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DI HALOAZOLOPYRI M DINES BACKGROUND. OF THE I L:‘[ﬁ
Di.hal oazol OpernT dimes—are useful— as internediates - 5 ACy-{3gg2:preparati on

of a varlety of &gkﬁ g phar maceuti cal conpounds. In

particul ar, ryI 1,2,4-triazolo[1, 5-al pyrimdines are key

I nt er med- |at aratlon of .
OLIREPLACED SHEETS S5¢d° |

derivatives which “in EP-A2-
descri bes a nmethod for the preparatrbﬁ -
B‘n/llésmpﬁon pagéd cm\ nml mec .a.CI
aimfsat; gEgbd o2, ely

5,7-di hal o-6-aryl -1, 2,4-triazol o[ 1, 5- a] pyr}
esters and 3-ami no-1,2,4-triazole. Ho
satisfactory because t hose pyrim di ne
yi el d.

Dihaloazolopyrimidines are useful as intermediates

5 in the preparation of a variety of agrochemical and
pharmaceutical compounds. In particular, 5,7-dihalo-6-
aryl-1,2,4-triazolo[1l,5-alpyrimidines are key intermed-
iates in the preparation of fungicidal triazolopyrimidine
derivatives which are described in EP-A2-550113.

10 EP-A2-550113 describes a method for the preparation
of 5,7-dihalo-6-aryl-1,2,4-triazolo[1l,5-alpyrimidines
from malonic acid esters and 3-amino-1,2,4-triazole.
However, that method is not entirely satisfactory because
those pyrimidine compounds are obtained in low yield.

15 G. Fischer (Advaﬁces in Heterocyclic Chemistry,
1993, 57, 81-138) describes the formation of
triazolopyrimidines from 1,3-dicarbonyl compounds and
3-amino-1,2,4-triazole, and states that refluxing in
glacial acetic acid is “standard conditions”. Y. Makisumi

20 (Chem. Pharm. Bull., 1961, 2, 801-808) reports that under
those conditions the condensation of diethyl malonate
with 3—amino-1,2,4-triazole does not proceed. Makisumi
discloses that the reaction could be carried out in the
'presence of sodium ethoxide in ethanol, and that the
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15 G Fischer (Advances in Heterocyclic Chemistry, 1993, 57,

81-138) describes the fornmation of triazol opyrimdines from

. 1, 3-di carbonyl conmpounds and 3-amno-1,2,4-triazole, and states that
refluxing in gl acial acetic acid is "standard conditions”". Y. Makisum
20 (Chem Pharm Bull., 1961, 9, 801-808) reports that under t hose
condi tions the condensation of diethyl malonate wth
3-anmino-1,2,4-triazol e does not proceed. Riaki suni di scl oses that the
reaction could be carried out in the presence of sodi um et hoxide in
et hanol, and that the pr oduct
di hydroxytri azol opyri m di ne could be converted to t he correspondi ng
di chl orotri azol opyri m di ne using a | ar ge excess of phosphorus

oxychl oride. However, 5 Makisum's nethod is not entirely satisfactory for

t he pr ep@Aradust oiltwdmmz:oimmymmmc@mbd abe aggmvertedxtess of
phosphor us oXgeh |d2ﬂr1%p§ndﬁ9¢“ d%fé‘ﬁbﬁlhfazoloﬁﬂﬁiazl.ﬂé eugllﬂé 4he

reactions st rtfégygiéggs o% Bhosphorus oxXy ghiorl t?n Hgmgver,

5 Makisumi‘s method is not entirely satisfactory for the
preparation of dihaloazolopyrimidines because a large
excess of phosphorus oxychloride is required and the
overall yield of the reactions starting from diethyl
malonate is often low.

10

SUMMARY OF THE INVENTION

The present invention provides an effective and
efficient process for the preparation of a
15 dihaloazolopyrimidine having the structural formula I

Xl

)\

(I)

wherein
20 X, is chlorine or bromine;
R is phenyl optionally substituted with one ox more
halogen, nitro, cyano, C,-Cgalkyl, C,-Cg-
haloalkyl , C,-Cealkoxy, C,-Cihalocalkoxy, C,-
C,alkoxycarbonyl, phenyl, phenoxy or benzyloxy
25 groups, '

naphthyl optionally substituted with one or more



SUMVARY OF THE | NVENTI ON The present invention provides an
effective and efficient process for the preparation of a 15
di hal oazol opyri m di ne having the structural fornula I

[err] wherein 20 X/ err] is chlorine or brom ne; R is phenyl
optionally substituted with one or nore hal ogen, nitro,
cyano, (err]-Cerr]alkyl, (err]-(err]- hal oal kyl ,
Cerr]-Clerr]al koxy, derr]-derr]hal oal kdxy, Cerr]- -

d err] al koxycarbonyl, phenyl, phenoxy or benzyl oxy 25 - gr oups,

napht hyl

optionally substituted with one or nore

10

15

20

25

halogen, nitro, c¢yano, C,-Cgalkyl, 'Cl-Cshalo-
alkyl, C,-Ccalkoxy, C,-Cghaloalkoxy, C,-C,-
alkoxycarbonyl, phenyl, phenoxy or benzyloxy
groups,

hydrogen,

C,-Cqalkyl optionally substituted with one or more
halogen, nitro, cyano, C,-C,alkyl, C,-C,halo-
alkyl, C;-C,alkoxy or C,~C,haloalkoxy groups,

C;-Cycycloalkyl optionally substituted with one or
more halogen, nitro, cyano, C,-C,alkyl, C,-C,-
haloalkyl, C,-C,alkoxy or C,-Cshaloalkoxy groups,
or '

C,-Csalkenyl optionally substituted with one or more
halogen, nitro, cyano, C,-Csalkyi, C,;-
C.haloalkyl, C,;-Cialkoxy or C,-Cjhaloalkoxy
groups;

X is CR,; or N;
Y is CR, or N;
Z is CR; or N;
R,, R, and R; are each independently hydrogen or

C,-C¢alkyl optionally substituted with one or more
halogen, nitro, cyano, C1§C4alkyl, C,-C,halo-
alkyl, ¢,-C,alkoxy, C,-C,haloalkoxy, amino,
C,-C,alkylamino or di(C,-C,alkyl)amino groups,
and

when R, and Rz. are taken together with the atoms té

which they are attached, they may form a ring in

which R;R, is represented by the structure:



3 hal ogen, nitro, cyano, (Jerr]-Cerr]alkyl,

Cerr]-Cerr]hal o- al kyl, derr]-Cerr]al koxy,
Cerr]-derr]hal oal koxy, err] Cerr]- al koxycar bonyl ,
phenyl, phenoxy or benzyl oxy groups, 5 hydr ogen,

Cerr]-Cerr]al kyl optionally substituted with one or nore

hal ogen, nitro, cyano, Cerr]-Cerr]alkyl,4sCJerr]-Clerr]hal o-

al kyl, Cerr]-Cerr]al koxy or (Jerr]-( err]hal oal koxy groups,
Cerr]-Cerr]cycloal kyl optionally substituted with one or 10
nore hal ogen, nitro, cyano, (err]-Cerr]alkyl, Cerr]-Clerr]-
hal oal kyl , C[err]- C[err al koxy or (err]- C[err]haloal koxy groups,

or C2- Ce4TReERYE - Ot 1 Shal P’F%‘Gb&art%ted"wﬁﬁ c3BR ABFB

hal ogen, nitro, cy ,

Clerr] hal oal kyl , %“]pgéa ﬁlg éfé%[ ']EMC[ er’ﬁs‘har SicaRyRYL.
groups; X is CRFe[halealRyl, c1 cgall&oﬁa[ e hloc4ﬁéloalkozig/r s CRlerr]
or N 20 Rerr R[err] and R[err] are each independently hydrogen or
Jerr]-d err] ahidgh @RAcasas |somRmiRes ut @& WearBiRg ofl o énalonic acid

