3 Cctober 2005 | DESCRI PTI ON PROCESS FOR PRODUCI NG 2. 6- DI HALOGENOPURI NE 5
TECHNI CAL FI ELD The present invention relates to a process for prepabsr?§0a
2, 6-di hal ogenopurine. More specifically, the present invention relates to a
process for preparing 2, 6-di hal ogenopurine which is useful as a raw materi al
for nucl eosi de anal ogues which are useful as pharmaceuticals. 1.0
BACKGROUND ART As a process for preparing a 2,6-di hal ogenopurine, there have
been known, for instance, (A) a process conprising chlorinating xanthine

wi th pyrophosphoryl chloride [J. BESCRETICNCc. 78, 3508-10 (1956)]; (B) a
process 15 conprising chlorinating hypoxanthi ne or N-oxide of

6-chl oropurine with phosphorus oxychl oride (Japanese Exam ned Pat ent
Publ i cati on No. Sho 45-11508 and U.S. Patent No. 3,314,938); (C) a process .

conprising four PROGESSIHOR RPRODUCING Q,6DHAEOGBNORURINE starting

material [J. Org. Chem 19, 930 (1954) and J. Am Chem Soc. 80, 404-8

(1958)]; (D) a process conprising 20 cyclizing :
2, 4-di chl oro-5, 6-di am nopyridine (U S. Patent No. 2,844,576); and the |Iike.

Howgver, TBEIENECAISPTELDefects in the above-nentioned process (A) that
there is a necessity to prepare pyrophosphoryl chloride as a hal ogenating

agent  from phTsphesdent moeatkibarreites o Ppessy o preshrimtood, that a high
reaction 25 tenperature of 165C is required, that a corrosion-resistant

reaction g@sgidhldgenopurine. More specifically, the present invention relates to a

process for preparing 2,6-dihalogenopurine which is useful as a raw material for

nucleoside analogues which are useful as pharmaceuticals.

i0
BACKGROUND ART
As a process for preparing a 2,6-dihalogenopurine, there have been known,
for instance, (A) a process comprising chlorinating xanthine with
pyrophosphoryl chloride [J. Am. Chem. Soc. 78, 3508-10 (1956)]; (B) a process
15 comprising chlorinating hypoxanthine or N-oxide of 6-chloropurine with

phosphorus oxychloride (Japanese Examined Patent Publication No. Sho
45-11508 and U.S. Patent No. 3,314,938); (C) a process comprising four steps
using a barbituric acid derivative as a starting material [J. Org. Chem. 19, 930
(1954) and J. Am. Chem. Soc. 80, 404-8 (1958)]; (D) a process comprising

20 cyclizing 2,4-dichloro-5,6-diaminopyridine (U.S. Patent No. 2,844,576); and the
like.

However, there are some defects in the above-mentioned process (A) that

there is a necessity to prepare pyrophosphoryl chloride as a halogenating agerit
from phosphorus oxychloride in a complicated method, that a high reaction

25 temperature of 165°C is required, that a corrosion-resistant reaction vessel is



3 October 2005 2 necessitated during the reaction, and that a | aong period_ of
time of about 19 hours 1is required for the reaction. In additiéﬁ%x9hﬁﬂ@0§re
sone defects in all of the above-nmentioned processes (A to (D) that their
preparation steps are so |ong, therebyvéequiring 5 conplicated procedures.
DI SCLOSURE OF | NVENTI ON The present invention has been acconplished in view
of the prior art described above, and its object is to provide a process
capabl e of conveniently 10 and efficiently preparing a 2, 6-di hal ogenopuri ne

by U1 N9 ARLOGKRAIRINE: BLILLLNh, ofBRL) Plone TIRAATASAAL o QUSHE ol 20 5

to: (1) a process for enopurine, rising treating

a 2-amnge:6-h url aving a protective group at 7th position or 9th
15 positi g?’lpeiﬁu ﬁagggﬁ%z%fi?tg%% ng agent and a hal ogen source; and (2) a
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2-a Pg;\G;ﬁQ%&)@g@:&ﬁé%gﬁr?gw ng a protective group at 7th position or 9th

posi 'zatl'ng agent and a hal ogen source. The
2- am no- 6- hal ogenopuri ne having a protective group at 7th position 25 or
9th position can be obtai ned by using a 2-am no-6-hal ogenopurine as a

DISCLOSURE OF INVENTION

The present invention has been accomplished in view of the prior art
described above, and its object is to provide a process capable of conveniently
10 and efficiently preparing a 2,6-dihalogenopurine by using an inexpensive starting
material.
The present invention relates to:
(1)  aprocess for preparing a 2,6-dihalogenopurine, comprising treating a
2-amino-6-halogenopurine having a protective group at 7th position or 9th
15 position with a diazotizating agent and a halogen source; and
(2)  aprocess for preparing a 9-acyl-2-amino-6-halogenopurine, comprising
treating a 2-amino-6-halogenopurine with an acylating agent in the presence of a

base.

20 BEST MODE FOR CARRYING OUT THE INVENTION

According to the present invention, a 2,6-dihalogenopurine is obtained by
treating a 2-amino-6-halogenopurine having a protective group at 7th position or
Oth position with a diazotizating agent and a halogen source.

The 2-amino-6-halogenopurine having a protective group at 7th position

25 or 9th position can be obtained by using a 2-amino-6-halogenopurine as a



3 October 2005 3 starting nmaterial, and introducing a protective group into
the 7th position or 9th position of the 2-am no-6-hal ogenopuri rfeQctpher 2005
2- am no- 6- hal ogenopurine has been industrially prepared, and is readily
avai |l abl e. The protective group of the 2-am no-6-hal ogenopurine having a
protective 5 group at 7th position or 9th position includes an acyl group,
a carbanoyl group, and the lIike. Anong them the acyl group is preferable.
Concrete exanples of the acyl group include an acyl group having 2 to 7
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base such _as triethyl am.ne n morﬁga |0ch base bssltlff&]en%,s a,car bortl}z,alte and a

| ami.ne,
hydr ogenc SPORAIRMS, WA GHhEiay; eraR Ry a st such as acetyl group,
| propionyl group, butanoyl group and benzoyl group; and the like. Concrete

10 examples of the carbamoyl group include a carbamoyl group having 2 to 7
carbon atoms, which may be branched or have a substituent. The above-
mentioned substituents include, for instance, phenyl group and the like. Among
these protective groups, acetyl group is preferable from the viewpoint of
improvement in reactivity and economics.

