PROCESS FOR THE MANUFACTURE OF PHARMACEUTICALLY ACTIVE COMPOUNDS The
present invention is related to synthesis routes to obtain the compound Propane-1- sulfonic acid
(3-[5-(4-chloro-phenyl)-1H-pyrrolo[2,3-1D]pyridine-3-carbonyl]-2,4-difluorophenyl)-amide (formula 1).
Cl 5 00 Formula (1) The synthesis of the compound of formula (1) has been described before in WO
2007002433 and WO 2007002325. 10 However, the-known synthesis routes may not be readily
adapted for use on an industrial scale. The present invention provides new and improved synthesis
routes for the compound of formula (1), which employ reaction conditions which are particularly
amenable to being carried out on an industrial scale. In particular, the process according to the 15
present invention efficiently uses starting materials, avoids formation of high quantities of undesirable
by-products, provides high throughput and good product yields and can safely be carried out in large
scale productid®RP{sEHSo 4R EREeMANY BAG THURESRS HARMAGEHTISALE XiAEidMEaterials,
environmentally friendlier than processes disC/@8RA B Prior art. In another embodiment of the
present invention there are identified specific compounds (compounds (A) and (B) as specified below)
which are by-products of the present 5 synthesis method. Trace amounts of compound (B), obtained
by deprotection, i.e. cleavage of 2,6-dichlorobenzamide from compound (A) during the last step of the
synthesis of the compound of formula (1), are typically found in the final product (formula (1)) as
pharmaceutically acceptable impurity and in amounts of maximum 0.30%, but usually in about 0.02%
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synthesized according to the present method, Therefore, while the impurity/trace amounts of formula
(B) will noTARRE AR RFREtERIgIeaRheRbkititHFERROLaRlP Witinarar cRTieRe YRS P T
pharmaceiimalipeenaiinregataning the compound of formula (1), they may nevertheless serve as
fingerprint in order to detect whether the present process has '

Formula (1)}

The synthesis of the compound of formula (1) has been described before in WO
2007002433 and WO 2007002325.

10 However, the known synthesis routes may not be readily adapted for use on an
industrial scale. '

The present invention provides new and improved synthesis foutes for the compound
-of formula (1), which employ reaction conditions which are ;ﬁarticularly amenable fo
being carried out on an industrial scaie. In particular, the process according to the

15 present invention efficiently uses starting materials, avoids formation of high gquantities
of undesirable by-products, provides high throughput and good product yields and can
safely be carried out in large scale production. It is also less expensive, and, due to the



15 been used to manufacture the compound of formula (1). It will therefore allow for an unambiguous
identification as to whether the present process has been used in the manufacture of the compound of
formula (1). Therefore, in another embodiment the present invention provides an analytical method for
detecting whether the process according to the present invention has been used, 20 characterized in
that said analytical method detects the compou’n%i'of formula (B) in a pharmaceutical preparation of the
compoundgof.formula (éé DetailedtDre cription of the %niye tiondi. Aﬁcordin to the(gxreéentfjnvention,
there is provirey S5r3EEL AP ME Rk trat RSP 28 Y LERRS0ehi et Rmers T Tisgosed
charactetizegriotiaat the compound of formula (5) 5 Br CI 0 CI(5) is reacted in the presence of
4-Chlorophenylboronic acid (5a, scheme 1) and a Palladium Catalyst to give the compound of formula

(6) 10 Clin another embodiment of the present invention there are identified specific compounds

(compounds (A) and (B) as specified below) which are by-products of the present
5 synthesis method. Trac'e amounts of compound (B), obtained by deprotection, i.e.

- cleavage of 2,6-dichlorobenzamide from compound {A) during the last step of the
synthesis of the compound of formuta (1), are typically found in the final product
(formula (1)) as pharmaceutically accepiable impurity and in amounts of maximum
0.30%, but usually in about 0.02% to about 0.15%, as identified by HPLC, provided

10 said compound of formula (1) had been synthesized according to the present method.
Therefore, while the impurity/trace amounts of formula (B) will not affect the
pharmacological- or toxicity profile of any potential, future medicament or
pharmaceutical preparation containing the compound of formula (1), they may
nevertheless serve as fingerprint in order to detect whether the present process has

15 been used to manufacture the compound of formula (1). It will therefore allow for an
unambiguous identification as to whether the present process has been used in the
manufacture of the compound of formula (1).

Therefore, in another embodiment the present invention provides an analytical method
for detecting whether the process according to the present invention has been used,
20 characterized in that said analytical method detects the compound of formuta (B) in a

pharmaceutical preparation of the compound of formula (1).

Detaiied Description of the Invention

According to the present invehtion,_ there is provided a process for the manufacture of
25 the compound of formula (1),



CI(6); and the 2,6-Dichlorobenzamide group in said compound of formula (6) is cleaved using
ammonia to give the compound of formula (1). - 4 - The term "Palladium Catalyst" as used herein
means any suitable Palladium (Pd) Catalyst, preferably Bis(triphenylphosphin)palladium(ll)dichloride
((PPh3)2PdC12) and Pd on charcoal. Preferably, the amount of (PPh3)2PdC12is about 0.0025
equivalents with respect to compound of formula’(5). The compound of formula (5) can be obtained
according to methods known tq4he person of skill in the art of organic chemistry. In a particularly
preferred embodiment accordingYo the present invention, the compound of formula (5) is obtained by
reaction of a compound of form ) in the presence of a suitable activating agent (e.g.,
oxalylchloride ( (C0C1)2)) followe % by the addition of 5-Bromo-7-azaindole (formula 3) and a
suitable coupling agent (e.g., Aluminium trichlggide)<o give the compound of formula (4) Br 20 said
compound of formula (4) is further rgacted in t ¢ T‘F of 2,6- Dichlorobenzoylchloride under
conditions suitable to give the comp{ung 7 In"agrother particularly preferred embodiment
according to the present invention there s .provided ibe p@/’cé\@s for the manufacture of the compound

of formula (1), wherein 25 a) the compouﬁd of formula (2) 5- (1),

characterized in that the compound of formula (5)

Cl (5)

is reacted in the presence of 4-Chlorophenylborenic acid (5a, scheme 1) and a
Palladium Catalyst o give the compound of formula (6)
10

(6); and

the 2,6-Dichlorobenzamide group in said compound of formula {6} is cleaved using
ammonia fo give the compound of formula (1).

15



Is reacted in a suitable solvent (e.g., methylenechloride (CH2CI2)) in the presence of a suitable
activating agent (e.g.,Vilsmeier's salt prepared in situ from oxalylchloride 5 ( (CO002 and
N,N-Dimethylformamide (DMF)) followed by the addition of 5-Bromo-7- azaindole (formula 3) and a
suitable activating agent (e.g., Aluminium trichloride) to give the compound of formula (4) 10 N, 00 (4);
and b) said compound of formula 4)is furttier reacted with 2 ,6- chhlorobenzoylchlorlde in the

b nP 3N d .
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with respect to compound of formula (5).

The compound of formula (5) can be obtained according to methods known to the
person of skill in the art of organic chemistry. In a particularly preferred embodiment
according to the present invention, the compound of formula (5) is obtained by reaction
of a compound of formula (2)

10

HO N
(2)

in the presence of a suitable activating agent (e.g., oxalylchtoride ( (COCI), )) followed
15 by the addition of 5-Bromo-7-azaindole (formula 3) and a suitable coupling agent (e.g.,
Aluminium trichioride) to give the compound of formula (4)
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(4); and

20 said compound of formula (4) is further reacted in the presence of 2,6--
Dichlorobenzoyichioride under conditions suitable to give the compound of formula (5).

In another particularly preferred embadiment according to the present invention there is
provided the process for the manufacture of the compound of formula (1), wherein
25
a) the compound of formula (2)



CI(6); and d) said compound of formula (6) is finally reacted with ammonia (NH3) or a primary or
secondary amine (e. g. Dimethylamine) in an alcohol (methanol or ethanol) 5 solution diluted with a
polar aprotic solvent like DMA to give the compound of formula (1). In a preferred embodiment
according to the present invention, the above-mentioned reaction step c) is carried out in a 2 phase
reaction mixture comprising an non-polar aprotii:ss'olvent such as anisole or toluene and aqueous
sodium or potassium carbonate (Na2C08, K2CO3). The compounds (4), (5) and (6) are novel and
form each another embodiment of the prgsent IAvention. 15 The process according to the present
invention can be summarized accordipgtoth ollo}d/ing reaction scheme (scheme 1) wherein, unless
explicitly otherwise stated, all abbreviations g pr‘gsgfcﬁmfiﬁve the meanings well known to the
person of skill in the art of organic chemistfy, All/readfioropartners and auxiliary agents (like i.e. 20
catalysts, solvents) are commercially available. CI scheme 15 (@dcording to the present invention, the
first reaction under step a) is the formation of an acid chloride of the carboxylic acid of formula (2). The
reaction c¢an be cayrried out employing.a suspension of the co %ﬁétor ula (2) in suitable
mediim, B APt Ih LT 658 LA BRSMRTAE M &1 BRBTSBRIRRR 2 solution of
Oxalylchleuitieh(éCaE IaZnnagEi2C R ds \dliewiyi ecisledlt Phepadditionstypicatyiqieiddriaiat at room
temperatyr, and the.r i ixture is,fu ifred at RT until regction letion_(ca 6h). The
next r%acri&%ﬁ%ﬁgﬁﬁgﬁﬁ%&?ﬁ@ﬁﬁ?% };@gﬁ@t f)@tga\f\r[l%% %%tﬁ |oan8§?t s0dc Torﬁ%rg?g%édded into a
cooled (Tazallpletes@rpdfetadpd oe)iatie atymingageneys ahdriaBrorrisTierdddole (3) in
CH2CI2. a‘f\},% Eﬁg@W@f s, allow g)to heat up till RT due to released heat of the exothermic
reaction and stirred for about 8h to complete the reaction. The work-up and isolation procedure
involves pouring of the reaction mixture into iced water, followed by extractive work-up and 5
crystallization of the compoundsf formula (4) from THF/ Methylenchloride/Heptane. Compound of
formula (4) can be further purified_by washing with i.e. heptane. Reaction step b) starts with the
preparation of a suspension of ¢he cympoithd of formula (4) in a suitable aprotic solvent (e.g.,
Toluene). Subsequently 10 Dimgth) yridine (MAP), n-Tripropylamine and
2,6-Dichlorobenzoylchloride are added/at RT; Th reblst Detdre is stirred for about 60 minutes.
After completion of the reaction an &fjlUeous p is“paformed. Subsequently the toluene is slowly
evaporated from the organic solution, Iea’:ding 0 the crystallization{#f; tlredcompound of formula (5)
Whicqocan finally be isolated and further purified through additional washing 15 with e.g., cooled
Toluene.

A

a1ne

b} said compound of formula {4) is further reacted with 2,6-
Dichlorobenzoylchloride in the presence of a suitable base (e. g. n-Tripropylamine (n-
Pr3N)) and suitable catalyst {e. g. N,N-Dimethylaminopyridine {DMAP)) to give the
compound of formula (5)

15

Cl (5): and

c) said compound of formuia (5) is further reacted in the presence of 4-
Chiorophenylboronic acid and a suitable palladium catalyst (e.g., (PPhs),PdCl,) to give
20 the compound of formula (6)



Reaction step c) is a Pd-catalyzed Suzuki-coupling reaction of the compound of formula (5) with
4-Chlorophenylboronic acid (5a). The reaction starts with the preparation of a suspension of the
4-Chlorophenylboronic acid (5a) and the compound of formula (5) in 20 an aprotic solvent, such as
anisole, to which an aqueous solution of Na2COg3is added. The reaction mixture is heated slowly up to
a temperature of about 85C. During heating the Pd-catalyst is added at a temperature between RT
and around 70C,. Any suitable Rg-catalyst can be used, with Bis(triphenylphosphin)
palladium(l1)dichloride ((PPh3)2RdC12) being especially preferred. The reaction mixture is stirred for
about 120 25 minutes at a tempgfatiire of about 85C to complete the reaction. The hot bi-phasic
reaction mixture is filtered to remppove potentially precipitated Pd. After aqueous work-up the organic
(Anisole) phase is concentrated by~¢vaporation, diluted with methanol and cooled down to about OC in
order to initiate crystallization of the g

Toluene. Reactlon step d) is the removal
X /\(>a1/ed out in a suspension/solution of
(abbut 01 - 2: 1) by addition of about 3 - 7
in Methanol) at RT. The reaction mixture is stirred
¢ is entirely cleaved (about 10h). The resulting solution is diluted
with Methanol and subsequently tigg ammonia is removed via azeotr(@é‘cg gjlstlllatlon under reduced
pressure. The residue is diluted with Methanol and cooled to RT in or o Initiate crystallization of the
compound of formula (1) which can then be isolated from the reaction mixture by filtration. Compound

of formula (1) can bg)TWEiReIIPHEEIGHRE WASIROBYIE GrikiyeRaBe Wil Jﬁﬁu@mﬁﬁﬁﬁ-@?&%d'ng to the

present invention may lead to the formation of g-&roducts of the formulae (A) and (B).a 151In

particularPEREAES ALBRFRNBERIARUNE (8) Ty BETOREN G IR deeEiane! 6aPetRY of formula
(5) with 4schinsapneRnxtbaianic wsish eieRie)ssskemed)Dilire eoghee el frfpbon dBibisdhe

de-protecﬁd form of formula (A) as obtained during reaction step d) as defined above (see also
scheme 1). hese compounds, in particular the compound of formula (B), may be detected in amounts
of about 0 02% to about 20 0.15% by weight in a composition which otherwise contains >99% by
weight of [WS preferred embodiment according to the present invention, the above-mentioned
reaction step ¢} is carried out in a 2 phase reaction mixture comprising an non-polar
10 aprotic solvent such as anisole or toluene and aqueous sodium or potassium

carbonate (NaCO3 KCOs).

