WD 2011/ 06Y9e2011/06426%/ EP2010/ 067884 MetHod for produci ng RETHER2010/067884
{4, 6-di am no- 241- ( 2-f | uor obenzyl) - 1H pyr azol o[ 3, 4-

bl pyridi no-3-yl]pyrimdino-5-vilearbamate and its purification for

use thereof as pharmaceutical substance The present invention

relates to processes for preparlno nethyl {4, 6- dlanlno 2-[1-(2-

5f | uor obenz¥atneq .19 - K : : Honebenayl e Vil

e, i.e. thesadesdn nﬁlfilﬁmf-sll !rl?alﬁ:it)a a-nr@elﬂsn %Piﬂ:aﬂﬂ) F Ubl NGEIOlRyeof as
relates to a process ? purrtyi ng fﬁE‘ETUﬂ@‘ﬁT%%UET‘U#‘TH@“ﬁUTn&Ea————
(1) for 102&&&3&ﬂ3§$ﬂ§§ﬁﬁﬂéuticalIy active conpound, where, for

purification, nethyl (4,6-di am no-241-(2-
f1 uor obenzyrin - idsqayr ﬁi’x@iﬁ@ﬁ 3re‘ijette1s4§t'6 i ﬂb&ss%s on]rp%vﬂfebéﬂr@' rﬂne%yyl E@Hﬁﬂﬁﬁ?&fn (2-

sul phin Idgpe ane é ng formula (

i sol ate Ha%}’éaza‘f’ %blaﬂrﬂél% tYBHyra%ldmrﬁrﬁé}%ﬁtamateew & ¢pmpound of the
purificati ganfla0q@ess, if appropriate present in a mxture WO

2011/ 064156- 2 - PCT/ EP2010/ 067884 The conpound of the formula (lI) acts
as a stinulator of soluble guanylate cyclase and can be used as an

agent for the prophylaxis and/or treatmnt cardi ovascul ar

di sorders such as, for exanple, for the ner@H.of hi gh bl ood
pressure and of heart failure, stabi® an unsﬂhble angi na pectoris,

peri pheral and cardi ac vascul ar dlsor&?T%%FgN rrhyt hm as, for the
treatnent of thronboenbolic 5 disordgfs d i€chemias such as
nyocardi al infarction, stroke, transit Nand i schenai ¢ attacks,

di sturbances of peripheral blood flow, /prevention of restenoses such
-as follow ng thronbol ysis therap esy p&r cut aneous transl um nal
angi opl asti es (PTA), percutaneous trhansturninal coronary

angi opl asties (PTCA), bypass and fNr tHe treatnent of

arteriosclerosis, asthmatic di sorders and.disgases of the urogenital
system such as, for exanple, prostate hype pphy, erectile

dysfunction, 1 O femal e sexual dysfunctiégn,~osteoporosis, glauconm,

pul nonary hypertension, gastroparesis and incontinence. The

preparation of the conmpound of the forrmula (1) and its purification

are known in principle. WO 03/095451 desgyibes the preparation of the
compound of the fornula (1) by the route below. WO 2011/064156- 3
-PCT/EP2013/067884 Here,initjall .

241-(2-flu P%Bléfﬂ%?i %Eﬂ 5 &) BPracest fy prfying Seyeryde pradpgtyof figdprpruda @ for
zenyl 110y us6 didnfbedican d&ﬁv@&forﬁp’ﬁ@ncf YhRe] Rr pirtflchtidnd neth§ RS diino-2-[1-(2-

catal ytic dr ogenatj.on, the result
y ?Morobe%zﬁ) t1H-p_'yraz':(;}o[3 4-blpyrdin- 3-y1]pyn(‘:r]md1n-5-y1}carbarnate sulphinyldimethane (1:2),

i.e. a compound of the formula (IT} is isolated as intermediate or is generated as intermediate in this

purification process, if appropriate present in a mixture

H,C” “CH,
R
0
- N i
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trisam no CORPOLHEO4186 so| ated as ~2- PCT/EP2010/067884
241- (2-fl uorobenzyl) - 1H pyrazol o 3, 4- 14yridi n-3-y11-4, 5, 6-
pyrimdinetriamne trihydrochloride of the fornmula (I1V). This
trihydrochloride is then reacted with 5 nmethyl chloroformate of the
formul a (V)ér in the so|lvent pyridine to give nethyl 4,6-diamno-2[I-
(2-f1 uor obehs 9%’51203115 Ey%ﬁh%\%%‘)f(é{) A¢h P stinghlaiorS galuble suamylateicyelang land Farabraused
te of the fhoadTugent fo Jhe pNphPRKRBAYE hatniehCIMNBRINENROSrdds s8R A5, 88Pexample,
descri bes that the trloggm no conpound s _isolated as trihydrochloride

and the HCftPREeabment of fighblaed passiire astofifpa failuee strllp apd wistahly pasing pectors,

NaHCGB sol wrigherapasl tdigiad WRBuRAGSdets, fo? afhPHmAl,t far tRexdBhdY lof thromboembolic
chlorofprmgte of the formula (V) in the 10sol vent pyridine to give
n'gogﬂ @;%emic attacks,

the co gorgers 1ard 1pchETHiRY quch) 35, mygrpidial ufarstan; $trokgs transiienipad i

di sadvant aggurbahies fof aBphéRI Blodd FIRWO WredtiBn fo Mrectoded Akt & Rllowing thrombolysis
realization on a large scale. This is true especially for the

i sol ation &FPKE PHPEENRHOTEEREEEhdheieristiem b iewripRreus Tigaslumeini!t copnary
of hydr ochhadiélasisi @’TC@&?%}@Q&% A B tE- Bt b dSHHobdIRsisP la@ihaticBBEbriE and
y

yield of the step . is on an unsatisfactory 59.3% of theory (see

Exanpl e 8AYSTesAIhY Bogeral)systam suqheasy {05 examnls, Grpsigte hyRertrombiicerpadite dysfunction,
the tr{6amimneld e UdwittionN @stbdpbrosib,AglhlcHna O pulknBfirf W pLeRAdIBGroparesis and
HCl-free base jn the solvent pyridine is |ikew se di Sadvant ageoug.

The conpoutfo¥Pei%e fornula (1) can only be isolated by conplete
evaporation of the reaction mxture, which is di sadvantageous on an

i ndustri al T8€ pfearhtieof th®Eorpeamdbeihe BRI @yﬁldqfs PRG3R ARARrbIvn igbéﬁciple.

relatively r cal.e, .such steps general result in considera

pr obl ens SS@ 03/0o25 T sskriys di pepe R aidle QEe oS e ifsmuzdDoxitiegovts belny.
substantially | onger thermal stress when a reaction is carried out on
a relatively large scabre. The fact that the product is purified, for
exanmpl e accordi ng t @=kkxanple 5 from WD 03/ 095451 by boiling i*”zH_C'

di et hyl ether, Mo, {has consi derabl e di sadvant ages. "Bétdl¥e_dgf *t he
hi gh flammabili tﬁl/ oR-digt hyl et QRlyic hdibenasdrePnean be real i e Hy H—Ci
Wi th increased i ri al experdecas neloveiver, particul ar N
di sadvant ageo ig the fact that the substance of the fqr a (1) 25
whi ch was prgpafedyaccordi ng_to WD 03/ 095451 still corftafnsha nunber

. Iy

of inpuritie gmounts which conflict with use as a N
pharmaceutically act e, conpoudraddiichotwerchhiatglayid it was t'?'ue ohj to
provide a sinplifi ecess which is safe and can al so be ca d
out on an industri ale and at the sane tinme affords an agtive
conpound in extrenely high purity in pharmaceutically acceptable
quality. 30 W have now found a process for preparing nethyl

{4, 6- di@am no- 241- (2-@Muor obenzy1l) - 1Hpyr azol o[ 3, 4- b] pyri di n-@vyl ] pyri m
i din-5-yllcarbamate of the forrmula (1) WD 2011/064156- 4

