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" Met hodf or pr oduci ngnet hyl - {4, 6- di am no- 24142-f| uor obenzyl) - 1H pyr azol o

| 3,4- blovridino-3-yllpyrimdino-5-vflnethyl carbamate and its
purification for use thereof -as pharmaceut4 cal substance The

present invention relates to a process for preparing nethyl
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The invention furthermore relates to a procesé for purifying the crude product of the compound of

the formula (I) 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-5-

yl}methylcarbamate sulphinyldimethane (1:1), i.e. a compound of the formula (If)

(I,

is isolated as intermediate or is generated as intermediate in this purification process, if appropriate

15  present in a mixture.



H2N NCH3 MO 2011/064171, s, H3CCH3 -2- The conpound of the formealdbdrow
“acts as a stimulator of soluble guanylate cyclase and can be used as

an agent for the prophylaxis and/or treatnent of cardiovascul ar

di sorders such as, for exanple, for the-treatnment of high bl ood
pressure and of heart failure, stable and unstabl e angina pectoris,

peri pher al | I | sorder of. arrhythm as, for the

t reat ment g@%ﬁ@%h@oﬁ%ﬁ%&a@ acgss%srads IFEI?%?{d’f F@Eﬂ%é’f% ag f¥Hasgand can be used
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8r ofst ate heigtarbameeyp lof perghert blloed dipsf pmén:tiam of rél&ﬁa‘)@mit:@ &eplUading thrombolysis

ysfunctio e S, aucona, . n ypertension, .

gast r opar e@ferg& gsltﬁdﬁ) %Q%E:a%%uls nen Ig@h%hgh%(ﬁ)pi%g?sa?ﬁ-(’%ﬁ,‘ SFeTAY LD HFeHRn  coronary

t he for mul angoplestaen dPTCS), paypash iandtfbrothe arcatnieAOWN attefioftldrddtsl RbtBmatMQlisorders and

?‘;’; Og§4t5ﬁe&r§%%% 'eot? Elze] %r\?\%eenﬂarl es?satlén? ts1llc nas,ogor teypa?np e? P ogtgtre] ylcn)értr})prllls, érggﬁlrgucli)gﬁmction,
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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WO 2011/ 06 @RO{MIGAL71 PCT/ EP2010/ 067949 Here, i niti al | y241 PCT/EP2010/067949
" -(2-fluorob enzyl)-1H pyrazolo [3,4 -b]pyridin-3 -yl] -5-[(E)-

phenyl di azenyl | pyri m di ne-4, 6-di am ne of the formula (I1I11) is cleaved
by catal ytic hydrogenation, 5 and the residting trisam no conpound is

i sol ated as 241-(2-fl uor obenzyl) 111- pyrazol of 3, 4-

b] pyridin-3-yl]-4,5,6-pyrgmdinetriamne trihydrochl oride of the
formula (1V). This trHihy ochloride is t(per‘ reacted with q:pbhylo

chl or of or mat e of;ﬂqef A"t V) |nthe3solvent pyrldlnetd"gq Me
net hyl (VID HN

4, 6-di am no- 241- ( 2- 4uo oHEnzyl) 1H pyrazol o[ 3, 4- b] pyri di ny 3-
pyrirnidinyl car bamat the fornula (\))., A ternatively, dChem
2009, 4, 853-865.10 describes that the trisam no conpound ifs 1sol ated
as trihydrochl gri d the HCl-free.base is then ge
extraction wt us NaHCCB soluytion and the freelbagse i M reacted
wi th methyl chl ol of okmatewof the fdr BIiCAPR) in the soNGent pyr|d| ne
to give the corrpoundforrrul a (VI). The conpound of t¥H nmul a
(VI) is then reacted wthsfret hyl iodide of the forrmula (VII) e
presence of a base toFgive the crude product of the conpound-"0f"the
formula (1). The crude product 15 of the conpound of the formula (1)
is purified accordi ngz to the experinental procedure of Exanple 8 of
WO 03/ 095451 and the X@rrpar abl e description in ChemvedChem 2@D9, 4,
853-865 by triturating the crude product with dichloromethane/ THF,

i nt er medi atpRrd, sol at | og}uﬁml the produyeio fihbbbndR MM hbolo3 4-blpyridin-3-y1]-
di chl or onet hane/ THF by tration, L[bI(gl i ng tnﬁ:;eﬁl sol at e0 ]pyél W %l] >1E)-

met hanol , P ?f@’}%wé]@w@&eeﬁq Gmise of Hs femmalai(BbisIcleavad reatelstin ém@bgwuon,
filtrat 50n,andj|t§§ Qbsulting Ntriddmihb 0B Pbid isNiBlatd 5 Biu "(ﬁﬂﬁ’(;roﬂhﬂ?fﬁf%-gﬁrazolo[?: 4-
ar

di chl or oi n%'a hane and nethangl in the presence of "activated c

renoval’ e R 4P ScPyERYdiRgiianing | |tihydochloridnr ighthki efoamgahr(T¥). This

Celite, conggatdcAlbli@NisOfhet h@clel I Wigr ﬁl@th?iolzlﬂ&bﬁﬁnété’ of rtlYé"ﬁf‘]ﬁ la (VI) in the solvent
trituration of the solid concentrated dryness wth ﬁano

i sol ati on SY4iAR tQofive mpthyl uﬂét‘gﬁlﬂw@ﬂlﬁ%ﬁhﬁﬁhﬁnﬂdklmwwwi@[ﬁérﬂmn 3-y1}-5-

(not descr iy 1B 34 0S4 Bt 5 rrhil A 9 )
853- 86?0 bu?@glgjiﬂgcctl vel ; required) ag yin gen%tlt?éehrf’%ﬁ%ﬁ%?@m 2(9)9 4, “953-865

pr oduct ¥ 258¢sctibes Fﬁi’dﬂﬁ’&m%ﬁ COFmemfddﬁ rﬁela ted@p § nhzz@rﬁelémdeam%ﬁwmhﬁey@ms then

((3% g a g . gﬂ' |g31ie%ﬂed By B@QEtAH! Wit FquBds INERES, AbluYi6n &I AERLOYLRRMkacted with methyl

chloroformate of the formula (V) in the solvent pyridine to give the compound of the formula (VI).
The compound of the formula (V1) is then reacted with methyl iodide of the formula (VII) in the
presence of a base to give the crude product of the compound of the formula (I). The crude product