5 5 i s A 6

Cerr]-Cerr]alkylamno or di(Clerr]-Cerr]al kyl)am no groups, 25

and when Rlerr] and Rlerr] are taken together with the atons to
whi ch they are attached, they may forma r*r'-'ﬂgag n whi ch
Rerr]Rerr] is represented by the strr
' COZR9
(I11)

wherein Ry and Ry, are each independently C,-Cgalkyl, and R
is as described above with (2) a heterocyclylamine having

10 the structural formula III

g‘z/)\m{

III

15 wherein X, Y and 2 are as described above at a tempera-
ture of at least about 100°C to form an intermediate
salt; (b) optionally acidifying the intermediate salt
with aqueous acid to form a dihydroxyazolopyrimidine
having the structural formula IV

20

OH

X—N~ N R

P



3

4 -CRlerr]=CRlerr]-CRlerr]=CR[err]- where Rerr], Rerr],
Rlerr] and R err] are each i ndependent |y hydrogen, nitro, cyano,
Cerr]-Cerr]al kyl, Cerr]-Cerr]hal oal kyl, Cerr]-Cerr]al koxy
or (Jerr]-Cerr]hal oal koxy, whi ch process conprises: (a) reacting (1)
a malonic acid 5 ester having the structural formula I1
[err] wherein Rlerr] and Rlerr] are each independently
Cerr]-Cerr]alkyl, and R is as described above with (2) a
het er ocycl yl ami ne having 10 the structural fornula II
[err] -

(IV)

wherein R, X, Y and 2 are as described above; and (c)
halogenating the intermediate salt or dihydroxyazolo-

5 pyrimidine with at least about two molar equivalents of a
halogenating agent, e.g., phosphorus oxychloride,
phosphorus oxybromide, phosphorus pentachloride or
phosphorus pentabromide or a suitable mixture thereof at
a temperature of at least about 100°C.

10 The present invention also provides an effective and
efficient process for the preparation of a dihydroxy-
azolopyrimidine having the structural formula IV

OH

X—N" N R

1]
Y 7~ ~Z
‘z)\N OH
(IV)
15

wherein R, X, Y and Z are as described above. This
product (IV) is produced by the above-described procedure
wherein the intermediate salt is acidified; the product
(IV) then may be isoclated, if desired.

20 It is, therefore, an object of the present invention
to provide an efficient new process for the preparation
of dihaloazolopyrimidines.

It is another object of the present invention to
provide a novel process for preparing dihYdroxyazolo-

25 pyrimidines.

Other objects and advantages of the present
invention will be apparent to those skilled in the art
from the following description and the appended claims.



15 wherein X, Y and Z are as descri bed above at a tenpera- ture of at

| east about 100[err]C to forman internedi ate salt; (b) optionally
acidifying the internedi ate salt wi th aqueous acid to forma

di hydr oxyazol opyri m di ne havi ng the structural forrmula IV 20
[err] [err]

(v wherein R, X, Y and Z are as déscribed above; and (c)

hal ogenating the internediate salt or dihydroxyazolo- 5 pyrimdine with at
| east about two nol ar equivalents of a

DETAILED DESCRIPTION OF THE INVENTION

In one preferred embodiment of the present

5 invention, a malonic acid ester represented by formula II
is reacted with at least about one molar equivalent of a
heterocyclylamine represented by formula III, preferably
in a temperature range of about 120°C to 200°C, more
preferably about 150°C to 180°C, and optionally in the

10 presence of a base and/or solvent to form an intermediate
salt. The intermediate salt is halogenated with at least
about two molar equivalents of phosphorus oxychloride,
phosphorus oxybromide, phosphorus pentachloride or
phosphorus pentabromide, or a suitable mixture thereof,

15 preferably in a temperature range of about 120°C to 150°C.

Advantageously, it has now been found that dihalo-
azolopyrimidines may be obtained in high yield and good
purity by the effective and efficient process of the
present invention. In contrast, dihaloazolopyrimidines

20 are obtained in comparatively low yield when prepared
according to art methods.

A further advantage of the present invention is that
the inventive process may be conducted in one pot when
the intermediate salt is not acidified. A one pot

25 reaction sequence is highly desirable because it avoids
the isolation of intermediate compounds and significantly
reduces the amount of chemical waste produced.

In another preferred embodiment of the present
invention, the intermediate salt is prepared in the

30 presence of added base. The base is preferably presr
in an amount of at least about one molar equivalent
relative to the malonic acid ester. Bases suital

~use in the process of the present invention inc
tertiary amines such as tri(C,-Cgalkyl)amines



‘hal ogenating agent, e.g., phosphorus oxychl oride, phosphor us

oxybrom de, phosphorus pentachl oride or phosphorus pentabrom de or a
suitable m xture thereof at a tenperature of at |east about 100[err]C.
10 - The present invention also provides an effective and ef ficient
process for the preparation of a di hydroxy- azol opyri m di ne having the
structural fornmula IV 7 [err] 15
wherein R, X, Y and Z are as described above. This product (I1V) is
produced by the above-descri bed procedure wherein the internedi ate salt
Is acidified; the product (I'V) then may be isolated, if desired. 20

It is, therefore, an object of the present invention to provide an

ef fici ent newbstisated @ynivdnasspauiniaiine, wfbshitltrd olwpyelimes nes.
I't is anot hﬁthWx%%% Ofaltﬁﬁﬂm }Hi&%‘hd’l—fb (Qich ad$Bdfn @ ”0V€|
process for h& ar.i ng di hydro%aiégrb?hydzrozp C{ﬁ,. ci nes. o
obj ects and % katine | %ﬁ?%ﬂﬂﬁﬁ t to
t hose skill hg}dm:dzﬁ%sarstuch ad rqabdim fiptdxamtide dast mgynesiwnd t he
appended Cl%'ﬁ&oxlde, alkali metal C,-Cgalkoxides such as sodium
ethoxide and potassium tert-butoxide; alkaline earth
metal C,;-Cgalkoxides such as magnesium ethoxide; alkali
metal carbonates such as sodium carbonate and potassium
carbonate; and alkaline earth metal carbonates such as
10 calcium carbonate. Preferred bases include tri(C,-
Ce¢alkyl)amines such as triethylamine and tributylamine,
pyridine, 4-(N,N-dimethylamino)pyridine, quinoline, and
N,N,N’,N’-tetramethylurea with triethylamine and
tributylamine being more preferred.
15
The intermediate salt of this invention is repre-
sented by structural formula V when prepared in the
absence of added base, and structural formula VI when
prepared in the presence of added base:

20
OH
- H
S OGN
1
Yo = Z :
‘z)\N OH
(v)y
OH
R
x—N N
41\ Base
(VI)
25

wherein R, X, Y and 2 are as described above and “Base”
represents the added base.