- PCT/ EP2010/ 067884 (1) and its purification for use as a o
phar maceut i q_g_lély{_@fti veHcierpound. This novel process differs Hronjthe

processes knowh e in the follow ng points: 5After gafal ypc ofMe
hydr ogenati on of thé c nid—6f t he fo/&ﬁzil a (ll11), the trA no
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conpound i SWOSHIA06458s the free base of-Ihe formula (VI), PCTEP20/067884
free base of the conpound of the formula (1V) w thout internediate
formation of salts 10- The preparation of the conpound of the
formula (1) is carried out using met hyl chl orof ormate or di net hyl

di car bonat e_as reagent in ﬁyr‘;*hgl ne-free process. The purification

of the crud®pr oot 2{kE- nzyDeiH-pyragolql 3 é-blpyrigindr kT EE)-plcutyl djazenyl]-

active conmRHARKihs4, G-Qi’aiﬂnfécbf%tfor‘ﬁiu?a s GIRARA Y CaedTRE  Whirogenation, and the resulting
{4, 6-di am nq-241- (2 fl uorobenzyl)-1

pyr azol o[ 3, SRR, Forapapng 1§/I1§°5‘§f‘1‘1l #i & h{Slyerohenmbaikpazolo[3,4-blpyridin-3-y1]-4,5,6-
sul phi nyl digyBhhangriddinetihydrodorRe DGO FRAUAIIGS TAIDGinl QLM Rie (d thén AScted with

ternedi ate or generated in a mxture WO 2011/064156- 5
: ISD(C)Z!I'? tEggollgmesla'% ghlgrogprmate\gl the formpyla(y) i thersgivent pyndme to give methyl 4,6-diamino-2-[1-

(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate of the formula ).
Altematively, ChemMedChem 2009, 4, 853-865 describes that the trisamino compound is isolated
as trihydrochloride and the HCl-free base is then generated by extraction with aqueous NaHCO,
solution and the free base is reacted with the methyl chloroformate of the formula (V) in the

10 solvent pyridine to give the compound of the formula (I).

This synthesis has a number of disadvantages which are very unfavourable for an industrial
realization on a large scale. This is true especially for the isolation of the trisamino compound as
trihydrochloride. The addition of hydrochloric acid requires an acid-proof industrial plant, and the
yield of the step is only an unsatisfactory 59.3% of theory (see Example 8A of WO 03/095451).
15  The realization of the reaction of the trisamino compound of the formula (IV) or the corresponding
HCl-free base in the solvent pyridine is likewise disadvantageous. The compound of the formula (I)
can only be isolated by complete evaporation of the reaction mixture, which is disadvantageous on
an industrial scale (see, for example, Example 5 of WO 03/095451). On a relatively large scale,
such steps generally result in considerable problems such as sticking-on or thermal decomposition
20  owing to the substantiaily longer thermal stress when a reaction is carried out on a relatively large
scale. The fact that the product is purified, for example according to Example 5 from
WO 03/095451 by boiling in diethyl ether, too, has considerable disadvantages. Because of the
high flammability of diethyl ether, this step can be realized only with increased industrial
expenditure, However, particularly disadvantageous is the fact that the substance of the formula (I)
25  which was prepared according to WO 03/095451 still contains a number of impurities in amounts

which conflict with use as a pharmaceutically active compound.

Accordingly, it was the object to provide a simplified process which is safe and can also be carried
out on an industrial scale and at the same time affords an active compound in extremely high purity

in pharmaceutically acceptable quality.

30 We have now found a process for preparing methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-y1} carbamate of the formula (I)



H3CCH3  ByWH TX{/86456¢ hese differences,-4t is possibl e t oPEVHR2OMY067854
t he di sadvant ages of the processes known to date and to obtain an
active conpound in high yield and high purity and pharmaceutically
5acceptabl e quality. The process according to the invention for
preparing the conpound of the formula (1) and the purification via
the intermediate of the fornula (I1) areqdesgribed in detail bel ow
Catal ytic hydrogenation of the conpound ofN AMermula (I11) The
process according to the invention ns{with" a catal ytic

hydr ogenati on of the conpound of 1 Othegf H (H). (M) (free
base of formula (1V)) This may be carriNed ,put in the presence of
Raney nickel or industrially customary /carbon or Pd/carbon

catal ysts. Preference is given to bon and Pd/ car bon.

N, N- Di met hyl f or mam de 15 (DWF), |N—d| melNhyl acet am de (DMVA) or

N- et hyl - 2- pyrrol i done (NWP), pre DMF, serves as solvent. WO

2011/ 064156- 6 - PCT/ EP2010/ 067884 prefe -70 bar, of hydrogen,
hydrogenation tinme: 1-72 h, preferably 3-3

F

ey

and its purification for use as a pharmaceutically active compound.
This novel process differs from the processes known to date in the following points:

5 - After catalytic hydrogenation of the compound of the formula (III), the trisamino
compound is isolated as the free base of the formula (VI), i.e. the free base of the

compound of the formula (IV) without intermediate formation of salts

HN_ N

N/ N\y—NH,
=N

vD.

10 - The preparation of the compound of the formula (I) is camied out using methyl

chloroformate or dimethyl dicarbonate as reagent in a pyridine-free process.

- The purification of the crude product of the formula (I) for use as pharmaceutically active
compound is carried out via the compound methy] {4,6-diamino-2-[1-(2-flucrobenzyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-yl} catbamate sulphinyldimethane (1:2), i.e

15 - compound of the formula (II) as isolated intermediate or generated in a mixture



After removiP W IPESEat al yst by filtrati®on, the product i BCT/EP2010/067884
precipitated with C -Cl-al cohol, preferably nmethanol or ethanol

and/or water. Preference is given to the m xture of nethanol or

et hanol and water. 5In the context of the invention, a Cl-C4-al cohol

is a straight-chain or branched al cohol having 1 to 4 carbon atons.

The follow ng may be nentioned by way of exanple and by way of

preference: nethanol, ethanol, p-pro OIMPsopropanoI, n- but anol and
tert-butanol. This definition al$ lies to the.Cl-Cl-al cohols used
hereinbelow. It is also possible r sone oﬁ t he sol vent used

for the hydrogenation prior to the precipi%gbb@n'Ha parti al
distillative renoval of 0-80% .preflferably 40-70% oF t he sol vent
present prior to the additionfof[tThe precipitati op sol vent or
solvents is in accordance wt yi nvention. It ls preferred

according to the invention to distiy o some H)E“Thengsol vent prior to
the addition of the precipitation so @;ﬁ;s. The noi st product
obtained in this manner is dried in a*eustomary manner under reduced

pressure: 1 5this gives the product of the formula (V1) (corresponds

to the free base of the formula (1V)). Reaction of the conpound of

the formula (VI) wth nethyl chlorofornqﬁﬁ (V) The product of the
formula (M) is then reacted, for exanple; with nethyl chloroformate

of the fornula (V) in a novel pyridine-free process to give the crude
product of BynértyeqH ghesediffprences, it i3 gsyibje(tp pvarenmedhe disasiterdages diibe protessastkaown

used for the jbeanl it®™b@kCaClnté < @%H@" highRAIE" sﬁh : i
met hanol,, isopropanol, 65?%%68%5?# pré elaeﬁégfggéﬁ% ang?gkimﬁpmmmnmﬂb
2011/ 06215@¢cceptable@RlitP2010/ 067884 equi val ents, based on the conpound

of the fornmula (VI) enployed. Possible reaction tenperatures are

0-75C, prefge phdo¥sslrecor@ifg to the invention for preparing the compound of the formula (I) and the

purification via the intermediate of the formula (IT) are described in detail below.
Catalytic hydrogenation of the compound of the formula (I1I)

The process according to the invention begins with a catalytic hydrogenation of the compound of
10  the formula (TII).

f’h
H,N N= H,N NH,
IZI/S/NHZ 1. catalytic hydrogenation ﬁ’ NH,
—=N in the presence of —=N
Raney nickel
= =
| N > | N
N/ N N N
@ 2. precipitation as free base @
F F
Jm (VD) (free base of formula (IV))

This may be carried out in the presence of Raney nickel or industrially customary Pt/carbon or
Pd/carbon catalysts. Preference is given to Pt/carbon and Pd/carbon. N,N-Dimethylformamide
15  (DMF), N,N-dimethylacetamide (DMA) or N-methyl-2-pyrrolidone (NMP), preferably DMF,

serves as solvent.

