C 1

0I ?%%5%2 5%3(»27(@%)099 Sxares?éﬂ%%ep%&%@ r@?@ﬁ’%@ma@et i c

d M
< B Sty Bl i CrERaTe el e hE ¥ 120 o

2004/ om&mnmﬂnammoEmmtomycm%owﬂ& Hp#nth {gnt- Kumgrzxoglbﬂ(hepnggmy h%dlj) 1d
dol 1 t erazi ne rochl ori de

ol 1 sepadedjrio Neyel gl S Bidpraty ko 10 cRlRper ek (1 ofthting Velime).

HE' ”dobeﬂsMhér‘éafrl%B& e}d ﬂvernldﬂt ﬁbﬁgcg)ﬁl'ﬁrhgégﬂ? °C, 8% £0163% air) prior to

cl ohexyl nmet hyl) 'uoro-1
| - 3s§dy.car bonyl }- 4 met hyl pi perazine, CIH hydrochloride salt F 14 1

) { [1- (I'Réctlegt lp(r)TEM“fJI(%mK/I solu't"on bl\'/_li_sd) \Aélgésodiluted in F12 Nut Mix to give a

range of stock solutions from 0.11 mM to 0.11 nM. The stock solutions (10ul) were

added directly to the relevant wells. The plates were incubated at 37°C for 5 hours to

allow agonist-induced expression of the luciferase enzyme. Under subdued light,
15 Luclite substrate (Packard; reconstituted as per manufacturer's instructions; 100 ul)

was added to each well. Plates were covered with Top Seal and then incubated at

room temperature for 5 minutes before counting on the Packard TopCount (single

photon counting, 0.01 minute count time, 5 minute count delay).

A "best-fit” curve was fitted by a minimum sum of squares method to the plot of
20 counts per second (CPS) against compound concentration (M) to obtain an ECs

value. Table 1 shows the pECs, values obtained for some representative compounds
of the invention.

Table 1
Example | Chemical name Chemical structure pPECso
2 1-{[1-(Cyclopentylmethyl)-7-methoxy-1H- o NCN’\ 6.5
indol-3-yl]carbonyl}-4-ethylpiperazine, ©f§ )
Cl
hydrochloride salt 5 NLG
3C 1-{[1-(Cyclohexylmethyl)-7-methoxy-1H- NEVARN 6.6
[N/ N\ _on
indol-3-yl]carbonyl}-4-(2-hydroxy- A 0
. . . . . N F}HKQH
ethyl)piperazine, trifluoroacetic acid salt N \Q Pl
5B 1-{[1-(Cyclohexylmethyl)-7-fluoro-1H- o ”CN/\ 7.0
indol-3-yl]carbonyl}-4-ethylpiperazine, (;gj
e CIH
hydrochloride salt £ \\Q




i ndol - 3-yl ] carbonyl }-3,5-di methyl -4- Nom ethyl pi perazi ne, hydrochl ori de
salt | N CIH 15F 1 -{[1 -(cycl ohexyl nethyl)-7-nmethoxy-1 H 7.5

i ndol - 3- yWocawobemnygi2} - 3, 4,5- N. N trinethyl pi perazi ne, mpadrirehésnsizze salt N
ClH 150 (S)-1-{[1-(cycl ohexyl nethyl)-F nethoxy- 7.6 or 1

H i ndol - 3-yl ] carbonyl }-3,4- N dinet hyI pi perazi ne, hydrochloride salt N CH
110 17A (S)-2- {[1 (Cycl ohexyl met hyl )-7-methoxy- /---"ND 7.9 N 1

H i nd'ol(ag?.syl Idq 1%4 }1%}@?@1@5 -PyLna-3-1,] 2- a] pyrazi ne, hy[dy ¢chl ari de

sal t IH o\|- 1 (Q/clohexyl met Hyl ) - Atethoxy- o N'N 7.6 1
H i ndol - 3-yl ] ceW]l@‘@ yJ}o‘l':’@ perazine;  Fq N pyr [1, & a]pyr|azi ne,

hydr ochl ori de (S)-2-{[1- (Cyclopen t hyl ) - 7- netlhoxy- [N 7.5
1 Hindol - 3-ylj] qé}ar %ﬂé'lt' (g)@gahydro 2H ~ pyri do , 2-a] pyrazine,
hydrochloride jsalt o " C" WO 2004/000832 PCT/ EP2003/ 050226 32 Ref. 1 1