6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON In
one preferred enbodi nent of the present 5 invention, a malonic acid ester

represented by fornula I is reacted with at | east about one nol ar

equi val ent of a het er ocycl yl am ne represented by forrmula 111

preferably in a tenperature range of about 120[err]C to 200[err]C, nore
preferably about 150[err]C to 180[err]C gnd optionally in the 10 presence
of a base and/or solvent to forman internediate ‘salt. The internediate
salt is halogenated with at |east about two nol ar equival ents of
phosphor us oxychl ori de, ‘phosphor us oxybrom de, phosphorus pentachl oride
or phosphorus pentabrom de, or a suitable m xture thereof, 15

p(rjeferabl y iln a t@l“p&! aﬁu&tﬁléﬁrmfeﬁérafmuémﬂa@it@éﬁ& be%ﬂé?bﬁééé& _
Advant ageous S nNoO oun az | I.nes may
be obt ai ned %“11 °f/}|’e| dV\é Pé%g‘%n ?‘igﬁ%“ f%@%?@%i%%gr

efficient pr oxs@s.xpfthm@roceﬁﬁ ecsérnhe rmeqnsemh invenbion akaye a
di hal oazol opydniidi ep%l?r& B é]@tféi@@ éﬂo&@”@@‘cﬁ% %&1%

pr epar ed according to art. net hods, er_a vanta e of the
present |ﬁveﬂﬁdﬁ?q%F99ﬁﬁ SUCht¢ﬁeW?ﬁ%ﬁﬁ?%ﬁﬁpr%%%%%n%ayxﬁ%e%%ﬂdﬁﬁ ed in one

~pot when  diiurderiisited®; scthlor Snadoéd agréthat £el. hydooCapiodngdSsteRct i on

e | b S A Uk el D haelat on o
polynuclear aromatic hydrcarbons such as naphthalene,
alkylnaphthalenes and mixtures thereof; alcohols such as

10 butanol; and mixtures thereof. The solvent of the
present invention preferably has a boiling point range of
about 80°C to 220°C, more preferably about 120°C to 180°C.
Mesitylene is one of the preferred solvents of the
present invention.

15 The reaction between the malonic acid ester and the
hetercyclylamine is preferably performed at a pressure of
about one atmosphere or higher. If the reaction includes
a solvent having a boiling point (defined at normal
atmospheric pressuré) lower than the reaction

20 temperature, the reaction pressure must be elevated so
that the solvent boiliné point is elevated to at least
the reaction temperature. |

In some embodiments of the inventive process, an
agqueous acid is used to acidify the intermediate salt.

25 Aqueous acids suitable for use include aqueocus mineral
acids such as hydro-chloric acid, hydrobromic acid and

. sulfuric acid, and aqueous organic acids such as
trifluorocacetic acid with hydrochloric acid, hydrobromic
acid, and sulfuric acid being preferred.

30 The halogenation reaction may comprise reacting the
intermediate salt or the dihydroxyazolopyrimidine with a
suitable halogenating agent under conditions that produce
the desired dihaloazolopyrimidine. Any halogenating
agent and conditions known in the art may be used.



reduces the anopunt of chem cal waste produced. I n anot her _
preferred enbodi nent of the present I nvention, the internediate salt is
prepared in the 30 presence of added base. The base is preferably press

i'n an anount
mal oni ¢ aci d
i nvention in

of at |east about one nolar equival ent relative to the

ester. Bases suitable use in the process of the present

tertiary am nes such as tgi(Cerr]-Clerr]alkyl)amn nes

7 substituted pyridines, quinoline, substituted quinolines,

ur eas; al kal
hydr oxi de; al

met al hydroxi des such as sodium  hydroxi de and potassi
kal i ne earth netal hydr oxi des such as cal ci um hydroxid

and magnesium 5 hydroxide; alkali nmetal C[err]-Cerr]al koxi des such as
sodi um et houEdeabl¢, pehasahmagéﬁatzhgt aygede; andkabndd tdadnishare netal

Cerr]-Cerr]

koxi des _such .as _nagn t hoxi_de: _al.kal taI
oot bonat o USRS BEReRIPe4" BeRBIA B b BEL BEknRrrae BbogineRE el of
al kal i ne earthhﬁﬁpaeseatbénxeasionshAdyamOageahslUm1caﬁbbaépqenaPnQMerred
bases i ncl Uderéébéﬁgn may Q[aeE?gﬁhl&}f%haghnﬁ%m%%oeﬁct gk‘éfs%&%mo'ie a@Ng

tributyl am ne,
N, N, N[ err]5 h[EF?fSPEFrQFEFH?FuF

10

s

20

25

30

I ne qU|noI|Q§
80, AEROFPRELAT RXEREUER The term

suitable mixture thereof”, as used in the specification
and claims with regard to the halogenating agents
described herein, is defined as a phosphorus oxychloride
and phosphorus pentachloride mixture or a phosphorus
oxybromide and phosphorus pentabromide mixture.

I ne

The process of the present invention is especially
useful for the preparation of dihaloazolopyrimidines
wherein
X, is chlorine;

R is phenyl optionally substituted with one or more
halogen, C;-C,alkyl, C;-Cihaloalkyl, C,-C,-
alkoxy, C,-Cjhaloalkoxy, phenyl, phenoxy or
benzyloxy groups, or

naphthyl;

X is CR, or N;

Y is CR;;

Z is N; and

R, and R, are each independently hydrogen, and when R; and

R, are taken together with the atoms .to which they

are attached, they may form a ring in which R,R, is

represented by the structure: -CH=CH-CH=CH-.

Advantageously, the present invention is particular-
ly useful for the preparation of 5,7-dihalo-6-aryl-1,2,4-
triazolo[l,5-alpyrimidines of formula I wherein
X, is chlorine;

R is phenyl optionally substituted with one or more
halogen, C,;-Csalkyl, C,-C,haloalkyl, C,-C,-
alkoxy or C;-C,halocalkoxy groups;

X and Z are N; and

and
um
e

and



tributylam ne being nore preferred. 15 The internediate salt of

this invention is repre- sented by structural fornmula V when prepared
in the absence of added base, and structural fornula VI when
prepared in the presence of added base: 20 [err]
25 wherein R, X, Y and Z are as descri bed above and "Base"
represents the added base. 10

Y is CH.

The process of the present invention can produce
surprisingly high yields of dihydroxyazolopyrimidines and
dihaloazolopyrimidines. One key factor is the

5 temperature of the reaction between the malonic acid
ester and the heterocyclylamine. The use of a base
and/or solvent may also enhance the yield in some
embodiments. Those skilled in the art will be able,
without undue experimentation, to select a favorable

10 combination of temperature and optional base and/or
solvent for any particular embodiment within the scope of
this invention, upon consideration of the foregoing
description of the preferred embodiments and the Examples
that follow. .

15 In order to facilitate a further understanding of
the invention, the following illustrative examples are
presented. The invention is not limited to the specific
embodiments described or illustrated, but encompasses the
full scope of the appended claims.

