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Met hod for rranuf acture of sertindole Field of the invetSeptenitiee2@0tesent
invention relates to a new net hod of manufacturing the conmpound 5
1-[2-[4:].5; ro-1-(4-fluorophenyl)-1-Hindol-3-yll- | nyI]ethyI] 2
-inidanWb@W@%%& havi ng the I NN name sertindol e and & %@ﬁﬁ%ﬁ%ﬂ%

manuf acturing the internediate, - chloro-1-(4-fl uorophenyl ) -1 ndoI e used in
t he net hod. Background of the invention 10 Sertindole is a well-known

ant i pMethal for ncinufpchore ofigertindolé orrula n CI N-(CH2)2-NVNH N F  The conpound
was disclosed in US patent No 4,710,500 and the antipsychotic activity

t hereof was described in US patent No 5,112,838. Sertindole is a potent
cent r gl ofthb iVendon Fl T2 recept or ant agoni st in vivo and has further been
di scl osed to be active |n nodels 1 & dlg?t %% effec&s in the treatnment
of anxi et yTherppgsey IersipRTslatey o Agic) By 8 3ﬁﬁn§ ¥"Sor ders. A nunber of

\S/\{) @gg/qg,@?S[fssfchls l:1t@qﬂleﬂog1ehﬁyeﬂu@@n3@m-s@ipesmljemym;&mta@hdmm 4,710,500 and

chIoroI 4-f| uoro g nternediate in
t hes e bagThelNEaeme seriindals ARd pnew 1o @FE%% %crhﬁ %Fia?ﬁiuo%gphenyl )-indol e as
di scl gmed-1-@-fulsophedydrihddNous2Din e dikBpd00 and WO 98/ 51685 require nul tiple
steps fromcomercially available starting materials, are expensive,
occupy production equi pnent for prolonged periods resulting in | ow
pr odu(ﬂablagroﬁﬁxpeﬁjimwmﬂon esult in environnental inpact and safety. The

synt hesi s . has dustrial synthesis of

sePt i ndol e lssaevgcﬂﬁﬁ‘g | p ¢ %‘? oM §hﬁ?‘f?é”é‘?s of

5-chl oro- I-(4 fl uorephenyl ) -ifagl e as d| sclosed in WD 98/51685. 25 An

al ter iy gl i c mt(CHpheyy ft 1-aryl-indoles is the Ul mann arylation
of N uny T indoles wifh aryl halides catalyzed by |arge anmounts of
copper, y near- stoichPonetric anmounts or nore, as disclosed in
e.g. J.Med 1992, 35(6), 1092-1101. The U Il mann aryl ati on has, however,

hitherto bee sfavoured with regards to the synthesis
of 5-chl oral - | uor ophenyl ) -indol e due to various problens which to those
skilled in tF

The compound was disclosed in US patent No 4,710,500 and the antipsychotic activity
thereof was described in US patent No 5,112,838, Sertindole is a potent cenirally acting 5-
HT, receptor antagonist in vivo and has further been disclosed to be active in models
15 indicative of effects in the treatment of anxiety, hypertension, drug abuse and cognitive
disorders.
A number of syntheses of sertindole have been disclosed in US patent No 4,710,500
and WO 98/51685. 5-chloro-1-(4-flucrophenyl)-indole is a key intermediate in these
syntheses. The syntheses of 5-chloro-1-(4-fluorophenyl)-indole as disclosed in US patent No .
20 4,710,500 and WO 98/51685 require multiple steps from commercially available starting
materials, are expensive, occupy production equipment for prolonged periods resulting in low
production capacity and result in environmental impact and safety. The synthesis which has
been favoured so far for industrial synthesis of sertindole comprises the multiple step .
synthesis of 5-chloro-1-(4-fluorophenyl)-indole as disclosed in WO 98/51685.
25 An alternative synthetic strategy for 1-aryl-indoles is the Ullmann arylation of N-
- unsubstituted indoles with aryl halides catalyzed by large amounts of copper, typically near-
. stoichiometric amounts or more, as disclosed in e.g. J.Med. Chem. 1992, 35 (6), 1092-1101.
The Ullmann arylation has, however, hitherto been disfavoured with regards fo the synthesis
of 5~chloro-1-(4-fluorophenyl)-indole due to various problems which to those skilled in the
30  artare known to apply to the Ullmann arylation in general as the reactions fcypically result in




30 art are known to apply to the Ul mann arylation ingeneral as the
reactions typically result in 27 Septenber 2006 WO 0370BpEdber 2006

PCT/ DKO3/ 00208 2 noderate yields, around 50% correspondingly |arge
anounts of col oured by-products and cunbersone work-up procedures caused
by t he W@8830dt i on of the reaction product with thePCERESY0280L al yst .
These conpl exes often require surprisingly harsh treatnment to |iberate the
free reaction product, as known to those skilled in the art. 5 Hence, there
i s a desient yiells, mond s, tonkspdndinginiargsfamounts df ngouséd B5-peddhats amd

L (4 1B ARRSRH I A8 sy dRIBPRRABES: Rl cAAARIAGROUS TNt hat

they are nore cost " effective, ‘requite fewer reaction steps, have reduced

i mpac tcoprst eanlysk Abese enmpienes oftgn) spquing sy prsmgtwhawh Heatmengie diberatp fej ncr eased

~ ProduGid: QiR PRI s I &5 théck WeedRk Adet and easier work-up procedures. 10
Recently, Klapars et al. J.Arn. Chem Soc. 2001, 123, 7727-7729, disclosed a
vardi ant ~ of Hepgeethep [sigiatire S proampiBods i arailretump petehi®opresent in catalytic .
amDunt'18(41fﬁﬂﬁhﬁbﬂ§1)-md&1a_swﬂlew@ﬁmioeetmme hivgB olsiihetthe) arnrEdoph exanedi am ne.
Sum‘ra#f‘%oyc the 1pventign 15 |t h%s(fgow surpri smclg been.found that it is
possi t5HECtVE ToRYiRE R TERCRomEstopth paye Beducpd frapac R SHERYFY- S HEE i n an ef ficient
way giyyldigre@Rodlinyredtdisodaytionlcyadityl, fiter@fudSprédilotind easierdak@apwi t h a
4-fluorophenyl halide in the presence of catalytic anmounts of a copper salt
and a P"ER&%ting ligand. This reaction is surprisingly selective.

| [doust r at i \Recenfly, Kitdpsrs bii aty i 4salheaSox 2A0Y, 123, 772 he72D alivlotddatvaridnofe i s virtually

no by-praducts r by reaction, bet n - chl o roup 20 of one
nolec&ﬁ% gwmg?gkﬁggﬁgvﬁﬁ%?%rgﬁﬁﬁ?ﬁgﬁﬁ, HH%%%&%Eganogﬁgggnnlecule of

5- chl chdatingdigind transThil-sycohpameditmipe.de reacti on woul d be expected fromthe
di scl osure in JAm Chem Soc. 2001, 123, 7727-7729, which illustrate the
reactivity of arylchlorides in this type of reactions. It has even nore

sur pr iSsinnghry di¢kainventivoh t hat the chelating |igand may be as sinple as

et hyl enedi gmine.  This. reaction, dives 5-chloro-1-(4.f rophenyl)-indole in
high vi el d?ﬂﬁ?féf’%rpﬁlﬁwl{(?ee?#uﬁd@%tsl 2 %Qfs?@gkol%aé’"}sa?téfa é}glgliaep synthesi s from

c omerle@&lubpplaeud)-inddit i 28 efiicientvgy giring gol vields birenyltion di-chleect of the present
i nvent.j Vi ( ' onpri si ng

it AP B B R A iy oF b BB TE 1T T

sert i reticting dibmnd dBhisrdctends hurprishaly sel¢rveriiumodve ofthipkigheleeivily & of _

5- chl Qhdr tfaimert E%{uﬁmwlp}ddhﬁéjﬂl-&d%? RRREloh Berwb RS Mbx gl OF O- | ndole with

a 4-fluorop en%l ali1de 1n"the 30 presence of a base, a chelating |igand and
caR0al yf pre mattesulES-glorg-indels ped theiiresce efApptherimoloule pipdiord-indele: copper (11) and
an aniggfi fiioERdIeRBo \Abuld HileRich B orh the ABCIENIAN PUH TR IR0 T h

123, 7721-7729, which illustrate the reactivity of arylchlorides in this fype of reactions. It has

even more surprisingly been found that the chelating ligand may be as simple as

ethylenediamine. This reaction gives 5-chloro-1-(4-fluorophenyl)-indole in high yields and
25  purity in a cost-effective single-step synthesis from commercially available starting materials.
- Hence, an aspect of the pre';ent invention provides a method for manufacture of
sertindole comprising manufacturing 5-chloro-1 -(4-ﬂuc.>r'o'pheny1)-indole and converting it to
- sertindole characterised in that the method for manufacture of 5-chloro-1-(4-
fluorophenyl)-indole comprises reacting 5-chloro-indole with a 4-ﬂuor0pheny1halidé in the
30  presence of a base, a chelating ligand and catalytic amounts of a copper salt comprising
copper(I) or copper (II) and an anion which does not interfere in an unfavourable way with
the reaction.
Furthermore, another aspect of the present invention provides a method for
manufacture of 5-chloro-1-(4-fluorophenyl)-indole comprising reacting 5-chloro-indole with
3 a 4-fluorophenylhalide in the presence of a base, a chelating ligand and catalytic amounts of
a copper salt comprising copper (I) or copper (II) and an anion which does not interfere in an

unfavourable way with the reaction.




the reaction. Furthernore, another aspect of the present invention provides
a method for manufacture of 5-chloro-1-(4-fl uoropheny?)Septeddiee2¢@npri si ng

reacting 5-chloro-indole with 35 a 4-fluorophenylhalide in the presence of
a base, ting ligand and catal ytic amounts of al t

conpri s‘yﬁéﬁ@?@%ogger (1) or copper (Il) and an anion v\,hi%((;ﬁ/(B o:g@z'%ot interfere

in an unfavourable way with the3reaction. 27 Septenber 2006 WO 03/080597

PCTI DKG3/ 00208 3  Detailed description of the invention As used throughout

t he dPetaikeddessHiptppoktheinventions the fol lowing definitions apply: The term

" 4- 11 uor oplenyh AirhiRe! thd RAMABHAMA SO BRI BRIvEG RnifiGREpiie gr oup
consi sting of 4-fluoro-chl grobenzene, 4-fl| u%r r onobenzene and

O_
4-f 1 uor o- | SepdwEn Fdagorhenyihelide mesps =y Lompernd te %E?ﬂ" CEfffBns anounts that are

Si gni béfetidg of 41088 LhiboEHAzens, UG GR-HRFHRIbEizEncARDA hicRo-b6tanse. | ess than 20 ol %
relative tg 5-chloro-indole. The term  chel afti | i gand’ means any conpound
cofpri si ng Fha e SRIRYHC ARouRts, g ﬁlﬁ?“msél?aéar&ﬂ%ﬁc[agtg'sl?ﬁgﬁlfméneousI y coordi nate

t 0 t heloRBidR IR iadund b as 18R ¢hah 00 fibl Eieldivadolsychlororiedobr.s t 0 a branched or

unbr anched, al kyl, up, hayi ng fromone, 1 . [ s i nclusive,
such as rre?ﬁegff:% 8%?@131@5 an%ﬁ e ??B?uélgf/?n?pﬂ%]-g%%tt%fﬁ%g%ﬁ%%
2- met hielabR tqutodisheoudinao@inate tditht samepepatdm. The term " Cl. 6- al kyl carboxylic

id ref a6 al . i oR¥%n boxyl i
o1 e o Rl b Bk s mibine o b

acid. The term  a 0 a | C "aronmati c_group, such as phenyl
010 napdihgarbon ptams inBlugieer suckasimagthyp kil 1-propyd, Zameryh et 2”& pr esent i nventi on

rel at gs a_I1E i R cture of sertindole conprising manufacturing
5-chl 2?%&@1?3@#%§3%{ehgng%ﬁdol e and converting jt to sertindole wherein
t he net hod ThetermmEnedligd eashoaylistack: efrsde Gbﬁraﬂiyhgf?qpﬂﬂg’ﬁ'bﬁéiwgt? dol e conpri ses
react i3g cap&ilicR; i ndol e wi th a 4-fluorophenyl halide in the presence of a
base, a chelating 20 |igand and catalytic armun}lesn‘xﬁf ahgag,g er salt

conpri si ng Thage Pk yeftst O@sHhewelicaometigerayp: SRk phenyiqr app not interfere
!rl5anp%g,§%9}*g@pl e way vvitﬂ fjhfe reacti]?n. In a further aspect, the present
invention relates to a nethod for manufacture o :
5-chl or o- | JI(QPPF?PE‘EFIJBBW?HVFW@PWJ@F%St83ﬁ’ﬁ&ﬁ°‘i#ﬁ‘6"|’“£a§@ﬁorf{a 41 or 0-i ndol e with
a  4- fcbrprispphenythding dehibo- 1t @eupopseylsiadadd and coaetys atoctréhdels ng | i gand and

- catal ytic.apmounts. of a 25 co . salf +C LS (1) or copper(ll)
“and afiRoHe Wﬁ#&‘}fg’aﬁaélgéﬁgﬁe °F§'§hé? 'e'r(%ﬂ‘llér%\c' aﬁnya'ﬂ%lﬂ%ﬂ%%(

' reacting 5-chloro-indole with a 4-fluorophenylhalide in the presence of a base, a chelating

20  ligand and catalytic amounts of a copper salt comprising copper(I) or copper(Hl) and an anion

which does not interfere in an unfavourable way with the reaction.