The compounds (4), (5) and (6) are novel and form each another embodiment of the
present invention, |

15
The process according to the present invention can be summarized according to the
following reaction scheme (scheme 1) wherein, unless explicitly otherwise stated, all
abbreviations and expressions have the meanings well known to the person of skill in
the art of organic chemistry. All reaction partners and auxiliary agents (like i.e.

20 catalysts, solvents) are commercially available.



compound of formula (1) after completion of the process according to the present invention, and even
involving conventional purification methods known to the person of skill in the art. Therefore, trace
amounts of the compound of formula (B) may even be detectable in pharmaceutical preparations
containing the compound of formula (1) 25 when obtained according to the present process. These
compounds, in particular the - 10 - compound 6f formula (B) can serve as characteristic fingerprints
for the use of the present process. The compounds of formula (A) and (B) show the following NMR
signals: Compound A: 5 1H-NMR (500 le Cc¥6-DMS0): 50.99 (t, J = 7.5 Hz, 3H), 1.72 - 1.82 (m,
2H), 3.15-3.21 (m, 2H), 7.37 (t, J=9.0 Hz',“}l-m), 7.52 - 758 (m,2H), 7.65- 7.74 (m, 4H), 7.76 - 7.85
(m, 4H), 7.87 - 4,94 (M, 2H), 8.58 (br. s, 1H), 8.82 (d, J = 8.5 Hz, QO~bF. s, 1H), 9.85 (br. s, 1H).
to Compound*%%NM@gOO MHz, d6-BMS0): 5 0.97 (t"] | 3ff); 1.70 - 1.80 (m, 2H), 3.10 -
3.15(m, 2H), 7.291t, J = 8.7 Hz, 1H), {yedsi 5034m, 3H), 7.78 - 7.82 (m, 2H), 7.83 - 7.90 (m, 4H),
8.25 (s, 1H), 8.70 (pr. s, 1H), 8.79 (d, d=cl.8 Hz, 1H), 9.78 (br. s,4H), 13.02 (br. s, 1H). 15 Therefore,
as a further embodiment according to i{i&presentinvention, there are rovided the compounds of
formulae (A) and (B) as such. In yet another embodiment the present i %mgq‘rgr ovides an analytical
method for 20 detecting whether the process according to the present inwesiion has been used,
characterized in that detectable levels of the compounds of fon@@i}a{A and/or (B) as disclosed herein
are generally present in any commercial pharmaceutical preparat ne Mpysingi-priranibyy e
compound of formula (1) prepared employing the synthetic process disclosed herein. Preferably the
analytical method is used to detect the 25 compound of formula (B). Any suitable analytical method
known to tfg Organic Chemist may be appligd, such as for example IRespectroscopy,

@ opy, Mass Spectrometry (M High Performance Liquid Chromatography (HPLC).

More preferaby analytjcal method is bas&e{on High Perfdfance Liguid Chromatography (HPLC),
which may optigfs; lﬁ. with a secordmalytical m%&@o@ example MS
(HPLC-MS). I hexcompeting of formdla (1) shows poténtial a%l'é i) afmaceutical ingredient, as
inter alia de@ﬁm in WO 200700243%3Rd WO 200700232 sequently, in a further embodiment
of the prese ention, there is provided)gqsharmaceutical aration comprising the compound of
formula (1) toggther with detectable afffetiht& 8f4t4&ast compound of ®rmula (B). More particularly
there is provided a cdmpgsition comprising the compound of formula (1) in an amount greater than
99% by weight and

3
DMA/MeOH

scheme 1

5 According to the present invention, the first reaction under step a) is the formation of an
acid chioride of the carboxylic acid of formula (2). The reaction can be carried out
employing a suspension of the compound of formula (2) in suitable medium, e.g.,
Methylenechloride (CHCl,) containing catalytic amounts of DMF, to which a solution of
Oxalyichloride ((COCI)z) in CH;Cl,is slowly added. The addition is typically carried out

10 atroom temperature (RT) and the reaction mixture is further stirred at RT until reaction
completion (ca 6h). The next reaction is a Friedel-Crafts-Acylation. The freshly obtained
solution of acid chioride is added into a cooled (T = -12 to 5°C, preferably 0-5°C)



5 the compound of formula (B) in amounts from about 0.01% to about 0.15% by weight. Said
composition may be further processed with pharmaceutically acceptable adjuvants to give any kind of
pharmaceutical preparations as inter alia described in WO 2007002433 and WO 2007002325. to The
starting materials, solvents, catalysts and auxiliagy reagents used in the method according to the
present invention (see i.e. scheme 1) are commercially available. However, when produced on a large

i“dustfia'a@sng@%f%g%@i %@g%moéﬁsz%%méagwm%fg ohataLting nateliala j good quality

and high yields. 15 Consequently, according to the present invention, there are also provided

improvedaiRuesds beatakryl &z hitde © delreaddeahriing exallrjanatapalionand-Pasaiiorin
particular B 10sR0e carainsteled3baetion 1832 QRrRo0p) AediSofhir nbasdind plo dvds> 866546-07-8).

The 5-Bromo-7-azaindole is a useful starting material in the above-mentioned process according to
scheme POHIRHAELEREOR DifHITINIBRAINARE JPLONBEPI SRS UERABH there is
provided grpsepesstite Hiepaouipetue of eampaynyl tbm AG-shaeeierirashioritet-rarahe compound of

e i 4 ERE e L R SRR B RTHE R ey Preegs o o ceehs.

Reaction step b) starts with the preparation of a suspension of the compound of
formula (4) in a suitable aprofic solvent (e.g., Toluene). Subsequently

10 Dimethylaminopyridine (DMAP), n-Tripropylamine and 2,6-Dichlorobenzoyichioride are
added at RT. The reaction mixture is stirred for about 60 minutes. After completion of
the reaction an agueous work-up is performed. Subsequently the toluene is slowly
evaporated from the organic solution, leading to the crystallization of the compound of
formula (5) which can finally be isofated and further purified through additional washing

15 with e.g., cooled Toluene.

Reaction step ¢) is a Pd-catalyzed Suzuki-coupling reaction of the com_pound of formuta
(5) with 4-Chlorophenyiboronic acid (5a). The reaction starts with the prepération ofa
suspension of the 4-Chlorophenylboronic acid (5a) and the compound of formula (5) in

20 an aprotic solvent, such as anisole, to which an agueous solution of Na;C0Os is added.
The reaction mixture is heated slowly up to a temperature of about 85°C. During
heating the Pd-catalyst is added at a temperature between RT and around 70°C,. Any
suitable Pd-catalyst can be used, with Bis(triphenyiphosphin) palladium{li)dichioride
({(PPh;).PdCl,) being especiaity preferred. The reaction mixture is stirred for about 120

25 minutes at a temperature of about 85°C to complete the reaction. The hot bi-phasic
reaction mixture is filtered to remove potentially precipitated Pd. After agueous work-up
the organic (Anisole) phase is concenirated by evaporation, diluted with methanol and
cooled down to about 0°C in order to initiate crystallization of the compound of formula
(6). The precipitate is isolated, washed several times with cooled methanol and

30 subsequently dried in vacuum. If needed the compound of formula (8) can be further
purified by re-crystallization from Toluene.

Reaction step d) is the removal of the 2,6-Dichlorobenzamide protection group. The
reaction is carried out in a suspension/solution of the compound of formula (6) in



NH2(IV), and bb) said compound of formula (1V) is further reacted in the presence of aqueous
alkali metal hydroxide at 50-90C and under reduced pressure to give the compound of formula (V)
NNH2 (V), and cc) said compound of formula (V) is reacted in the presence of aqueous alkali
metal hydroxide or a strong base to give the compound of formula (0; zo wherein R1 and R2 are
independently selected from a C1-C4 alkyl, and X'is -Br or -Cl. - 13 - In one patrticularly preferred

embodim rding to,the presentjnvention..the ahoye pracess aa) tq cq) is.carried out with X
being -Br%@ﬁ%%ﬁ?g\%%eo&%ggéﬁds?s"lgﬂ\éa,5[\’713,{5{;39 T??ea\égﬁ{p%ﬁna%qﬂ?\é q& q%a%&\ﬁﬁ Uﬁé%?ical and are
both 5-Brémodnazaiiidiade. (N andietraratiet By Phefezestiemirddimeist sicoatdibgtiothe present

invention, r j anl i i ina.tq. ds Ib, Ilb,
Vb v SheaR R BREE A RS IS SRR QU R o R R e S R0 o o
both mettijlutPHedinkirisianst ey sebresuentbr thel 2 Mmes eiscrifeevadole azeps@fpiential process.
After eachiemetiph degerRasLalBRSAGMIOTER) rSIHERUS WRTKHR/RFARIEES AhsarRiied @nd the

formed intermedlaterFroduct is optlonall)ébeln isolated. In an 15 alternative setup it is also possible to
il

carry out the Fe8iRIH BB @b AR EER EHATERRARRIYT BBl MHENCERAVRSB R f

compoungG\arsatecorROHESE{IMS RIS SPaNraseRrTRewnsLOY is formed (anedpetera Hirreaction to
obtain comquJquéd %/) %Fﬁﬂti%} IS termingtéed. Therefore, the two reaction steps bb) and cc) may run
under thePSAME re il itioffed co EEﬂ?éntly, no work-up of compound (V) prior to its 20 further
reaction to compound (1) is required according to this alternative method. Therefore, in yet another
embo1 iment there is provided a method to obtain the compound of formula (1) directly from formula
(IV) without the need to apply an agueous work-up on the stage of the compound of formula (V). This
can be achi@e®essadderyPpddatbecprapeitiriavenfiemmay Nepdiedbr &mretiarapbbyximately 1:1
(wiw) mixBr‘B%@ét&"@F%é“FtS’l’M[ﬁ%%t )(5%50“%9% (NMP) 5 to 10 equivalents of aqueous sodium
hydroxide at about 75 to about 85C while applying a pressure of about 350 mbar, followed by stirring
at about 75 to about 85C and under reduced pressure (<400 mbar) for 15 to 20 hours. During the
entire reaction time @istlled acetone/water is

15 In particular, the compound of formula (A) may be formed during the reaction of the
compound of formuta (5) with 4-Chlorophenylboronic acid (step ¢}, scheme 1). The
compound of formula (B) is the de-protected form of formuia (A) as obtained during
reaction step d) as defined above (see also scheme 1). These compounds, in particular
the compound of formula (B), may be detected in amounts of about 0.02% to about

20 0.15% by weight in a composition which otherwise contains >29% by weight of the
compound of formula (1) after completion of the process according to the present
invention, and even involving conventional purification methods known o the person of
skill in the art. Therefore, trace amounts of the compound of formula (B) may even be
detectable in pharmaceutical preparations containing the compound of formula (1)

25 when obtained according to the present process. These compounds, in particular the



30 continuously replaced by water. The termination of the reaction can be monitored by taking a
sample out of the reaction mixture after 15 to 20 hours and analyzing said sample with HPLC. A
specific procedure for this reaction is disclosed in Example 7b. - 14 - The term "Cl -C4 alkyl" as used
herein means a linear or branched saturated hydrocarbon, such as for example methyl, ethyl, propyl,
i-propyl, n-butyl, 2-butyl, tettbutyl, with methy! b'emg' especially preferred 5 The term "alkali metal
hydroxrde as used h e|n sodium-, lithium- or e, with I|th| - and sodium
ycoxidBLIRG Eop L I Dot et TR sei TR B g C AP BETadeL N 5K e <500 mbar.
preferablyret@dirpbace i THeteompoatalysif @srrsied(Ag eeic (rBﬁ;B#pDara‘mmear@/m\ﬂ}D- or