20



In a further preferred enbodi nent of the present i nvention, a solvent
is present. Solvents suitable for use in the process of the present

i nventi on have a boiling point of at |east about 80[err]C and include
aromatic 5 hydrocarbons such as nesitylene, toluene, xylenes and

m xtures thereof; chlorinated aromatic hydrocarbons such as nono- and
di hal obenzenes and m xtures thereof; ol ynucl ear aromatic hydrcarbons
such as napht hal ene, al kyl napht hal enes and m xtures thereof; al cohols
such as 10 butanol; and m xtures thereof. The sol vent of the pr esent
invention preferably has a boiling point range of about 80[err]Cto
220[err]C, nore preferably about 120[err]C to 180[err]C. Mesitylene is
one of the preferred solvents of the EXAMBOERSENt invention. 15 The
reacti on between the malonic acid ester and the hetercyclylanlne is
preferably perfor gog 3

nor nal . er : 4 o ; 2 aimiiddmer BN

t he react} on pgeasgrg nUﬁt belglevated SO that t he sol vent b0|I|ng
point is tle the reaction tenperature. In
sone enbodi nents of the inventive process, an aqueous acid is used to

acidify the internediate salt. 25 Aqueous acids suitable for use include
aqueous m ner al acids $Kich as ro-chloric acid, hydrobrom c acid and
sul furic acid, and aqueass{ orga Qqégﬂsds such as Htri fl uoroacetic acid

wi th hydrochl oric acid alyf om c acid, a furic acid being
preferred. 30 The ogehat i on reaction rise reacting the
C02C2Hs N NH
2
F .
F
OH H
o] - N—N
160 C
———————— e e P ,N\N - . lk /)\
Mesitylene < =i\ _ el N~ 'NH
N °N" Tom

A mixture of diethyl (2-chloro-6-fluorophenyl) -

10 malonate (29 g, 0.1 mol), 3-amino-1,2,4-triazole (8.4 g,
0.1 mol), and the sol%ent mesitylene (10 mL) is heated at
160°C for 7 hours and filtered to obtain a solid. The
solid is washed with diisopropyl ether and dried to give
the title product as a solid (18 g, 50% yield, mp 260-

15 266°C). |

Following essentially the same procedure, but using
the appropriate solvent and/or base, the 5,7-dihydroxy-6-
(2-chloro-6-fluorophenyl)-1,2,4-triazolo(1,5-a]l pyrimidine
salts shown in Table I are obtained. '

20



irnternedi ate salt or the di hydroxyazol opyrimdine with a sui tabl e

hal ogenati ng agent under conditions that produce the desired

di hal oazol opyri m di ne. Any hal ogenati ng agent and conditions known in
the art nmay be used. 9
Preferably, the hal ogenating agent and conditions are t hose descri bed
herein for the preferred enbodi nents of _q15_.the present invention.

Advant ageously, the hal ogenation reaction nmay be conducted at

at nospheric pressure or at a 5 pressure greater than atnospheric pressure.
The term"a suitable m xture thereof”, as used in the specification
~and clainms wth regard to tjhe hal ogenati ng agents descri bed herein, is
defined as a phosphorus oxycﬁﬁoride agd phosphorus pentachl ori de '
m xture or a phosphorus 10 jox§broni de anddphosphorus pent abroni de mixture.
The process of the present |[infentiom is e¥peciagly @ useful for the
preparation of dihaloazol;gyﬁknididﬁs swher efin .ﬁX[erré is chlorine;

. . . .
15 R is phenyl optionally substitutfd wi th one ﬁr nor =
hal ogen, C[err]-Clerr]alk ,‘t[err]r;C[err‘]lhal oa;kyl, tg[err]gqerr]-
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élkox&, Cerr]-{err]hal oal koxy, phenyl, phenoxy or

benzyl oxy groups, or naphthyl; 20 Xis CRlerr] or N; Yis
CRlerr]; Zis N and Rlerr] and Rlerr] are each independently
hydr ogen, and when R err] and R2 are taken together with the
atons.to which they 25 are attached, they may forma ring in which
Rerr]Rerr] is represented by fshe structure: -CH=CH CH=CH
Advant ageously, the present invention is particul ar- |y useful for the
preparation of 5,7-dihalo-6-aryl-1,2,4- triazol o[ 1, 5-a] pyri m di nes of
formula | wherein 30 X[err] is chlorine; R is phenyl optionally
substituted with one or nore hal ogen, Cerr]-(err]alkyl,
Jerr]-Cerr]haloal kyl, Cerr]- C[errFxBMELE—Z al koxy or

C[err] Clerr] hal Qal k : d

Yis ention can
produce 9 b &1 m di nes and
OH u
N——N
N” >y “om 2
F
Cl
-------------- > N~
N ~
A ¢
= z Cl
s NJ\N 1

A mixture of 5,7-dihydroxy-6-(2-chloro-6-£luoro-
phenyl) -1,2,4-triazolo[l,5-alpyrimidine, 3-amino-1,2,4-
triazole salt (34.8 g, 0.095 mol), and phosphorus

10 oxychloride (100 mL) is heated in an autoclave at 140°C
(2.8 bar) for 4 hours and excess phosphorus oxychloride
is removed by distillation. The resultant reaction
mixture is cooled to room temperature and poured into a
water/dichloromethane mixture (300 mL, 1:1) while

15 wmaintaining the temperature of the mixture below 30°C.
The organic phase is separated, dried over anhydrous
sodium sulfate, and concentrated in vacug to obtain an
oil which crystallizes overnight to give the title
product as a solid (22.4 g, 74% yield, mp 118-120°C).

20



di hal oazol opyri m di nes. One key factor is the 5 tenperature of the reaction
bet ween the mal onic acid ester and the heterocyclylam ne. The use of a
base and/ or solvent may al so enhance the yield in sone enbodi nment s.
Those skilled in the art will be able, wi t hout undue experinmentati on,
to select a favorable 10 conbi nation of tenperature and optional base

and/ or sol vent for any particular enmhgdi ment within the scope of

this invention, upon consideration of the foregoing description of the
preferred enbodi nents and the Exanpl es that follow 15 I n order
to facilitate a further understandi ng of t he invention, the follow ng
illTustrative exanples are presented. The invention is not limted to
the specific embodi ments descri hEEBMREE | 3ist rat ed, but enconpasses the
full scope of the appended clains. 20 Preparation
of 5-7-D hydroxy-6-(2-chl oro-6- :

Cl

1) N—N

N[(CHZ) BCH3] 3

2) POCl,

L Y X

F
cl
N< 2 .
¢ ]
N /l\N/ cl <l

A mixture of 3-amino-1,2,4-triazole (12.6 g, 0.15
mol), diethyl (2-chloro-6-fluorophenyl)malonate (47.6 g,
10 0.15 mol), and tributyl amine (27.8 g, 0.15 mol) is
heated at 170°C while allowing ethanol generated during
the reaction to distill off. After 2 hours, residual
ethanol is removed with a slow nitrogen stream for 30
minutes. The reaction mixture is then cooled to 130°C

15 and phosphorus oxychloride (69 g, 0.45 mol) is added



fl uorophenyl)-1.2.4-triazolo[l,5-a]pyrimdine, 3-amino- 5 1.2.4-triazole

salt [err] A m xture of

di et hyl (2-chl oro-6-fluorophenyl)- 10 nmalonate (29 g, 0.1 nol),

3-amno-1,2,4-triazole (8.4 g, 0.1 nol), and the solvent nesitylene (10

m.) is heated at 160[err]C for 7 hours and filtered to obtain a solid.
- The solid is washed with diisopropyl ©ther and dried to give t he

title product as a solid (18 g, 50%yield, np 260- 15 266[err]C).

Fol |l owi ng essentially the same procedure, but using t he appropriate

sol vent and/or base, the 5, 7-di hydroxy- 6-

(2-chl or 0-6- (L UBLIBCMYLL boPufihleeO! b FBACT Lilr, il 15 ShoW

in Table | are alned.
solution is refluxed for 6 hours, cooled t+ room

temperature, and slowly added to a toluene/water (5:6)
mixture (1,100 mL) with stirring. The organic phase is
5 separated, washed sequentially with dilute hydrochloric
acid and water, dried over anhydrous sodium sulfate and
concentrated in vacue to give a brown, viscous oil (44.5

g) which contains 90% of the title product (83% yield).

