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however, hither heen di sfavoured with regards to the synthesis of
5-chloro-1-(4-f ophenyl)-indol e due to various problens which to those
skilled in the 3Q art are known to apply to the Ulmann arylation in

general as the reactions typically result in _ . .
The compound was disclosed n US patent No 4,710,500 and the antipsychotic activity

thereof was described in US patent No 5,112,838, Sertindole is a potent centrally 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-fluorophenyl)-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 to the synthesis
of 5-chloro-1-(4-fluorophenyl)-indole due to various problems which to those skilled in the

30  art are known to apply to the Ullmann arylation in general as the reactions typically result in
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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, the present invention relates to a novel method for manufacture of sertindole
comprising manufacturing 5-chloro-1-(4-fluorophenyl)-indole and converting it to sertindole
wherein the method for manufacture of 5-chloro-1-(4-fluorophenyl)-indole comprises
reacting 5-chloro-indole with a 4-fluorophenylhalide in the presence of a base, a chelating
30 ligand and catalytic amounts of a copper salt comprising copper(I) or copper(Il) and an anion
which does not interfere in an unfavourable way with the reaction.
Furthermore, 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 copper salt comprising

35  copper(l) or copper(Il) and an anion which does not interfere in an unfavourable way with the

reaction.
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20  ligand and catalytic amounts of a copper salt comprising copper(I) or copper(Il) 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 ofa

25  copper salt comprising copper(l) or copper(II) 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.

In 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>-(CR'R%),-CR’R*
Y)., wherein X and Y independently are selected from NR'R® and OR’, R'-R’ independently
are selected from hydrogen, Cy.¢-alkyl, C,-alkyl carboxylic acid and aryl or one of R! and R?
together with one of R’ and RS are Cs¢-alkylene,mis 1 or2,andnis 0, 1,2 or3. Ina
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,-alky! carboxylic acid, and more preferred R’ and R® are
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about 1 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 treatment 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 (II) 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,, Culy, CuOCOCH;, Cu(OCOCHj;),, anhydrous or
hydrated CuSO,, CuCOs, Cu,O and mixtures of said copper salts; more preferred copper salts
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system at a temperature in 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 described below.



Preferred solvents are DMF and tol uene and nost preferred is DW. Typically
t he nmet hods of manufacture of the present invention are perforned at 20

t enper at uneso3aisasve 80 C, preferably in the range from 90 @QUDRGBOLS NnoOr e
preferred in the range from 100 Cto 160 C. Higher yields nmay be obtai ned
by pretreating the reaction systemat a tenperature in the range from
about 30, C,t.0 t r in the range fromabout 40 C to about
60 C, f64|} Q}tlﬁgﬁﬁp%w t negr(’zirllagfoﬁgzlo rom about 0.5 hour to about 20 hours,
preferably in the range fromabout 1 hour to about 15 hours, before

conpleting the 25 reaction at a higher Wove_
Evi dent| Igstrympent FPL oHPdA00 dgilenim us ed Binary PRagfsienhl OOREES t he refcti on
tenperdture, such as tenperatures abob%t\e%%l%vk@ﬁenttﬁ% Sertyod may| be

carried out under pressure. Exanples | ow ng exangl es is|nmeant to
illustrate various enmbodi ments of theOohnmmiFh@ImostahAgémtdlla Retiesoe| read as
limting the scope of protection. Chi r.es 35 HPLC and GC
anal yses were performed according to %Bﬁegg&%@gt @@@%lréflsed bel ow. WO

03/ 080397 PCT/ DKO3/ 00208 6 Anal yti calipiMebhed ABRedt Chebsfabibar oi ndol g
Instrument HPLC HP 1100 Agilent Binany Punp Agilent 1100 Series Detector W
Agi | ent| NdtBAoSeri es Col um TherrmstdﬁJ"A@B(I)emt 1100 Serl es Aut osappl er
Agi | entl_1100 Series | ntegration-Agi-hent .,""" LN—2

Yt ReR5ta \'4 L30 I’I m
Col umm I—@"IEF@hrospher C8 250 x 4 mm |SniicEos ﬁl??ﬁc?; 0era e M8 C Mobil e
Phase d&luﬁﬁ{m@ PR T e 65735 WobigpecPhase B Vater/ Acetonitrile 15:85
Flow 1.0 nL/mn Volune injected 51 [Run tine 45 mn Gradient Tinme| %A %8 O

100 O | Mobile Phase A Water/Acetonitrile 65:35

Mobile Phase B Water/Acetonitrile 15:85

Flow 1.0 mL/min

Volume injected 5ul

Run time 45 min

Gradient Time %A %B
0 100 0
30 0 100
40 0 100
conditioning

Runtime 40 min

Assay against external standard

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 acetonitrile to volume. Final concentration 0.2 mg/mL



30 0 100 40 O 100 conditioning Runtinme 40 mn Assay agai nst external
standard 5 Sanpl e Preparati on Wi gh accurately about 50 ng of sanple in a
50 nlL vol woedsrosesof | ask and add acetonitrile to vol une. TrroTeDiErs3/snL of
obtained solution in a 25 vol unetri c7f | ask and add acetonitrile to vol une.
Final concentration 0.2 ng/nlL. 10 Standard Preparation Wi gh accurately
about 50 of f ce Standard in a 50 nL volunetric flask and add
acet oni tArrl1 elcta})ﬁ\%)gﬁ}ﬁg. Transfer 10 nL of obtained solution in a 25

vol unetri ¢ fliaght thaStindmld thaeeatnassi (btr leds®), tnteguadd thawbtatEied shromategemseadi on 0. 2
mg/ mL WO 03/ 080597 PCT/ 34,0020 7 .Ang) ytii Pr lnj ect. & he

St andar cfalfﬁ{a@g?‘fq?%érfaa%ee% ar,daji)ﬁ’tlaetﬁpa)fél?ﬁ%zﬂagt}fdg/lgﬁgeg{@ﬁrsgh t(%lzr1 ans and
cal cul atigtepladdithtnahAimeaogrdrh. Gatvelatstthaptaductt Beayi withi thefokmilg: | ess than 1. 0% i nj ect
t he %arrpl e and integrate the chromatogram Calculate the product assay
with the formula: 5 Assay% _ (Sanple Area x Conc. Std x 100)/(Standard Area
X Sanpl eAsEn96 =)SanieArea x SanplSel At (¥ (StandpeaAredt Samm@elCone.)sanpl e i nj ection 10
Standard Area = Average of areas obtained by Standard injection Sanple
Conc. = Concentration (ng/m) of Sanple Standard Conc. = Concentration

(mg/ M) Wher&t andard Anal yti cal Method HPLC - 5-chloro-1-(4

fl uor ophen =i ndol e 5 lnstru : figuration as above except for the
gr adi en[ﬁ‘“ﬂ%ﬁe '%{gas()ét’ %nwyéarr?&%{e}"ﬁegﬁ@{]ri |l e 65:35 Mbobile Phase B

WAt ero/ Acimaiaid Areh  AvBragbof areas obtained by Standard injection

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

Standard Conc. = Concentration (mg/ml) 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 Y%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