15 The process for introducing a protective group into the 7th position or 9th
position of the 2-amino-6-halogenopurine includes, for instance, a process
comprising treating a 2-amino-6-halogenopurine with a reagent for introducing a
protective group in the presence of a base.

When an acid anhydride is used as the reagent for introducing a protective

20 group, the protective group can be introduced into the 7th position or 9th position
of the 2-amino-6-halogenopurine without using a base.

The base includes an organic base such as triethylamine, an inorganic
base such as a carbonate and a hydrogencarbonate, and the like. Among them,
triethylamine is preferable from the viewpoint of improvement in reactivity.

25 It is desired that the amount of the base is usually 1 to 3 mol, preferably



triethylamne is preferable fromthe viewoint of inprovement in reactivity.
25 It is desired that the anount of the base is usually 1 to 3 rdoPctober 2005
preferably 3 COctober 2005 4 1.5 to 2 not, per 1 not of the

2- am no- 6- hal ogenopurine fromthe viewp int of inprovenment in reactivity
and econom cs. The reagent for introducing a protective group includes, for
i nstance, an acylating agent having 2 to 7 carbon atons, such as acetic
anhydride, an acetyl 5 halide, propionic anhydride, a propionyl halide,
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can be r ead'fe?’able and acetic anhydride is still more preferable
10 It is desired that the amount of the reagent for introducing a protective
group is usually 1 to 3 mol, preferably 1.1 to 2 mol per 1 mol of the 2-amino-6-
halogenopurine.,
The protective group can be introduced into the 7th position or 9th
position of the 2-amino-6-halogenopurine by, for instance, mixing given
15 amounts of the 2-amino-6-halogenopurine, the base and the reagent for
introducing a protective group, and heating the resulting mixture with stirring.
The reaction temperature may be usually 1° to 100°C or so. Also, the reaction
time can be up to the introduction of the protective group into the 7th position or
Oth position of the 2-amino-6-halogenopurine. The reaction time is usually 1 to
20 several hours or so. The introduction of the protective group into the 7th
position or 9th position of the 2-amino-6-halogenopurine can be readily
confirmed by high-performance liquid chromatography (HPLC).
After the termination of the reaction, it is preferable that the temperature
of the resulting reaction mixture is a'djusted to 10° to 30°C, and an organic

25 solvent is added thereto to dilute the solution. The organic solvent includes, for



confirmed by high-performance |iquid chromatography (HPLC). After the
termination of the reaction, it is preferable that the tenperat dr8ctoBsr 2008
resulting reaction mxture is adjusted to 10 to 30C, and an organic 25
solvent is added thereto to dilute the §o| ution. The organic sol vent

i ncludes, for 3 Cctober 2005 5 instance, hydrocarbon-based, al cohol -based,
ester-based, or ether-based organic solvent and the |ike. The anpbunt of the
organic solvent is not limted to specified ones, and is usually 100 to 500

parts by Y}ﬁitzfq%;eéHgdl%%ar%?ﬁggseﬁnaljcgﬂo 6?5(3&33 Q%e%?%%gf oxoéth%.ﬂ-gased organic

2- am no- 6-ha nopurine having a pr ctive
2- am no- 6- M ne [ ect| . At h. jtion or 9th
posi 1 on T20CARERFRIEIIRE TRESPuf B A rba® SLURiChoriteBRE0 1 s
2- am no- 6- hal rine ' ' te 7 ition or 9th
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an organi g | vent. such .as N,.N-di net hyl acet am de _i.n _the, pr.esence of acetic
anhydri de?! gﬁllgoséﬁ%géﬁ ﬁ%ﬂ%’d‘gﬁl&&ﬁﬁ? ﬂe?u@ 7 C@%rtl 5&:’1‘ 8n’o§Pq &lé%lti ng the forned
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" having a protective group at 7th position or 9th position may be purified as
10 occasion demands.
Thus, the 2-amino-6-halogenopurine having a protective group at 7th
position or 9th position can be obtained.
When the 2-amino-6-halogenopurine is acetylated in an organic solvent
such as N,N-dimethylacetamide in the presence of acetic anhydride, a
15 2,6-dihalogenopurine can be obtained by treating the formed
2-amino-6-halogenopurine having a protective group at 7th position or 9th
position with a diazotizating agent such as isoamy! nitrite, and a halogen source
such as thionyl chloride or lithium chloride, without the isolation from the
reaction solution.
20 Representative examples of the 2-amino-6-halogenopurine having a
protective group at 7th position include a 7-acyl-2-amino-6-chloropurine having
an acyl group of 2 to 7 carbon atoms, which may be branched or have a
y p
substituent; a 7-carbamoyl-2-amino-6-chloropurine having a carbamoyl group of

2 to 7 carbon atoms, which may be branched or have a substituent; a 7-acyl-2-

25 amino-6-bromopurine having an acyl group of 2 to 7 carbon atoms, which may



20 Representative exanples of the 2-am no-6-hal ogenopurine having_a
protective group at 7th position include a 7-acyl -2-am no-6-chl (ﬁ@ﬁtﬂP?rr?é)OS
having an acyl group of 2 to 7 carbon atons, which may be branched or have
a substituent; a 7-carbanoyl -2-am no-%chl oropurine having a carbanoyl
group of 2 to 7 carbon atons, which may be branched or have a substituent;
a 7-acyl-2 25 am no-6-bronopurine having an acyl group of 2 to 7 carbon
atons, which may 3 Cctober 2005 be branched or have a substituent; a

