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The invention furthermore relates to a process for purifying the crude product of the compound of

the formula (1) for use as a pharmaceutically active compound, where, for purification, methyl
10 {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-3-

yl} methylcarbamate sulphinyldimethane (1:1), i.e. a compound of the formula (IT)
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is isolated as intermediate or is generated as intermediate in this purification process, if appropriate

15  present in a mixture.
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(Vi) @ )10 female sexual dysfunction, osteoporosis, glaucoma, pulmonary hypertension, gastroparesis and
incontinence.
The preparation of the compound of the formula (I) and its purification are known in principle.
WO 03/095451 describes the preparation of the compound of the formula (I) by the route below.
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Here,initially241 -(2-fluorobenzyl)-1H pyrazolo [3,4-b]pyridin-3-y1l]-5-[(E)-
phenyl di azenyl ] pyri m di ne-4, 6-di am ne of the formula (lI11) is cleaved by

catal ytic hydrogenation, 5 and the resulting trisam no conpound is isolated
as 241-(2-fluorobenzyl)- 1 pyrazol of 3, 4-

b] pyri di n-3-y1] - 4, 5 6 m)yr d| netri a1mwﬁ¢]r| hydrochl ori de qf thePformula (1V).
This trihydrochl ori gn Mt eact ed ¢ thyI chl or of onr?at ,M¢e formul a
(V) in the sol vent p ine to give nethgVi H,N
4, 6-di am no- 241- ( 2- fllluo\ BAzy1) - 1H pyrazol o[ 3, 4- b] pyri di n-/3- X
pyri m di nyl car bamat e Nhe formula (V) Al ternatively, dChem 2009, 4,
853-865 10 describes/that the trisam no corrpound is isolategd as
trihydrochlorid 'Re HCl-free base is then ggnerat N\extraction with
aqueous NaHCO3 sol.uti and the free base is reacted th rrei\'hyl chl or of or mat e
of the fornula (W in thI ol vent pyr PRt o gi ve the wonpiiund of the fornula

(VI). The conpound of grmula (VI) is then reacted with i odi de of
the formula (VII) in thekppesence of a base to give the crude ct of the
conmpound of the formul& (1). The crude product 15 of the conmpound of the
formula (1) is purified according to the experinental procedure of Exanple 8
of WO 03/ 095451 and the conparabl e description in ChemvedChem 2009, 4, 853-865
by triturating the crdd® product with dichl orormet hane/ THF, i ntler medi at e

i solation of the product triturated wi th dichloronethane/ THF by filtration,
boi l'ing the g0l ated s@liffywi th rretzt[@@g)_huc,lbggng}l;m?gjp?;agolb[gqllglg);rgqh glg,glﬁ’[@)sol id

boiled with methanol by filtration, dissolution ture

of di oxane, PhFRilisEBtiEYHaiincAkidiamig2f dic Prnwlndhisekarddyoriahtichydpemaiey bon,
renoval gf the tﬁ&trbeﬁﬁingdtrgﬁﬁﬁaerbo%o&ﬂdl b @stola% b nqughakdesaLau . wazcﬁ@[but e,
concentration of Itered solution to ‘ré%/lness trituration o lid
concent r at e&]ny@dww&éé Grveimidipetidmiae | triBuireghioside of oft h@esofmauﬁn@&} at BlaSw. th
fret hanol by ufﬂ& dIvcfcﬁfoh@é‘ 1saﬂlgn (réh@ied%ﬁlcfn'eﬁ cﬂl&o%@ngé/o@gﬂéﬂﬁﬁuhr{ﬁ&ﬁ% €o18erPr
ChemvedChem 2009, 4, 865, but objec Iy required) dryin Alternatively,
a crude prodyEdinoser gtVﬁemetéWp&Marém#t{é (3 gp(prgbe@zy(l) }H@éiﬁé@?iﬁ ediditg3-glvness
can be puri flgagid lﬁ%ﬁqaﬁé' &t ds %ﬂﬁﬁﬁﬁi @&I'téﬁ?au%wo@ﬁéxﬂ%(ﬁm&iﬁ b9, HPLEGY 865 - 4 -
This synthesis and the purifications have a nunber of disadvantages which are
very unfl@vouesssbes tha thegrsanprueamooand is ésalatedas rndeahlarideng dediGHese bawiisthes tr ue

.especi al l'y fg@ﬁerét@k?b{%éﬂla@&dn%ﬁl@ﬁqﬁe&% NAHE@A TR0k PR e Bgsclif tAvEd QahlnRkide of
the formul a ition of hydrochloric acid requires an aci d- pr oof

i ndustri al ﬁ&l@mfomawcpfﬁh?efowéq @)ow th@ relvant pyyiding te givg therpompaundios fhacf@rawiﬂ &®: 3% of
theory (see,TheRohPbund ekl f@vmu@‘@ffPISQhéﬁe&fted\mtlpéétgﬁEﬁ}tﬁaé of tﬂ@?orﬁlﬁlﬁl(\/ﬁﬂﬂ Qo of
the reaction of the trisam no conpound of the fornula (1V)
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conpl et e evaporati on the reaction mxture, which is di sadvant ageous on an
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probl ens such as sticking-on or thermal deconposition ow ng to the

subst ant i al Ituragdgeith ¢ @famethmeéféﬂ? i elffftrafione deding rihe dsobandr pdid with ragthagol,

relatively |1§tEx§L’1%d§:Fe31Ec§atm-ﬁhﬁ {RoLih 6l vRith ﬁ@th&ﬁ&?bf’ﬁﬁ&%ﬁ dbothte Jrafdmhia i Y1)
accor di na to the experinental procedure from WD 03/ 095451 by

boi i ng2Pn dristupef deaxpes: dichlgmefigae @@ﬁ%ﬂt@é?hw}@ ra¢ss g wh prtiagles camac gwEalet t he
hi gh flammabjd échyat&f ca%oﬁquﬁtra%t)ﬁ'ﬁﬁough Iﬂle§el,§ﬂ@ Br Eaite, Q&qc@ﬁ?&hbﬁ@ﬁh@ﬂit&ed’@oﬁdﬁon

i ncreased industrial 15expenditure. However, particularly di sadvantageous are
the purifi cde idemessr t;é'ergts@@ﬁ‘ the S@Wecqaﬁf@éréw@)ﬁ%éru'é@ss otitht methangl, dgplagioy jof thepgelid

effective pl{ﬁ{ufétgda&ritmnéﬂ%néi EP%ﬁ}ahbﬁ) aﬁd ot CHéé’cn'BQc{‘ if %0 H$69835@in Example 8 or
phar maceut i cal active conp ound describ urification via RP HPLC, i.e.

t he chronat c@e idE€hgs £PE% éa&5ﬁt$ﬁ5 bius olaeqtlaﬁibrrwm drvdngh ddiernatiielys a shide BIoReH of
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preparative chromatography (RP-HPLC).



20 stated yield of only 29% for the synthesis step to the crude product of the
formula (1) and its purification is very {ow. The alternative preparation and
purification method is very conplicated. It conprises a total of 5 isolations
of solids (Z,concents &E'tﬂé‘@mtfﬁat%@é/ﬂ%%% R eSoff didabid Rl ien, A0 9ery AReAbIRRLY
nmenti oned above; concentrations to dryness on an I‘ndastrial “scare are very

unf avour abl dor stlitdvgeielreslizatwmen adange yialgTlouts tae etperinlalior dit eplation efihdigsangfio 5
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pharnaceutlca? y active conpound on an | strial scale’ls very
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i ndustrial scal'e and Ich supports an active conpound 1 n high yiel d an
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i nt er meddat eofsiderabtel pnblets sahtas stitiOd/bil by thermal decomposition owing to the substantially

hi gh

longer thermal stress when a reaction is carried out on a relatively large scale. The purification of
the product of the formula (VI) according to the experimental procedure of 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

15 expenditure.

However, particularly disadvantageous are the purification processes for the crude product of the
formula (I). An effective purification is a conditio sine qua non for use as a pharmaceutically active
compound. The described purification via RP HPLC, ie. the chromatographic purification, is a
laboratory method, the realization of which on an industrial scale is very expensive. In addition, the
20  stated yield of only 29% for the synthesis step to the crude product of the formula (I) and its
purification is very low. The alternative preparation and purification method is very complicated. It
comprises a total of 5 isolations of solids (2 concentrations to dryness and 3 filirations), and, as
already mentioned above, concentrations to dryness on an industrial scale are very unfavourable.
Altogether, when carrying out a chemical step, a number of 5 isolations of solids for the
25  preparation and purification of a pharmaceutically active compound on an industrial scale is very

disadvantagecus.