Hydrogenation conditions are temperature 40-80°C, preferably 50-70°C, pressure: 2-90 bar,



During t he WoML®A4158ydr ogen chl oride is6forned which for RETAP2010/067884
conpound of the formula (VI1), i.e. the hydrochloride of the product

of the formula (1), in the reaction m xture. This hydrochloride of 5
the formula (VII) can either be isolated as HCl -containing product

and be cl eave BI}// a@ iti gﬁu of base to the crude product of the

formul a (1)PregRONP- VR BEdrogs-dedngenaing tme A-7d . Hasrbidclf hef or e t he

i solation, so that the crude product of the forrmula (1) is isolated
directly. AfidrWhoval of thecoatatist Hr fiativh) thd: {sQkdegpithted {vhﬁfcg-@)é%@&ﬂoﬂ@mferably
it is preferrtﬁ%ltoegllie veé/heagrglgut of, the formula (V] y

addi ti on of “THELHE1YPs BV ¥V AH FETRCH F SR My rixEs) of wiethaped & ethgaol and
product of wae. fornula (1) directly. According to the invention,

sui tabl e bases are all bases having a pKB which is higher than that

of the gonmpound of t formula (). appl es .whi ch y be nentioned
are: hydr gﬁf‘ sc?ntg’groggﬁé’fvggmé‘nﬁ bhﬁ@%‘ﬁ‘ﬁ@% SE?‘%ﬁga“ég‘%ﬁFrPh‘?%l‘é’ﬁgl hawipg L1 to 4
al kal i ne eamntbon mehal The fullbwinganayClenih&itidhdigbyovea Bf @xa&%&eﬁld b?{aﬂmi bréference:
triallcyl arnines Ftﬂaidines or am di ne ich

u ) ampl e .may_ be )
ment i oned APEIAIPh ERATOINTARTORAEY: HEPTORAGRl; ﬁ'ﬁ’ﬂtﬂ% Ptrb@ﬁeﬁ%}ltﬂbﬁt Thigqiqfiggtion also applies
hydr oxi de, to tei@}iQmicoyels m¢d Hareinba@si um hydr oxi de, magnesi um
hydr oxi de, cal ci um hydroxi de, strontium hydroxi de, barium hydroxide,

[ithium carlptlasngfsg, Ossrﬂgi gm car bonat e ot azsi um atr bona%e rubj di um
carbonat e, caedrURCEAY bIMATEOeniTIfe Rl it PRIEBOHSR 0T dbY AY(iageRalIoR cRrifreto the
st ront 10m qeeciyitatidne agndiabdistillarive acanaiabe)-8&edprofttadl AmBHTAtR: &knt present

pot assi um phas te...trialkylamnes havin traight-chain, cyclic or ,
branched CIP! &%Q %i f%/lwmrl 3@5%‘8%1351?"5331385 Ve ?I%O@Fmﬁﬁg’ﬁg‘i? F‘??eg‘ﬁéﬁli‘edpﬁé‘g‘-m- Itis
or am di negreférelf ®t@diog watednidhtig balidiheffistme BE HRsolventPrved the addition of the
triethylam ne it%rici,» prﬁgl){tl am ne, diisopropylethylam ne, ‘tributyl am ne,

di cycl ohexﬁe%phyii At S'cycl ohexyl di net hyl am ne,

cycl ohexyl di et hyl am ne, triisooctylam ne, tridecyl an ne,

tri dodecyl & mejst prodive xbidimed inathis manndVisirict yl areusplaly gnneDBider BBNed pressure:

25t U136 0L A 4y B AARS FLES: b AR v,

di i sopropyl et hyl am ne, DBU, DBN.
Reaction of the compound of the formula (VI) with methyl chloroformate (V)

The product of the formula (VI) is then reacted, for example, with methyl chloroformate of the

formula (V) in a novel pyridine-free process to give the crude product of the formula (I).

H
H,N 0] ' 'NJL ~Me
A H,N 0
/ NH, ~CH,
N cr” "o 7 N\y—NH,

=N
R formula v

l P /N - = A\

N N ] / IN
- o

: -
F
20 vD - (I) {crude product)

The solvents used for the reaction are C,-C,-alcohols, preferably ethanol, methanol, isopropaﬂol,

particularly preferably isopropanol.

The amount of methyl chloroformate is from 1.0 to 3.0 equivalents, preferably from 1.0 to 2.0



WO 2011/ 06 Y9GO1H064365 EP2010/ 067884 The 7sol vents used f or PEREP2010/067884

cl eavage are Cl-Cral cohols, preferably ethanol, nethanol,

i sopropanol , particularly preferably isopropanol. M xtures of the
abovenenti oned sol vents, e.g. isopropanol and netha?ol, irg alsg gsed
articularly preferably. The ampunt of base is from1.0 to 2.
gquivalent§¥m'?@?%Lﬁﬁ%gn??Bﬁmﬂ?TﬂP fosgly (YU arelavsd, based on 5 the

nmet hyl chl oroformate of the formula (V) enployed. Possible reaction

t enper at ur @essitde¢ rebdiien t@@etaiudds avd -5 ChgreRasy 13r5e°@- 100C, preferably
15-70C. The crude product of the forrmula (I) ishprﬁsegf EZ srspﬁnflon
and is isolated by filtration. Jt. .i.s.washe th the -CA- oha i
and dr ed s b bR shbtiod S RO BRI ¢ ot (VID, e
possi bl e t ohedrygrdchierideyafitheiroduct dthe forinhia (Hoiked @adtivh InixtiuR. THEhydrochloride of

i nt er nedi at,e. i sol,atd-on _and, t hen 10 rry out the reaction with the
base toggi &/}ée PRIZY] ecaBreg% t l%ia?‘?dﬁ‘é }fcg'rcﬂ{\_/ff“ﬁmF Ipfo.duﬁcﬂﬂa\c?&d,ea‘fefi byaddition of
preferred &eeos thenmde prothie of thy &miniie (), @it chObelldavidigy JMaRAH 6f baed evleR®efore the

formula (VL)) .but rather to car ut the reactiagn.with the base
direct| y( t (l)s%lfl% 5t F‘lujél% t?’? tiye° %P%%L%fttgeo{‘m?‘ﬂ%(li’BPWI?F‘%%(TFSJY' Reaction of

t he conmpound of the formula (VI) with dinethyl dicarbonate (VII1)

In a further process accdpding to the invention, the product ob the
formula (V1) is reactey-#tbvd5di net hyl dicarbonate fprnuléﬂ&yﬂll)Mgo
gi ve the crude pr ct/of Phe fornmula (1). This reactidfjNdoes nad®

require any base su ~NHOr exanpl e, pyridine. (V) (I C m@e
pr oduct) The sH ts used for this reaction are Cl- | cohol s,
pref erably et hanol, t hanol , i sopropk¥®l, 20particularly ferably

I sopr opanol .

I/\]064155-‘3I 9 -PCT/FP?2010/ 067884

(VID) (0 (crude product)

10 According to the invention, it is preferred to cleave the product of the formula (VII) by addition of

the base prior to the isolation and to isolate the crude product of the formula (I) directly.

According to the invention, suitable bases are all bases having a pKB which is higher than that of
the compound of the formula (I). Examples which may be mentioned are: hydroxides, carbonates
and phosphates of the alkali metals and alkaline earth metals, nitrogen-containing organic bases,
15 such as trialkylamines, guanidines or amidines. Examples which may be mentioned are: lithium
hydroxide, sodium hydroxide, potassium hydroxide, rubidium hydroxide, caesium hydroxide,
magnesium hydroxide, calcium hydroxide, strontium hydroxide, barium hydroxide, lithium
carbonate, sodium carbonate, potassium carbonate, rubidium carbonate, caesium carbonate,
magnesium carbonate, calcium carbonate, strontium carbonate and barium carbonate, sodium
20  phosphate and potassium phosphate, trialkylamines having straight-chain, cyclic or branched
C,~Cyo-alkyl radicals, and cyclic or open-chain guanidines or amidines. Preference according to the
invention is given to triethylamine, tripropylamine, diisopropylethylamine, tributﬁamjne,
dicyclohexylethylamine, cyclohexyldimethylamine, cyclohexyldicthylamine, —triisooctylamine,
tridecylamine, tridodecylamine, trihexadecylamine, N-methylmorpholine, DBU, DBN,
25  tetramethylguanidine, etc. Particular preference is given to triethylamine, tributylamine,

N-methylmorpholine, diisopropylethylamine, DBU, DBN.



