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WD 2005/ 068438 - | PCT/ EP2005/ 000325 Met hod for
produci ng 2-am no- 4, 6-di chl or o- 5-f or mam dopyri m di ne
Description 2-Anino-4,6-d ich loro-5-fo rmam i do pyri
mdi neis a valuable internediate for the f

' urine derivatjves, as fin or
m@%’hgg‘lg& Iove 5 phar rmce{utl cal ingr eg’éﬁﬁzlw&wm
treatnment of viral diseases, for exanple in the
t r dethest fQi'fPergsanarﬂmmom&-dmidmo-ﬁ-rfdrmamidepynmldme
preparation have been described in detail (cf. Susan
M Daluge et. al., Nucleqsi des NucI eotides & Nucleic
Acids, 19(1 &2), 297-327 M10 Routes for the

synt hesi s of
2 m. o 4 6- di chl or o-5-f or mam dopyri m di ne have
sedichipsed-iosmamidopyiridin i avakiablee injemmoediate for

| pI

t "%Pét B pEAAS ARRALRES AET0. B F SEHMTED S, actve

tﬂh@rmacguﬁaal irgrediedtsnint ﬂneatredﬁhwnt ditvirabdisgasds, a’oﬂeﬂample in
m. de / il sneyer ereaent In '
6’?%3? Whephet Abs i PoiiedicAfrhand autes U8 preparation
haest hewrs de@cﬂ@éd Qﬁ Qfétﬁm (Epr%séﬂ M. pDﬁhﬁ#‘e‘ efl AS ucleOS|des
formam di nes, th Ogél % _E_garec ori nat ed and
Melgntides & Nﬁglegmglsg, 182 874300M)partial ly of
fully in subsequent steps. The overall synthesis
sequence can be illustrated with the follow ng schene:
Routgs fiep Othie I@mh\esiS\l afh[Zeamires-4 Bedielord-5-formiddirimidine
LN

ﬂ'ﬁl\ﬁze alreafd?/rlggerp) escn ea/ ?n a\égonlgalncgllwith the prior art. The known
processes are based on the principle that 2,5-diamino-4,6-dihydroxy-
pyrimidine (or a salt thereof) is reacted with a chlorinating agent and a
formamide and/or a Vilsmeyer-type reagent. In this process, the amino
groups, which tend to side reactions in unprotected form, are protected as
formamidines, the hydroxyl groups are chlorinated and the protecting groups
are removed again partially of fully in subsequent steps. The overall

synthesis sequence can be illustrated with the following scheme:

NR'R?
NHy chiorinating agent, N’) NH NH»
/l\ formamide derivative :
NTN )\ H20 N M0 N" SN
| —_— - hf SN — "1 — i P
Ho/lﬁ’//LOH ol /lﬁ/‘\cn : ca/kl)\m c Cl
HN
NH, Naw N ﬁ i
\I in2 NR1R2 (0]
NR'R
A B C D

This reaction has already been considered in detail in the patent literature.
For example, US 6,552,193 describes the reaction of 2,5-diamino-
4,6-dihydroxypyrimidine hemisulfate A with chloromethylenedimethyl-
ammonium chloride (Vilsmeyer reagent) in chloroform to give B
(R",R*= CHa) in 81% yield, the hydrolysis thereof to give C in 95% yield and
the further reaction of C to give 2-amino-4,6-dichloro-5-formamidopyrimidine




10

15

20

25

30

IRLRZ 2 NN1 20 ABRRCD This reaction has

al ready been considered in detail in the patent
literature. For exanple, US 6,552,193 describes the
reacti on of 2,5-diam no- 4, 6-di hydroxypyri m di ne

Bﬁ @8 wi th chl ororreth | enedi et hyl_ 25 anmmoni

Boiéj é@? meyer reagent) 4n chl oroforrﬁ’@yﬁﬁm5ﬂ)00325
(Rl, R2 = CH3) in 81%yield, the hydrolysis thereof to

d3 maacphqspba% Iyuf&rdrvmtm 68% bield. drheheverak yield oneoall G stages is

5/ g@éﬁ%@% 496th% g'P ?Jggl%% m%'ﬂldé]%ﬁ Sfolvent, for

xbheple WidHoGaléthiase, dchlahﬁomefradudzhmc@mbrwqé rabliréd for the
s 52% Accord| ng to the teaching from US
3“%%?39 ) stgp (theeshiodaatiandt | for  exanpl e

di chl oromet hane, chl orof orm or di chl oroet hane, is

required for the first reaction step (the
&P obiGh34h)and BB BR623B4desmibeErhé8¢hpBtatias cof b with

BP0 BB 1 o BT BERBHHE S 1R dh nre
fsoiveﬁnt(e&amlw éclude | totlene | gere, sMbrITerm L fichietbaidthane,

c%rl]clar%e&ane cﬂlorobenzene) to form B (R', R? = CH3) and further reaction
to give C (without isolation of B) in 85% yield. The conversion of C to D is
effected in the presence of aqueous propionic acid in 64% vyield. The overall
yield is thus 54%.

Although these prior art processes mentioned fulfill their purpose of providing
2-amino-4,6-dichloro-5-formamidopyrimidine D as an intermediate for
preparing antiviral pharmaceuticals, they display significant disadvantages.
For the chlorination step a), considerable amounts of chlorinated and/or
aromatic solvents are used. This gives rise to an unfavorable space-time
yield and considerable environmental pollution. The salt-containing
wastewaters obtained from the chlorination step have to be disposed of, but
a reagent (phosphate buffer or propionic acid) again has to be used for the
subsequent hydrolysis step from C to D.