Accordingly, it was the object to provide a simplified process which is safe and can also be carried
out advantageously on an industrial scale and which supports an active compound in high yield and

high purity in pharmaceutically acceptable quality.

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



- The preparation of the conpound of the fornmula (VI) is carried out using
met hyl chl orof ormate or di nethyl dicarbonmate as reagent in a pyridine-free

process - 6 - The conmpound of the forrmula (VI) is converted in a nanner
known per se using a nethylating agent into aocrude product of the fornula
(1); the purification of the crude prodbg®. off thg.formula (1) for use as
phar maceutically active conpound is eanrle ou V|a t he conpound net hyl
(4, 6-di am no- 241- (2-fl uor obenzyl) - 1Fpr Io , 4- bl pyri di n- 3-
yl Tpyrimdin-5-yllnethyl earbamate sul phyj ¢ hane (1:1), i.e. a conpound of
the formula (11) as isolated |nterned|at generated inamxture 0 H3C
Cll H23 N NH2
TR
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F.'
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and its purification for use as a pharmaceutically active compound. This novel process and the
purification of the crude product of the compound of the formula () differ from the processes

5  known to date in the following points:

- After catalytic hydrogenation of the compound of the formula (1), the trisamino

compound is isolated as the free base of the formula (VIII} without intermediate formation

of salts
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=
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- The preparation of the compound of the formula (VI) is carried out using methyl

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



0 11 S, Else CH3 By virtue of these differences, it is possible to overcone

t he di sadvant ages of the processes known t®-date and to obtain an active
conmpound in high yield and high purity and pharnaceutically acceptable
quality. -7- Catalytic hydrogenation of the coppound of the formula (111) The
first step of the process according to the iHve tiqa begins with a catalytic
hydrogenati on of the conpound of the fopmula )} © (VI'11) (free base of
the formula (1V)) 2

N/ Ny—NH,
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- The compound of the formula (VI) is converted in a manner known per se using a
methylating agent into a crude product of the formula (I); the purification of the crude

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

formula (II) as isolated intermediate or generated in a mixture

O
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By virtue of these differences, it is possible to overcome the disadvantages of the processes known
to date and to obtain an active compound in high yield and high purity and pharmaceutically

acceptable quality.

The process according to the invention for preparing the compound of the formula (I) and the

15 purification via the intermediate of the formula (II) are described in detail below.



This may be carried out in the presence of Raney nickel or industrially
customary Pt/ carbon or Pd/carbon catal ysts7-Preference is given to Pt/carbon
and Pd/ carbon. N, N-Di net hyl fonnam de (DWMF), N, N-di net hyl acetam de (DVA) or

N- net hyl - 2- i r es as sol vent.

Hydr ogenat i %E%g#léﬁﬁ?%émg@edff%;%& a uégf@gﬁgﬁé?é@@éf erably 50-70C, pressure:
2-90 bar, preferably 5-70 bar, of hydrogen, hydrogenation tinme: 1-72 h,

pref erabl y 3hg6rshstep ofAht procasernsordingdd the hevertitndlegiss witlya tatalyicalyidegenatipeoiph®duct
is precipi t%&ﬁﬁon‘hﬁ%ﬁh@fc@nﬁg(ﬂﬁ] cohol, preferably nethanol or ethanol, and/or
water. Preference is given to’a m xture of nethanol, 1 5isopropanol or ethanol
and water. In the context of the invention, a CI-Cl-alcohol is a

strai ght-chain or branchefi"al cohol having 1 to 4 carbon atons. The follow ng

may be nentioned QYNWayN—’d*f exanpl e and by way of prefer enceg ymet &nol ,
et hanol , n-propanof,\igopropanol, n-butanol and tert-butanol” 7 S finition
al so applies to the -GN cohol s cagiehieseitabetrew, 201t is gl so pogsible to

renove sone of the s nt prior %E;ﬁgfﬁ@f%¢%Taﬁ?W ation, a partiafFNdistillat ve

removal of 0-80%~preferably 40-70% of the solvent is in dance with the

invention. - 8- eant i on of t re—eompound—ef—the—for nul I(yll,r)l wi t h net hyl

chl orof ormate (Wn o product of the formula (MII1) is then"reacted, for
exanpl e, with nmethyl ehl/6Tof onnat2PEFPEREFGPMIFa (V) in a nov i di ne-free
process to give the prodg of the fornmula (VI).

F F

5 (IID) (VIID)
(free base of the 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
(DMF), N,N-dimethylacetamide (DMA) or N-methyl-2-pyrrolidone (NMP), preferably DMF,

10  serves as solvent.

Hydrogenation conditions are temperature 40-80°C, preferably 50-70°C, pressure: 2-90 bar,
preferably 5-70 bar, of hydrogen, hydrogenation time: 1-72 h, preferably 3-36 h.

After removal of the catalyst by filtration, the product is precipitated from a C,-Cs-alcohol,
preferably methanol or ethanol, and/or water. Preference is given to a mixture of methanol,

15 isopropanol or ethanol and water.

In the context of the invention, a C,-Cy-alcohol is a straight-chain or branched alcohol having 1 to 4
carbon atoms. The following may be mentioned by way of example and by way of preference:
methanol, ethanol, n-propanol, isopropanol, n-butanol and tert-butanol. This definition also applies

to the C;-Cs-alcohols used hereinbelow.

20 It is also possible to remove some of the solvent prior to the precipitation, a partial distillative

removal of 0-80%, preferably 40-70%, of the solvent is in accordance with the invention.

The moist product obtained in this manner is dried under reduced pressure: this gives the product of

the formula (VIID) (corresponds to the free base of the formula (IV)).



(M) The solvent used for the reaction is a Cl-C4-al cohol, preferably

et hanol , nethanol, isopropanol, particular§y preferably isopropanol. The
anount of nethyl chlorofonnate is from1.0 to 3.0 equivalents, preferably from
1.0to 2.0 Ly al w%y I 2@ (W1 11) enpl oyed.
10Possi bl e ?%g%‘%b?‘é’ﬁ%ﬁp ?ﬁ?gge g’?gm%ft 5 193!;&%1?32%!; ?/&EJSI?HSOCMDJH ng the
reaction, hydrogen chloride is forned which forns a conpound of the fornula
(DC), i.e. tlheprguetetriedeimga of L) ethey tadet fgrexpmeles Bifnaethyl aporofommaty pfethe
reaction mogine (v SaREQAHERc-Bbe bbs OrdmdliRe (B¥kt AR Bihhervipe isol ated as
HCI - cont ai ni ng product and be cl eaved by addition of base to the product of
the formula (VI), or it can be cleaved by addition of base even before the

i sol ation, 15so that thg product of the formula (VI) is isol aq‘edd@i rectly.
(IX)(VI) - 9 - Adggrding to the inventimn, it is preferrﬁzg t oNctegvie t he
product of the fornufa H, by addition iof the base prior e isolation and
to isolate the freeNpasé of “the formulf (@) directly. Accol(I/diFr Mg t he

i nvention, suitable hases are all bases having a pKB which i gher than that
of the conpoun e formula (1). Exan‘ps[;)es whi ch may be nentioned are:

hydr oxi des, carlbonat ed - i

N N
- “
F -
F
5 (VI (VD

The solvent used for the reaction is a C,-Cs-alcohol, preferably ethanol, methanol, isopropanol,

particularly preferably isopropanol.

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

equivalents, based on the compound of the formula (VIII) employed.
10  Possible reaction temperatures are 0-75°C, preferably 15-50°C.

During the reaction, hydrogen chloride is formed which forms a compound of the formula (IX), i.e.
the hydrochloride of the product of the formula (VI), in the reaction mixture. This product of the
formula (IX) can either be isolated as HCl-containing product and be cleaved by addition of base to
the product of the formula (VI), or it can be cleaved by addition of base even before the isolation,

15  so that the product of the formula (V1) is isolated directly.