Run tinme 45 min Gadient Timne %A %A 0 60 40 30 0 100 40 0 100
conditioning Runtinme 40 mn Assay agai nst external standard 20 Sanpl e

Pr epar at | w0 0d@i8gie7accur at el y about 50 ng of sanple in a 5C®aNDKG/mst ri c
flask and add acetonitrile to volung. Transfer 10 nL of obtained sol ution
in a 25 volunetric flask and add acetonitrile to volune. Final

concent r@t | . 25 WD 03/080597 PCT/ DKO3/ 00208 8 Standard

Pr epar atsl%%ﬂr%?rgﬁa%g@g}atel y about 50 ng of Reference Standard in a 50 niL
vol unet ri ¢ f IWisikh acnchiedyl ebcmt 60 o1 dfrRefaernce StapHarden a B0 amls fFelpmdific flaskof
obtained _solution.in.a 25 v ic-f| . L o vol une.
Fi nal cc?ﬂ‘i %(#jarcg Ofucgrﬁle (5(.’ ﬁélﬁrﬁ?'%%@% Z%%Fy%f?§§1ne€$°glggo 3? g%?h'j&glg%ﬁftcﬁgﬂ t andar d

t hr ee t iap@sdd ®ttohigds to) yolinmt Egrlatoacentidionldt2angied.. chr omat ograns and cal cul ate
Medi ym Area. If the Standard Deviation %is less than 1.0% i nject the
Sampl’e and integrate the chromatogram Cal cul ate the product assay with

t he for MuatytichOP/ssdydo = (Sanple Area x Conc. Std x 100)/(Standard Area x

Sanpl e Conc.)_ . VWere: 15 Sanpl e ea = Are bt.ai.ned.b anpl e i.nj ection
Standard Ar eénECtA%gt%%rdoq?mﬁ l@ﬁ%églﬁ?sgr W&e&%}ﬁ%?bzﬁa% c&’r%ﬁaj%%n%)nimoaﬁd Sanpl e
Conc. = eRAGRMNédmmih Alca( i Btindak MBaiande% 3 Bidhindl (%6 hgect the Samplentd at i on
(mg/nt) il(ljtfegrg}e%Qedc%;gmmvgrgnﬁl&%%g?e?thg g(l)_éuc gs%éyovgi Ot e formula:

10

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

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

Standard Conc. = Concentration (mg/ml) of Standard



9 Anal ytical Method GC - 5-chloroindole and 5-chloro-|I -(4

fl uorophenyl)-indole Instrument GC Ge Top 8000 CE Instrunents Detector
FID Col uwo @@seon (ZB-1) 30nmx0.25mm 0.25 m Carrier Fl owTHsx0300208ni/ m n
Split Flow 50 nL/m H2 Flow 30 nL/mg Air Flow 300 ni/min Volune injected
1L Runtime 25 mn Step Tenp (C) Duration 1 120C 3 mn 1-*2 120-*220C 5
mn 2 1 ] 2 ay agai nst

oxt or nar QU 5RqAP el B Pl il G o R B oo
Undecane (GC Standards) with Acetone |n a 250 n1_ vol UITE'[I‘I C flask Sanpl e

Er gﬁ?(r)? éﬂStj“Lmé%lt abdior ophenyl ;n: ?;d(s;lbg';t Gﬁ”%Pz@OﬁLC%H Mﬂ)’tﬁcufl ;ISEI :'ilngl :dgr
| nt er ngiy St andard—Sot utTom to— vol umegyhi nal concentration 25 ng/nL. 15 WO
03/ 0805&37& / DKO3/ 00208 10 Standard Preparation Wi gh accurately| about
250 ny |dfoliRafier ence St andard (5-chl or @ehwol(8Bel) 5- chl or o-
30m x 0.25 mm
0.25 pm
Carrier Flow (He) 1.5 mL/min
Split Flow 50 mL/ml
H, Flow 30 mL/min
Air Flow 300 mL/min
Volume injected 1 pL
Run time 25 min
Step Temp (°C) Duration
1 120°C 3 min
152 120°—220°C | 5 min
2 220°C 20 min
AT 20 °C/min
T inj 220 °C
T det 250 °C

Assay against external standard

5
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 5-chloro-

1-(4-fluorophenyl)-indole) in a 25 mL volumetric flask and add Internal Standard Solution to

volume. Final concentration 25 mg/mL.

15



1- (4-fluorophenyl)-indole) in a 25 nL volunetric flask and add I nternal
Standard Solution to volune. Final concentration 25 ng/nmL. 5 Anal ytical

Pr ocedur ewion)3@sesot he St andard three tinmes (at |east), i ntagmaniostdozs

obt ai ned chromatograns and calculate the ratio between Area of anal yte and
Area of Internal Standard. If the ra%glo Standard Deviation %is |ess than
1.0% i nj ctgljtéﬁ;e Sanpl e and integrate the chromatogram and cal culate 10 the
ratio a it ve. Cal culate the product assay with the formul a:
Assay% = (Sarwoélgal é&ﬁateaaéﬂo@t 260@@glof R&t@nce St ((StchlochenddleAprefachRati o x

Sampl e n Wer e i I td t sanpl e
i njm;ct i g(r){"’ ali?al?ﬁnﬁﬁ R?dé?g? Rt ?éo mﬁ Vﬁ(f ggz*a ngragg?r?%%ogé&gg@a@wggg E)J;ySt amar d
i nj ect i QBumSANERA] Qorcaietior2Cagaant rati on (mg/ M) of Sanple Standard Cone. =

Concentration (nmg/m) of Standard 20 Anal ytical Method GC - 5-chloro-1-(4
f1 uof ophenyl )-indol e - Conversion In- Process-Control |nstrunent

confi gu'}ﬁfaeﬁﬁa@ro@&ﬁﬁ‘@ 25 Conversion In- Process Control Sanple
Preparation Stop the stirring and sanple 0.1 nl of reaction sol ytion.

Dilute with anmt thef Stangpudehree times (pt lagst)y lﬁ@g@ﬁlthﬁ QNSRS F T nj ect . 30

Cal cul a hefT Qﬁﬁlf%ﬁd e Y the ratio Standard
(5-chl o%glc*lgt?ﬁ&qﬁtuoro H%é&laﬁﬁﬁefgﬁiﬁa xnloo% aChI ororlar;%l)%;g az\r ea + 5-

chi or o- Defrtif e b@ﬁbﬁyl 9%|nmerzs|ﬂ@ Sapgle)angntagrsioie Henrs R ORI 208 11

Wher, r%l(?J) o cf%sérfb@cfl olvé’QfaQ:Bﬂ?encXé ProfRERks itiee fordiga detected for
5-chlor 6" uor op enyl)

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 Conc. = Concentration (mg/ml) of Sample
Standard Conc. = 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-Control
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-fluorophenyl)-indole Area)

35



indole 5 5-Chl oroindole Area = Area detected for 5-Chloroindole

| dentification of product NVR spectra were determ ned on a Bruker Avance
300 spectwanssto8e5910 1H NVR CDC13 300MHz (8 ppm JHz): 7. 70dIibkosdo203= 2. 0) ;
7.49-7.39 (3H, m; 7.32 (1H, d, J=1:f. 2); 7.30-7.17 (3H, m; 6.66 (1H, d,
J=3.2). 13CGNWR CDC13 75MHz (6 ppm JC F Hz): 161.68 (d, JC F = 245.0);
135. 87 % JC,F = 2.0); 134.96; 130.62; 129.75; 126.59 (d, JC F = 8.3);
126. 49; $°18; 120.97; 117.04 15 (d, JC F = 22.0); 111.71; 103.59.