15 of the compound of the formula () is purified according to the experimental procedure of
Example 8 of WO 03/095451 and the comparable deécription in ChemMedChem 2009, 4, 853-865
by triturating the crude product with dichloromethane/THF, intermediate isolation of the product
triturated with dichloromethane/THF by filtration, boiling the iéolated solid with methanol,
intermediate isolation of the solid boiled with methanol by filtration, dissolution of the solid in a

20  mixture of dioxane, dichloromethane and methanol in the presence of activated carbon, removal of '
the activated carbon by filtration through kieselguhr or CeIité, concentration of the filtered solution
to dryness, trituration of the solid concentrated to dryness with methanol, isolation of the solid
triturated with methanol by filtration and (not described in WO 03/0945451 in Example 8§ or
ChemMedChem 2009, 4, 853-865, but objectively required) drying. Alternatively, a crude product

25  of the compound of the formula (I) concentrated to dryness can be purified in poor yields by
preparative chromatography (RP—I—[PLC).'



~ Thi's synt he¥0204H@641Ak purifications have a number of di sad\EMERAPRE/067949
whi ch are very unfavourable for an industrial realization on a |arge
scale. This is true especially for the isolation of the trisam no
conpound as trihydrochloride of the formAa (I1V). The addition of
hydrochl oric acid requires an acid-proof industrial plant, and the
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addi ti ¢a, Q&& gtated yield of only 29%for the synthesis step to

t he crude pro of the formula (1) and its purification is very

| ow. The alter nat| ve preparation and purification nmethod is very

conpl i cat ediowevercmmlﬂ@asimdta@taaftouafzreﬁhé gtmifaatlcmrmouaﬁsesfmlrhldscr(l& product of the
concentr at ig t . rat.ions ad . .
nentioned a ovla BC%%%@%??%@P%I%%I 6I %jcr:onﬁletlg §"% uaa’ﬁml fﬂrcIIfg f‘??@f“ﬁ%&‘r‘%"aﬂﬁf etive
very unf av Gompdying, Th desgreted onrifisetion vmaRh" ¥Phg, mttheaclndsrmgaﬂmcsplﬁmca@on is a
nunber of t r.ation and

purificati %r? I)%III rﬁhﬁ%ﬁ? ﬁg{:rg%&I'tI:Oa %gtog\g/%mggﬂgﬂ % R ¥eT% PR Vs 13 gdgtion, the
scal e 7@ véﬁﬁsﬁddﬂ@@léﬁanlbfa?@ébﬁs thm&lesis aigbyq thetcrmhq:rbdmt oﬁ);he(ibnmﬂh (I) and its

provi de a r car

out advant EB@SISII yﬁgﬁ&éﬁg?ﬁl us r%I;}I{F plsegasr e an%lp%cf? onaII’“IIB‘Idg'§ c%‘{’dll“iﬂ?d It
conpound i rompriphs ¢ itasdlobf Pnidolitiagh op entids y2 concqaimanwmcedtymeﬁlah& 3&1‘1&&&111@91@ b, as
quality. i se.as a pharnaceuti cal

active conﬁkﬁaﬁg%e %&CHIAI%I/%I g&%%ngrgtéésn?an fe °pari &gﬁ.?l SSII © gf° ‘feﬁém&fﬂ?&éable'
product of Aftagethannpbem dargfing het finhemiical §tdpy, ainfubleer 6fr HrizdlhenP 0O GEB&ESor the

5 kno to olnts: After catal ytic . . .
nydr ogenat Pt WabaLbEit fBnBRAcfed e oBPhl oh ap ity i very
conpound i disidyehtageeus.as the free base of the formula (VI11) without
internediate formation of salts 10(STra). - The preparati on of the
conmpound o usin t.hyl .
chl or of or nBAiCIéCI}%IlélgIIWLﬂmI i éct 'toS rgﬁig% Il ?Lglgﬁﬁéd é)r%crf]: s%/hqeh égfﬁn&q ‘ﬁ’&aISP é)g carried
process out advantageously on an mdustnal scale and which affords an actlve 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)-1 H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-yl} methylcarbamate of the formula (T)



- 6 - The WOPROLUDEIBF the fornmula (V1) is converted in a rrEIVER2010/067949
" known per se using a nethylating agent into a crude product of the
formula (1); the purification of the crude 5 product of the formul a
(I') for use as pharmaceutically active carmpound is carried out via
t he conpound net hyl
(4,6-dianino-241-(2-f|uorobenzyl)-111-pyrazobo[3,4-b]pyridin-3-

yl kyrinai di n-5-yl | met hyl car bamat e sul p,@yl dy met hane (1:1), i.e. a
conpound of the fornmula (11) as isolafed i dﬁMﬁ ate or generated in
a mxture By virtue of these differerfc it is possible to overcone
t he di sadvant ages of the processes knoN t e and to obtain an

active conpound in high yield and high ty and pharnaceutically
acceptable quality. WD 2011/064171PCT/ EP2010/ 067949 - 7 - Catal ytic
hydr ogenati on of the conpound of mula (111) The first step of
the process according to the inveitign b¥gins with a catalytic

hydr ogenati on of the conmpound of t fokmula (I1FI). 5(11) (Vv111)

ey

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 (I) differ from the processes

5  known to date in the following points:

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

compound is isolated as the free base of the formula (VII) without intermediate formation
of salts

10 | | (VII).

- 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



(free base VP 20HO®OTInul a (1V)) This may be carried out i nPCHEEP2010/067949
" presence of Raney nickel or industrially customary Pt/carbon or

Pd/ carbon catal ysts. Preference is given to Pt/carbon and Pd/car bon.
N, N- Di et hyl f ormam de (DVF), N, N-di net hyléacet anmi de ( DMA) or