=N base =N
~ N H—CI - ~
| LN | N
N NL@ N/ N\\D
F F

IX) (V)



5 and phosphates of the alkali netals and al kaline earth netals,

ni t rogen-contai ni ng organi ¢ bases, such atrial kyl am nes, guani di nes or

am di nes. Exanpl es which nmay be nentioned are: |ithium hydroxide, sodium

hydr oxi de, g&ﬁﬁlﬁ%% An T s dfréfglréa' tH VRO Yoot of AE SbrMahYA 18 dddRion of
magnesi um hydr oxi ci um hydroxi de, strontium hydroxi de, bari um hydroxide,
l'ithium car mmat@rloswdhmmlétmnmﬁ@tl@latf)@ﬁé@gP@Prpfttﬁ? Esmale VD diigstldli um car bonat e,
caesi um carbonate, 10 magnesi um carbonate, cal cium carbonate, strontium

carbonate a t QitalfIO PAsLiMR AR SRRAL A BN IO LA RS iy M%amadtef
trial kyl am n&gg&%v@g%{@g@ht ftg hai rf cryc lic or l;r anched Cllclg% al ky

radical s, atht copppind erthfbfﬁ‘@ﬁul% ﬂétlﬁi‘a@l]]ﬁﬁi*v&lché%ayd’ﬁ 3R IO CA S8 hﬁ‘%*‘%‘?se%@nates

according tq, efo ﬁ'é\t/e‘;s' r3)'(1"'t ki Igété(lg Bnd RAxdine @bAY hﬁfﬂsnﬁﬁro%ernldaﬁ@ﬁﬂgad?gdﬁ% bases,
di i sopropyl et uty am ne, dicycl ohexyl et hyl am ne

cycl ohexyl diswt awndlﬁlwe1nes;;gmmﬂ1@swrem&mﬁsl Brmmdes Whish Sap8% pealiange are: eium
tridecyl am 'ﬂ??] %18% g%?glﬁ'y hﬁ{{b;ﬁ&‘e ﬁo'l’:a'sﬁﬁﬁ ﬂﬂ@ﬁn&ld@%{%@dmﬂ% Hyﬁltomdk MedeRAl hy¥eoxideBU,

DBN, tetrame I ne; Particul'ar preference is given to

triethyl ani mgnqsmmbdwgmoam nealmrumu Bsloaxidsy | sEeRpIR Y AOXIdR: AETHY IhreopEel Hikm pey,
DBN. The anm Pefb RaRmH 'c§rb$r{a9=,m éEtaquhQ gar&n?cgukd@&@rﬁt SrboRbt8f edehy chrb@ie]l . O to

15eqU|vaIents ased on the rmethyl | or of or mat e of theforrrula(\/)
enpl oyedd 20@Pgsssivyl earperatet |0@iﬁlume¢?ﬁ@nétﬁu$t@§m%rca’fbﬁéﬂt‘? astt PHMFAPPrEe SHUHER are

0-100C, pref ﬁ%ﬁmté( ah® p%glgmulﬂ_ %oﬁﬁlﬁkguﬁfal]&fanﬁﬁ'é@ Hann@lgtr@ﬁﬁtVJh)am' %ﬁ@fce&eﬁﬂandhed

suspensi on I's isolated filtration. i s washe e Cl-C4-al cohol
and dried urfdého- mlbﬂu&@lqoﬁ@hcgeh@rwneracl@wewﬁw rapyiines. Preferppce acegudipg {9Re of

the Conpounqmgﬁn&lhqs f@@é}plt@ Ml fanind tap%ﬂ%mel GEAERRB i) tribﬂtyeanﬁwt her

process according to invention, the product of the formul a (VIII
reacted wit rdlqiplnmxmwhYMW bm&ﬂl@iﬁlmﬂhﬁalﬂl@@mﬂﬁb{lwl‘%@y&lni‘}%e -t HESIOFRETERS: of

the forgyl a u(l%é %]mm&'%,' Sk éc;yla%edOQFihé}Q&ecﬁl@ﬂHl'er e NeRYihPasehsed assuf opBN,
exanpl e, pyrl e. Il The sol vents used for this reaction_ are

C1- C4- al cohattemepyishariel ,y eist r%@ﬁmu ar piprefEened | isi 8P opatisthylgaiRg | EbRiianjne,
preferably 'ﬁ?&%&&gxfkﬂﬁﬁamme, N-methylmorpholine, DBU, DBN.

The amount of base is from 1.0 to 2.0 equivalents, preferably from 1.0 to 1.5 equivalents, based on

the methyl chloroformate of the formula (V) employed.
20  Possible reaction temperatures for the reaction with the base are 0-100°C, preferably 15-70°C.

The product of the formula (VI) is present in suspension and is isolated by filtration. It is washed

with the C,-C4-alcohol and dried under reduced pressure in a customary manner.



The amount of dinmethyl dicarbonate is from1l.0 to 3.0 equivalents, preferably
from1.0 to 2.0 10equival ents, based on tHh&- conmpound of the formula (VII1)
enpl oyed. Possible reaction tenperatures are 0-65C, preferably 15-40C. The
product of HR LM Qo fbundVr 8 1Bih Ak chitlh §inicBR atceeholdtelk) tration. It is
washed withkt?ﬁgfogl- CX g#'gohnol and dri em%er redeggled pressure in a customary

manner . In the reaction wth dinmethyl dicarbonate, th oduct .of. the
formul a (VI 4 §urdbt osretawPidEetp yhe inugntpp g Proeie of B 1 “ﬁf’a‘g’éﬁfgs A Y e not

required. BaihuRi @EA5GER oftheGorntlE0N SRELE 08 pridudiie e asmauYToThit hactardotd a
(vitl) wth nethyl chlorofonnate and subsequent cleavage of the hydrochloride
of the fornmdtaequBepnypashsushase [ examppe, PEaERs on of the conpound of the formula
(VIT'1) with dinethyl dicarbonate afford a conparable quality of the product of
the formula (VI), so that the products of the formula (VI) fromthe two
processes can be 2QuseNHin the same manner for the further co y\pd&i Oflei Nt 0 t he

product of the foF (l%h" Both processes @re preferred fagcor ingQo the
ou IF

invention. The co 2 the fornulal (V) can, form sol vatFsSN\
sol vent - cont ai ni ng Nd forms, f&hCex nol -, et haNol -
i sopropanol -containifg solid forns. It is therefore possible,
hydr ochl ori de gf fornula (1X) is cle@ed to the pra f the formul a
(VI) or when the uct of the formula (VI) is synthes| ze INrectly with

di met hyl dicarbdhatey a sg|vate of the 5 Cl-C4-al cohol™y§euNas sol vent is
obt ai ned. The sol vatﬁe so stable that, during drying of r oduct of

at, when the

the formula (M), it d ot deconpose conpletely, and clearly i ceabl e

sol vent residues, i.eF, for exanple, of the Cl-C4-al cohol in question, thus
remain if the product of the formula (VI). On the other hand, the product of
the formula (VI) nust not be dried at tenperatures which are too hot, since it
may deconpose with fosmmfion of byproducts at tenperatures wivoh are 10t oo

hi gh. Accordingly, according to the invention it is preferred to dry the

product of the fornmula (VI) fromthe cleav of .t drochl.ori.de of the
formul a (1 X)Theiselkensagsed & t%lﬁ SHFERTY CEet Cég’fﬁ H’éeéﬁ”rsl’?wh‘%?{l"gi%}}aﬁ%lr lS%‘?"?:%‘E'r“Elonat e
at a producCtyafiieiRey sefef8lyafopRPhnddr e than 110, particularly preferably at a
product tenperature of not nore than 100. Here, it is particularly preferred

for any residues of 15 Cl-Cl.-al cohal .present ,as sol vate L0, t

product of tH& af”BP?fu?fadSL?i?fL)’l %?ngotnﬁtelﬁg%fnhgsﬁ? 8%&% 8 %fq’h‘per%lggpﬁu%a{g ¢ \9{‘30 iﬂﬁ this
f or m f onQpr epakilags, bied b thecomptivad ef it fdrela{'GHhuhaloyéd.) or the product of the
formula (1). According to the invention, with very particular preference, the

product of the fornula (VI) cont a%ﬁ;%(ﬁlgﬁr%ﬁ)aﬁ%ooes residual solvent in a

range of frdiFeP't AL RSP T 1& corpound of the formula (V1) 20The

product of the formula (VI) obtained in this manner is reacted in a nmanner
known per sethefpadduct of the formula (VI) precipitates and is isolated by filtration. It is washed with the

C,-Cs-alcohol and dried under reduced pressure in a customary manner.

In the reaction with dimethyl dicarbonate, the product of the formula (VI) is obtained directly.

15  Further addition of base is therefore not required.

Both processes, i.e. the reaction of the compound of the formula (VIIT) with methyl chloroformate
and subsequent cleavage of the hydrochloride of the formula (IX) with base or the reaction of the
compound of the formula (VII) with dimethyl dicarbonate afford a comparable quality of the
product of the formula (VI), so that the products of the formula (VI) from the two processes can be

20  used in the same manner for the further conversion into the product of the formula (I).