The amount WP 496 di carbonate is frdm 1.0 to 3.0 equi PETER2910/067884
preferably from1l.0 to 2.0 equival ents, based on the conpound of the
formula (V1) enployed. Possible reaction tenperatures are 0-65C,
preferably 15-40C. The crude product of the fornmula (1)
preci pitat a is isolated by filtration. It is washed with the
BT Ol a1 oM SO W it i s Sl s B Aok PR Greslisgol Ssopropanl,
mar mer. | n gahRulaeppiefctiblwsdplopdhsEMiresireiny Do RateBtiorel Solbdnid e o BERHMEho! and
of the fOI’m,l|1_?. él%jr Ié obt ai ne g;rectgly. Further addition of base'is
t her ef or e rBYI4g P Al UseABPHCWMEIREERRY- | e. the reaction of the
conpound of the formula (VI) with nethyl chlorofonnate and subsequent
cl eavage ofThehsotnyt df b ksdtdntl £.0 08 2.0 Buitalentip@fcta¥lyl frondl Do 0.3 %6uiPlertd) Based on
reacti o§ ofththet ]lohco ound .qf .t he f&gnul'a V) with dinethyl
di car bortat d"SPFBH §RRro o Fe forgiley (Vy melpyethe” cr ude product of the
formula (1), so that the crude product of the formula (1) fromthe

t wo pr ocesSessifaradien tsqdranest fueths ea@ionwith &lic Hadd aré 080088 praferably 15-70°C.
pharmaceutically active conpound. Both processes are preferred

according t@.the inventiaon, .The canpound of the formula. (] an.form _
sol vat es orﬂg 0 \efjgﬁfngl%n?fgtg%ifoﬁﬁmgo@rlg PFSTHED SWB?“E’)‘?&?%Il%lsglggeprg’ﬁ'#ﬁﬁﬁf@", It is
et hanol -, ovasheslopthopa@el~dahbbdndidried wdbd rdddced pissutetin & Susioarehamer.

possi bl e, that, when the hydrochloride of the fornmula (VIl) is

Ceaned o RS B Bl APSR e YRR e

di car bdfat earra ogtche saetionf witththe Gise-tC4ial thoiatle podett a8 thedbiaid (1) HHowever, it is

obt ai ned. I be so. stahle that, .duri dryi th

crude. pr odbeg iR FRpERAL Bt hite GoL 8 hisa btk B sHptlala A et g o camy
and cl ear | yuntb¢ reegimb vethsiod basndire2ily to@siedheasydeipraiuct of die fexanmie, of the
Cl-C4-al cohol in question, thus remain in the crude product. On the

h hand, f | i ed
Cemper at ur eyl o BERRHEb Bl i BT abpeb TR ek VMY, ot o

of byproducts at tenperatures which are too high. Accordingly,
accordi ng thoatfigher pyasessiaoeprding kosthp riesfeatione thet prodirct of the fammthe(Viy Bdwadtted with

of theqgor ) ' he ..

For mil 4 (Ve kepb B SR e AR/ RS e LR SUAEPENHENT, B il fapiign cocs
di car bonat @oequregnbhse such esnerreatople pyfidingt nore than 110,

particularly preferably at a product tenperature of not nore than

100. Here, it is particularly preferred for any residues of o

Cl1- C4- al cohol pregent Nes solvate to remain in the crude pr OdHQtJE];@ M
the formula (1) &n o0 use the crude product of the formyha (IN" Mo~ €
this formfor prepdri Nihe i nt er nedi eitheforrmla(zl .

According to the i Ntion, Witth@{é/ G, preferencg) t NH,
crude product of the forrmula (I) 30coOntains 1sopropanol as dual
solvent in a ffa

fromO to 13% W¥IAYP11/ 064156-

- PCT/ EP2010/ 087 T N
N~ N .
0 o
F by
E
(VD (D) (crude product)

The solvents used for this reaction are C;-C,-alcohols, preferably ethanol, methanol, isopropanol,

20  particularly preferably isopropanol.

This reaction is not possible with the product of the formula (IV), i.e. with the trihydrochloride,

without the presence of a base such as, for example, pyridine.
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The crude product of the fornula (1) obtained in this manner is then
purified for use as pharmaceutically active conpound. In this
purification, the conpound of the forrmula (I1) is produced as

intermediate. 0 0 ' LO- Me.' NAcy MEH2N O NH221I1] NH2 v H3CS, Cl-13

To this end, et%“%tr#o‘émﬁtpgbaﬂﬁﬁr'\&(ﬂ%et‘?lg‘”fﬂo]r?nm &0(qapvplenty); reeferablydfrqmy 1.0 to 2.0
DVBO, if apguiogeitgbsseil bn thBeoRfREEH0ER: Rimaa PhBERBlopdt i cal |y acceptabl e
sinpl e solvent fromthe class of the ketones, ethers, esters or

al cohol s. anpl es of such sol ve whi ch may bhe nentioned are:
met hanol , ?t‘()ﬁséqﬁ%fe?mfﬁ PSBIEP Ao -525%9 Hﬁ%ﬁfﬁgﬁ,y‘%—(ﬁut anol , ethyl
acetate, isopropyl acetate or propyl acetate, butyl acetate,

tert-butyl Thetchyk petitenf theifbranpr@pydcithleind iaaeheady AwRkbY T i@t»\hﬁllled vlvith the
ket ones |_.isqbutyl ketone tc. Preference is given to ethanol,

i sopr opgngﬁ“l,ltaé{t Wy ‘Saarcle%[réetdélfia?%%%?e BT B B O cet at e, net hyl

et hyl ketone, nethyl isobutyl ketone; particular preference is given

to ethyl adethatreaction with dimethyl dicarbonate, the crude product of the formula (I) is obtained directly.

Further addition of base is therefore not required.

Both processes, i.e. the reaction of the compound of the formula (VI) with methy! chloroformate
and subsequent cleavage of the hydrochloride of the formula (VII) with base or the reaction of the
10 compound of the formula (VI) with dimethyl dicarbonate afford a comparable quality of the crude
product of the formula (1), so that the crude product of the formula (I) from the two processes can

~ be used in the same manner for the use as pharmaceutically active compound.
Both processes are preferred according to the invention.

The compound of the formula (I) can form solvates or solvent-containing solid forms, for example
15 methanol-, ethanol-, or isopropanol-containing solid forms. It is therefore possible, that, when the
hydrochloride of the formula (VII) is cleaved to the crude product of the formula (I) or when the
crude product of the formula (I} is synthesized directly with dimethyl dicarbonate, a solvate of the
C1-Cy-alcohol used as solvent is obtained. The solvate may be so stable that, during drying of the
crude product of the formula (I), it does not decompose completely, and clearly noticeable solvent
20 residues, i.e., for example, of the C;-C4-alcohol in question, thus remain in the crude product. On
the other hand, the crude product of the formula (I) must not be dried at temperatures which are too

hot, since it may decompose with formation of byproducts at temperatures which are too high.