N-met hyl - 2-pyrroli done (NWP), preferably DVMF, 10serves as sol vent.
Hydr ogenati on conditions are tenperature 40-80 preferably 50-70C,
pressure: 2-90 bar, preferably 5-70 bar, ofi_ hyfirogen, hydrogenation
time: 1-72 h, preferably 3-36 h. Af - t he catal yst by
fi-ltration, the product is precipitate a Cl-C-al cohol,
preferably nmethanol or ethanol, and/or Ff erence is given to
a m xture of nethanol, 15isopropanol or and water. In the
context of the invention, a Cl-Cl-alcghol /is a straight-chain or
branched al cohol having Ito 4 carbo The follow ng may be
menti oned by way of exanple and by f Dreference: nethanol,

et hanol , n-propanol, isopropanol, n-bMtan@l and tert-butanol. This
definition also applies to the Cl-C4-al coh d hereinbel ow. 20It
is al so possible to renove sone of the solve ior to the

precipitation, a partial distillative renoy of 0-80% preferably

40-70% of the solvent is in accordance wth the invention. WO

2011/ 064171PCT/ EP2010/ 067949 - 8 - Reaction of the conpound of the

formula (M I1) wth nethyl chlorofornat éV))V) The product of the

formula (M11) is then reacted, for exanple, w th nethyl

chloroformate o j v I di pe-f rocess. to.

give the pr Oduc?h%;&%&gﬁ@fﬁ%% E_QWP' (EVIBK?S %nvgéfécf 91 Q%nanﬁé%elmgwg PET se using a
methylating agent into a crude product of the formula (I); the purification of the crude

5 product of the formula (T) for use as pharmaceutically active compound is carried out via
the compound methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-bjpyridin-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
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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 (D) and the

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



5(VI) The sBDvehi06d4$ed for the reaction is a Cl-C4-al cohol ,PCI/EP2010/067949
" preferably ethanol, nethanol, isopropanol, particularly preferably

| sopropanol . The anobunt of nethyl chloroformate is from1.0 to 3.0

equi val ents, preferably from1.0 to 2.0 €quival ents, based on the
conmpound of the formula (VII1) enployed. 10Possi bl ehr eaction

t enper at ur - referably 15-50C. _Durin e reaction,

hy(rzlnr)ogen ch 8@ﬁe&d§%§8‘r‘t§%‘ f\?ﬁ'ﬁcc or totgeg’(fﬁ'b‘ of the fornula

(IX), i.e. the hydrochloride of the product of the formula (Vl), in

t he react i die firskster ef thapriogsspacsondoty t@memh@nﬁmmyhaw(tnxya;gm lgvﬂtdg?tagbﬁ of the
| sol ated a ]lﬁ%;;lu-” k0l oduct and be cl eaved by addition o ase
to the proc%iac o?ggﬁgkﬁp%ﬁg’ (VI), or it can be cleaved by addition

of base even before the isolation, 15so0 that the product of the

formula (M) is isolatedPdirectly. WO 2011/064171PCT/ EP2010/ 067949 -

9 - (v1) Accordirmqton##\b invention, it is preferred to cll_efﬁve Nhe

product of the foOF (1X) by addition of the base prior t®
i solation and to il aye"the freecitagenyoboenttenhioenul a (V1) djff ecrt:
According to the in i on, sui té%{aﬁafygseﬂfd’g‘é@ew@ al | bases haviwgNa pKB
whi ch i s higher t hat of N
N A
N - | LN
N~ N o N~ N
\\D 2. precipitation as free base ﬁ
F F
5 (1In) (VII)

(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 350-70°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;-C4-alcohols used hereinbelow.

20 Tt is also possible to remove some of the solvent prior to the precipitatibn, 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 (VIIT) (corresponds to the free base of the formula (IV)).



5 the conpd@a0BfOMKE fornmula (1). Exanples which nmay be nPaTiEMe0h/067949
“are: hydroxides, carbonates and phosphates of the alkali netals and

al kaline earth netals, nitrogen-containing organi c bases, such as
trial kyl atni nes, guani di nes or am di nes.-8Exanpl es whi ch nay be
nmentioned are: |ithium hydroxide, sodium hydroxide, potassium

E§3;8§:32 I{H éﬁbﬁ\ Qﬁﬂ% dﬂ%’t ﬁ%%TpgbﬂﬁgdrOX|§Q‘W§§P Slugba?oxide,

lithium 10 carbonate sodlun1carbonate pot assi um car bonate, rubidium
car bonat e, Thapwdughof mekfglrmatl%(wﬁgrtbm neantesia fd eratse, witd methyh chiprdfanateof the

strontium g ﬁﬁﬁg

pot assi um p ospQﬂggfqggégﬁﬁ&th&%% gﬁ£?n@%%g¥$%%€quﬂh E,&@bclic or
branched Cl-Cmal kyl radicals, and cyclic or open-chain guanidines or
am di nes Preference agﬁprdlng to the invention is given to
triethylam ne, tWjNpropyFam ne, diisoprepylethylam ne, trlbutyhaﬂlnﬂwe
15 di cycl ohexyl et hyjarg nfy, cycl ohexyl difjret byl am ne, H,N

cycl ohexyl di et hyl aNj ne/ trfisooctyl aoih&o tT?decyl ani ne, T \y—NH,
tri dodecyl amne, tri adecyl am ne, N net hyl nor phol i ne, N

tetramet hyl gu , etc. Particular preference is given t
quyIatnlne dlxémnuiégZiﬂigdiurnne =

triethyl am ne, Itr
N- net hyl nor pho WA erﬂDBU DBN. The amount of base||s frdﬁ11 Oto

2.0 equivalents, preferably from1.0 to 1.5 eqU|vaIentsv based on 20
t he met hyl chloroforna' gf the fornmula (V) enployed. Possi
reaction tenperatures/for the reaction with the base are 0-10

preferably 15-70C. The product of the forrmula (VI) is preseng’in
suspension and is isolated by filtration. It is washed with the

Cl-Cl -3l cohol and d35%§bunder reduced pressure in a custonas%%nanner.
WO 20117 064171PCT/ E /067949 - 10 - Reaction of the conp d of

t he formul VILT) wit neth arbon a further process
accordi ng tal.gé P?Jféec% H?/egnt?f re cﬂ Hrao uEralet O(fngQFf&P%ﬂﬂ}im‘t wnthﬁ'n"E’slsopmpaml
reacted mﬁphﬁdﬂﬁﬁhﬁﬁhady@@mhpﬂﬁle of the formula (X) to give the
product of the formula (VI). This reaction does not require any base

such as, f %e exaur}}t) lo? ineﬁ%ﬁ clﬂoro?ormatc 18 zrom 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.c.

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 (VI) is isolated directly.

base =N
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The solvents used for this reaction. are C;-Cy-alcohols, preferably ethanol, methanol, isopropanol,

particularly preferably isopropanol.

The amount of dimethyl dicarbonate is from 1.0 to 3.0 equivalents, preferably from 1.0 to 2.0
10 equivalents, based on the compound of the formula (VIIT) employed.