In a further aspect, the present invention relates to a method for manufacture of
5-chloro-1-(4-fluorophenyl)-indole comprising reacting 5-chloro-indole with a
4-fluorophenylhalide in the presence of a base, a chelating ligand and catalytic amounts of a

25  copper salt comprising copper(l) or copper(IT) and an anion which does not interfere in an
unfavourable way with the reaction.

The embodiments described hereafter applies to all aspects of the invention.

Tn one embodiment of the invention, the chelating ligand is a substituted or
unsubstituted 1,10-phenanthrolin, such as an unsubstituted 1,10-phenanthrolin. In another

30  embodiment the chelating ligand is a compound of the formula X~-(CR'R*(CRR®),-CR’R*
Y)y, wherein X and Y independently are selected from NR'R® and OR®, R™-R’® independently
are selected from hydrogen, Cy.¢-alkyl, Cy.¢-alkyl carboxylic acid and aryl or one of R" and R?
together with one of R® and R® are C; s-alkylene, mis 1 or 2, andnis 0, 1,2 or 3. na
preferred embodiment, at least one of X and Y is NR'R’, and more preferred both of X and Y

35  are NR'R®. In another preferred embodiment, R” and R® are independently selected from
hydrogen, C,.¢-alkyl and C;.c-alkyl carboxylic acid, and more preferred R and R® are




unf avourabl e way with the reaction. The enbodi nents descri bed hereafter
applies to all aspects of the invention. |n one enmbod7Saptendfer 20@H

i nvention, the chelating ligand is a substituted or unsubstituted

1,10-p lin, such as an unsubstituted 1, 10-ph [.n. I n another
30 nbrc}gﬁr%@é\étagg?he chelating ligand is a corrpound of ?Eg}ﬁyﬁﬂ%‘*sa
X-(CRIR2-(CRSR)"-CR3R'- Y)m whefein X and Y independently are sel ected
from NRRs and OR9, Rr-R9 jnde ende@tl are_sel ect ed from hydrogen,

C1. 6- Hydeggen- eyl gnoffiergrpicred hsdppen: Raah QW&Y%\‘PWQIBP" Wht R and Re

t oget B@fen‘édérﬁboﬁiﬂ@n@ﬁl 1Rﬁhﬁfbﬂan%e@i@er@&e1&tdﬂ§tﬁsﬁﬂﬁ;sﬂ Ihyesandthar 2, and n is O,

1, 2 3. .| , nbodj e at_ | 2 Y NR7 R
and nglge@nﬁ‘? @‘Fq?é’ﬁ’fﬁggt ]%OR? drggeﬁ’r%ﬁkfngé Qﬁ%h%%g%‘?ﬂ%ﬁengn diﬁhgpéj pr e:‘ Zr red >
enbod RFT&Bhydr@Zn @nederfed clilating e erediend delectadtren the grofiy @mprifiygdr ogen, C1. . - al kyl

a0 O i SRR Bkl P U RIS R o ond 8 are 27
pr ef eleﬂmlehleélainow aitgienedifRBne eitlylfR6dismive NP DeeireacetinacgjEDIAbt her  preferred
ebOU IR Penenbdhibe N N AN Yo BRAL AT Sh LA POtk 1 15 0. 1N Vet

anot her preferred & ydrogen, or R and R3 together are
C34- aIIRQ-IPEM@U@h@, RereareferreRahelsting ligpesls exgdlose wleatpioratic 8981 at i ng | i gands are

those, R} n&% Erél@f{&én m%@%ﬁ%ﬁﬂ_&t@leﬁe@aﬁﬂ&h@h&éﬁﬂedl ani ne,
N, N, NS L F ane et hyl enedi ani ne,

n@% enedi am ne di et é‘g&
ety eﬁ@m@mnwean eiPe #ndige ot piefered helalipedisindds aci d (EDTA) | .
di et hyphoeehhhgRl he N N, N, N, N- pent aacetic acid (DTPA) and substituted or

unsubstituted 1, 10-phenantroli ne; I ating ligands are

those sel elxaguelfed smbpriment ofi b m 'i‘f’ﬁrtgv"’ ﬁb‘{)@%ﬁ’]@?ﬁ%’dﬂ% WheEdi ani ne,

N, N, NbMﬁoEén&@@Bi Nhoreidaybeanedcs eizirsacivithdE dé @ﬂh;tbph&:ﬁrllﬁhdeyl enedi am ne and
nost rre nd is

et hyl enedi am | a |

et hy| SIEGFAM °rd@F F\'ﬂ%{mﬁ@ ?°8§E°é¥?ﬁ&81"r?£’i?% %8 t"hgmfrﬁ%gnt i on, the

4-fs| uemhbgiady bithd mﬁhatmsthm-ﬂlhmx@hmylhhmb ioiidad tiemmoler susphik kelaivetoi odobenzene as
the reacti f l,uor r; t he order

chl or§ @E‘)’ ‘ﬂ% e%abfytﬁ ?ﬁmraq%Q%QY¥)ﬁ§Jéacﬁ§gﬁfél&% H%EQ&rle erred 15
enbodirmgafromn bbdrhil torabem&,lnmemrbfa‘red-ﬁfombw%pﬁm"ﬂ,mw&ﬁb@émoét added in a nol ar
sur pl us .r ro-indole. Preferably the nolar ratio

4-f1 ugre"fer’%%%&flhaqu%g?ét%abaﬁkgro indole is inthe range fromabout 1.1 to
about 3, nﬁ‘hﬁempth‘aﬂsef menhffchugracedding to thepresent iyenfion preivagREPONSt  pref erred
from %prg]i%'ed]to %lags%aﬁ@ﬂﬁ&n%rﬁuoﬁr NendiEinOd§uie oatiBRdrashit bEa 86pp@r ding to the

present 1nvention are advantageous as 0 conpared to classical Ul nmann
aryl atsil he-gss hpre3p roel Yy reletivaip ?ﬁhleraﬂaiplfr‘tﬁ’r%fefa%ﬂlﬁta@ma’i‘ 0%0299&9@

less than 10 mol % relative to 5-chloro-indole and even more preferred in the range from

D

about I to about 5 mol %. The products made according to the present invention may be
isolated without the harsh treatment, such as boiling in hydrochloric acid or freatment with

25  cyanides, which often is necessary in order to break the complexes between copper and the
product of the classical Ullmann reactions.

Any copper salt comprising copper(I) or copper (I and an anion which does not
interfere in an unfavourable way with the reaction may be applied. Exemplary of anions,
which may interfere in an unfavourable way with the reaction, are cynaide, sulphide and

30  selenide. Cyanide may react as a nucleophile and compete with the indole for reaction with
the 4-fluorophenylhalide, whereas sulphide and selenide may inactivate the copper catalyst.
Those skilled in the art will be aware that other anions also may interfere in an unfavourable
way with the reaction and easily realise if an anion interferes in an unfavourable way with the

: reaction. Preferred copper salts for use in the present invention are selected from the group

35  comprising CuCl, CuBr, Cul, CuCl,, CuBr,, Cul, CuGCOCH;, Cu(OCOCHS;);, anhydrous or

| hydrated CuSQ,, CuCO;, Cu;0 and mixtures of said copper salts; more preferred copper salts




salt, i.e. less than 20 nol %relative to 5-chloro-indole. Preferably the
anount of copper salt is less than 10 nol %rel ati ve 2/@eptenttleo2@B6 ndol e
and even nore preferred in the range from about 1 to about' 5 nol % The
products de_according to the present invention may isol ated w t hout

t he har%ﬂ%?%%?ﬂrrent, such as boiling in hydrochlori CPE@PEO%'PZ%r eatnment with
25 cyani des, which often is necessary in order to break the conpl exes

bet ween copper and the product of the classical U | pmann_reactions. Any

c oppesre dwba sclederfions tha growsperting Cush CeBnhak Ce¢Y: uBhandfribafieshh whi ch does not

i Nt er §ehewdnn. ARt 3y Hrakks #aYrdVehdly lRBIFIeas ka@RalIBYridee Tapp! i ed.
Exenplary of anions, . which may inter%’ere i n an unfavourable way with the
r eact popier sali mayRepddeddn onsppiyin efdhesRE o8te %?‘@HPH’&WW%%@% react as a
nucl egpiibhied Aednheemast @éndM th the indole for reaction wth the

4-1| uor ophenyl hal i de, ereas sul phid nd. sel enj de Lnactivate the
copper cat 4pEs .%aseal'%% esemp"wﬁfjmi etn}‘?gmgsr pt W“?"\?ac & 3{1\/\%%/31??5 gt ot her ani ons
al SO FR¥ntion MG basts ae thedatbonuiss alkdmgenaybomdtd¢shpiokpbatee iprdgem and easi |y
realise if an.anion interferes in.ap unf r.abl e he reaction.
Pr ef eP}i‘CﬁBhaE%B&H@’E“’geé‘I ;ithpﬁaée;s, e ?n% qyﬁrgmg?sg)\sfgi#?@?jﬁ@gﬁgfﬂd alfrgs é:E sel ected from
t he gaeypadmmemdpodiet eghofudlas thekeBre, readily avaiipl10 2 la@uBice and@aIyAe CuOCOCH3,

Cu( orse’ FBro-i i xtures of said
coppe%nsdgae% f‘%e;b%%gggi’%@fpg‘{s‘?négy ag&da%geg“s e o b 057 080507

PQT/ DHE3MBORGE bise s ethe progefrom [sbast 45 mobsmequiealegis 4o gbabAp ™Mo ng cucl, CuBr,
CuBr2 and Cul 2. These work well as catalysts in the reaction

and ar reg[éi |y avail abl e to reasonabl e pri ces.B%')he C(r)?g;{).er salt may be
added in oFke mshods effmantiiagtpre of the presepffinvepiion,may be pefprged By %or hore

por ti Qns midis bf hbbth&sht-OVilbutl AP sdlRBCH: 10 silitaBIE solenditt:n Bxelipings may be

enpl oyed 1 n the nethods _of manufacture of the R esen#H %Qx\égnti on. Exenplary
bases ohpueh spieentwrtRhae &luens, gurEE e RS SRL VAL %‘Fﬁ)?}? [y dr ogen
phesp ofiSthRY QLY AR tPhass ahatyl e thesoctlindyigodiinathyl dlieral kal i net al s.
Preferred bases  are_ potassi n odi um car bonat es_as fhese are readily
avai | §BProsgel "1‘18\/\/‘1’[5?1’518%3 aﬁi’ffglg]af@?giﬂyz ethgnéﬁlg{ym%:ea%%gse S|m§sh '?ﬁ pi cal |y present
in a uRhaylfeXeesRk (VB iditcthyiacktarnidé CDMAY Abinethylmyebliionsh ((YMED t he anount of
base is_in.the ran rqgm,about, 1.0 I uivalents to about 2.5 nol ar
equi v'gfeé‘?ﬁeg.soq“ﬁﬁ%“Wgﬁ\ﬁ%ﬂ@t%?enﬁ%ﬁtﬂogﬁﬁ%h%fbﬁﬂe present invention may be
performed Dypitaigtihenmetaods nd atanwfrotire of thof preshid inealiamame erformdotft any sol vent
orin.a suitable sol Yo 20fccSHED pRRhvERtheSySt €TB are
tozpueﬁeéj,lpe’f%h% Sﬁé?oe‘%%@fd?%feﬁag%zﬁ%g%fn%t er ,Oa,[e:_t%ers ’suchplgs di oxane, 15
t et r ahagge dibur WASC(ITILBIFSC. Highst biglds arpde obeinphbhFretingethe [HHB et hyl ene
glyco lsys?érﬁ@ta%glpef\artl% the range from about 30 °C to about 70 °C, preferably in the range

from about 40 °C to about 60 °C, for a period of time ranging from about 0.5 hour to about 20

hours, preferably in the range from about 1 hour to about 15 hours, before completing the

25  reaction at a higher temperature as specified above. Evidently, if the solvent system used is
| incompatible with the reaction temperature, such as temperatures above 80 °C, then the

method may be carried out under pressure.
Examples
30 The following examples is meant to illustrate various embodiments of the invention

. and should not be read as limiting the scope of protection.