Accordingly, according to the invention it is preferred to dry the crude product of the formula (I)
from the cleavage of the hydrochloride of the formula (VII) with base or from the direct synthesis
25  with dimethyl dicarbonate at a product temperature of not more than 110°, particularly preferably
at a product temperature of not more than 100°. Here, it is particularly preferred for any residues of
Ci-Cs-alcohol present as solvate to remain in the crude product of the formula (I) and to use the
crude product of the formula (T) in this form for preparing the intermediate of the formula (II).
According to the invention, with very particular preference, the crude product of the formula ()

30  contains isopropanol as residual solvent in a range of from 0 to 13%.
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added in an anmount of from 250 to 750% by wei ght, preferably from 350
to 600% by wei ght, based on the anmpbunt of the crude product of the
formula (1). If appropriate, activated carbon nay be added to this
m xture in unt f fromQ.25 to 25% by wej g referably from
0.5 to 10%@9‘1‘%@ ‘b%l'é‘g?jpliﬁ’ “‘Etﬁ’éﬂﬁrFBE'ﬂP“'B'fOftth“ef“E‘iﬂﬂﬁéI Jor oduct of the
formula (1). 20To forma solution, the mxture is heated to 40-120C,

pLef er Iabl y T5@- drﬁd};Cproﬂfﬁbtf(ﬁ'lrm &orglhﬂﬂ’ m%tblﬁﬂeﬁalhl ﬂilsafﬁlﬁﬁﬂf @E&n%@ﬂi@&tfor use as

the solutiaq tere iltration has to be carried out

i ndependent f/mgfeu\%\,ﬁaé@haeqweaﬁ???/oé‘?‘éd c%?isb%wf\?e&?naﬁﬁeaonaw%Pf thejgrmula (ID) is

2011/ 064156rodhted RGIérPANE0/ 067884 The filtration is carried out hot,

the tenperatures are 40-120C, preferably 50-100C. After the

filtration, a pharqua;fti cally acceptabl e sol vent, prmf erffabl y the

sanme solvent as ab i sy@dded to the hot filtra "L ,Meot al

anount of sol afilded®bef ore and gfter the filt %[ IS from125

to 300% by wei ghtj Nﬁferablgl 150H250% by wei ght, foa tbn t he ﬁ

DMSO. The additimwn t rrperature i 0C, pref eraH]J 5-75C. Priors,

to the isolation Nt he purifie SO|I of the formul 1), to HiQngCH

the precipit an{to conpletion, the mxture i ed to a

t enper at ur e |rangeof 0- 30C, preferably—o an a nt Menperature ofo

for exanpl e, —2pC. 10The isolation is carrie si ng custo 136 @H
%

i sol ation devices\sugh=as a nutsche filter or a cent
t he nother |iquor, troduct is, during isolation,
pharmaceutically acgep abl e sol vent, the sanme sol vent

preferrgd. The profuct of the forrrul a (Il1) obtained |ﬁ t his manner

can now be dri g@( ;nchme[ natively, be used in noist formconpri Shﬂg

sol vent residu | ng step. 15After the DVBO redissolutio

the producty 5&1 | dnaC@: Y Shi sihgerabl e anmou

of DNBO  DeSandi g Berepias Eied i B el i A EE DR GreBHRiah e
content is P€P§‘m§PI afnh@tmamtlt:@ly%%pb@alevwnghtsolv¢m fpmodmo:ﬂass mﬁtlerkehmvsa ethers,
been washedgvery dis. Hx ]%\@p %0 b The

r emai nder tO0 1000%% Vit %% Self%gthg%sek’ﬁmﬁ lD gnt one ar? h%etp%‘ro}nﬁﬂ&ml
(). At@or dontppsnol, tlkmlta@gkrﬁfbsiamloﬁhsdfacctthe mptqp@ll wbﬂaw cm@dopfyr Matehhutgr]\ﬁaate
redi ssol ut g&@b@%&l{gﬁ%ﬂ@p QIIQis %903?1 %O c%{oﬁé’ ll%{e%y? 681];1 lt(ert](?neg RS r1]sz(ii)butyl ketone,

t he fornmul a stru
etc. Preference is given to ethanol, isopropanol, ethyl acetate, isopropyl acetate, butyl acetate,

methyl ethyl ketone, methyl isobutyl ketone; particular preference is given to ethyl acetate.
It is also possible to use mixtures of these solvents.

15  DMSO is added in an amount of from 250 to 750% by weight, preferably from 350 to 600% by

weight, based on the amount of the crude product of the formula (I).

If appropriate, activated carbon may be added to this mixture in an amount of from 0.25 to 25% by
weight, preferably from 0.5 to 10% by weight, based on the amount of the crude product of the
formula ().

20 To form a solution, the mixture is heated to 40-120°C, preferably 50-100°C.

To form a pharmaceutically acceptable product, the solution has to be filtered, The filtration has to

be carried out independently of whether activated carbon was added or not.

The amount of the pharmaceutically acceptable solvent added prior to the filtration is from 50 to
200% by weight, preferably from 75 to 150% by weight, based on the DMSO.



formula (11YYO2MULHHNEg to the i nventiomlwhen purifying t RETARAII0067884
of the fornula (1), the DVBO- containing product having the
conposi tion of the conpound of the fornula (I11) is particularly
preferably isolated as a noist product or in a vacuumdried form

25The conpo, ngfgof t he formula
pure forma

It can be prepared in

BB o e T KR BRa 2056 ool B 00C

characterized analytically. W 2011/064156 O Hi ,NA 0, M NH20 | |
H3CCH3 0 HpAfBi3he filirhtichpal plearfsic@ditally acceptable solvent, preferably the same solvent as above, is

10

16

20

25

added to the hot filtrate.

The total amount of solvent added before and after the filtration is from 125 to 300% by weight,
preferably 150-250% by weight, based on the DMSO.

The addition temperature is 30-100°C, preferably 35-75°C.

Prior to the isolation of the purified solid of the formula (II), to bring the precipitation to
completion, the mixture is cooled to a temperature range of 0-30°C, preferably to an ambient

temperature of, for exampie, 20-25°C.

The isolation is carried out using customary isolation devices such as a nutsche filter or a centrifuge.
To remove the mother liquor, the product is, during isolation, washed with a pharmaceutically
acceptable solvent, the same solvent as above being preferred. The product of the formula (II)
obtained in this manner can now be dried or, alternatively, be used in moist form comprising

solvent residues in a boiling step.

After the DMSO redissolution, the product still comprises, even after washing, considerable
amounts of DMSO. Depending on how well the product has been washed, the DMSO content is
usually from 26 to 35% by weight. In products which have been washed very well, the DMSO
content is 27-31% by weight. The remainder to 100% is virtually exclusively the product of the
formula (I). Accordingly, the composition of the solid obtained from the DMSO redissolution
corresponds to a DMSO disolvate of the compound of the formula (I), i.e. a structure of the
formula (1I).

According to the invention, when purifying the compound of the formula (I), the DMSO-
containing product having the composition of the compound of the formula (II) is particularly

preferably isolated as a moist product or in a vacuum-dried form.

The compound of the formula (II) is novel. It can be prepared in pure form as described in the

working examples below and be characterized analytically.

For pharmaceutical use, the DMSOQ has to be removed from the DMSO-containing product of the
formula (II).
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pharmaceutical ly acceptabl e solvent fromthe class of the ketones,
ethers, esters or alcohols. Exanples of such solvents which may be 5
menti oned are: nethanol, ethanol, isopropanol, 1-butanol, 2-butanol,
ethyl acetate, isopropyl acetate or propyl acetate, butyl acetate,o
tert-butyl nmethyl ether, diisopropyl ether, acetone, nethyl ethyl

ket ones, nethyl isoR | .Meet one, etc. Preference is given to et O,Me
i sopropanol , dtNyl acetQt e, i sopropyl acetate, butyl acet at'd t hyl
et hyl ketone, ne igbut ylOketone. It is also possible to #s&y—NH,

m xtures of the
acetate or a m xt
pl ace at ref

sdl vent s. Phrticul ar_preference is gi v_en_td)\‘ etdyl
re of ethyl IlCacet atg%ﬂ{fgi{ h ethanol. Boiling

the solvent in question or, if approp
slightly el gvatjed ressure. 'Iﬁ‘ue tenmperature is 50-150C, preferdbly
70-120C. The o®ess accordipg to the invention offers nmatKe N
advant ages conpar &¢ thé'a(bri drart . Surprising was in parti cthg
that the formation a 5ol ati on of the conpound of the formula (

