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Muethod for producing subs

The present applicstion relates 1o 2 process for preparing compounds of the fermula (1)

Ty

NH-100042282

Which are suitable for o progess for preparing novel substituted S-tluoro-1 H-pymrolopyridines

of the formula (VD

v

which seeve ay un intemedinte or productin of medicapuats snd for production of

mudicamsnts for treatment andfor prophiviaxis of exrdinvascular disorders,

More pacticulady, the S-Huore-1Hepyrasolopyridines of the fooada (V1) ade suitable G

propatation of conpound of the formula (D

PRS- L4087 A EP2ERG61TRI
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which aerves for production of madicaments and for production of medicaments for treatment

andfor prophyiaxis of eardiovascular disorders.

The compound of the formula (1) soty a8 & simudator of soluble goamlate cvelase and can be
used as an agent for prophylaxes andiee {reatment of sardipvascular disorders, for exasaple
teeatnent of hyportonsion and heart faflure, clable and postable anging pectonls; peripherst gl
parding vasculer disorders, of ambythmiss, for bostnat of hromboembolic disorders and
ischaenias such as myecwedial infavciion, siroke, transituy sud ischeemis attacks, peripheral
pertusion disorders, prevention of restenoses such as afler thrambosis thempy, perculansous
tanshuminal angioplady (FTA), parcutancons transhningd coronary angioplasty (FTCAY, bypass,
avd for treutinent of arferiosolerosty, asthmativ disorders and diseases of the wroganital svstem, Ry
cxample ostale hypseirophy, stectile dystunction, fomale sexual dyxdbuction, osteopirosds,

ghiucoimig, pulinonary hypertension, gastsparesis, seleroden and neantinence,

The conypound of the formala (1) may be prosart in varicus weystal fonms and sedvates. The
cumpound of the formula () axists i five polyisorphs with melting paints 257°C {polvaraph
13 285350 (polymorph ) 347C (polvarorph T, 246°0 {polvmoph IV, 334°C (polymorph
Vi s diethyHomamidefeater solvate (DMP content 13.6%, water conteat 0.9%) a di-
dimsthy! sulphoxide solvate {stoichiomettie value: 26.8% DM8D), 8 triacetic acid solvate
{29.7%% acetute), v monshyvdeate {4, 1% watsr) and » dibydrate (7.8% watery, The prior art, WO

2011/ 147809, deseribes the compound of the formuda (1) v Example 1 as a sehstance.
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The crystal polymorph of the compound of the formula (1) in polvmorph (I} is nntable for
stability and particulagly For the faot that it 1s stable sven in the micronization process and thus

noconversion and recrystallization takes place.

The di-dimethy! sulphoside solvate of the compound of the fornuds (1) bas the advimitage of
mich bedter filtersbility than the substance in the prior art. Ferthermore, the preparstion
process via the disdimethyl salphoxide sobvats of the compound of the formula (1) leads to 8

vary high purity of the compound of the farnnda (1}

pyrazolopyridines unsubsitiuted on the pynding ring. In these disclosures, the bieyelic ring system
fa built up by reaction of phenvibensyl hydrazine with ethyl cyvanopyruvate, This synthests

wethod is unsuitable forthe formation of 3-fluove-d Hopyrazolopyridings.

WO 2007018415 deseribey the syathesiy of S-upro-1Hperasolofd sb-blpyriding-3-aming B
Selentive dechlorination of the nicotinie acid A fo give the compound B, subseguent
sonvsrsion to the amide C, the redustion thereof to the nitrile and the final cyelivation with
hvdrazine hydeate form the S-floove-1H-pyrazolof3 4-bipyridine ¢ore. Scheme | below

Mustrates the sytithesis,

Scheme L

i)

{1} BA{OACH, PPl NEL, HOOH; i) DHCOCH,, CHCL, can DME, 2) NH; (), diosane, i)

TEAA, NEty; iv) HaNNHx O, reBuOH],

A disadvantagy of this process is thet, proceeding from Sftuoro- T pyrazolo[3.4-bjpyridine B

further steps such as the diwzotization regetion and conversion 1o the fodo componnd, followed



by an alkylation with a beneyl derivative and subsequent functionalization for introduction of
the ovann group are regquired i order to obtain the desived S-flupre-1H-pyrazolopyridines of

the foronda (V). This is lusteated by way of example in Scheme 2.

isopentel nitrite; : }
st , P snnd
E G

A further disadvantage i3 that the dinzotization Is conducted under anhydrous conditions and
the diazoniun salt has to be isolated, which necessitates considerable safely precautinus on

conversion o the industrial seale and thus causes high production coxts,

A further disadvaniage is that the alkylation with a bessyt derivative proveeds unselectively
and the product iy ohiained s ouly a low vield aller complex purification and separation of the

O,

A further disadvantage s that, in the vourse of cyanstion, toxie copper eyanide hse to be

(V1) according to the process described in Scheme 1, entails the proparation and purification

of seven ttermadiates and affords only a snaall overall vighd

What is disclosed s an sfficient process with high yield for priparation of S-fluoro-1H-

pyrgzadopyrudines of the formula (VH

(VY



A

av g key compenent foran efficient provess with bigh vield for preparation of compound of the

formuta (D

i)

and the Moxides, salts, sobvates, saltv of Novndes and solvates of the Noxides and salts

theweotl
Scheme 3 below Hlustrates the individual resction steps by way of susaple.

Scheme 1
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By LIECL MeSOH, HOH; b) formamide, NaODMe/MeOH, EtOH; o) POCL, CHON,
sulpholang d T NaOMe/MeQH, 2. NHUVEIOH; £) DMF, NEt;, phenylazomalonentirile; f)
BGC, Ho, DME; 2 IPrOM, methy! ehiloroformate, NEGL

Step a) iy already koown for the unsubstituled pyrazolopyridines through (WO 83004503
{Example HIb) and WO 03/095451 (Example 2A)):

i aa)

{n H J
[ag): CE8O4H, vefhax for 3 days, chromatography, 49.9% vield].

Compared to the prior art (WO 03004503, Example b and WO 03/093451, Example 34}

the preparation of IV provesds with & much higher yiehd.

A further advantage is that, rather than the vorrosive grifluorcacetic soid; ethanel, which is

nuich loss expensive, is used ag the solvent
A turther advantage iy that the reaction time is considerably shorter compared to the prior ar.

A further advantage is that the preparation of IV progesds with high selectivity and the product

is fornted in high purity without sagnificant byeproduct fopmation, and no complex purification

provedures ave required.
A furthee advantage s that IV is oltained by crystallization in high yield and purity,

Steps d) ~ g) ave abeady known for the weobstituted pyrazolopyridines through WQ
G3ONA451, WO 0 1064186 and WO 201140641 71 and can be used apalogounsly.

Spexifivally, the present dischwsure comprises a proogss for proparing a componnd of the

fornmla (V1)



i which

T is {0 -Cipralkyd,

inthe presence of a sultable acid with the aldehyds (11D

& (i

in which R' and B are sach independently methyl, ethyl, isopropyl, phenyl or,

together with the nitrogen atom o which they are bonded, are

to give thegeter of the formula (1Va)



{IVa)
frwhich TV is as defined ahove,
the subsequent yeaction thersof with ammonis or formamide gives the anide of the formuly
(V)

{V}

and the subsequent dehiydration gives the aitrile (V1

Further disclosed is the use of the compound of the formula (V1)

(vh

for preparativn of the compound of the formuta (1)
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and the Maoxides, salts, solvates, salts of Nooxides-and solvates of the Naoxides and salis

thereaf.

The compoand of the formula (1)

i which R' and B wre saeh independently mothyl, ethyl. isopropy!, phenyl o,
¥ 3 _ b ;

(N

together with the nitrogen atom toowhich they are bonded, are

‘mN-f’\\/ “N | P | _ s | 3

‘ aF 3 5
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ix suitabde for prepasstion of the composnd of the formuta ()

el
R {i}
and the Neoxides, salig, salvites, salls of Neoxides and solvatss of the Nonides and salix

thereot.

