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OF 5-AM NO 3H THI AZOLJ 4, 5-d] PYRI I VI I DI N-2- ONE FI ELD OF THE

| NVENTI ON {@PRd106k58 present invention relates to a progesfshdkoiiif
preparation of the title conpound,

5-am no- 3H-t hi azol o[ 4, 5-d] pyri m di n-2-one, which is a useful
internediate in the preparation of certain thiazolo[4,5-d]pyrimdine
nucl eosi des, which can have utility as i mmunonodul ators. BACKGROUND

[ 0002] A variety of D and L-purine nucl eosi de anal ogs have been

expl ored

for use as i mmunonodul ators. A class of nucl eosi de anal ogs

t hat can have util it yNOWEL PROCHIS PORTHELPREPARNTION OFd] pyri mi di ne
nucl eosi des, such asStAMINOeIHFTHIAROLO[4 8/ ERIMEDIR2t@NESE at es

Publ i shed Application No. 2005/ 0070556, assigned to Anadys
Pharmaceuticals, Inc., the entire disclosure of which is incorporated

herei n by

reference. These GUEPPOUSTHRINWINTION exanpl e,

5- Ami no- 3- (3-D-ri bof uranosyl -~ 3Rt hi azol o[ 4, 5- 4pyri m di n- 2- one of
formula ANHZN/ N HO N HO OH [0003] A useful internediate in the
preparation of [MPH Biecdresenicpveniioazaittes o, aproesspipr the mepneativn of Esditlges

is the pyr
formula N
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the preparation of certain thiazolo[4,5-d]pyrimidine nucleosides, which can have utility

ag immunomodulators.

BACKGROUND

[0002] A variety of D- and L-purine nucleoside analogs have been explored
for use as immunomodulators. A class of nucleoside analogs that can have utility for
such purpose are thiazolo[4,5-dJpyrimidine nucleosides, such as those compounds
disclosed in United States Published Application No. 2005/0070556, assigned to
Anadys Pharmacenticals, Inc., the entire disclosure of which is incorporated herein by
reference. These compounds include, for example, 5-Amino-3-3-D-ribofuranosyl-

3H-thiazolo[4,5-d]pyrimidin-2-one of formula

-
HoN N/ N
0

HO

Olnm..,
o

[0003] A useful intermediate in the preparation of this and other thiazolo[4,5-
dlpyrimidine nucleosides is the pyrimidine base, 5-amino-3H-thiazolo[4,5-djpyrimidin-2-

-
HoN N/ N -

one of formula



1 WD 2007/ 062355 PCT/ US2006/ 061111 [0004] It would be desirable to
provide an efficient and cost-effective process for the preparation
of this co e present invention provides such a

SUMVARY CF“?géﬁﬂwN%Q NTI ON [ 0005] The invention is dlrecteg&R%%%aDMIn
process for the preparation of 5-am no-3H

t hi azol o[ 4, 5-d] pyri m di n-2-one. The process conprises: (i)

hal ogenating a 2, 4-diam nopyrimdine of formula n H2N NNH2 o form a
2, 4-di am no-5-hal o-pyrimdine of formula t x NHZN' Na, _NH2 e
wherein X represents halo selected fromF, O, Br, and I; (ii)

cycl ocondensi ng the 2, 4-di am no-5-hal o-pyrimdine to form

5- am no- 3H-t hi qwbdq[Iﬂwauldbeyiésjurabldimpawtdeiameﬁ@éntfam cast-affddtive SrecesS for
HZN N N H ; and $£ oxi di zi ng .t he 5-am no- 3H—thla20|8

[ 4, 5-d] pyrthﬁrpemﬁtaéoq {BREOBOVH RS DIGHFHLTBLOBHOR FIOXGH Fpoh a process.
[4,5-d] pyri mdin-2-one. [0006] In one enbodinent, the invention is
directed to a process for cyclocondensing a

2, 4- di ami no- 5-hal o- pyri m digigviRfA kY &K THE INVENTION

[0005] The invention is directed to a process for the preparation of 5-amino-3H-
thiazolo[4,5-d]pyrimidin-2-one. The process comprises:

(i) halogenating a 2,4-diaminopyrimidine of formula

W X
//l\\./’
HoN N NH2

to form a 2,4-diamino-5-halo-pyrimidine of formula

X
N| AN
/I\ P
HN N NH,

wherein X represents halo selected from F, Cl, Br, and I;

(i) cyclocondensing the 2,4-diamino-5-halo-pyrimidine to form

5-amino-3H-thiazolo[4,5-djpyrimidin-2-thione of formula

N \ S
! >:S
Z N
HaN N H . and

(iii) oxidizing the 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-thione to form 5-
amino-3H-thiazolo[4,5-d]pyrimidin-2-one.
[0006] In one embodiment, the invention is directed to a process for

cyclocondensing a 2,4-diamino-5-halo-pyrimidine of formula



WD 2007/ 062355 PCTI US2006/ 061111 X N H2NXN NH2 wherein X is halo
selected fromF, d, Br, and |, to form 5-am no-3Hthiazol o[ 4, 5-
d]pyrlnldlqn;ﬂkﬂmgﬁg wherein the cycl ocondensation is GahfdsSieoilid N
the presence of a xanthogenate conpound having the formula S MSXOR1
wherein Mis a netal cation and R is an allcyl group; and wherein
the reaction conprises heating the above reactants under nitrogen in
the presence of an inert solvent. [0007] In another enbodi nent, the
invention is directed to a process for oxidizing

5-am no-3Hthi azol o[ 4, 5-d] pyrim din-2-thione to form

5-am no- 3H-t hi azol o[ 4, 5- d] pyri m di n-2< erein the process
conprises reacting 5-am no-3Hthiazgl o[ 4,4- d]pyrimdin-2-thione with
an oxi di zi ng agent under basic condiiions and a subsequent acidic
hydrol ysis to give the desired L

5- ami no- 3Ht hi azol of 4, 5- d] pyri nidi n- 2- 8ne. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0008] The present invention provides a novel process
for the manufacture and purification of

5- am no- 3Hwhdreiazolsdath, setedie o, dTINBR and 8 to frts®hminot 3H- ﬂﬁmld)i[-aﬁe in

the preparation, ofthiazolof4,5-d ri mdi ne nucl egsides, such

5+ am no- 3- (EvERidiE Ba?w%ﬁ@g{ﬁm e br oS a1 P BT DRGRE e
process i nyﬁk%%gnatt@@o he Frndildd- di am nopyrimdine to

2, 4-di am no-5 | o pyrlnldln ol lowed by a cycl ocondensation to

afford 5-am no- 3H-t hi azol o[ 4, 5-d] pyri mjdi n-2-t hi one, and subsequent
oxidation to the title conpound. 3 WO %007/062355 PCT/ US2006/ 061111

Ms” oR',
wherein M is a metal cation and R’ is an alkyl group; and
wherein the reaction comprises heating the above reactants under nitrogen in the presence
of an inert solvent.

[0007] In another embodiment, the invention is directed to a process for oxidizing
5-amino-3H-thiazolo[4,5-d]pyrimidin-2-thione to form 5-amino-3H-thiazolo[4,5-
d]pyrimidin-2-one, wherein the process comprises reacting 5-amino-3H-thiazolo[4,5-
d]pyrimidin-2-thione with an oxidizing agent under basic conditions and a subsequent

acidic hydrolysis to give the desired 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention provides a novel process for the manufacture and
purification of 5-amino-3H-thiazolo[4,5-dJpyrimidin-2-one, a useful intermediate in the
preparation of thiazolo[4,5-d]pyrimidine nucleosides, such as 5-amino-3-f3-D-
ribofirranosyl-3H-thiazolo[4,5-d]pyrimidin-2-one. The process involves the conversion
of 2,4-diaminopyrimidine to 2,4-diamino-5-halo-pyrimidine followed by a
cyclocondensation to afford 5-amino-3H-thiazolo[4,5-d[pyrimidin-2-thione, and

subsequent oxidation to the title compound.