Pd(0)- cat%ié/i%gually used in this type of Sonogashira reaction. Examples of such catalysts are
Pd(PPh3) 12(PPh3)2, Pd(OAc)2, Pd2(dba )3 with bis-(triphenylphosphine)-
palladium@opeienitdide (PdC12(PPh3)2) being especially preferred . is The term "base" as used herein
In step ) MAMTS eBARS AR XIS IMaByimaphalie prialdAmnes wilhgethylamine

being especially preferred The term "strong base" as used herein in step cc) means alkall metal

alcoholatés? hi&lerdbly pofddstumA@rt lbutyiieé  Fo1 2Pparicadhy Seferkdd émubdinter® according to
the preseptgpvantion, the phavgamentiencd smaiior siep aaBis @uied aUHA he) psasense Hf

bis- (trrpherglp(g%%d{un:fgq @Iadrum(ll) -dichloride, copper(piodide and trrethylamlne the reaction step
bb) is car? d us lithium- or sodium hydroxide and the reaction step cc) is 25 carried out

in the presence of potassium tert.-butylate or aqueous sodium hydroxide. The elimination of acetone
(step gb) eognéggﬁgcgrent ring formation of step cc) are preferably carried out in N-methylpyrrolidone
or in a mi thylpyrrolidone and water as solvent. 30 The process according to the reaction
steps aa) thldelis (Fefehditn darbdEsdx &clovdilly dotRddpeciid)conditodBar{thpadimatéds-given in

Example ga)or)aGeneegen dhe sneniic piscess gegarding to Fample Ta) oLy fojm each

another preferred embodiment accordlng?é;ﬁo the present invention. - 15 - The compounds of formula
(1) can bed StdMettbriegantoléhy Soffhdiop: of *fHe &ddgpdrmihg %dlb@eﬁ&%&pﬂ Anliflb-pyridines.
Among thegr@@r*(y,,roghrmpn conditions known to the skilled in the art a mixture of iodine and periodic

acid proved to be especially suitable for the mentioned transformation. 5 The above described
synth@sis route via the compound of formula (IV) is a novel, alternative method for the production of
the other%erﬁewmmmmp@mmmmwmg nattieyessiet Bsatior, Hrasraingsle (3 or la). A

EarticuIar&%\\/{e&egqﬁeoéémgt%%g%e %r ey e&f érrr% i{ge%rrsres%ig?%e compound of formula (IV) which can
e

In yet another embodiment the present invention provides an analytical method for -

20 detecting whether the process according to the present invention has been used,
characterized in that detectable levels of the compounds of formula (A) and/or (B) as
disclosed herein are generally present in any commercial pharmaceutical preparation
comprising primarily the compound of formula (1) prepared employing the synthetic
process disclosed herein. Preferably the analytical method is used to detect the

25 compound of formula (B). Any suitable analylical method known to the Organic Chemist
may be applied, such as for example IR-spectroscopy, NMR-spectroscopy, Mass
Spectrometry (MS) or High Performance Liquid Chromatography (HPLC). More
preferably the analytical method is based on High Performance Ligquid Chromatography
(HPLC), which may optionally be combined with a second analytical method such as for

30 example MS (HPLC-MS).

The compound of formula {1) shows potential as an active pharmaceutica! ingredient,
as inter alia described in WO 2007002433 and WO 2007002325. Consequenily, in a



to easily purified and isolated from the reaction mixture. In addition, the use of compound (IV) avoids
the release of environmentally hazardous Si by-products upon cyclization, which are formed if the
corresponding trimethylsilyl-ethynyl derivative is used, which is usually known for this type of reaction
(Sonogashira reaction) as inter alia described in WO 2009/016460 and US 2006/0183758. 15 The
compounds of formula (IV) are thus valuable arid hovel intermediates in the above-described synthesis
to obtain 5-halogenated 7-azaindoles (). Therefare, in yet.another embodiment according to the
present ir%gﬁﬁ{) %geor%%e aF&/aﬁ edqf,?é %8 ff)\g,%fﬁ%og*b%ﬁ{agwfggg g%ﬁ%ﬁﬁﬁgsent invention is
now illustratsetajitmectotipridng doearopeying afdtkimglexajripiethbr sdimel ebeaiaplesytivaimésm
"In-proce " JThi n £.8, 3 IS, take ther i nixture while
the proce%i%@&r%i%%ﬁ@n ga{;gi%é;aﬁﬂ%én@bi{lr%? a%lyz%%@%t%%cfg%P eé r‘ﬁjqégﬂf%vgﬁéﬁ the skilled
person, 28PHrETEIABINNBYCeIPR@ T of deintdladfbdnthe degied oreaudisioPDTsmreighiaedial into

product. L6 FXRIIRISS foramelesh ﬁté%éﬂrﬁé’ﬁgﬁﬂﬁi%o% %’P@n’%ghﬁ%ﬁ‘i‘ & hiords (/?é?d%ﬁ)})k

according to scheme 1) 55.8gSulfonamide Acid (2) was given into a dried 18" reaction véssel kept

under nitrogEHCRRRASHRTENRY RMKHIPBORLIABIRYIMACHIGRIE aReId BABE 8 CTPRIADE SiLYRMSwWere
added to {9 Rblainer s spensiensend:ibe eeingonxay enirakeriatatemperature between 18-22

C. Then, % %chlor' r gi é\)/ d in 66mLMethylenchloride, and this solution was slowly
added du a%%g’gér% rﬂﬁ?e@%gﬁl% éég 5(ihe above-mentioned suspension whereby the temperature
of said suspension was still kept between 18- 22 C. The formation of CO2and CO could be observed

during sai it} Iﬁ ti ixture hen further.stirred for %Jou to 6 hours and further
kept g% a %%g%%ﬁﬁ% %ett%\(/ﬁege@ﬁ %%Eg%%&%?&é@gg,?é@g%‘% IMGSten ir%?%%?ne& irﬁ}%ﬁlao golution and
no gas foReeeigingoglthbeusssatiedentipmises Fredehednafts Aty aivmercially available.

However, when produced on a large industrial scale, there remains a need fo also

obtain large amounts of starting materials in good quality and high vields.

15 Consequenily, according o the present invention, there are atso provided improved
methods of making azaindole derivatives which are halogenated at their 5-position, in
particular 5-Bromo-7-azaindole ({3}, CAS 183208-35-7) and 5-Chloro-7-azaindole
(CAS 866546-07-8). The 5-Bromo-7-azaindole is a useful starting material in the
above-mentioned process according to scheme 1.

20

Consequently, in a further embodiment according o the present invention there is

provided a process for the manufacture of compound (1),

X\m
~
NN
(1),

25

characterized in that
aa) the compound of formula (Il)



In parallel to the above described formation of the acid-chloride, a 2nd reaction vessel was prepared,
wherein 106.7 gAluminiumtrichloride were mixed together with 266mL Methylenchloride to give a
suspension which was then cooled down to about -12 to 2C. In parallel, a suspension of
39.4g5-Bromo-7-azaindole in 66mL Methylenchlgride was prepared in a 3rd dried reaction vessel
under nitrogen atmosphere. Said Bromoazaindo & suspension was added to said
Aluminiumtrichlorid-Suspension during approximately 30 minutes and at a temperature between -12 to
2C. The obtained suspension was immediately further reacted by addition of the acid-chloride solution
as obtainisd-eeced inghtttheqinpoeddref formuiadBbribed above during approximately 30 minutes,
whereby the reaction mixture was allowed to warm up to about 20-25 C using the spontaneous heat
release observed upon addition of the said acid chloride solution. After addition of the acid-chloride
solution, the reaction mixture was further stirre#! ring approximately 8 to 10 hours; whereby the
mixture was kept at a temperature between 20-2 uring this time a separation into 2 phases was
observed. Meanwhile, a 4th reaction vessel prepared, .containing 400mlWater which was cooled
to a temperature between 0-5 C. The two phase reactiorq ixture as obtained according to the
precegling steps was added slowly, during approximately 30 minutes, to said cooled water into said 4th

ion v I i | [ - . Thi
eautod T e B e R St resuting

biphasic feamtdh (hvixture. Methylene chloride was widely removed by distillation under reduced
pressure from the heterogeneous mixture. Then the agueous suspension of the compound of formula
(4) was diluted with methylene chloride and THF. A clear biphasic mixture was obtained by heating the
reaction mixture to about 50 C. After phase separatio the organic phase was washed twice with 400
ml semi-saturated brine at about 50 C. The organic phas&was concentrated under reduced pressure
at about 50 C to a volume of about,400 ml wher. crygtallization of the compound of formula (4)
started. 600 ml Heptane was added (1 30 min &t about 50 C. The resulting suspension was
cooled in about 3- 5 h to ca. 0 C. Afterstirring for at least one additional hour at ca. 0C to complete the
crystallization, the suspension was filter A tpe wet precipitate was washed two times with 120mL
n-Heptan. The wet product was dried in vacuum afd at a tenbpyer&tide between 50- 60 C. - 18 -

10
bb) said compound of formula (IV) is further reacted in the presence of
agueous alkali metal hydroxide at 50-90°C and under reduced pressure to give the
compound of formula (V)
=
X [ x
N/ NH
15 2 (V), and
cc) said compound of formula (V) is reacted in the presence of aqueous
alkali metal hydroxide or a strong base to give the compound of formula (I);
20 wherein

R' and R? are independently selected from a C1-C4 alkyl, and
Xis -Bror-Cl



Yield: 85 g (= 90 %) light beige colored, crystalline Azaindole (4). Example 2 (step b)) 5 Formation of
compound (5) of the compound (4) as obtained according to Example 1 were suspended in Toluene.
Water as contained in the suspension was removed at a temperature between 60-80 C and under
reduced pressure of 450-400 mbar. Subsequept}l%,_Toluene were newly added and the suspension
was cooled to 20-25 C. Then, a solution of Dimethylaminopyridin in Toluene was added, prior to the

ddition of n.Tri mine. | "o . | .
Cropping TS B e B B e M S e o
The reactopogrstars Wwas sikeariod avbuith-X heing aba ramigdoifensinpen2E- 5 ta viVereby the

color of the, MLt HHERGAAR'S BHAWA ald A QWEHR APARHOS IO 6. B RRENEIRNIGE 1ast step

above, was diluted with water and subsequently with hydrochloric acid (37%). The resulting two phase
mixture was heated to 65-70 C. The two phases were allowed to separate after about 10 minutes. The

Toluene phaspias uARAER! rigamRer atr deluaeiBsrad 19 ke iiewihinlaniaauerts solution

containing 10% sodium hydrogencarbonate, and then wijth water. The organic (Toluene) phase was
concentrz?t‘éﬂ"ﬁ;ﬁé@%?ﬁﬁ'éﬁdﬁ%?%r‘ﬁﬁ@%ﬁ?ré’é’%%’f% R2E%ATEERYRE AR Ga0ERPHRES e (200-80
mbar) to #volme/bf about 200 - 19 - ml. During this procedure the crude product (5) precipitated
due to crystallization. The resulting suspension was then slowly cooled down (within about 5 h) to -5 to
0 C and further stirred at that temperature for 1 h. The crude product 5was separated by filtration,
washed tivicgihvithoBiempTelesae OnS)danenivascoutisenioetng maeenbirB®®inC BndrRbR3ambar. Yield:

57 ¢ §090%gtﬂfrﬁgmﬁpund of formula (5).

The synthesis of compounds of formula (I) as described above is a sequential process.
After each reaction described in steps aa) to cc), aqueous work-up procedures are
applied and the formed intermediate product is optionally being isolated. In an

15 alternative setup it is also possible to carry out the reaction steps bb) and cc) aimost
simultaneously. This means the conversion of compound (V) into compound (1) starts
as soon as compound (V) is formed, and before the reaction to obtain compound (V)
(step bb)) is terminated. Therefore, the two reaction steps bb) and cc) may run under
the same reaction conditions. Consequently, no work-up of compound (V) prior to its

20 further reaction to compound (1) is required according to this alternative method.

Therefore, in yet another embodiment there is provided a method to obtain the
compound of formula (1) directly from formula (1V) without the need to apply an agueous
‘work-up on the stage of the compound of formula (V). This can be achieved by adding

25 to the compound of formula (IV), dissolved in an approximately 1:1 {w/w) mixture of
water and N-methylpyrrolidone (NMP) 5 to 10 equivalents of agueous sodium
hydroxide at about 75 to about 85°C while applying a pressure of about 350 mbar,
fo[ldwed by stirring at about 75 to about 85°C and under reduced pressure (<400 mbar)
for 15 to 20 hours. During the entire reaction time distilied acetone/water is

30 continuously replaced by water. The termination of the reaction can be monitored by
taking a sample out of the reaction mixture after 15 to 20 hours and analyzing said
sample with HPLC. A specific procedure for this reaction is disclosed in Example 7b.



to Example 3 (step ¢)) Formation of compound (6), Suzuki-Coupling 23.16 g4-Chlorphenylboronic
acid (5a) were mixed with 85.00 gof comound (5) as obtained according to Example 2 in a dried Ist
reaction vessel under nitrogen atmosphere, and to the resulting suspension were further added
395mlAnisole. The suspension was kept at room temperature (20-25 C) and mixed with a solution of
57.08 gSodium carbonate in 337mlwater. The réidction mixture was then heated to a temperature of 70

+/- 2 C. At this tem| re, 0.236gBis-(triphenylphosphin)- allagium I-dic Io@aﬁﬁe together with

T 1omAnOR RETe s EAHE PELTh ISP SANTLR |CEH SLRRMF S5 Rtk about 60
minutes) hegdiechripoty, auempefatee betwessttdn; 88! (Hrating-Pesppe raturdyio 2tsidiy digmot exceed
110C) and stirred. fo . - of the reaction the formation of a clear two phase
reaction r%?%&?g’%t#%%%iﬁg %%E%%%@n%%%%ge was obtained. - 20 - After completion of the
reaction, the reaction mixture is cooled down to 60-80 C and transferred via a filter into a 2nd reaction

vessel. Thed b f6acion Y6558 ARSI s WasbR P LL0marm Anisols whishsadded o

the 2'd reaction vessel. The obtdined two phases are separated and the organic phase is washed at

60-80 C Iindiaxiele swshithurisant sedieia ByAfafR) g eRPRY sBuRi#dtRdte, and subsequently
with

The term “reduced pressure” as used herein means <500 mbar, preferably <400 mbar.