10 EXAMPLE 4
Cl
CO.CH H
272775 N—N ’ |
NP N
< N
C02C2H5 N NHZ N
F

1) 170Cb, Mesitylene

2) HC1/H,0

‘------_—-----—

F
OH

Nen”
</ N
15 N’/kN/ OHC1



20

10

[err] : 13

16

A mixture of diethyl (2-chloro-6-fluorophenyl) -
malonate (7.3 g, 0.025 mol), 3-amino-1,2,4-triazole (2.1
g, 0.025 mol), mesitylene (20 mL), and pyridine (5 mL) is
refluxed for 7 hours at 170°C, cooled to room tempera-
ture, and decanted to obtain a solid. A solution of the
solid in water (50 mL) is acidified with concentrated
hydrochloric acid (5 mL), and the resultant precipitate
is collected, washed with water, and dried to give the
title product as a solid (5 g, 71% yield, mp 220°C).

Following esseﬁtially the same procedure, but using
the appropriate solvent and/or base, 5,7-dihydroxy-6-(2-
chloro-6-fluorophenyl) -1,2,4-triazolo[1,5~alpyrimidine is

obtained in the yields shown in Table II.



Preparation of 5.7-Di chloro-6-(2-chloro-6-

-1,2,4-triaol o[ 1, 5-al pyri mdine

fl uor ophenyl)

A m xture of 5, 7-di hydroxy-6-(2-chloro-6-fl uoro-
phenyl )-1,2,4-triazol o[ 1, 5-a] pyri m di ne,

(34.8 g, 0.095 nol), and phosphorus
(2.8 bar)-i9+ 4 hours and excess phosphorus

an autocl ave at 140[err]C
oxychl ori de

o~
N

170

Base
sodium hydroxide

mesitylene

Q
~N

170

potassium tert-butoxide

mesitylene

10

™~
o

4- (N,N-dimethylamino) pyridine 150

mesitylene

o)
o

quinoline 180

mesitylene

[err]

3-anm no-1, 2, 4-
oxychloride (100 nL) is heated in

is renoved by distillation.

55

170

sodium ethoxide

mesityiene
SHELLSOL®

The resul tant
m xture is cooled to roomtenperature and poured into a

wat er / di chl or onet hane m xture (300 niL, 1:1) while 15 nmintaining the
tenperature of the m xture below 30[err]C.

38

180
160

pyridine

42

pyridine

no added solvent

no added solvent

50

170

N,N,N’,N’ -tetramethylurea

triazole salt

reaction



The organic phase is separated, dried over anhydrous sodi um sul fate, and

concentrated in vacuo to obtain an oil which crystallizes overnight to
give the title product as a solid (22.4 g, 74%yvyield, np
118-120[err]C). 20 14

EXAMPLE 3 Preparation of 5,7-Dichloro-6-(2-chloro-6-

fl uorophenyl) -1.2.4- triazolo[l,5-a]pyri&idine 5
[err] S

Cl
coz?sz

H
N—N
« LI+ waoCH,
C0,C, H, N TN,
F

1) C,HOH , AN

2) HCl/H20

F
OH
Ny
y N
Gl ol o

Diethyl (2-chloro-6-fluorophenyl)malonate (108 g,

0.37 mol) and 3-amino-1,2,4-triazole_(31.2 g, 0.37 mol)
are added to a sodium ethoxide solution (previously

10 prepared by dissolving sodium (8.5 g, 0.37 mol) in

' ethanol (250 mL)). ‘The resultant reaction mixture is
refluxed for 50 hours, coocled to room temperature and
filtered to obtain a solid which is washed with
diisopropyl ether. A solution of the washed solid in

15 water is acidified with concentrated hydrochloric acid,
land the resultant precipitate is collected, washed with
water and dried to give the title product as a solid

(15.7 g, 14.5% yield, mp 215°C).



A mxture of 3-amno-1,2,4-triazole (12.6 g, 0.15 nmol ), diethyl
(2-chl oro-6-fl uorophenyl)nnal onate (47.6 g, 10 0.15 nol), and tributyl

amne (27.8 g, 0.15 nol) is heated at 170[err]C while allow ng ethanol
generated during the reaction to distill off. After 2 hours, residual
ethanol is renoved with a slow nitrogen streamfor 30
19
EXAMPLE S5
5 salt
Cl

F
A OH .
............ » . :
Mesitylene ,T\'\ : [:::I:;:u\NH
2. = cl H 2
N "N “om

A mixture of diethyl (2-chloro-6-£fluorophenyl) -

10 malonate (5.8 g, 0.02 mol) and mesitylene is heated to
reflux, treated portionwise over 2 hoﬁrs with 2-amino-
benzimidazole (2.7 g, 0.02 mol), refluxed for 4 hours,
cooled to room temperature and diluted with acetone. The
resultant mixture is filtered to give the title product

15 as white crystals (5.1 g, 55% yield, mp 313-325°C).



mhnut ﬁs The r ; x en cooled to 130[err]C 15 and

phosphor us oxyc 45 nol) i s added :

15 dr opwi slgﬁ) éheee[ ge € The resultant cl ear, bro 3350 Ut

is refluxed for Jm H to room t enperature, and’s owly ach%nto
a tol uene/ wat er (1,100 mP-with stirring. The orgamic
phase is 5 separ at ed, washed sequentially with dilute hy

and water, dried over anhydrous sodi um sul fate and zmpn lﬂ“g" m FE"UO
to give a brown,_ viscous oil (44.5 g) which contalns

product (830FHAEMIF 10 EXAVPLE 4

Preparation of 5,7-Di hydroxy-6-(2-chl oro- 6-

fluorohenyl);1,2, 4 birs UOlebro 1k Web@:%'trl%n' of a compound havind &Hd

structural formula

A

X—N R

II )\
(IA)

wherein

A and B are both OH or Cl or Br.

R is phenyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, CrCs alkyl, C;-Csz-haloalkyl,
C,-Csalkoxy, C,;~-Cghaloalkoxy, C;-Csalkoxycarbonyl,
phenyl, phenoxy and benzyloxy,

naphthyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, C;-Cealkyl, C;-Cshaloalkyl,
C,;-Cgalkoxy, C;-Cghaloalkoxy, C-C4-alkoxycarbonyl,
phenyl, phenoxy and benzyloxy,

hydrogen, '

C--Czalkyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, CrCjalkyl, C.-Cshalo-alkyl,
C,-Csalkoxy and Ci-C:haloalkoxy,

C:-C:cycloalkyl optionally substituted with one or
more substituents the same or different selected
from halogen, nitro, cyano, CrCs alkyl, Ci-Cy4-
haloalkyl, C;-Csalkoxy and C; -Cshaloalkoxy,
or _

C;-Csalkenyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, CrCjalkyl, C.-Cshaloalkyl,
C;-Csalkoxy and C;-C;haloalkoxy:;

X is CR; or N;



16 A ni xt ure of diethy 2-chl or o- 6-fl uorophenyl ) - mal onat e

(7.3 g, 0.025 nol), Has:IBeéh rafeuazol e (2.1 g, 0.025 m)l),

me5|tyl ene (20 nm), a i's refl uxed for (Jép_
170[err]C, cooled to 5 ture and decanted to oAb ain a o)