Possible reaction temperatures are 0-65°C, preferably 15-40°C.

The product of the formula (VI) precipitates and is isolated by filtration. It is washed with the

C,-Cy-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 methy! 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 wused in the same manner for the further conversion into the product of the formula (T).

Both processes are preferred according to the invention.
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The compound of the formula (VI) can form solvates or solvent-containing solid forms, for
example methanol-, ethanol-, or isopropanol-containing solid forms. It is therefore possible, that,
when the hydrochloride of the formula (IX) is cleaved to the product of the formula (VI) or when
the product of the formula (VI) is synthesized directly with dimethyl dicarbonate, a solvate of the
C,-Cy-alcohol used as solvent is obtained. The solvate may be so stable that, during drying of the
product of the formula (VI), it does not decompose completely, and clearly noticeable solvent
residues, i.e., for example, of the C;-C4-alcohol in question, thus remain in the product of the
formula (VI). On the other hand, the product of the formula (VI} 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 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
Ci-Cy-alcobol present as solvate to remain in the product of the formula (VI) and to use the product
of the formula (V]) in this form for preparing the intermediate of the formula (IT) 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)

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 ChernMedChem 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 ji 0
. H,C
N -Me 3~ ,IL _Me
H,N O N, N O
7 N\—NH
N_J Me-X NN,
=N
I\ N ' - R
P . [ LN
N ase N N
F F

(VD (D (crude product)



(1) (crude WRAGULEG41To this end, the crude product of the fROER®D]GDF7940
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(D) (crude product) )

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, isopropancl, ethyl acetate, isopropy! 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.
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ﬂ@erl ng DVSQ and the preecipitation solvent(s for conversion
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The isolation is carried out using customary isolation devices such as a nutsche filter or a centrifuge.
To remove 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 (II). 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 residual
solvent. The content of DMSO in the isolated material is wsually from 10 to 25% by weight,
preferably 12-17%. According to the invention, the product of the formula (M) 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 (IT) 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 (T).

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

working examples below and be characterized analytically.
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~of the formula (I1) or the isolated m xture conprising high anounts
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accept abl e solvent:- fromthe class of thelketones, ethers, esters or
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el evated 15press N The tenpsrature is 50-150C, preferably 20C.

The process acgcor
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wi t hout interNedi's
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si mul t aneous markedllyy pgbre sinple industrial 20practice (no
aci d-proof parts ofr"the plant). The conpound of the formula (Wl1)
can then be convertedyyn novel pyridine-free processes wth nethyl

chl orof ormat e or dinegﬂyl carbonate into the conpound o?bk%%ewg?%ﬂha
(1/1). These novel processes are very sinple and can be carried out

with m i itk prsh g progusted thetfespralanTh er the fivslated anisfugrgoniphiginghighl ambuns of the
t he fornul ! DRSEM i j C i spl at ed
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high. - 1ketones, ethers, esters or alcohols. Examples of such solvents which may be mentioned are:

ing to the irWantion gfifanssdeiked advapta
ior art. Surprisin i arI
t he conpound of the formula (VII1) {fr

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 ketones,
10 methyl isobutyl ketone, etc. Preference is given to ethanol, isopropanol, ethyl acetate, isopropyl
acetate, butyl acetate, methyl ethyl ketone, methyl isobutyl ketone. It is also possible to use
mixtures of these solvents. Particular preference is given to ethyl acetate or a mixture of ethyl

acetate with ethanol,

Boiling takes place at reflux of the solvent in question or, if appropriate, at slightly elevated
15 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.
Surprising was in particular that the direct isolation of the compound of the formula (VII) (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

20  practice (no acid-proof parts of the plant).

The compound of the formula (VII) can then be converted in novel pyridine-free processes with
methyl chloroformate or djmeihyl 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

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



It is furt WP@BIE0&UFbrising that the purification of the AGRIEP2010/067949
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t hat the novel conpound of the formula (-IlF) is obtained as an
internediate in this step, if appropriate in a mxture in high
proportionsg ; I - i | fed a enpyved ex for

smal | resi ghé%%%%{ %%&g%su?ér]ghia% m%?}%dé%ﬂc?t%g @gé cg@ﬁtper% Cﬁgghbee%ﬁmulg (D) for
removed by Phinmer@tipg| use rigkes epldse ghl partjsulae by oledissobition hie of DMAM-eonfdining solvent

remai ns. Thy: Lick very slightl el l.ow.
and the angl:]l iti cahl q}f)ajttjrﬁllegl 3@?@%@@%&@%@5 gt\a/%e(g%go%% Bli;e%e?ﬁlﬁ etl?wus step,
whi ch i s véfappauviaiatingauxisrefip high peoprdivey Bydhik sias.ell ifpaitps aeaanoedrexbet for
carriedgou f i.C roduction on . .
hdustr pa “Tanretdied BRI bk, 304 A DY) BuREPERTLERAY0efly simple botting a
appar at us highishpurplsalid of tha fornpée (1} cambadns| Fhip seliceisr gederaliyocdlourient to vefty slightly

the purificafdon,gf d of mul I th C o

i nt er medi a’?g (%so attP%)rl%g% Cthg“g? 3%%@ g%: mtta%gdl?oarb% 28%1%’ gf:lgg‘f High is very
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sul phoxi de formula (IT) isolated as an intermediate in the nutsche filter dryer is carried out by direct addition of

15 solvent to the nutsche filter dryer with or without intermediate drying of the product of the formula
(ID). This avoids open handling of the solid of the product of the formula (I) with the associated

risk of contamination.



eeenant i omB¥PE0EKed 4l El el ectron-i npact ionization (in M) PCI/EP2010/067949
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. Abbreviations and acronvms:

abs. absolute

cat. catalytic

C1 chemical ionization (in MS)

d day(s)

TLC ~ thin-layer chromatography

DMF dimethylformamide

DMSO dimethy! 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
conc. concentrate

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

MS mass spectrometry



~ NMRnucl ear WagRel/Pedlibsonance spectronetry Phphenyl ret ent iRET/EPRDER/067949