S Furthgr disclosed s the use of the compound of the formala (VI for prepaation of the
compognd of the formada (1) o specifisd sbove, whevein the compoand of the formula (VI s

gonvaried to the compound of the formulia (VI

the latier 15 subsequently reactad i an st solvent in the presence of & suitable base

16 with the compound of the forouia (Vi)



(VTN

2 givie the compound of the hmula {VHD

(Van,

and then the latter s reduced 1 an inert sobveny in the presence of a saitable veducing

agent 1o give the compoind (1%)
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than the s is reacted in the prosence of a suitabie base in the prosence s abssnos of
a sobvont with mothyl chloroformate o with dimethyd dicarbonate o give the

compound of the fwmula (b

and the tesulting cianpound of the foanvula (1) Is optioaally converted with the approgeiate (8

solvents ador G asisdy ar bases to the solvates, salis amdlor solvates i the sults tharcot

Theconversion (V- (¥ iseffected by msthods koown o these skitled suthe art iva vy
A and then nwclenphilic addition of ne sounonia equivalent, for exwople asubonia or

avnontam chiloride, o ssetic acid or an aloohal o form the ansdding (VI st 430 o +180°C

Suitable aleohols for the vomversion (V) - (VI e alcobols sugh as msthanol, ethanol, ne

propanold, sopropanel, a-butanel of tert-butanol.

ethanol, npropancl, isopropascl, n-butansl ov tort-butanol, sthers such as disthy! stha
dipxane, tetrahydrotiran, plvesl dimethyl ethey or disthylene glyced dimethyd athey
hydrozarbons such ss benzens, wvlane, wloene, hexae, oyclohexane or mincral ol fetions,
or other solvents such as dimsthyHonnamids (DME), dimgthyl solphoxide (DMBSO)

sulpholane, M N dimethylprapykaeuren {DMPUYL Moanethvipyerolidone (NMP), pyriding,
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acetonitrile or elee water, B ix Hkewdse prssible to yss mixtures of the solvents mentioned.

Preforence iy given 1o DMF and sulpholane.

Suitable bases for the process step (VI + (Villa) — (VI are alkali metal hydroxides, for
example lthium bvdroxade, sodiom hydroxide or potasstam hydroxide, alkali matal carbonates
steh as Hithion carbonaty, sodium cavhonate, potassivm carbonate or cavsium carbonate, alkali
metal  bydrogencarbomates such  ss sodium hydrogencarbonate  ov polasstuni
bydrogencarbonate, alkall metal alkoxides such as sodium methoxide or potassiuns msthoxids,
sodium ethoxide or potassium sthoxide or potassium terb-butoxide, or organic mmines such as
tricthylamine, diisopropylethylamine, pyridine, 1 8-dinzabioyelofs 4.0 undes-T-ene (DBLY or

{ S-diazabioyclold 3 0 non-5~ene (DBN). Proference iy given o tncthylamine,

The reaction (VI + (V) - (VHD i generally conducted within o terperatore tange of
H20°C Gy #3000, preferably st 4805C o #120°C, optionally in a microwave, The conversion
can be effecterd at standsed, elevated or reduced pressasre {for example from 0.5 16 § bar). In

gencral, standard prassure is employed.

=
+

The compoand of the formula (Vi) can be prepared anslogously to the literatuwe L.

Cavalierl, 1. . Tanker, &, Bendich, 1o Am. Chem. Soc., 1848, 71, 533

sobvent within a femperature vangs of 2000 o +100°C under hydrogen pressuse (Jor sxample
from 1t 100 bar), Prefersncs Is given to & tempsrative range of 40°C 16 80°C and o hydrogse

pressure range of 5 1o 70 hat,

Inert solvens for the reduction {(VHE «» (1K} are, fov exanyle, aleohols such as methanol,
ethanol, n-propanol, isopropanel, nbutannl or tert-butanol, ethers such as dlethyl ether,

diogane, tetrabydrofuran, glyest dimethyl sthee or disthylene glyenl dimethy! ether, or other
dimethylpropylencures (DMPLD), Nomethylpyorolidone (NMP), pyridine, acetonitrile or eles
water: It 15 Hkewize possible to use mixtores of the solvenis mentioned. Prefersnce is given o

DME and pynidine.

Suitable catalysts for the conversion (VI — (IX}) mee, for exsuple, palladitm on selivated

carbon, platinun on carbon, palladiun hvdroxide o Raney nigkel.

The reduction (VHD ~» {(IX) can altermatively be effected with a metal or metal salt, for

example on, mine or tin(dl) chioride in a suitable acid, for exweple hydrogen
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chlonide/hydrochionie actd, sulphurie avid, phosphoric acid o acetic aoid, within 8 temperatine

range of +20%C 1o +140°C.

fnent solvants for provess step (1X) > (T} are, for example, alontiads such as methanol, ethanol,
sspropanol, Bopropanol, sebutanol or terb-butanel, sthers such sy divthyl ether, ditsopropyt
other, dioxane, ttrahydvoturan, ghvenl dinsthyl ether w disthylens glyvool dimetly! ether,
halogenated hydrocarbons such as dichloromethane, trichloromethane, cavbon tetrachioride,
trichlorethylene or chlorobenzene, hydrocarbons sucl 88 beneene, xyleng, toluene, hexang,
dimethyl salphoxide (DMBSO), NNWinethylpropylensutea (DMPUY, Naethylpyrrolidone
(NMP), seetonitrile, sthyl avetate or elve water. It iy Hhewise posaible to use nibituves of the
solventy meptioned. Prefuronce is given fir opropanol and fetrabvdrofioran, and to & mixturs

of ixopropanc! and ttmhydroturan,

Suitable bases fir the progess step (IX) 9 (1) e alkall metal bydeides such as sadinm
hydride, slkali metal hydroxides, for example lithivm hydroxide, sodium hydroxide o
potassivm hydroxide, atkall metal carbonates such as lithium catbonate, xodivm carhonate,
polassitm cachonale o cavsium carboate, slkali metel bydrogencarbonmies such as sadium

hyibrogencirbonate or pofsssiinn bydrogencarbonste, alkall meral atkoxides such as sodium

butoxide, or ovgante aminey sech as tiethylaming, ditsopropyletbddanine, pyriding, 4=
dimethylaminopyridine, 1 B-dinzabioyelol S 4.0undes-T-ene {DBLD or LS

disgzabicyclof4.3 Oluon~S-ene {DBN). Preforence is given to triethylamive.

The resction (1) ~» (1) is generally vonductesd within  temperature range of - 10°C o +70°C

preferably st 0% o +507C, The cmversion oan be effected ot standard, elevated or reduced

pressure (Tor sxampde from 6.5 1o 8 bar). In general, standard pressur is enployad.

Conpounds of the formala () are known from the lteratare and can be prepaved in anslogy

to BExample 204 In WO Q0/06569,

Compounds of the formula (1) are kesswn from the Heature H Yamasaka, 8, Yamashita and

T, Ishibara, Syndett 333-354 {19983). The syuthesis disclosed therenn bs Hustrated in Scheme 4
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{3 3 ¢y dimethytbenzylaming, 130 — 140°C 1) 10 eq CHL reflax, my 1M NaOH, 20°C; n)
§ 0 BMRO-FLO (D) morpholine, 0%, 3b]L

A disadvantape of this provess s that, in the preparation of {(XVH), sceording to H
Yamanaka, M. Kuwabara, M. hudo, K. Pekunishi and M. Nomura, Nippon Kagake Kaishi
{10} 1OBR-1904 (1985, unly a yield of 6% ix uchisved and, i thix provess, very larps
amounts {2.78 kg per kg of (XVIb)) of by-product {dimethyidibaneyl nittobenzenssulphonate)

10 are obtained, whish have to be removed and disposed of

A further disadvantage of this process is that, according to H. Yamanaka, H. Ganbayashi, M.
Kowahara, K. Fokunishi and M. Nomurs, Nippon Kagake Kaisht (7) 10361043 (1988}

prcexding from (XVIb), the allylation requires 10 squivalents of the carcinogenie alkylating

agent methy! iodide.

N

15 A further disadvantage of this process is that, aceording 1o H. Yamanaks, S, Yamashita aud 1
Ishibara, Synlett 353334 (1993}, the reactivon of O with murphaline fornis not only the desived

product (1Hb) bat alse 11% of the by-product {d11a}, whiclhnecessitates a comples purification,



i,
il

3
28

the vesull being that the overal
vield and causes high production costs,

synthesis for prepamstion of (D) gives ondy a Tow oversll

The synthesis dessribed thersin, hoowever, is ansaitable for the preparation of the aldshydes of

developed, which is tHostrated by way of examiple i Scheme §,

the formmla (HD ou the vulusiial scale, snd 50 a new and efficient synthests has been

O\ 1‘? Q\ ‘*O
Br B i, aF o ¢ SRR |
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i
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2

{Him

fo) without sobvents ) dichloromethans or without sobvent, morphading ) without sebvent,

methyvl methanesuiphonate; 1) KaOH, waten, s mwapholine/victhylamine |

The compound of the formuda (X s kaown according o the Terture Markovshi, T X

Kolosntk, N8 Shenmolovich, Yoo G Zhurnpd Obshober Khingdt (1988), S04, 326838 Tiw

syithesis diselosed theretn s iHustrated i Scheme 6.
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The synthesis described therein, howevar, for reasons fncluding the low vield, iz unsnitable for

5 the preparation of the aldehydes of the formula (1) en the industrial scale.