In addition, it is not evident from the prior art - in spite of some experiments
with "one-pot variants" - that a direct process for preparing D from A without
isolating the intermediates might be possible. All of these factors increase
the amount of the raw materials used and the residual materials to be
disposed of, worsen the space-time yield in the production and lead
additionaily to considerable environmental pollution.

It was therefore an object of the invention to provide a simple and
environmentally friendly process for preparing 2-amino-4,8-dichloro-
5-formamidopyrimidine from 2,5-diamino-4,6-dihydroxypyrimidine or a salt
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di chl or oet hane, chl orobenzene) to formB (Rl, R2 =

-CH3) and further reaction 10 to give C (w thout

isolation of B) in 85%yield. The conversion of Cto D
is effected in the presence of aqueous propionic acid

6,490 v The overall vyield is thus 54% Al though
t QS%O/‘SF%QM%t processes m&rdtT oned ful fi IRCT’I@@OW&OMS '
pur pose of providing 15 .
dherephovith dligh cspasedirse f yeldsnildopgdition dithee mMoaessarshould be

[ [ J | VI T arnmageut. cal s .
THGRAEEE SES hal it FRAROH o ThistreBlouls Yl BE e 8nka with
¢bhepoheddationst ep a), considerabl e amounts of

chl orinated and/or aromatic solvents are used. This
gives rise to an unfavorable space-tine vyield and
qeRsdBjetasT tRe FVENtiORTSAERbvEPbY Ut i on. The

salt-containing 20 wastewaters” obtained fromthe

chl orination step have to be di sposed of, but a

Cea (o t ek i ani6 aci.d)._agai .
5 Rt U R R Brb L PO B GIOBCOE S OB altBherc
t o rmasthedeoft with,a chlorinating agenidend o fovmanfide fithe formula
art .- in spite of sonme experinents 25 with "one-pot
varpAnts" - that a direct process for preparing D from
A without isolating the internedi ates m ght be
possible. Al of these factors increase the anount of
the raw materials usRd and the residual materials to
be disposed of, worse@r-Rhe space-time yield in the
producti on and Ieaﬁ—ﬁggaitionally to consi derabl e
envi ronnental pollution. 30 It was therefore an object
of the invention to provide a sinple and
environmental |y friendly process for preparing
2-am no-4, 6-di chlorgh 5-formam dopyrim dine from
2, 5-di am no- 4, 6-di hydroxypyrim dine or a salt WD
2009688438 - 3 PCT/ EP2005/ 000325 thereof with high
SPaREzhHTE Afefddlh inh@&zﬁ‘i’&%ﬂtfgod‘crﬁl@afﬂl.ciﬁﬁﬁél DRoR!_gk2bg

hat els [

sinplified such tha lation o nt er redi at es

can-(b¥lzp syene eo= o4 to 6 or -(CHy).-O<(CHa).-, without addition of a
solvent at from 50 o 130°C,

b) reacting the reaction product from stage a) at from 0 to 100°C with water
and adjusting to a pH of from 1.0 to 6.0 with an inorganic base
and

¢) reacting the aqueous reaction mixture from stage b) at from 70 to 120°C
with hydrolysis to give 2-amino-4,6-dichloro-5-formamidopyrimidine.

Surprisingly, it has been found that, in a suitable reaction, the reaction
mixture in the chiorination step is better stirrable without solvent than when a
solvent is used, and that, owing to the solubility conditions of product and by-
products, 2-amino-4,6-dichloro-5-formamidopyrimidine can be obtained in

high purity from the complex reaction mixture.

The raw material used for the process according to the invention is
2,5-diamino-4,6-dihydroxypyrimidine or salt or tautomeric forms thereof.
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(one-pot reaction). 5 The object of the invention is
achi eved by a) reacting the
2, 5-di am no- 4, 6-di hydroxypyrim dine or salt or
tautoneric fornms thereof with a chlorinating agent

e of the fornmula (1) 10 (I
gqsa&ﬁwdeach |ndependeﬁ’t'1 y a G - C4 hc{’f}&ﬁooﬁfoooszs
radical, or -R-R2- is -(CH2), where n from4 to 6
Qwing depthe_ Qﬁso@mlzablhtm ehihet fraachaseoﬁspeclally the hemisulfate,

f h
e Foefloh e inolbhet 82 S dnk b aeL hyffiite aro
adnimzlarlygsultablae i coderf tocawold Qnhecéssarywédyemt consurpption and
PRafsi JUltafe iars iarioa Grafbiercends Bhey TPt Sngydrous
QI&anamnmm%ﬁr@&mmfdlnéﬁy@fdmﬂMHmwI m di ne.