(in TLC) retention time (in I-1PLC) RTroomtenperature
v/ vvol unme-to-volune ratio (of a solution) ag.agueous, agueous
solution - 18 - The exanples below illudfrate the invention, but the
invention is not limted to the exanpl es. Exanple 1 Preparationof
241- (2-fl uapgpenzyl ) - 14 = LaLn-3-y1]-4,5, 6-pyrimdi ne
- triamne (VIIl) 5ln a %}iu’élgag%agxﬂegiﬁ?%@{m%%épg%(}%% of the conpound of
the formula (1111) were suspended in 5.4 1 of DMF. 44 g of a
conventi ondlt wat er - noi st pheilybut 509 5% Pd/ carbon cat al yst were
added, and the seal ed autocl ave was, after inertization with nitrogen
and applicagion of hydr OgéiéhtioHMHEQ&?@Eégd at a hydrogen pressure of
65 bar and an internal tenperature of about 60C for about 18 h. After
cooling to_about 25C,. venting and inertization, the autoclave content
was renoved rinsing witEtagosimefn BBLODVE. Three of such reactions
carried out in the sanme manner were conbi ned, the old catal yst was
filtered offT the filtercaks W@Berhtutsed with 1.11 of DWVF and the
filtrate was concentrated under reduced pressure to about one third
of its mass, Successively, 8.25 1 of methanol and 8.25 1 of water
were meterd@@ into the redPHEetGFOlABRTToH sRYtion)y bring t he
crystallization to conpletion, the suspension

ag. . aqueous, aqueous solution



15 was cool¥d 20bl/Ediit 5C and the solid was filtered of f arrtvEEs8d/067949
wi th nmethanol /water (1:1 vol). The product was dried at 50C under
reduced pressure. The wei ght was 2415 g, which corresponds to 91. 8%

of theory. The content of the target proedset of the formula (VB1)

(free base) was >98 area% or >97% by wei ght. The nobst significant

impurities %gﬁfgs é@%‘f Hﬁlstgat% %e%wéﬁvx\{%iog %112} Fl%er}gvéll\a%%g Es nﬁ)?Rl?]ytE:d 83' tﬁ%gymples.

wei ght). 20 epar at'i on net

4, 6-di am no- 241- (2-fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di n-3-y11- 5-
pyri m di nyEsampledat e (V1) 3063 g of the compound of the fornula
(M11) and 30.7 1 of technical grade isopropanol were initially

charged | NnpReda@aGdad ONotV ESERI_ea N 0. of. .di I -
di car bonat e _vIv;él_re metered | ﬁﬂ ?&%&“ﬁ%@@r@ﬁﬁ%@ﬂ%‘“P}’{‘S‘r“éﬁaifg%s@?w*&ﬁhm
at this tefpenmedVBIY or 22 h. The precipitated product was filtered

off with suction, washed with industrial grade isopropanol and dried

at 50C HINd@{ a HRAUEE BurBiIBS 108 o oF R Y Sl A bialned.
3748 g or 10%.1)9% of theor%_/. Tk%eo prq%%ﬁé)?ﬁ%qf&i%é@ orr?uo(ﬁg ‘%ffr?s%sg?ﬂ 5?&%%?41“
inter al i aPMbddie o aropvntiongbyseterpaeist (ahdut $Q94) 3% Pdicarborpsasdlyse whiy addad, ag the
(partial |y seafid dufRRVORAN her SRS i 200t nal ytical
content was 89. 5% by wei ght 30(1 -TP{%?I}IRE%Z@%& é‘?{)h? %?’Isl Oggﬁﬁ(ﬁ?{l’?ﬁyﬂ?@eﬂme‘i at
gi4 il ((ZIZW]?.ls gdgg%@f g;zﬁﬁigrg 65 har g& ;n I?q?w@m_rmgpér?mi a,sg?ﬁG for about 18 h. Afer
-(2-flugg R& Yot DY &R Bads y 13- -4 - pyri,m.di.ne .

- triapmne §VI Flg I'n a pr essuge aut olé{%é’\q}’e{h%gbtgdgv%(fonECHew%sorﬁ%g‘ﬁeﬁdng?mg with
the fottul 8¢, ¢hDMES00 M of DMF and 60 g of 5 water-npi st Raney

nickel were initially charged and, after inertization, hydrogenated

at an int erpab of IR RLAtME BrRd KPS BNG A hvdLqgen og{bggg,ﬁd fcatsigst DAL filtered

for about 18 h. After cooling and venting, the o St "wa
filtered off: Apdliercakeetasginsed wolh 11 o§DNDVRENd Heefilfrat tastacoasted under reduced

concent r at Fﬁsé&ftdt%rabBﬁd:H@ BRI S SHULE Sﬁ&eggiffég%&@%égf%tﬁ%fo?%édﬁg 1 et were

of methanol and then, after cooling, at I~ were
net er ed i nfostersddntedig waidue ofiphous §15 ke, (adwingithe eystalliafién @rdmgdictied that suS@Gsion

10undefs r eGueEsbIdANE 368U 8°C IREmVEIIRRTas MRSl LF ahid YaPled %&%)ﬂgno]y\{r]aﬁgrrdf 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 (VIID) (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-ﬂu0robenzyl)-1H—pyrazolo[3,4—b]pyridin-S-yl]-S-
pyrimidinylcarbamate (VI)

3063 g of the compound of the formula (VIII) and 30.71 of technical grade isopropanol were

initially charged in a reaction vessel. With stirring, 1641 g of dimethy] 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 yield was 94.8% of theory.



_ Exanpl e 4 PYepatERG4Al of net hyl PCT/EP2010/067949
4, 6- di am no- 241- (2-fl uor obenzyl) - 1H pyrazol o[ 3, 4- 131pyri di n- 3-y1] - 5-

pyri m di nyl earbamate (V1) In a reaction vessel, 1.50 kg of the

conpound of the formula (MI1) were initil8kly charged in 14.25 1 15

of isopropanol, and the m xture was heated with stirring to 35C. 531

g of net hyIEXQE&,&@)f ormate were, at a steady rate, netered in over a
period of 30 mn, rinsing with 750 m of isopropanol, and the m xture

was stirred at 35Cfor 16 h. The m xture was then heated to 50C and
3.85 1 of rueRplion anef 6051Cvorehearsiy I piynazolntd, € bipyridinedtyl]#,5/6-pyrimidine-
stirring attrimﬁeg(fm#i ng with 450 m of nethanol. The m xture was

then stirred at 50CTor 1 h, cooled to RT and stirred at RT for 1 h.