(i

in which R' and R? are each independently methyl, sthyl, isopropyl, phenyl or,

topether with the nitrogen atom to which they are bonded, ave

S TN ,«’P_d\ 4 : fi__\«
\D - N et

ol e

e Y] . R or

wherein wiflooromethasesulphonie anhydeide of the formula (X} s rencted with 2,233+

tetraflooro-Tpropanol of the foenuda (X without solvent and the resulting 2233«

5 R Xt
ttwhich R and RY are sach as detined above

0 give 8 compound of the formula (XHHa)
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{XHl)
i ovhich R and B are cach as detined shove

and with methy! methanesulphomate & give 3 sompound of the foranda (X )

F

1

i

GH.80, ..

VI XV

i weltich R and B e each as defined ahove

ansd with sodiun bvdroxide to give 3 compound of the fornula {(XVa)

?:;I
”
g\%w R f‘j\g
R

<G
CHS0; vy
i achich R and B are cach ax defined sbove
sind Hinally convertud under basie conditions 1o give the sompeund of e foemala (D,
The present imvention fuher proforestially provvides a process for preparing componnds of the

foronaia )

»w""\ 3

0

{iay

e

whetein friffuoromethanssuiphonie snhydride o the formula (X)) I8 reasted with 2233

teteatluoros L-propanol of the formuda (XD without solvent and thy resulting 223,53+
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tetratflucropropyl trifluoromethanceulphanate of the fornula (X1 18 reacted with morpholing

to give s compound of the formula (XU
3
{
e T o
J 4N
o~ FF
- (Xt

and with methyl methapesulphonate to give a compound of the formala (XIV)

F
Py .
oy ?‘\ij
O . CH,80;

B XIV)

and with sodium hydroxide to giviea compound of the formuls (XV)

F
el
2N R TN
. N Sy P
{g .f"/] :L/

h CH.80 .
S05 ey

and finally with addition of morpholine to give the compound of the formaula (311,

The uew synthesis has the advantage over the prior art that the itermediate (X} andd the
intermadiates (XIV) and XV ) unknown to date need not be isolated, which greatly reducss the

inchastrial complexity of the synthesis.

The yields of the resulting aldehydes of the fornmla (HI) are onwh hipher with the new

synthesis process than inthe prior ad.

"Basie conditions™ in the context of the disclogsure for the provess step (XIVa) to (XVa) means
that the acid formed In the reaction is scavenged by aoxiliary bases, for example sodium
liydroxide, potassiuns lyydroxide, potssshun carbonste, sodiuny carbonate, or triethylamine {o

form the carresponding salts.
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Compared 10 the prios at, the preparation of (X1 mocceds with a much higher viekl T 3s

advantageous that no solvent s required for prepavation of (X1, and that the intermediate X1

is wsed withouwt further purification in the subsequent stage o give (XL

A further sdvardage of 1his process is that ne signdficant wastes are Rrmed fn the preparation

be recoversd from the morpholinium ilustomethanesalphonsie formed

Compared o the prior sty the propmeation of {(XIV} mquires suly ong equivalent of the
alhylating sgeot. The reaction i85 conducted withont solvent and proceeds vinually

guantifatively, which achivves a Wgh space-time yisld,

fowater and this solation 5 veseted with sodin edroxide sedution 1o give (XYL

A turther advantuge of this procass Iy that the product (XY is also not Boleted; resction of the

squeons solution with morpholine affoeds (Ha) as the sode product n high vield

A further advantage of thiy process is that () is obtained i bigh sverall yvield and purity by

crystaliization,

The gyelization of the S-amivopyrastds derivative of the compound (s with the aldehyde of
optionally o the preseuce of an scid and optionally of au alkali metal salt, within 8 tenperature
vange of +10°C to 20070, preferebly at +20°C to +100°0, at standard pressoreg, within, for

example Dt M howes, prefeably within 2w 28 hours

Acids sre, for example, bydrochlorie seid, inifhamoscetic acid and owthanesalpbonie avid.

Prefurenue is given to muthaneaudphonio auid and hydiochlorie acid,

Alkali metal salts are sodium chloride or fithiam chloride. A preforrsd alkalt petal sali is

Hhdunvehionide:

Inert sobventy are, for exsmnple, sloobols such ag mothanod, sthanoll sepropaned ar ogwopanel,
wbutanol, ethers sueh as diethyl ether, dioae, trabydroforan, glyveol dimethyd sther
diethylene glvend dimethyl ether, hpdrocarbons sucl as benzene, toluene, aylone, bexa,
syelohexane ov mineral off fractions or other solvents, sestondirile o N ¥dimethy Hormamide,
o nuxtures of solvents, Preforence & given fo ethanol, divthyhae glyeol dimethyt ether or

dioxane.
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The preforred oomation of the amide (I¥a} - Cv; i effected by reattion & an inert sobvent

vatige of 090 1o+ 1509C,

pra‘:‘i’cmi}}y of 12070 to +130°C, at standard preassurs ovglevated progsurs, within 2 16 24 howrs.

Inert solyvands sre, Ry examiple, aleohuds such ss muthanol, sthanol, sepropanol or Se-prapapol.

Preference is given o cthanol,

Suttable bases for the prefored process step (1Va) — (V) arg alkali mmetal carbonates such as
Ithinm carbonate, sodium curbosale, polassium carbonate or caesinm cwbonnie, alkall metdd
hydvogencarbonates such ax sodimn hydrogencarhonate or polassinn hydrogenearbonate,
alkali metal alkoxides such as sodinn musthoxide or potassiom psthogide, sadbum ethoxide or
potasshm cthoxide of potassium terthutoxidyy, or organty aminey such ay triethybiune,
ditsogropylethylamine,  pwidine, L &disaabiovels{ 5 A 0fundseTesne (R o 15
digrabiovelof 43 Olnons3-cne {(DEN), Preforonee s givant 1o sodinn moathoxide snd sodlium

sthesxade:

The formatioar of the sndde (IVa) — (V) 1s alteraatbvely eifecied by reaction with amimonia
within g femperatire range of 800 0 & 5000, preferably of A207C to +30°%C, at staidard

pressure or plevated ressure, within M to 72 howrs,

Ingrt solventy are. for examply, alcobols such semethanol, ethanol, pepropaund v dvosprapanst

Preference v given tousing o sohution of ammonia o sssthano! i ¢ congentration of SN to TNL

The debydration of the suide (Vo the nitrile (VI s etfected by an lnort solvent, optionadly iy
the presence of 1 suitable base, with & sitably debydrating agent, for sxanple phosphorug
onyehioridy,  feithuroscetic anhedride, seatic anbydride o tfluosenesthassulphoaie
sabvdride, within g tempersture range of 70 fo HI8PC, preferably st +80°C t 411870

wathin o 12 bowes
Preference iv given to phosphorus oxyehleride,

fnert solvents are ethers such as diethy! sther, dioxane, tetrahydroturan (THE) plyent dimpthyd
sther or diethylons glvend dimethyl sther, bedrocarbony such as benzens, oluens, xylae,
hovane, ovelohoxams or winseal o fractiony or other solventy, pyriding  sulpholae,
asetomitrile or & NMdimethyifrmamide, of mixturss of solvents. Preforence v given to

sulphsdane aad soctoniirife,
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Sutiable bases are, for example, organic amines such as trivthylaming, dilsopropylethylamine,
pyridine, 1 8-diszabievelo{5 4.0hmdes-T-ene (DBU)Y or 1 S-dismabicyelofd 3 0nowb-ene

(DBRN). Preference s given o pyridisis,

The compounds described i the context of the process sceording to the jovention may also be

in the form oof the sidly, solvates or solvates of the salls thereof,

The compounds described in the context of the process according to the invention sy,

depending on the strocturg, adey be i the form of the tugomers thersoll

Prefersd &

15 i the context of the vention we physiclogieally acceprable salix of the

sonpounds wed aud prapated i the yrocass according to the lnvention,

Plivsiologically acceptable salis of the compounds used and prepared in the process acsording
to the nvention include acid addition salts of mineral acids, carboxylic acids and sulphosic
achds, Tor sxmmple salls of hydrochlorie acld, hydrobromic scid, sulphurie scid, phosphoric
acid, methanesalpbonic acid, ethanesulphoniv scid, roluenesulpbonic acid, benzenesulphonic
achd, naphthalenadinndphonic seld, acstic acid, proplonic acid, factic auid, tavtavio soid, malic
sotd, clivie soid, fumarke acid, maleie scid and henzode agid,

Physiclogically acceptable salis of the compounds used and preparved i the process acconding
to the invention also inclode salts of customary bases, by way of exaniple and with prefarence
alkatt metal salis {e.g sodium and prdassinn salts), alkaline earth metal salts (e ocalchim and
sapnssium salind and anmmonion salis devtved from anmonia or organic amines having 1 to
16 carhon atoms, by way of example and with preforsnce otbylamine, disthylanune,
tricthylamine, ethyldiisopropylaming, monoethanolaming, diethanolaming, tricthasolamive
digvelohexylamine, dimethvlaminocthanol, procaine, dibenzelumine, Neovethylmorpholine,

dihydroahiethylamine, argintite, lysine, ethylenediamine and ssethyylpiperidine.