Chromatographic procedures

' .35  HPLC and GC analyses were performed according to the procedures descrjbed below.




(rmonogl yne) and di et hyl ene gl ycol dinethyl ether (diglynme), am des such as
di net hyl f ormam de (DMF), dinethyl acetam de (DVA), N nméx7fdptaoyber 80G6done
(NMP). Preferred solvents are DM and tol uene and nost preferred is DW.
Typi cally the nethods of manufacture of the present invention are perforned
at 20 ‘Fér?ff%ﬁ"?ﬁur es above 80 C, preferably in the raﬁﬁﬁ@%%?% Cto 200 C
nore preferred in the range froem 100 Cto 160 C. Hi gher yields may be
obtained by pretreating the reaction systemat a tenperature in the range
f r om dbakytica3 0lethol HPUCO U Ciloraiydopr ef erably in the range from about 40 Cto
about 60 C, for a period of tine ranging fromabout 0.5 hour to about 20
hours, preferably in the range fromabout 1 hour to about 15 hours, before
conpleisbiGiehi PO 1IP M0 Agieneit a hBgher Pungrjgleat 1006 Sasesspeci f | ed above.
Evidently, if the solvent systemused i I nc Lble with [he reaction
tempg¢rature, such as tenperature Bg.m%ﬁg&%@%qﬁ@b?wé nmet hpd may be
carrijed out under pressure. Exanplcgfmnthertitfitat Abilaoi e Sexesmp| es is meant to
illugtrate various enbodi nents of the invention and _should pot be read as
lim{ing the scope of protection/Actessnplecgispnile0 sesedur es| 35 d PLC and
GC anal yses were perfornmed accor @iin t I : descr| bed bel ow. 27
Sept ¢nber 2006 WO 03/ 080597 PCT é@&f%e‘gﬁiﬁgﬁéﬁcal Met hod HPLC -
- 5- Chifgyedcidol € Tnstrunment HPLC HPUMIBD nkgi | ent Binary Punp Agilent 1100
by

Serig¢s__Detectar IV Agilent 1100 i hi l ent 1100
Seri ‘*?011;4?3102;?”13' er. Agi | ent }JOS)Iﬁ's:IFEQSPﬁ?Iﬁ@P&‘W’ i&ﬂ enf Chenstation
Torp A L B CRBbi | & Phase A ey ev/ Acetoni trile 65 35 tbbi e Phase B
Wat el Maisle@hnserA | e 15: 85 Fl ow 1.|GVaitr/Ageteniitle 6%85i nj ected 5111 Run time 45
M N - Mobile Phase B Wator/Acetonitrile 15:85
Flow 1.0 mL/min
Volume injected 5ul
| Run time 45 min
Gradient Time Y%A %B
0 100 0
30 10 100
40 0 100
conditioning
Runtime 40 min
Assay against external standard
5
Sample Preparation
Weigh accurately about 50 mg of sample in a 50 mL volumetric flask and add
acetonitrile to volume, Transfer 10 mL of obtained solution in a 25 volumetric flask and add
acetonitrile to volume. Final concentration 0.2 mg/mL. '
10

Standard Preparation
Weigh accurately about 50 mg of Reference Standard in a 50 mL volumetric flask
_and add acetonitrile to volume. Transfer 10 mL of obtained solution in a 25 volumetric flask
and add acetonitxile to volume, Final concentration 0.2 mg/mL




Gadient Time YA %8 0 100 0 30 O 100 40 O 100 <conditioning Runtime 40
mn Assay agai nst external standard 5 Sanpl e Prepar atZ7@eptdibgh2@iscur at el y
about 50 ng of sanple in a 50 nmL volunetric flask and add acetonitrile to
vol une. Transfer 10 nL of obtained solution in a 25 volunetric flask and
add ackP8#t¥3 1 e to volume. Final concentration 0. 2PHEPRI¥I st andard
Preparati on Weigh accurately about 50 ng of Reference Standard in a 50 niL
volunetric flask and add acetonitrile to volune. Transfer 10 nL of

obt ai Aadlyticil Btaceduré n a 25 volunetric flask and add acetonitrile to vol une.

Fi nal concgntrati,on, 0. /qu ?]7 e ( 3 97
PCT/ DKO3/ 0 ﬁgﬁ?hp dﬁ’g‘ﬂ ty °r car rgaéé’ ﬁgregra %ee%%gﬁ%g%gﬁggg%%ﬁthree tinmes (at
| east palculant Megdiah drdahi the[StaadantBevidtion teis ey thansl Whatjecidhe Sampletaad Medi um Area. | f
the St r LAk ﬁp o0, nlggg L% kijagigt the Sanple and integrate
t he chn?%grf‘g‘?ttgeg%o\r{nﬁa@oga (':S adtlazetjthﬁgﬁ%u%o et assay ?l\ngth the formula: 5 Assay% =
(Sanmple Area x Conc. Std x 100)/(Standard Area x Sanple Conc.) \Were:

Sanpl 2 (SarkMiERrePPERINREx PO0)/ BRI AlR Kk §GHpIO0nbY St andard Area = Average
of arggés%%bt(al ed lgy St gnda)r{d |)nj ection Sarrtf)l e Ogne. = Concentration
(my/m) of Sanmple Standard Cone. = Concentration (ng/m) of Standard

Anal ygheat Method HPLC - 5-chloro-1-(4 fluorophenyl)-indole 15 |nstrunent

configuration as above_ except, for the gradi ent.
' gample Area =a\rea o%ta}{led by samgle inEectwn 9

10  Standard Area = Average of areas obtained by Standard injection
‘Sample Cone. = Concentration (mg/ml) of Sample
Standard Cone. = Concentration (mg/m1) of Standard

Analytical Method HPLC - 5-chloro-1-(4-fluorophenyl)-indole

15
Instrument configuration as above except for the gradient.
[ Mobile Phase A Water/Acetonitrile 65:35
‘| Mobile Phase B Water/Acetonitrile 15:85
Run time 45 min
-| Gradient Time %A, %A,
0 60 40
30 0 100
40 0 100
conditioning
Runtime 40 min
Assay against external standard
20

Sample Preparation
Weigh accurately about 50 mg of sample in a 50 mL volumetric flask and add
acetonitrile to volume. Transfer 10 mL of obtained solution in a 25 volumetric flask and add

acetonitrile to volume. Final concentration 0.2 mg/ml.

25




Mobi | e Phase A Water/Ac etonitrile 65:35 Mbile Phase B Water/ Acetonitrile
15:85 Run tinme 45 min Gadient Time %A %A 0 60 40 30 Septediber 20000 100
conditioning Runtime 40 mn Assay agai nst external standard 20 Sanple

Prepar g j igh accurately about 50 ng of sarrpl e i vol unetric
flask Sﬁaggﬁﬁ?”acet onitrile to volune. Transfer ngcﬁpig%@qsned sol ution
in a 25 volunetric flask and addd acetonitrile to voI une. Final

concentration 0.2 ng/nL. 25 27 Septenber 2006 WD 03/080597 PCT/ DKO3/ 00208
8 St StaudardPrpeggiemt i on Wi gh accurately about 50 ng of Reference Standard

ina 50 m %L‘AEE'E&H abBﬁt%%an &Q@fe@&l@e Q&ﬁaﬂr}hfars'o'nﬁ, {mkticudmge Transfer 10 ni

of obtai ne volunetric flask and add acetonitrile to
vol unend 2@ pegtonitiiln savelyme: Tionsfen 10mpngf ﬁ‘ﬂam@ splpiignyin p @3 Folppeiicaask e | nj ect the

St andagdah Reffintle Rkl TsFARldumiolloGighie. the obtained chromat ograns and
calculate Medium Area. If the Standard Deviation %is |less than 1.0% i nj ect

thé Sanple and integrate the chromatogram Calcul ate the product assay
W th Mﬂ gilp}gc@dmgo Assay% (Sanple Area x Cone. Std x 100)/(Standard

Area X San&e Conc. Where: 15 Sanple Area = Area obtained by sanple
i nj ection %ﬁh%ﬁtépdﬂfiélﬁewﬂ%@ﬂ&ﬁ@ %F%?Q’Q@%’Bf‘%ﬁ%ﬁm%mﬁn&ndar d injection

Sanpl giPRCMedtudrARG afht Biahdad Heh®ridH % isQéss BadNDR inject the Sample and
integrate the chromatogram. Calculate the product assay with the formula:

10 . ‘ : |
Assay% = (Sample Area x Cone. Std x 100)/(Standard Area x Sample Conc.)

‘Where:

15  Sample Area = Area obtained by sample injection
Standard Area = Average of areas obtained by Standard injection
Sample Conc. = Concentrafion (mg/ml) of Sample
* Standard Cone. = Concentration (mg/mi) of Standard




Standard Conc. = Concentration (nmg/m) of Standard 27 Septenber 2006 WO
03/ 080597 PCTI DKO3/00208 9 Analytical Method GC - 5- ¢iV Septimisbo 2@06and
5-chloro-1-(4 fluorophenyl)-indole Instrument GC Gc Top 8000 CE

Instru tector FID Colum Zebron (zZB-1) 30nx 25 gm
Carr i orvOpZes0 Ye) 1.5 mi/nin Split Flow 50 ni/m Hzgf?@%%‘%’gnum n o Ar
Flow 300 nL/min Volune injected?1l L Run tine 25 min Step Tenp (C) Duration

1 120 mn 1-*2 120-*220C 5 m.n 2.220 20C/mm T inj 220 C
T det Aﬂdﬂﬂ‘@lM@éﬁ%@%?ﬂ%’fo"@?@éﬁ"ﬁéTCh@f%ﬁﬁéﬁﬁa”Bp?‘%‘ﬂ’ﬂf’fé St andard Sol uti on

Dilute about 2 M of Undecane (GC Standards) with Acetone in a 250 niL

volunetric flask. Sanple Preparation 10 Weigh accurately abpout 250 ng of
sanpl &nsgrbredti@? oi ndol e or 5-chl ol &WP@%G@EEKBW@?WI ) - ndoI ) in a 25 nL
vol u F-e—Hask—and—add—-nternal andard—Setuwtt+er—to—votupe. Fi nal
concentt® 1'tofon 25 ng/nL. 15 27 Se[)FEjnber 2006
Column ‘ Zebron (ZB-1)
30mx 0.25mm
(.25 pm
| Carrier Flow (He) 1.5 mL/min
Split Flow _ 50 mI./ml
T, Flow | 30 mL/min
Air Flow 300 mL/min
Volume injected 1uL
| Run time 25 min
Step Temp (°C) Duration
1 120°C 3 min
1-»2 120°—220°C | 5 min
2 220°C 20 min
AT 20 °C/min
| Tin 220°C
| T det 250 °C

Assay against external standard

- Internal Standard Solution
Dilute about 2 ml of Undecane (GC Standards) with Acetone in a 250 mL volumetric flask.