15 (free base) instéad of the conpound of the forrrulja (I?!)dl F )
(trihydrochloride) allowed the yield to be increased mar y, with a

si mul t aneous nar kedl yhﬁore sinple industrial practice (ﬁB%%?HQMOf
parts of the plant). The conpound of the fornmula (VI) can then be
converted iTo thisend)abeprofuct bilthe GorfuReIIp is0di @55eH ind ﬁﬁhrrgﬁblitlﬁéhlly acfceptabl? solvent
chloroformat e or di methyl carbonate into. t ound, of the for a
(1) These TegvBF o B ket MR8 Suergriapite SGABDIERR He: telvensaeing ey be
with m i muengxpdnse inethanot ushanyl, ifaprdpaghlt gl-euﬁﬁﬂ,cmbﬁﬂa:ﬁqlﬁ@thﬂ_}l’_ rﬁ]deﬁﬁltdﬂﬂsopropyl
solvent is required and. th i el bt ai ned are_ very high. e

product fofRed° PsP rloPPﬁta eit?e’g’gé'«la ?aies gqﬁ-buéﬂg?;&yég@erag}{sgp@gﬂ enrigeten methyl
be i sol at edtiwl kednmuad, nexdgpRotai Qetosd, etﬁ,@rb&reﬁdeﬁp%ieeﬁ tio lethen@d] | i@:ljhrqplaﬁoll,l &thyl acetate,
furthernore surprisin at the purifigcation r..pharmaceutj cal use .
{akes il acaoPiPRARRE b Bsho ol el Cttand gre ) i RRREerie i horeste o
sol vent andsd Mixturéshe tinsy adivennpativuthr @feférbire {safivanlta cthlll deeth® P REAIORDS ethyl

as a puxifie r t. By this step, all inpurities are renoved
except 'for a%%ﬁ?f”ﬁ%&“d‘hal WO 2011/ 064156- 13 - PCT/ EP2010/ 067884

amounts, so that, after the DMSO has been renoved by sinple boiling,

a highly piodingahlies plaeerat neflux Tifitke salvdnd in suagtaesnlif yppeapriatd) hfﬁ%?ﬂp elevated
very slight]| ell ow and t he Lytical ity (HPLC) is markedly

above 99% Blilegs\'}\%?'gh?t,em fﬁ%lf-?lf%‘ﬁgidr?’%&@fé‘h‘?ﬁgé%éfor phar maceut i cal

use.

The process according to the invention offers marked advantages compared to the prior art.
Surprising was in particular that the formation an isolation of the compound of the formula (VI)
15 (free base) instead of the compound of the formula (IV) (trihydrochloride) allowed the yield to be
increased markedly, with a simultaneous markedly more simple industrial practice (no acid-proof

parts of the plant).

The compound of the formula (VI) can then be converted in two novel pyridine-free processes with
methyl chloroformate or dimethyl carbonate into the compound of the formula (I). These novel

20  processes are very simple and can be carried out with minjimum expense-in industry. During the
reaction, no pyridine solvent is required and the yields obtained are very high. The product formed
is in this case present suspended as a solid and can be isolated without evaporation steps by simple
filtration.

It is furthermore surprising that the purification for pharmaceutical use takes place in particular by
25  redissolution in a DMSO-containing solvent and that the novel compound of the formula (IT) is

obtained as a purified product. By this step, all impurities are removed except for small residual
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production on an industrial scale. It 5 can be adapted flexibly to
exi sting apparatus in the plant. In a particularly preferred
enbodi ment, the product isolation is carried out in a nutsche filter

dryer, whereby handling o oljd with e .assocjated risk of )
cont am nat i a(S‘H’){‘PES’ Sﬁ%@it’d‘gﬁf. t{‘? Ihﬁgoﬁﬁf’ t"??éfe”b‘ﬁ’re% ¥HiPRle byilige.¢rhighlpppre solid remains.
enbodi ment , THid sdlideis pefidriliyCedldudBssofo dehe sieghtigl 6w AR theOdnatyfial fpﬂﬁfjﬂng‘LC) is
(I), the inte di ate%(jﬁ/sgl ation of the product of the forpula (I'l) is
carried out™" er@ FGYSTHRDY Wejelt Viieh is yry @fvanagenys i Bharmpcshifphyseof ¢ he
DMSO from the product of the fornmula (I1) isolated as an internediate

i n the nut stheerdcessteat beleayitad dus safdy feacRtcally tand¥1o8is a@Eddudtai dnl @Indtrial scale. Tt

sol vent st o t he nut filter. dryer with or w thout internediate .
Gy ng. Bt B B ARG Aoy o S B MR Ao Halich TR BFRSG) rmpogipent,
t he productthg prbjlucnisblatidnhie casabeait &t £autschs Kltafdrfed iR alidddAs of the solid with the
Experi nent aalssogaFt A%){ evti ations andd cronyns: abs. absolute

cat . cat al ytr RS CRMMBATYLS p¥9idefi n M) dday(s) TLC hin-1ayer

chr omat ogr aphy DMFdi et hyl f or mam de DVBQdi met hyl sul phoxi de

eeenant i ondniaciuekergsstichlady @edfertd- dnthodieient, onithkapuritivation f MDY crude product of the

ent enant| O%I%u an&f rtﬂe()lxrﬂgﬁﬁe&aalel 10140 Bf the product of the formula (II) is carried out in a nutsche
10 filter dryer. Subsequent removal of the DMSO from the product of the formuia (II} isolated as an
intermediate in the nutsche filter dryer is carried out by direct addition of solvent to the nutsche

filter dryer with or without intermediate drying of the product (II). This avoids open handling of the

solid of the product (II) with the associated risk of contamination.
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chr omat ogr aphy- coupl ed nmass spectronetry % by wei ght per cent by
wei ght hhour (s) HPLChi gh-pressure, high-performance liquid
chr omat ogr aphy conc. concentrate LC- Msliquid chromatography-coupl ed
mass spectronet.r i nm nute(s) MSmass spectrometry NVRnucl ear
magnet i c re@éﬁ%%@%gétrorretry Phphenyl retention index (in TLC)
retention tine (in HPLC) Riroomtenperature v/vvolune-to-volune ratio
(of a sol utAlshrpviatipregué a¢tsnymgueous sol ution

abs. absolute

cat. catalytic

CI chemical ionization (in MS)

d day(s)

TLC thin-layer chromatography

DMF dimethylformamide

DMSO dimethyl sulphoxide

ee enantiomeric excess

EI clectron-impact ionization (in MS)

ent enantiomer/enantiomerically pure

eq equivalent(s)

ESI electrospray ionization (in MS)

GC-MS gas chromatography-coupled mass spectrometry
% by weight per cent by weight

h hour(s)

HPLC ‘high-pressure, high-performance liquid chromatography
conc. | concenfrate

LC-MS liquid chromatography-coupled mass spectrometry
min minute(s) |

MS mass spectrometry
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the invention, but the invention is not limted to the exanples.
Exanple 1

Preparati onof 211- (2-fl uorobenzyl)-111-pyrazol o[ 3, 4-131pyridi n-3-y11l-4
, 5, 6-pyrimygdine- triamne VI%}SIn a pressure autoclave, 1100 g of

t he compou the for mi*&a®{ aﬁet\ﬁé?sgn@%sﬁéﬁ@?&“?n 5.4 1 of DWF. 44
g of a conventional water-noist (about 50% 5% Pd/carbon catal yst
wer e added,Phand t he seal g@Herglit ocl ave was, after inertization with
nitrogen and application of hydrogen, hydrogenated at a hydrogen
pressure ofp 65 bar and aqagqﬁer gi.tﬁﬂgﬁrature of about 60C for about
18 h. After ‘cooling to about 25€, 9% g and inertization, the

aut ocl ave content was renoved, rinsing with 10 650 m of DWMF. Three
of such redbtions carri edetentioniime (in¢iPS&he manner were conbi ned, the
old catalyst was filtered off, the filtercake was rirnsed wwth 1.11 of
DMF and th iltrate was ed under reduced pressure to about
one third g¥fits mass. Sﬁ%@@%ﬁﬁgéﬂﬂf 8.25 1 of nmethanol and 8.25 1 of
water were netered into the residue of about 6.5 kg, to bring the
crystallizaffon to conpl eplupssto-v¢leme tatip éofisoltia was cool ed to about
5C and the solid was filtered off and washed with nethanol /water (1:1
vol). The pgpoduct was driggodd »pRbas4BERE, F €duced pressure. The wei ght
was 2415 g, which corresponds to 91.8% of theory. The content of the
target product of the formula (VI) (free base) was >98 area% or >97%
by weight. The nost significant inpurities were DVF (about 0.8% by
wei ght) and water (about 0.5% by weight). 20 Exanple 2 Preparation -of
t he crude product of nethyl _