In the contextof the invention, refer 1o those fomms of the compounds wsed and

prepared 1o the process gecording to the fuvention which, in the solid or hguid state, form g

complex by coordination with sobeent molecules. Hydrates are a specific form of the solvates

in which the coordinaiion is with water,
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In the context of the present invention, the substituents, unless speeified otherwise, ate each

defined as follows;

Alkoyl in the context of the fnvention is a linear or branched alky! radical having 1 1o ¢ carbon

atoms. Preferred examples include: methyl, ethyd, avpropyl, isopropyd, a-butyl, fso-butyl, seo-

butyl and zere-butyl

comparative sxampleg, Linless stated otherwise, all amounts given refer o percentages by

weight

The disclonue provides & process for prepacing compouiads of the formuda {VE)

(VI

V)

is prepared by resction of anvester of fhe formula (V)



L

{IVay

irwhich
T i3 {00 patkyd
with formannde,

The disclosure Turther provides o provess as described above, characterived i that an ester of

{Ha)
iy which
T R eatkyl

i the presence of an actd sid ao alkali metal salt with an aldehyde of the formula (U0



R

in which R' and R are esch independently mathyd, ethyl, isopropyl, phenyl on, together with

the nitrogen atoan to which they are bonded, are

ol SN s
N N N0
Yo ‘ ot , N -

5 The disslosere provides a process as described above, chavacterized i that the aldehyde used

iy the ayelieation veéaction i the compound of the fornuula {11g)

% T
Eo ?
G

(HHa)

The present fnvention provides a process for preparing aldehydes of the formads (1)

(i
i which R and R are each independently mothyl, ethyl, sopropyl, phenyd or, together with
the nitrogen atean to which they are banded, wee

<

o N 7
0y O

S

15 chavacterized in that eifluoromethanssulphonic anhydride iy seagied with 2,23 3 ttvafluora-1-
propanod withouet aorfyvent ad the resulting 2,2.3 3etraflunrapropyt

trifluoromethanesulphonate is rencted with 2 compound of the formula {X1ia}
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Bt
3

R

|
. NH
2.2t
R (X1

i which R and R are cach as defined above, to give a compound of the forouda (Xil)

.

3

R\\ N,"“A\\ f"‘L\AF:
AT
R* F F

(X1T)
i which R and R are gach as defined above

and with methy! methanesulphonate to give a compound of the formula (XIVa)

z"
F F

F
LT
R )

CH380; v

i which B and R ave each as defined above

and with sodiom hydroxide to give g compound of the formuala (XVi)

F
R?:\\ E B Ny "J\
N Xy OF
T
R oo
Cﬁsg (}-3; (XVa)

B which R and R ave sach as defined above
and fimally converted under basic conditions to give the compound of the formuls ().

The present investion Huther provides a process fo preparing compaunds of the fonmula (Ha)
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i

shorein’ riftuoromethanesulphonic anhydride of the formula (X)) 15 rescted with 3,233

tetrafluoro-1propanol of the forsuda (XD without solveni and the resuliing 22,33~

tetratluoropropy! wriflunranethanesuelphonate of the formula (X1} is reacted with morpholine

to give 8 eonpouiid of the Bwinuda (X1
]
f"\\\ ! ,w”w S g \
N by
~ (X

and with methyl methanesalphonate to give s composnd-of the fornutla (X1V)

e
F

aned with sodiure hydroxide to give a sompound of the formula (XV)

f:

.

-~ jl* s

Q. i

and finally with addition of morpholine to give the compound of the formula (Hiad

The disclosure further provides a process for preparing the compound of the formula ()



Bt
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characterized in that compounds of the fornuda (V1)

(Vi

arg used,

these being charcterived i that they are prepared by the process speeitied above and the
resulting compounds of the formala (1) are optionally converted with the appropriate (i)

solvents andfor (i1} acids or bases 1o the solvates, salts and/or solbvates of the salts thevent,

The dizclosurs further provides a process fov preparing the compound of the formula (1),

characterized in that compounds of the formula (V1)

(Vi3

aroused,

these being characterized in that they are prepared by the processes specified sbove and the

resulting compounds of the formula (I are optionally converted with the appropriste (i)

The disclosure further provides a process for preparing the compound of the formula (1),

characterizsd in that compoundsof the Tormula (VD)



t¥hH
are youd,
these being chameterized o that they ave prepared by the processes specified above and the

resulting compounds of the formuda {§) are optionally convened with the appropeinte (i)

The disclosure further provides a procgss for preparing compeand (1 characterized in that the
compeasnd of the formela (V1) is used, this being prepared by the procrsses specified above, by

converting the compeund of the formula (VI to the compound of the formuls (VI

*HGE Vi,

10 subsequently reacting the latter i an et solvent v the presence of 8 suitable base with the

compound of the forenda (VI

NC
T

N.

CN

(Vi
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to give the compound of the formula (VID

VI,

and then reducing the lalter in an nen solvent i the pressuce of & sustable reducing agent 1o

give the compound (1X}

X%

and thersabior reacting the latier with mothyl chiloroformate oy with dimethyl dicarbonate inthe

presence of 1 suitable base with or withont solvent to give the compound of the formula (1),

sud optionally converting the resulting compounds of the formula (1) with the appropriate (1)

sotvents and/or (1) acids or bases 1o the solvates, salts andior solvates of the salts theveol

The disclosure funther provides: the compound of the forauda (1) in erystallive form of

polypiorphd
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characterized In that the seray diffeactopram of the compound exhibits peak maxin of the 2

theta angle sl 3.9.6.9, 227,

The disclosure forther provides the compound of the formuda (1) i polytiiorph (1) as deseribed

abive, chamaetarized i that the Xy dithactogram of the compoond exhibits peak maximg of

The disclosws furllsr provides the oompound of the formula {13 In cvystalline forny of

polyinorphi




R

o
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characterized in that the IR spretrum of thy compounsd exhibity baned muedma af 1707, 1633,

1478 em

The present wvention Rather provides the sompowsd of the formds (1) & polymorgh G ay
duseribed abwsve, charactorized i that the IR spesthum of the compound exhibits band maxima

2t 1707, 1633, 1566, 1475, 1255, 1223 em”,

The disclosure provides 4 process oy preparing the componnd of the formuala () in crystalline
form of polymorph L characterized b that the compound of the formmla (1), present i ove or
more polvmorphs or 88 & solvale 0 o inert solvent, is stirred ot a tempsrature of 30°C - 120°C

and the compound of the femala ) s lendated in crvstatline polymagh 1

Proferred solvsnty for the provess {or preparing the compound of the foemule (1) tn srystalline

fonn of polymorph are & suxture of byl scctnte/ethanoliwater, isaprepamd, o mixture of
poprapanelester,  methaned, g omisie of ancthanolieater,  scctonitrle, scetone,

tetrabivdrofuran and methy ten-butyl atber

A preferred tomperature tange far the process for preparmg the conaponmt of the fornwlas (1)

srystalline form of polymorph i fram 20°0U to S0°CL

The disclosure farther provides o congpound of the fornuada (O in polysorph (1) as desertbed

abowe for beshmentof disonders

The disclosure further provides a medicament somprizsing a eofopound of the femule () i
polymorph (1) as deseribed sbove and no greater propontions of any other forn of the conpiind
of the formla (1) b polsmorpl (1) s desurbed sbove. The prosent invention futher provides a
suedivanent conpwising @ conpend oof the foemuta {1} By polvmorph {13 ay deseribed above i
maore thay 90 per cont by weight based on the total aroant of the conpound of the vl ()

present w potvmorph (D as descrtbed shove

The disclosure Further provides for the ase of the conypound of the formuda (D) in polynorph (D

as deseribad above for prodoction of 2 medivanent for treatment of cediovasadie disorders.,

The disclosure turther provides the method for teamest of cardivvissulyr diborders by
administering an effestive sounpst of a compeamd of the fremula (1} in polyrsph (1) ax deseribed

ahove,
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The disclosre arther provides the compeatnd of the formula (1) as the di-dimethy] sulphoxide

sohvaie

(th

characterized by that the svay diffisctogram of the compound exbibits pesk maxima of the 2