The 20 suspended solid was filtered off with sucti on, washed tw ce
with in eaé]ha@%%H%a@ﬁa"&f%p§@éi®wmpm@fﬂwf@m(lmﬂ) 169ftmbefdeMfiant 60 g of

3.0 1 of i S@E&-ﬁ%ﬂRﬁn&@%k@W&@gmﬁﬁl% chz;FEi% aﬁ@ | ler ﬂEl‘ﬁ%&H nl'§ﬁ§)§%{ lceﬁ%t H‘ltemal

50C for 1 h and then z%t 10 vacuum net.
wei ght of tHPeRtEEaEe0 §Wélar¥é6"°9@§f1331¥99fﬁ@b@rforl@sutﬁ%hof&ﬁtmh% anfheenting,

product of eh@dfcatM Bas( MioredCFPbAd RERd QriffO G0 fSIS)M OWﬁftm%' WisUnbdhirated

unrenovabl e by drying (partially, an |sopro pano
25pr esent ) vndghgeduprd papssrg e 8345 S ond aimtS-4036. B9, Hg%fm}ﬂﬁmmiglhd tl(eﬁlaﬂLf:yoolmg, at

Based on tbtssccmtlﬁflatf,wa%é?%ebél rﬁété’red’\ﬁ% {30 r RN O Frnk DARI Was TR 3L ¥8ed at 50°C

exanpl Preparati on of

4, 6- dui n@%i@@@wﬁweﬁéﬁw@}mﬂﬁ%waponf“@oﬂthbc}rpyr| di n-3-y11-5-
pyri m di nyl (nmet hyl ) earbamate (1) - 20 - At 20-25C, 1630 g of the
conmpound ofgxhiglef4or mul a (VI) was suspended in 16.3 1 of THF. The
suspensi on was cooled to from-6 to -4C, and 3480 g of a 1M sol ution
of bis(trirnethylsilyl)sodiumamde were netered in. The m xture was
stirred, 5% 6%*’%@1%?5%% 1A Srefligrainger [d-Grifuarobanzyh-1H-pyrapgleds drdpyvidin-3-y1]-5-
stirred bripgfinydiafiearbh@le)vpl | oved to warmto about 5C. The m xture
was stirred at 5 this tenperature until the reaction had ended (about-

4 h). The rteactipn méti”e was washed 4 tines with 4.11 of 15%
strength anhbIFRCHORYRTEy [okeef s sommounns theigamla(VIRhgere inially charged in 14.25 1

concentd at eflisbyropial @fidihk Afixfufe Was'HRated Wath QfirrRR 941858, 43K of ﬁ@ﬂylt aﬂ’oroformate
t enperature was ad! Hsted to about 25C.. The precipitated solid

filtered offe Y (% melpredgp grer grperiod of 30 myipyringing with 194 mof 59m0panol and
under redugRdnixaes sk eirrdditS3mevier 14421 Afxulrb a8 'M%e@t'é@ %" Gho0find B85 ] of

formul a ( I znethgglsang%g es tontcljleld to a 10yt| e(lld ofh 75.2% of theory.
Exanpl e g of triethylamine were métered in with stirring at 50°C, rinsing with 450 ml of
methanol. The mixture was then stirred at 50°C for 1 b, 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—24[1-(2-ﬂuorobenzyl)—lH—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)



. Preparat i onV820:/%4 re consisting of nethyl PCT/EP2010/067949
4, 6- di am no- 241- (2-fl uor obenzyl) - 1Hpyr azol o[ 3, 4- 131pyri di n- 3-y1] - 5- py
rimdinyl (methyficarbamate (1) and nethyl (4, 6-di am no-2-
[1-(2-fluorobenzyl)-111-pyrazol o] 3, 4-bl pyPtdi n-3-yl ] pyri m di n-5-yfime

t hyl car bamat e 15sul phi nyl di mrethane (11) with high anmounts of the

product of Ao 50¢.1430 o(drkile Snpoindlt e SR MIPICkRbaddE 63BHAIF. The
(1) which had been prepared in a manner conparable t nparative

Exanpl e 5 BPERSANEs(coer tofromes6rig -40¢, ami/Bt8 0 of rdCsolytiphef bistuiméthysityilsedium

by filtratighieMite e ¢h. h@g%ﬁ?ﬁﬁnwiseﬂﬁlxjeﬁ,_e@@gt of Ilﬁlatﬁyl%ﬂlﬁé as‘epe @E@ieﬁvﬁ the
a pharmaceutically acceptabl e product quality Wwas dispensed wthin
thi s | abor &HHFE ‘é@@pﬁ@ﬁ?ﬁgﬂﬂy anttlowhy sdlored taverarm t9eaborll Gk Mixt2 weestirred at

75C, 511Gy ra ; - . d 4 Xt | ed.
to 511Qnislen@bra@l il A6 GLakG, MRLE afééiol%ﬂt @%Tﬂ{&??e@off}f%&%;p@ Wg%%gEQmes

slowy to about 25C. 0Th’e precipitated solid vas tere
with a tot dfithgt! bef 1% grengthrapmenium eitteridernglugion.cbheatreaB B hasedess qoachntetd by

pressure. TEhgovRbIl 2 Wasiu? - algmﬁ’ .49, 9% Qk téﬁf&?&ft&e V@é%ﬁ}&Lt@d {o about 25°C. The

Preparation of purified nethy

4, 6- di ami nérepitaied selid ppo Blersd off washed, with @l totaf of 21 of gV atidnizsd at 50°C under
3- y11- 5- py LidibQi Yk (oethyid baygH, ' gﬂ? f th

pr oduct _of r%dggajfﬁg?grsml a l?éll%dvg?{alpar edﬁei é}rﬁ%eﬁgg@ﬁﬁ%h@anp t:ﬁ] Erh\g/\gézg}re&’mded toa
stirredOi nyehbofifd. 285 ofdheoyy. acetate at reflux (about 78C) for 1 h and
cool ed to about 25C. The solid was filtered off with suction, washed
with a tot@xampled M 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 wei ght (HPLC). As solvent, ethyl
acet at e waLTERAEREMY “of n 3 o iR fondsting) gf ¢ methyb, 4,6 ianinED | b Geflemobenas))-1H-
bel ow 0. 1%pvrazdib[3:4-bPh3RRInE3- [E@pﬁﬁ ' .y diamino)
4, 6-di am n%)-yr241- i-ﬁ%or obeﬁly)s ) - 1&%%/@25@?%&[}\%%1&#%%% P?ﬁ{ étnl-lyl ,6-diamino-2
3- y1] - 5- py M-RA-Bvnerghagd-Alk-pye adokodébboyridin-Fay nyimidin-frobmethyldashanate on

of a M Bt UkRIpARYIAhshREE () Wit Athéun®d of TRE Pbluct of the f:
{4, 6-di am no?24 -(2-11 uodrmc))benzy )-111- pg/raz%%ﬁol?f éf— 1 elB‘&“r“.“éfIrI\)- 3- 5

yl]lpyrim di9.%-g5t-)fy z]: ::rgdeg QI%EI?C?I’C)P ﬁ'lgafgr%lu?au(ll)p\gihigzlhgtii lr:JTEt hane gl) A o bl
pr oduct €€n prepared 1 a manner comparable to
Comparative Example 5 were dissolved 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 ml 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 acctate 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 (IT) prepared in the above Example 6 was stitred 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%.