-Ethyl 5G4 [[ 7- ma{m (®y¢+ohbx£2e(uwmmnyah¢hn- o r-\N-v <35 _yl)ethysyl
H i ndazol - 3-yl|] a{mgnyl] pi per azi ne Exanpl g &irgm—\MOlSSSGQ 0 Ref. 2

1-Ethyl - 4-{[ 7-Retwsyylindelcalicammulid. o -\ Jyl)ethyl]-1
H i ndol - 3-yl ] Caétﬁ)ﬂB)He}a%ep' per azi ne o
5T 1-{[1-(Cyclohexylmethyl)-6-fluoro-1H- e 6.6

N
indol-3-yllcarbonyl}-4-methylpiperazine, /Cfg o
F N

hydrochloride salt

14 1-{[1-(Cyclohexylmethyl)-7-methoxy-1H- 8.0

. . o) K NN
indol-3-yllcarbonyl}-3,5-dimethyl-4- 7’ ~—{

\}\\

N/ ClH

ethylpiperazine, hydrochloride salt

15F 1-{[1-(cyclohexylmethyl)-7-methoxy-1H- 7.5

indol-3-yljcarbonyl}-3,4,5- -
trimethylpiperazine, hydrochloride salt ;

150 (S)-1-{[1-(cyclohexylmethyl)-7-methoxy- //\ 7.6
1H-indol-3-yljcarbonyl}-3,4- N T
dimethylpiperazine, hydrochloride salt ;

o =)

17A (S)-2-{[1-(Cyclohexylmethyl)-7-methoxy- oo [ 7.9
o KQ

17C (S)-2-{[1-(Cyclohexylmethyl)-7-methoxy- VRN 7.6

N
1H-indol-3-yl]carbonyl}-octahydro-2H- (;Eg
. . N
pyrrolo-[1, 2-a]pyrazine, hydrochloride 8 \\Q

17D (S)-2-{[1-(Cyclopentylmethyl)-7-methoxy- o, [ 7.5

N
1H-indol-3-yl]carbonyl}-octahydro-2 H- ©f§ A
pyrido-[1, 2-a]pyrazine, hydrochloride salt | [ \

—0

salt

NI
CH
N
N
. 1H-indol-3-yl]carbonyl}-octahydro-2H- Q% \/ﬁo
[
pyrido-[1, 2-alpyrazine, hydrochloride salt N o




Ref. 3. 1 -{[1 -Benzyl-7-nmethoxy-1 Hindol-3- , NN\ <5 YI] carbon
yl}-4-ethyl p i perazine N 00 Exanple 21: Tail Flick Latency in Mce M ce
wer e trai wexkobgomwsi2z still in a tail flick apparatus (Uged@asibes/oshial y)
whilst tail flick [latency was neasurgd. The tail was exposed to a focused
beam of radiant heat at a 5 point approximately 2.5 cmfromthe tip. Tail
flick latency was defined as the interval between the appliance of the
ther mReft1 mul usEae4 2-helitRewd)- 1R 4t Merdtdiih- A T2 3ec CUT-QTd sWas
enpl oyed to prnevent tissue danmage. Four groups } e were” treated
with vehicle oM)GHB/U&H-mﬁé@'-%a@%{b@ﬂyll-he t est und, adni ni|st er ed

i ntrayenously &gﬁé}%in@: saline 9 g/l; injection *Nre 10 mM/kg). Tail
flick|latency S nmeasur ed before adm ni strat on\Q{Q t he test| conmpound
and at regul al Exareple89d frdrh WWOO4588620, 40 and” 60 mi kutes) after conpound
adm nistration. The ED50 was calculated at Trmax. Thé conmpounds of exanpl es
14, 15F, 150, {17A, 17C, and 17D significantly| increased the tail flick

[ W W WaY

| at en¢RapM4 h ar1_E%ﬁé{éﬁn{ggwégy%g%?ﬁgm{_m 0832 PCTREP20037 450226 33

Cains. 1. Ap 1- | - 3- per azi ne ivathve havinhg the
gener al f or mul ¥NethylREr-imgolR-yli¢axbor®T}- R4 R SR- 1 R41 R2 RL 5 Foimul a
| wherein R 1 e%%iﬁts 1-4 substituents indef ly selected fromH,
(C1_4)al kyl g’ﬁ@? P y substituted w th hal ogeh) ,L(\Cl. 4) al kyljoxy
(optionally siybstituted with hal ogen), hal ogen, OH, 2, CN and NQO2; {10 R1
is (Cb_8)cycl oal kyl or (C5_8)cycloalkenyl; R2is H,& t hyl or |ethyl; |R3,
R3, RY' R4', R5, R5 and R6' are independently | hydroger® or (Cl.4)alkyl
opt i oh&ek.y3. 1-{[1-Benzyl-7-methoxy-1H-indol-3- o <5