5 thelnangleat 188, 203,217

The disclosure fusther provides the compound of the fonala () ax the di-dimethyd solphoxide
solvate, characterisd i that the xoay diffractogram of the compound exhibits peak waxima
of the 2 theta angle at 12.0, 165, 17.8, 188, 203,217,

W The disclosure funther provides the compound of the formula (1) as the di-dimethybanlphoside

salvate



i,

&

characterized 1o that the IR spectress of the compound exhibils band maxboe gt 1720, 1628,

(48] em,

S The disclosure Farther provides the comprnnd of the Roruls () as the di-dimethy! sulphoxide

solvate, characterbred i that the IR speotrany of the contpound exhibity hand wasima ot 1728,
1628, 1481, 1234, 1041, 1017 em”,

The disclosurs further provides a process for praparing the compound of the framula (1) s the
di-dimethy] sudphoside sobvate i wrvstallive By, chavacterived in that the compound of the
10 formula () presest o one o tiore polyoiorpbs ov ax aosolvade i dimethyd solpboxide or g
snturg of diwethyl yalphogide and an el sobvent, for example ethyl sostate. v sliored at o
temperaturs of 28 120°C and the didimethy! solphoxide solyte s isolated. Preferense v

giveas to g femperature mange of 45 1o R0,

The present mvention further provides the compound of the formula (XIV)

R .
15 CH;SQQ (XIV)
and the salts, solvatss and sobvares of the salts thersol

The present wvention further provides the compound of the formule (XV)



37

f“’\é{“ﬁ\\\\c\\, f’i\

| ¥

CH804 oy

and the salts, solvates and sodvates of the salts thereot.
Ao Examples

Abbrevigtions:

Ae seetet

o chamieal fonization (o MK}

B direct chemical tonization (in M$)

DMFE dimethylformanide

DMSO dimethyl sulphoxide

£ squivalsni(s)

BRI glectraspray jonization {in M8)

£t ethyl

GEMS gas chromatography-coupled mass spectrometry
sat; saturated

h hour(s)

HPLO igh-pressarg igheperformance liquid chromatography
HY high vacnim

TONC, congenirated

LOMS Hguid chromatography-conpled mass spectrometry
Mg methyd

g mimie(s)

M& ARG pextrometry

NMR nuclear magnelic resonance spectroscopy

rae racemic / racenate

Ry vetention factor (in thin laver chromatugraphy on siliva gel)
RT roony temperatore

R, retention tme (n HPLO)

SEC superaitical fuld chromatography

THF tetrahvdiotoran

iy ultraviolet spectrometey

vis vohuue to vohume vatio {nf 8 solotion)



Al xeray diffractometry date yere obtained with the following acquisition parantetens:

Diffvactometer system PANalytreal XPERT-PRO
Sean axis Gonin
3 Anode material i

K-Alphal [A] 1.54060
K-AlphaZ [AT 1.54443
K-AZ /KA rtio 0.50000
Scan Mode: Transmission

10 Beantype Jihetazomega
Zthets figurss +8.2°

Al infraved spectroscopy data were obtgined with the following acquisition pavamelers:

Spectrometerr  Perkin Elmer Spectrum One with diamond ATR onit

i3 Paramater 32 seans
Resolutiom REC
Exanple 1

20 22330 Tetafluorapropy! nillucronsibanesulphonate
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Method A

2325 ¢ (0895 mol) of triflusromethanosulphonic anhydeide were heated o 40°C and, #t this
temparatore, 13000 g (0.984 mal) of 323 3tetrafluoro-Lpropans! wire metered. e whilk
cooling, Alter the metersd addition had snded, the reaction mixture was heated to 70%-75%C

and stirved for 2 h, The misture was eooled 16 2000 and the reaction sohttion was used without

further puritioation b the resotion for Bxample 20

Methad B

SO0 p (0379 moly of 2,233 sstrafloors-1-propanol were cooled to 0°C and 106.8 g {0,374
mol) of triffusromethancsulphonic anhvdiide were added dropwise at ° - 4°C, Subseuently,
mixture was cooled to 20°0 and the reaction selution was distilled at 1167 « 18 This gave

85.1 g {85.1 % of theory) of the title cmapound.
THNME (400 MBz ODULY 8469 (1541186 He, 2 H) 554 - 623 (o, 1 H) ppm.

Eaample 3
443,233 Terrafluoroprpyhimorpholing

Methoad X

3TLS g (3.58 mol) of morpholine were dissolved 15 290 ml of dichloromethane and cooled to

SESRCL AL 18T <00, 3714 g (max, £.893 moh) of the resction solution from Example 1 were
added dropwise while cooling and then the misture was stimed at 87 - 3°0 for 30 min. The
reaction mixture was heated to 40°C and stiveed for- 4.5 b Afler vooling 1o 20°C, 320 mi of
water were added and the phases were separated, The vrganie phase was washed three thmes
with 180 mi each time of water and voncentrated on g rotary evaporstor at 307030 nibar, The
resldue (1607 &) win distilled at 67° - 68°C/ 18 mbar. This gave 1517 g {84.3 % of theoryyof

the title compound,

"1 NMR €400 Mz, CDCLY §= 253 ~ 270 (o, 4 HY 2,89 (1, 214,03, 1.74 He, 2 Hy 361 -
T8, 4 Y383 -6.22 (m, | H) ppm,
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Methad B:

1585 ¢ (1.82 nwol) of morpholing were cooled 1o 5%00 At 3% - 40°C, 1895 g (max. 448 mol)
of the reaction solotion from Exasple Uowere added dropwise while conling and then the
mishure was stivved at 3%« 1000 for 30 witn. The reaction mixtore was heated to 4070 and
stirred for L h After cooling to 20°C, 166 mi of water and 160 ml of toluene were added and
the phases were separated. The organic phase was washed with 160 ml of water and
eangentrated on a rotiry evapioratir al S0°C/50 nibar, The reeidue (810 g) was distilled g 67°

~H3%CH 8 wbar, This gave 77.0 g (84.1 % of theary) of the ke compoand.

Exumpls d

dedethyld-(2.2.3, 3-tetraflooropropyhmorpholin-d-tam methanesulphonate

F
r’"‘x ji % "‘\}ifl\ ¢
F F

G ' o
e CH, 80,
Method &

H3T7 g (131 mod) of methy! methangspiphonate wave heated to 13570 and, at this
temperature, 2500 g {1.243 mol) of the compound from Example 2 were added dropwizse.

RS0 and 375 mlof Bopropano! were added. After goaling t0 0° - 580, the mixture was stivred

for o further 30 min and the product was filtered off with suction. The prodect was washed

three times with 125 mil each tinse of tsopropanol and dvied in g vecuum deving cabinet st 45°C

areder a gentle witrogen streany This gave 3368 g (87.1% of theory) of the title componnd.

HNMR (400 MHz, D500 8=281 (5 3 H) 355 (5, 3 H) 3,68 3.93 {m, 4 HY4.00 - 4.24 (i, 4
Hy433 45 (m, T HY 613 ~ 648 (i, HHD ppm,

Method B

200 g (1813 oumold of methyl methanesulphonate were heated o 135°%0 and, at thig
tenyperature, 33,1 g (V7.7 mned) of the vompound from Exarple 2 were added dropwvine. The

mixtiure wax stivred at 135°C foe 3 hoand thes 40 mi of water wers added. After cooling fo
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SOPU, the aguenus solutin of the title compound was ssed i the subsespint stage {see

Exsrople 43,

Exsmple 4

Moty 3 Sriflaoropropsbens vl imorpholtned-tan msthanesnlphonate

s
o"‘”’\‘\ N-ﬁ ﬁ e Ny F
F

CH,80,

169 1 (1889 momol) of 5% sedium hydroxide selution were metered bnto the squecns
sodution of the compound from Exmnple 3, Mothod B Goas 1727 sunel) st 80% - 35°%C, and
the mixture way stizrsd 8t 507C for 1 b, The reaction mixtare was cooled to 20%0 and the
previpitated sally wers [thered off with suction and washed with 3 md of water, The agusous

product solation {1021 & max 172.7 mmel) was used in the subseguent stage {sve Example

&%
For anabviival purposes, @ saniple was concentrated and deisd.