10 The term “catalyst” as used herein in step aa) means any Pd(il)- or Pd(0)-catalyst
usuaily used in this type of Scnogashira reaction. Examples of such catalysts are
Pd(PPhg)s, PACI(PPhs)z, Pd(OAC),, Pdx{dba)s with bis-(triphenylphosphine)-
paliadium(ih-dichloride (PdCl(PPhs)2) being especially prefarred .

15 The term "base” as used herein in step aa) means weak bases as for example N-
methylmorpholine or trialkyl-amines, with friethylamine being especially preferred.

The term “strong base” as used herein in step cc) means alkali metal alcoholates,
preferably potassium fert.-butylate.

20
in a particularly preferred embodiment according to the present invention, the above-
mentioned reaction step aa) is carried out in the presence of bis-(triphenylphosphine)-
palladium(ll)-dichioride, copper(l)iodide and triethylamine, the reaction step bb) is
carried out with aqueous lithium- or sodium hydroxide and the reaction step cc) is

25 carried out in the presence of potassium ferf.-butylate or aqueous sodium hydroxide.
The elimination of acetone (step bb) and subsequent ring formation of step cc) are
preferabty carried out in N-methylpyrroiidone or in a mixture of N-methylpyrrolidone and
water as soivent.

30 The process accofding to the reaction steps aa) to cc) is preferably carried out
according to the specific conditions and parameters given in Example 7a) or b).
Consequently, the specific process according to Example 7a) or b) form each anocther
preferred embodiment according to the present invention.



375mlwater. During the last extraction reversal of the two phases was observed. The organic phase is
now the lower phase. In order to obtain complete phase separation, the last extraction was carried out
at a temperature of at least 70 C. The obtained orange-yellow solution is concentrated at reduced
pressure to about 225 mL (+/- 10 %), while the t gnperature of the solution was kept between 60-80 C.
Subsequently, the resulting suspension is cooledto about 60 C. Then, over a period of about 30

minutes 623m| [ dded. ! 1510 S slowly (within
about 4 %%@gé@ﬁ % \g?égf-lﬁ-}%égw)gr%y E%r?%g g%g?%fg%r (])%rj aﬁ?@]%%{@rjn%fﬁ%ure until
completeconyegginging oheegsnatact AfoinuRy(8) et uirednd eesuspeieibnaiies separated by

filration, agd-thenuet-slid deaidusinas wasbes eutines &ilbdlde alerid methangd Jhsash

Chlorophenylbenz_amide|(6g7was dried in a rotary evaporator under reduced pressure and at a water
bath tempEr&RecdnEdinPE- &y the menlianed WARIWODANAZ, CDCI3): 5 ppm 1.09 (t, J = 7.5 Hz, 3H),
1.86- 1.99 (m, 2H), 3.10 -3.19 (m, 2H), 6.53 (s, 1H), 7.11 (dt, J = 8.6, 1.5 Hz, 1H), 7.39 - 7.49 (m, 5H),
7.50 -57.59 (m, 2H), 7.79 (td, J = 9.0, 5.6 Hz, 1H), 8.32 (br. s, 1H), 8.43 (br. s, 1H), 8.84 (d, J = 2.3 Hz,
LH). Exa'?ﬁée?%éﬁteeee%)énﬁé) f@g&%@gg%831@%%&%&%@&%@%%%4!ngpg@'g Yol 7SMIDMA and
88mIMethanol wWeré given infoa dried reaction vessel under nitrogen atmosphéré. Thé tesulting
suspensisélismalivepnated IS, piedwetieniabitness trjod sesetltivnopfragampaianits wethanol (15 %).

The autogiaue ap,hendsinssdand 18 £5ACHRRAEYR RERer 00 0a B r WilEhERauled in the

formation of a clear solution. The temperature was maintained while stirring the reaction mixture for

about 10 iBHRiBERss SuhsedsR AljhensieEasdalaiampasnhakerraid iy hvasHbesaéket reaction

vesse, apgdutheristytesovih Aedmdiethanabctibn reaeiian MixbdeorasibenLsenssmtateg to its
original volume under reduced prfessukre and (tG%O- 500 %bar) ata jacket-temEerature of maximum 60

C. SubsetlYeRPI 0B IANEHNBT FRYEIDIRP EIMERZIEIN Ve PY PRI SreaBLE szt

which are formed if the corresponding trimethylsilyl-ethynyl derivative is used, which is
usually known for this type of reaction (Sonogashira reaction) as inter alia described in
WO 2009/016460 and US 2006/0183758.

15 . .
The compounds of formula {IV) are thus valuable and novel intermediates in the above-
described synthesis to obtain 5-haiogenated 7-azaindoles (1). Therefore, in yet another
embodiment according to the present invention there is provided the compounds of
formula (IV) as such.

20
The present invention is now illustrated by the following accompanying working
examples. In'some examples, the term “In-process control” is used. This term means
that a sample is taken from the reaction mixture while the process is running, and said
sample is being analyzed by standard techniques known to the skilied person,

25 preferably by HPLC, in order to detect the degree of conversion of starting material into
product.



minutes, whereby the temperature of the reaction mixture was kept between 45 -55 C. The resulting
suspension was slowly cooled down (within about 2 hours) to 20 C ( 3 C) and subsequently was
further stirred for at least 1 hour prior to separation of the solid reaction product (1) by filtration. The
filter cake was washed two times with - 22 - 120mL Methanol. The wet product was dried in rotary
evaporator under reduced pressure and applyiﬁéﬁa'water bath temperature of 50 to 60 C. Yield: 49 g
(95 %) of the white, crystalline compound formula (1). 1H-NMR (600 MHz, CDCI3): 5 ppm 1.07 (t, J =
7.5 Hz, 384851 98 (m, 2H), 3.07 - 3.17 (m, 2H), 6.41 (s, 1H), 7.06 (dt, J = 8.6 Hz, 1.5 Hz, 1H),
7.46 - 7.51 (m, 2H), 7.60 - 7.64 (m, 2H), 7.70 (td, J = 9.0, 5.5 Hz, 1H), 7.73 (d, J = 2.7 Hz, 1H), 8.65 (d,

J=22 H%:_ %iwb%'igtéd’ajiz 1.9 Hz, 1H), 9.55 (br. s, 1H). Purity: > 99 % (m/m, HPLC); Palladium

content < (B): about 0.1% Example 5 10 Preparation of
2-amino-Fbrowins-66 dephoxjiie ALibihiomdel (ste G0 hec doulite-fackefiaemctor (under a nitrogen
atmosphere) 38.28
558 ¢ Sutfonamide Acid (2) was given into a dried 1% reaction vessel kept
under nitrogen atmosphere, to which
280 mL  Methylenchloride were added. Then
619 uL  DMF were added to the obtained suspension and the resulting
mixiure was kept at a temperature between 18- 22 °C. Then,
254 g Oxalylchloride were dissolved in
66 mL  Methylenchloride, and this solution was slowly added during
approximately 30 minutes to the above-mentioned suspension
whereby the temperature of said suspension was still kept between
18- 22 °C. The formation of CO;and CO could be observed during
said addition. The reaction mixture was then further stirred for about
4 to 6 hours and further kept at a temperature between 18-22 °C until
the suspension almost entirely turned into a solution and no gas
formation could be observed any more.

Friedel-Crafts-Acylation

In paralie! to the above described formation of the acid-chioride, a 2™
reaction vessel was prepared, wherein

106.7 ¢ Aluminiumtrichioride were mixed {ogether with

266 mL  Methylenchloride to give a suspension which was then cooled down
to about -12 to 2°C. In parallel, a suspension of

394 ¢ 5-Bromo-7-azaindole in

66 mL  Methylenchloride was prepared in a 3° dried. reaction vessel under
nitrogen atmosphere. Said Bromoazaindole suspension was added to
said Aluminiumtrichlorid-Suspension during approximately 30
minutes and at a temperature between -12 {o 2°C.
The obtained suspension was immediately further reacted by addition
of the acid-chloride solution as obtained according to the procedure



g lodine is suspended in 21 g Acetic acid and 62 g Acetonitrile. To the brown mixture is added at 20 to
40C 14.6 g Sulfuric acid 96%. The addition is strongly exothermic. The dropping funnel is rinsed with
20 g Water. The resulting mixture is heated with a jacket temperature of 90C. When the temperature
of the mixture is 70C, the mixture is treated within 3 to 6 minutes with - 23 - 45.20 g Periodic acid
(50% in water). The addition is endothermic. Th&funnel is rinsed with 10g Water. The solution is then
treated at 65 to 75C within 5

400

600

120

mi

mi

mL

escrEge%joa cimggtgﬁring approximately 30 minutes, whereby the
reaction mixture was allowed to warm up fo about 20-25 °C using the
spontaneous heat release observed upon addition of the said acid
chloride solution. After addition of the acid-chloride solution, the
reaction mixture was further stirred during approximately 8 to 10
hours; whereby the mixture was kept al a temperature between 20-25
°C. During this time a separation intc 2 phases was observed.

Meanwhile, a 4™ reaction vessel was prepared, containing

Water which was cooled to a temperature between 0-5 °C. The two
phase reaction mixture as obtained according fo the preceding steps
was added slowly, during approximately' 30 minutes, to said cooled
water info said 4" reaction vessel whereby the resulting mixture was
kept at a temperature betwsen 0-20 °C. This resulted in an
exothermic reaction and precipitation of the compound of formula (4)
from the resulting biphasic reaction mixture.

Methylene chloride was widely removed by distillation under reduced
pressure from the heterogeneous mixture. Then the agueous
suspension of the compound of formula (4} was diluted with
methylene chioride and THF. A clear biphasic mixture was obtained
by heating the reaction mixture to about 50 °C. After phase
separation the organic phase was washed twice with 400 ml semi-
saturated brine at about 50 °C. The organic phase was concentrated
under reduced pressure at about 50 °C to a volume of about 400 mi
whereby crystaliization of the compound of formula (4) started.
Heptane was added within about 30 min at about 50 °C. The resulting
suspension was cooled in about 3 — 5 h to ca. 0 °C. After stirring for
at least one additional hour at ca. 0°C io complete the crystallization,
the suspension was filtered and the wet precipitate was washed two
fimes with

n-Heptan. The wet product was dried in vacuum and at a temperature
between 50 - 60 °C.



with a previously prepared solution of 58.00 g 2-Amino-5-bromopyridine in 67g Acetonitrile and 31.5g
Acetic acid. The dropping funnel is rinsed with 15g Acetonitrile. The resulting solution is heated to 77
to 82C and stirred under slightly reflux conditions for 3 to 4 hours (approx. 90C jacket temperature).
In-process control (proposed target value: <2.0 % starting material). Upon complete conversion the
mixture is immediately cooled down and treated H 80 to 70C drop wise with 66g Sodium hydrogen
sulfite (38-40% in w t:(\a/g Immediately after the additjon, the mixture i @iiluted at 60 to 70C within 30 to
60 minut% h%&)z th}nqm%%%fﬁgrﬁ%ncw5 ?ﬁ@ﬁ%%&?&f ithin 50 to 90 minutes with
approximately -202 g Sodium hydroxide 28% to adjust the pH to 7.3 to 7.6. When the desired pH is
reached the suspension is stirred at 60 to 70C for 30 to 60 minutes. The suspension is cooled to 20 to
25C within 2 to 5 hours and then stirred at this temperature for 2 to 5 hours. The crystals are filtered off
and washexbmpiec?petéphgwith a mixture of 270g Water and 23g Acetonitrile. The wet crystals
(approx. 120 re dried at 40 t C / <30 mbar until constant weight. Yield: 90.5 g of slightly
brown%sh%@ﬁé 'so\r/?vﬁ)fﬁ %)nmggsua?yc%? 85.0 %(m/m). This corresponds to a corrected yield of 86%.
Example 6 a) Preparation of 4-(2-Amino-5-brorno-pyridin-3-y0-2-methyl-but-3-yn-2-ol.

458 g of the compound {4) as obtained according to Example 1
were suspended in
600 mi Toluene. Water as contained in the suspension was
10 removed at a temperature between 60-80 °C and under

reduced pressure of 450-400 mbar. Subsequently,

200 mi Toluene were newly added and the suspension was cooled
{0 20-25 °C. Then, a solution of
1.22 g Dimethylaminopyridin in
15 20 mi Toluene was added, prior o the addition of
158 g n-Tripropylamine. Subsequently,
220g 2.8-Dichlorobenzoylchloride were slowty added via a

dropping funnel during approximately 15 minutes while the
mixture was kept between 20 and 25 °C.