Surprisingly, it has been found that, in a suitable
reactlon the reaction 25 mixture in the chlorination

\F/béfrl]c?nr%%geéggﬂié [1%@(%’ h%p)"b% &Qﬂt‘ju mo\‘ ééﬁlcs: tgPlu blrﬁ@n‘? 8 rBagents
bawdgt imnﬁJl‘m:tlopahisd umft aarmbldiychlqnmdm uEKamples include phosgene
BT e O B B e 58eS Ssmever
Fa 2t )G tBQm"y’h e chRid gat %UIf@nLyI usbrid, tFHOSPhBARSS trichloride,

accor |ng to the |nvent|on IS

phesphotks mentachleride ar ekgpphemsdexyehigrideaPartigular preference

%@I&%ggdogé %y&ﬁgﬁ%ﬁg o|\§ﬁﬁéoggis6gil33| -zaerl lity of
the free base, especi aI ly the hemisulfate, the
ﬂﬁ% &cgrgrﬂqlnrgﬁ ch‘ tﬁ%&gmﬁgi )ese%]gs hi%r pa\{g 'Er%’éj 3m|no groups of the

starting material and to protect them as the formamidine.

(),

The intermediates obtained in stage a) are the 2,5-diformamidino-

4,6-dichloropyrimidines of the formula (lI):
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particularly suitable. In order to avoid unnecessary
reagent consunption and undesired sulfate ions,
particul ar preference is given to using anhydrous 5
2, 5-di am no- 4, 6-di hydr oxypyri m di ne hydrochl ori de. The

o[ | ' gents used may be various ing ni c and
3&@%‘?@%@%@% s having thé+unctionali tg:'(g EL2005{Q00325
chl oride. Exanpl es include phosgene, oxalyl chloride,
chl or onet hyl enedi et hyl amrmoni um chl ori de (Vil sneyer 10

. i i | ; ’ ]
RS bet RS RGOl B . e rscton
fin abveh thies end xpyrobilict; isdethaBairfcispatiive of deeaatige of ithe formula |
Gt sARRIShl PIORET Iy ahtaped: The e & e radicals are
@aRHMARdEPeridEhilyl® Gl &) m%wﬁh%cbﬁﬁ@nﬁ éﬁ?ﬁlgﬁ ﬁ%gyl, ethyl,

them as the fofmam dine.. 1 5 O € _
inmprepyreer/anta-tuttyl afliematively: thgeRapndiRe radieals can be joined via

» @ if L di | ght or-0pyFAmidi of _t

A Soflel S5 She 08 S 4 RRABRUCY R8Ch im 4 0 6
POOETIAHSARECH, Jo-. FRETErEeRP AnTide 08 e Toenyar(l) argd NiN-dimethyl-
?nd R2. ra(?\n:als are .getaw d again.in the Rlutrther i
@mamigls: N-formylpymolidine, N-formylipiperidine and N-formylmorpholine.
Particular preference is given to N,N-dimethylformamide.

The molar ratios of the reactants in the chlorination step can be varied within
wide limits. Preference is given to using from 1 to 5 mol of formamide of the
formula (1) per 1 mol of 2,5-diamino-4,6-dihydroxypyrimidine. Preference is
further given to using from 3 to 7 mol of chlorinating agent per 1 mol of
2,5-diamino-4,6-dihydroxypyrimidine. For the special case of use of
phosphorus oxychloride and N,N-dimethyiformamide, preference is given fo
using from 3 to 5 mol of phosphorus oxychloride and from 1 to 3 mol of
N,N-dimethylformamide per mole of 2,5-diamino-4,6-dihydroxypyrimidine.

In a preferred embodiment, the chlorinating agent is first mixed with the
formamide and only in a second step is the 2 5-diamino-
4,6-dihydroxypyrimidine, as the case may be, metered in slowly or added in
portions. In this way, it is ensured that the insoluble 2,5-diamino-
4,6-dihydroxypyrimidine added is reacted continually to give soluble
subsequent products of the structure (l1), so that stirrability remains ensured.

In a preferred embodiment, the chlorinating agent is initially charged. The
N,N-dialkylformamide is then added at a temperature of from 20 to 100°C,
preferably from 40 to 70°C, and the reaction mixture is allowed to react at
this temperature for a period of from 5 to 180 minutes. The 2,5-diamino-
4,6-dihydroxypyrimidine is metered in at a temperature of from 50 to 130°C,
preferably from 50 to 100°C, over the course of from 15 minutes to 5 hours.
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to give the end product, so that, irrespective of the
am de of the fornula | wused, the sane end product is
al ways obtained. The Rl and R2 radicals are 5 each

i ndependently a G to CA-aIkyI radical and in

particul ar nethyl, ethyl, Efropyl or/and n- but
AN@?%& 068438 the RL and Rz &adicals can R@Tﬁﬁﬂmmooi"%

via a single bond and can assunme the definition
-SulbdBquentiyr eontinaelirreacdon ds @ffeoted- 0W@2ir@m04 (16HR) hours at a

Preferred am des o ornmula (1) a N, N di met hyl -
rsperrtaee SKIrpay o 1o 1A 51 FUFREADIK8? A 19T RBIG ol ne. and
N-f or nyl nor pholine. 10 Particul ar preference is given

to N, N-di methyl formam de. The nolar ratios of the

B peaiersed embadimant reaetiobatepralds eliectasl withinea temperature

' %bgég'onn‘g?aﬁ?lwﬁlés Preference is given to using from

ormam de of the formula (1) per 1 nol
of 2,5-di am no 4, 6- di hydr oxypyri m' di ne Pr eference i's
fur 35{1 qui,rp USI fra?{)nﬁn prmmple E)e carried out in two