Both processes are preferred according to the invention.



exanpl e in accordance with one of the descriptions in WO 03/0945451 or
ChemvedChem 2009, 4, 853-865, with a nmethyllati ng agent Me-X to give a crude
product which contains high anounts of the conpound of the formula (1). - 12

- The net hylati n - j i e i nvent | ' hyl

i odi de, di n’e@hyclgglgﬁlglgh%ftg,% Bt %?V?Bﬁaﬁﬁﬁéﬁﬁ’gﬁ%n‘éﬁ éav%g g?d,tﬁ‘\gﬁ%gr’rlemt]ﬁdﬁs’r%&i de
or di net hyl esamhphatethand-, sthefiady, oetopPpanpfoptritiemsobfl fedvs. B iutherefronessibleothat, he
conmpound of 4 R i i I ct of
the for mi a Ly ded R Aphdlorn RERIERT o G NPt B BB cPBr ol AmE 3R BN T
this end, i nhapraducyof the firnplar(®@D)iis syinthesed ditecibhwith dineihys diedrgnatene selvaie of the he
conpoundgof A he lJ Lt ' - hi s
end, t he5cr lﬁitetgﬁlcg ucts‘?do%S T h’gﬁ]ﬁ So?%ﬁ%ﬁ?ﬁ% grlhgmedrlng%g% %Oe%@ynﬁ%ﬁg%&%w%%gﬂg%r iate
in the 10 pmesiericd thé famphafihdededs oat Hscompesploatpletelsi aup | céeagdp Inviéaseblé sament he
class of the_ ketones, rs, 0 h ; 0 ts
ahi oh ey bEHREIandd Gy ity of RrEiC bl Wlefion HATRAEM ) up Ul ae

2- but anol , dbimpla ¥deCattes othgdpnd helpravet dtle fomylr OFymustoet et dried buemperaiurss at e,
tert-butyl t hyl - di r I :

ot hyl 1 Sobort e PEAS st SRPERRA ok oA fors RS A EoroTiG M oo iros RN

et hyl ad@t attenhiglsopr opyl acetate, butyl acetate, nethyl 15ethyl ketone, nethyl
i sobutyl ketone; particular preference is given to ethyl acetate. It is also

Accordingly, according to the invention it is preferred to dry the product of the formula (VI) from
the cleavage of the hydrochloride of the formula (IX) with base or from the direct synthesis 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
15  (C,-C4-alcohol present as solvate to remain in the product of the formula (VI) and to use the product
of the formula (VI) in this form for preparing the intermediate of the formula (II) or the product of
the formula (I). According to the invention, with very particular preference, the product of the

formula (VI) contains isopropanol as residual solvent in a range of from 0 to 13%.
Methylation of the compound of the formula (VI)

20  The product of the formula (VI) obtained in this manner is reacted in a manner known per se, for
example in accordance with one of the descriptions in WO 03/0945451 or ChemMedChem 2009, 4,
853-865, with a methylating agent Me-X to give a crude product which contains high amounts of

the compound of the formula (I).

H @)
‘NJL ~Me NHsc\N"[Lo/Me

H,N o H,
WNHZ WNH
N Me-X N 2

~
I N = | A
ZN b A
N ase N N
F F

25 (VD) (I) (crude product)



possible to use m xtures of these solvents. DVMBO is added in an anmount of from
100 to 750% by wei ght, preferably from 1502to 500% by wei ght, based on the
anount of the crude product of the fornula (1) enployed. | f appropriate,
activated cafboRuRYinpeaddRIxXtRed M fclidicd Wathi the MVeAMRAUL tncdfy] fdd@®) @indthyt 0 35%
by 20wei ght, preferably fromO0.5 to 20% by wei ght, based on the anount of the
crude producelpkite, mgdy f@}wsalpbqnﬁtee%l@Qwrhﬂ@d%épml@e@& tohesa s eefersd xture i s

heated to 40-120C, preferably 50-100C. - 13 - The anpunt of the
phar maceut i @alif¥an R PiakhE HRUHART mtbmbouldordfidiolhan )0 DVBO, is added to
the solution of the crude product of the forrmula (1), i.e. used prior to the

filtration, is from25 to 200% hy wei ght, preéera ly Grom_40 t_?ﬁéOO% by

vei ght, basd@cYANEHE BREOYErRR e f1PdR PEIUFs O e fEButD HYtPuritiEd fe Mife it ur es
are 40- 180Cphpraéatianl Mcth@-cbRB6nd A theenti Ngititilly, tarmdikiu@is f@mbd IHIFRCOULIhCEN Y
acceptabl e solvent, preferably the sane sol vent as above, is added to the hot
filtrate. TRPEUHBE!fhg compquad th‘?‘/%f‘sff"élll‘%l*i 905 B 8fd4te product of the formul a
(I'l'). The total anount jof solvent added before and after thepfiltration is
from 200 to 1500%i$y Wi g pref erably 400-1200% by wekght [ baggd on the
DMVBO. The addi tjjqn t¥mpepatire i s 30- H10C, pref erabl §,N35- 90C. 010Prior to the
i solation of thé (d %i ch containslhigh amounts of tféxcoppound qf the
formula (11), to ring e precipi hatTogHt o conpletionN th mXture Il s cool ed
to a tenperature rgabe of 0-35C, preferabfy to an anbie "{enper@t@rr &f, for
exampl e, 20- 30¢, ? °

N =
e By "
F F
(I) {crude product) (1)

To this end, the crude product of the formula (I) is dissolved in DMSO, if appropriate in the
10  presence of a pharmaceutically acceptable simple solvent from the class of the ketones, ethers,
esters or alcohols. Examples of such solvents which may be mentioned are: methanol, ethanol,
isopropanol, 1-butanol, 2-butanol, ethyl acetate, isopropyl acetate or propyl acetate, butyl acetate,
tert-butyl methyl ether, diisopropyl ether, acetone, methyl ethyl ketone, methyl isobutyl ketone, etc.
Preference is given to ethanol, isopropanol, ethyl acetate, isopropyl acetate, butyl acetate, methyl
15  ethyl ketone, methyl isobutyl ketone; particular preference is given to ethyl acetate. It is also

possible to use mixtures of these solvents.

DMSO is added in an amount of from 100 to 750% by weight, preferably from 150 to 500% by

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

If appropriate, activated carbon may be added to this mixture in an amount of from 0.25 to 35% by
20  weight, preferably from 0.5 to 20% by weight, based on the amount of the crude product of the
formula (I) employed.

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

To form a pharmaceutically acceptable product of the formula (I), the solution has to be filtered.

The filtration has to be carried out independently of whether activated carbon was added or not.



The isolation is carried out using customary isol ation devices such as a

Nut sche filter or a centrifuge. To renove l8he nother liquor, the isolated

mat eri al i s, during isolation, washed with a 15pharnmaceutically acceptable

sol vent, theyg %ﬁﬁurﬁ%‘ﬂﬁrﬂhaﬂﬁlc%ﬁ?ﬂﬁ/ .'Q:@ép‘f%laosroﬁfeﬁtr \Krﬁ% uﬁlécﬁ‘ionttBQ)I\%@QS added to

redi ssol ut| on, e isolated materi‘al contains high anounts of 1pr oduct of
the formul a tlid sojutiop of e drude oredusinagithe oS, ist ueh @rigr @db%ﬁlt@fl% helrpEZnita (1)
may al so us f vate with DVBO

Al so possi b:igb%?y%ggﬁ%‘ gt&nﬁ%kﬁ%ﬁb%? ngopeg%@%%hta&%ﬁ@gﬁgggt oi chionetry or the
formati on of solvent adducts with no fixed 20 stoichionetry. Moreover, DVSO
may al so be The&§wten issaniaberingt. froiemnestaps a0y nrefsmplyal- l%ﬂent The
content of DVMSO in the isolated material is usually from10 to 25% by wei ght,

preferabky lgrel don1AGSR radﬁ}fagngcgutfcglﬁ/ éc@éﬁ%ﬁe' s@ﬂrentt fvl@feFHbBQHQ SanffsolvB& af abavd]ia (11)

is particularly preferably formed in the formof this mxture and used for
preparing t [édgdir heibeidiippipoitretts t“r?é;rfséﬁuﬂﬁ?dl% ‘(flﬂ)e prodyeied the fgeidt IBf t he
formula (11) obtained in this nmanner can now be dried or, alternatively, be

used in noi SthekQiIM RN IsSIvED 28R \8fdte ARSIBUES filtiatiéh ls&aﬂezdortg 1E0080pARdighine
precipitation sol vent conversion into the purified product of the

for
formula (1) Preferabl Eﬁ%&ﬁﬂ%@qul%qaﬁﬁdr?ﬂltl&?mw is novel. It can be prepared in
pure formas described in the working exanpl es bel ow and be characterized

anal yti cal | yrhe additldh temperatli@ i$ 30- 5l 08D GuefbiiBly psodiect of the fornula (11) or the
i sol at ed mxture conprising high amunts of the product of the formula (I1) is

b0|Ied| har maceut i cal | tabl e s ent fro the cl ass.of .t

ot ones Dt HBPL ssarisngs sRhfSRe Cosbuifrabomonn Gl SEruR 8 Bh AT be
ment i oned art@ bm@thb@mlmtatednhamempletlagmmﬁnmé is choldit@n OImpe2nbetapobf -ty
acetate, isopro acet or pro cet at acetate, tert-butyl nethyl
ether, dii sch HE&Y)W 1en5§?@?%ﬁtgpey°r¥e$ﬁwmggh%}ﬂh<ét one, nethyl isobutyl
ketone, etc. Preference is given to ethanol, isopr opanol, et hyl acetate,

i sopropyl acek atceatlohuts ylarra@ edua tueing lmﬁth[ylhrye‘tsdigtlonk@tvtame sudiredshy INutssbb ity ok et one.