A solution of the sol | | n (50 rr1_2)11 S aci dJ_LJ_ed—W—t—h—eeHeem—eat ed

hydrochloric acid (5 nL),  and the resultant precipitate S COllTﬁﬁ
(5 g,

washed with water, and dri ed to give the title prtmiu”“lﬂ M|
71% vyi el d, m&t 220 [‘%@ LC) Fol | ow ng essenti
procedur e, Si the appropri ate sol vent and/ or ase,

5, 7- di hydr ox¥- 65 ZR; or N;

Do LR PRE 4y ek L R TR o
C;-Csalkyl optionally substituted with one or more
substituents the same or diffrent selected from
halogen, nitro, cyano, C;-Cjalkyl, C;-Cshaloalkyl,
C;-Csalkoxy, C;-Cshaloalkoxy, amino,CrCialkylamino
and di(C;-Csalkyl)amino, and
when R; and R, are taken together with the atoms to which
they are attached, they may form a ring in which B, is
represented by the structure:
-CR4=CR5-CR¢=CR,- where Ry, Rs, Rg and R, are each
independently hydrogen, nitro, cyano, Cjsalkyl,
C,-Cshaloalkyl, Ci-Cjsalkoxy or C;-Cjhaloalkoxy;
which process comprises:
(a) reacting (1) a malonic acid ester having the
structural formula

CO,R,

CO,R,

._where:Ln Rg and Ry are each independently C1-Csalkyl, and R is
as defined above with (2) a heterocyclylamine having the
structural formula

H
X—N

H |
¥ A
Nz NH,

wherein X, Y and Z are as defined above at a temperature of
at least 100°C to form a intermediate base salt of a compound
of formula IA wherein A and B are both OH, and optionally
acidifying with aqueous acid to give the corresponding 'free
hydroxy compound having the structural formula



+
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[err]

[err] . 18

COVPARATI VE EXAMPLE Preparatlon of 5.7-Di hydroxy-6-(2- chloro 6-

f | uor ophenyl ) - 1, 27 4-triazotof - 5—a}pyri m di ne ACY-33222 EPC

This Sheet Has Been RT

LT I .
g

wherein R, X, Y and Z are as described above,
and if desired
(b) halogenating the intermediate salt or
dihydroxyazolopyrimidine from step (a) with at least two
molar equivalents of a halogenating agent to give a compound
of formula IA wherein A and B are both halogen.

2. The prbcess according to Claim 1 wherein said
halogenating agent is selected from phosphorus oxychloride,
phospho:usﬁggybromide, phosphorus pentachloride, phosphorus
pentabromié "and a suitable mixture thereof, and wherein said
halogenating step is performed at a temperature of at least

100°C.

3. The process according to Claim 1 or Claim 2 wherein said
malonic acid ester is reacted with said heterocyclylamine at
a temperature of 120°C to 200°C.

4. The process according to any one of Claims 1 to 3
wherein said malonic acid ester is reacted with said
heterocyclylamine in the presence of a base.

5. The process according to Claim 4 wherein said base is
present in an amount of at least one molar equivalent
relative to said malonic acid ester.

6. The process according to Claim 4 wherein said base
comprises a tertiary amine, an alkali metal hydroxide, an
alkaline earth metal hydroxide, an alkali metal C1-
Cealkoxide, an alkaline earth metal C;-Cgsalkoxide, an alkali

metal carbonate,or an alkaline earth metal carbonate.



[err] : Di et hyl
(2-chl or o- 6- f | uoroptenyt)ymatomate (108 g,- 0.37 nol) and

3-amino-1,2,4-tri 37 nol) rare added to p@g80dj EBC
et hoxi de sol utionjﬁﬁ!ﬁﬁﬂﬂhﬁuﬂﬂﬂmfepared by di ssol ving sodivm (8 25 8 37
L - 8

mol) in et hanol's resul T4dt reaction mixture is
refluxed for 50 hours, cooled to roomtenperature and filtered to
obtain a solid which is washed with di i sopropyl ‘ether. A solution of

the washed sglid ifle process according to Claim 6 wherein said tertiary
amine comprises tri (C2-Cgalkyl)amine, pyridine, a
substituted pyridine, quinoline, a substituted quinoline, and
N,N,N’,N’-tetramethylurea.

8. The process according to any one of Claims 1 to 7
wherein said malonic acid ester is reacted with said
heterocyclYlamine in the presence of a solvent.

9. The process according to Claim 8 wherein said solvent
has a boiling point of 80°'C to 220€.

10. The process according to Claim 8 wherein said solvent
comprises the group consisting of an aromatic hydrocarbon, a
chlorinated aromatic hydrocarbon, a polynuclear aromatic
hydrocarbon, an alcohol, and mixtures thereof, and the
boiling point of the solvent is at least 80°C.

11. The process according to Claim 10 wherein said aromatic
hydrocarbon is selected from mesitylene, toluene, a xylene,
and mixtures thereof, said polynuclear aromatic hydrocarbon
is selected from naphthalene, an alkylnaphthalene, and
mixtures thereof, and said alcohol is butanol.

12. The process according to any one of Claims 1 to 11 .
wherein said heterocyclylamine is present in an amount of at
least one molar equivalent relative to said malonic acid

ester.

13. The process according to any one of Claims 1 to 12
wherein said aqueous acid is an aqueous mineral acid selected
from the group consisting of hydrochloric acid, hydrobromic

acid, and sulfuric acid.

14. The process according to any one of Claims 1 to 13
wherein said halogenation is conducted at a pressure greater

than one atmosphere.
This Sheet Has Been Replaced




15 water is acidified with concentrated hydrochloric acid, and the
resultant precipitate is collected, washed with wat er and dried to give

';_ g tle pr Odu'Clhs $teet MasBden Beplaced ( 15. 7EXA I\/]F;ﬁESOS ld%@
2 Gt nosenot i ;lllll i P i

2- am nobenzi m daz
15. The process according to any one of Claims 1 to 14

wherein R is phenyl optionally substituted with one or more

substituents the same or diffrent selected from halogen, €

Csalkyl, C;-Cshaloalkyl, C;-C,-alkoxy, Ci-Cshaloalkoxy, phenyl,

phenoxy and benzyloxy; or naphthyl;

X is CR; or N;

Y is CRy;

Z is N; and

Ry and R; are each independently hydrogen, and when R1 and R,
are taken together with the atoms to which they are
attached, they may form a ring in which RjR2 is
represented by the structure: -CH=CH-CH=CH-.



-

A m xture of diethyl (2-chloro-6-fluorophenyl)- 10 nalonate (5.8 g, 0.02

nmol ) and nesitylene is heated to refl{ux, treated portionw se over 2
hours with 2-am no- benzi mi dazole (2.7 g, 0.02 nol) ACKke3323%ed for 4
hour s, cooled to roomtenperature and diluted with acetone. The

resultant mxture is filtered to give the title product 15 as white
crystals (5.1 g, 55%yvyield, np 313-325[err] Q).