20 The reaction mixture was stirred for about 1-2 hours at a
temperature between 20-25 °C, whereby the color of the
mixture turned into brown.

The brownish reaction mixture as obtained by the last step
above, was diluted with

25 275 mi water and subsequently with

296 g hydrochloric acid {37%). The resulting two phase mixture
was heated to 65-70 °C. The two phases were allowed {0
separate after about 10 minutes. The Toluene phase was
washed at a temperaiure between 65 and 70 °C, first with

30 300 mi of an aqueous solution containing 10% sodium
hydrogencarbonate, and then with

300 mi water. The organic (Toluene) phase was concentrated by
evaporation at temperatures between 55 and 60 °C and at

reduced pressure (200-80 mbar) to a volume of about 200



A suspension of 2-amino-5-bromo-3-iodopyridine (10.0 g, 33.5 mmol),
bis-(triphenylphosphine)-palladium(ll)-dichloride (117 mg, 0.17 mmol), copper(l)iodide (79 mg, 0.41 lo
mmol) and triethylamine (6.1 mL, 43.5 mmol) in dichloromethane (40 mL) was treated at 23 to 30C
within 1 to 2 hours with a solution of 1,1-dimethy1-2-propyn-1-ol (3.709, 44 mmol) in dichloromethane
(10 mL) and the resulting mixture was stirred at 28€ for 3 hours. The mixture was diluted with
dichloromethane (20 mL) and washed with water (2x50 mL). The organic phase was then treated with

1 M HCI (80 mL). The layers were 18- S&7HaEUSIP IR ER HRCTHFERIRR Sk iR RseciRtReM He (20
mL). The combined product containring aougetsi izxess Wil washied wilkpaickieramestiane (2x10 mL).
The pH of the aqueous layer was adjusted to pH 7-9 by the.drgp wi ditj sQdium hydroxide
solution (28% in water, 18 g). The r SWEYn%OSL%%gRHBXW&@é%%%&?3?“53& ”gp%%#oﬁr@g;d the crystals
were then filtered off and washed wittiveatsir(2520 thk).t@@0dreturet forystalSThe wuditedrati & C /
<30mbar affording 6.99 g (82%) of 4-(2-aminQ: -pyrdin: VA vl-but-3-yn-2-ol as a
melted mass with a purity of 99.5 WﬂgﬁgggﬁggfqugﬁﬁﬁﬁkWﬂ%g%I@mgg)gﬂb) 5 ppm 1.63 (s, 6H);
4,0 (br., 3H)39.597(d, J=2.4, 1H); 8.03yans=0.2C 1IN Bisk Albatatien brehiatadd®65 °C and
4-(2-Amino-5-bromo-pyridin-3-yl)-2-@etylbut- 3-yn-2-ol. In a 1000 mL double-jacket reactor (under a
nitrogen atmosphere) 84.0 g2-amino-5-bromo-3-iodopyridine (96.4 %(m/m)) is suspended in 900
gDichloromethane. The Suspension is heated to reflux (45C jacket temperature) and stirred at slightly
reflux for ¥&e10: 47 Mingtes) dheompdunddiftarsiniaaigion is cooled to 30 to 35C and then polish-filtered
(usin??a Zeta plus filter plate charged with Decal ite Speedex). The first reactor and the transfer pipe

are rinsed with 130 g Dichloromethane (pre-heated to 30 to 35C). The clear filtrate is concentrated to a
residual volume of 260 to 300 mL. The resulting suspension is treated at ca. 30C with 600 mg

Bis-(triph@)(xg%%ﬁ)g@e&%)d%aﬂladium(ll)-dichloride,

Formation of compound (8), Suzuki-Coupling

2316 g 4-Chlorphenylboronic acid {5a) were mixed with
8500 g of comound (5) as obtained according to Example 2 in a dried 1%
- reaction vessel under nitrogen aimosphere, and to the resulting
suspension were further added
395 mi Anisole.
The suspension was kept at room temperature (20-25 °C) and mixed
with a solution of

5708 g Sodium carbonate in

337 mi water. The reaction mixture was then heated to a temperature of 70
+/- 2 °C. At this temperature,

0236 g Bis-(triphenylphosphin)-palladium(ll)-dichloride together with

110 mi Anisole were given to the reaction mixture, which is subsequently
slowly (within about 60 minutes) heated up to a temperature between
80-88 °C (Heating Temperature outside did not exceed 110°C) and
stirred for about 2 h. Towards the end of the reaction the formation of
a clear two phase reaction mixture with a dark red upper {(organic)
phase was obtained.



400 mg Copper(1)-iodide and 38.0 g Triethylamine. The used receivers are rinsed with 10 g
Dichloromethane. The brown suspension is treated at 30 to 34C within 1 to 2 hours with a solution of
32.0 g 2-Methyl-3-butin-2-ol in 120 g Dichloromethane. The dropping funnel is rinsed with 15 g
Dichloromethane. The mixture is stirred for 10 hours at 30 to 34C. In-process control. Upon complete
conversion the mixture is diluted at 30 to -20 -

After completion of the reaction, the reaction mixture is cooled down
to 80-80 °C and transferred via a filter into 2 2nd reaction vessel. The
1st reaction vessel and the filter was washed with

110 mil warm Anisole which is added to the 2" reaction vessel. The obtained
two phases are separated and the organic phase is washed at 60-80
°C , first with

375 mi 0.1 N sulfuric acid containing 10 % (w/w) sodium sulfate, and

subsequently with

375 mi water. During the last extraction reversal of the fwo phases was
observed. The organic phase is now the lower phase. In order to
obtain complete phase separation, the {ast extraction was carried out
at a temperature of at least 70 °C. The obtained orange-yeliow
solution is concentrated af reduced pressure fo about 225 ml (+/- 10
%}, while the temperature of the solution was kept between 60-80 °C.
Subsequently, the resulting suspension is cooled fo about 60 °C.
Then, over a period of about 30 minutes

628 mi méthanoi were continuously édded. Subsequently, the suspension
was slowly (within about 4 hours) cooled to 0 °C (+/- 2°C), and stirred
for another 3 hours at that temperature until complete crystallization
of the product of formula (8) occurred. The suspension was
separated by filiration, and the wet solid residue was washed two
times with

112 m cold methanol.

The wet Chlorophenylbenzamide (6) was dried in a rotary evaporator
under reduced pressure and at a water bath temperature between
70- 80 °C.

Yield: 74 - 76 g (82 - 85 %) almost colorless, crystaliine Chicrophenylbenzamide (8).
The product can be optionally re-crystallized from toluene for further purification.



34C with 240 g Dichloromethane and 200 g Water and treated at 28 to 34C within 10 to 20 minutes
with 100 g Ammonium hydroxide solution (25% in water). The biphasic solution (ca. 950 mL) is stirred
for 15 to 30 minutes at 28 to 34C and the layers are then allowed to separate for 15 to 30 minutes. The
organic layer is separated and the aqueous layer is extracted at 28 to 34C with 80 g Dichloromethane.
The combined organic layers are diluted at 30 td34C with 100 g Water and then treated at 28 to 34C
within 10 to 20 minutes with

1H-NMR (400 MHz, CDCI3): 6 ppm 1.09 (t, J = 7.5 Hz, 3H), 1.86 — 1.99 (m, 2H),

3.10~3.19 (m, 2H), .53 (s, 1H), 7.11 (dt, J = 8.6, 1.5 Hz, 1H), 7.39 - 7.49 (m, 5H),

7.50 -7.59 (m, 2H), 7.79 (td, J = 9.0, 5.6 Hz, 1H), 8.32 (br. s, 1H), 8.43 (br. s, 1H),

8.84 (d, J = 2.3 Hz, 1H).

Example 4 (step d})

Formation of compound (1)

700 g Chiorphenylbenzamid (6),

175 mi DMA and

88 ml Methanol were given into a dried reaction vessel under nitrogen
atmosphere.

The resulting suspension was kept at 20 — 25 °C, and mixed with

480 g of a solution of ammonia in methanol (15 %). The autoclave was then
closed and the reaction mixture heated to 50 -- 55 °C, which resulted
in the formation of a clear solution. The temperature was maintained
while stirring the reaction mixture for about 10 - 20 hours.

Subsequently, the clear solution was transferred into a double jacket
reaction vessel, and further diluted with

254 mi Methanol. The reaction mixture was then concentrated to its original
volume under reduced pressure and (600 — 500 mbar) at a jacket-
temperature of maximum 60 °C. Subsequently,

508 mt Methanol were newly added slowly over a period of about 20 — 30
minutes, whereby the temperature of the reaction mixture was kept
between 45 — 55 °C. The resulting suspension was slowly cooled
down (within about 2 hours) to 20 °C (+ 3 °C) and subsequently was
further stirred for at least 1 hour prior to separation of the solid
reaction product (1) by filtration. The filter cake was washed two
times with



50 g Ammonium hydroxide solution (25% in water). The biphasic solution is stirred for 15 to 30
minutes at 28 to 34C and the layers are then allowed to separate for 15 to 30 minutes. The organic
layer is separated and then washed at 28 to 34C with 100 g Water. The organic layer is concentrated
under reduced pressure and at a maximum temperature of 34C to a volume of 550 to 600 mL. The
organic layer is diluted at 25 to 32C with 400 g Water and treated at 25 to 32C within 15 to 30 minutes

with 45 g I}/gdrochloric acid (37% in water). T%ﬁl’biphasig soluytion (980 mL) is stir- - 26 - red for 15 to
1€9¢ 25 {8'32cMp ?ﬂ@ira-%‘?s”ﬁéq AR IBEELRERY BIEPRYBIR0HRites. The layers

30 minute

are separated and the organietnyessis.dduind witih22e g\Water sutt tbepéraated @t 25 to 32C within 15
to 30 minutes with ZSgHé/tgroc@oqr' acid (37% in water). The combined product containing agueous
layers are washed at 25 t.?z with

Yield: 49 g (95 %) of the white, crystalline compound formula (1).

1H-NMR (600 MHz, CDCI3): & ppm 1.07 (t, J = 7.5 Hz, 3H), 1.84 — 1.98 (m, 2H), 3.07 —

3.17 (m, 2H), 8.41 (s, 1H), 7.06 (df, J = 8.6 Hz, 1.5 Hz, 1H), 7.46 — 7.51 (m, 2H), 7.60 —

7.64 (m, 2H), 7.70 (td, J = 9.0, 5.5 Hz, 1H), 7.73(d, J = 2.7 Hz, 1H), 8.65 (d, J = 2.2 Hz,
5 1H), 8.88 (d, J = 1.9 Hz, 1H), 9.55 (br. s, 1H). |

Purity: > 98 % (m/m, HPLC); Paliadium content < 5 ppm; compound (B): about 0.1%

Example 5
10
Preparation of 2-amino-5-bromo-3-iodopyridine (lla)

Br X . Br X |
® ©
N NH, N NH,

lia

In a 1000 mi double-jacket reactor (under a nitrogen atmosphere)
38.28 g loding is suspended in
21 g Acetic acid and
62 g Acetonitriie. To the brown mixture is added at 20 to 40°C

14.6 g Sulfuric acid 96%. The addition is strongly exothermic. The dropping
funnel is rinsed with

20 g Water. The resulting mixture is heated with a jacket temperature of 90°C.
When the temperature of the mixture is 70°C, the mixture is freated
within 3 to 6 minutes with



100 gDichloromethane. From the aqueous layer dichloromethane is then azeotropically removed with
water under reduced pressure and at a maximum internal temperature of 32C. At the end of the
distillation a volume of 550 to 600 mL is adjusted. The resulting aqueous solution is polish-filtered
(using a Zeta plus filter plate). The first reactor and the transfer pipes are rinsed with 40gWater. The
clear solution is then treated at 22 to 30C within 0 to 120 minutes with approximately 54gSodium
hydroxide (28% in water) until the pH is adjusted to pH 7.5 to 9.5. This forces the product to
precipitaté:9dter e Fesiogigaeidsbfttadsuapensiteisdtined aEroiayesnitor HedurBldars. The
crystals are filtered offiggti weighed in two portions with 300 gWater. The wet crystals (ca. 73 g) are
dried at 40 to 50C and <30 mbar until constant weight. Yield: 65.04 g (93%) of yellow crystals with a

fconrt]ent 0f1?)8-6/0§m/m)a@a.ia"ﬁ&e§@n%a' t%QﬁérPﬁ&Qﬂa@J'Mtl%f(@rq’WMG ; 2'3@(5% qu1;@wg%@Q2/V;ater for

urther purification. 1H R : 1 (s, 6H); 2. r., 1H); 4. r., 2H); 7.57

(d, J=2.4, 1H); 8.01 (JV%Z%EQ%%?N@@%&(??% S(é)ﬁa&rc'ﬂw]gfsPreparation of 5-bromo-7-azaindole (3 or la)

from isola -aming;5- bromo-3-iodopyridine. - 27 - A suspension of 2-amino-5-bromo-3-iodopyridine
o bR TRbeR R