19F- NVR CDC13 282MHz (8 ppnm): 114.94 (m. These data are in agreenment with
the struyc 4-§ Luar ro-129-rRyRbhetnc exanpl es
wth tolléuttlaqgéona' ?18@ gﬁgxnz:!ij(r)r% éA‘I!:a'LalJ @%pg%t%%¥o?g’on%}fohyl 2({(‘Zt hyl gnegl)am ne as

| i gand A!nqoaacket ed gl ass reactor was charged with 40 g of crude

5- chI or ol %o p HPLC) (32 g, 0.211 nol), K2C03
(403 goF 6@01@‘?3 B 0886} oMoy TP (92.3 g, 0.5277 mol), Cul
(2.5 g 1 32 10-2 m)l) N, N, N, N-tetranethyl ethylenediamne (3.2 g, 5.28*
10-2 nol), and 80 of toluene. The m xture was heated to reflux (about
115 O, L a YStirring, and maintained for 40 hours. After cooling
to 60 CNBR $Pecf wiRl deeiimathndDBAlkeOA vart 600 wiiceomdtted and the nixture
was mai ntai néd under stirring at 50 C for 1/2 hour and the organic |ayer
vvas 30 separated and treated with 80 nL of water. The residual carbonates

elht hepy_tivBig @i 30oMipl, Q3/pRaid i HZm. 70 (131 ueous. HIC1.48208UEH, m)sol uti on
reac

ed pH = 2-3. The m xture was ~mai ntained under stirring at 50 C for
1/ 2 hour7. Bmellrb,qi,léeﬂﬁsZ)l 2yp0r s 1 WS e, 6190 dtHed /Thd)-organi ¢ | ayer 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

agai nst 1 B % 61VE3 09}89585’0 JGB53KA3B/ G208 12
Exanpl e Zé}mméle)tbz' et hgf)gl?]néd%%nl‘?%e as I?%and Fol | :}))vm nggt he rocedure of

exanpl e 210pXBeps; 1309&2 NRN785 BAOAA (deddryt 8Aadidanione2hwb® 120841 1h %tead of
etra t iam ne the crude product was obtained as an
0|I ](584 éj‘) méEwe]ilgﬂ «it@gggon HPLC (assay against ext. Std.), was about
50%
19F.NMR CDCl; 282MHz (5 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, 0.211 mol), K,CO; (40.2 g, 0.2902 mol), 4-fluoro-
25  bromobenzene (92.3 g, 0.5277 mol), Cul (2.5 g, 1.32.102 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%.



5 Exanpl e 3: Trans-1, 2-cycl ohexanedi am ne as |igand A jacketed gl ass
reactor was charged with 10 g of crude 5-chloro-indole (80% pure as

det er m newdms/oskC) (8 g, 5.2.10"2 nmol), K2CO3 (12.7 g, 9.FCTIOK@/00w18) ,
4-fluoro- bronobenzene (12.7 g, 7.3.%0"2 nol), Cul (1.26 g, 6.6.10-3 nol),
trans 10 1, 2-cycl ohexanediamne (1.13 g, 9.9.10"3 nol) and 20 nL of

t ol “eneEEﬁﬁpdé@xﬁwgzeﬂ@?etpﬁ%égamﬁﬁﬁﬁé&l’tﬁ( (about 115 C), under vigorous
n

stirring, mai’'nt al hours. “The conversi on checked by GC was
about 79% AfRcdiowingchd prgeddore6d e@mitlhé exepi Hatribdi-diefhy] ctyleacdidmipeved of f and

the or ganr tin scr)eaH F RN N“I@?etx%ﬁ@tg{%lce Oggcilgrﬁ‘ﬁlgq‘le %Ydeiw%d\ﬂ%as%b%ﬂehlaétaﬁ on at

reduced pressure ahd the cru ained as an oil (15.4 Q)
Exanpl e dl(SKQPGAe@sldblmeioﬂanIHcﬁk@swja@hraB@d ekl ey abges>®har ged with 20 g of
crude 5-chloro-indole (80% pure as determ ned by HPLC) (16 g, 0.106 nol),
K3P04 (18.6 g, 0.088 nol), 4-fluoro-bronmbenzene 20 (46.2 g, 0.263 nol),
Cul (1. 28xdihipld 332rakl:122- éch)hex(ﬁIemdnﬁﬂ@di bg’anlde (1.58 g, 2.62102 nol) and 40

nmL of toluene. The m xture was heat 5 under

vi gorous sti rjasleted gag rSraloRTAT %@efwh SeR ‘iﬂlgs(es( %ﬁmaeﬂﬂl f‘e(é(?%lpu%?r?ﬁunt of
K3P04 ( 93ekr@lined- ¥y HP1d) "B |%C\m1(ﬁ?dd@g K300, t(he7 ng,xp.0r1e> wasl),stifluoed for 19h.
The conver si on checked by

42% ter oollngt C, 80 inL
of Tol ueiremabfz@g l2-of %«/at ?W/\Brgm ddgﬂlzar(r]d 3xt1i‘}f’lg’ ng *mai nt ai ned

undefy st éfcw&leﬁénemmgef(pm é@ mmfrma)n&dtzloenmmamre Tl&yrﬁi‘xumwas healepar at ed
and treated with ter. The resjdual Eﬁ{’wﬁt es were then
di ssol vel@ refx Q%‘P%W@cf@ﬁ@@fﬁv%ﬁ“%&ﬁ%ﬁ%a A5BNe LBt-uti on reached pH =

2- 3. TheTlEEééBWrﬁoﬂ\@féckeHByGtﬁba@%ﬂodﬂﬂd%r stirring at 50 C for 9% hour the
aqueous | ayers were elim nat ed

he. or.gan S then ncentrat ed,
by sol vent di &ftf1qo8knedn 64t Cyr iﬁ’@gﬁesﬂr‘@g’ﬁf’fﬁ@tere&%{e @ﬁﬁﬁcc}r%aggz 38&%8%& 30 was
obt ai nedyasthelcoRbdntrhed b3 sél)fent Exanmpios abedctBretre catl dlcycside ponductevad | acket ed
gl ass reactor was char ed with 40 g of crude 5-chloro-indole (80% pure as

det etfri nefaipsd aspp ey (°3h8)g, 0.211 nol), K2003 (40.2 g, 0.2902 nol),
4-fluoro- 35 bromobenzene (92.3 g, 0.5277 nol), CuBr (1.89 g, 1.32*10"2
nol ), ethylenediamne (3.2 g, WO 03/080597 PCT/ DK03/00208 13 5.28.1 0-2
mol ) andE8@nmi 40K:PQl aehese The mixture was heated to reflux (about 115 O),

gﬂggL e dVIbgogCg \Alacﬁc%‘%e% rgfagbgreac?d? %a%a%eﬁ'w@tﬁqo o QF crade DOMER-inddE(ROAPIRS &1 ON

determined by HPLC) (16 g, 0.106 mol), K5PO, (18.6 g, 0.088 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 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

30  was obtained as an oil (62.3 g).