/- car bamoyl R?aﬁr%;ﬁhg%r L Q%ng%ﬂru@ﬁt- 'ﬁaﬁic&%aa@/@r-Bﬁgﬁlbéb‘}{;ﬂl‘éBuﬁhe%a%’ng carbon

atons; whic € branche dve a s ituent;
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protective group at 9th position include a 9-acyl-2-amino-6-chloropurine havihg
an acyl group of 2 to 7 carbon atoms, which may be branched or have a
substituent; a 9-carbamoyl-2-amino-6-chloropurine having a carbamoyl group of
2 to 7 carbon atoms, which may be branched or have a substituent; a 9-acyl-2-
15 amino-6-bromopurine having an acyl group of 2 to 7 carbon atoms, which may
be branched or have a substituent; a 9-carbamoyl-2-amino-6-bromopurine having
a carbamoyl group of 2 to 7 carbon atoms, which may be branched or have a
substituent; a 9-acyl-2-amino-6-iodopurine having an acyl group of 2 to 7 carbon
atoms, which may be branched or have a substituent; a 9-carbamoyl-2-amino-6-
20 iodopurine having a carbamoyl group of 2 to 7 carbon atoms, which may be
branched or have a substituent; a 9-acyl-2-amino-6-fluoropurine having an acyl
group of 2 to 7 carbon atoms, which may be branched or have a substituent; a
9-carbamoyl-2-amino-6-fluoropurine having a carbamoyl group of 2 to 7 carbon
atoms, which may be branched or have a substituent; and the like.

25 Among the 2-amino-6-halogenopurines having a protective group at 7th



atons, which may be branched or have a substituent; a 9-carbanoyl -2-am no-6
20 i odopurine having a carbamoyl group of 2 to 7 carbon atons, whiQstPbERI0%e
branched or have a substituent; a 9-acyl-2-am no-6-fl uoropurine having an
acyl group of 2 to 7 carbon atons, whix[;h may be branched or have a
substituent; a 9-carbanoyl-2-am no-6-fluoropurine having a carbanmoyl group
of 2 to 7 carbon atons, which nmay be branched or have a substituent; and
the like. 25 Anong the 2-am no-6-hal ogenopurines having a protective group

at 7th 3 fly ro%%?lgc%ogg%r{,itﬂ@QQchgggherﬁglb:—ée-i,cﬂgjrr]%ﬁmne is preferable, and

9- acyl - 2- am no- 6- urrne is
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of the di %{'g&azb% 'ﬁQ)Qn ﬁgeewevjp%ifftséﬁlrﬂﬁfogfeﬁlgnt in reactivity and yield.

10 The ester of nitrous acid includes isoamyl nitrite, isobutyl nitrite, ethyl

nitrite, propyl nitrite, isopropyl nitrite, butyl nitrite, tert-butyl nitrite, amyl nitrite,
and the like.
Among the esters of nitrous acid, isoamyl nitrite, isobutyl nitrite and
tert-butyl nitrite are preferable, and isoamyl nitrite is more preferable, from the
15 viewpoint of improvement in reactivity and suppression of the formation of by-
products.
It is desired that the amount of the diazotizating agent is usually 1 to
3 mol, preferably 1.1 to 2 mol per 1 mol of the 2-amino-6-halogenopurine having
a protective group at 7th position or 9th position from the viewpoint of
20 improvement in reactivity and economics.
The halogen source includes metal halides and nonmetal halides, and
these can be used alone or in admixture.
The metal halide includes, for instance, metal chlorides, metal bromides,
and the like.

25 The metal chloride includes lithium chloride, potassium chloride, sodium



3 nol, preferably 1.1 to 2 nol per 1 nol of the 2-am no-6-hal ogenopuri ne
having a protective group at 7th position or 9th position f r om3t@etober 2005
vi ewpoi nt of 20 inprovenent in reactivity and economcs. The hal ogen source
i ncludes netal halides and nonnetal halj des, and these can be used al one or
in adm xture. The netal halide includes, for I nstance, netal chlorides,

nmetal brom des, and the |like. 25 The netal chloride includes lithium
chloride, potassiumchloride, sodium3 COctober 2005 8 chloride, calcium
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fluorine-containing compounds, and the like.
The chlorinating agent includes chlorine, hydrochloric acid, hydrogen
10 - chloride, thionyl chloride, sulfuryl chloride, mesyl chloride, phosphorus
oxychloride, phosphorus trichloride, phosphorus pentachloride,
N-chlorosuccinimide, and the like. Among them, thionyl chloride is preferable
from the viewpoint of improvement in reactivity and yield.
The brominating agent includes bromine, hydrobromic acid, hydrogen
15 bromide, thionyl bromide, phosphorus oxybromide, phosphorus tribromide,
phosphorus pentabromide, N-bromosuccinimide, and the like.
The fluorine-containing compound includes a boron trifluoride complex,
hydrogen fluoride, and the like. The boron trifluoride complex includes boron
trifluoride diethyl ether complex, boron trifluoride tetrahydrofuran complex, and
20 the like.
In the present invention, the combination of a metal halide and a nonmetal
halide is preferable from the viewpoint of improvement in reactivity and yield.
Among them, it is especially preferable to use lithium chloride as the metal

halide and thionyl chloride as the nonmetal halide, from the viewpoint of

25 improvement in reactivity and yield, and suppression of the formation of by-



phosphorus pent abrom de, N bronosuccinimde, and the |ike. The

fl uori ne-contai ni ng compound i ncl udes a boron trifluoride conpl eOctobgr08§en
fluoride, and the like. The boron trifluoride conplex includes boron
trifluoride diethyl ether conplex, boraon trifluoride tetrahydrofuran
conplex, and 20 the like. In the presé%t i nvention, the conbination of a
netal halide and a nonnetal halide is preferable fromthe viewpoi nt of

i nprovenent in reactivity and yield. Anong them it is especially
preferable t se lithiumchloride as the netal halide and thionyl chloride
as the noﬂﬁﬁﬁﬁfihalide, fromthe viewoint of 25 inprovenent in reactivity

and yield, and ession,of .the formation of.by 3 October 2005.9 products.
Uhen t he. ot al BET HE A PRLGS SRt o me R LB idarE 456 F7 CombiRatan, on. t he
ratio of the net hal i d p, t he nonnet al.  hal.i de tal. hal i de/ nonnet al
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fromthe 5. yiewoint aqf, i 0 nt in reactivity, yield a congm cs, and
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i nvention, . the aboye-nentioned netal. hal.i aengnd an .acid may be used in
conbl nat | BK¥WRAINE ¢f Wnpreyement in wagliity igldand £CQBRMACS, 381 §UBRKGSSIOROT

p-tol uenesul foni ¢, acid, nethanesulfonic acid, trifluoronethanesul fonic acid,