Sample Preparation
10 Weigh accurately about 250 mg of sample (5-chloroindole or S-chloro-
1-(4-fluorophenyl)-indole) in a 25 mL volumetric flask and add Internal Standard Sclution to

volume, Final concentration 25 mg/ml..

15




WO 03/ 080597 PCT/ DKO3/00208 10 Standard Preparation Weigh accurately about
250 ng of Reference Standard (5-chloroi ndol e or 5-chl @7d5eptember 2006
1- (4-fluorophenyl)-indole) in a 25 nL volunetric flask and add I nternal

St andar. ion to volume. Final concentration 25 Anal yti cal
Pr ocedu‘?‘@%%#geggt the Standard three tines (at |east) Pg?/ﬁg@dqﬂgotse t he
obt ai ned chromat ogranms and calaolate the ratio between Area of anal yte and

Area of Internal Standard If the ratio Standard Deviation %is |ess than
1. 0% Stapdacd PisperatBanpl e and integrate the chromatogram and cal cul ate 10 the

ratio as d@ gﬁ%l bedteﬁl%g%gf.zs@gl g %&%?@n&@g*%" mglg » Wodihot he fornul a;

Assay% _ St an ard Area Ratio X
Sanpl b(@mp)lenymp@ inpR5 sampl@emcélaskma@ pdgl Teternpleianigsd SQutoBi%i ned by sanpl e

i njec mﬁ@ﬁ:i 0 Average of area ratios obtained by Standard
i nj ecﬁl@ﬁeﬁé@%})@rﬁ:&%@ Concent ration (ng/ M) of Sanple Standard Cone. =

Concentration (nmg/ M) of Standard 20 Analytical Method GC - 5-clsloro-1-(4
fl uorgg%] é’aﬁ’ro ‘Qﬂg{)e - Conversion In- Process-Control |nstrunent

confi ion as ove. 25 Conversion In-Process-Control Sanple
Prepar at i omje&tﬂmﬁta;nldad tirdertimen(t least), integrysé the Obtdined cheomajogaras 41én sol ut i on.

Dilute 1 \%arte ratill bellech RlcY 8%?1?;& Ethd AI?J of mc[gna? g%g&&@ ﬁt&qﬁtﬁ' sip@r-and inject. 30

Cal cufat e CONVersion w nversi on%
(5- cthmohJ:(mleSﬂthmrlcﬂ%Enyﬂﬂ}&Sawdbla@Wgﬁe ibe slyompptomereAidSESTsEol e Area + 5-

ch or @e Laib 4s db BELRBRNF A WO EabY 83) witiPthe formEiRt enber 2006
Assay% = (Sample Area Ratio x Conc. Std x 100)/(Standard Area Ratio x Sample Conc.)

Where:
15

_Sample Area Ratio = Area Ratio obtained by sample injection

Standard Area Ratio = Average of area ratios obtained by Standard injection

Sample Cone. = Concentration (mg/ml) of Sample

Standard Cone. = Concentration (mg/ml) of Standard
20

Analytical Method GC - 5-chloro-1-(4-fluorophenyl)-indole — Conversion  In-

Process-Control

Instrument configuration as above.
25
Conversion In-Process-Confro}
Sample Preparation
Stop the stirring and sample 0.1 mL of reaction solution. Dilute with 5 ml of toluene.
Filter the solution obtained and inject.
30
Calculate the conversion with the formula:
Conversion% = (5-chloro-1-(4-fluorophenyl)-indole Area x 100)/(5-Chloroindole Area + 5- |
chloro-1-(4-flucrophenyl)-indole Area)

35




WO 03/ 080597 PCT/ DKO3/ 00208 11 Wiere: 5-chloro-1-(4-fluorophenyl)-indole
Area = Area detected for 5-chloro-1-(4-fluorophenyl)- 27%kptanbter 2006

5-Chl oroi ndol e Area = Area detected for 5-Chloroindole Identification of
pr oduct ctra were determ ned on a Bruker Avan ctrometer 10
'HNNKd’_@@"@g%Mt (S ppm JHz): 7:70 (111, d, J= 2. S’?T’ﬁ‘%ﬂ@% 39 (3H m;
7.32 (1H, d, J=3.2); 7.30-7.17 1311, n); 6.66 (1H, d, J= 3.2). 13C NMWR
CDC13 75Nfflz (S ppm Jc,F Hz): 161.68 (d, Jcy = 245.0); 135.87 (d, Jc,F =
2.0); Wiem®: 96; 130.62; 129.75; 126.59 (d, Jc,F = 8.3); 126.49; 123.18;
120.97; 117.04 15 (d, Jc,F = 22. 0) 111.71; 103.59. 19F-NWR CDC13 282MHz

(S pprr) 114,94 ( These data e |n ructure of

5- chl éﬁ@@’(@“ﬂ‘%o{?g%“ﬁﬂh@ﬂﬂf)“eﬁﬁ det %%hg'ﬁﬁ?rf’éwéb?’fﬁqu ith tol uene as
sol vegdgofexanpl e 1: N, N, N, N-tetrarret hyl et hyl enedi am ne as |ligand A jacketed
o] ass react or was charged crude 5-chl oro-indole (80% pure as
def er AGhkHoBIPIa e AE3 ﬁww fgﬂlp"ﬁ‘gﬂo K2003 (40.2 g, 0.2902 nol),
4-fluoro= 25 bronobenzene (92.3 g, 0.5277 nol), CuT (2.5 g, 1.32.10 nol),
N, N, N, N-tetranethyl ethylenediamne (3.2 g, 5.28.10.2 nol) and 80 nL of

t ol ueddentifieationiof product uas heated to reflux (about 115 C), under vi gorous
SUITT AR kéﬁeéénﬂﬁl@dBﬂaBﬁﬁcem%ﬁesw Bérol@fdri Ng to 60 C, 80 ni of

Tol uene aﬁg&gg% wat er wer e added andﬁ)t he m xture was mai ntai ned under
stirring at 50 C for % hour and the organic |ayer was 30 separated and
trgat N‘i\éﬁz 1861, BboMBE (Vi€ HJHE70 @8l dWet 2.0p 70 TEESHy®m);e t hen di ssol ved
by%sl g:gv addi 1 0R of aq l(.leOUS H 32‘V§untll solution'reached pH = 2-3. The

m xt ur7S2uas, dnﬁzfr?nﬂa'?ﬁ@d 1dr(3kdm)s 6i66(1Bofl, dE 358 C for % hour the aqueous

| ayers were elimnated. The organic |ayer was then concentrated, by
solvent distillation at reduced pressure, and the crude product was

QP PR EDC )i (5ot e ISESKIU, b atsy ST desmy againel oxt.
) 2. (;/)va 134.96; 130.62; 129.75; oo & Bcpe"?%, 15098 12543095937 0a

15 (d, Jop=22.0); 111.71; 103.59.

%R NMR CDCl; 282MHz (8 ppm): 114.94 (m).

These data are in agreement with the structure of 5-chloro- 1-(4-fluorophenyl)-indole.

20
Synthetic examples with toluene as solvent

Example 1: N,N,N,N-tetramethyl ethylenediamine as ligand
A jacketed glass reactor was charged with 40 g of crude 5-chloro-indole (80% pure as
determined by HPLC) (32 g, 0211 mol), K,CO; (402 g 0.2902 mol), 4-fluoro-
95  bromobenzene (92.3 g, 0.5277 mol), Cul (2.5 g 1.32:10% mol), N,N,N,N-tetramethyl
ethylenediamine (3.2 g, 5.28.10% mol) and 80 mL of toluene. The mixture was heated to
.._reﬂux (about 115 °C), under vigorous stirring, and maintained for 40 hours.
After cooling to 60 °C, 80 mL of Toluene and 80 mL of water were added and the
mixture was maintained under stirring at 50 °C for ¥ hour and the organic layer was
30  separated and treated with 80 mL of water. The residual carbonates were then dissolved by
slow addition of aqueous HCl 32% until solution reached pH = 2-3. The mixture was
maintained under stirring at 50 °C for % hour the aqueous layers were eliminated. The organic
layer was then concentrated, by solvent distillation at reduced pressure, and the crude product
was obtained as an oil (47.2 g). The yield, based on HPLC (assay against ext. Std.), was about
35 42%. | | |




Exampl e 2: NN-di et hyl ethylenediam ne as |igand Follow ng the procedure of
exanmpl e | except that NN-diethyl ethylenedianm ne was 2isSegtembes2@¥d of

N, N, N N-tetranethyl ethylenediam ne the crude product was obtained as an
oi | 84@ The yi el d, based on HPLC (assay against ext. Std.), was about
50% AHPOP73Y Trans- 1, 2- cycl ohexanedi ani ne as | i §SHIE® 2 Byet ed gl ass
reactor was charged wth 10 g oficrude 5-chl oro-indole (80% pure as
determ ned by HPLC) (8 g, 5.2.10"2 nol), K2CO8 (12.7 g, 9.2.10 nol),

4-f | udﬁxmpdaﬂofﬁj\béﬁtizw)(l@@dmmgwavllalnﬁo 2 mol), Cul (1.26 g, 6.6.10 nol),
trans 10 1'ﬁ2110(\:x¥n>%ltﬁ)e p%%c%ﬁ\ﬁg hﬂyﬁlﬂﬁ Q%xo%é)t t%’t B?%I %@eﬁyﬁgdﬁmﬁi@%&go mL of

t ol uene. ut“ 115 under vi gorous
sti rr jusag,in sieed WNINQ{-WWW etlydenpiamine therpradeqaodyetves GPF“’E??EQ?I{"@d by GC was

about o?lz Afh% e1d%§gd'oﬂgmte(££& CrairstiRt, §£P'vﬂs£&§mwl were filtered of f and
|

the org ion was then concentrated, by solvent distillation at
reduced pressure and the crude product was 15 obtained as an oil (15.4 Q)

Efﬁgg'@afggeg?g’%%ﬂ§§|@9?§8@‘éﬁ%%&q 1@35 reactor was charged with 20 g of

ure as etermned by HPLC) (16 g, 0.106 nol),
K3PO4 (18. @ japketed HBSrenaddr)was dbafgledrwrﬂol(lg@nmbehzlécnem@b (%eoue 33, 0.263 nol ),
Cul " e | engsl 0.2 nol) and 40
Ul (il By $rtf @ f0bdao®tilyl Rl ABYNE 62158 i), -l )

e vas bou 15 O, under
Vi gor dusnaberzenei r{§2.7 Snd'!'r?mliont aioﬂed%r(IZQ rﬁouﬁél An Déﬂ!l)dr fighhal amount of

K30 12 Blofbxaribdi 213 b ). 1585l PAE 96, APEIbRETHE Rk feSvatBSiteat i rred for 19h.
Tﬁle colhz\g/c ?lgr on ﬁm IED vvaos?%bout 42%u After cooling to 60 C, 80 nmL of

Tol ueﬁ@feﬂWﬂ(aWtHE"G} %@EOTQ%P@“%H@@%@% 2b%rSy vt ure was mai nt ai ned
under ﬁghgng&ggn@gckggbj@é%sa%thgwr and the organic Iayer were separated

and treated wth of water, I were then

di ssol ved b‘;fter@P]&ﬁ/t‘a@JﬁthFPhéfes Ef’l ﬁ?—'ﬁf%%%ﬁ gﬁmf’r on reached pH =
2- 3. ThE tth $dnbdn@at¥B 6y sol@htdistilniol atseiiesd pRbdutel inf ¢heatudbfro@cf @as %@ hour t he
aqueous Ia ers were elimnated. The organic |ayer was then concentrated,
bylssol‘\l?'@WF #hien pil 1Isﬁtgr?on at reduced pressure, and the crude product 30 was
obtained as an oil (62.3 g). Exanple 5: CuBr as catal yst source A jacketed
gl ass reactor was charged with 40 g of crude 5-chloro-indole (80% pure as
deterrﬁmeaetfy Keps bes® g, 0.211 nol), K2003 (40.2 g, 0.2902 nol), -

4-f1uoro- &%&@E&&&e««&%g’éd itk 80 @&‘%ﬁldémhﬁloro@ttﬁre (0% B8egs, 1.32%10 nol),
ethyl edgt?alqn;ggiﬂ' b?r I—]PEC) (16 g, 0.106 mcﬁ]D }{ge.PrBD ?{8 62 g, 8888 mol), 4-fluoro-bromobenzene
20 (46.2 g, 0.263 mol), Cul (1.25 g, 1.32.10” mol), ethylenediamine (1.58 g, 2.62+10% mol) and
40 mL of toluene. The mixture was heated to reflux (about 115 °C), under vigorous stirring,
and maintained for 22 hours. An additional amount of K;PO, (9.3 g, 4.4+10? mol) was added

and the mixture was stirred for 19h, The conversion checked by GC was about 42%.