Example 5: CuBr as catalyst source
A jacketed glass reactor was charged with 40 g of crude 5-chloro-indole (80% pure as
determined by HPLC) (32 g, 0.211 mol), K,CO; (402 g, 0.2902 mol), 4-fluoro-
35  bromobenzene (92.3 g, 0.5277 mol), CuBr (1.89 g, 1.32%102 mol), ethylenediamine (3.2 g,



92% After cooling to 60 C, 80 nL of toluene and 80 nL of water were added
and the 5 mxture was maintai ned under stirring at 50 C for 1/2 hour and
t he or ganwo d3apev7was separated and treated with 80 nlL ofPawvanier3/ooddse

resi dual carbonates were then dissolyed by slow addition of aqueous HC
32% until solution reached pH = 2-3. The m xture was nai ntai ned under

St i ngs B1030nG) LAY SR 418 here T EncAAMBRYISad 1RYRE So 1081E (Bbit HACE dndeFhe
organic layer was then concentrated, by solvent distill aHLI on a{a reduced

pr essur eVigcaens Stiénge prmainRgwd dor 321 bouia I he SPERIR RECKER bYi FC (63 2R0Y)) |
Exanmpl e s, CuCl as catal yst source A jacketed glass reactor was charged

with 40 g of crude 5-chl oro-indole (80% pure as _determne HPLC) (32 g,
0.211 nol), Kaltweoplng to 6§, %?%9620%1‘15’135%1 1§0upl §f Wit B’FEFna&g@%@n ©(92.3 g,

0. 52%7 nRixhwe S mdidiaiddd Onded -sBRinEOrt Zomad Yor Bttt @ne dhaaBigagic (1ve? vis 5. 28*
10-2 nol, 259% and 80 nlL of toluene. ture was he? flux

: The m ted to r
(about 1seprrgtpd and,fepésd ‘ng%)r’6‘&é’fé"fafeF-rTlﬁd?Sl%ﬁcmnﬁfF%Wﬁré’cf“fno lssgg’eﬁgﬁr s. The
conver si 9y GREEKSE &f RYudshs Wes 32aPantl BRMUon Abdched FBOH i2ry The Mlinke wBO nl of
toluene and 80 nlL of water were added and the 20 m xture S mai.ntai ned

under stipfipfaingd grdesginmg 3§50 V6 [ Guhous Hig 2ABeUDPEEhY & PAEpieta e $aHSr at ed and
treated 1\5.\_4'/& Ra8 theReoREnt@ddChy sohgt difBlatdhadt r&iasddpiakies e e chidepradugsol ved by
sl ow addition of aqueous HO 32% until solution reached pH = 2-3. The

mi xt ¥ e Viesobtamedas 8 fb@*dMdter stirring at 50C for '/2 hour the aqueous

| ayers were elimnated. The organic |ayer was then concentrated, by
solvent distillation at reduced pressure, and the crude product 25 was

obt ai nedEwasnzEa 60CuC{ 7s tefyst sBwapl e 7: CuBr2 as catal yst source A gl ass

j acket ed reactor char.ged wi -, C i | 0% pur e

A M N RE R L
-fluor roinede : , )] £ r .00 , 4ELU®IO-10-

nmol ), . et hyl enedi am ( . o andn4 -0l yene. The

m xt ure LOREE neegfb ?g & é? ?ﬁxrg?%g%u&ltl (%%;REC{@ ﬁ%d@gl)i/?&é%%%é&%mg% dl:jl‘%l %g, and

mai nt ai neas. 4ot maB 25 arsl 30Tl ot olvwer Thomixire skebeaty tariinadabaplols “€49% (af t er

20 hours__1he conversio . b ARUvASR chehtdi®ly &eakdsng to 60
C, 50 m."% ”I"lgf){?g%guﬁ% %Hgﬁ%%hﬁgedv%{ %: h%'e a%e‘(fje and the 35 mxture was
cool ed t abob92%.under stirring. The residual carbonate were then di ssol ved

D o 2,20, 0 B UARLS A RN o SO S SRRD R P23 The
20 mixture was maintained under stirring 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 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

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 5-chloro-indole (80% pure as
determined by HPLC) (16 g, 0.106 mol), K,CO; (20 g, 0.144 mol), 4-fluoro-bromobenzene
30 (46.1 g, 0.26 mol), 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% (after 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 HCl 32% until solution reached pH = 2-3. The mixture was



14 maintai ned under stirring at 50 C for Y2 hour before the organic |ayer
was separated. The organic |layer was treated several tinmes with saturated
sol uti on oo Badoadm Chl ori de and water under stirring at FCTDEBH0208
concentrated, by solvent distillatiop at reduced pressure. The crude
product was obtained as an oil (41 g) 5 Exanples 8-18 illustrate variations
of the QuinEhiyLGREdiARE HESHKIORR 1L AbltaRGore S SrOMc [TREe WwasRERrana fTas med
according to the procedure of exanple 1 except for .the et%” speci fi ed.
The anmpWigasicdexer giay Beptdererdl yiges Fith savumipg $A Y of Lot lPF O SE &8¢ al cul at ed
as pure ;nasGhREQs 5040 konc iR By SN enPEist@RHbV A k@RtedREBE Mk afude

equi val ent, and vol une nmeans nl of solvent per g of 5-chloro-indole. 10
Exanpl e mgodugogsebtamet as aguh Gt gbt hyl enedi ami ne, 2.1 equival ent of K2COB, 1.1
equi val ent  ofgyafpfd UQHQ-REGARDORAZRR o2 H6! ClEShncti@hiRISCOL&Idmef | ux. The
conversion checked by GC was about 99.5% 15 Exanple 9: {J;C;A)of |, 5% of
et hy| enedster Heey werspesirmsdacesiding fo oo praseduie of eéaﬂlirﬁgéﬁé?ﬁpt the details

4- f 1 uor a5 b QD RENARASG s afe gg@énlielﬁﬁveq& tHeQléames 51Bfbrd-wfiblexcalcihtdaepwer si on
checked By GC was about 52% 20 Exanple 10: 1% o]f Cul, \?% of 1

et hy| eneuftierpriedole). 4 megin el Yerpauigplok sesens melanequiyaieyts prsfyolygpe means m

4- 1 uor a5rRE QLR BENZ& S ohlofo-4AbRMES of toluene, 10h reflux. The conversion
checked by GC "was about 45% 25 Exanple 11: 5% of Cul, 15% of

et hyldenedi am ne, 1.05 equival ent of K2CO3, 1.2 equival ent of

4-f | uor oz brozngenzene, 2 volunes of toluene, 18h distilling off water as
azeotrop%mgwe recycling toluene. The conversion checked by GC was about
55% 30 Exanplos bR Cub%sef ofCethylerkBitmafe, il haghivaledi Ei0€:, 21 Eqeigplpviaifent of
K2CQO3, 14-%1uoerg—l[‘l)i val.ent of

romobenzene, 2 volumes of toluene, 16h reflux. The conversion checked by GC

was about 99.5%.