%sﬁer@hﬂ%pg 6n51§t&‘m@%ﬂﬁ%m%ﬁi Hwafe? rreamﬁéoseﬁéétaﬂ into the
case of uSe of n£h$d% orus oxychl ori de and

rchlmrmaﬁr@ﬂ Hpixtuse adyaetageeus since ny fusther dseaazmrh\gessel is
§6rets 8 halStng Yo RANIRK Uba MIUERNG it ik is'BRbér owing
20 5ttgb’ dm'ghohéﬁ’ﬁ ptﬁ?udrmyp\ﬁe'm’atmblye wRI?_ the atsam'ne:‘]I Bersuitﬂ the
nt e chlorin I r xed Wt
TmeBE S 5iR b oA o JabAl Sharped walhe

2 5-di ami no- 4, 6-di hydroxypyri m di ne, as the case may
metered in slowy or added in portions. In this

\Edge aqded gr witially sharged water shestsl be Isgﬁ"@tealtdafaﬁi the ersl of the

d im
yBEyI¥ CLF SRR ' Lradfy E0le BrlslB e ARURltY do the
Grh\te)ntloap frdvat 2sttor ﬁabltérst ofr maern@eenﬂ; umadd of I B,5diamino-4,6-
pr.eferred enbodi nent, chl ating agent is
iRty ERdNG e fire SURIGET ot 1% PURER de | o t hen
added at a tenperature of from 20 to 100C, 30
preferably from40 to 70C, and the reaction mxture is

dinedhstrolysisrssa ) shouldnbe efferissiaithinghe demaemsuretange from
0800 ECThE FaRbd Hhfis 20 1080%C s B5ATUERd to be preferable.

Subsequently, the resulting reaction mixture is adjusted to a certain pH with
an inorganic base and partially hydrolyzed in this way.

Suitable inorganic bases are in principle all bases which form soluble
chloride salts. Preference is given to sodium hydroxide solution, sodium
hydroxide, sodium carbonate, sodium hydrogencarbonate, potassium
hydroxide solution, potassium hydroxide, potassium carbonate and
potassium hydrogencarbonate. Particular preference is given to sodium
hydroxide solution. The amount of base added depends upon the pH to be
established and it is typically from 2 to 3 moi per mole of chlorinating agent
used.
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4, 6-di hydroxypyrimdine is netered in at a tenperature
of from50 to 130C, preferably from50 to 100C, over
the course of from15 mnutes to 5 hours. WO

2005/ 068438 - 6 PCT/ EP2005/ 000325 Subsequently,
continued reaction is effected over from1 to 30 hours

WVOR2005068438 ure of from 587to 130C, pr eRGHERZ0056100325

70 to 110C. In a preferred enbodi nent, reaction step

a)lagiCpH #} foamdif;ld simcehit nﬁatnblertberwlemme reaoijen bf 8Wig@tte D. In
. supse ent SIS tep ca ri nc

5 Cant 1 POToty Balsaial PHor Fedugens Vol andlir i debree by-
‘p'?@dlﬂi@wtthé’fprdﬂk‘%raréed&éfn%@l ﬂchﬁﬁﬂlg’ td W@ inNEhtion, the pH is

chlorination mxture. This I s advantageous since no

edjusted at aadﬁfinsd vades i thesrangerkajweeadH Bt and $.9,ereferably
oA R 510985 8L s A ol 2015 0 3 BBy Rlsured

bymacaes of BI gl;lahe elexittodiei aitad ltemperatltmaerd efdzmc o [ apsptommﬂe the
[ injtia r The added or, initia
oL Rababe el BriBUewsly i B Codreepr 1he tatigh which

'f(ﬁl%ws]@y aa@thglfuﬁhér bdse @RdeétigH Bohe@di | y stirrable
reacti on m xture. According to the invention, from?2

to 5 liters of water per | nol of 25d|amno46-

' e e L.cient. f | S..:

They e BeRLdg 18 cAtfe Jtoog Hediblrtie, aleol fure to 2

m‘mbenaftml’ea)fg?m @K)gtgéi mﬂcarpgefe‘gaiﬁiméroh@ 80 tool OK?(DCIn THrecourse
nge om t is si der tqQ ef er

afifs hwf |t5mep froreduia §§} cheghnisg ﬁ%&%{ @tﬁﬁrgneéfates form

HH Héél%H Eé? ét ﬁ.%rdh@t D-hinvi4,B- d.anoﬁonsﬁ&%rﬁnd&%ﬁn@diﬁe This
partially zedlntlsvva Sui t abl e

i&wmsgmle: lrb Eﬁaﬂtl@ﬂl mixBurenasich can duel repagvad, wiasited andgndried

B R of HbPELS BRI RLenaAdnghue {0 sodi um

R TR s o Y
car bonat e, sodlun1hydrogencarbonate pot assi um

B sahscershts bp grseeBfaipranoudHion Wah dvs Jaskaparian step i
BfféRHaA e hﬁs@hc‘:’@n el/én ©PHLEES - of a solvent. This is because it has
been found to be capable of starting to dissolve the water-insoluble 2-amino-
4,6-dichloro-5-formamidopyrimidine in the reaction mixture, which makes the
pyrimidine more vulnerable to a further hydrolysis, so that the ultimate resuit
is reduced yields and/or contamination of the product with 2,5-diamino-
4 6-dichloropyrimidine, the subsequent product of the hydrolysis.