After cooling to 60 °C, 80 mL of Toluene and 80 mL of water were added and the
25  mixture was maintained under stirring at 50 °C for % hour and the organic layer were
separated and treated with 80 mL of water. The residual phosphates were then dissolved by

slow addition of agueous HCl 32% until solution reached pH = 2-3. The mixture was

maintained under stirring at 50 °C for % hour the aqueous layers were eliminated. The organic
layer was then concentrated, by solvent distillation at reduced pressure, and the crude product

30 - was obtained as an oil (62.3 g).

Example 5: CuBr as cdtalyst source
A jacketed glass reactor was charged with 40 g of crude 5-chloro-indole (80% pure as
determined by HPLC) (32 g, 0211 mol), K,COs (40.2 g, 0.2902 mol), 4-fluoro-
| 35  bromobenzene (92.3 g, 0.5277 mol), CuBr (1.89 g, 1.32%10% mol), ethylenediamine (3.2 g,




WO 03/ 080597 PCT/ DKO3/ 00208 13 5.28.10.2 mol) and 80 ml of toluene. The

m xture was heated to reflux (about 115 C), under vi @rSeptendter 200ng, and
mai nt ai ned for 32 hours. The conversion checked by GC was about 92% After
coolin 80 nmL of toluene and 80 nL of water d and the 5
m xt ur g‘”@s’%ﬁﬁc"m ai ned under stirring at 50 C for % ﬁ@{i}?{oan the organic

| ayer was separated and treated®™ith 80 nL of water. The residual

carbonates were then sol yed by sl ow, addition,of HC 32% unti |
sol ut P 1Pezeh (}?? yfﬁ%m#’ietwg‘eﬂggor a[bglftr%zﬂtﬁ é?r stirring at 50
C for v?@rdﬂ@bﬁmﬁé’lencaﬁibiﬁﬁﬂsd fon B2 haursvdhe calvirsiomatiedatd bFIGE wasgpbmitc | ayer was
t hen G rPcentrat ed, by solvent distillation at reduced pressure, and the
crude 8 oduct 10 was obtained as an oil (64.4 g). Exanple 6: Cud as
cat al yst smﬂmc@ol@ngjtacﬁkéﬂ,e@rglaﬁblub@aa@d&mlaé vekeamgedddudiend 56 g of crude

hl or eddTEPE g‘&gc% OW%M mol ), K2CCB
(43 a“(t%%@ b et og%i% %on@%@%z@ﬁgﬂg ’% 0. 5277 nol ), cud
(1.31 sgqaralediitﬂﬁ Toied withl %Omle?ﬁl‘ydf@n'ﬂtﬁlr%ﬁﬁ“ﬂéﬁl(b@aﬁﬁs grereah%h%@veé Yol , 25% and 80
T Of <fol) ARG oFifuddbe e S2NRRNGRNSH el ¢ oL AllowidSds) . - under

Vi gorous stirring, and mal ntained for 32 hours. The conversjon checked by
GC wagnaimdiesdiundep srringrat 8 *Gigti: hor the sauseprsdayers gremelipm ff‘ﬁ Tifem&8nd 80 nlL of

wat er wsf ﬁasﬁﬁéﬁ%&lcaﬁhdteahﬁsoﬂ&t Mk iinet WRSed BB A€ the titdegroditd rring at 50 C
for'/z hour and th e organic |l ayer was separated and treated with 80 nL of
watler waypiaingdss auell (6¢4Bhonat es” were then di ssol ved by, sl ow addition of .
aqueous HO 32% until sol uti on reached pH = 2-3. The m xture was naintai ned
under stirring at 50C for''/2 hour the aqueous |ayers were elim nated. The
or ganifxamplefe Culhes eyt saieéent r at ed, by sol vent distillation at reduced
pressure, "5901&1!8 gllds %&oﬂa@gﬁb?éed whaR 40\8St ARE 8cABA-iAR1eARWpre §s7- 819) . Exanpl e

7: CuBr2 as ‘catal yst source | ass | acketed reactor MF% charged with 20 g

of cr ddemBneh b Ircadﬁ'rleg,(@@% mﬂ)eKa Os (&% 18 W02 pYollpt8yoe16 g, 0. 106
”D}s) 1%0( 3g00§244n{58| o“,ucmillglqraa*mrzqmbaﬂﬂaﬁemﬁec{m@ 1g, 0.26

o) A0 mol b S mest e The iz et erien i ek it a8k °118 & ™under

Vi gOr QiderShidokduk Biring, aidima@iafbafon 821 héwed. TAS cdiwersion cHehled bpitewss on checked by
GC was about 44% (after 20 hours the conversion checked by GC was about
439% . #BEEE%cooling to 60 C, 50 mL of Tol uene and 40 nL of water were added
and the  After cooling to 60 °C, 80 mL of toluene and 80 mL of water were added and the

20  mixture was maintained under stirting at 50 °C for % hour and the organic layer was

separated and treated with 80 mL of water. The residual carbonates were then dissolved by
slow addition of aqueous HCI 32% until solution reached pH = 2-3.The mixture was
maintained under stirring at 50°C for ¥ hour the aqueous layers were eliminated. The organic
layer was then concentrated, by solvent distillation at reduced pressure, and the crude product

25  was obtained as an oil (7.81g).

Example 7: CuBr; as catalyst source
A glass jacketed reactor was charged with 20 g of crude S-chloro-indole (80% pure as
determined by HPLC) (16 g, 0.106 mol), X;CO; (20 g, 0.144 mol), 4-fluoro-bromobenzene
30 (46.1 g, 0.26 mo!}, CuBr; (1.46 g, 6.6¢10° mol), ethylenediamine (1.58 g, 2.6.10% mol) and
40 ml of toluene. The mixture was heated to reflux (about 115 °C), under vigorous stirring,
and maintained for 28 hours. The conversion checked by GC was about 44% (afer 20 hours

the conversion checked by GC was about 43%).

_ After cooling to 60 °C, 50 mL of Toluene and 40 mL. of water were added and the
35  mixture was cooled to 50 °C under stirring. The residual carbonate were then dissolved by
slow addition of aqueous HCI 32% until solution reached pH = 2-3, The mixfure was




35 m xture was cooled to 50 C under stirring. The residual carbonate were

t hen di ssolved by slow addition of aqueous HCl 32% urt7iSepsmibet 2006 r eached
pH = 2-3. The m xture was 27 Septenber 2006 WD 03/080597 PCT/ DK03/ 00208 14
mai nt ai r stirring at 50 C for % hour before_th rgani c | ayer was
separ at @33/1#@%99 organic |l ayer was treated several ti ﬁéﬁ%&’f’ﬁ’g@atur at ed

sol ution of Sodium Chl oride and Mater under stirring at 50 C and
concentrated, by solvent distillation %t reduced ressur&. The crude

pr oduERin{ed Spdes siHERE 40 ah f?}i{zhe%feg’ye o Pl XL wes 18Pt P at e vari ations
of t hgrghnié tafdirsk &edisdiiaNBndS 36i0Batiueded eod@tion SSutimm Chldyidy amewaerper f or med

accordipg to th ocedure of ., exanple. .l exce for the.details specified.
The aﬂﬁ{%hi%aé?‘bﬁﬁgﬁcqn@ng?t?{igy 1 Ve’f"tﬁjgsué%ﬂ ﬁttrg%Fedgfeéﬁli‘feo oe-clmfldgol e (cal cul ated
as pupmdudweddbeiined bswdell 6l.g) % neans nmol % equi val ent nmeans nol ar

equi val ent ,_and v ans . m ol.ye o e} C o-indole. 10
Ex‘grrpl e 8: E’iaﬂ?fgeéf ng Fﬁ“%@"%‘r‘a@é’%% e%e(ﬁ\ﬂgﬁﬂné’ﬁg“%&ﬂ‘g‘fgie{ élj?@gﬂhg{ﬁt of K203, 1.1
equi vaysent Théy wofe ferfumred adspuding liethe ervesdu® oferanpled exdeptfor tieAdails16h ref | ux. The
conversi on :98 AR o2 entot R AR B2t asbyee0f Cur, 5% of
et hyl 51?51651 [ a%ﬂﬁég&%sg% qwr\?a _ent?ﬁggﬁﬁzc&, 1. 1meqU|(E§al aéntasc%))f i

" 4- f | ubreblotsripdnid) et metns mopYyespiypters mshnstredlay eqnivalenpepd velumg meansiid conver si on
checkeg, x4 YRS HRRGM22% 20 Exanple 10: 1% of Cul, 5% of

et hyl enseodi 1él%nge, 1.5 eqtj)i val ent of K2CO3, 1.3 equival ent of

4-19| uor o- br onobenzene, 2 vol unes.of, toluene, 10h reflux. The conversion.
check abk'%c was about 45% 25 Exanple 11: 5% of Cul, 15% of

‘et hyl éfiediani ne, 1.05 equival ent of K2CO3, 1.2 equivalent of

"4-f | uor o- bivabEnk 456 of 2thyleledimmieol.1 egiialnieof KB di lseduiveleniofof f wat er as

gg Oe/OOt ﬁ%groaa@gnob'é&g%?b LR@mlsOls USKae, 160§ MR ShveRioh REGk&hybyc CC was about
was about 99.5%.

15

Example 9:
1% of Cul, 5% of ethylenediamine, 1.5 equivalent of K;COs, 1.1 equivalent of

4-fluoro-bromobenzene, 2 volumes of toluene, 10h reflux. The conversion checked by GC

was about 52%.
20
Example 10:
1% of Cul, 5% of ethylenediamine, 1.5 equivalent of K,CO;, 1.3 equivalent of
A-fluoro-bromobenzene, 2 volumes of toluene, 10h reflux. The conversion checked by GC
was about 45%.
25 |
Example 11:
5% of Cul, 15% of ethylenediamine, 1.05 equivalent of K,CO;, 1.2 equivalent of
. 4-fluoro-bromobenzene, 2 volumes of toluene, 18h distilling off water as azeotrope and
recycling toluene. The conversion checked by GC was about 55%.
30

Example 12:
5% of Cul, 15% of ethylenediamine, 2.1 equivalent of K;CO;, 1.1 equivalent of
4-fluoro-bromobenzene, 2 volumes of toluene, 36h reflux. The conversion checked by GC

was about 96%.