It i I
t s also F(’:%?tfc‘xhi el‘o remch)ve the mother liquor, the isolated material is, during isolation, washed with a

15  pharmaceutically acceptable solvent, the same solvent as above being preferred.

After the DMSO redissolution, the isolated material contains high amounts of the product of the
formula (IT). In addition, small amounts of the product of the formula (I) may also usually
precipitate directly without forming a solvate with DMSO. Also possible is the formation of
solvates of a different stoichiometry or the formation of solvent adducts with no fixed

20  stoichiometry, Moreover, DMSO may also be present in unbound form as an adhering residuval
solvent. The content of DMSO in the isolated material is usually from 10 to 25% by weight,
preferably 12-17%. According to the invention, the product of the formula (II) is particularly
preferably formed in the form of this mixture and used for preparing the purified product of the
formula (I).

25  The product of the formula (II) obtained in this manner can now be dried or, alternatively, be used
in moist form comprising solvent residues, i.e. adhering DMSO and the precipitation solvent(s), for

conversion into the purified product of the formula (I).

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

working examples below and be characterized analytically.

30  For pharmaceutical use, the DMSO has to be removed from the product of the formula (II) or the

mixture comprising high amounts of the compound of the formula (IT).



10m xtures of these solvents. Particular preference is given to ethyl acetate
or a mxture of ethyl acetate with ethanoll4-Boiling takes place at reflux of
the solvent in question or, if appropriate, at slightly el evated pressure. The
tenperature is 50-150C, preferably 80-120C. The process according po the
invention offers mackeqi advantages conpared to the prior art. A5 Burprising
was in particul an th Bec"ldl rect isolation of the corrpounq_mf the fasrntl a
(VII'1) (free bas thout internmediate formation of the conp t he
formula (1V) (tri Tﬁlﬂzorldeﬁ allowed the yield to be increggse kedl y,
with a sinultaneoll rkedly nsre sinple industrial practice (‘weNacid-proof
parts of the plant The cd'i:ﬁoun‘a"sof t hepdiing b kavetVI 1 1) C t hen be converted

in novel pyri ree processes wth—20 pethyl chlogof e di met hyl

carbonate intld the Eonpound of the formula (VI). These n ocesses are

very sinple anti call be_carried out with nini num expense in“indystpy, After the
reaction, the produc the formula (VI) is present suspendedol id and
can be isolated wtho evaporation steps by filtration. The yield#btained is
very high. It isdurthernore surprising that the purificatiof of the crude

product of the formulaqyl) for 25pharmaceutical use takecsp)qh € Brolfetpar ticul ar
by redissolution in a E)IVBO contai ni ng solvent m xture an at "t he novel
conmpound of the formula (I1) is obtained as an internmediate in this ste -

15 - if apprloghis sed therpredugs ofitha formla HDgR tsrhsed TishEe caprishe iekpgguntapf the

i mpurities c’f,&ﬁiu&edf%ef@m%ﬂ&egtls ﬁ&red mkﬁm{ﬁ%@lﬁm a® ycné &1@9&&9% clAf beme t he
DVBO content has been renopve e boiling, i/ pure solid of the

formul a P1) keenes gehersThjtys §5|aiq9¥<?1§ %@ﬁ@kﬁquwu@bﬁﬁm%wc anayelsy meptiqyrd (agE:
yel I ow and %aﬁ&a%bﬁﬁﬁdiaisoﬂ%ﬁahél}’ 1 (ERLSE) 2ib8tah@T lstﬁphl yceﬁteovs%pl%gyﬁ) até}e'taféeér%é ] whi ch

is very 5advant ageous for arnmaceuti cal use. rocess can be carried out
saf el y  t echriFeat: Jutdmgetate] ubylpv%&@ﬂ}eesrﬂlwrawhe Lcetpag, masEtall sthy] ketengy pe

adapt ed f 1 exjdalyy idoBui§ikedddeNdc. %%feﬂéeuﬁ gnr&ntt@%thaﬁmgeprégana Elﬁ{rltdc&h'tleafsbﬁfo yl
preferred embodinent, in the purification of the crude product of the forrrula

(1), the i ntaé‘?t%d’i’léfflea"?@@l &Fthdh oyl keienep stk isobty} keoteotints| Aso( PIsyiblrtogre t he
M Xt ur e160NMRLik St % QD QIR Priefat fEfefRPPRWIENRD e alelidyl & nlikibde drSethy!

acetate with ethanol.

Boiling takes place at reflux of the solvent in question or, if appropriate, at slightly elevated

pressure. The temperature is 50-150°C, preferably 80-120°C.

The process according to the invention offers marked advantages compared to the prior art.
15  Surprising was in particular that the direct isolation of the compound of the formula (VIII) (free
base) without intermediate formation 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 (VIII) can then be converted in novel pyridine-free processes with
20  methyl chloroformate or dimethyl carbonate into the compound of the formula (VI). These novel
processes are very simple and can be carried out with minimum expense in industry. After the
reaction, the product of the formula (VI) is present suspended as a solid and can be isolated without

evaporation steps by filtration. The yield obtained is very high.

It is furthermore surprising that the purification of the crude product of the formula (I) for
25  pharmaceutical use takes place in particular by redissolution in a DMSO-containing solvent

mixture and that the novel compound of the formula (I) is obtained as an intermediate in this step,



1 0 carried out in a Nutsch filter dryer. Subsequent renoval of the DVSO from
the product of the fornula (I1) isolated-d8-an internediate in the Nutsch
filter dryer is carried out by direct addition of solvent to the Nutsch filter

dryer with of, ﬂo%ﬂ&ggnéﬁﬁﬁﬁrg%gh@ﬁ Br 51y1bﬁE9B?fth1§ fep, @[l%bﬁﬁtleQEretré}ﬁ'o\fe@%ﬁeé%@foﬁ 11).
Thi s avoi ds open handling of the so product” of the fornula (H wth

t he associ atagll Fsisialgimagpiat wrih#atticsme DMS@GCONGEXIﬁ?é rpRelsEarcdolit $implsHio8¥Ral i ons

and acrony C tdsC e (
dday(s) TLONE e 3’?%?%%?@8‘? @%Méoﬁé ik ‘ﬂy b herb B il @No ey é\@“ly

sul phoxi de e@éwaml e pRadytissl crgisy ek tsr BAkedp Aeeva B 2t Meihl |W%HCNJB}5 very
ent enant 5 omeR/,GRaMk AFShiGAdNcPie eqequi val ent (s)

The process can be carried out safely technically and allows a production on an industrial scale. It
can be adapted flexibly to existing apparatus in the plant. In a particularly preferred embodiment, in
the purification of the crude product of the formula (I), the intermediate isolation of the product of
the formula (IT) or of the mixture comprising high amounts of the compound of the formula (II) is
10  carried out in a Nutsch filter dryer. Subsequent removal of the DMSO from the product of the
formula (II) isolated as an intermediate in the Nutsch filter dryer is carried out by direct addition of
solvent to the Nutsch filter dryer with or without intermediate drying of the product of the formula
(I). This avoids open handling of the solid of the product of the formula (II) with the associated

risk of contamination.