- 25 - ' Thls Sheet Has Been Repl

I

An effective and efficient process for the

5 preparation of a dihaloazolopyrimidine having the
. structural formula
X
R
Pl
Y. 2 =
Z N
1
(1) .
10

In this process, a malonic acid ester is reacted
with a heterocyclyiamine to form an intermediate salt,
which optionally may bé'acidified to form_a
dihydroxyazolopyrimidine;'the salt or thé

dihydroxyazolopyrimidine is then halogenated.
15



ACY- 33222. EPC. - 20- CLAI VE: 1. A

process for the preparation of a conpound having the structural fornula

[err] wherein A and B are both CHor O or Br. Ris phenyl optionally

substituted with one or nore substituents the qaﬁe_gx_el-;—-f—f—e-r-ﬁ-nt
hal ogen, nitro, cyancREMLACENIENESHEEISKy| SG

selected from wis i =
Cerr]-Cerr]-hal oal kyl d er r] | Grdsestapticncypage to page
Clerr]-Cferr]hal oal koxy, Cerr]-(err]al koxyg ) rpaged 22, p@ﬁ@ﬁ?l
phenoxy and benzyl oxy, napht hyl optional yDl%W?ﬁé(é)t Upeipdd Wi Itb maged or.
mor e substituents the sare-or diff das.mnpaged ..... _
hal ogen, nitro, cyano, Cerr]-Cerr]alkyl, rr? %ierr] giﬁbk
Cerr]-Cerr]al koxy, Cerr]-{ err]hal oal kox , %E“(; [ A §6a‘987)ny ,
phenyl, phenoxy and benzyl oxy, hydr oggnD F REL; ety
optionally substituted with one or nore substltuents t he sane or
different selected from hal ogen, nitro, cyano,

Cerr](err]al kyl, C -C4hal o-al kyl,

BACKGROUND OF THE INVENTION

Dihaloazolopyrimidines are useful as intermediates
in the preparation of a variety of agrochemical and
pharmaceutical compounds. In particular, 5,7-dihalo-6-
aryl-1,2,4-triazolo[1l,5-alpyrimidines are key intermed-
iates in the preparation of fungicidal triazolopyrimidine
derivatives which are described in EP-A2-550113.

EP-A2-550113 describes a method for the preparation
of 5,7-dihalo-6~-aryl-1,2,4-triazolo[1l,5-alpyrimidines
from malonic acid esters and 3-amino-1,2,4-triazole.
However, that method is not entirely satisfactory because
those pyrimidine compounds are obtained in low yield.

G. Fischer (Advances in Heterocyclic Chemistry,
1993, 57, 81-138) describes the formation of
triazolopyrimidines from 1,3-dicarbonyl compounds and
3-amino-1,2,4-triazole, and states that refluxing in
glacial acetic acid is “standard conditions”. Y. Makisumi
(Chem. Pharm. Bull., 1961, 9, 801-808) reports that under
those conditions the condensation of diethyl malonate
with 3-amino-1,2,4-triazole does not proceed. Makisumi
discloses that the reaction could be carried out in the
presence of sodium ethoxide in ethanol, and that the



C[err] C err]al koxy and (err]-{ err]hal oal koxy, _C-C "‘v.uaﬁwyl

optional |y substituted with one or - mor e| JyEPSACEMENT §HEE1Te sane or
different selected from hal ogen, nitro,] cyaw ery |
alkyl, derr]-Cerr]- hal oal kyl, Clerr]

Cerr]-Cerr] hal oal koxy, or derr _ .
optionally substituted with one or nore -20- ' b kane or
different selected from hal ogen, nitro, jc) )
Cerr]Cerr]alkyl, Cerr]-derr]hal oal kyl, —Cfer+=CfErT] al koxy
and (ferr]-( errlhaloal koxy; X is CRerr] or N Y is CRlerr] or
N; Zis CR[cgtlr‘pr% t N Rerr], Rerr] and Rerr] are each independent|y
hydr ogen or Cerr]- C[err]al kyl optionally substituted with one or nore

h f t ted nitro,
SubsLTtuent s 4 e S Oladh ELENnSSL Rk e IO o & compould' RES2ng"HHS
d err] - err|sHsiuray efegmarr] hal oal koxy, amino, Cerr]-Cerr]al kyl ami no
and di (Cerr]-Cerr]al kyl)am no, and when R err] and R err] are taken

together with the atons to which they are attached, they may forma
ring in which Rerr] is represented by the structure:

-CRerr] CR[err] CRlerr]=CRlerr]- where R ejr], Rerr], Rerr] and R err]
are each K R

il
Y /k P
A

B.

(IA)

wherein

A and B are both OH or Cl or Br.

R is phenyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, CrCsalkyl, C:-Cg-haloalkyl,
C,-Csalkoxy, C;-C: haloalkoxy Cr- anlkoxycarbonyl
phenyl, phenoxy and benzyloxy,

naphthyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, C;-Cealkyl, C:-Cg¢haloalkyl,
C:-Csalkoxy, C;-C:haloalkoxy, Ci-C4-alkoxycarbonyl,
phenyl, phenoxy and benzyloxy,

hydrogen,

C;-Ce¢alkyl optionally substituted with one or more
substltuents the same or different selected from
halogen, nltro, cyano, CrCsalkyl, C;-Cshalo-alkyl,
C;-Cqalkoxy and C--Cshaloalkoxy,

C3;-Cgcycloalkyl optiorally substituted with one or
more substituents the same or different selected
from halogen, nitro, cyano, CrC; alkyl, C;-C.-
haloalkyl, C;-Csalkoxy and C; -C,haloalkoxy,
or '

C;-Csalkenyl optionally substituted with one or more
substituents the same or different selected from
halogen, nitro, cyano, CrCsalkyl, C;~C,haloalkyl,

_ Cl-C4a1koxy and C.~-C;haloalkoxy;

X is CR; or N;



I ndependent | y: hydrogen, nitro, cyano, (err]([err]alkyl,
GJerr]-Cerr]haloal kyl, Cerr]-Cerr]al koxy or CLe oeh Koxy;

whi ch process conpri ses: (a) reacting (1) aREaLAOEMﬂ\HCSIdEEJser havi ng
the structural formula . erm] wherein
. Rlerr] and R err] are each independently Clerr R is as
defi ned above with (2) a heterocyclyl am"r?é-“nav% g(g:[ %]‘Sa#ﬁé?ﬂf for mul a
[err] wherein X, Y and Z are as defined abgvd.at .a-tenaperatiurie of at

| east 100C to forma internedi ate base salt of a corrpound of form|la IA
wherein A apgd;B axe gpt OH, and optionally aci df aqueous acid to
gi ve the correspondin fee hydr oxy conpound havi ng the structural fornula
ACY- 33222 EPCLs CR; of N;

R;. R; and R:; are each independently hydrogen or
C;-Cs;alkyl optionally substituted with one or more

substituents the same or diffrent selected from
halogen, nitro, cyano, C;-Cjalkyl, C;-C;haloalkyl,
C,-Cj.alkoxy, C;-Cshaloalkoxy, amino,CrCsalkylamino
and di(C;-Csalkyl)amino, and
when R; and R, are taken together wich the atoms to which
they are attached, they may form a ring in which B, is
represented by the structure:
-CR4=CR5-CRs=CR;- where Ry, Rs, R:; and R; are each
independently hydrogen, nitro, cyano, CiCsalkyl,
C.-Cshaloalkyl, C;-Csalkoxy or C.-Cjhaloalkoxy:
which process comprises:
(a) reacting (1) a malonic acié ester having the

structural formula

COR

R __( 23
COzRg
wherein Rs and Ry are each independently C1-Cgalkyl, and R is
as defined above with (2) a heterocyclylamine having the
structural formula |

wherein X, ¥ and Z are as defined akove at a temperature of
at least 100°C to form a intermediate base salt of a compound
of formula IA wherein A and B are both OH, and optiona;ly
acidifying with aqueous acid to give the corresponding free
hydroxy compound having the structural formula