35




30 Exanple 12: 5% of Cul, 15% of ethyl enedi am ne, 2.1 equival ent of K2CG3,
1.1 equivalent of 4-fluoro-bronobenzene, 2 vol unes of27Septesnber 2GBh ref | ux.
The conversion checked by GC was about 96% 35 27 Septenber 2006 WO

03/ 080 03/ 00208 15 Exanple 13: 5% of Cul, 15% of ethyl enedi am ne,
1.5 eqt%%\zfa?ll’:’:@éggf K2C03, 1.1 equivalent of 4-fluor OPEF@%B%@%%Z‘HE, 2

vol umes of toluene, 36h reflux. Fhe conversion checked by GC was about
95% 5 Exanple 14: 5% of Cul, 20% of ethylenediamne, 1.1 equival ent of
K2C03 Exdmyple é3ui val ent of  4-fl uor o- bronobenzene, 2 vol unes of Tol uene, 44h
reflux. Thg,c r%é,0 &]% . 99%0 l e 15: 5% of
Cut, 20% og%eot?me%é’d&am ngﬁ%@éﬁﬁﬁﬁ%ﬁgpgﬁ%?i){3fqligalg%ﬁbi@r€al ent of

4- 1 | uéifivotorbomtyenzenen? volpmescif ighease, Goh refiuy e comgiion hqekpd PYA¥di tion of Cui in
two poLl L8R5y 2x2. 5% 2nd after 10 h refluxing). The conversion checked by
GC was about 98% 15 Exanple 16: 5% of Cut, 1.14 equival ent of

et iyl enedi am ne, 1.1 equival ent of K2CO3, 2 equival ent of

4-f| ugrg@g pbenzene, 2 volunes of toluene, 24h reflux. The conversion
check&d was about 86% 20 Exanple 17: 2.5% of Cul, 40% of
et hyl enedi 5%i afe&ul, 20% efpihylakdmingfl.1KQCDPent 2 FgbPy di legmuivalpnt of

ghfelc E ggpu-glg)[b%%‘loo%%%én%g gﬁﬁm%%%%@%ef) Jant O ORE cotRRidh&hokes bylG€ conversion

was about 99%.

10
Example 15:

5% of Cul, 20% of ethylenediamine, 1.1 equivalent of K;COs, 2 equivalent of
A-fluoro-bromobenzene, 2 volumes of toluene, 36h reflux. Addition of Cul in fwo portions
(2x2.5%, 2™ after 10 h refluxing). The conversion checked by GC was about 98%.

15
Example 16:

5% of Cul, 1.14 equivalent of ethylenediamine, 1.1 equivalent of K,COs, 2 equivalent
of 4-fluoro-bromobenzene, 2 volurnes of toluene, 24h reflux. The conversion checked by GC
was about 86%.

20
Example 17;

2.5% of Cul, 40% of ethylenediamine, 1.1 equivalent of X,CO;, 2 equivalent of
4-fluoro-bromobenzene, 2 volumes of toluene, 26h reflux. The conversion checked by GC
was about 87%.

25

Example 18: Under moderate pressure

5% of Cul, 20% of ethylenediamine, 1.1 equivalent of K,COs, 2 equivalent of
A-fluoro-bromobenzene, 2 volumes of toluene. The reaction mixture was heated to 120 °Cina
closed teactor for 44 h allowing the pressure to increase fo a maximum of 2 bar. The

30  conversion checked by GC was about 87%.

~ Toluene and water as solvent system
- Example 19: K3P0y as base
A jacketed glass reactor was charged with 40 g of crude S-chloro-indole (80% pure as
35 determined by HPLC) (32 g, 0.211 mol), KsPO, (56 g, 0.264 mol), 4-fluoro-bromobenzene




Exanpl e 18: Under noderate pressure 5% of Cal, 20% of ethylenediamne, 1.1
equi val ent of K2CO8, 2 equival ent of 4-fl uoro-br onob&TASepemter ¥¢dunes of
tol uene. The reaction m xture was heated to 120 Cin a closed reactor for
44 h al he pressure to increase to a maxi num The

conver s\!"gm%’@ﬁ%e%ked by GC was about 87% Tol uene and &/ﬁ?’é?‘@@zgol vent system
Exanpl e 19: K3PO4 as base A j ack@t ed gl ass reactor was charged with 40 g of
crude 5-chl oro-indol e (80%5 as 35 deternined by HPL& 632 g, 0.211
mol ), (RFreh - 2B6mgl), Gl @ee, g 12!91? ethslepiprgRdhe f et 02 %L 8 enber 2006 WO
03/ 08Qg94r tﬁ@ﬂe%@% ngﬁ&téﬁhe ﬁ'{ﬁ)a:urs wils bfdied Zo/rétHimDdahout Q1Sl °CY, Zln&zrg, 1.32.10' 2

of WGP e oA Bl REAL Bt 577 SPYERe dpet o1 56 w0 Bier i gor ous

stirrigpg, and maint a| ned for 40 hours. The converS| on checked by GC was

but 89%, 5 Af m_ of

oA o 8% P8 8 e Rl g R 89 5 o vty
hour  afigtuieheasomgjatnine imlyreshrmasat SééﬁafmtVeéiomraddtthee%w lwerkw80 nl of water.
The ggg}é dﬁ? apgsoﬁ%é%hvg&%nﬂegﬁag PT:E\ gﬂ'sgﬁa@ﬁ@%ag Y wers W cddilipgn of aqueous

HCI ution reache m xture was nhi ntai ned under
stirrishy atlited of ai]nmuso/ECIh@% untﬂeiolat;\%ma@lefll alfer 3-3ndhe nIURiAt ed. The

OF 9N Gy QUG o HASe o PR GOAEEPIE RBSho 14hs Db Uit Bicked ] 0Nt 1 educed

pressur e, ct waS obtained as an oil (86.4 g). Exanple
20t0 Kz@eeweghemwem}eé@m@t dstillation egwsdyce proseye epbibgeIa 40 g of crude

5 ‘chl eigtalel gm(g;p% gy e as 15 determ ned by HPLC) (32 g, O. 211 nol ),
QJ(«,QO ,a 0.29 rr%ﬁ:’) 4-fl uoro- bronobenzene (92.3 g, 0.5277 nol), Cul

(259, 132 10 nol), ethylenediamne (3.2 g, 5.28.10.2 nol), 80 m of
t ol ueng., Kr@?o& meger. The mixture was heated to reflux (about 110 Q),
under orou AT ng, and mai ntai ned for 36 hours. The conversion

checked by AGR ket glass attor ¥6F Sharzpd with 408 of s I-phloredndgly % BYE 4L of t ol uene
and 8 MRinbaizeed under
f 80 il Q%WF%@ (gg) q4e8, ﬁ?@!}t e% g, ﬁhﬁrﬂ&? 4\R8ro

stirring at our organi c |ayer were §e arated and
t r eat €22-Wet05280 mel). G (Anbe dr32:1§ @OBé‘éf}Y&H%ﬂ‘an%%r(%r&aﬁ #sl0iered.Hen di ssol ved by

sl ow. addjrtiQRe fa AAME MASatdiCne g Ud Rak heati@liditci@N(boAC NET) pidder 2- 3. The
m Xxture was
vigorous stirring, and maintained for 36 hours. The conversion checked by GC was about
67%.
20 After cooling to 60 °C, 80 mL of toluene and 80 mL of water were added and the
mixture was maintained under stirring at 50 °C for % hour and the organic layer were
separated and treated with 80 mL of water. The residual carbonates were then dissolved by
slow addition of aqueous HC] 32% until solution reached pH = 2-3. The mixture was

maintained under stirring at 50 °C for % hour the aqueous layers were eliminated. The organic

25  layer was then concentrated, by solvent distillation at reduced pressure, and the crude product

was obtained as an oil (68 g). The yield, based on HPLC (assay against ext. Sid.), was about
50%. '

Dimethylformamide (DMF) as a solvent

30 Example 21:
A glass jacketed reactor was charged, under nitrogen, with distilled 5-chloro-indole
(94% pure as determined by HPLC) (200 g, 1.32 mol), K,CO; (200 g, 1.45 mol), 4-fluoro-
bromobenzene (461 g, 2.63 mol), Cul (12.6 g, 0.066 mol), ethylenediamine (15.9 g, 0.26 mol)
and 400 mL of dimethylformamide, The mixture was heated to 40°C under vigorous stirring
35  and kept at that temperature for 12 hours whereafter the mixture was to reflux (about 130-




mai nt ai ned under stirring at 50 C for % hour the aqueous |ayers were
elimnated. The organic 25 | ayer was then concentr at e®7 Septepdicy 2026
distillation at reduced pressure, and the crude product was obtained as an
oil (68 _qg). The yield, based on HPLC (assay against ext. Std.), was about
50% uwgt"f'{%“?%r manride (DVF) as a solvent 30 ExanpPETPKINA ass j acket ed
reactor was charged, under nitrofen, with distilled 5-chloro-indole (94%

" pure as determned by HPLC) (200 g, 1.32 nmol), K2CO3 (200 g, 1.45 nol),

4- f | udBEChovdprorIaneus imngely Foressing Fhoseket teppprptugeover peglod P86 ol ) |

et hyl gpgeliani 2 Cad®mBnilineddt #8udmt 3 houald 400 L of di met hyl f ormam de. The

m xture was heated tq 40C under vigor sfifring 35 d kept at that

t enper at ur efFEpgooleg 8 9&1’@?‘85@1{15‘% ang(?orﬁﬂ;f’{Waéergﬁ? afiger&ra@?ﬁgx (about 130 27
Sept erhigfire2RH9 Goolddts BB/ ORAEIhrnE TYHDIKEE20 PEBwak SeparkB6 €i)d washaleat vi gor ous

stirri by i.ncreasi t he..jac t r.at u ver, neriQ f 45 mnutes

¢ 0 314500 CaRn A el Reris |“®3i‘?103?£}'5p$ﬁ@t?’i%2 & rfﬁlc%%%r"ﬂ%% to 60 C, 400
m. of shhtistesfeiilaied adfGhian(s ndf ofWH.£33%e 1280 mllché H@)n dlbet dvbventnwastthene was cool ed to
50 C under .sti.rring. . The organi . hed, at 5 50 C
with dPROEAR ?i‘%fra@"ghaf ol irasge @%ﬁﬁ&%ﬁy&%@f@%@%ﬁﬁ%@%ﬂd finally wth
- a sol y)iThayoH, thsddn EBLE (s pgingtextyBtdof waspimue3% + 200 nl of H20). The
solvent was then renoved by distillation at reduced pressure and the crude

product was obtained as an oil (469 g¢g). The yield, based on HPLC (assay
agal NAxample 22SCARY) gs codysadoore 94% | 0 Exanple 22: CuBr as catal yst source A

pure as - dABFHATRE By tee e vip At Sstear o BB 0 10 o)
4; 1;] I :quetamihmﬁmyﬁmm_ o i g, 0406 ﬁolg,KZOO:Z(ZZOrgDD.)A}él m]Bﬂ-fﬁJ@r.ogaﬁong),berﬁ'm@Tf é?mrr% zje he
ﬁ‘i x?uﬁgfa&?[%%’%)éﬁ@ggf %ﬁﬁ%%ﬁ%ﬁ@%ﬁﬁﬂ%%%%g gq%r?ﬁér gl%ggt\&/({%or ous sti r.ri ng,
and mahlnbfilinethyfomagide. e msixturptieas dostek tosicBrx. @bt REH 133y WBOmiEls about  99. 5%
o0 bl Hifind M SERUAEE 100 AR 60 oHibn WREERY Ml B B e i Xt ur o

> f water were added and the mxture
was cd9iS5elattes 6Bourgthe eraearsioptheakpdhy GCrwies ab@g Bldtdal car bonat e were then

di ssol ved Dyer Sdofiiy 846 & D0bs BAMROMN 40Gh S2Hdd Wetd adsedl aalligen reached pH =
2-3. The m xture was 20 mai ntai ned under stirri ngﬁﬁénoqésosag?%o; %2 hour. The

or ganimixpepys cppled 98 3F andsa stFee- (Lhe Eeidep! cippanpe 9T The nixture.
was Madigy addiee dNEfdousSHECT 819% Gnflt soRBiofrdabiied 6B AT, ThB anixture was

20  maintained vnder stirring at 50 °C for % hour, The organic layer was separated and treated
with 40 mL of water. The mixture was maintained under stirring at 50 °C for Y hour the

aqueous layers were eliminated. The organic layer was treated several times with saturated

solution of ammonium sulphate and water under stirring at 50 °C and then concentrated by

solvent distillation at reduced pressure. The crude product was obtained as an oil (38.4 g). The
25  vyield, based on HPLC (assay against ext. Std.), was about 80%. :