15
Example 9:

1% of Cul, 5% of ethylenediamine, 1.5 equivalent of K,CO;, 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,COs, 1.3 equivalent of
4-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 KoCO;, 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



4-fl uoro- bronobenzene, 2 volunmes of toluene, 36h reflux. The conversion
checked by GC was about 96% 35 WO 03/080597 PCT/ DKO3/ 00208 15 Exanpl e
13: 5% of wiowi3/084%% of et hyl enedi am ne, 1.5 equival ent of HKHZANRK03100308

equi val ent of 4-fluoro-bronobenzene,. 2 vol unes of toluene, 36h reflux. The
conversi on checked by GC was about ]§5% 5 Exanple 14: 5% of Cul, 20% of

et hyl enzid r?ﬁr; . 1.1 equivalent of K2C03, 1.1 equival ent of

4-f1 uor 6°678 énzene, 2 volunes of Tol uene, 44h reflux. The conversion
checked by GB% waSubbistt ofedtyledddiabmizeny|SeedibialebDoDK.CX 1. 126%4 Blent of

et hyl enedj a 1 eqyival ent

4- quorg%PBCfrg”SQ‘?%?ﬁ? g Wo ue?ré)g%fh%en%%géﬁéi gg‘lhg ?rg%on%ile (ej(li%)}IIOGnC of Cul in
two por twaeabout P2%2. 5% 2a after 10 h refluxing). The conversion checked by
GC was about 98% 15 Exanple 16: 5% of Cul, 1.14 equival ent of

et hyPenedi amine, 1.1 equival ent of K2003, 2 equivalent of

4-f1 uoro%xg;,%@p@nzene 2 vol unes of toI uene, 24h reflux. The conversion
checked was about 86% 20 Example 17: 2. 5% of CuT,

40% of
et hyl enedl anidte of £ui, @a(upf/athéh@ed@m@z@013eq%vaéfahpf/§P%% ok equivalent of

4-f1uor Q%H\E g@%%%e 2 WRINEBS TOhiedeOhAERux. 26D cbiBfelsibh. chidked BOIBET Si on
checked was about 87% 25 Exarrpl e 18: Under noderate pressure 5% of

cul , 20%%fab@ttﬁ9%ened| am ne, 1.1 equivalent of K2C03, 2 equival ent of

4- fI Jor o- br onobenzene, 2 vol unes of toluene. The reaction m xture was
heated to 120 Cin a

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 two 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,CO;, 2 equivalent
of 4-fluoro-bromobenzene, 2 volumes 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 K,COs, 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 KyCOs, 2 equivalent of
4-fluoro-bromobenzene, 2 volumes of toluene. The reaction mixture was heated to 120 °C ina
closed reactor for 44 h allowing the pressure to increase to a maximum of 2 bar. The

30  conversion checked by GC was about 87%.

Toluene and water as solvent system
Example 19: K3POy as base
A jacketed glass reactor was charged with 40 g of crude 5-chloro-indole (80% pure as
35  determined by HPLC) (32 g, 0.211 mol), K5PO, (56 g, 0.264 mol), 4-fluoro-bromobenzene




cl osed reactor for 44 h allowing the pressure to increase to a maxi num of 2
bar. The 30 conversion checked by GC was about 87% Tol uene and water as
sol vent swsx®mso®xanpl e 19: K3PO4 as base A jacketed gl asaTamkd3mo208as
charged with 40 g of crude 5-chloro-jndole (80% pure as 35 determnined by
HPLC) (32 g, 0.211 nol), K3P04 (56 g, 0.264 nol), 4-fluoro-bronobenzene WO
03/ 08059(% Fg 9&497%919?&@(2 é@ 1?221032 ﬂolz),(éﬁ?/?e?l&hmhé G. %lsiguﬁl gho)18®2. 10-2

nol ) ediamnée (3.2 g, t ol uene and 20 m
of wat ermL Phiolyrng end &0 whef welat ghe t%xﬁ“éﬂaﬁ%e?(t%‘@lﬁﬂ%l@b‘l‘i‘)t 3 rdePdeyi gor ous

stirrin Jinfa@led 40 QPHGSs, TRERoMRAMA! BERAd GRawkads BYoueC was
about gvé%ﬁa% Slgi?‘{tlﬂe% q%d;gll 1|nr?g eto 60 C, S80 rrLoof Tol uene agd 80 ?11_ 0cl)lf wat er

were add®¥.and the mnixture was maintained under stirring at 50 C for %

hour sand the QfgaRbnd B%8CCVEE mLSEPRLRAS th@itmt e dlaRfl wete dd&Dardlthof wat er .
The residual phosphates were then dissolved by slow additiqn of agueous

HO  32%miture ves| maiiiained eef@héarrwﬂ at 59_°% forn'g havk apg dhanarganicdfst f%fed under

stirri ngseg"}r 2f afd £Qfed v%t}h%LtolP afttl UGE l1'§51du€1y1ﬂ{0®h‘é,\i%§ &ell théHl MabREd bfhe
organic ?a er was then concentrated, by solvent d| stillation at reduced

pressur eslovamddltlhle of ragiersu FIGH 32 uii ssoltion irershedarH 41 2ot I The gBUHIG¥aS Exanpl e

20: K2CQ 56dC 8,35 Rouk BRGERH £hat gedinwel Thdbrggniof crude
5-chl orolﬁfun &Q&ﬁx?de@s%rgﬁ% as 1r determ&nelémrHPLC m%@méo 2g 1 nol),

K2COD ( 4oy wys ten zomertrsiter, bms-oilweafd}l%ﬂlavwB@H%ér?éeswe?n% Yol ), cul

(2.5 g, @asgc%talgeqagam1@864%§hy| enediamne (3.2 g, 5.28.10-2 nol), 80 m of
tol uene an water. The m xture was heated to reflux (about 110 C),

under vi gorous stlrrlng, and mai ntai ned for 36 hours. The conversion

checked % 20 After cooling to 60 C, 80 nL of toluene
and 80 nﬁxad% er’wet gmbgéed and the nixture was maintained under
stirring at 5@ jAskbtad glhdsZedoton wasctdrget &ritb #Q anf cudearerlomendole E8Yauestasd and

treated t Th lved b
e 0 Ty 8 o T8 BN SO A5 MR sleasol ved by
m xt ur e as e wes2AY aiohedulu@dey, 1§2410?m0 aby16d@mfror(3.2/625 ABHF” e, #Queous

| The 25 | b
ayers Wel e Slict nat Ak THE.Of 0AR1G, An L AMEhc IS hREA6ANIERLS akad, by

soIvent pressure e product
obt ai nedvigsroafstariihg, (8 ngpintaiflddefoy 36 hdyrs. bHse@nmnsmPtl@cl(eés@a?Ca’gaélahS@t ext

std.), wg,;b/about

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 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

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. Std.), 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-