10 tri chl Bredeemation afity-prodicisyor oaceti ¢ acid, acetic acid, propionic acid,
formc acid or _sulfuric acid. Wen the tal halide and the acid are used
b ah Gaah

in conbi nat i onAlghdn R PEFSERt INVRBUGRAF AAAYS-Fenfigne {deetndd an
hallde/ acfagl:d nrlrg}ll E ursci,i Er? gzorinlsyinll‘%&i((a)];lfa T tt)l!n)é c%éel, ig is preferable to use an acid such
as p-toluenesulfonic acid, methanesulfonic acid, trifluoromethanesulfonic acid,
10 trichloroacetic acid, trifluoroacetic acid, acetic acid, propionic acid, formic acid
or sulfuric acid.
When the metal halide and the acid are used in combination, the ratio of
the metal halide to the acid (metal halide/acid: molar ratio) is preferably 1/1 to
10/1, more preferably 2/1 to 6/1 from the viewpoint of improvement in reactivity,
15 yield and economics, and suppression of the formation of by-products.
It is desired that the amount of the halogen source is usually 1 to 3 mol,
preferably 1.0 to 1.5 mol per 1 mol of the 2-amino-6-halogenopurine having a
protective group at 7th position or 9th position from the viewpoint of
improvement in reactivity, suppression of the formation of by-products and the
20 increase in economics.
When the 2-amino-6-halogenopurine having a protective group at 7th
position or 9th position is treated with a diazotizating agent and a halogen source,
a reaction solvent can be used. |

As the reaction solvent, an organic solvent can be favorably used.

25 The organic solvent includes, for instance, polar solvents such as



10/ 1, nore preferably 2/1 to 6/1 fromthe viewdoint of inprovenent in
reactivity, 15 yield and econonics, and suppression of the format©Oetabegr2005
by-products. It is desired that the anmount of the hal ogen source is usually
1to 3 nol, preferably 1.0to 1.5 nol _per 1 nol of the

2- am no- 6- hal ogenopuri ne having a proi“gctive group at 7th position or 9th
position fromthe viewoint of inprovenent in reactivity, suppression of
the formati on of by-products and the 20 increase in econom cs. Wen the
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reaction s]olv nt can.be used. Ai t he .reactio?‘]l ol vent, .an organic sol vent
can be faborgiiypyrEelidone; dimgthyl sylfoxide a9d,foprdimsthaxgethane 01820 ance, pol ar
solvents sugh as 3 Cctober.,2005. 10 tetra rofuran, acetaonitrile,

NN d ot RS Srtes S oA dTRBINgF At faemic Res ey Talkeh! AGHRE  di ot hy !
sul f oxi de ;and - di net hoxyet hang; .. or.gani aci ds, such as, acetic acid,

propi oni cthge}’ﬁ’&ﬁ-élms 3(9%?6?@?’ &PIIH"{lﬁ’@%)ﬁ@m%@ﬁ&nﬁttﬁgmy&&“ran are

N, N-di net hyl.acef am ,N-di met hyl f.ar nam de a t rahydrof.uran.are. 5

N Sioar ant DL AR ten AR &Y NS RO F O AR ARIGE TS Mgt BrolPEbis HORL I, e PRt A oupoi nt
of inprovenent in reacti.vity r;'?eéél el d, and su gfglss-on of ':ogz) formation of

by- pr odutRRIOVEREN, HHIFICUHHY oA cUGHRBFRA MARRNOEPYr o speci fi ed

ones. It is  desired that the amount is usually 100 to 2000 parts by weight,
pref er abl Brogy6tSs o 10 1000 parts by wei ght based on 100 parts by wei ght of

the 2-am no-6 | ogenopur.i ne havi ng a protectjve grou 7t h posi.tion or
9th positi on. Jilﬁe athount of the reaction Solvent s notthmlteciJ to sp%c?flled ones. It is

desired that the amount is usually 100 to 2000 parts by weight, preferably 500 to
- 10 1000 parts by weight based on 100 parts by weiglt of the 2-amino-6-
halogenopurine having a protective group at 7th position or 9th position.

Thus, a suspension of the 2-amino-6-halogenopurine having a protective
group at 7th position or 9th position is obtained by adding the metal halide and
the 2-amino-6-halogenopurine having a protective group at 7th position or 9th

15 position to the reaction solvent. |

When the halogenating agent is used as a halogen source, the
halogenating agent and the diazotizating agent are added to the suspension of the
2-amino-6-halogenopurine having a protective group at 7th position or 9th
position. The liquid temperature of the suspension during the addition cannot be

20 absolutely determined because the liquid temperature differs depending upon the
kinds of the halogen source and the diazotizating agent, and the like. It is
preferable that the liquid temperature is -10° to 80°C or so from the viewpoint of -
improvement in reactivity and suppression of the formation of by-products.

In the reaction solution thus obtained, the formed 2,6-dihalogenopurine

25 having a protective group at 7th position or 9th position is contained.