(5.0 g, 16 ol¥ bi& ??é%%%oyﬁ QSBHine) Balladium(n)-dichloride (43 mg, 0.061 mmol),

copper(Digdide (29.4 mg, 0.15 mmo]) and triethylamine (2.21 g, 21.8 mmol) in dichloromethane (20
mL) was gzreateogat %%@%'H&G\ﬁﬂﬁn 1 to 2 hours with a solution of 1,1-dimethy1-2-propyn-1-ol (1.85
g,21.7 mmo:’%in dichloromethane (10 mL) and the resulting mixture was stirred at 25C for 4 hours.
The mixturd was GluteBBHRIREEN SR STPRIAG fHONFILS SRESKERYHRA with water (2x25 mL). The organic
phase was then treated with 1 M HCI (40 mL). The layers were separated and the organic layer was
extracted #ith 1 M HACEtSNIE TieitesoHinhedl Wien ikhesirdifng’ 48 (s 389 §Ere washed
with dichloromethaney2d& silghtiheefitikaicthei ttonscions layéhyass ddpsted BDPE jZeldiy the drop wise
addition of sodium hygroxjde sellion (280648 ¥Waies)- (PRBAEHIIAG EHeRRRSIeP WesSHFRg at 20C over
night and the crystals were. %}?Eé litered offI atnd washed vvtlr'%h Wa)t(§r {_32x5 mr'@% Tl}e iWet CJ%%als were
dissolved in N-methylgﬁ%f in p@rb(?%mpa% {FRAYES Wﬂhlneﬂpws il c&aa%g 03 mbar with
an aqueous solution SlARiaRTHiRREER B4 B8 fNopR wiRewiliting mixture was heated to 75C and
stirred at this temperature and under reduced pressure (50-100 mbar) for 15-20 hours. Toluene (20
mL) and viter 2@miSasisra hsheariesLdfie (e84 inwaiesehamnad@igialguisus layer was
extracted with toluenex@i@nmhy mheweernbiietedrgapicitayors weleiveche 6 Quithnuwrien(Bx 10 mL)

360 g Water. The mixture is then treated at 60 {o 70°C within 50 to 90 minutes
with approximately

~202 g Sodium hydroxide 28% to adjust the pH to 7.3 to 7.6. When the desired
pH is reached the suspension is stirred at 60 to 70°C for 30 to 60
minutes. The Suspension is cooled fo 20 to 25°C within 2 to 5 hours and
then stirred at this temperature for 2 to 5 hours. The crystals are filtered
off and washed in two portions with a mixture of

270 g Waterand

23 g Acetonitrile. The wet crystals (approx. 120 g) are dried at 4016 50°C/
<30 mbar until constant weight.

Yield: 90.5 g of slightly brownish crystals with an assay of 95.0 %(m/m).
This corresponds to a corrected yield of 86%.



20 and then concentrated to dryness. The residue was dissolved in N-methylpyrrolidone (50 mL) and
treated at 60C with potassium ten.-butylate (3.52 g, 30.7 mmol). After stirring for 3 hours at 60C, the
mixture was cooled to ambient temperature and diluted with toluene (40 mL) and water (40 mL). The
aqueous layer was separated and back extracted with toluene (3x50 mL). The combined toluene
layers were washed with water 25 (3x10 mL) antf'then concentrated to dryness. The residue was
dissolved in a hot mixture of toluene and n-heptane (20 mL). The clear solution was cooled to -5C
within 4 to 6 hours whereupon crystals precipitated. The suspension was stirred at -5C for 2- 4 hours.
The crystBiamwete filtered off, washed with heptane and dried at 45C /<30 mbars over night to afford
5-bromo-7-azaindole (2.05 g, 62% yield) as slightly yellow 30 crystals with a purity of 99.6% (HPLC,
area%). b) Preparation of 5-bromo-7-azaindole from isolated
4-(2-Amino-5-bromeépytigresaiial-of e Brprbne Dpraanstp oidin-A-pih@enethnbhbiel ok ieactor
(under a nitrogen atmosphere) is charged with 80.0
g4-(2-Amino-5-bromo-pyridin-3-yl)-2-methyl-but-3-yn-2-ol, 320 mL N-Methylpyrrolidone and 330 mL
Water. The mixture is heated to 75 to 80C and a vacuum of ca 350 mbar is applied. The solution is
then treated® within 30 to 45@ninutes with 181 mL Sodiung hydroxide (28%R water). The
dropping funnel Is ringed with §mL Water.arid the mixture-stirged at 78 t0~g o510 20 hours.
During stirring they fjiemperatur d the vacuum have to be adjustel that the internal
temperature is 78 to 81C dnd a slight steadily distillate flow is guaranteed. 1,the volume in the .
reactor has reached approx. 800 mL water is continuously added to keep the volunfe constant for the
rest of the reaction time. In-process control. Upon complete conversion, the reaction mixture is
concentrated to a volume of approx. 700 mL and then cooled to 50 19 55C. The mjixtyre is treated at
s temp B BHSREBRA DB AT T P AR TR MO (L8 950 RIS <t BSOS £6c for 15
to 30 minptes aic ¢hedtipdisrali)tbimhialiteddtd sepdraterfond, odParinutsids TS agudols layer is
separate t . 0 55C, W} tot ith 42 T, combined
tolue%wge Iir/%ﬁé‘ )a?eﬁ %vgs%gé\@t%%% 3?&5@'\1&%\/5?3%@ i?ﬂrgéﬁcﬁg%/ w%#é%rﬁ%&% ﬁget% ugene layer is
concentraabdLinded e dvitud priesdieuss wih@eseGiionIc fedidineitiueropysd tol 307 0. is

Obtai”ed-4&“&&%%%5%@%%@@5?9 E?oﬁ@x@)%iﬁﬁ e Elih g Rl ARA g TRRHINg S ligion is

washed at 50 to 55C with 3x150 mL, totally with

3 hours. The mixture was diluted with dichloromethane (20 mL) and washed with water

(2x50 mL). The organic phase was then freated with 1 M HCI (80-mL). The layers were

15 separated and the organic layer was extracted with 1 M HCI (20 mL). The combined
product containing aqueous layers were washed with dichloromethane (2x10 mL). The
pH of the agueous layer was adjusted to pH 7-9 by the drop wise addition of sodium
hydroxide solution {28% in water, 18 g). The resulting suspension was stirred at 20°C
for 2 hours and the crystals were then filtered off and washed with water (2x20 mL).

20 The wet crystals were dried at 50°C / <30mbar affording 6.99 g (82%) of 4-(2-amino-5-
bromo-pyridin-3-y!)-2-methyl-but-3-yn-2-0l as a melted mass with a purity of 9.5 %
(HPLC, area%). 'H NMR (400 MHz, CDCl): 5 ppm 1.63 (s, 6H); 4.0 (br., 3H): 7.59 (d,
J=2.4, 1H); 8.03 (d, J=2.4, 1H).

25 b) Alternative Preparation of 4-(2-Amino-5-bromo-pyridin-3-yl)-2-methyl-but-
3-yn-2-0.
In a 1000 mL double-jackef reactor (under a nitrogen atmosphere)
840 g  2-amino-5-bromo-3-iodopyridine (96.4 %(m/m)) is suspended in
900 g  Dichioromethane. The Suspension is heated to reflux (45°C jacket
temperature) and stirred at slightly reflux for 15 to 45 minutes. The



450 mL Water. From the organic layer water and ethyl acetate are azeotropically - 29 - distilled off
with toluene under reduced pressure at 45 to 55C. At the end of the distillation a volume of 600 to 700
mL is adjusted. The mixture is heated to 90 to 95C and stirred until a clear solution is obtained. The
solution is treated with 2.0gActivated charcoal (Ng)rit SX) and the resulting mixture stirred for 15 to 30
minutes at 90 to 95C. The charcoal is removed 8yé hot filtration at 90 to 95C. The first reactor, the

filter and the transfer Qi shed with 3 , it Tol . iltrate is
concentrated under re&ﬁ%ﬁ%&i@ﬁ%' océg/g%%r}?g’ %pﬁ&@% i%’o%ﬁ%é%@ﬁ%% (s%lﬁpiélsion is
heated to 90 to 100C{etelnbin ftereziptoiivoaed watbdithatiie Speksibr). B finCawititin 7 to 10

hours and the resultir&aq&q@g&%g&d&é this tanyperature for additional 3 to 5 hours. The crystals

are filtered off and washed in two portions with 120 mL Toluene (pre-cooled to cOC). The wet crystals

are dried 4885 18 65CICBOrARRINAREIBETSRRIER Y RP ieidaT Uk 5he (FeshfibralRyistly yellow crystals
with an assay of 100. 54BN R arapia BuBreRAADBI oD ¢hIgne-fazairdidipiiep 1: Synthesis

of 2-Amino-5-chloro-3-iodopyridine (Mb) 2-Amino-5-chjoropyridine2-Amino-5-chloro-3- iodopyridine
(Mb) suspension is treated at ca. 30°C with
600 mg Bis-(friphenyiphosphine)-paliadium(ll}-dichloride,
400 mg Copper(l}-iodide and
38.0 g  Triethylamine. The used receivers are rinsed with
10 g  Dichloromethane. The brown suspension is treated at 30 to 34°C within
1 to 2 hours with a solution of
320 2-Methyl-3-butin-2-ol in
120 g Dichioromethane. The dropping funnel is rinsed with
15 g  Dichloromethane. The mixture is stirred for 10 hours at 30 to 34°C. In-
process control. Upon complete conversion the mixture is diluted at 30 to
34°C with
240 g  Dichloromethane and
200 g  Water and treated at 28 to 34°C within 10 to 20 minutes with
100 g  Ammonium hydroxide solution {25% in water). The biphasic solution (ca.
950 mL) is stirred for 15 to 30 minutes at 28 to 34°C and the layers are
then allowed to separate for 15 to 30 minutes. The organic layer is

to]

separated and the agueous layer is extracted at 28 fo 34°C with

80 g  Dichloromethane. The combined organic layers are diluted at 30 to 34°C
with

100 g  Water and then freated at 28 to 34°C within 10 to 20 minutes with

50 g  Ammonium hydroxide solution (25% in water). The biphasic solution is
stirréd for 15 to 30 minutes at 28 to 34°C and the layers are then allowed
to separate for 15 to 30 minutes. The organic layer is separated and
then washed at 28 {0 34°C with

100 g  Water. The organic layer is concentrated under reduced pressure and at
a maximum temperature of 34°C to a volume of 550 to 600 mL. The
organic layer is diluted at 25 to 32°C with

400 g Water and treated at 25 to 32°C within 15 to 30 minutes with

45 g Hydrochloric acid {37% in water). The biphasic solution (280 mlL) is stir-



In a 1000 mL double-jacket reactor under a nitrogen atmosphere 38.28 g lodine is suspended in 21 g
Acetic acid and 62 g Acetonitrile. To the brown mixture is added at 20 to 40C 14.6 g Sulfuric acid 96%.
The addition is strongly exothermic. The dropping funnel is rinsed with 20 g Water. The resulting
mixture is heated with a jacket temperature of 2C,Z)é)c. When the temperature of the mixture is 70C, the
mixture is treated within 3 to 6 minutes with 45.20 g

red for 15 to 30 minutes at 25 to 32°C and the layers are then allowed fo
separate for 30 to 60 minutes. The layers are separated and the organic
layer is diluted with

225 g  Waiter and then treated at 25 to 32°C within 15 to 30 minutes with

25 g Hydrochloric acid (37% in water). The combined product containing
agueous layers are washed at 25 to 32°C with

100 g Dichioromethane. From the agueous layer dichloromethane is then
azeotropically removed with water under reduced pressure and at a
maximum internal temperature of 32°C. At the end of the distiliation a
volume of 550 to 600 mL is adjusted. The resulting aqueous solution is
polish-filtered (using a Zeta pius filter plate). The first reactor and the
transfer pipes are rinsed with

40 g  Water. The clear solution is then treated at 22 to 30°C within 60 to 120
minutes with approximately

54 g  Sodium hydroxide (28% in water) until the pH is adjusted to pH 7.5 to
9.5. This forces the product to precipitate. Afier the dosing the resulting
suspension is stirred at 20 to 25°C for 4 to 16 hours. The crystals are
filtered off and washed in two portions with

300 g  Water. The wet crystals (ca. 73 g) are dried at 40 to 50°C and <30 mbar
until constant weight.
Yield: 65.04 g (93%) of yellow crystals with a content of 88.6 %({m/m).
This intermediate can optionalty be re-crystallized from
isopropanolfwater for further purification.

'H NMR (400 MHz, CDCly): & ppm 1.61 (s, 6H); 2.3 (br., 1H); 4.8 (br., 2H); 7.57 (d,

J=2.4, 1H); 8.01 (d, J=2.4, 1H).