2

TENMR (400 MUz DO 8= 281 3 380 (s, 3 ID 176 - 383 (o, 2 I 397 - 409 G 4
HY G340 (m, 2 H) 639 « 5,69 (o 1 D 6.74 - 6.83 (o L HD pp

Exsmple §

Fhwovo-Mmorpholin-d-yhaorvlaldehyde

L ,/N ; _,n::::::’i\ _«.H

Method A

An sgueous soblitbar of the compound from Example 4 {maxe 2515 nunol) was heated &

7370, Subsequently, 43.8 ¢ (303 el of morpholine and 76.3 g (755 mmol) of wicthylamine

wers added dropoise. The mixiure was stiveasd ap 737 for 2 hoand conlad t0 239 and 390 mi

of dichloronsdhane and 100 mi of triethylamine werg added. The phases were separated, the
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squeons phase was washed with a mixture of 290 ml of dichloromethane and W0 mi of
wrigthylambie, and the combined organic phases were filtered, washed with 230 s of sat
agueous potassiun carbonate solution and concentrated on 8 totary evaporator st40°C, 50 ml
of toluens were added and the mixture was conventeated further, This save 342 g (R1.9% of

theory) of the title composnd.
Method B!

A mixtare of 438 g (503 wmol) of morpholive and 76.3 g (735 mumiol} of tricthylaniine wag
heated to 78°C and an aguesus solution of the compound from Example 4 (max. 251.5 namol}
was added dropywvise within 25 min. Subsequently, the mixture was stirred at 78°C i 2 b and
covled to 23, and 280 ml of dichloroniethane and 100 mi of tricthylamine were sdded. The
mixtire was filtered, the phases were separated, the squeous phase was washed with g mixtre
of 200 wml of dickloromethans aigd 100 ml of tricthylaming, and the combined organie phases
were washad with 258 ml of sab. agueons potassiom carbonate solution snd concentrated on g
rotary svaporator at 40°C, 30 mi of toluens were added and the mixture was congentrated

further. This gave 35.3 g (83.4% of thenry) of the title compound,

THONMR (500 MEz ODOLY §0 351~ 160 (o, 4 D372 - 383 (my 4 HD 616 (d, =271 He,
T H) 859 {d, /~189 Hx, | H) ppm.

Method C:

A mixtare of 302 g (3433 mmol) of moapholing and 52,5 g (518.0 mmol} of triethylamine
was heated 1o 75°C and the agueous solution of thy conpound fram Example 4, Method B
{max. 1727 mmel) was added dropwise at 75% « 80°C. The mixture was stiered usder reflax
for I b, cooled to 23°C and sashed with 100 mi of dichloromethane, The agueous phase was
washed twige with a mibxtare of 100 mil of dichloromethane and 15 ml of triethylamine, and the

combinegd organic phases were washed with 8% ml of sat. agueous potassiony carbonate

gentle nitrogen stream. This gave 19.2 g (68.3% of theory) of the title componnd.

Exanple ¢

Ethy! S<fhuoro~ 12 -Hoorobenzyl)- 1 Hopyrazoto3 4-blpyridine-3-carboxylate
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Method A

223 g (848 pmnehy of syl Scamuno-1-2-fluorobenzy - T H-pyrarale3scarboxyiate
{preparation deseribed for Example 20A in WO 00/06369) ware tnitially charged in 8.5 miof
sthanol, and 11O ml (1088 mwol) of methanesulphonic atid, 2.0 g (U201 wol) of lubham
chloride and 150 g {84.8 mmol} of the compound from Example 8 were sdded at R, The
s aturs was stired at reflux tempurature for 4.3 b After cnnling to my eimprrative, the
product was filtered off with suction, washed twice with 4.5 mi of cthanol and stiveed with 323
mi of watwr for 1 h. The solids were filtered oft with sucton, washed swice with 115 sl of

water s deied fng vacuem deving cabinet at SO0 under a gentle nitvogen streany. This gave

218 2 (B1.0% of theory) of the tithe compound
MK (BStposh mvfe = 318 (MUY

MR (400 MEz DMRO-dey &= 137 (¢ 3H) 440 (q, JH) 5.86 (3, 2R), 715 - 727 (m,
I, T8 - 74T G, T KI5 G VD, 8,78 G be TED ppm.

Method B

370 g (6332 mmoly of lithuam chioride and 422 » (3841 nupoly of the compound How
Example 5 were inttially charged v 78 sl of wihanel and heated to reflux temperature, At this
temperature, & solution of 66.9 ¢ (25841 mmoly of ethyl Samino- {3 -Hucrobenzylp 18-
pyrazole-Raarboxyiate {preparation dexcribed for Example 284 in WO 80/06569) and 330 md
{SOR.2 nunol) of niethanssulphonde asid in 180 mi of ethanol were added within 10 min, The
mietars was stiveed at veflux temperstitre o 2 b, then 120 ml of wopropanel were added, the
mixtnre was soolad t0 6250, 0.6 g of the title compound were ased for seeding and the mixture
was eovded (o 550 within 4 b, The pradect was Rltersd off with suction, stivred with 120 mi of

izopropanal, filtered i with suction, washed with 180 ml of water, stirred with 300 il of
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water for 0.5 b, Blcred ofUwith soection, washed with 380 mil of water and dried B g vacuuns

drying cabinet ot 30°0 ender & genthy nitrogen stoseny This gave 65,1 5 180.7% of theary) of

%

the tils compound,
Method O

543 g 206 mowdd sd ethyl  Sounbwe I2-tuorobenay - LH-pyrazole-3-cmrboxylate
{preparation described for Bxample 204 in W O0/0855%) were initlally chavped in 20 wmi of
ethanol, and 1.3 g (411 ronol) of hedrogen chloride were tntrodoced, This solation wag
metered Inte 342 g 206 punal) of the compound from Example 5 in 50 ml of ethann! &t
selluy mprrature within 10 mine The mixture was stisred ab reflux tempersture for 2 h then
1 ad of isopropimol were wdded and the mixnee was cooled to 85C The prodoct was filtered
off with suction, washed with 1 o of isgpropano! and dried o vaomen drping cabinst of

SO7C under a gentle nitiopen streany. This gave 4.84 ¢ (7420 of thenty) of the title componnd.

Example 7

SFhore - fluorobenzy D --pevsadoD Sbipyvridine-drearboxamide

18 ml of sthanol, 14.9 o (4410 snol) of fonmamside and 3.6 g (86.2 mumoD) of sadimn
methexide solntion boomethane] (%) were added 1o 7.0 ¢ (32,1 mmol} of the compound

obfamsd 1 BExanple 60 The meaction muxtine was heated & 9537 - WO apd the s batlas

wire distiBled vl The niture was sttrved 2t 125°%¢C & 15 by 3wl of watse were added, and
the mixture was cooled o room temperatars snd atired for 1 b The precipiiated solids ware
filtered off with suction, washed thees thines with 8.5 mi cuch Ume of water and dried ln a
vacuum deying cabiet gt 45°C under a gentle nitrogen strsam. This gave 62 g (97.5% of

theoryy of the title compornd.

S (ESlpog) mviz = 288 (M+HY

X
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THONMR (400 Mz, MR & = R8T 3Ry, 13 - 736 {my 31D, 734 « 740 g, LH
Tof{sbr, TR, 787 (s be THE 828 {dd, TR, B.72 (dd, 1H) ppan.

Exumple 8

S-Fluoro- - uorohenayt kL Hpyrazolol 3 A b pyridine Scarbontinile

17.3 g (80.0 munol} of the compound oblained i Example 7 waore hogted to 1037 - 16770
40,3 il of sulpholane and 5.4 ml of sestonitnile. Thersalter, 6.9 ¢ (450 mmol) of phosphorus
oxyehloride wern slowly added dropwise whils stiring, the dropping fannal was rinssd with
2.8 b of seermitsile s then the mivture s stirsed o 10720 for 13 b antib convension was
sire, and 38 ml of

sulpholanefacetomtrile (301 volivoly and thes 178 ml of water were added dropwise. The

wy

puxtore was stivead for 0.3 b, a solubion of 9.4 g of aqueous ammoni (8% 1 22.7 wl of
water way added dropwissg and the nixturs wag stieved for g forther 2 b, The precipitated solids
were tersd ofhwith suction, washed e times with 2015 md each time of water and deied in
3 vinuunr drving sabinet at 3070 under » gontly nitrogen stremm. This gave 4.7 g (91.9% of

theory) of the title sompound,

MB (ESposk otz = 271 (MHHY

S-Fluoroe 2 uorobenzst e Hepyraeolo 3 deblpvridine-Soarboimidamide hydrachlonide
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% HCI

406.0 g (1.50 mol) of the compound from Example 8 were suspended in 2.08 | of ethanol,
Subsequently, 54.1 g (0.30 mal) of sodim methoxide in methanol (30%) were added and the
mixtore was stivred ab oo Rinperatire overnight. 884 g {1.6% mol) of ammoniun chloride
wore added, and the mixture was heated o855 and stirred ar 85°C for 3.5 b, The solvents
were distifled off and the restdue sas stiveed with 1.6 1 of ethyl acetate ovemight. The
avetate and deied o a vacuism deying cabinet of 58°0 under » gentle nitragen atrean, This gave

441 4 g (0.7 of theory) of the Bitle compound.
M {(ESTpos): e = 288 (M

HONMER (400 MHz, DMSGdel 6 = 590 (5, 21, 708 = 720 Gm, 1H) 7,22 - 728 (. 1HD),
T29 - 735 (my, THY 736« 745 (ny, THD, B4R (dd, 1HD, 8.86 (dd, TH)L 935 (br. s, 3H) ppin.