Thus, a suspension of the 2-am no-6-hal ogenopurine having a protective

group at 7th position or 9th position is obtained by addi ng t he reDatobéral0i0de
and the 2-am no-6-hal ogenopurine havi ng a protective group at 7th position
or 9th 15 position to the reaction solg When t he hal ogenating agent is
used as a hal ogen source, the hal ogena ng agent and the diazotizating -
agent are added to the suspension of the 2-am no-6-hal ogenopurine having a
protective group at 7th position or 9th position. The liquid tenperature of
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instance, at th H of Wen the reaction solution is strongly

aci dic, it¥EpH eﬁécaﬁdg?@laﬁ*}“ﬁ to 7 by 5 adding an |norgan| c base such
as a hydrogenc onat e arbonate,, or a i e such as
triet h§| amgne a‘fﬁ%? fffgéc‘g 1%1 RAPBYERG R Bﬁ@OQsﬁteei ﬂf’ecét“édhﬁy

subjecting t ul.ting 1L‘utl on to an after- treaLme y a conventi onal
met hod. FJESY Hé"gagr‘i’ wtion Fféa‘Pé tREsdreatneeinyA epersabenrheets-be coll ected as
crystals ‘

For instance, the formed 2,6-dihalogenopurine can be collected as crystals

10 by extracting the formed 2,6-dihalogenopurine frg‘m the reaction solution with
acetonitrile, ethyl acetate, methyl isobutyl ketone\or the like, and thereafter
concentrating the extract. Alternatively, the formed 2,6-dihalogenopurine can be
collected by adding to the extract, for instance, a basic aqueous solution such as
aqueous sodium hydroxide to extract the 2,6-dihalogenopurine, adding an acid

15 such as hydrochloric acid thereto to neutralize the aqueous solution, and filtering
the precipitated 2,6-halogenopurine crystal. Thereafter, the 2,6-dihalogenopurine
may be purified and dried by a conventional method.

Thus, according to the present invention, a desired compound

2,6-dihalogenopurine can be conveniently and efficiently prepared by using an

20 inexpensive 2-amino-6-halogenopurine having a protective group at 7th position

or 9th position as a starting material.

The present invention will be more specifically described on the basis of

“the following examples, without intending to limit the present invention thereto.



10 by extracting the formed 2, 6-di hal ogenopurine fromthe reaction solution
with acetonitrile, ethyl acetate, nethyl isobutyl ketone or the3Octaber 2003
thereafter concentrating the extract. Alternatively, the forned

2, 6- di hal ogenopuri ne can be collected By adding to the extract, for

i nstance, a basic aqueous sol ution suchas aqueous sodi um hydroxi de to
extract the 2, 6-di hal ogenopurine, adding an acid 15 such as hydrochloric
acid thereto to neutralize the aqueous solutlon and filtering the
precipitated 2, 6-Hh: . tshe

2, 6- di hal &&eft¥pur convent i onal net hod.

i ﬁéfSrgg'nﬂ%umlﬁéﬂ%aﬁ5@%%&%@??3@%1{)@ ag%ta? R C?ﬁ?%ﬁé‘ B9Paoly using h
20 2- 7
posi t1n O FIGPHAGIE? g 5060 & WABHBPRS r#;?%w?%'r?”&%ﬁ@&?@%%%fﬁsv? R on wil
w thout Tﬁﬁ%&bﬁ@ htoér?ﬁ?}?[r'e?ﬁﬁngEaé%%Pq%ﬁ\'@%%ﬁdﬁlﬁéﬁ B ey 2005
12 9- A 6
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suspension_ was filter ai he resulting crystals were dried at 60C
under redBEeéaurepF(égbvl?rgﬂ g% ‘(‘/’B} PYWECHObf white powder of

9-acetyl-2-amino-6-chloropurine (yield 100%).

10 [Physical properties of the resulting 9-acetyl-2-amino-6-chloropurine]
'H-NMR (400 MHz, DMSO-dg): 8(ppm) = 2.83 (s, 3H), 7.26 (b, s, 2H),
8.55 (s, 1H) '
BC-NMR (100 MHz, DMSO-dg): 8(ppm) = 24.6, 124.0, 139.7, 150.1, 152.9,
160.1, 167.7

15

Example 2 [Preparation of 2,6-Dichloropurine]
In 160.0 g of N,N-dimethylacetamide was dissolved 16.0 g (0.377 mol) of

lithium chloride. Thereafter, the mixture was cooled to 30°C, and 20.0 g
(0.095 mol) of 9-acetyl-2-amino-6-chloropurine was added thereto. To the
20 resulting suspension was added 11.8 g (0.099 mol) of thionyl chloride together
with 16.6 g (0.14 mol) of isoamyl nitrite at a temperature of at most 10°C over a
period of 1 hour. After the addition, the mixture was stirred at room temperature
for 3 hours.
After the termination of the reaction, 16.0 g of sodium hydrogencarbonate

25 and 160 g of water were added to the reaction solution. The reaction solution



9- acetyl -2-am no-6-chl oropurine (yield 100% . 10 [Physical properties of the
resul ting 9-acetyl-2-anino-6-chloropurine] 'H NVR (400 MHz, D\VS@3 @gpber 2005
b(ppm = 2.83 (s, 3H), 7.26 (br, s, 2H), 8.55 (s, 1H '3CNWR (100 MHz,
DVSO-d5): S(ppm) = 24.6, 124.0, 139.7, 150.1, 152.9, 160.1, 167.7 15
Exanple 2 [Preparation of 2,6-Dichlor opi]ﬁi ne] In 160.0 g of

N, N- di net hyl acet am de was di ssolved 16.0 g (0.377 nol) of [lithiumchloride.
Thereafter, the m xture was cooled to 30C, and 20.0 g (0.095 nol) of

9- acetyl - 2- am no- 6- ¢chl qr.opuri ne was added .thereto. To the 20 resulting
Supensi on WAENARAEq DY HIgh eroTBO0 S Y N DRREHET RO OO e Hlbgat¥S: i t b