Example 23: CuCl and K1 as catalyst source
A glass jacketed reactor was charged with 20 g of crude 5-chloro-indole (80% pure as
determined by HPLC) (16 g, 0.106 mol), K,COs (20 g, 0.144 mol), 4-fluoro-bromobenzene
30 (47.7 g, 0.27 mol), CuCl (0.595 g, 6.0%10° mol), ethylenediamine (1.58 g, 2.6+10” mol) and
40 mL of dimethylformamide. The mixture was heated to reflux (about 130-135 °C), under
vigorous stirring. After 4 hours was added KI (1.16 g, 6.99.107 mol). The mixture was then
maintained at reflux for 16 h. The conversion checked by GC was about 99.5% (after 6 hours

the conversion checked by GC was about 53%).
35 After cooling to 60 °C, 80 mLof Toluene and 40 mL of water were added and the

mixture was cooled to 50 °C under stitring. The residual carbonates were then dissolved by




aqueous | ayers were elimnated. The organic |ayer was treated several tines
Wi th saturated solution of amoni um sul phate and wat €7 Septhenbes 2006 | ng at
50 C and then concentrated by solvent distillation at reduced pressure.
The cr ct was obtained as an oil (38.4¢g). T Lel d, based on
HPLC (gggggﬁsgégi nst ext. Std.), was about 80% Exarrp?gwfggy 2 ] and Kl as
catal yst source A gl ass jacketed¥ eactor was charged with 20 g of crude

5-chl or o-i ndol e .( 80% e et er.m ne HP 16 .q, 0.106 npl), K2CO3
o0 ofy ARE G Sge HOE R gl BT, Bchel 3 T 27 708 i) oo
(0. 59 Eafntaited Qhded Srinpht)50 °Ct iy ¥ dpechacint lykr G6egepaticd ai@ ol ) and 40 nl

of dine | f.oram d The m xtur.e . eat.ed t l. ux bgut 130-135 O),
nder OILETRH o R ReRE ISR ol et MR 5700700, 5
mol ) . afdikeusniayersuwee wiisindtéic Mhe organitt layenevds edated eévenk tiey wittosahwratethe conver si on

check . ab - 2% ( " r I checked by GC
vas anaufoh SRR he Bl Birls RO e SRR 20 L of

wat er soleenddisiditioh a4 raduceth presspriexEhe predemaeduetost eldeined a5 ol @haSF Thet i rri ng. The
resi g&?e‘l GALPANIRS N Baih N ER. Hi 5N X6 sy 27 Sept ember 2006 WD 03/ 080597
PCT/ 03df00208 18 sl ow addi tion” of aqueous HCL 32% until sol ution reached
pH = 2-3. Franplesxt24r28 \iBustratprg iverialinse ot u e r Cld Etlpiensipnine- 560 for V2 hour

the ongaRhAfAMEHe WoES, BePF@1hathradithcldi@Rd 6 the phckdirdd cRdmpRf 21at er . The
m xture was mai ntai ned under, stirring at 5 r the aqueous

Q C for V2 hou
| &Per $xsrahier By sopl which ies 4heert Srehlarripd %yé@eﬂﬁglstswa"teédf BUSPY tines with
sat ur ateedven relafivetth €R a@lowRBIORhI isdold @ileulasachs Wale e chivasimtold)t ¥ ri ng at 50 C
then and co gentra ed, bé %Ol ven]:“.3 distillati on?ﬁtfr duhced E essure. The
cr ude%&ﬂ‘gt o RV BPATE RO Cqyyaigh ang Yoluge mpeans gl 9 S‘%C% '§ € BPased on HPLC
(assay-calpad-insddle.ext . Std.), was about 82% Exanples 24-29 illustrate
vari ations of the Cul-Ethyl enedi am ne- K2CO3- Di net hyl f or mam de system They

were perforned according to the procedure of exanple 21 10 except for the
scal e p¥ainple 225 40 g of 5-chloro-indole and the details specified. The

~amounts are given_relatjve to the anpunt of 5-ch|lorqg-i | e (cal cul ated as

pure 5-chl 8V b %% 05/$t%ﬁ1513fﬂ’§m%l Ldqmel i %gqoé’n% ’H?ja?fgg"ﬁiﬁ?r%fr equi val ent,
and VQkdhitBerBRNS vikimed bf Gakiaimdade, PhaRoCoTiztbietion dikoked by G&E Exanpl e 24 5%
of Cul, 20%of ethylenedianne, 1.1 nmol of K2CO3, 2 nol of 4-fluoro-

br omoIERZNEEY™ ol unes of di met hyl f or mani de, 29h 120C. The conver si on
checked by GC was about 80%

- 20 Example 25
5% of Cul, 20% of ethylenediamine, 1.1 mol of K;CO;, 2 mol of 4-fluoro-
bromobenzene, 2 volumes of dimethylformamide, 6k 135°C. The conversion checked by GC

was about 99%.

25 Example 26
5% of Cul, 20% of ethylenediamine, 1.1 mol of K,CO;, 1.2 mol of 4-fluoro-
bromobenzene, 2 volumes of dimethylformamide. Pretreatment of catalytic system 1 h at
50°C. Reaction 5.5h 135°C. The ¢onversion checked by GC was about 94%.

30 Example 27
5% of Cul, 20% of ethylenediamine, 1.1 mol of K,CO,, 2 mol of 4-fluoro-
bromobenzene, 2 volumes of dimethylformamide and 0.5 volumes of water. Pretreatment of
catalytic system 1 h at 50 °C. Reaction 19h 118 °C (reflux). The conversion checked by GC

was about 58%.

35




20 Exanple 25 5% of Cul, 20% of ethylenediamne, 1.1 nol of K2C03, 2 nol of
4-f| uoro- bronobenzene, 2 volunes of dinethylformam d&7 SEptebdmC200e
conversion checked by GC was about 99% 25 Exanple 26 5% of Cul, 20% of

et hyl e i.an , 1.1 nmol of K2CO3, 1.2 nol of 4-fluoraq- enzene, 2
vol urrerswgf”ggglog%t hyl f ormam de. Pretreatnent of catal yll)?gmg{(@&g 1 h at 50C.
Reaction 5.5h 135C. The conversi #h checked by GC was about 94% 30 Exanple
27 5% of Cal, 20% of ethylenediamne, 1.1 nol of K2CO3, 2 nol of 4-fluoro-
br omodEA#BIES 2 vol unes of di met hyl f or mami de and 0.5 vol unes of wat er.

Pretreat nent, of cugadodd ¥t eGyiecdtane, 1.0 B8 SO0xEo,Reandii na-fiddio-118 C (reflex).
The conversion checked b was_, about 58% 35 27 Sep;lgggg{g 2006 WO
h

y GC
03/ 08 sTPbpETrepk MDY 2HRimedy fompsRide- Ereirgatment gfcatelyfic sysiey, yl enedi am ne,
1.1 ok, RéackcaCGRE35 &. TR cofersthn bhedied 0y Gorwswhenzeane, 2 vol unes of
D net hyl formam de. Pretreatnent of catalytic system14 h at 50 C Reaction
7h 5135 C. The conversi on checked by GC was about 92.2% 5 Exanple 29 5% of
Cal, 20%pf. #thyl enedi am ne, 1.1 nol of K2CG8, 2 nol of 4-fluoro-

br omobenzene, 2 vol unes of dinmethyl formam de. NO Pretreatment of catal ytic

system 50 6% ofR&abt 20 of wthylewdigmingh & 1 cgelv el Killh, ¢ HB/lkfd+BYreasC was about
78%  IoEabeiiehee2 IuhdsloP@inbB1RBmdnlige. NOPRRAmET: of dARIyEHEntsY °C.

5-brono- 1 -(4-fl uorophenyl ) -1 ndol e, whi qubt:'%’ generated in levels up to 1%
by perBeastion il 130 Tallsgerresion harkge byal ey 28e8 ®%up. Lowering of the inpurity
byioecrystal lisation tamed out to be difficult. 15 Exanple 30 A gl ass

j acket ed reactor was charged, under nitrogen, with 5-chl oroindole (200 g,
1. 32 risrypple 39 dugraies i reoval ofthe imprity Sdar%?%ﬂﬁkﬂqoma#eaﬂbwg BadMi847 g, 1.98 nol)
and 4QQgdibraffi in 16¥el60b Rlod B pEESAHR 2 hEIdEen Bk ohbbe Quri@ Svotket Bsvekifg 50C and

hyl enedi am n 1 2 I
ethy e:'.:f ?h%lin%purit; b)S rec?ys?a’llisgﬁon ?um%g ozlt to be difficult.

15 Example 30
A glass jacketed reactor was charged, under nitrogen, with S-chloroindole (200 g,
1.32 mol), K,CO0s (200 g, 1.45 mol), 4-bromo-fluorobenzene (347 g, 1.98 mol) and 400 ml of
dimethylformamide. The mixture was heated to 50°C and ethylenediamine (16 g, 0.26 mol}
and Cul (12.5 g, 0.066 mol) were charged in the reactor. The mixture was kept at that
20  temperature for 1.5 hours, then was heated up to 130°C for 1 hour and finally was heated to
reflux temperature (about 139°C) for 4 hours. The conversion checked by HPLC was >95%.
When thé coupling reaction was completed (ref. Example.doc), the mixture was cooled to
100°C and 800m] of toluene were added. Afier cooling to 60°C the mixture was washed with
a solution of diluted ammonia (80 ml of NHj; 30% + 400 ml of H,0). The organic phase was
25  washed at 40°C with diluted hydrochloric acid (50 ml of HCI 32% + 200 ml of H,O) and
finally with diluted ammonia (44 ml of NH; 30% + 300 mi of water). The organic solution
was concentrated by distillation at normal pressure and then at reduced pressure by stripping
with I—methyl-Z—pyrrolidirlone (NMP). The residue was diluted with NMP. CuCl (17-35 g,
0.17-0.35 mol) and Cul (2.5g, 0.013 mo]) were charged in the reactor and mixture was heated
30 up to 140°C for 6 hours. After diluting with toluene (600 ml), the mixture was filtered and
then washed with ammonia (45 ml of NH; 30% + 300 ml of H,O). The organic phase was
concentrated by distillation at normal pressure, then was diluted with sulfolane and
conqenfrated under vacuum. The crude was finally purified by thin film distillation.




and Cal (12.5 g, 0.066 nol) were charged in the reactor. The m xture was
kept at that 20 tenperature for 1.5 hours, then was he&dtSegtenbet 200630C for 1
hour and finally was heated to reflux tenperature (about 139C) for 4

hour s. %nglggggb\ger si on checked by HPLC was >95% V\henpi}(&%{?@%{% ing reaction

was co (ref. Exanple.doc), the m xture was cod 00C and 800nil
of toluene were added. After cooling to 60C the m xture was washed with a

solutign of diluted anmonia (80 m of NH3 30% + 400 mM of H20 . The organic
phaseDigranoss spieRled at 40C with dil uted hydrochloric acid (50 m of HC 32%

* 20}9%]{1}9[@ )3’!7{.2@)17:.@7‘,9—%&0@%@%&9{1&9@@%3 ed ammonia (44 nl of NH3 30% + 300

m of water). ‘The organic solution was concentrated by distillation at
nor mal  pr edgesketedipiess raneier veas chasgrd 06t 5p rbaruderSechlsyo-isdals (PTormy 3 t h