Example 7

a) Preparation of 5-bromo-7-azaindole {3 or la) from isolated 2-amino-5-
. bromo-3-iodopyridine

HO HC
ZZ B
Br i % ! /{ Br. N é Br. | N = rm
P e ] —_— ———— -
NT NH, I = N N, NT



Periodic acid (50% in water). The addition is endothermic. The funnel is rinsed with 10 g Water. The
solution is then treated at 65 to 75C within 5 to 10 minutes with a previously prepared solution of 43.1
g 2-Amino-5-chloropyridine in 67 g Acetonitrile and 31.5 g Acetic acid. The dropping funnel is rinsed
with 15 g Acetonitrile. The resulting solution is heated to 77 to 82C and stirred under slightly reflux
conditions for 4 hours (approx. 90C jacket temperature). The mixture is then cooled 60-65C and
treated with 66 g Sodium hydrogen sulfite (39% in water). After the addition the mixture is diluted at 60
to 70C within 10 to 20 minutes with 360 g

10

15

20

25
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A suspension of 2-amino-5-bromo-3-iodopyridine (5.0 g, 16.7 mmol}, bis-(triphenyl-
phosphine)-paliadium(il)-dichloride (43 mg, 0.081 mmol), copper(l}iodide (29.4 mg,
0.15 mmol) and triethylamine (2.21 g, 21.8 mmol) in dichioromethane (20 mL) was
treated at 23 to 30°C within 1 to 2 hours with a solution of 1,1-dimethyl-2-propyn-1-of
(1.85 g, 21.7 mmol) in dichloromethane (10 mL) and the resulting mixture was stirred at
25°C for 4 hours. The mixture was diluted with dichioromethane (10 mL) and washed
with water (2x25 mL). The organic phase was then treated with 1 M HCI (40 ml.). The
layers were separated and the organic layer was extracted with 1 M HCI (15 mL). The
combined product containing agueous layers were washed with dichloromethane (2x8
mL). The pH of the aqueous layer was adjusted to pH 7-9 by the drop wise addition of
sodium hydroxide solution (28% in water). The resuiting suspension was stirred at 20°C
over night and the crystals were then filtered off and washed with water (2x5 mlL.). The
wet crystals were dissolved in N-methyipyrrolidone (50 mL) and treated within 2 hours
at 60°C and 50-100 mbar with an aqueous solution of lithium hydroxide (2.4 M, 32 mL).
The resulting mixture was heated to 75°C and stirred at this temperature and under
reduced pressure (50-100 mbar) for 15-20 hours. Toluene (20 mL) and water (20 mL)
were then added and the layers were separated. The aqueous layer was extracted with
toluene (3x25 mL). The combined organic layers were washed with water (3x 10 mL.)
and then concentrated to dryness. The residue was dissolved in N-methylpyrrolidone
(50 mL) and treated at 60°C with potassium tert.-butylate (3.52 g, 30.7 mmol). After
stirring for 3 hours at 60°C, the mixture was cooled to ambient temperature and diluted
with toluene (40 mL) and water (40 mL). The agueous layer was separated and back
extracted with toluene (3x50 mL}. The combined toluene layers were washed with water
(3x10 mL) and then concentrated to dryness. The residue was dissolved in a hot
mixture of toluene and n-heptane (20 mL). The clear solution was cooled to -5°C within
4 o & hours whereupon crystals precipitated. The suspension was stirred at -5°C for 2-
4 hours. The crystals were filtered off, washed with heptane and dried at 45°C /<30
mbars over night to afford 5-bromo-7-azaindole (2.05 g, 62% yield) as slightly yellow
crystals with a purity of 99.6% (HPLC, area%).

b} Preparation of 5-bromo-7-azaindole from isolated 4-(2-Amino-5-bromo-
pyridin-3-yl}-2-methyl-but-3-yn-2-ol.



Water. The mixture is then treated with 162 mL Sodium hydroxide 28% to adjust the pH to pH 7.4 and
the resulting suspension is stirred at 50C for 30 to 60 minutes. The suspension is cooled to 20 to 25C
within 2 hours and then stirred at this temperature over night. The crystals are filtered off and washed
in two portions with a mixture of 270 g Water and 23 g Acetonitrile. The wet crystals (approx. 110 g)
are dried at 40-50C / <30 mbar to afford 72.5 Q%S%) of slightly brownish crystals with a purity of 94.8
%(area). OH  Ina 1000 mL dgyble-jacket reactor 38.0

: 28% NaQOH in NMP/H,0O
= 80°C, ca. 350 mbar - Br
r = AN
B X - ! AN
] : Toluene, AcOEL, H,O (extr.) -
N/ NH Toluene, Norit SX, 90-95°C, N N
2 then filtration and crystallization H

A 1000 mL double-jacket reactor (under a nitrogen atmosphere) is
charged with

80.0 g  4-(2-Amino-5-bromo-pyridin-3-yl}-2-methyl-but-3-yn-2-ol,

320 mbL  N-Methylpyrrolidone and

330 mlL Water. The mixture is heated to 75 to 80°C and a vacuum of ca 350
mbar is applied. The solution is then freated at 75 to 80°C within 30 to
45 minutes with

181 mbL Sodium hydroxide (28% in water). The dropping funnel is rinsed with

5 ml.  Water and the mixture stirred at 78 to 81°C for 15 to 20 hours. During
stirring the jacket temperature and the vacuum have to be.adjusted such
that the internal temperature is 78 to 81°C and a slight steadity distillate
flow is guaranteed. When the volume in the reactor has reached approx.
800 mL water is continuously added to keep the volume constant for the
rest of the reaction time. In-process control. Upon complete conversion,
the reaction mixture is concentrated to a volume of approx. 700 mi and
then cooled to 50 to 55°C. The mixture is treated at this temperature with

200 mlL Toluene. The biphasic mixture {ca. 900 mL) is stirred at 50 to 55°C for
15 to 30 minutes and the layers are then allowed to separate for 15 to 30
minutes. The aqueous layer is separated and then extracted at 50 to
55°C with 3x140 mL, totally with

420 mL Toluene. The combined toiuene layers are washed at 50 to 55°C with
2x100 mi, totally with

200 mbL Water. The toluene layer is concentrated under reduced pressure at 45
to 55°C until a residual volume of 450 to 500 mL is obtained. The
residue is freated at 50 to 55°C with

225 g  Ethyl acetate and the resulting solution is washed at 50 to 55°C with
3x150 mL, totally with

450 mL Water. From the organic layer water and ethyl acetate are azeotropically



g 2-Amino-5-chloro-3-iodopyridine is suspended in 120 mL Dichloromethane. The suspension i_s _
treated at ca 30C with 0.60 g Bis-(triphenylphosphine)-palladium(ll)-dichloride, 0.41 g Copper(-iodide
and 27.5 mL Triethylamine. The used receivers are rinsed with 10 g Dichloromethane. The brown
suspension is treated at 30 to 34C within 1to 2 glgours with a solution of 16.8

distilled off with toluene under reduced pressure at 45 to 55°C. At the
end of the distillation a volume of 600 to 700 mL is adjusted. The mixiure
is heated to 90 to 95°C and stirred until a clear solution is obtained. The
solution is treated with

2.0 g Activated charcoal (Norit SX) and the resulting mixiure stirred for 15 o
30 minutes at 90 to 85°C. The charcoal is removed by a hot filiration at

- 90 o 95°C. The first reactor, the filter and the transfer pipes are washed
with 3x100 mL, totally with ‘

300 mb Toluene. The filtrate is concentrated under reduced pressure to a
volume of approx. 400 mL. The resulting suspension is heated to 90 to
100°C to obtain a clear solution. The solution is cooled to -5 to -10°C
within 7 to 10 hours and the resuiting suspension st;rred at this

"temperature for additional 3 o 5 hours. The crystais are fiitered off and
washed in fwo portions wath _

120 mL Toluene (pre-cooled to <0°C). The wet crystals are dried at 55 to 65°C /

| <30 mbar until constant weight.

Yield: 46.5 g (75%) of slightly yellow crystals with an assay of
100.1 %{m/m).
Example 8

Preparation of 5-chloro-7-azaindol (ib)

Step 1: Synthesis of 2-Amino-5-chloro-3-iodopyridine (lib)

C’l X | Cl X I
i — !
Z /
N NH, N NH,
2-Amino-5-chioropyridine 2-Amino-5-chlorg-3-

iodopyridine (Hib)

10



g 2-Methy1-3-butin-2-ol in 60 mL Dichloromethane. The dropping funnel is rinsed with 5 mL _
Dichloromethane. The mixture is stirred for 3 hours at 30 to 34C and then treated at 30 to 34C with
100 mL Dichloromethane and 150 mL Ammonium hydroxide solution (10% in water). The biphasic
solution is stirred for 10 to 20 minutes at 30 to 34C and the layers are then allowed to separate for 15
to 45 minutes. The organic layer is separated and'the aqueous layer is extracted at 30 to 34C with 40

mL Dichloromethane. The,coipRingd gaRIGIaxs 13 38 Washgd aL s Bnd r%ovgg er2”

3828 g
21 g
62 g
146 g
20 g
4520 ¢
10 g
431 g
67 g
315 ¢
15 - g
66 g
360 g
162 mL
270

23

lodine is suspended in

Acetic acid and

Acetonitrile. To the brown mixture is added at 20 to 40°C

Sulfuric acid 96%. The addition is sirongly exothermic. The dropping
funnei is rinsed with _

Water. The resulting mixture is nheated with a jacket temperature of
90°C. When the temperature of the mixture is 70°C, the mixture is
treated within 3 to 6 minutes with

Periodic acid (50% in water). The addition is endothermic. The funnel is
rinsed with

Water. The solution is then treated at 65 to 75°C within 5 to 10 minutes
Wifh a préviously prepared sol u%%on of

2-Amino-5-chloropyridine in

Acstonitrile ahd

Acetic acid. The dropping funnel is rinsed with

Acetonitrile. The resulting solution is heated to 77 to 82°C and stirred
under slightly reflux conditions for 4 hours (approx. 90°C jacket
temperature). The mixture is then cooled 60-65°C and treated with
Sodium hydrogen sulfite (39% in water). After the addition the mixture is
diluted at 60 to 70°C within 10 to 20 minutes with

Water. The mixture is then treated with

Sodium hydroxide 28% to adjust the pH to pH 7.4 and the resutting
suspension is stirred at 50°C for 30 to 60 minutes. The suspension is
cooled to 20 to 25°C within 2 hours and then stirred at this tenﬁperature
over night. The crystals are filtered off aﬂd washed in two portions with
a mixture of

Water and

Acetonitrile. The wet crystals (approx. 110 g) are dried at 40-50°C / <30
mbar to afford 72.5 g (85%) of siightly brownish crystals with a purity of
94.8 %{area).

Step 2: Synthesis of 4-(2-Amino-5-chloro-pyridin-3-y})-2-methyl-but-3-yn-2-ol



mL Ammonium hydroxide solution (10% in water) and then with 150 mL Water. The organic layer is
then treated at 25 to 32C with 300 mL Hydrochloric acid (1.0 M in water). The biphasic solution is
stirred for 20 to 30 minutes at 25 to 32C and the layers are then allowed to separate for 30 to 60
minutes. The organic layer is separated and extracted at 25 to 32C with 100 mL Hydrochloric acid (1.0
M in water). The combined product containing aiq”dé‘ous layers are washed at 25 to 32C with 100 mL
Dichloromethane. From the aqueous layer dichloromethane is then azeotropically removed with water
~under reduced pressure and at a - 32 - maximum internal temperature of 30C. The tleous solution
is then treatés . ydroxide (28%
in water) until t is adjusted to pH Q..This forces the product toprec r the dosing the
resulting suspensigri 13-gfj§red at 20 to 25C over night. The crystals ar§ filtérgd off and washed in two
portions with totally 150 gWater. The wet crystals (40.29) are dried at C and <30 mbar until
constant weight to afford 29.2 g (92%) of slightly brownish crystals with é\[purit}Nﬁz%.? %(area).

In a 1000 mL double-jacket reactor

38.0 g  2-Amino-5-chioro-3-iodopyridine is suspended in

120 mlL Dichloromethane. The suspension is treated at ca 30°C with

060 g  Bis-(triphenylphosphine)-palladium(it)-dichioride,

041 g  Copper(l)-icdide and

27.5 mL Triethylamine. The used receivers are rinsad with

10 g  Dichloromethane. The brown suspension is treated at 30 to 34°C within
1 to 2 hours with a solution of

16.8 g  2-Methyl-3-butin-2-ol in

60 mbL  Dichioromethane. The dropping funnel is rinsed with

5 ml. Dichloromethane. The mixture is stirred for 3 hours at 30 to 34°C and
then treated at 30 to 34°C with

100 mL Dichloromsthane and

150 mbL  Ammonium hydroxide solution (10% in water). The biphasic solution is
stirred for 10 to 20 minutes at 30 to 34°C and the layers are then allowed
to separate for 15 to 45 minutes. The organic layer is separated and the
aqueous layer is extracted at 30 to 34°C with

40 mL Dichloromethane. The combined organic layers are washed at 28 to
34°C with '

150 mbL  Ammonium hydroxide sofution (10% in water) and then with

150 mlL Water. The organic layer is then treated at 25 to 32°C with

300 mlL Hydrochloric acid (1.0 M in water). The biphasic sotutio.n is stirred for 20
to 30 minutes at 25 to 32°C and the layers are then allowed to separate
for 30 to 60 minutes. The organic layer is separated and éxtracted at 25
to 32°C with ’

100 mlL Hydrochioric acid (1.0 M in'water). The combined product containing
aqueous layers are washed at 25 to 32°C with

100 mb Dichloromethane. From the agueous layer dichloromethane is then
azeotropically removed with water under reduced pressure and at a



Step 3: Synthesis of 5-chloro-7-azaindo (Ib) OH  5-Chloro-7-azaindole (16) A 500 mL double-jacket
reactor (under a nitrogen atmosphere) is charged with 25.0 g .
4-(2-Amino-5-chloro-pyridin-3-y1)-2-methyl-but-3-yn-2-ol 120 mL N-Methylpyrrolidone and 130 mL
Water. The mixture is heated to 75 to 80C (ca. 95C jacket temperature) and a vacuum of ca. 350 mbar
is applied. The solution is then treated at 75 to"8GC within 30 to 45 minutes with

maximum internal temperature of 30°C. The aqueous solution is then
freated at 22 to 30°C within 60 to 120 minutes with approximately

32 mlL Sodium hydroxide (28% in water) untif the pH is adjusted to pH 9. This
forces the product 1o precipitate . After the dosing the resulting
suspension is stirred at 20 fo 25°C over night. The crystals are filtered
off and washed in twe portions with totally

150 g  Water. The wet crystals (40.2 g) are dried at 40 to 50°C and <30 mbar
until constant weight to afford 29.2 g (92%) of slightly brownish crystals
with a purity of 98.7 %(area).