0 193.5 g of HOLPUH®4¥oduct of the fornula (1) which had bed®CTHERAOAGOE7949
I n a manner conparable to Conparative Exanple 5 were dissolved in 344

m of DVMBO and 172 ml of ethyl acetate at about 96C. 19.4 g of
activated carbon and 172 ml of ethyl acefhte were then added, and the
hot m xture was stirred. The hot mi xture was then filtered off to
renove the mBghpka ed carbon, rinsing with 10 172 ml of ethyl acetate.
The tenperature of the filtrate was adjusted to 78C, and 1850 ml of
ethyl acetate were added slowy. Over about 2-3 h, the m xture was

cool ed to AberAratencol payified meetlsd i oipminor2- [1t @rfmgrafenzyintH-prsiadid(yd-bpysidin-
total of 73Zm. p?xﬁmﬁfﬁ'ﬂéméﬁﬁ}cﬁftﬁma? \Qﬂlﬁfte ﬁ%wgﬁolam &Qxﬁﬁ?&r@ cgl%pnsmg

hi gh anounts of the conpound or nmul m xture

suspended gl dprpupts Bf aethyl {éaéél'mﬂ-zf{é'ﬁ-ﬁdOlabeml)ﬂﬂi&pmzoldﬁh ba]pyhdm-3-
cool ed 0 § s -yh RSNl

washed wit hhgﬁt“gt al gf} 7712@& gaﬁi\ﬁgfl%ﬂlnhggg%gt}%egﬁ% éé!n&'@t H{i&goc under
reduced p The wei ght obtained was 155.1 g or 80.2% of the

ressure,
starting rTg? i? g4f 2 omde p@émt@ﬁfhe(f?ﬁfi“ﬁe(%‘f']@éub%d hﬁ&%?ﬁ?ﬁﬂfﬁfbmlaynabmﬁﬁﬁ%le to
by wei ght @dﬂp&tlveaﬁxaﬁfﬂle\ﬂaﬂér@, dis¥d1vdaua 3hy mP Bt El\/l%@éﬂd 35 &l 3k @thﬁlrﬁqe&\é%@about

were present in snall amunts. Exanple 9 20Preparation and a
char act eri 78153 4@f°fﬁ@i‘ﬁ£ﬂd CTIEOIBaIHll | @f sthyliacetate perroherbasided; 1hd thlel-hot mixture

| o] 3wé e e e rins
e oot e B
d

whi ch Pestpts- by tempsreaire elghpaltats| vees rdjugerhioditat iané 1 &50ambbethyl
5 were di Siéﬂtéi@deﬂe'&d% stbully. ije%g 296 nﬁﬁuﬂ v%fs oG410¥ o a%?lﬁ%x(;e A8k the solid
about 94C. 1.5 g of activated carbon Norit ra and a the

11.85 g of “&t WFFC%@& %i{dew%%ﬁ‘de“’tthério@lso%m oii by rrcsttr Bhewasists priortnadwhich
at reflux ¢&RaifQCkiph Afnodntd o2 M E&ﬁ)oﬁﬁﬁ of gt fdﬁﬁ%ﬁ!‘@@ E.r{::g gﬂug { ?xgelse gusﬁ)gnded in

renove the activated carbon. The Solid, sone
pr eci pi t at 6800 THerf 1 aRetate heated % el for Inyandrogled t abpgC5°Gnthet solid was filtered

sol uti P/ Ve wilecddn ouedd womGopla s WI‘M ofEﬁaZrl RLEE Qfd%%&gtn eacugldél,"areduced

filtered off wWith suction at RT, washed
50 ml of ePKyiureadét Hewhbokiaiaed wer 15912 or803%y oé&msmnganat@m Thercoti@nthof the

This gave Brodud Wk nﬁﬁ(egl}{oagcgvetdg%yywaéht ?I—[ﬁi(t‘ %E l&é’l %195 %ﬁég%lm)?%ﬁ*’l%a%%tate and

powder of the conpound 0 he fornu
t aki ng the%%bﬂﬁrﬁﬁfﬁsqﬁwmlmm@ (GC) 14. 7% by wei ght - 22 -

Example 9

20  Preparation and analytical characterization of methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1H-
pyrazolo[3,4-bjpyridin-3-ylipyrimidin-5-yl}methylcarbamate sulphinyldimethane (Im)

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 m! 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



C1H NWVR (400VQRABL994BNF- d7): d = 2.59 (s, about 6H, 2 Cl13 RETHYRE)Q/067949
3.13 (s, 3H, NCH3), 3.58 + 3.67 (two s, 3H, hindered rotation at
0-CH3), 5.91 (s ,2H, -CH2-), 6.53 (s, 4H, 2 -NH2), 7.05-7.40 (in, 5H,

4 aromatic H at the o-fluorobenzyl subst?iuent and 1H at the pyrido
ring neta to the pyrido nitrogen), 8.60 (dd, 1H, at 5the pyrido ring

ortho to theNwMR (40 MY haagry,): 9. 12 (dd, 1H, at the pyrido ring para
to the pyrido nltrogen) EI errent al analysis. found C 52.2%

cal cul at ed C ?QZ 79% H 9%
= 239 (s, about 6H 2 CH3 at DMSO), 3.13 (s, 3H, N-CHj), 3.58 + 3.67 (two s, 3H, hindered

rotation at O-CHs), 5.91 (s ,2H, -CH,-), 6.53 (s, 4H, 2 -NH,), 7.05-7.40 (m, SH, 4 aromatic H at the
o-fluorobenzyl substituent and 1H at the pyrido ring meta to the pyrido nitrogen), 8.60 (dd, 1H, at
S  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%,