ESl el ectrospray ionization (in M5) GC- Msgas chromat ography-coupl ed nmass
spectronetry % by wei ght per cent by wei ghtléhhour (s) HPLChi gh- pressure,

hi gh- performance |iquid chromat ography conc. concentrate LC-MSlIiquid

chr omat ogra;ﬂ 2SQuRLed fass spectronetry minmnute(s) MSmass spectronetry -
17 - NMRnucl resonance spectronetry Phphenyl retention index (in

TLC) retention tine (in HPLC) RTroom tenperature
Abbreviations and acronyms:

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 electron-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
cone. concentrate

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

MS mass spectrometry



v/ vvol unme-to-volune ratio (of a solution) aqg.aqueous, aqueous solution - 18 -
The exanples below illustrate the inventi-diA; but the invention is not limted
to the exanpl es. Exanple 1 Preparationof2-11-(2-fluorobenzyl)-1F1-pyrazol o
[3,4-b] pyridipn-3-yl]-4,5 i | ne- i.am [11) 5In a pressure

aut ocl ave, ?ﬁ%% g of the 8@%%%ﬁh%kg#ﬂgﬁgh%€$%%?§e 1) were suspended in 5.4 1
of DMF. 44 g of a conventional water-npoist (about 50% 5% Pd/carbon catal yst
wer e added, Pand t he seal edhawlt ocl ave was, after inertization with nitrogen and
application of hydrogen, hydrogenated at a hydrogen pressure of 65 bar and an
i nternal tegperature of apgﬁﬁw§g§%; ut 18 h. After cooling to about 25C
venting and I'nertization e aut ocl ave content was renoved, rinsing with 10
650 m of DWF. Three of such reactions carried out in the sane manner were
conbi ned, tRe ol d cat al ysteteusgn filng {ia HEHCHf f . the filtercake was rinsed with
1.11 of DVF and the filtrate was concentrated under reduced pressure to about
one third ofgqits mass. SugcgRSSh ?&hﬁm 8.25 1 of nethanol and 8.25 1 of water
were nmetered into the residue of about 6.5 kg, to bring the crystallization to
conpl eti on, the suspension 15 was cooled to about 5C and the solid was
filtered of and washed w'eHPAEI-HAIHBE Fafiatd spltiamyol ). The product was dried
at 50C under reduced pressure. The weight was 2415 g, which corresponds to

91. 8% of thegry The contg@koﬂja@@@m@@ﬁgﬁt product of the formula (M11) (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
Preparati on of nethyl

4, 6-di am no- 241- (2-fl uorobenzyl)-111-pyrazol of 3, 4- 14pyridin-3-yl1l1-5-

pyri m di nyl earbamate (VI) 3063 g of the conpound of the formula (VIII1) and
30.7 1 of technical grade isopropanol were



initially charged in a reaction vessel. Wth stirring, 1641 g of di nethyl
di carbonate were netered in 25 at 20-25ClI8and the m xture was stirred at this
tenperature for 22 h. The precipitated product was filtered off wth suction,

washed th nd
pressure.  TRECGSTREo RS STRIRRARR Rlthelbl Tl MPhuhISE ERRNATR.
The product of the fornmula (1) contained, inter alia, about 4.7% of

i sopropanol Exampled | y unrenovabl e by drying (partially, an isopropanol solvate
was present), and the anal ytical content was 89.5% by wei ght 30(HPLC). Based

t hi | d . :
2T FOnSE it 1100 AR SRty RS S

i di ne- triarinmine\¥ID) |1 n a pressure autoclave, 300 g of the conpound of the

formula (111), 1600 mM of DWVF and 60 g of 5 water-noist Raney nickel were
initially Cfi@aq)?&sﬁygumaé\leef1dorge(§ftth@@arﬁ¢wmd Bs/eﬂ& @&ﬁﬂﬁt @&re@ tpbrme@ﬁrﬂghl of
tenperature of "60C and hydr ogen pressure of or abou ter

cool i ng and RNRt44repf atméve@n@laba@taw Wgist (@it HO%0} %ﬁé’d/ Céﬁan ety veseddets eodd 190 nd

of DMF. The r and
o o Rl R, SaSRIL e b AT AR Sy 03

wat er wer e reltydragen pressora pleby kas jand an IHMéﬂlsI@PPQHat\Wﬁstfagwtéoéa fostabonkd Hﬁf@d at

50C 10under adUGEdndsk QW rv@ntmgr}ﬁd Wehghton\as 8tbdiave bnfint Fds RRld, RS Vith
Exanpl e 4 Preparation of

4, 6- di a® no-620 1l o{ DMF} yor obenzyl) 111- pyrazol o[ 3, 4- b] pyri di n-3-y11- 5-
pyri m di nyl carbamate (VI) In a reaction vessel, 1.50 kg of the conpound of the

fornula (VI |'I|h}ee‘£‘!?E&:h'r&bﬁdr@'cérﬁe@m%gﬁgsdn{b lﬁa‘lmzﬁv&e cobsbigld t'hé@]ﬂrc?m?ﬂ@*as figed t he

m xture was heated with stirring to 35C. 531 g of nmethyl chloroformate were,
at a st eady offaths, flippeks was Tinsed el lal el P a8f Usofilifpis was icpagepfiptet ¥derstrchd of

i sopr opanol réﬂge Fohcﬁ)oﬁ'f‘ ol iR MBS rdsh 9uBs@lcly3 2G5 OF mbakbl aldg2m ¥t Wite was t hen
heated to 5630 and 3. 1 of methanol and 606 g of triethylam ne were netered

in with sti rmpdtged J@to t!s@@mdw ASIbAY Gt K5 fungthe BystAliTaian & compirsions the ERFDNAR t hen
stirredigt 30CHAED b MBoutGO0aRE (e QolRTwaNGltesddl It 8 MshddTwitiPhetharddi/wdBE(1:1 vol).

The product was dried at 50°C under reduced pressure. The weight was 2415 g, which corresponds
to 91.8% of theory. The content of the target product of the formula (VIII) (free base) was >98
area% or >97% by weight. The most significant impurities were DMF (about 0.8% by weight) and
water (about 0.5% by weight).

20  Example 2

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

3063 g of the compound of the formula (VIII) and 30.7 | of technical grade isopropanol were
initially charged in a reaction vessel. With stirring, 1641 g of dimethyl dicarbonate were metered in
25  at 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 50°C under reduced
pressure. The weight of the product obtained was 3748 g or 105.9% of theory. The 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 yicld was 94.8% of theory.



20 suspended solid was filtered off with suction, washed twice with in each

. case 3.0 | of isopropanol/nethanol (4:1) -dRd once with 3.0 1 of isopropanol
and sucked dry. The npoi st product was dried at 50C for 1 h and then at 100C
for 22 h inﬁ% %B% wum dryi ng cabinet. The wei ght of the product obtained was
1.793 kg or i % of theory. The product of the fornmula (VI) contained 6.45%
of isopropanol virtually unrenovable by drying (partially, an isopropanol

sol vate vas Prepraient )of andlt GelamehoprilHi-proloR - WpsTigh: a8y GBIgNAICHPLC)
Based on thig RARY the yield was 90.8% of theory. Conparative exanple 5
Preparation o? met' hy

4, 6-di am no-2-11- (2 fl uorobenzyl) - 1H pyrazol o[ 3, 4 ridin-3-yll-5-

pyri mi di nyl {#epreyfycatasiayat 390 gpf the copgound g thcho%@ (Iﬁgéé%mb?f %ME 2pdAP8Ghd of
the forngl a w(a%ér)nowﬁa&gmeﬂﬁge kfiali§ cﬁm%ed%d EHEr indiiBatiDH; Sl@@fb?bxﬁfkd%& gRaled to
from-6 to -4C, and a 1M Solution of bis(trimethyls sodi um am de
wer e net er edempsratarpef ﬁﬁ"QtﬁHﬁé hydresay presseg of EHar JorgboweShy IAﬁF’b‘mOH’@ Wr"émﬁﬂgt er ed

in, the m Xty 84W8G1yst \!vz{sr fﬁ@tréfar 6@faha/ iand ShoWlomiald @M@dﬁ@ﬁmfemsocoa&%steéc
The m Xxture was stirred his tenperature until the reaction had ended

(about 4 h) undqnéedu@%@dirmwem a‘é‘kﬁr@ ajih &t €758 npli afpisthigngliand then.jafist cophog, at

strengt h amgpREUBGH @h-He waal M&&@&WJ dﬂ@ réafdgamhe sORBSR MRRAGINGE QLIRS 8T bY
evaporation to a residue of about e tenperature was adjusted to

about 2%€. nn@ermde@qdmrqswr@&hgwgatw@?glgtOéPb%l%@ffheomashed with a total of 3 1
of THF and dried at 50C under reduced pressure. This gave 1112 g of the crude
product of qﬂ§u$gﬁnula (I'). This corresponded to a 10yield of 75.2% of theory.
Exanple 6 Preparation of a m xture consisting of mnethyl

4, 6- di am no-241- (2-fl uor obenzyl) - 1t£¥razoI013 4- b&gyrldl g :¥r|n1d|nyl(
et iyl ) car bARERAES G O R e ol AP - pyrazolo s, Dlpyvidin 3115

11- (2-f 1 uor ReRAYNh) IeddBaP%feq®®) 013, 4- 14pyri di n- 3-yl | pyri m di n-5-y1} nmet hyl car bam
ate 15sul phinyl di methane (11) with high anounts of the product of the formula

e conpdh ABFEPG ebmpa) 46 pUbe ttanpi Lo el QLS FoEa AT Sh R B VO ar

100C. (Tbe & abhlobsiRt, iad tHaymikiukd wad memd whihGlridgub d5a\se1 hee methenthldrefdradte t hi s
point to achi eve a pharmaceuti aII acceﬁpﬁ$le product %gﬂlf .\nas dl; pensed
within this Weihat Rttty s s eo)y e aifEonP i ire: WaEng Fidh /M TlohdPioBano23 ¢ ool
to 75C, 110y mﬁtu@tmlstlaaetata:secv\@f 86 aduRdmange this thinxhdite@ tWaS°C amd 6185$IoﬁV\A y
to about 25C The preglplg d solid was fllter d.off, éhed mnth

6 2 AHt tpf?\,le@

28 i of et iyt aEaRgs lahne vep oo et w1 B qiroes 2o Beor i TSR s
9.6 g or 90..Q%aabl. Thee@ixYure was then stirred at 50°C for 1 h, cooled to RT and stirred at RT for 1 h The

20  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
6.45% of isopropanol virtually unremovable by drying (partially, an isopropanol solvate was

25  present), and the analytical content was 87.9% by weight (HPLC). Based on this content, the yield
was 90.8% of theory.