[err] .wherein R X, Y and Z are as descri bed above, and if desired
(b) halogenatlng the intermediate salt or dihydroxyazol opyrimdine from
step (a) with at least two nolar equivalents of a hal 0
gi ve a conpound of formula I A wherein A and B are bo} IREPAA The
process according to Caim1 wherein said hal ogenati ] ctied
from phosphorus oxychl ori de, phosphorus ox3®¢om de,
. pentachl ori de, phosphorus pentabrom de and a suitab
wherein said hal ogenating step is perforned at a te #-e—ofarl Iﬁfjt'
. 100[err] C 3. The process according to aiml oy Caim2 wherein.said
: malonic acid ester is reacted with said hetgrocyclyl & T a tenperature
- of 120[err]C to 200[err]C. 4. The proc 8cording to any one of
Claims 1 to 3 wherein said malonic agid éster]is reacted with said

het erocycl yl amine in the presence OfYQZ %(/

'REB V97

ure thereo and

OH

wherein R, X, Y and Z are as described above,
and if desired
' (b) halogenating the intermediate salt or
dihydroxyazolopyrimidine from step (a) with at least two
molar equivalents of a halogenating agent to give a compound
of formula IA wherein A and B are both halogen.

2. The process according to Claim 1 wherein said
‘halogenating agent is selected from phosphorus oxvchloride,
phosphorus oxybromide, phosphorus pentachloride, phosphorus
pentabromide and a suitable mixture thereof, and wherein said
halogenating step is performed at a temperature of at least
100°C.

3. The process according to Claim 1 or Claim 2 wherein said
malonic acid ester is reacted with said heterocyclvlamine at
a temperature of 120°C to 200°C.

4. The process according to any one of Claims 1 to 3
wherein said malonic acid ester is reacted with said
heterocyclylamine in the presence of a base.

5. The process according to Claim 4 wherein said base is
present in an amount of at least one molar equivalent
relative to said malonic acid ester.

6. The process according to Claim 4 wherein said base
comprises a tertiary amine, an alkali metal hydroxide, an
alkaline earth metal hydroxide, an alkali metal Cj-
Cealkoxide, an alkaline earth metal C,-Cj;alkoxide, an alkali

metal carbonate,or an alkaline earth metal carbonate.



5. .The process according to Caim4 wherein said
amount of at |east one nol ar equi val ent relative to
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ester. 6. The process according to C aim4 wherjeijn said base cqnygri ses

atertiary amne, an alkali nmetal hydroxide, an alk
- hydroxide, an alkali nmetal Cferr]- Cerr]al koxide,
- Cerr]-Clerr]al koxi de, an alkali metal caR@onate, or

alfi n2 SeREBM9YPL 3

art al kal i ne ear tfh {net al
an_arkartme—earth netal

car bonat e. 7. The process according t

Claim6 whereinjfsaid

tertiary amne conprises tri (C2-Cé6al kyl)am ne, pyr
pyridi ne, quinoli

i di ne, a substrtuted

b t ut ed |
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het erocyclyl Q%Eﬁltgtbﬁeﬂg{ HANE %i@loﬁﬁln\ée,nt subkeicddBa PEPEESPine, and

N,N’,N’~-tetramethylurea.

8. The process according to any one of Claims 1 to 7

wherein said malonic acid ester is reacted with said

heterocyclylamine in the presence of a

solvent.

9. The process according to Claim 8 wherein said solvent

has a boiling point of 80°C to 220¢.

10. The process according to Claim 8 wherein said solvent

comprises the group consisting of an aromatic hydrocarbon, a
chlorinated aromatic hydrocarbon, a polynuclear aromatic
hydrocarbon, an alcohol, and mixtures thereof, and the

boiliﬁg point of the solvent is at least 80°C.

11. The process according to Claim 10

wherein said aromatic .

hydrocarbon is selected from mesitylene, toluene, a xylene,

and mixtures thereof, said polynuclear

aromatic hydrocarbon

is selected from naphthalene, an alkylnaphthalene, and
mixtures thereof, and said alcohol is butanol. '

12. The process according to any one of Claims 1 to 11

wherein said heterocyclylamine is present in an amount of at

least one molar equivalent relative to
ester.

said malonic acid

13. The process according to any one of Claims 1 to 12

wherein said aqueous acid is an aqueous mineral acid selected

from the group consisting of hydrochloric acid, hydrobromic

acid, and sulfuric acid.

14. The process according to any one of Claims 1 to 13

wherein said halogenation is conducted
than one atmosphere.

at a pressure greater



has ‘a boiling:-point of 80[err]Cto 220[err] C. 10. The process—according
to Caim8 wherein said solvent conprises the group ¢ +
aromati ¢ hydrocarbon, a chlorinated aromatic hyd
aromati ¢ hydrocarbon, an al cohol, and m xtures the
" point of the solvent is at |east 80[err]C 11.
+ Claim 10 wherein said aromati c hydrocarbodd+s se
. toluene, a xylene, and mi xtures thereof, said pol
i hydrocarbon is selected from napht hal ene, an al kyl
. thereof, and said al cohol 'is butanol. 12. The pr cording to any
. one of aims 1 to 11 wherein said heterocyclylanmne is present in an-
. anount of atls cadtheonpromdss seeoydingt toechayi yret ofsaldimsl anke agid
ester. S o 0,42 wher ei n
sai d aqueous a0|dﬂ{§€§ﬁ§%§?&§%9 %§%%$%$fg% gng% E%@%HBW%%bt Re 995 EOre
consi sti ng SURSHHIENGT ithacsame 9Hr dbf bheRt atelechad SuPmuhadogend. €1 14.
The process gatriydi, ng,1@,hlbaane/ 10f cGejBlkokp, 13 -oiea PbALREk¢, phenyl,
hal ogenati on,i s conduc %9 at ressure reatfr t han one atnnsphere

phenoxy an enzylo or naphthy

X is CR; or N;

Y is CRy;

Z is N; and

R; and R, are each independently hydrogen, and when Rj and R,

are taken together with the atoms to which they are
attached, they may form a ring in which RjR2 is

represented by the structure: -CH=CH-CH=CH-.



ACY-'33222. EPC 15. The process according to any one of Clains 1 to 14
wherein R is phenyl optionally substituted with one or nore substituents
the same or diffrent selected from hal ogen, [err] C[err]alkyl

Cerr]-Cerr]haloal kyl, Cerr]-Cerr]-al koxy, Fkoxy,
~ phenyl, phenoxy and benzyl oxy; or naphthyl; X |—ﬁ%&ﬂébtﬁéﬁtgﬁkeﬁ

- CRerr]; Zis N and R err] and R err] are each}i pdependently hyd ogen and
when Rlerr] and Rlerr] are taken together W {h2HFEB 997 t i ch they
. are attached, they may forma ring in which Rerr]Rerr] i

g represented by the structure: -CH=CkkGH=CH .

An effective and efficient process for the
preparation of a dihaloazolopyrimidine having the
structural formula '

X—N

il
Yo
Z/)\N/
(1) .

In this process, a malonic acid ester is reacted.
with a heterocyclylamine to form an intermediate salt,
which optionally may be écidified to form a
dihydroxyazolopyrimidine; the salt or the

- dihydroxyazolopyrimidine is then halogenated.