2 16.6 g (0.14 ) i SO nitrite.at a tenperatfure of at nost .10C over a
period of %Oquﬁtrh?‘t g\%toeg O?%‘QWHQIPBH{I“‘? Was ﬁpg&lﬂg Wa@%??‘it’r‘%’cp ¥UPHom
terrperatur% for 3 haurs. Agtz)hr?the termnation of the reaction, 16.0 g of
sodi um hydA8§&fRAIMoAsIEVa984 8% 160 g of water were added to the reaction
solution. The reaction, solytion 3 October, 2005 13 was al.yzed b

hi gh- perfornancﬁ“ pira%ﬁtu)%ﬁbmbvgaﬁ&gﬁy.ctes&sﬁ@ W rth 130 Gl of #9ghd t hat 15. 0
g of 2,6-dichloropurine was cont aj neg in the reaction solution, The

reactd on ypegtat egoktians Weee crapiednardihereafter gatragted again v icevith i nes
with 150 nL of ethyl 5 acetate. The extracts were conbined, and thereafter
extracted a8 9f @ iNcaqugous sodigmy hydroxideanderemeied apa ithyf 89f de and

extracted gnce with 30 g of a |, . . .
2N-aqueous sodium hydroxide. The resulting alkali extracts were combined, and

thereafter the pH was adjusted to 5 with a 35% hydrochloric acid to precipitate
crystals under acidic conditions. After the filtration, the resulting crystals were
10 dried at 60°C under reduced pressure, to give 12.6 g of pale yellowish powder of
2,6-dichloropurine (yield: 70.5%).
[Physical properties of the resulting 2,6-dichloropurine]
Melting point: 188°-190°C (literature value: 188°-190°C)
'H-NMR (400 MHz, DMSO-ds): 8(ppm) = 8.74 (s, 1H), 14.15 (s, 1H)
15 BC-NMR (100 MHz, DMSO-d): 8(ppm) = 128.3, 147.2, 150.6, 155.9

Example 3

The same procedures up to the analysis of the reaction solution as in
Example 2 were carried out by using 14.4 g (0.14 mol) isobutyl nitrite in place of
20 16.6 g (0.14 mol) isoamyl nitrite used in Example 2.
The reaction solution was analyzed. As a result, the reaction yield of the

resulting 2,6-dichloropurine was 79.6%.

Example 4

25 The same procedures up to the analysis of the reaction solution as in



R R — M

2N- aqueous sodi um hydroxi de. The resulting al kali extracts were conbi ned,
and thereafter the pH was adjusted to 5 with a 35% hydrochl ori c3 @ctalbet 2005
precipitate crystals under acidic conditions. After the filtration, the
resulting crystals were 10 dried at 60C under reduced pressure, to give 12.6
g of pale yellow sh powder of 2, 6-dichforopurine (yield: 70.5%. [Physical
properties of the resulting 2,6-dichloropurine] Mlting point: 188-190C
(literature value: 188-190C) 'H NMR (400 MHz, DVBSO-d6): 8(ppnm) = 8.74 (s,

1H), 14.15 (s, .1H) 15 13C NWR (100, Mz, d5): 8(ppm, =, 128.3, 147.2,
150. 6, 155x8mpladpreresanied Qunly Briggddut 52(/586 rflel)ttﬁéptaﬁ&h RiLiie 151plagre
reaction sQlution as in _Examle 2 were. carrie ut by using 14.4 g (0.14
mol ) i sob@t ¥P-6r8 fQ-ﬂaéTl?lﬁlﬁﬂ%é Tgfrite pige H!E’fgmpgﬁ. 2-4 mol ) isoanyl nitrite used
in Exanple 2. The reaction solution s .anal yzed, As a resulf, the reaction
yield of the TBSurastiRy soletion Bsnabirednasadesyl %r%reeszfaqﬂ;widwgsherhe sane
pr ocedur es Uf)_tO t he apal ysi.s of the reaction solution as in 3 Cctober 2005
14 Exanpl Espltipg 20cdichlasgbwine Was 7% Hg- 14. 4 g (0.14 mol) tert-butyl nitrite
in place of 16.6 g (0.14 nol) isoanyl nitrite used in Exanple 2. The
reaction solution was analyzed. As a result, the reaction yield of the
resulting_2, 6-dichloropurine was 70.1% 5 Exanple 5

Example 5

The same procedures up to the analysis of the reaction solution as in
Example 2 were carried out by using 13.4 g (0.099 mol) of sulfuryl chloride in
place of 11.8 g (0.099 mol) of thionyl chloride used in Example 2.
10 The reaction solution was analyzed. As a result, the reactioh yield of the

resulting 2,6-dichloropurine was 73.7%.

Example 6

The same procedures up to the analysis of the reaction solution as in
15 Example 2 were carried out by using 15.2 g (0.099 mol) of phosphorus
oxychloride in place of 11.8 g (0.099 mol) of thionyl chloride used in Example 2.
The reactioﬁ solution was analyzed. As a result, the reaction yield of the

resulting 2,6-dichloropurine was 65.2%.

20 Example 7

The same procedures up to the analysis of the reaction solution as in
Example 2 were carried out by using 160.0 g of N,N-dimethylformamide in
place of 160.0 g of N,N-dimethylacetamide used in Example 2.

The reaction solution was analyzed. As a result, the reaction yield of the

25 resulting 2,6-dichloropurine was 68.3%.