50% Dinmethylformam de (DVF) as a solvent 30 Exanple 21: A glass jacketed
reactor was charged, under nitrogen, with distilled 5-chloro-indole (94%
pure as detesmgesed by HPLC) (200 g, 1.32 nol), K2CO3 (200 myT/1iKesHoms ),
4-fluoro- bronobenzene (461 g, 2.63 ppl), Cul (12.6 g, 0.066 nol),

et hyl enediam ne (15.9 g, 0.26 nol) and 400 nlL of di methyl fonnam de. The

m xture T’B@SC)h%ﬂ&e@dw% oﬁloﬁrﬂi{fgd%& MéBRBUSe SAdkEL feRPerdRreafivbr ﬁ&d 3t 45hat
t enperature f ours whereafter the nmixture was to reflux (about 130 WO

03/ 08059PinPtEY oG 3L epPeintaited a3 yX forhB@FS-vi gor ous stirring, by increasing

the jacket tegRar@bieodyer, mrmpgf@fueééandmoomwé@er% Ldedehdmi nt ai ned
at reflux for 5 hours. After cooling to 60 400 nL of toI uer}?fland 400 nL

of wat ermiggie waglereleddn §O £ 6 anderstiring. &%ﬁdﬁh@*ﬂ vy sepgragedisrd desiedi 4t j ng.  The

orgary c $RPRJRECria adld weshatc By +516i>)0m£3 B ihdilly€fith
hydr?chlﬁ?%%é{g{?&( da{C-l r132% \J,r(lgloo H20O)_ and %{:MI??GJ Fé\:wﬂ%h a gol ution

of dil ut@éiltlaﬁwémhate@ gmpppnig (5 }ef3 G, 313‘V2602091_m10f)f% herplvesy M2 HER was t hen

removed hy, didfdy d1itﬁ1rah(9{]at A RPAGEHe HERS 8 RB8hct VR bidieta 2DEREU Cdeonas
obt ai ned as an oi | yield, based on HPLC (assay agai nst ext.

Std.), wasTemdeld, @&%(’nﬂf lg&aw @"1212“7‘@@@*) yas ¢t ¥Ast source A gl ass

j acketed reactor was charged with 20 g of crude 5-chloro-indole (80% pure
as determned by HPLC) (16 g, 0.106 nol), K2CO3 (20 g, 0.144 nol),
4- f | uor oEkwmieBénceBeas ¢dalyst sgyrc@. 27 ol ), CuBr (0.95 g, 6.6*10-3 nol),

et hyl enedi ami ne I_ m de.
The mi xture lal('?éjé'?léeae%tr%acfpé?vﬁ%&afga%g&% 2?§(5>f rgge ﬂ:}’d&o \der (%QV ge(rjérggus

stirri ngdetaﬂﬁheﬂmyrﬂmc)e{m £,00. 1 @0mbip E.€0; D(Jeg,dbmemcé) éfﬂlmhebmmdbdmyen@c was
about % t onv K 819%) .
After 00%175/ 6?2 é))gu}?r ggiﬁ g](%lﬁopug ne anﬁgl?f%ﬁw €5§3$/2 OW% g%gdded and
the m Xlre& &mt}@tfmhmdndeo ThHO nxturedess lstated rtd mefluxTlakout eléDd&&I"C): amld@rnat e were
then i ssol ved by sI dlt u 34% unt t reached
ot 215" STRRE sitee ol il St B 20 2o B RE Gupdyr SR oERAER LON0N
The or gand.s%|(afiee 6 hoas teeparaioadheied by @& taslabont §10)40 m_ of water. The

M xture was tth 90'0{1113%‘{0 égﬂ% 86tn11]'_|: {)f ’P ue%re a§94§n{L05f vgz{t% Vb&'y BdéeF% nd EIUEOUS

| ayers were e e”’organr ¢ ayer was treated several tinmes with
sat ur at ednxt&elwntslcomled)to wﬁﬁ)mndgrmwuhg)ﬁlé‘teeml ceeltompte (e ther dispalyadgpyat 50 C

o LoD GREBILA St LYl bbb g romicod piGasle The
20  maintained under 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 Y2 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  yield, based on HPLC (assay against ext. Std.), was about 80%.

Example 23: CuCl and KI 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,CO; (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, 6.99.10” 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 stirring. The residual carbonates were then dissolved by



25 yield, based on HPLC (assay against ext. Std.), was about 80% Exanple
23: Cud and Kl as catalyst source A glass jacketed reactor was charged

wi th 20 gwafosmsesde 5- chl oro-indole (80% pure as deternm nadToyKdRwEs (16 g,
0.106 nol), K2C33 (20 g, 0.144 nol), #A-fluoro-bronobenzene 30 (47.7 g,
0.27 nol), CuCl (0.595 g, 6.0*10-3 nol), ethylenediamne (1.58 g, 2.6* 10-2

mol ) andydtP afﬂ-ltl&{ ofliafRloby H@BWQ solfi6n FEachdd SHWAS-Iedkedlixhie k| UX

(about 130-135 under gorous stirring. After 4 hours s added Ki

(1.16 g,m@nigyed H!G‘ieB sty at 5[91ec ARrxe P %grgﬁlﬁé YR e ad Fetefux for 16

h. The coRyes sd108r #heckad nhyuSGriasaiabart uRls 3kihabt 80 °6 HroYndur ih@e
conversi on checked by GC was about 53% . 35 After cooling to 60 80 nlLof

Tol uene aanePvadevers Wt climinated wheerariirelayes s tgated FﬁVﬁﬁahP@ewgh é%li‘aE& to 50 C

unders StdoliibR@f ahit®nfuBShlMR!ang IR NAIL SHMBE QL 50O tﬁn%@'c%ﬁ@n@é&ed/\@yoy 080597
PCT/ DKO3/ 00208 18 sl ow additi on of agueous HC1 32% unti | n reached

ol u
pH = 2- Folvepiedisillation & regdused gsuse- dins ey depTadct WeS ehiaineg 2 pn @}b? 3¢ r 2 hour

the organiig, da86&n MEICE 58P Madlsbskt. 30, Waealoadsoomi th 40 nL of water. The
m Xture was nmi ntai ned under stirring at 50 g for V hour t he &ﬁ;eous

| ayers were eFrampiast edf-29Thdlugraitani@iafigsfer ofaet (Shtdy cediaraeLettes with

sat ur at eginRa5/PothdnA8e @fsteﬁfﬂméy WeR wk&ﬁé@a@&dm\ga& g prte@tie sﬁ dxampmgzlat 50 C
t hen and concentrat ed, | vent distill a’@fi) n_at redgfg ressure. The

crud¥ pr@‘G%thfOT\&b%S%]Et"‘éimrli‘é&PSég g4k Swhiorqiagole apg) the qejails speeificd. Theameynls, HpC