The process according to the invention affords satisfactory yields which are
only slightly below the yields of the prior art processes. On the other hand, it
offers the advantage of higher purity of the end products. The considerably
reduced reaction volumes, the savings of solvents, assistants and residual
substances, and the considerably simplified process in process technology
terms, give rise to distinctly more favorable preparation costs for 2-amino-
4,6-dichloro-5-formylaminopyrimidine.

A further aspect of the invention relates to the use of the 2-amino-



30 hydroxi de solution. The anmount of base added

depends upon the pHto be established and it is
typically from2 to 3 nol per nole of chlorinating

agent used. WD 2005/068438 -7- PCT/ EP2005/ 000325 The
ﬂgais crucial, since it controls the selective
05/068438 via Cto D. In8-the case of RGUEP280H(000325
sel ected pH, a reduced yield and/or undesired by-
pr@sdmhtosmaqfdrnmammdpymmﬁﬁme pgewareelotéy ?«mprco:bss;g aczording fo
Lnventi t.ea,.at €
iR rVanion fRrieBarngipuiioh SRvatrs. eravamion e iptes o
aqéJuée? oPtHd 21201, SloRerdroys wrﬁwaé’mmdp«}nﬂmﬂne tphépdted by the
bei ng nmeasured by nmeans of a gl'ass el éctrode at a
Dé‘iﬁ@@ﬁaﬁ(}@@dm d0Ghe ﬂn%ﬁipﬁpfqrapéep&fmg agtive aphagemaceutical
e ugl.y

PSR ReS o BRI i ahfbfal ey, 16 hBRRH B the
treatment of WIDBhe further reactlon is carried out by
heati ng the aqueous mi xture to a tenperature of from

70 to 120C, preferably from80 to 100C. In the course
Theaex@AplesOWhidnRolRiv 'seA o tifustit8 MEeSprdcles found without
uni sol ated internediates form the desired target

pesdueting theseone-of the invenkieno- 5- f or mani dopyr i ni di ne.

This is insoluble in the reaction mxture and can be
renoved, washed and dried 15 by neans of process

steps famliar to those skilled in the art. It is
considered to be essential to the invention that this

| ast reaction step is effected in the absence - even

of traces - of a solvent. This is because it has been
found to be capable of starting to dissolve the
wat er -i nsol ubl e 2-am no 20

4, 6-di chl oro-5-formam dopyrimdine in the reaction

m xture, which nmakes the pyrimdine nore vul nerable
to a further hydrolysis, so that the ultimate result

I's reduced yields and/or contam nation of the product
wWth 2,5-diam no- 4, 6-dichloropyrimdine, the

subsequent product of the hydrolysis. 25 The process
according to the invention affords satisfactory yields
whi ch are
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only stightly below the yields of the prior art
processes. On the other hand, it offers the advantage
of higher purity of the end products. The consi derably
reduced reaction vol unmes, the savings of solvents,

assi stants and residual substances, and the

WR205/86843& i npl i f i ed procdss in procesPGHERIOEHP0325

30 terms, give rise to distinctly nore favorabl e

mmg;i on costs for 2-am no-
4, 6-di chl oro-5-fornyl am nopyri md ine. A further

aspect of the invention relates to the use of the
Eampe WO 2005/ 068438 - 8 PCT/ EP2005/ 000325

I chl or o- 5-fornyl am nopyri m di ne prepared by the
process according to the invention for preparing

ﬁ;‘?’fﬂg 452‘? Q‘lﬁ@io‘f%osgﬂc?rds%&emioﬂﬂe%ﬁr&%fiaﬂf&ﬁér@é& Bt 50°C,
2827 gof(42% reblk lof adiethyfiformmirade negrer added mopwiseamnétin 45

Sliohlee, Fexereoes fvan inatneriety s /DG and 37,88 0 (g 10 mob of

Pa%-HidthinaL4 Brd"hwrbxwggﬁhmmd hgdvdeRiosidef %r@wmbe bf/ Odpatula

the treatnment of he exanpl es which f

110
ydthine46 dninutezﬁstsrt@séquwly@ g EYxtuFe wing fwat%m 60°C and stirred

T L T
((;e,grréblermila;c\tlm; gcpl'rtﬁbgbgvas cmc%erlzw ko 205€ %w?i admixed atithy200 g of
SN Rl Sl cocibo - Adinbl & o 4 39% sogium hydroxide

RblibASad] TBtécmh‘é froms -ofeerro heet aAdt the’ BSachiod ﬁh&t&@ was

5- di am no- 4, 6- di hydr oxypyri ni di n

%9@%?%1% %n(?l&iénd@tlﬁ’ ed foed Wr%p'faiqmmmw wﬁs ogled to 18°C and
and%?a?'} 659%88#‘@&“}5%8 L%%‘?grﬂf%w d?ﬁﬁn,g\zrag b é’ﬁi WithARter and

dried unsler bedudednprgesgreus and readily

8.28 g of pure 2-amino-4,6-dichloro-5-formamidopyrimidine were obtained
with a content of 98.7%. The vield based on 2,5-diamino-4,6-dihydroxy-
pyrimidine used was 39.5%.