4, 6-di am no-2-[ 1- (2-fl uorobenzyl)-114-pyrazol o[ 3, 4-b] pyridi n-3-y11-5-
pyri m di nyl carbamate (1) 3063 g of the conpound of the fornmula (VI)
and 30.71 of technical grade isopropanol were initially charged in a
reaction vessel. Wth stirring, 1641 g of dinethyl dicarbonate were
metered in at 25 20-25C, and the mi xture was stirred at this
tenperature for 22 h. The precipitated product was filtered off with
suction, washed with industrial grade isopropanol and dried at 95C
under reduced pressure. The wei ght of the product obtained was 3748 g
or 105.9% of theory. The crude product of the fornmula (1) contained,
inter alia, about 4.7%of isopropanol virtually unrenovable by drying
(partially, an isopropanol solvate was present), and the anal ytical
content was 89.5% by wei ght 30(HPLC). Based on this content, the
yield was 94. 8% of theory.
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Pr epar ati onof 2-[ 1- (2-fl uor obenzy1l) - 1H pyrazol o[ 3, 4-b] pyri di n- 3-y1] -4,

5 6-pyrimdine- triamne (VI) In a pressure autoclave, 300 g of the
conmpound of the formula (I111), 1600 m of DMF and 60 g of 5

wat er - noi st...,Rane ickel . e initiall]y charged and, after

et zat i oFhe iothpsy By alflifee i for hsio oot b Do et misod o gherexampls.
hydr ogen pressure of 65 bar for 18 h. After cooling and venting, the
old catal ydixamgde filtered off and rinsed with 100 mM of DW. The
filtrate was concentrated under reduced pressure to 530 g, and at

35-40C, 75 . t hano th r cooli at, .0- 750 m |
of wat er Wg,r%%%% %ﬁd 0flnt g—[ﬁ&gﬂ@gg&gﬁ@%ﬁwg 0] (ﬁ[%gW‘fjf"l'%gla'éé’%?if"‘m‘d‘“e‘
and dried dariabi@ (Yider 10r educed pressure. The weight of solid of the
formula (VI) (free base) was 219.7 g or 91.8%of theory. Exanple 4

P i f f th .

2, 6rd an nan 3.t SpistEeD QLA B8 TSN of e forpui G0, org stppepdpt jn 841 of
pyri m di ny RMFHnmelet dohyentiGahwater-waist (about G@% 554 Pd/arbbn kaalpd wekeidded, and the
d of . W\E initiall 1 4. 25 f
" sopr opanolEE AR uklrlndfEl Dk ko R AR oy o BYostin g Fegpacea
of met hyl e@hhygragtn pressvee wiefchar abd an Stteraalytemperayre o tabsue G0 f@\eB6utal 8 h. After

period of j i NS i of [,s0 anol , and the xture .
hes. sti rreqoamedn dbhB2s Y g efe hellinfn, WESRERER Ruter i 58w e win
3.85 118f 960 mAnbPMEnd 606 g of triethylamine were netered in with
stirring at 50C, rinsing with 450 m of 20 nethanol. The m xture was

then stirr t : - and stirrned faor 1 h

The. sus pendarreen "vatont et Rl babelnfof domiita e S8 ol e e
in each ca%é the(flteragke waorimsed sith | 1i Intesf112MB |and e lfjlirate cvas neremiated 13d& rdduced
of i soprop . . LSt..pro s.dried C for
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Preparation o

{4, 6- di am ©O>%%% by @Right. Tbe whgnigpificart ihppitieawaledNAF bbhtilys% di meight) 30d water
yl I pyrim di(%bﬁt‘d’&‘%%?%%ﬂﬁt e sul phinyl di rethane (1:2) of the formula

() 4 3

20  Example 2

Preparation of the crude product of methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo-
[3.4-b] pyridin-3-yli-5-pyrimidinylcarbamate (T}

3063 g of the compound of the formula (VI) and 30.7 1 of technical grade isopropanol were initially

charged in a reaction vessel. With stirring, 1641 g of dimethyl ‘dicarbonate were metered in at
25  20-25°C, and the mixture was stirred at this temperature for 22 h. The precipitated product was

filtered off with suction, washed with industrial grade isopropanol and dried at 95°C under reduced

pressure. The weight of the product obtained was 3748 g or 105.9% of theory. The crude product of

the formula (I) contained, inter alia, about 4.7% of isopropanol virtually unremovable by drying

(partially, an isopropanol solvate was present), and the analytical content was 89.5% by weight
30  (HPLC). Based on this content, the yield was 94.8% of theory.
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fine-pored filter and slowy, with stirring, allowed to cool to RT
and then to 10C. The precipitated solid was filtered off, washed
three tines with a total of 1.21 of ethyl acetate and dried under
reduced prgssure at 50C for 20 h. The weight was 1382 g. Taking into
account the ¢OMent of the compound of the fornmula (1) enployed, this
corresponds to 91.2% 5 of theory. The solid contained 27.4% by wei ght

(GC) of HVERPeparatidi’. 698 by 2l {(23forObinlzgl)-1 Hpykdvelof 34 pyhidinos-yi] 35, 6-pyrimidine-
formula (1) Am‘fell jcally, it thus corresponded to a HWVSO bi ssol vate
I

of the forrfal 11-1-NMVR (500 MHz in DVF-d7): d = 2.58 (s, 12H,

4 CH3 at DMSO), 3.65 (s, 3H, 0-CH3), 5.89 (s ,2H -CH2-), 6.33 (s,
4H, 2 - NH2)In aplesure Butqelde, {0hg Glhe chomponiatfito: fomatla (I} 1600 hliof DIFERzY 160 g of

subst it gent C i .. Ng. e tq the pyrido . nitrogen), .
.0 (5, 1 AR b Teliel il WarlFd Sy st PR g e aT b mema
pyri do ni t regesmture@f 4B C(agd a hiddogeatpréshee pisi telofor il By Afkr acdliag ah®vdnying, die old
nitrogen). SIS - 49.49 culated C. 48. 92%
15 H:g 5? 5 (%Qaﬁigteggsihl(;/?@@h* And nnsécp %ng 180 rnj]r of %ﬁﬁafhe gilgate was concentrate8 under
reduced pressure to 530 g, and at 35-40°C, 750 ml of methanol and then, after cooling, at 0-5°C,
750 mi of water were metered into the residue. The solid was filtered off and dried at 50°C under
10 reduced pressure. The weight of solid of the formula (VI) (free base) was 219.7 g or 91.8% of

theory.
Example 4

Preparation of the crude product of methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo-
[3,4-b] pyridin-3-yl]-5-pyrimidinylcarbamate (I)

15 In a reaction vessel, 1.50 kg of the compound of the formula (VD) were initially charged in 14.251
of isopropanol, and the mixture was heated with stirring to 35°C. 531 g of methy! chloroformate
were, at a steady rate, metered in over a period of 30 min, rinsing with 750 ml of isopropanol, and
the mixture was stirred at 35°C for 16 h. The mixture was then heated to 50°C and 3.851 of
methanol and 606 g of triethylamine were metered in with stirring at 50°C, rinsing with 450 ml of

20  methanol. The mixture was then stirred at 50°C for 1 h, cooled to RT and stirred at RT for 1 h. The
suspended solid was filtered off with suction, washed twice with in each case 3.01 of
isopropanol/methanol (4:1) and once with 3.0 1 of isopropanol and sucked dry. The moist product
was dried at 50°C for 1 h and then at 100°C for 22 h in a vacuum drying cabinet. The weight of the
product obtained was 1.793 kg or 103.3% of theory. The product of the formula (VI) contained

25  6.45% of isopropanol virtually unremovable by drying (partially, an isopropanol solvate was
present), and the analytical content was 87.9% by weight (HPLC). Based on this content, the yield
was 90.8% of theory.