™ n
NS ™
yl]carbonyl}-4-ethylpiperazine ng
N

Example 21: Tail Flick Latency in Mice

Mice were trained to sit still in a tail flick apparatus (Ugo Basile, Italy) whilst tail flick
latency was measured. The tail was exposed to a focused beam of radiant heat at a
S5 point approximately 2.5 cm from the tip. Tail flick latency was defined as the interval
between the appliance of the thermal stimulus and withdrawal of the tail. A 12 second
cut-off was employed to prevent tissue damage. Four groups of eight mice were
treated with vehicle or one of three doses of the test compound, administered
intravenously (vehicle: saline 9 g/l; injection volume 10 mi/kg). Tail flick latency was
10 measured before administration of the test compound and at regular intervals
(typically 20, 40 and 60 minutes) after compound administration. The EDs, was
calculated at Tax.
The compounds of examples 14, 15F, 150, 17A, 17C, and 17D significantly
increased the tail flick latency with an EDsy < 5 umol/kg.
15



substituted with (Cl.4)al kyl oxy, halogen or OH, R6 is hydrogen or

(C1_4)al kyl, optionally substituted with (Cl.4)al kyl oxy, halogen or 15 OH
or R6 forwe toogatobzr with R7 a 4-7 nmenbered saturated het@arerygedase226i ng,
optionally <containing a further heteyatomselected fromO and S; R7 forns
together wwth R6 a 4-7 nenbered saturated heterocyclic ring, optionally
containing a further heteroatomselected fromO and S; or 20 R7 is H,
(Cl_4) @lldiyis. or (C3_5)cycl oal kyl, the al kyl groups being optionally
substituted wth OH hal ogen or (Cl.4)al kyI oxy; or a pharnmaceutically
accept abI e salt thereof. 2. The 1-[(indol-3-yl)carbonyl]piperazine

deri vafli 48 ToKindpkBmi)carhanyileiperazing deivative IRVin@the gen(ers! fjroyial loal kyl . 3.
The 1-[(indol -3-yl)carbonyl]pi perazi ne derivativye of claim2, wherein Ris
(CL1.4)al kyl - oxy or hal ogen. WO 2004/ 0083 5PCYé EP2003/ 050226 34 4 The

1-[ (i ndol -3-yl)carbonyl ] pi perazine d [ claim3, wherein R
represents a methoxy group at t he (- p05| of €he indole ring. 5. The
1- [(| ndol - 3-yl ) carbonyl | pi perazi ne dgrpnativenNpf—@ aim 4, wherein R3, R3'
R4', 5 R5, R5' and R6' are H_ R4, R6 an R7 are i fdependent |y H or

(G - 4)a| kyl; or R6 forms 3 it h ~ R} 6- menber ed sat urated
heterocyclic ring and RRi ) ) a ky 6. The

1-[ (i ndol - 3-yl) carbonyl ] pi pera eri vatRyeRabcordi ng to formula | of
claiml 10 which is selected f;:lxj\l {[1- (cycl ohexyl net hyl ) - 7- met hoxy- 1

&

H i ndol - 3-yl ] car bonyl } - 3, 5- di net hy 4- et hyl pi perazine; - 1-{[I
- (cycl ohexyl net hyl ) - 7- met hoxy- 1 i ndolR3-yl ] carbonyl }-3,4,5-tri -
met hyl pi perazi ne; 15 - (S)-1-{[1-(cycl ohexyl methyl)-7-nmethoxy-1