Example 2

61.33 g (0.40 mol) of phosphorus oxychloride were initially charged and
heated to 50°C. Within 45 minutes, 29.24 g (0.40 mol) of dimethylformamide
were added dropwise. The mixture was then heated to 72°C and 17.86 g
(0.10 mol) of 2,5-diamino-4,6-dihydroxypyrimidine hydrochloride were added
within 45 minutes. The mixture was heated to 90°C and stirred for 17 hours.
The mixture was then cooled to 20°C and admixed with 200 g of water with
external cooling. Addition of 88.35g of 50% sodium hydroxide solution
adjusted the pH from -0.5 to 3.6, and the reaction mixture was heated to
97°C and stirred for 4 hours. The mixture was cooled to 18°C, and the
precipitated product was filtered off with suction, washed with water and
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stirrable mxture fornmed. It was cooled to 20C and

adm xed with 200 g of water with external cooling.

Addi tion of 82.03 g of 50% sodi um hydroxi de solution

adJ usted the pHfrom-0.6 to 4.0, and the reaction

ture was heated to 90C and stirred for_8 hours

'W@ 2908/06843Rs cool ed to 188 -and 15 the Rﬁ'&ﬁﬁﬂwwnf’
product was filtered off with suction, washed with

wirieer uratet redaceztipresdare. r educed pressure. 8.28 g of

pure 2-am no-4, 6-di chl oro-5-formam dopyri m di ne were
obtained wth a content of 98.7% The yield based on

%.92 di afrigige 42-6nﬂndsmcts @K:Yﬂor@fs mfﬁiamudwﬁnrh@% Wafe obtained
39. 5% Exanpl e 1,33 1) ghos phor us

40 no
e epnigat el 8715r%t .Tam ylelﬂh&:agea @ﬁhc? ahanisg:4§-digydroxy-
bes, 29.24 g (0.40 nol) of

M%Fmﬁg&%%?\%ﬁfe added dropwi se. The m xture was
t hen heated to 72C and 17.86 g (0.10 nol) of
%S-dila ] ho- 4 6-tdi ydroxypyri m di ne hydrochl ori de were

Pic agNBIhutes. The mixture was heated to
90C and stirred for 17 hours. The m xture was then

cooled to 20C and adm xed with 200 of water with 30
WOahh&f tonen@ndadfi®t @ dR- Mok of phpsphosimoxpehlaride were

RBB TR, ALROTE, 02 87 ety RmeR 1 ord dhfed diopwise

stithim dé minutds.hati78°C,The.86ik (W eneklof hBidéamino-4,8dihydroxy-

BNfridfe ibRtlolie el Bt adtBd sopbfises. Subsggbdntly, the
qimkﬁme Uﬂé’@fstlfréduﬂegom €66 20eholisT /AE%%% 09882 Formé® @hich

pure 2-am no-4, 6-di chl oro-5-formanm dopyri m di ne
\ﬁ@h@r%b’tcaiitﬂﬁﬁd' ang ﬁaskaN@!baleé wasqinly pagigly sﬁb_ubya i fgluene.
based on 2, 5-di am no-4, 6-di hydroxy- 5 pyrim di ne used
was 37.4% Exanple 3 (conparative)
After cooling, 300 g of water were metered into the mixture, the pH was

adjusted to 5.0 by adding 89.6 g of 50% sodium hydroxide solution and the
toluene phase was removed. An interface layer which was difficult to remove
formed. After the toluene phase had been evaporated, 15.9 g of crude
2,5-bis(dimethylaminomethyleneaminoc)-4,6-dichloropyrimidine remained.

The water phase was extracted 3 times with 200 mi each time of ethyl

- acetate, and the organic phases were concentrated by evaporation. 9.8 g of

a second, less pure fraction of 2,5-bis(dimethylaminomethyleneamino)-
4,6-dichloropyrimidine remained.

250 g of water and 5.7 g of 85% phosphoric acid were initially charged, and

“adjusted to pH 4.0 with 3.7 g of sodium hydroxide solution, and the mixture

of the two crude products was added. The mixture was again adjusted to pH
4.0 with 10.5 g of phosphoric acid. The mixture was stirred at 100°C for 4
hours. After cooling, the precipitated'product was filtered off, washed and
dried. 11.3 g of 2-amino-4,6-dichloro-5-formamidopyrimidine were obtained
with a content of 83.8%. The pure vyield based on 2,5-diamino- -



180 m of toluene and 76.7 g (0.5 nol) of phosphorus
oxychloride were 10 initially charged. At 50C, 29.2 ¢
of di net hyl formani de were added dropwi se within 45

m nutes. At 70C, 17.86 g (0.1 nol) of

- di am no- 4, 6- di hydr oxy- rimdine hydrochl oride
mg{)@hegﬁ%d in portions: ){éubsequent ly, P@F‘;EP20°5’000325
m xture was stirred at 90C for 20 hours. A viscous
rfelslinsirmamyrinidion usedhwaed57%stirrer and flask wal |

and was only partially soluble in toluene. 15 After
cooling, 300 g of water were netered into the m xture,

tAre eigenaent achmietiedut analdydushadsing dhforébengined @stead of
o ium hg&d q&sol ut i a}n the t ol uene phase was
?%Hﬁ{)@ e OX‘PR %ﬂf@h"ﬁya i [actip’ mixiyrec After extracting 3
HPRERY Quithf @hﬁ%en%h@raﬁ@eaﬁéi’éﬁﬁe réddioR P9 PRSEbhate buffer,
evapor at ed crud
3258 51 of( diaminay Griahlorer horerarioawmitlins dversl atteipedi with a