Example 18

HEyphenvidizzeny! malononitrile

ON

,NC-W\/

N

Muathod A

262 ¢ of cone. hydrochloric acid {2.59 mal) and 1175 ol of water were added dropwise af 0% -
fox . ;

A% 10 1828w of water and 117.8 g {1.26 molyof antline. Sabsequently, a solution of 87,1 g
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{1.26 mol) of sudivn witrite in 322.5 ml of water was added dropwise within | hand foged in

with 60 nil of water, and the mibxture was stirred at 0° - §°C for 15 min, Therealter, at this

temperatore, a solution of 1314 ¢ (160 pol) of sodiam acetate 1 668 ml of water {19 mi) was

added dropwise within 43 min and vinsed inowith 60 wl of water, and 8 solution of 834 g (1.26

mol) of malonowitnile in 233 mi of sthanol was added dropwiss within 1 h. 68.5 mi of sthanol

were wsed o rinse it ifn-, and the mixture was stitred a1 0° < 3°C for 2 h. The yellow solids were

ml of cold tolusne. The still-anolst residue was dissolved in 872 g of DME, This gave 11170 ¢

af DME selution of the title compound.
Mrthod Bt

874 gof cone. hydrochlorie acid (.86 mol) and 39.5 ml of water were added dropedse at §° -
R°C to 5085 mil of water and 392 g (0.42 mol) of aniline. Subsequently, @ solution of 2.0 ¢
(0,42 moly of sodiem nitrite dn 74.5 mlof water was added dropwise within 1 b and rhsed in
with 28 mil of water, and the mistre was stivced 8t 8% = §7C for 13 mi. Thereatter, st
temperature, a solation of 43.8 g (0.34 mob) of sodium acetate in 2215 mil of water was udded
drapwise within 43 miin and rinsed i with 20 ml of water, and a solution of 27.8 ¢ {8.42 motly

of matononitrile i 77.5 mi of sthanol was added dropwise within 1 b, 23 ml of ethanol were

used o rinse i b, and the mixture was stired at #° < 8°C for 2 h. The yellow solids were

filtored off with suction and washed three times with 208.5 mi cach time of water and with
162.5 ml of cold toluene. 1031 1 of moist product were obtained. 13.8 g of the motst produst
were dissolved o 139 g of sulpholane. This gave 2377 g of xulpholans solution of the title

compotd.

Example il

2 SFluoros L 2-flnombenzyli  Hepyrazolo] 3 4-blpyridin 3oy [ 8- (B)

phenyldizzenyljpyrimidinesd 6-diamine
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Method A

48,2 g {138 mul) of the componnd from Bxample ¥ were susponded fn 1089 md of DME, The

TE2

pixiurs was hoated fo 8350 and 212 ml (332 s} of triethylaniine wers added dropwine o

~
z
g

this teimpsrature, Sebseguently, 1751 g of the DMFE solution from Example 10 were added
dropwize within 20 min and rinsed v with 480 mi of DME, and the mixture was stiveed st
WS overnight. The resction mixture wax cooled 1o RT, 636 nd of swaler were added
dropwise and the mixture was stiveed 0t RY for 0.3 h then cooled 10 0 - 3°C anil stirred for g
further 1 & The solids were Giltered oft wath stction) washad teice, s Bms with g solullon
of 1443 ol water and 238 ¢ of sethanol, and then washed with 588 mil of methanol, sustione
drind and deled oo vacnum drying calsinet at SO0 under a gentle nitigen stream, This gavs

G223 g (82.5% of theory) of the title compound.

THONMER (400 MHz, MBSO S =58 G 2 I T - T G S D T - T O, 2 1D
FAG -5 m TN T8 (b . 2HD SO fdd, 2 HI RS0 {br 5, RED B0 &7 (i, L HI B2 -
8.06 {1, 1 HD pom,

Method B

30,0 g (907 mmol) of the vompound from Example 9 were suspsnded in 72 ml of DMF. The
mixture was heated to HHPC and soanixture of 14.2 mi (1.9 vunol) of tiethylaming and 150

g of the DME solution from Bxample 1 was added dropwise at this tomperature within 30
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min, 30 mi of DMF were used 1o ringe it in and the mixture was stiveed ap {007C o 20 % The
reaction mixture was cacled {0957 - 90°C, 24 mi of water were added dropwise within 10 nuin,
then the mixiwe was cooled to 8° - 3%C within 1.3 b and stirred for 1 b, The solids were
fillored off with sactiow, wished with » solullon of 80 g of water and 80 g of
dimethyHormunide, washed twics, cach tine with a solution of 30 g of water and 50 g of
mcthanol, and then with 40 ml of methansd, suction-dried and drisd I a vaouwn deving
cbingt st 50°C under a gentle nitrogen streany. This pave 355 g (83.7% of theory of the title

compound.
Method €2

VET g (360 nnmoly of the compound from Example 9 were sugpended In 156 mil of
sulpholang. The mixtwre was hoated to 100°C and 2 mixturs of 5.3 md (39.6 wuusd) of
triethyvlaming and 27.7 ¢ of the sulpbolang solution from Example 10 Method B was added

dropwise at this tfemperature within 35 min. 2 mi of sulpholane were used to rinse it in and the

sopropanol were added dropwise, then the mixture was cooled o 0° - 3°C within 18 nvin and
stirred for 2.8 b The solids ware filicred off with sustion, washed three Umes, each the with
S0 g oof water and 24 oy of isopropaiol, sectionedried and dried in a vacinun drying cabinet st
S0°C ander 2 gentle vitrogen streany. This gave 14,3 g (82 5% of theory) of the tithe compound.

Example 12

2-[5-Fluoro-1-2-fluorobenzy - 1 H-pyrazolo[ 3 4-blpyridin-3-yl [pyrimidine-4,5 Grtaming
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Method A

182,00 ¢ (1139 moh) of the compound rom Example 11 were natially charged 1 1.82 L of DMFE
and then 4.2 ¢ of palladiong (5% on varbon, 50% watersmoist) were added. Hydvogenation was
effected st 60°C and hydrogen pressure 60 bar while stivring overnight. The mixtun was
filtered throngh kieselgubr and washed through with 150 mil of DMF and then with {50 ml of
methanok and concentrated st 80° - 70°C down to a welght of 425 ¢ of distillation residue. The
residue wag heated to 73° < B0°C, 300 v of methanol were added dropwise at this tomperative
and the mixture was stivred for 13 mife The mixture was cooled to RT within 1 b, then 1280 md
of water were added dropwise and the mixture was ftirred overnight. The solids were filtersd
vavuum deving cabivet 8t 80°C ander g gentle nitrogen streany. This gave 189.7 g of the title
compound, The prodect bas a costent of 73.7%6 by weight and 12.4% by weight of DMF
{80.3% of theory) and was used thus in the sabsequent stage. According 1o the intensity of the

water wash, the DMFE countent was in the rangs of 10 - 17% by weight,
Method B:

250 g of the DMF-containing solids from Methud A were suspended in 220 ml of water and
filteved with spction through a suction filter. The solidy were washed foer times oi the suction
filter with. 100 sl cach time of water at 95370, suction-dried and dried o a vacoum drying
cabinet at 309 snder a gentle vilvogen stream. This gave 312 g oof the DMFfree title

compound,
MS (ESIpos) myvz = 368 (MY
For analytical prrposes, « sanple was poritfied by mesns of silica gel filtration:

THONMR {400 MEZ, DMSO-d )y 8 =404 the s, 2HD S 788, 2 B 586 (be s A H 7.1 726
(i, 3 HY 732739 Gm, LHD 861 - 864 (i | H) 8.85{dd. 1 Hy ppm.