Step 3: Synthesis of 5-chloro-7-azaindol (Ib)

N

Cl |
N
| H

5-Chloro-7-azaindole (Ib)

A 500 mL dauble-jacket reactor (under a nitrogen atmosphere) is charged
with

250 g 4-(2—Aminom5-chloro-pyridin-3-yi)-2-methy£-but~3»yn-2~ol

120 mL  N-Methylpyrrolidone and

130 mb  Water. The mixture is heated to 75 to 80°C (ca. 85°C jacket temperature)
and a vacuum of ca. 350 mbar is applied. The solution is then treated at
75 to 80°C within 30 to 45 minutes with

85 mL  Sodium hydroxide (28% in water). The dropping funnel is rinsed with

5 mL. Water and the mixture stirred at 78 to 81°C over night. During stirring the

| jacket temperature and the vacuum have to be adjusted such that a slight

steadily distillate flow is guaranteed. In a typical lab experiment approx.
50 mL of water/acetone are disti!led-oﬁ in 2 hours. During the reaction
water is continuously added io keep the volume constant at approx. 270
mi.. Upon complete conversion, the reaction mixture is cooled to 50 to



85 mL Sodium hydroxide (28% in water). The dropping funnel is rinsed with 5 mL Water and the
mixture stirred at 78 to 81C over night. During stirring the jacket temperature and the vacuum have to
be adjusted such that a slight steadily distillate flow is guaranteed. In a typical lab experiment approx.
50 mL of water/acetone are distilled off in 2 hours. During the reaction water is continuously added to
keep the volume constant at approx. 270 mL. Uﬁéﬁ complete conversion, the reaction mixture is
cooledto 50 to - 33 - C The xture | a % erature ith 60 mL Toluene. The
biphasic mixture is stlrre at ES [fg gE?f'or E[ dg % tﬂ{g fg rs are then allowed to
separate f6P15 toBO Arhges. Tie iaqbeemsrmgleressepamiesﬂ mmtﬁeﬁcemramed 30 pAit0t&SC with

3x50 mL, totally with 138 L. | LOLIENG s THE-CAMRIBE I LSNSIENSTS 88 WAshad AL SRt S5C with

agqueous layer is separated and then extracted at 50 to 55°C with 3x50
mL, totally with

150 mbL Toluene. The combined toluene layers are washed at 50 to 55°C with
S5x40 mL, totally with

200 mL Water, The toluene layer is concentrated to dryness. The residue (17.3 g)
is crystalilzed from

90 mL Toluene to afford 13.0 g (71%) of 5 chloro-7-azaindol (Ib) as slightly
yellow crystals with a purity of 96.7 %(area).



5x40 mL, totally with 200 mL Water. The toluene layer is concentrated to dryness. The residue (17.39)
is crystallized from 90 mL Toluene to afford 13.09 (71%) of 5 chloro-7-azaindol (Ib) as slightly yellow
crystals with a purity of 967 %(area). - 34 - Claims 1. A process for the manufacture of the compound
of formula (1), io characterized in that the comggund of formula (5) Br CI(5)

Claims

1. A process for the manufacture of the compound of formula (1),

(%3}

Ci

(5)

is reacted in the presence of 4-Chlorophenylboronic acid and a Palladium Catalyst 1o
15 give the compound of formula (6)



is reacted in the presence of 4-Chlorophenylboronic acid and a Palladium Catalyst to 15 give the
compound of formula (6) CI CI(6); and the 2,6-Dichlorobenzamide group in said compound of
formula (6) is cleaved to give the compound of formula (1). 2. The process according to claim 1,
wherein the compound of formula (5) is obtained by reaction of a compound of formula (2) in the
presence of oxalylchloride ( (COC1)2) foIIowed*rfSﬁfhe addition of 5-Bromo-7- azaindole and
Aluminium trichloride to give th(? compound of formula (4) Br 15 00 (4); and - 36 - said compound of
formula (4) is further reacted in é e presence of 2,6- Dichlorobenzoylchloride to give the compound of

formula (5) according to claim

(6); and

the 2,6-Dichl_orobenzamide group in said compound of formula (6) is cleaved to give
the compound of formula (1).

2. The process acCording to-ctaim 1, wherein the compound of formula (l5)'is
obtained by reaction of a compound of formuila (2)

HO
10 (2)

in the presence of oxalyichloride ( (COC!), ) followed by the addition of 5-Bromo-7-
azaindole and Aluminium trichloride to give the compound of formula (4)

15 (4); and



3. The process according to claim 1 or 2, wherein a) the compound of formula (2) 10 is reacted in
methylenechloride (CH2CI2) in the presence of N,N-Dimethylformamide (DMF) and oxalylchloride (
(C0C1)2) followed by the addition of 5-Bromo-7-azaindole (formula 3) and Aluminium trichloride to
give the compound of formula (4) Br 15 ,S, '0 (4); and b) said compound of formula (4) is
further reacted in the presence of Dimethylaminoggridine (DMAP), n-Tripropylamine (n-PraN) and 2,6-
Dichlorobenzaylchloride to give the compound of formula (5) Br 20(5); and - 37 - c) said

compound G IFRTRRYBFIS RieId Ak e dihBe prese de resgorspheRboronic acid and a
Palladium Oiatetysidergivdidhietgempeivs!aiesmigausd & formula (5) according to claim 1.

3. The process according fo claim 1 or 2, wherein
a) the compound of formula (2)
0

HO K

10 is reacted in methylenechloride (CH.Cly) in the presence of N,N-Dimethy%formamﬁdé
{DMF) and oxalylchioride { (COCI); ) followed by-the addition of 5-Bromo-7-azaindole
- (formula 3) and Aluminium trichloride to give the compound of formula (4)

N4
c}

(4); and
15 _
0} said compound of formula (4) is further reacted in the presence of
Dimethylaminopyridine (DMAP), n-Tripropyiamine {n-PrsN) and 2,6-
Dichlorobenzoyichloride to give the compound of formula (5)

20 (5); and



CI5(6); and the compound of formula (A) according to claim 4 as by-product; and d) said
compound of formula (6) is finally reacted with ammonia (NH3) in methanol or ethanol solution diluted
with a polar aprotic solvent such as DMA or DMF io to give the compound of formula (1) according to
claim 1 as main product, and the compound of formula (B) according to claim 5 as by-product. 4. The
compound of formula (A) Cl 15 00 (A). 5. The CéFn'pound of formula (B) ci 1101 N;S"('0 (B).

¢) said compound of formuia (5) is further reacted in the presence of 4-
Chlorophenyiboronic acid and & Palladium Catalyst to give the compound of formula (6)

Ci

=
Cl

Ss
0 0
3 _

Ci (6);

and the compound of formula (A) according to claim 4 as by-product; and
d) said compound of formuta (8) is finally rsacted with ammonia (NHB) in
rnethanqt or ethanol sotution diluted with a polar aprotic solvent such as DMA or DME
10 to give the compound of formula (1) according fo claim 1 as main product, and the

compound of formuta (B) according to claim 5 as by-product.

4. The compound of formuia (A}

15




6. A composition containing the compound of formula (1) according to claim 1 together with the
compound (B) according to claim 5. 7. A composition according to claim 6, characterized in that
the compound of to formula (B) is present in about 0.02% to about 0.15% by weight with respect to the
amount of formula (1). 8. An analytical method for the detection whether the process according to
claim 1 has been used in the manufacture of the-8ompound of formula (1), comprising 15 obtaining a
“sample from a medicament primarily containing the compound of formula (1) as active ingredient, and
applying a suitable analytical method in order to detect whether said sample contains the compound of
formula (B), wheréas teenpesehoé fofranys g@Bjount of the compound of formula (B) indicates that the
process according to claim 1 has been used. - 39- 9. A process for the manufacture of compound (1),
characterized in that aa) the compound of formula (1) xI NNH2 (11), 10 is reacted with the compound of
formula (Ill) 15 in the presence of a catalyst, cOpper(Diodide and a base, to give the compound of
formula (IV) OH (1V), and

6. A composition containing the compound of formula (1)'according to claim 1
together with the compound (B) according o claim 5.

7. A composition according o claim 8, characterized in that the compound of
10 formuia (B} is present in about 0.02% fo about 0.15% by weight with respect {o the
amount of formula (1).

8. An analytical method for the detection whether the process according to claim 1
has been used in the manufacture of the compound of formula (1), comprising
15 obtaining a sample from a medicament primarily containing the compound of formula
(1) as active ingredient, and applying a suitable analytical method in order to detect
whether said sample contains the compound of formula (B), whereas the presence of
any amount of the-compound of formula (B) indicates that the process according to
ctaim 1 has been used.



20bb) said compound of formula (1V) is further reacted in the presence of aqueous alkali metal
hydroxide at 50-90C and under reduced pressure to give the compound of formula (V) - 40 - NNH2
(V), and cc) said compound of formula (V) is reacted in the presence of aqueous alkali metal
hydroxide or a strong base to give the compound of formula (I); wherein R1 and R2 are independently
selected from a C1-C4 alkyl, and Xis-Br or -CI.18. The process according to claim 9, wherein X is -Br.
10 11. The process according to claims 9 or 10, wherein R1 and R2 are both methyl. = 12.
The process according to claim 10, wherein reaction step bb) is carried out in the presence of aqueous
alkali metal hydrokigeoaes0i80 Danthoudeturedfomehifopressyre below 100 mbar. 13. The
process according to any one of claims 9 to 12, wherein the catalyst in step aa) is PAC12(PPh3)2 and
the alkali metal hydroxide in step bb) is lithium- or sodium hydroxide. 20 14. The process according
to claim 9, wherein the compound of formufa (IVxg dissplved in a mixture of water and
N-methylpyrrolidone, and is reacted in the presencef of aggueous sodium hydroxide at about 75 to about
85C and under reduced pressure for 15 to 20 fve directly the compound of formula (0 without
the need to apply 25 an aqueous work-up of the%ompq&lnd formula (V). 15. The compound of
formula (IV) according to claim 9. 16. The novel compatinds, processes, methods and uses
substantially as 30 described herein before.

characterized in that

aa) the compound of formula (11}

NG
| P
- N oy,

10

is reacted with the comipound of formula (I11)

HO

/<R2
R

Z

i5_ in the presence of a catalyst, copper()iodide and a base, to give the compound of
formula {IV)

iy,

(IV), and

20 bb) said compound of formula (IV) is further reacted in the presence of
aqueous alkall metal hydroxide at 50-80°C and under reduced pressure to give the
compound of formula (V)



- 40 -

X =

I AN
N/ NH
2 (V), and

cc) said compound of formula (V) is reacted in the presence of aqueous
alkali metal hydroxide or a strong base to give the compound of formula (I);
5 wherein .
R*and R? are Ehdependent?y selected from a C1-C4 alkyl, and

X is -Bror -Cl.

10. The process according to claim 9, whe!:ein Xis -8r,
0 L | | __
11. The process according to claims 9 or 10, wherein R' and R? are both methyl..

12. The process according to claim 10, wherein reaction step bb) is carried outin
the presence of agueous alkali metal hydroxide at 50-80°C and under reduced
15 pressure below 100 mbar.

13. The process according to any one of claims 9 io 12, whefein the catalyst in
step aa) is PdCIx(PPhs), and the alkali metal hydroxide in step bb) is lithium- or sodium
hydroxide.

20 '

14. The process according to claim 9, wherein the compound of formula (IV)is -
dissolved in a mixture of water and N-methylpyrrolidone, and is reacted in the presence
of aqueous sodium hydroxide at about 75 to-about 85°C and under reduced pressure
for 15 to 20 hours {o give directly the compound of formula (1) without the need to apply

25 an agueous wofk-up of the compound of formula (V).

15. The compound of formula (IV} according to claim 8.

16. The novel compounds, processes, methods and uses substantially as
30 described herein before,

He