H ithdol - 3-yl ] carbonyl }- 3, 4- d i metfempilgdr azi ne; " -
(S) 2-{[ {nERYG! ohexyl met hyl) - 7- met hoxy-1 Hindol - 3-yl ] carbonyl } - oct ahydr o-
2H pyrido-|1, 2-a]pyrazine; - (S)-2-{[1-(cyclohexyl nethyl)-7-nethoxy-1
H i ndol - B-r;ebies&htmmyll éu@tm@lrr@epaadaﬂrﬂwwé@tbaf{&n HZ(@ Pun@ri ne; and -
(S)-2- {[ %&y ent Irrethi/ % - 7-nmet hoxy-1 Hindol -3-yl]car onyl% oct a-
hydr o- 2 P F‘i stButgf iy @'H@en)@KCa4)9Hfamd@gfﬂ¢rca&V|syl slitutast wis

ther eof . halogen), halogen, OH, NH,, CN and NO,:
10 Ry is (Cs.g)cycloalkyl or (Csg)cycloalkenyl;

e salt

Rz is H, methyl or ethyl;
Rs, Rs, Rs' Ry, Rs. Rs and R’ are independently hydrogen or (C1.4)alkyl, optionally
substituted with (C4.4)alkyloxy, halogen or OH;
Re is hydrogen or (Cq.4)alkyl, optionally substituted with (C;.4)alkyloxy, halogen or
15 OH; or
Rs forms together with R; a 4-7 membered saturated heterocyclic ring, optionally
containing a further heteroatom selected from O and S;
R7 forms together with Rg a 4-7 membered saturated heterocyclic ring, optionally
containing a further heteroatom selected from O and S; or
20 Rz is H, (C14)alkyl or (Cs5)cycloalkyl, the alkyl groups ‘being optionally substituted
with OH, halogen or (C14)alkyloxy; or

a pharmaceutically acceptable salt thereof.

2. The 1-[(indol-3-yl)carbonyl]piperazine derivative of claim 1, wherein R, is H and R;
25 is (Cs.s)cycloalkyl.

3. The 1-[(indol-3-yl)carbonyllpiperazine derivative of claim 2, wherein R is (Ci-4a)alkyl-
oxy or halogen.



25 7. The 1-[(indol-3-yl)carbonyl]piperazine derivative of any one of
claims 1-6 for use in therapy. 8. A pharmaceutical composition conprising
an 1-[ (i ndwl 2084/9toyx2ar bonyl ] pi perazi ne derivative of anyaner2063/shasns 1-6
together with a pharmaceutically accepfable 30 carrier therefor. 9. Use of
an 1-[(indol -3-yl)carbonyl]piperazine derivative of formula | as defined in
claim1, in the preparation of a nedicanent for the treatnent of pain. 35

4 The 1-{(indol-3-yl)carbonyl]piperazine derivative of claim 3, wherein R represents a
methoxy group at the 7-position of the indole ring.

5. The 1-(indol-3-yl)carbonyl]piperazine derivative of claim 4, wherein R;, Ry, R/,

5 Rs, Rs' and Re’ are H; Ry, Rs and Ry are independently H or (Cs.q)alkyl; or R forms

together with R; a 5- or 6-membered saturated heterocyclic ring and R4 is H or
(Ciz)alkyl.

6. The 1-[(indol-3-yl)carbonyl]piperazine derivative according to formula | of claim 1
10 which is selected from:
- 1-{[1-(cyclohexylmethyl)-7-methoxy-1 H-indol-3-yl]carbonyl}-3,5-dimethyl-
4-ethylpiperazine;
- 1-{[1-(cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3,4,5-tri-
methylpiperazine;
15 - (S)-1-{[1-(cyclohexylmethyl)-7-methoxy-1H-indol-3-yllcarbonyl}-3,4-
dimethylpiperazine;
- (S)-2-{[1-(cyclohexylmethyl)-7-methoxy-1H-indol-3-ylJcarbonyl}-octahydro-
2H-pyrido-[1, 2-a]pyrazine;
- (S)-2-{[1-(cyclohexylmethyl)-7-methoxy-1 H-indol-3-yl]carbonyl}-octahydro-
20 2H-pyrrolo-[1, 2-a]pyrazine; and
- (S)-2-{[1-(cyclopentylmethyl)l-7-methoxy-1H-indol-3-ylcarbonyl}-octa-
hydro-2H-pyrido-[1, 2-alpyrazine;

or a pharmaceutically acceptable salt thereof.

25 7. The 1{(indol-3-yl)carbonyl]piperazine derivative of any one of claims 1-6 for use in
therapy.

8. A pharmaceutical composition comprising an 1-[(indol-3-yl)carbonyl]piperazine
derivative of any one of claims 1-6 together with a pharmaceutically acceptable

30 carrier therefor.

9. Use of an 1-[(indol-3-yl)carbonyl]piperazine derivative of formula | as defined in

claim 1, in the preparation of a medicament for the treatment of pain.
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