Comparative example 5

Preparation of methyl 4,6-diamino-2-[1-(2-flnorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-
pyrimidinyl(methyl)carbamate (I)

30  (Methylation in a manner known per se in accordance with WO 03/095451, Example 8 second

procedure)



Exanmple 7 Preparation of purified nethyl

4, 6-di am no- 241- (2-fl uorobenzyl)-111- pyr a26to013, 4-b] pyridin 25

3;1y11c -b5- plyri m di nyl (nmet hyl ) carbamate (1) The entire anmount of the product of

the formul a,(l [ 0, g}%@]@ ' '

et hyl acet atA g 22%25%%%%(?(& ?glﬁ%u%opl%‘%e (}q(c:‘}lr1 1 %ggﬁc%\%lssg?e%%gdgﬂc}g? ljzog%}ﬁ Tﬁgé solid

was filter eduspédsionivtas cenletth diom -Aes 186 anil 480z afatld] sabftiogof bis(rgpetisltilysclaen at e

and dried UHRl §&EUERAP e TRU R BaBindl st Mmnfl 188iad Ref¥habich BEGRY.  The
0

content of product was nmar y above y wel ght (HPLC). As solvent,
et hyl acet atextwasvasrsegehbridfly aad smbusitowsd taent toGabeeh S°ChEheDNBOrE AT Eimedwhs
bel ow 0.4% ,,.-21- . i f i f4 :

4 6odi ard no U ETpo LB HEE e T oty TAGRIER Biture wes washed 4 imes
3-y11- 5- pyr iwnthdi. nlydf 1584 bydnpibanivemine ciflarjdevsiotubion. NEhe romgadicathessi wasl cangeoimatet by

m xture conpr.isi i f t : °

(oo am vyt 3 #RRBUE Sl A W e semporaope os adugod toyabout 25°C. The

5yl ] pyri m diprectpityted naidhyhsc Bltdehaff.ewshephithl diahef Rané THE) andsdrigdias 609 waflgrt
193.5 g of a_crude 0 i : kN, a
manner —comp S b e e Rt |12 Tfane itk che A oBRl B TRAL R R B
and 17210d ofeldtiifyl2%ecfebatye at about 96C. 19.4 g of activated carbon and 172
m of ethyl acetate were then added, and the hot m xture was stirred. The hot
m xture was Q,Flglefbiltered off to renove the activated carbon, rinsing with 10
172 M of ethyl "acetate. The tenperature of the filtrate was adjusted to 78C,

and 1850 nml of ethyl acetate were added slowy. Over about 2-3 h, the mxture
was cool ed tPoepaipatian 25Ca anturcecoggting whsmeibyl ehediagrino-Znik ABumekengyi-kHa
total of 77 ) ARCEL RS v ri ' ' i enidb-ah
anount s of ? nggg%ﬁhﬁghgﬁof%@ &gg;#uhlﬁig%?l?lyl?%QMtim? gﬁ\r/}\]‘aési&gés’gende]gb?qn 2900
m of ethyl [kteflearebensddHepyarzoldd iplpirstin-3-yHp aivgidingtyBamethylaapbnmatosC. The

sol i d weg fishl%ﬁfngfiléﬁ)Iétﬁa@éaqlnwiﬁhkhiéﬂ]%&ﬂﬂs of ¥BS PRduid d ol Rlndlarpf 774 m of

et hyl acetate an e 50C under reduced pressure. The wel ght obtai ned was
155.1 g or 80.2%of the starting material. The content of the product was
mar kedl y ab&\ks 9Ba5ge Wt el frappayule @) whishhahbeen rsRareddn RymBRPOBPRYPIC AR et at e
and DVBO el Rk &E6N Exddh1S BRlykre8QWAES in 16 ml of DMSO at 100°C. (The clarification by

filtration which would have been required at this point to achieve a pharmaceutically acceptable
product quality was dispensed within this laboratory experiment). The mixture was then allowed to

20  cool to 75°C, 110 mi of ethyl acetate were added and the mixture was cooled slowly to about 25°C.
The precipitated solid was filtered off, washed with a total of 28 ml of ethyl acetate and dried at
50°C under reduced pressure. The weight was 9.6 g or 90.0% of theory.

Example 7

Preparation of purified methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-
25  3-yl]-5-pyrimidinyl(methyl)carbamate (I)

The entire amount of the product of the formula (II) prepared in the above Example 6 was stirred in
135 ml of ethyl acetate at reflux (about 78°C) for 1 h and cooled to about 25°C. The solid was
filtered off with suction, washed with a total of 36 ml of ethyl acetate and dried under reduced
pressure. The weight was 7.6 g or 93.8% of theory. The content of the product was markedly above

30  98% by weight (HPLC). As solvent, ethyl acetate was present in an amount of about 0.2%. The
DMSO content was below 0.1%.



Exanple 9 20 Preparation and anal ytical characterization of nethyl

{4, 6-di am no- 241- (2-f | uorobenzyl) - 14 -21-

pyrazol o[ 3, 4- 14pyri di n-3-yl ] pyri m di n-5-y1} net hyl car bamat e sul phi nyl di et hane
(1) 14.8 ggof ? 1e§ ude product of the fornula (1) which had been prepared in a
manner con’paralg e to Conparative Exanple 5 were dissolved in 28.9 g of DVSO
and 11.85 g of ethyl acetate at about 94C. 1.5 g of activated carbon Norit

A- Supr a and Paerfayptidneef purifigd mytigfl 4¢t digmingcletla@dlugethentyle HI-pymzalgfetibl Py FHdin-

m xture was 3Sfii £ 5eGm n§l&£éth’ﬁ)cﬁﬁ§mﬁa@@[) ivﬁﬁ m]telj?neaﬁqle s0geb0bs Jﬁhiﬂ&i"@:‘%ﬁﬁﬂ’ﬁﬁSlﬁQen

filtered to renove t tivated carbon. The solid, sonme of which had already
preci pit at e@lgh/va@lﬂtﬂetsd |o§ srap%'d {thy- dmam)ﬁg[lt(%rﬂaw@aﬁnzxaéH—ayraquﬂéﬂshipmfllbﬁ was

then all 9V\eg_lﬂl§)nﬁ S-%}i} WlcalBin&tE %ﬁhﬁh&ﬁfﬂ@ghaﬁﬂl (1§l ad¥RBisé l'nloﬁﬁ&ed of f with

suction at ree times with in each case 50 nl” of ethyl acetate and
dried in a drg/l ng cabinet at 30C for 18 h. This gave 9.2 g or 52.5% of theory
of a sl i ght 193.3eyEr cawkF srdagtys thel forsaidl Whieh halbcel RisBRRInG meTRer $ogPaiEhls 19 1 1) |

HPLC 99. 90 @fo%e(?aﬁ\\/@ﬁ ﬁ%ieﬂfﬁgﬂerﬂ%sél% MR '8? Dl\/ﬁ%@%nlt’/’)z VBN FHektate 1t aSR by
wei ght - 22 - 9 (s, about 611, 2 CH3 a