PR 59 1 WBE AT RIS 0BER PSR ety

dnaganlhropglaisesabmne partizdnt fatiest byhyevslpsis at ton. 2$-diathino-
%f o8 cond Hiwss pure fraction of

&dig fSPWéJ?‘ @i nonet hyl eneami no) - 25
4, 6-di chl oropyri m di ne remai ned. 250 g of water and
5.7 g of 85% phosphoric acid were initially charged,
and adjusted to pH 4.0 with 3.7 g of sodi um hydroxi de
solution, and the m xture of the two crude products
was added. The m xture was again adjusted to pH 30 4.0
with 10.5 g of phosphoric acid. The m xture was
stirred at 100C for 4 hours. After cooling, the
preci pitated product was filtered off, washed and
dried. 11.3 g of
2- am no- 4, 6-di chl or o- 5-f or mam dopyri m di ne were
obtained wth a content of 83.8% The pure yield
based on 2, 5-di am no WD 2005/ 068438 - 11
4, 6- di hydroxypyri m di ne used was 45. 7%
PCT/ EP2005/ 000325 An experinment carried out
anal ogously using chl orobenzene instead of-
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toluene lead to better stirrability of the reaction

m xture. After extracting 3 5 tinmes with chl orobenzene
and anal ogous reaction in a phosphate buffer, 12.4 g

of 2-am no-4, 6-di chl oro-5-fornmam dopyri m di ne were '
Sﬁbﬁﬁ %a_ content of ?ﬁ 3% It was found that

B distilled of f-1#conpl etely RaUEF200§/100325

about partial further hydrol ysis to 2,5-di am no- 4,

6-di chl oropyri mi i n e. WD 2005/068438 -12
What is clainmed is: P.20 [Q00325 1. A process for
prepari ng 2-am no- 4, 69%%‘1550?8 86? mam dopyri m di ne

5 from 2, 5-di anmi no- 4, 6-di hydroxypyrlmdl ne or a salt
t hereof , characterized in that a)

3; 5 A RIRPPRS 4708 BIERATNGx g TiNa- 61%06Ipr%§rfprmamldopynmldme
t an-r@ﬁ‘Pﬁ JECdib R4 G-HﬁXEfofyg?nﬁﬁ%é ?‘@aﬁqhé\'fe
rmula (1)

chl orinati ng agent an
10 charactgiged in tiatand R2 are each mdependently a

Fr off 2 1% ZepHR BBs.63linyiibamiSige; roFt Bl dmuippterc fgrms

of a sthereof isateatteehwiiA 4 @hlbﬁﬂ@nn@hgbh@ah@@fdrﬁfamlde of the
producb%pg?mitage a) is reacted at fromO to 100C

wi th dadjustedtoapHof froml.Oto 6.0

with an inorganic bage and 20 c) the agueous reaction

m xture from stage b)\l\| SR;_reacted at from70 to 120C

with hydrolysis to e
2-am no- 4, 6-di chl or%%-formam do-
0,
where
R" and R? are each independently a C+-Cq-alkyl radical, or -R'-R?- is
-(CHa)n- where n = from 4 to 6 or -(CHy),-O-(CHaz),-, without addition
of a solvent at from 50. to 130°C,

b) the reaction product from stage a) is reacted at from 0 to 100°C with
water and adjusted to a pH of from 1.0 to 6.0 with an inorganic base
and

c) the aqueous reaction mixture from stage b) is reacted at from 70 to
120°C with hydrolysis to give 2-amino-4,6-dichioro-5-formamido-
pyrimidine.

2. The process as claimed in claim 1,

characterized in that

the starting material used is 2,5-diamino-4,6-dihydroxypyrimidine as the
hemisulfate, hydrochloride monohydrate or as the anhydrous
hydrochloride, preferably anhydrous 2,5-diamino-4,6-dihydroxypyrimidine
hydrochloride as the raw material.
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pyrimdine. 25 2. The process as clained in claim1,
characterized in that the starting material used is
2, 5-di am no- 4, 6-di hydroxypyri m dine as the

hem sul fate, hydrochl ori de nonohydrate or as the

IR EHPoR A 6 Gl yor oxypyt TT 01 ne 23“%3@ - ER29051400325

as the raw material. WO 2005/068438 -
ﬁCT/TlBBZUQE;%ﬂ)@%Q@WBedTm1§|a;!)'n010©rs%, as cl a| msd inclaiml

%h ra%@&ﬁféﬁt élﬁd in that the chlorinating agent

rs a reagent aving the functionality of an acid
chI thne chlorimatihgrageny usedsigeaaeagaat Névu@@lthéifdﬁctlonahty of an

hi J - | [ hl d
ol SRl el refora o RO e Bhlore cishlso@athylene-
ph Oﬂﬂhéﬁ?ﬁanﬂ%hm | %ngﬁd@r Pr'il@ﬁ)?]g fa‘l%nd@xy @Uﬂfﬁgl deghloride,

nor e p er abl y phosphorus oxych rocess
as ©haspherusn tisklogdec| phagphorus :pentaczbﬂwi@ aor ephesghorus

t ne Co b AR TS terbB PSP Rt tveh o) “and the
2, 5 di am no- 4, 6- di hydroxypyrinm dine is only then

4t TPaintebats o BaimeRin aue of RIS frtochar - - o | O

N, Ncﬁg,@{é}&baq,ﬁw de, N-fornyl pyrrolidine,
N-fornyl pi peridine or  N-fornyl norpholine, preferably

N, Nthe aBtids [of dherdamadla (I} isumasted with, trrehehlprmam agent in a
cl apF@%%d'ir{b 925 SMd HePbBaikintifo2:6-dbNRIASbHinffife i only then

added in portions.