The sane procedures up to the analysis of the reaction solution as in
Exanple 2 were carried out by using 13.4 g (0.099 nol) of sul furyPctobru?iide
in place of 11.8 g (0.099 nol) of thionyl chl oride used in Exanple 2. 10
The reaction solution was anal yzed. - As g result, the reaction yield of the

- resulting 2,6-dichloropurine was 73. 7%} Exanpl e 6 The sanme procedures up to
t he anaIyS|s of the reaction solution as in 15 Exanple 2 were carried out
by using 15.2 g (0.099 nol) of phosphorus oxychloride in place of 11.8 g
(0.099 nol) of thionyl chloride used in Exanple 2. The reaction solution was
anal yzed. As a result, the reaction yield of the resulting

2,6-dichl gv.0 inge was 65.2% 20 Exanple 7 The sane procedures up to the

anal ysi s acti on solution as in Exanpl e 2 Were carried out by using
160.0 g of N, N; Ifor m de | Q f% ﬁ

N, N- di met hyl ac rﬁ B@gﬁ WSI‘:"PaH’Bp% Bd Ysr‘ﬁé’ ¢ %E%CB n§8 LU{%?F Was anal yzed.
As I t f. t |t 6- di chl

68. 3% es“é‘emﬂ? 25466 pered Qb Saingn OSSP REaR it PBRERE Bnal vei o of
th t d out b 160.0 f

teter ﬁsgrg HI}} &ng thylacgtxa%ngeb‘sﬁd e R r%'gt hsrace%/alrjnrs:jggused ing °

Exanpl e 2. The actlons tion was,angly resul.t ction
yield of the r uqelagth 8HHP&HS&D&Wﬁn g,\%ges@gt %@;reactloﬁ ylelg ofeﬁ31

resulting 2,6-dichloropurine was 56.0%.

Example 9
10 To 100 mL of N,N-dimethylacetamide were added 10.0 g (0.236 mol) of

lithium chloride, 10.0 g (0.059 mol) of 2-amino-6-chloropurine and
7.2 g (0.071 mol) of acetic anhydride, with stirring. The temperature of the
resulting suspension was raised to 45° to 50°C, and stirred for 45 minutes. The
resulting reaction solution was cooled to at most 10°C, and 7.4 g (0.062 mol) of
15 thionyl chloride was added together with 10.4 g (0.089 mol) of isoamyl nitrite to
the reaction mixture over a period of 1 hour. After the addition, the mixture was
stirred at a temperature of at most 15°C for 17 hours.
The reaction solution was analyzed. As a result, the reaction yield of the
resulting 2,6-dichloropurine was 76.6%.
20
Example 10
The amount 1.00 g (4.72 mmol) of 9-acetyl-2-amin6-6-chloropurine and
1.00 g (7.02 mmol) of boron trifluoride-diethyl ether complex were mixed with
25 mL of tetrahydrofuran. The resultingl mixture was heated to 45° to 50°C, and

25 1.10 g (9.39 mmol) of isoamyl nitrite was added thereto in a thin stream. After



Exanple 9 10 To 100 nL of N, N-di net hyl acet am de were added 10.0 g (0. 236
mol) of lithiumchloride, 10.0 g (0.059 nol) of 2-am no-6-chl or chOctoher 2008
7.2 g (0.071 nmol) of acetic anhydride, with stirring. The tenperature of the
resulting suspension was raised to 45 to 50C, and stirred for 45 m nutes.
The resulting reaction solution was codfed to at nost 10C, and 7.4 g (0.062
nol) of 15 thionyl chloride was added together with 10.4 g (0.089 nol) of
i soanmyl nitrite to the reaction m xture over a period of 1 hour. After the

R A B,
76. 6%
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&t oher 2008418 SokEEiaY e Watl lsﬁi i wuctpiergie el {r‘agé‘rar dughe

v “éhSQd“%és Bhticd uslisn ESk RO PR RTINS SR 0IS GLSTPY Pt hyl
LZSBEE%' or 40 S AHBTIMEIGHIE A0 es due 5 was pur i 11ed by Silica gel
E:SIr glrrgf ogg&g)_%}/MR &ﬂsv(g-dg)z?’gﬁ% &21%55 mmol ) of 2-fluoro-6-chloropurine

BC-.NMR (DMSO-dg): 128.0,147.4,148.4, 155.0, 157.1

MS (E1) m/z 174 (M*, 35), 172 (M, 100), 137 (43)

10
Example 11
The same procedures as in Example 10 were carried out except that 6 mL
of a 12% hydro geh fluoride-1,2-dimethoxyethane solution was used in place of
the boron trifluoride-diethyl ether complex used in Example 10, and that the

15 reaction temperature was changed to -10°C, to give 2-fluoro-6-chloropurine.

Example 12

The same procedures up to the analysis of the reaction solution as in
Example 2 were carried out by using 9.5 g (0.099 mol) of methanesulfonic acid
20 inplace of 11.8 g (0.099 mol) of thionyl chloride used in Example 2. The
reaction solution was analyzed. As a result, the reaction yield of the resulting

2,6-dichloropurine was 68.5%.

Example 13

25 The same procedures up to the analysis of the reaction solution as in



'"H NVR (DMSO-d6): 8.69 (s, 1H) '3C-NWR (DVSO-d6): 128.0, 147.4, 148.4,

155.0, 157.1 WMS (El) mz 174 (M, 35), 172 (M, 100), 137 (43) 31Qctbherr60s
11 The sane procedures as in Exanple 10 were carried out except that 6 niL

of a 12% hydrogen fl uoride-1, 2-di met hoxyet hane sol uti on was used in place of
the boron trifluoride-diethyl ether cofplex used in Exanple 10, and that the
15 reaction tenperature was changed to -10C, to give

2-fluoro-6-chl oropurine. Exanple 12 The sane procedures up to the analysis

of the regctio ol ution, i Exanpl e e carried out by.using 9.5 g
(0.099 1o yarapi]%émﬁsgm tihyaﬁlagaﬂ)gf%vd%bé@?@f syifugc oihimpecHo ) of
thionyl ch|oride used in Exanple 2. The reaction solutjon was, anal yzed. As a
resul t, tﬂﬁlkéagc(Q@QP qu) af gﬂoﬂﬂéﬁﬁl%@ﬁ ks5egin ﬂé}gagn@lie(;}ﬂ th%ﬁ@ﬁqt‘ﬁ@ was 68.5%
Exanpl e 13 25 The sa procedures_ up to the analysis of the reaction

sol uti on %f&uslﬂwa@%lgﬁ@ed-zefeﬂsa 16#%&1%@0@%&8@1 BB i eaubsing by using 4.9 g
(0.050 nol) of sulfuric aci dﬁ'é} place of 11.8 g (0.099 nol) of thionyl

chl ori de édedichlorenuring was 71978 reaction sol uti on was anal yzed. As a

result, the reaction yield of the resulting 2,6-dichloropurine was 71.6% 5
| NDISTRI AL APPLI CABI LI TY

INDUSTRIAL APPLICABILITY

According to the process of the present invention, there can be
conveniently and efficiently prepared a 2,6-dihalogenopurine by using an
inexpensive starting material. The resulting 2,6-dihalogenopurine can be

10  suitably used in the preparation of nucleoside derivatives described inJ. Org.