1- et QybmardRY 6y el e AN®) mo1;[,hfz ¢S {ochgeg Was.161 I di-sedotdy NVP.  Cudl
(17-35 g, 0.17-0.35 nol) gnd Ca c&%S{g 0.%)13 [ol,) re charged in the

r edct Sromehenzerex @it GasS- Mkt 8030 (B34 P79 W\!\ﬁ)rs?m’ﬂfter di l uting
with yol aa&?ﬂén@&fﬁango.aggfg@ 3523% lzk[r%@) a&;n&sfnigl bedi@ena e niities ﬁms hed with
ammoni a (45 of N 20 + 300, H The, or gani ¢ _phase was
conceREete abogl L 10" S runer Xiepraps siringAn méf‘%@?ﬁ?@,m S%ghﬁ'c Vg’fs}ﬂ’lnl uted with
sul f olcBRRedRGC wRAERMMAt ed under vacuum The crude was finally purified by
thin filmdistillatiaon 7 t enber 06 / PCT/ DK03/ 00208 20
Di oxane as”&&I0YRE aﬁpt%%sogﬁesﬁﬁ%@ %R 9%(::11%%%)?%%%2%;%0 %;— as ligand A

j aok etwasithgl assentraad; byosolver gistldings dedwiet] preSgrecid the aulde wodibi waso- i ndol e (80%
pure dﬂs%gﬁ : by HPLC) (4 g, 2.6.10.2 nol), K2CC8 (9.58 g, 6.9.10.2

as, .
nol ), oﬁt?lfnf uor o- ‘onobenzene (6.34 g, 3.6.10.2 nol), Cul (0.063 g,
6.6*10"4 nol), trans 1, 2-cycl ohexanedi am ne (0.377 g, 3.3.10"3 nol) and 33

mL of lﬁ'gﬁﬂﬁ Ehﬁ r{ixture was heated to about 110 C, under vi gorous
stirri—Hg— alitht ined for 25 hours. The conversion checked by GC was
about %ﬁ@[ggfz_ter cooling to 60 C, the solid residual were filtered off and
‘the organic solution 10 was then. cept.r by ,solyent distillation at
rdduced pr &JaiFied elass ragtpravag F]EPH%?EB‘i‘%gﬁ§t°%6é@teggﬁ'ﬁﬁ%ﬂ8@%%Pufnasoi | (8.2 g).
Neat -deidiniifdauty SPLEE@B.8 £X@IM| Roldsy,; KA, A3D.agk@t2edl nylla) A-fhemet or was char ged
with 30 of disti)l -Cl -] (969 e et erm.ned by HPLC) (28.8
g, O. W@?)(ﬁ%@%l??g‘eﬁigﬁbﬁfﬁgr@ﬁ s rgsj-a’ﬁgt‘]’%?efl(‘:)ﬂ}ed‘t:rorph)benzene (143. 4
g, 0. §4.98 gulogs)? mls). Tht nBBurg waOhBRd 0L36-18bICamyler aipdrost $tiplirgnadi ami ne

maintained for 5 hours.

20 After cooling to 50 °C, 80 mL of Toluene and 80 mL of water were added and the
mixture was maintained under stirring at 50 °C for 15 minutes. The residual carbonates were
then dissolved by slow addition of H,8O, 36% until solution reached pH = 2-3 (about 40 mL).

The mixture was maintained under stirring at 50 °C for % hour then cooled to room

temperature and stirred overnight. The aqueous layer (upper phase) was eliminated. The

25 - organic phase was washed two times with water (2x50mL) and then concentrated, by solvent
distillation at reduced pressure. The crude product was obtained as an oil (115.9 g). The yield,
based on HPLC (assay against ext. Std.), was about 42%.




~ pr esenc et oha ewper galeepppting fgrrerQ) ohePPRHED @3t a7 e

(2.38 g, 3.96.10-2 nmoles). The m xture was heated to 130-135 C under
vigorous stirring, and nmaintained for 5 hours. 20 Aft%rSeptembieng0dto 50 C,
80 nmL of Toluene and 80 niL of water were added and the m xture was

mai nt ai p nder stirring at 50 C for 15 mnutes. The resi | carbonates
wer e t‘ﬁ@rdqyﬁqﬂgggol ved by slow addition of H2SO4 36% uﬁf;?ﬁﬁgsgq%g‘{si on reached
pH = 2-3 (about 40 nL). The m x8ure was mai ntai ned under stirring at 50 C
for %2 hour then cooled to room tenperature and stirred overnight. The
aqueoddl2imsyer (upper phase) was elimnated. The 25 organi ¢ phase was washed
two tines with water (2x501.) and then concentrated, by sol vent
distillation at reduced pressure. The crude product was obtained as an oil
(115. 9. gMeth@thefoyi ehaufactisesof ewfindple Ccomprising  aepaifaeeringy t5-cbyet ) | was about
42% 27 f—?@{hﬁ)?@ﬁ%]yﬁ%le_%o " 8029 dertnGdib BED3e002 08nA Jne fdigdams 1. Met hod

for manu sertindo conprising manufacturi ng 5-ch] oro-
1- (34- f | ufor st of Srelilerocl -Grflyorephsnirindalg pomprigegreacting Palerodndolgar act eri sed in

that thegfpt AGHhorophdnPlhalilB e elesth® ¥fa tase BlcAdIAmS tigAhd khdiestapienyl ) - i ndol e
conprises reacting 5-chlorg-indole with a 4-f uor,oFgrﬁljggl hal ide in the

ASSAs of a copper
sal t conpfetfede AbnGAPP&ELL)wa9 Witk @B RRktlohl ) and an ani on whi ch does not
interfere in an unfavourable way with the reaction. 10 2. Method for
manuf acture of 5-chloro-I|-(4-fluorophenyl)-indole conprising reacting

5- ghl @ oMiehoDIfer Winhdfacturet -of | Liehiang hénfhlohmhdingiB-iidnle t dvenprisies esrctingof a base, a

chel ating Jl.iga apd tal yti n rSakt 1 rising
copper (| ?"018? 3'53}%]6&1{%?1‘?&%508%%1 ﬁ%{%f’ gﬁﬂé %ﬁsi%%%%gggﬁs)s&ﬁa&h | n{gélgé_ g}rj e in an

unf avour afdl cetalytiyy amininls df la@oppensatticomprisihg cGppel(l vheowpadd endlimgiamo claim 1 or 2
characterj.sed | . ' [ I,Sisd Substituted or

unsubst i W@?%%:ei?oﬁ{?%%gﬁ%ﬁyﬁ?ﬁl?#e% &g&gg]qnﬁéggmog' of the formula

X-(CR R2- (CR5R6) CR3R4-Y),,,, wherein X and Y independently are sel ected
fr 7 i ] SRAEN Y nanRIAGhieadeck fibanndy dr ogen,

g gga'kﬁ%fhg@cgf@gﬂgﬁmgg%%?%?c gd?i daand ara?lﬂgllgor one of .R and R2

t oget her onosybsigpied b 0-FsnamtteoliRgr 3 campoynd of thg faapde X(ERE-ARE)2 and nis 20
Oh |1 t? @FI@JY)4-W}M§hh|QQm?Ygﬂ¥cgén&9{d QreGkiBéted Bork INRIRFCinG IORSER!-R°n t hat the
chelatingligand is selected fromthe grqup.c ri sing.

1, 2- cyc| BAwRRisal; Apfolrsted ﬁ?lm,hxﬂfﬂwé%ré‘@t ﬁwa”%’f%"éﬁ%g‘&ﬁfl‘%@?l NN- di et hyl

et hyl enegi @b, an@ Rhh@nL ditRbietE R’ SRS ke ghlkytneen N NridaNd h &t r aacetic acid
25%9($EDTA%),el gi8re3t hyl enetriami ne N, N, N, N, N-pentaacetic acid (DTPA) and

sufsti t uted- Br--

4. Method according to claim 3 characterised in that the chelatingligand is selected from the
_group comprising 1,2-cyclohexanediamine, N,N,N,N-tetramethy] ethylenediamine, N,N-
diethyl ethylenediamine, ethylenediamine, ethylenediamine N,N,N,N-tetraacetic acid
25 (EDTA), diethylenetriamine N,N,N,N,N-pentaacetic acid (DTPA) and substituted or
unsubstituted 1,10-phenantroline, typically the chelating ligand is selected from
1,2-cyclohexanediamine, =~ N,N,N,N-tetramethyl  ethylenediamine, N,N-diethyl
ethylenediamine and ethylenediamine, in particular the chelating ligand is
ethylenediamine.

30
5. Method according to any one of claims 1-4 characterised in that the copper salt is selected
from CuCl, CuBr, Cul, CuCl,, CuBry, Cul,, CuOCOCH;, Cu(OCOCH5)., anhydrous or
hydrated CuSO,, CuCO;, Cu,0 and mixtures of said copper salts, typically the copper salt

is selected from CuCl, CuBr, Cul, CuCl;, CuBr; or Cul.
35




unsubstituted 1, 10-phenantroline, typically the chelating ligand is

sel ected from 1, 2-cycl ohexanedi amine, N, N N, N-tet raneiﬁgﬂptemh%%lﬂédi ami ne,
NN- di et hyl et hyl enedi am ne and et hyl enedi am ne, in particular the

chel ati gy d3i@sg9dl i s ethylenediamne. 30 5. Method a%;/ﬂ%oggoztog any one of
clainms 1-4 characterised in that the copper salt is selecté rom Cud ,
CuBr, CuCl2, CuBr2, Cul2, C#COCH3, Cu(OCOCH3)2, anhydrous or

Cul ,
hydr at ed ,CuS .. CQ3, Cu2 nd nixtures of said copper l.ts, typically
t he co%‘pé\/?*l%(’% f’corcg‘lms%)‘% AT (gc?? 501{% %Wﬁen%gﬁrtf‘at @tﬁt‘ijfi)“ei%éf?},%g@%r 2 or Cul2. 35
27 Sept endesleck@0Bom \AGLORY D@ NHEZedeCly DIOSH-0MiidtkBzeR) suth adVBiflaed- according to
any one %{-onfolb | 1-5 characterised in that the 4-fluorophenylhalide 1is
sel ected Trom 4-T1 uor o- bronobenzene or 4-fl uoro-i odobenzene, such as
4-fl uoro- bronobenzene. 5 7. Method according to any one of clainms 1-6
chag ac¥ ey Eddrdh L Lo gﬂg% : ' I4S in..a nmol ar surpl us
reﬁgt i ?/e%eg}%tgﬁeda%@c%ﬁ% ?)erg?? %@%’n&q g Qt%é l%gmatgaggh r 3?[#889%9%’%‘1‘%1 7
char act eds 2@ef ip p melspgurnlus selatise tgrtheshgbisrerindele in the range from 1.1 to 3. 10
9. Method according to any one of clains 1-8 characterised in that the
cat al ytic%ounts_of the copper salt is less than 20 nmol %relative to the
5- chl of-o Mefthied pesording §p elaim 7 characterispd,iy fhat the malar suplpsis i e wngeofiom e
5-chl oro1iirgl®l e, such as in the range fromabout 1 to about 5 nmol % 15 10.
I\/Eﬁ(pod according to any one of clainms 1-9 characterised in that the base is
sef'ected from the carbonates,- hydrogen carbonates, phosphates, hydrogen
phosph@at dethodiadvydiinggemy ophafzpivas B8 chatiiered a4t ilkydnipid desmifor al kal i netal s.

11. Meth ccor di Q ai,m 10 .characterised.in that the se is present
ina nol gl(rgcg gre%aglsq%éghfa%?da ?l%reggve[tﬁgle -'?‘L?Fdlrn ql?’ﬁ@?f?‘ ,‘esf%llgg ly the anpunt
of base m®l Yonelbtive ta tharchldre-oudvla lsaitas inkhGngedommbat|Liovhdut fit®l %0 about 2.5

nol ar equi val ents. 12. Method according to any one of clains 1-11

characterised in that reaction is conpleted at tenperatures in the range
f r 6m al¥oMethed agonding 2@y Cne af pleimsdt9 shataeterishdinrtizahthe bése Grreléd@l fOm 25 to 160 C.

the carbonates, hydrogen catbonates, phosphates, hydrogen phosphates, dihydrogen
phosphates, oxides and hydroxides of alkali metals.

11. Method according to claim 10 characterised in that the base is present in a molar excess
20 relative to the 5-chloro-indole, typically the amount of base is in the range from about

1.05 molar equivalents to about 2.5 molar equivalents.

12. Method according to any one of claims 1-11 characterised in that reaction is completed at
temperatures in the range from above 80 °C to 200 °C, typically in the range from 100 °C
25 to 160 °C.