5. The process as claimed in one of claims 1 to 4,
characterized in that
N,N-dimethylformamide, N-formylpyrrolidine, N-formylpiperidine or
N-formylmorpholine, preferably N,N-dimethyiformamide, is used.

6. The process as claimed in one of claims 1 to 5,
characterized in that
from 1.0 to 5.0 mol of amide of the formula (1) per mole of 2,5-diamino-
4,6-dihydroxypyrimidine are used.

7. The process as claimed in one of claims 1 to 6,
characterized in that
from 3.0 to 7.0 mol of chlorinating agent per mole of 2,5-diamino-
4,6-dihydroxypyrimidine are used.

8. The process as claimed in one of claims 1 to 7,
characterized in that
reaction step a) is effected within a temperature range from 70 to 110°C.
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from1.0 to 5.0 nol of am de of the fornula (1) per
nmol e of 2,5-di am no- 4, 6-di hydr oxypyrim di ne are used.
25 7. The process as clained in one of clains 1 to 6,
characterized in that from3.0 to 7.0 nol of

of J ' gent per nole of 2,5-diamn
WQ %@hbg%/%yrl m di ne are” Eged 30 8. T%&WM’%‘B%
claimed in one of clainms 1 to 7, <characterized in
tShatThecproceshas clgimay in onefafstaies Wadin a t enper at ur e

ran 0C. WD 2005/068438 - 14
PCT%EBE%%@%%O@%EA . The process as clained in one of

cl aithe irforganis, basehmedqhesté;z ellis & babatwHidrefarner gauble chloride
base sed i.n ns sol.u

b whi ch
ont GPltRePratGiebly Bpf areinale oBmo wdSshen e SiReled from the
wWhi gfrods € of ekeaiLad hy@mx‘d'ée S&u%ﬁu%dﬁluﬂoqﬁy‘dﬂbmde sodium

hydroxi de sol uti on, so i um hydr oxi de, i um
car isgranate.s sadivm Hydregrncesbymiar @otgasium shydroxide solution,

R g T -

The cartmoeds. as clainmed in one of clains 1 to 9,
characterized in that the base used is sodium
hydr oxi de solution. 11. The process as clainmed in one

<11 Cﬂh%l p’fécéségs &Rimed ™ BR8 A eldimsZe@ n that from2 to

3 nmol of the inorganic base are used per nole of
chl sharsterrgd laé’é@ﬁ 12. The process as clained in one

of  #h&biBe hsd@isldodium hydroxide solution.

11. The process as claimed in one of claims 1 to 10,
characterized in that
from 2 to 3 mol of the inorganic base are used per mole of chlorinating
agent.

12. The process as claimed in one of claims 1 to 11,
characterized in that
the partial neutralization in step b) is effected up to a pH of from 2.0 to
5.0, preferably from 3.0 to 4.0.

13. The process as claimed in one of claims 1 to 12,
characterized in that
the reaction product from stage a) is reacted at from 20 to 60°C.

14. The process as claimed in one of claims 1 to 13,
characterized in that
the hydrolysis in step ¢) is effected at a temperature of 70-120°C, .
preferably from 80 to 100°C.

15. The process as claimed in one of claims 1 to 13,
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20 characterized in that the partial neutralization in
step b) is effected up to a pHof from2.0to 5.0,
preferably from3.0 to 4.0. 13. The process as cl ai ned
in one of clainms 1 to 12, 25 characterized in that

B AEOOSRE " Tho” pr ocoss alSel ol med | Aol G 2008/GH0325

1 to 13, characterized in that 30 the hydrolysis in
st eghanadteyizedrindbald at a tenmperature of 70-120C,

S SEAN  blig 8p t 2oon o 1

characterized in that step c) is effected in the

sence of a solvent. .PCT/EP2005/ 0003 16. The
353 B6 ke &5 HlEie RS of GOl (B0 15, | &
chaghsgizetdrzed ihfhathat the clainmed reaction is effected
wi thout isolation of intermediates, i.e. as a one-pot
r eathg elaimed reggfion isceffgcted, without isolation of intermediates, i.e. as

2- agi s =diehl or o- 5- f or mam dopyri m di ne prepared
10 g]cdg%ré?tﬁge%g%ne of clains I to 15 for preparing

purine derivatives, in particular for preparing

tive phar eutjcal i di ent 18. The use of the
37 R3S 0T, 45 PRI A dr-HiehicieryformpminieP yieipines repared
accgeetiriingt  ene of clalris ﬂBtol150f8i%ré;%rir§§n ﬁegma Ftibrivgpves, in

active pharmaceutical 15 ingredients, in p icu

f or PARICH(A fon Prepariaa metve phagnaceidicakiageedientsi med in
claim 18 for preparing active pharmaceuti cal

ingredients for the treatnent of AlDS.

18. The use of the 2-amino-4,6-dichloro-5-formamidopyrimidine prepared

according to one of claims 1 to 15 for preparing active pharmaceutical
ingredients, in particular for antiviral medicaments.

19. The use as claimed in claim 18 for preparing active pharmaceutical
ingredients for the treatment of AIDS.