Chem. 57, 3887-3894 (1992).



According to the process of the present invention, there can be
conveniently and efficiently prepared a 2, 6-di hal ogenopuri ne by 39dtgber2005
i nexpensive starting material. The resulting 2, 6-di hal ogenopurine can be 10
suitably used in the preparation of nu?%eoside derivatives described in J.
Org. Chem 57, 3887-3894 (1992). 3 Cctober 2005 18 CLAIMS 1. A process for
preparing a 2, 6-di hal ogenopurine, conprising treating a

2- am no- 6- hal ogenopurine having a protective group at 7th position or 9th 5
position with a diazotizati ng agent hal ogen source. 2. The process
according to claim1, wherein the 2-&mMino-6-hal ogenopurine having a
protective group at 7th position or 9th position is a

9-acyl - 2- am no- 6- hal ogenopurine. 10 3. The process according to claim 2,

wherein the 9-acyl -2- no- 6- . hal

O acet yI - b am AGHBIF oh SRS 2o BB SERHURGE By one of
clainms 1 to 3, rein the di azoti zatin ent este of nitrous
acid. 5. iﬂ@lw%ﬁ?@%@ga&w@% 1193 RPFACA VO et Ph7‘thr£épsé%?%Pf 8t i trous aci d
is _isoanyl nltrltlth lsobut nitrite, o}ritert but nitrite. 20 6. The
profess aRQSHIRM Mt fbd%%?“é et A2 halpgemsoyg fel n the hal ogen source is
a conbination of a netal halide with a nonnetal halide. 7. The process

according to claim6, wherein the netal halide is lithium chloride, and the

nonnmetal halide is thionyl chloride,
2. The process according to claim 1, wherein the 2-amino-6-halogenopurine

having a protective group at 7th position or 9th position is a

9-acyl-2-amino-6-halogenopurine.

10
3. The process according to claim 2, wherein the 9-acyl-2-amino-6-
halogenopurine is a 9-acetyl-2-amino-6-halogenopurine.
4. The process according to any one of claims 1 to 3, wherein the

15 diazotizating agent is an ester of nitrous acid.
5. The process according to claim 4, wherelin the ester of nitrous acid is
isoamyl nitrite, isobutyl nitrite or tert-butyl nitrite.

20 6. The process according to any one of claims 1 to 5, wherein the halogen

source is a combination of a metal halide with a nonmetal halide.

7. The process according to claim 6, wherein the metal halide is lithium

chloride, and the nonmetal halide is thionyl chloride.



25 3 Cctober 2005 19 8. The process according to any one of claims | to 5,
wherein the hal ogen source is a conbination of a netal halide w3 DcabeRZ03
9. The process according to any one of claims 1 to 8, wherein a protective
5 group is introduced at 7th position ofg 9th position of the 2-am no-6

hal ogenopuri ne, and the resulting 2-am no-6-hal ogenopurine having a
protective group at 7th position or 9th position is treated with a

di azoti zati ng agent and a hal ogen source. 10 10. The process according to

claim9, whereift c@fsoécﬁz%trdh\’xgv\graﬁg%ne%fegblﬁl%yll tod% WHer@}ét?eoh%l%veﬂ_he

process accordi ng aim 10 inthe acyl group is acetyl group. 12.

The proce%&u&%qg CHO'?I%IBQUSA%‘E@&CHWH?I(?E!@/éﬁlré% a%l@cyl 2-am no- 6-

hal ogenopuri ne am no- 6- hal ogenopurine with an
acyl ati ng agent in the present of a base. 13. The process according to
claim 12, wherein the base is triethylam ne. 14. The process accor di ng to

claim 12 q@r 13,.,.,wherein the l.ating agent .i C anh dride The
orocess adcor dinl RO GHETBE @ PRy MEC iales LRSS e e BbY e Gatne 2
souree. s 0?01}:;! {Jsolrnltrrc]) ucec%?’l/trk]ll pno%1 lorvgnoblth posmon oP&e 2 %ango- -

halogenopurine, and the resulting 2-amino-6-halogenopurine having a protective

group at 7th position or 9th position is treated with a diazotizating agent and a

halogen source.

10 10.  The process according to claim 9, wherein the protective group is an acyl

group.

11.  The process according to claim 10, wherein the acyl group is acetyl group.

15 12 The process according to claim 2, wherein the 9-acyl-2-amino-6-
halogenopurine is prepared by treating a 2-amino-6-halogenopurine with an acylating

agent in the present of a base.

13.  The process according to claim 12, wherein the base 1s triethylamine.

20
14.  The process according to claim 12 or 13, wherein the acylating agent is
acetic anhydride.
15.  The process according to any one of claims 1 to 5, wherein the halogen
25 source is a fluorine-containing compound.



16. The process according to claim15, wherein the fluorine-containing
conpound is a boron trifluoride conplex. 5 17. The process accor3Datpben2005
claim 16, wherein the boron trifluoride conplex is boron trifluoride

di et hyl ether conplex. 18. The process_according to claim 15, wherein the

fluorine-containing conpound is hydr o%%n fluoride. 10

16.  The process according to claim 15, wherein the fluorine-containing

compound is a boron trifluoride complex.

5 17.  The process according to claim 16, wherein the boron trifluoride complex

is boron trifluoride diethyl ether complex.

18.  The process according to claim 15, wherein the fluorine-containing
compound is hydrogen fluoride.

10