(assay agaigngh r@¥tve toltkh dmouhBST §lRYEo- 18&’(9(@ (dﬁl@@ﬁﬁh@@ pdie- Q&ﬂd)rblllhtﬁ)ﬂd) e
vari ations of the Cul-Ethyl enedi am ne-K2 D et Q%I for m de Z% em They

ver e perPeRnEE! Ao COVHATY Mgy elahyralith éndo‘fol leff BER for the
scal e whighomasddl® g of 5-chloro-indole and the det ails specified. The
anounts are given relative to the anount of 5-chloro-indole (calculated as
pure 5-chloro-indole). % neans nol % equival ent neans nol ar equi val ent,

and | u m of solvent per g of b5-chloro-indole. 15 Exanple 24 5%
of Cuyf g%%')o%l?%t hyl enedi am ne, 1.1 nol of K2CC3, 2 nol of 4-fl uoro-

br onobenzene, 5% vbIQuhEEO%fofdevthuétmﬁllammerrdrh dw! 2IRCO208. mPhef dofitese-si on

checked gx%megenzene 2 E[ctﬂ %s 0%%%%%%}%8%?9& ?zo’g’i&?‘ ’ﬁ{e c%ersb&c%%%c@(ted by GC

et hyl enedi"am né uor o- bronobenzene,
vol unmes whs abhonef0BY | f or mam de, 6h 135C. The conversi on checked by GC

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, 6h 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 conversion 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



was about 99% 25 Exanple 26 5% of Cul, 20% of ethylenediamne, 1.1 nol of
K2C3, 1.2 nol of 4-fluoro- bronobenzene, 2 vol unes of dinethylfornmam de.
Pr et r eat myt03gBo®at al ytic system 1l h at 50C. Reaction 5. FCTHRSNG/00Tdse
conversion checked by GC was about 9496 30 Example 27 5% of Cul, 20% of

et hyl enediamne, 1.1 nol of K2C03, 2 nol of 4-fluoro- bronobenzene, 2

vol ures gf .di;pephyl f or mam de and 0.5 vol unes of water. Pretreatnent of
catalytic system1l h at 50 C. Reaction 19h 118 C (reflux). The conversion
checked by GG%wefs Caboiftt $8%thybedi@nds/ 080897 oPEELOK03/ 00208 4-f9rExanpl e 28
5% of %, 0f g:?rﬂ] : K2 fa s fshuor o-

br om)b((a:;u@zr 8%@?66%&\?’0?&%%&0%? me}'?ﬁ)f/l?l %81%1%'%tr e. ePr et %glz}a]%?re@r%{emglﬁ hcaattsgl ytic
syst em 1%. Readtios 0h 185 °GR&he tanyersizinclegleddy Gthwasebp@2dVon checked by GC was
about. 92. 2% 5 Exanple 29 5% of Cul, 20% of ethyl enediam ne, 1.1 nol of
K2CI)35, 2 mol of 4-fluoro- bronobenzene, 2 volunes of dinethylformam de. NO

Pr et r eat pentpiehocat al ytic system 50 C.  Reaction 7h 135 C. The conversion
checked by CgC was_ about 789%

10 Exanple 30 il rates the val of the
i npurity 5-br ool SEk- $9% & ok Wﬁlﬁgrnﬁdéllefno\l/\ﬁgi[%?(%ﬁ’sﬁg@glef)éﬁg‘ﬁwfcﬁ | evel s
up to 1%BMoR@kER! M dlemes JTanR@sMifoaXakad I Fietidatgenof ditalipic syseanesd g of the
inmpurity by recrystallisation t rg{eg oi,}g: to Fe g-(;fi cult. 15 Exanple 30 A
gl ass | aRedstien’h cpo]rh‘i/@gveﬁ%‘%{lr%% ed PREETVasEP PG 4RA, with 5-chl oroi ndol e
(2004@, 1.32 nol), K2C03 (200 g, 1.45 nol), 4-brono-fluorobenzene (347 g,

1.98 mol) and 400 m of dinethylforman de. The mnji xture was heaifeg to 50C
and et hyFeameds dhillagrates shegemoyabef thempurifymdbregyp- 1 (¢ Slugroghengl) dgigleypich e o

charged jn td8ed 83 R up td 1B bYipkldtthMR1JseIExcRlngt Balng Hdit-apmowatay e for 1.5
hour s, tﬁ%ﬁﬂv\ag heat ec}llpup top‘TBOC for 1(}%ourxcar?§ fi rlllgl I)r/ was heated to

reflux teftheimaugibeby aestlliseggoymeg putfo fedifiicultThe conversi on checked by HPLC
was >95%

15 Example 30
A glass jacketed reactor was charged, under nitrogen, with 5-chloroindole (200 g,

1.32 mol), K,CO; (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 the coupling reaction was completed (ref. Example.doc), the mixture was cooled to
100°C and 800ml of toluene were added. After cooling to 60°C the mixture was washed with
a solution of diluted ammonia (80 ml of NH; 30% + 400 ml of H,0). The organic phase was

25  washed at 40°C with diluted hydrochloric acid (50 ml of HC1 32% + 200 ml of H,O) and
finally with diluted ammonia (44 ml of NH; 30% + 300 ml of water). The organic solution
was concentrated by distillation at normal pressure and then at reduced pressure by stripping
with 1-methyl-2-pyrrolidinone (NMP). The residue was diluted with NMP. CuCl (17-35 g,
0.17-0.35 mol) and Cul (2.5g, 0.013 mol) 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,0). The organic phase was
concentrated by distillation at normal pressure, then was diluted with sulfolane and

concentrated under vacuum. The crude was finally purified by thin film distillation.



When the coupling reaction was conpleted (ref. Exanple.doc), the m xture
was cooled to 100C and 800nl of toluene were added. After cooling to 60C
t he m xt unw® osasoisashed with a solution of diluted anmoni @qI3Kosioozfs NH3
30% + 400 m of H20). The organic phgse was 25 washed at 40C with diluted
hydrochloric acid (50 m of HC132% + 200 ml of H20) and finally with

di | ut ed [aRRR R sofAnM of NH3 30% + 300 M of water). The organic solution
was concemtrated py distillation at normal pressure and then at reduced

pr essur exoypdd 31:plrung, Mﬂcwlffxanedmyne s kigandol i di none (NVP). The residue

was di | ut ed ¢ hgel}lé\gr?gleﬁéeacto{' wps,C g}l ag%g w1t91 51 f%ru%?SrIﬁﬂo}o ﬁgagg%&% 1()1%3 %%400 013

nol ) were ch reac ure was C for
hours. Afeteﬁﬁmda‘ilhyt H?@,Q)\n(ﬂhgt@bu@ﬁem(ﬂﬁ,omiz@@:) O6hez,nd 9<*t10,|remvlbis44ﬁ]|ub110ered and

e e ikt de 21TERA gby 380 ot 56208, Mool 2y, 1B, or gani ¢

phasé was i'StilTation at pressure,
di | ut ed - b)l‘tlcﬂﬁica‘nadhammea(ﬁtaﬂ gohsant mai)ezhduitdet ofatierang. Tﬁqeméhmjé/av\/as

finally pin 7 TRk 834 00208 20
Di oxane }gs E)OI HTPMIC—_IX hpqdell‘éga %%%{ﬁggaéng%ntW%exanedﬁngﬁe Jgs 1 gand A
] acket ecthgdkad by GE€aedsabourdS»charged with 5g of crude 5-chloro-indole (80%
R I e e e e T B G
10- 41070l Yas thd’n&@ﬁceihtréﬂ:ed;jby bahrexdistdbiliamitmedut 6l [BFFurg, an@ @ crulg @AM WS and 33 nl
of di OXa’f,‘%‘% anm?g was heated to about 110 C, under vi gorous