Methyl {4, 6-diamino<2-{ S-flooro- - 2-Buorabenay D L Hpyrazolof 3 4-bpyridin3-

yvipyrimidineS-yi} carbamate
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Method A

4.0 g (77.0% by weight, 836 mumel) of the compound from Examiple 12 in 379 ml of
isnpropanot were heated to 35°C and then 0.84 mid (10.87 mmoly of methy! chiforoformate was
sdded dropwise. The mixture was stirved at 35°+ 40°C for 20 hoand heated to S0°C, and 9.5 mi
of methavol were added. Subsequently, 1.9 ml of tricthylamine were added dropize within
0.5 h oand rinsed in with 1.3 ml of methanol, and the mixture was stiveed at 307C for 1 b
Thereafter, the reaction mixture was cooled to RT and stirred at BT for 1 b, and the solids were
filtered off with suction, washed thrse Umes with B iml each time of sthanol, suction-dried and
dried g vacuum drying cabinet at 30°C under a gentle nitrogen stream, This gave 34 gof
orude produgt, 3.0 g of the crude produst ware stirced in 8 ml of DIMSO for § min, 130 ml of
ethyl acetate and 30 mg of activated carbon were added, and the mixiure wits hesmted at reflux
{84°C) for 13 min. The suspensiom was hot-filtered and the filter residie was washed with 1.9
mi of ethyl avetste, 40 mi of cthyl acetate and 16 ml of ethanol were heated 1o 60°C, and the
combined filtrates were added dreapwise and stirred at 60°C for 1.3 h. The suspension was
cooled to R within 23 min, stivved for a further 1.8 b coaled further to 07« 570 and stirred for
a further 1 b The solids were filtered off with suction, washed twice with 5.4 ml sach time of
sthyl acetate, suction-dried and dried o vacoum drying cabingt at 30°C ander o gentle

witrogen stréam. This gave 2.3 g {70.0% of theory} of the tithe rompound.
MK (ESIposy: miz =427 (M+HY

THNMR (400 MHz, DMBO«dsy 8= 3,62 (hra, 3H), 5.79 {s, 2H), 6.22 (brs 4H), 710719
(i, 2HY 709 « 726 (o THY, 733 <7740 oy, TH), 767 and 729(2 brg, 1H), 868 (m, 1H),
8.88 (dd, TH) ppm.



1} Ascording fo the preparation process deseribiod, the di-dimethyl sulphoside

solvate iy obtained wt this pobnd, sud this is chamctirized n Tablex 2 and 4 by the

refloctions in the svay diffractogran and bands in the IR spectium.

The di-dimethivi sulphoxide sulvate of the compound of the formula (1) has the advantage of

5E2]

much betier fillerability than the substance n the prior art. Furthermore, the preparation
pracess vig the di-dimethyd salphoxide solvate of the compound of the formula (1) teads wa

very high purity of the compand of the fornmla (1),

Method B:

4.8 g {108 punol) of the compound from Bxample 12 Method B in 7.9 ml of isopropanal
10 were heated o 33°C and then L1 osul (141 mmaly of methyl chloroformate were added

drogyvise, The mixture was stirred 8t 35° - 40°C for 168 ko and covled to RT and 2.1 wl of

aquecns ammenta (28%) were added. Subsegiwntly, 42 ml of water werg added and the

miigtyre wag stivead for 2.8 b The solids were filtered of Dwith suction, washed twice with 5wl

zach time of water, suction-dried and drded in 8 vacuum drying cabinet at 30°C ynder s poatle

15 nitrogen streany, This gave 4.4 g of vrudi pravduct,
Method €

4.0 g (10.8 mmal) of the compound from Bxample 12 Method B in 37.9 i of isoprpanol
were heated w3550 and then LU md (141 vuvoly of methyl chlomformate were added
dropwize, The mixhure was stirred g 33° - 40°C Bor 165 h, and 9.8 mbof methanol were added

2 at 50°0. Subsequently;, 242wl of ticthylandne were added dropwize within 20 min and rosed
rwith 13 mib of methasol, and themigiure way stivred ot 30°€ for T h. Theresftor, the reachion
mixture was cooled 1o KT aond stired at RE for 1k and the solids were filtered off with
suction, washed three times with 8 mi each thoe of methanol, suction-dried and deied in a

vacomn drying cabipst at 3070 wder ¢ gentle wittogen stream. This pave 4.3 g of crude

RS
1F

product.
Mathod Dt

6.9 g of the cnede product were stired n 184 mi of DMSO for § min, 300 ml of ethoyl acstate
and 115 myg of activated carbon were added, and the misture was heated at reflux (84%0) for
15 min. The saspension wis bot-filtered and the filter residoe was washed with 4.4 miof ethyl

30 acelate. 138 mil of eibyl acetate were heated to 50°C, and the combined filtrates were added

dropwise and stivved w45 - 50°C for | h. The suspension was conled to 07« 3°C within L3 &
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and stivved for g further Tl The solids werg Bliered offwnh suction, washed twice with 148
mi exch Ume of sibyl acetate and suctionsdried for 1 k. 6.4 g of the di-dimethy! sulphogide

serdvite were obfained as a moist produst’
Methed E:

28 g of the di-dimethy! sulphoside solvate were atirrsd at reflox temperatie in 40 odd of ethyd
avetate and 1L mi of sthswol for 17 b, cooled to RT and stivred for » further 1 k. The snlids
were fillersd off with sustion, washed Saur times with 1.4 ml vach tinme of athyl scetate and
deied i a vacuuny drying cabingt st 50°C under a genile piftogen streant This gave 1.4 g of the

title conmpound presust i polymaorph L
Method F;

3.5 g of the di-dimethy] sulphoside solvate wore stirred st reflux tomperature 1 12,5 md of
sibvent Roe 17 hovooled 1o R sad stivved for e Tonther T B The sobids wire Dillered off with
suction, washed with 2 ol of solvent und suctionsdrind for 30 min. This gave 0.3 g of the title

sompound prosent i padvniorph £

The following solvents were useds

23 12,5 ml of isimopanol

3.3 125 mi of isopropanalfQ. mbof water
43 135 mlof methauol

33125 ml of methanol0.3 mil of watwy
63 12.8 mbof acctonintie

T 3125 mlof scotone

§.3 12,5 miof tetrahydroduean,

Q.3 12.5 m} of methy] teri-buty] sther

Table 1 ndicates the retlections of the xray ditfractogram, Tubde 3 shows the bands of the IR

spreciranm,
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The vompmand (1) In crystallive polymorph 1 is notsble for bigher stability asd more

the compound of the fornwla (1 is a crystal polymorph referred (0 hereivalier as polymorph L
Polvmorpl | has a melting point of 257°C and s characteristic s-ray dilfractogram featuring
the reflections (2 theta) 5.9, 6.9, 163, 165, 241 and 247, and a charseteristic IR spactrung
foaturing the band maxima Gn am™) 1707, 1633, 1368, 1475, 1255 and 1223 (Tables 1 and 3,

Figures 1 and 8).

Surprisingly, four further polymorphs, 2 monchydrate, s dibydrate, 8 DMFAvater solvate and a di-
dimethyl sulphoside solvate, and alse a trinestic acid solvate of the vompound of the forwuta (1)
were found. The vompound of the formals (D) In polymorpl B melts ab approx. 233°C; the
compound of the foesmula (1) i polyrsorph U1 bas a welting point of approx. 127, Polymaeph
1V of the compuund of the formuls §melis &t & tempeeaturs of 240N, while polymorph V hasa
melting point of 234°C. The monnhydrate containg approx. 4.1% water, the dilydmte contains
7.8%% water, the DME/water solvate contains 13.6% dimethyHonnaside sud 8.9 Y seater, the dis
DMSO solvate contalins 26.8% dimethy! sulphoxide and the triavetic acid solvate eontaing 39,79
seetate. Bach of the crystaliine fornss mentioned has a characteristic vray dithactngrany and IR

spestrun (Tables 2 and 3, Figures 1 -4, 6 14).
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Table 3 Xormy dilliactometry for pelvmor
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Figure 12 IR spectram of the compound of the formula (1) in polymuorphs L { angd 1
Figure 2: IR spectvum of the compound of the formndas (1) in polvmorphs IV, Vand a5
the triscetic acid solvate
Figure 3: IR spectrum of the compound of the furmula (D) as the dLDMSQ solvate,
DME/water selvate and mionohydraie
Figure 4; IR specirum of the vompound of the formula (1) as the dihydraie
Figure 5 Xevay diflvactogranm of the compiund of the formula 1) in polymorph {
Figure 61 K-vay diflvactogram of the componnd of the formuls (1) in polymorph U
Figuve 70 X-vay dillvaciogram of the componnd of the formula () in polymorph 11
Figure 81 Xevay diffractogran of the compound of the formula () in polymorph IV
Figure ¥ Xorvay diffractogram of the compounad of the formuls (1) in polyimorph V
Figure 102 Xoray diffractogram of the compeund of the formula (1) as the triavetic acid
solyate
Figure 11 Xoray diffeactogram of the compound of the formula (1) as the 41-DMSQ
solvate
Figure 12: Xeray diffvactogram of the compound of the formula (I} as the DMFavatey
solvate
Figure 13 Xoray diffractopram of the compound of the formula (1) as the monohydrate

Figure bh Xepay diffractogram of the compound of the fornuuky (I} as the dihydrate
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