DVBO), 3.13 %% 1344 g qﬁﬁ%)ed carbggand K2y Ozf £l @etats were e prded gnd Gedet BRctug
0-CH3), 5. 9L %tmr&*HThe R indwtur w23 thedy filfbdel of2 to AHY e thé- LBvaledrkdnN rinselwith

aromatic H at the
10 172 ml of ethyl acetate. The temperature of the filtrate was adjusted to 78°C, and 1850 ml of ethyl

acetate were added slowly. Over about 2-3 h, the mixture was cooled to about 25°C, and the solid
was filtered off and washed with a total of 772 ml of ethyl acetate. The moist product, which
contained high amounts of the compound of the formula (I) in a mixture was suspended in
2900 ml of ethyl acetate, heated at reflux for 1 h and cooled to about 25°C. The solid was filtered
15  off with suction, washed with a total of 774 ml of ethyl acetate and dried at 50°C under reduced
pressure. The weight obtained was 155.1 g or 80.2% of the starting material. The content of the
product was markedly above 98% by weight (HPLC). As solvents, virtually only ethyl acetate and

DMSO were present in small amounts.
Example 9

20  Preparation and analytical characterization of methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-
pyrazole[3,4-b]pyridin-3-yl]pyrimidin-5-yljmethylcarbamate sulphinyldimethane (II)

14.8 g of a crude product of the formula (I) which had been prepared in a manner comparable to
Comparative Example 5 were dissolved in 28.9 g of DMSO and 11.85 g of ethyl acetate at about
94°C. 1.5 g of activated carbon Norit A-Supra and a further 11.85 g of ethyl acetate were then
25  added, the mixture was stirred at reflux (88-90°C) for 1 h and the hot mixture was then filtered to
remove the activated carbon. The solid, some of which had already precipitated, was re-dissolved
by warming to about 78°C, and the solution was then allowed to cool slowly. The precipitated solid
was filtered off with suction at RT, washed three times with in each case 50 ml of ethyl acetate and
dried in a drying cabinet at 30°C for 18 h. This gave 9.2 g or 52.5% of theory of a slightly
30  yellowish crystal powder of the compound of the formula (II).

HPLC: 99.90 area% (without taking the DMSO into account)

DMSO (GC):  14.7% by weight



o-fl uorobenzyl substituent and 1H at the pyrido ring neta to the pyrido
nitrogen), 8.60 (dd, 1H, at 5the pyrido ri2Ag ortho to the pyrido nitrogen),
9.12 (dd, 1H, at the pyrido ring para to the pyrido nitrogen). El enental

anal ysi s: flﬁwR%OO%Hg%)ﬁﬁlF%% ated C 52.79% H 4.9% H 5.03% 10

d = 2.59 (s, about 6H, 2 CH; at DMSO), 3.13 (s, 3H, N-CH,), 3.58 + 3.67 (two s, 3H, hindered
rotation at O-CHj), 5.91 (s ,2H, -CH,-), 6.53 (s, 4H, 2 -NH,), 7.05-7.40 (m, 5H, 4 aromatic H at the
o-fluorobenzyl substituent and 1H at the pyrido ring meta to the pyrido nitrogen), 8.60 (dd, 1H, at
5  the pyrido ring ortho to the pyrido nitrogen), 9.12 (dd, 1H, at the pyrido ring para to the pyrido

nitrogen).

Elemental analysis:

found C:52.2% calculated C: 52.79%
H: 4.9% H: 5.03%

10 N:22.7% N: 22.39%



N 22.7% N 22.39% -23 - Cains 1. Process for preparing nethyl

{4, 6-di am no- 241- (2-f 1 uorobenzyl) - 1H pyr azérol 3, 4-

b] pyri di n-3-yl ] pyrimdin-5-yl1} et hyl carbamate of the fornmula (1),

characteri zeg,;j,@ that 241-(2-fluorobenzyl)-1H pyrazol o

[ 3, 4-Db] pyri =3-y1]-5-[ (E) - phenyl di azenyl | - 5 pyrimdine-4, 6-diam ne of the
formula (H') is cleaved by catal ytic hydrogenation and in that

241- ( 2- f | uor obenzJmrest Hgsy PagheTied 3nghy] g Ordidming 2y i-12-Guasognsd - Fipgieedeld fani ne
of the fornula (Vbjpwidih%t-%]%?}iﬁmﬂsM}H&@Hkaﬂb%ﬁé e teabmlI O (B AReRded SRS . 2.

Process for preparing nethy > :
{4, 6-di ani no- 241- @il%-_ﬂmr@'aféwﬂx;hl)l—pmzq%gz[ﬁéﬂﬂm@sﬁwllﬁ-[(E)-Phenyldlazenyl]-
b] pyri di g-3-yl ] py Fﬁgﬂtlﬂin@:c;%.aﬁkﬁlmg%% ! sSanRAmB] & cRhvdds bRyl hgdibsehation and in

characterized in . e
10241- ( 2- f | uor obe ey 2rLiREprohonsy O]l B-mragpleld4-Birnd Goy 1Y]1-43.6-pedpifincifiapitie ©f i ani n

e of the formula (Ml I%ﬁ@%ﬁf&d\c&i&lbutqateﬂ{ﬁhilaﬁélfo&mi&{ gfsgkni ate of the
formula (V) or b) dinethy I carbonate of the formula (X to give

nmet hyl 4, 6-di am no-241- (2-fl uor_obenzzl) - 1H-(P_yr_azol 0 43, 4-blpyridin-3 -yl] -5-
2. Process fYor preparing methyl {4,6-diamino-2-[1-(Z-fluorobenzyl)-1H-pyrazolo[3,4-
b]pyridin-3-yl]pyrimidin-5-yl}methylcarbamate of the formula (I), characterized in that
10 2-{1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y13-4,5,6-pyrimidinetriamine of the

formula (VITI) is reacted with
a) methyl chloroformate of the formula (V) or
b) dimethyl dicarbonate of the formula (X}

to give methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl1]-5-

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

3. Process according to Claim 1 or 2, characterized in that methyl 4,6-diamino-2-{1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate of the formula
(VD) is reacted with a methylating agent to give methyl {4,6-diamino-2-[1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-yl} methylcarbamate of the

20 formula (I).

4. Process for purifying methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-
blpyridin-3-yl]pyrimidin-5-yl} methylcarbamate 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-

25 3-yl]pyrimidin-5-yl} methylcarbamate sulphinyldimethane of the formula (II) is isolated
and the dimethyl sulphoxide is subsequently removed again by boiling in a

pharmaceutically acceptable solvent.

5. Methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl} methylcarbamate sulphinyldimethane of the formula



15pyri m di nyl carbamate of the fornul a (VI) via a pyridine-free reaction route.
3. Process according to Caim1 or 2, charécterized in that methyl

4, 6-di am no- 241- ( 2-

fl uorobenzyl) - 1H pyrazol o[ 3, 4- 1Thyri di n-@-y1] - 5- pyri m di nyl car bamat e of the
formula (VI) is reacted with a methytatilhg agent to give nethyl

{4, 6-di am no-2-[1-(2- fluorobenzyl)-1r-1-yrazol o
[3,4-b]pyridin-3-ylbyrimdin-5-y11 hyhﬁarbanaée of the 20fornula (1).

4. Process for purifying nethyl

{4, 6-di am no- 241- (2-f | uorobenzyl)-1T
b] pyridi n-3-yl byrim di n-5-y1} hyl
in that the crude product of
di met hyl sul phoxi de and the ris
{4, 6-di ami no- 241- (2-f | uor obenzy4) -
3-yl ] pyrimdin-5-yl}nethyl car banat e nyl di met hane of the formula (11) is
i sol ated and the di met hyl sul phoxi de i 8 _s#bsequently renoved again by boiling
in a pharmaceutically acceptable solwent. - 24 - 6. Mt hyl

(4, 6-di am no- 241- (2-fl uorobenzyl) - 1H pyrazol o[ 3, 4-b] pyr1di n-3-yl ] pyri m di n-5-
y1l}met hyl carbamate of the formula (1), obtainable by the process and/or the
purification agcoMiting - Chmno}ﬂ G(%cﬂw0$nmd) YH-pBAzole8 ddflpyridin-3-yl]pyrimidin-5-

met hyl {4, 6-di am n r

yl ] pyrim din-5-yl ?ﬂé}%ﬁ‘yfﬂ%@% ity %‘%ﬁ( SPHibd t’ﬂh% o °?%P%3)8Fl‘h@6’§“ﬁ??“°n
process and/ or thecqgtdilig‘tpemwfd?ialaﬁdmdl ng to any of Clains 1 to 4, for
preparing a nedi canent for the treatnent of cardi ovascul ar di sorders and

erectilesdysfupctiQD. of methyl  {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-blpyridin-3-
yl]pyrimidin-5-yl} methylcarbamate of the formula (I), obtainable by the process and/or

yrazokp 3 4-H

arbamate 8 thg formula (1), characterized
ound of the forrmula (I) is dissolved in

g net hyl

pykazol o[ 3, 4-14yridin- 25

the purification according to any of Claims 1 to 4, for preparing a medicament for the

treatment of cardiovascular disorders and erectile dysfunction.