I"h

stirri ng d for 25 hours. The conversion checked by GC was
about 45% After cooling to 60 C, the solid residual were filtered off and

the organic Jutigon 10 was then concentrated, by solvent distillation at
reduced Mﬁﬁ&%&ﬂbﬂhe crude product was obtained as an oil (8.2 g).
Neat - Wi t 3%0l vent Exanple 32: 15 A jacketed gl ass reactor was charged

with 30 g of distilled 5-C-indole (96% pure as determ ned by HPLC) (28.8
g, 015190 nol ed)jackredaRsyremior wys clorgedgvitipi a9t ditlled or&i-indols @B BETASne (143. 4

g, 0.819, e?%lng&mlf%ﬂ:)} 883 %, 0919893131%)314;@&)?5@0 ﬁ%g et Byheegduamione (2. 38

g, 3.96. he ‘m xt ure was heat ed 0-135 C under vi gorous

sti rri nghromabenzergi (54 gebl8tOmoBh oyt 1.80g AP éq wolst)i g sfhylesediemingy i of
Tol uene ér% g? 99@1‘1 ngmo\f@}. Ghe Widntre addrdans 1385 °C under vigorous stirring, and

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,SO4 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%.



m xture was nai ntai ned under stirring at 50 C for 15 m nutes. The residual
carbonates were then dissolved by slow addition of H2SO4 36% unti |

sol uti on weashsesopH = 2-3 (about 40 nlL). The m xture was raa/DEK@/ooz3 under
stirring at 50 C for 9% hour then cogllhed to room tenperature and stirred
overni ght. The aqueous | ayer (upper phase) was elimnated. The 25 organic
phase wegpigshed two tinmes with water (2x501l) and then concentrated, by

sol vent (jll stillation at reduced pressure. The crude product was obtai ned
as an oil (115.9 g) The yield, based on HPLC (assay agai nst ext. Std.),
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manuf act ur &nt@tﬁ'erEirGimlefayelhralﬂdwﬁ)l’Wﬂ]llﬁlpln@mydn) -i ndoI e conpri sing react| ng
5-chloro-indole with a 4-fluorophenyl halide in the presence of a base, a
chelating ligand and catalytic amounts of a copper salt conprising

copper (1). Mete@bfer (anjifacingd afh Savhioon 1-(Iibabpldodsindole ¢amipmisingr eea¢tmgan

unf avour abl e he ,r.eact. 1 d m1l or 2
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X-(CR m-(%% y n%er%gﬁaananﬂ@ L@ﬁ%&@&%& ag)gpendently are sel ected

from NR7R$ are sel ected from hydrogen,
Cl 6-al kyl, Cl1.6-alkyl car boxyl ic acid and aryl or one of R and R2

toge er ,w of.. R5 and . nis 20
g % l\ﬂhrhﬁég%cHorgm goc %:I;l lnor 2ach§ra Q@m@& g'J tﬁ%c aﬂ?é;%l?lgﬁésh%?ﬂd 191 Ezsﬁos@;&lged
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1, 2 oycl ohexaned) ariyieu, & Moy MAELEAIELDY gl GROgTRMpeoRN Rencd et hy|

et hyl enedi am ne, enedi am ne ifamne N, N N, N-tetraacetic acid
25 (EDTA), 1dciie@bﬂrdph1éa5nat rséleatddnforNhiNrdgen, ‘N—s}fﬁék}'ﬂ afée@ﬂqybcaalaqxdh«( mibmyd amd
substituted or S uhshi 8 ¢ ne ak hy s ghel ating
ligand is soélog%?glg lragﬁtégf{h% cycﬁ%hog%aﬁgd}a% E3e'6, alﬁh%{gl\ﬁl\kte{ramt hyl

et hybenedi anilnzer N, N- di et hyl et hyl enedi am ne and et hyl enedi am ne, in
particular the chelating ligand is

4. Method according to claim 3 characterised in that the chelatingligand is selected from the
group comprising 1,2-cyclohexanediamine, N,N,N,N-tetramethyl 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,, CuBr,, Cul,, CuOCOCH;, Cu(OCOCHs;),, anhydrous or
hydrated CuSO,, CuCOs, Cu,O and mixtures of said copper salts, typically the copper salt
is selected from CuCl, CuBr, Cul, CuCl,, CuBr, or Cul,.

35



et hyl enedi am ne. 30 5. Method according to any one of clains 1-4
characterised in that the copper salt is selected from CuCl, CuBr, Cul,
CuCl2, CuBm3/o8sb2, CuOCOCH3, Cu(OCOCH3) 2, anhydrous or |IAMVBK@SHLAsSOA,
CuC33, Cu20 and m xtures of sald copgﬁr salts, typically the copper salt
is selected from CuCl, CuBr, 2, CuBr2 or Cul2. 35 WO 03/080597
PCT/ DKO3{ 0 d Rorfing M%n‘?%ﬁe @p&é?fng h %hﬁ@ct@t’?ééd ABaithe @Jﬂﬁbﬂaﬁheiliylﬁahde
characterised in that the 4-fluorophenylhalide is selected from

4-f 1 uor o- biorB ez diee 6rﬂu4rorhr@a@h9nze@adﬁeﬁﬂwe-wd@h@ﬁer&s syehf g, grigoro-

br onobenzefg,obedzendet hod according to any one of clains 1-6 characterised
in that the 4-fluorophenylhalide is added in a nolar surplus relative to
the 5-chloro-indole. 8 Mthod according to claim7 characterised in that

the nol af Wﬂﬁgd"‘a%cdr&nlg o fing%né 8Na8mk 1 mharjactérlgeg irBthatlifle $—ﬂu5ﬂ%§lﬁkﬂ§’lh@l@&or ding to
any one of clains 1-8 characterised in that the catalytic amounts of the

copper salﬂS$Ek4é§@ﬂﬂﬁaﬁﬂﬁﬁfﬁﬁﬂm¢eﬂ@ﬁéﬁkW%H@@@the 5- chl or o-i ndol e,

typically less than 10 nol %relative to the 5-chloro-indole, such as in
the range from about 1 to about 5 nol % 15 10. Method according to any one

of clain® Mghedrseerdingto elaign 7 pharaeigrisechia thivh dhs melaswnlistin i F sRge R

car bonat es,| {hydr ogen carbonat es, phosphates, hydrogen phosphat es,
di hydrogen phosphates, oxides and hydroxi des of alkali netals. 11. Method
accotding to claim 10 characterised in that the base is present in a nolar

excess 20 \ighd d¥&aing td B e GPbIBIR-1-9 ek Rieribaiih Giak iy chiiBtiammuits of base is
in the range from about equi val ents t o, about

eqU|vaIent§he%QPWN%¥ﬁdﬁ$§6689éwhé”ﬁ@hﬁﬁ?t%ﬁ%dﬂWDd?%W%ﬁmfméﬁhgﬁg?h@{erlsed

inthat r ea}ﬁ&l%fkldt§e PP b 8L18M8-iAdole, LRIKRE rth&lfaBSe fréin bt T ameutfsrrﬁénwbove 80 C
to 200 C, typically in the range from 100 C 25 to 160 T

15 10. Method according to any one of claims 1-9 characterised in that the base is selected from
the carbonates, hydrogen carbonates, 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.