Example 5

Preparation of wmethyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-
30  yllpyrimidin-5-yl}carbamate sulphinyldimethane (1:2) of the formula (IT)

1230 g of a crude product of the formula (I) prepared analogously to Example 2 (content 89.1%)
were dissolved in 15.0 1 of ethyl acetate and 6.6 1 of DMSO at reflux (about 85-87°C), and the hot
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accept abl e nethyl 4, 6-di am no-2-[1-(2-fl uorobenzyl)-
1H pyrazol o[ 3, 4-b] pyri di n-3-y11-5-pyrimdi nyl carbamate (1) 207.1 kg
of the product of the fornmula (1l) were suspended in 171.6 kg of

ethyl acetate .and 42 kg, of ethanol d the m xture was stirred at
reflux (i s "“’f‘se8 (kR lopeh S scher i Te) 5}06‘93’:2’6“&?““?&@%%%%@@?% RT and
was cool ed then |@T1080dTHel predipimtbdablid whd Hltaed bif,0Rash@Ntirde tEned MAGUC fot MRS 1.21 of

washed four i wth in each case 12.2 of  ethyl acetate. The :

b oduct wast DA SRR RS e B ari ik af e IO iR adh i dpoh g Taking

expel the entoykcamoethatetenantitht bemponig bf B detthata (Y)&%ap@'ybd%dhiblﬂ&%ﬁpond_s tol %1.2%

reducedgpr essure at .50C untjl_ | nmas i onst ant . e vyie

of pur espr oogﬁl%:ef) ry()f% ﬁ? Igﬁoeh%fCSIrlt%?(gbd% %Mselgi'f éﬁ%’fwséi% %2'?’ﬁ@8t“ﬁ??gh¥'ﬂ€”~c) of

content of thdrenngroontlict theviiamniar(®. AtedyticA/oid thidl do}respod¥3d26 & WNISE babolvak® of the

- PCT/ EP2010/ 06?8@6 Clains 1.Process for preparing nethyl

{4, 6-di am no- 5[ Z(2-fluorobenzyl)-1H pyrazol o[ 3, 4-

b] pyri di n-3-yl ] pyrimdin-5-yl}carbamate of the forrmula (1),

char act er i ZBeNMR (§0(aH2 iff DMFRL): _ _ _

fluorobenzyl) - 1H pyrazol o 3, 4- b] pyri di n-3-y1]-5-[ (E) - phenyl di azenylip

yrim dine-4.6; 58 (s, 12H, 4 CH at DMSO), 3.65 (s, 3H, O-CHy), 5.89 (s ,.2H, -CHy?), 6.3 (5, 4H, 2 -NH)),
10 7.05-7.39 (m, 5H, 4 aromatic H at the o-fluorobenzyl substituent and 1H at the pyrido ring meta to

the pyrido nitrogen), 8.0 (s, 1H, -NH-), 8.60 (dd, 1H, at the pyrido ring ortho to the pyrido

nitrogen), 9.13 (dd, 1H, at the pyrido ring para to the pyrido nitrogen).

Elemental analysis:

found C: 49.4% calculated C:48.92%

15 H: 5.2% H: 5.18%
N: 20.0% N: 19.84%
Example 6

Preparation of pure pharmaceutically acceptable methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-
1H-pyrazolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate (I)

20 7.1kg of the product of the formula (II) were suspended in 171.6 kg of ethyl acetate and 42 kg of
ethanol, and the mixture was stirred at reflux (internal temperature about 73-74°C) for 20 h. The
suspension was cooled to RT and filtered off with suction, and the product was washed four times
with in each case 12.2 kg of ethyl acetate. The product was then washed twice with in each case
12.2 kg of water to expel the ethyl acetate, and the moist product was dried under reduced pressure

25 at 50°C until its mass remained constant. The yield of pure product of the formula (I) was 4.3 kg or
84% of theory. The content of the product was more than 99% (HPLC).
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and in that 241-(2- _
fl uorobenzyl) - 1H pyrazol o 3, 4-b] pyridin-3-y11-4,5, 6-pyrimdinetriamn
e of the fornula (VI) is isolated without internediate formation of
salts. 2. Preﬁ‘ess for preparing mnethyl
{4, 6-di am o= 2o - (2-fl uorobenzyl)-1H pyrazol of 3, 4-
b] pyridin-3-yl]pyrimdin-5-yllcarbamte of the formula (1),
charact eri zedli n Rrbeess 2fof 1p¢2uing methyl {4,6-diamino-2-[ 1-(2-fluorobenzyl)-1H-pyrazolo[3,4-

10f | uor obenzy1l) - 4 .4- rhdin-3z2y1l.-4. 5, 6-pyri m.dinetriam

i ne ch)f t he fZ )c/)r aruljﬂgb)?@fr?%?gﬁ{r%é%flg] ' b?im%f Oﬂé’tek‘iffnhgt{go%f%ﬁﬂ%ﬁd n Gt e
t he fornul ah( I\/) oifuohibentiylyd Haysrazdiof%t-bipmadis-3ol]-1-{(B)-pienyitiagen¢ W vrinidine-4,6-

t i t S . . ) .

4. 6-di a no- 241- (S OF the Somarla (P s Sjoarsth Py poselutic hysinecation ang i thet 21-C-
15pyr! m di nyl car lfﬁwmbenzwl‘)-lﬂiazrifzolo-[ﬁf,ﬂf-a]pyﬂidin—\zL}dﬂl—éaS,ﬁLp?ﬁxdidﬁE&ifaﬁzﬁﬁ of the formula
reaction route. - uri fyi.ng.metk

{4, 6-di ami no- 241%(‘@‘%) %ﬁ%%%&”@%%"?x E‘)t‘?“ffv—él%g f%%’i“}é’[%f,sa&t-s-

1Thyridin-3-yl]pyrimdin-5-yl}carbarnate of the fornula (1),
char act eri zed2i n Rrpeess tfhe pepadeg pmediylc t {49f-dibmino iidfAnckobdnzy I ReH-pyrazolo]3,4-

formula (1) is di ed b0 dinethyl  sul phoxide an he resul ti.n

methyl {4, 6-di ambﬁ%@f}z{t‘?@}?&uﬁﬁéB’?ﬁ%@ir)“giﬁf %f/r?%nzn \gcﬁf)s‘?’&f-aﬁﬁe‘b%ﬁdi“a?fﬁf 312
20 yl1P¥rini di n- Sluptoberayhd Hetyszalo[3phbInytidia-AodFehe pirimidinewhmidseof the formula
formula (11) is R@ﬁhg&g&e g the dinethyl sul phoxide is subsequently
renmoved by boiling in a pharmaceutically acceptable solvent. 4.

Met hyl

(4, 6-di ami no- 241- ( 2> fiheiy] oblereformyte dfthp foramlel(¥) &, 4- b] pyri di n-3-yl byrir

ni di n-5- yllcarbamate sul phi nyl di nethane (1:2) of the formula WO

2011/ 064156- 20 - PGT/ £EREAHNMIBERBG otthe fo%ulla\lgf_iﬂ)

to give methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-

15 pyrimidinylcarbamate of the formula ()) via a pyridine-free reaction route.

3. Process for purifying methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-
b]pyridin-3-yl]pyrimidin-5-yl}carbamate of the formula (I), characterized in that the
crude product of the compound of the formula (I) is dissolved in dimethyl sulphoxide and
the resulting methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[ 3,4-b]pyridin-3-

20 yllpyrimidin-5-yl}carbamate sulphinyldimethane (1:2) of the formula (II) is isolated and
the dimethyl sulphoxide is subsequently removed by boiling in a pharmaceutically

acceptable solvent.

4. Methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-
yl}carbamate sulphinyldimethane (1:2) of the formula
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{4, 6-di am no- 241- (2-f | uor obenzyl) - 1H- pyr azol o[ 3, 4- b] pyri di n-3-yl | pyri

m di n-5- yl}carbamate of the fornmula (1), obtainable by the process
and/or the purification according to any of Clainms 1 to 3. 56. Useof

met hyl {4, 6- di am no- 241- (2-fl uor obenzyl)d 1H pyrazol o[ 3, 4- b] pyri di n- 3-
ylipyrimdin-5-yl}carbamate of the Hornqula (1), obtainable by the
process and/or the purificatior,lf ccoNdi @/P sany of Clains 1 to 3,

for preparing a medi canent for ¢ eat nent of cardi ovascul ar

di sorders and erectile dysfuncti%f‘ba'“”z I

(1.

5. Methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-
yljcarbamate of the formula (I), obtainable by the process and/or the purification

according to any of Claims 1 to 3.

5 6. Use of methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-
yllpyrimidin-3-yl}carbamate of the formula (I), obtainable by the process and/or the
purification according to any of Claims 1 to 3, for preparing a medicament for the

treatment of cardiovascular disorders and erectile dysfunction.