H 5.03% 10WON01D964493 N 22.39% - 23 - dainms 1. Process PGIEP2010/067949
5 preparing nmethyl {4, 6-di am no-241-(2-fluorobenzyl)-1H pyrazol o[ 3, 4-
13] pyridin-3-yl ] pyrimdin-5-yll nmethyl carbamate of the fornula (1),
characterized in that 241 -(2-fluorob en0- 1H pyrazol o
[3,4-b] pyridin-3-yl] -5 -[(E)-phenyldiaz enyl] 5 _
pyri m di ne-diafingdi am ne of the fornmula (Il1) is cleaved by catal ytic
hydr ogenation and in that ol Layridin-3-y1] -4 5,6 et
241- (2-fl uorobenzyl) - 1H: pyrazo] o[ 3, 4- ridin-3-yl]-4,5, 6-pyrindine
ri arri( ne of the ftz;%lr?ﬁ‘}'?sa VDFPAras | gyt eé‘_ﬁmﬁﬁlﬁ@et}[ﬂr(?vélﬂlﬁl@bﬁﬁrarlérlH-PyraZOlO[3,4-
formation of sal tugpydidit?s-08eshnidiRss- P eRRidaRAmAR P WMhe formula (I), characterized in that
{4, 6-di am no-241-(2-fl uor obenz%é) -1IH pt/r azolo [3,4- _
b] pyri di n- 3- ylI ] pyrliletdiaobenzy b iHinryAzelaBablayridins -vilifel (Ebphenyldiagenyl]-
charact &ri zed i n gyhaidine-4,6-diamine of the formula (III) is cleaved by catalytic hydrogenation, and in
10241- (2-fl uor obg#z;lqu)[- 1H- pyrazol o[ 3, 4-b cgg?l di n- 3- fl] - 4ﬁ§hg p§r| m I<]:1_|a‘n
netriami lie of tHetF &itiA-Bearekomyr 1d-pe 4-pippridin-3-yl]-4,5,6-pyrimidinetriamine  of

the formula (VIII) is isolated without intermediate formation of salts.

2. Process for preparing methyl {4,6-diamino-2-[1-(2-fluorobenzyl)-1 H-pyrazolo[3,4-

b]pyridin-3-yljpyrimidin-5-yl} methylcarbamate of the formula (J), characterized in that

10 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-4,5,6-pyrimidinetriamine of the
formula (VII) 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 A4-b]pyridin-3-y1j-5-
15 pyrimidinylcarbamate of the formula (V1) 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-blpyridin-3-yl]-5-pyrimidinylcarbamate of the formula
(VD is reacted with a methylating agent to give methyl {4,6-diamino-2-[1-(2-
ﬂuorobenzyl)-lH-pyrazolo[3,4-b]pyridin—3-yl]pyrimidin—S-y]}methylcarbamate of the

20 formula (J).

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 (IT)

5. 1s isolated and the dimethyl sulphoxide is subsequently removed again by boiling in a

pharmaceutically acceptable solvent.

6. Methy! {4,6-diamino-2-[1-(2-ﬂuor0benzy1)-1H-pyrazolo[3,4-b]pyridin—3-yl]pyrimidin—5—
yl}methylcarbamate sulphinyldimethane of the formula



. a) methyl &P OVE{%F e of the formula (V) or b) dinethyl BEEAPBOHMEE49
of the formula (X) to give nethyl :

4, 6-di am no-241- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4- 13] pyri di n- 3-y1] - 5-
15pyri rni di nyl carbamate of the formula (349 via a pyridine-free
reaction route. 3. Process according to Claim1l or 2, characterized

in that nmethyl 4,6-diamno-241-(2- - ©
fIuorobenzyl)-lkkpyrazolo[3,4-b]d&ﬁidLﬁt3-dQ]-5-pyrinidinylcarbanate

of the formula (Vi) is reactedumth @ meohyl@ating agent to give

met hyl {4, 6-di am no-211- ( 2- N\ NH o
fIuorobenzyl)-lll-pyrazolo[3,4-b}ﬁyr| |M-%-yllpyrinidin-5-yDnethyIcar
bamate of the 20fornula (I). 4. Phgedss for Sigﬁng nmet hyl

{4, 6-di am no-241-(2-fl uorobe 1)-1Fprrazoﬁ§#g 4778

1Thyridin-3-yl byrimdin-5-y yhearbamate of the formula (1),
characterized in that the cryd oduct of the conmpound of the

formula (1) is dissolved in dMnet hyl st phoxi de and the resulting

met hyl {4, 6-di am no-211-(2-fl uor obenz LH pyrazol of 3, 4- b] pyri di n-
253-yl i pyrimdin-5-yl } et hyl car bamat gL syt phi nyl di net hane of the

formula (11) 5. is isolated and therdi net hyl sulphoxbﬂe i's

subsequently renoved again by boiling in a pharnmaceuttrcally

acceptabl e solvent. 7. Methyl

{4, 6- di ami no-241Methyk {46disdnez3 iy CafMoppera )16 Brdeok] H4-blpshidia-3-yiplfmtdin-3-
rnidin-5- yl}net e I . .0bt ai nabl e, by. the. .
process and/or t }élh%gj?l?e?iﬁ%ﬁzﬁﬁ %}i\m‘%%g%élgi(ﬁggﬁ%ﬁag#ybyo@e Hog?swqor%ﬁge Rurification
58. Use of according to any of Claims 1 to 4. :

met hyl {4, 6- di'am no- 241- (2-fl uor obenzyl) - 1H pyrazol o[ 3, 4- 1Thyri di n- 3-

yl ] pyrigm di ng5- yiidmet oyl gas, ol he f o 1)y 190t ai l.e.by...
the process and/or phe_puriP?gg$?gﬁ£%%§ggg?%gy#§ba s paﬁgﬂﬂgé%kﬁ§mn6-
4, for preparingllpyrimifliedyBmethylsarbamate of detfomntla ), dmirdble\basbepmiess and/or

di sorders and ergg bhﬁﬁa@éﬁ&:‘é@ﬁh‘gqg any of Claims 1 to 4, for preparing a medicament for the

treatment of cardiovascular disorders and erectile dysfunction.