[ 0009] The process can be nade to be operationally sinple, efficient,
and robust, resulting in high overall yield and high throughput. For
exanpl e, tep process of the invention can r 1

yi el d of overi(@gﬁﬁ ﬁ%n addition, the process can be mde%t%'f}ﬁs%@%?nu
environmental ly friendly, with | ow overall ampbunts of waste
materials. Moreover, the process involves the use of inexpensive
reagents, can be practiced without the use of chronmatography, and
can be anendable to scale-up. In this regard, the starting materi al
for the process, 2,4-diam nopyrinudine, is relatively inexpensive and
i s commerci al | y [0@9hThairoeess ratobd inadnjar’ohiopbx@ﬁona[l@@famle Affidias,chnl estaist),

theterm"hal fers,.to | ori n d i odi ne
and the t erRta s e opeal vl eyl i, Fof hetenie tise S pAESs
used her ei ftHelRven@ibitandlekil in alydd UESRr 5@154#'1@&&11!:16@&&\@&&% can be made to
hydr ocar bon radi cal s having straight, branched, or cyclic noieties

(i ncl udi ng begaErpDAREtally i wihdgwIoveral aerounss phwgats materipis e Mosepyer, e
a conbi nati 9&&%&&&%@&@&%&9@%@& elﬁg lcan B I%l:&faeh vagﬁu&ha Qsdpve

cyclic noi &t es roup must have at |east three car
Particul ar I@mﬂ@ﬁ@ya&ﬂdﬁan ge @mpmlabhdb m@-mthyhls regatyy the spaﬂmg/ﬂnateaﬁd

butyl . | Oojﬂ%l thThl%c s% ph! 'ﬂ?a%n of 4 h&\ig%{ &5 refeL a% v l%exé?%@t%kgidt& %({%é’&ially

phenonenon “of FomEr i em
cannot expra@a&lbkﬁ@;ﬂk@;aﬂtiesposa ble tautoneric forns, it is to be

under st ood t hat formula.is intended tg represent a .tautoneric
form of the depimﬁ Bﬁ%ﬂ{?ﬁedné% cHp eh ﬁ?ﬁent BCfB‘p ﬁ‘l"ﬁr@@d" p Gropgney

speci fic  GANRRAMRG AV Phald ad b0 sh i RhWrtedhmy ngs. For exanpl e
(as shown below), it is understood for the below fornula that

regardl ess of b As gpedrhsrein, ke tsup Sali Limaludespebratediponevelint hei r

T 7 s BRI R P PR LS DR o ERERR e e i >

cation" refeidgediticyalicatd prpeychie aletiedyor a cBrubivation afithy foregbaigineisties aFor

cations are_t e of A of th erlod tabl inclu

cations of [‘]{H ﬂWii‘_)qﬁave %’5&1}? THERE ?h %‘Hﬁnﬁ hedd, fﬁhft & Etditoms.
Particularly notable alkyl groups mclude methyl, ethyl, propyl, and butyl.

[0012] The compounds of the invention may exhibit the phenomenon of
tautomerism. While each formula drawing provided cannot expressly depict all possible
tautomeric forms, it is to be understood that each formula is intended to represent any
tautomeric form of the depicted cormpound and are not to be limited merely to a specific
compound form depicted by the formula drawings. For example (as shown below), it is
understood for the below formula that regardless of whether or not the substituents are

shown in their enol or their keto form, they represent the same compound.

= — -

[0013] As used herein, the term “metal cation” refers to a cationic metal ion.
Particularly notable metal cations are those of group 1A of the periodic table, including
cations of lithium (L), sodium (Na), and potassium (K.



4 WD 2007/ 062355 PCT/ US2006/ 061111 [0014] As used herein, the term
"inert solvent" refers to any solvent that can dissolve but will not
signi ficantly.0b8asissW th the reactants of a given react iP%'?’/IﬂEG{)Gmﬁmz
reaction system For exanple, in the cycl ocondensati on

2, 4-di am no-5-hal o-pyrimdine to form [0015]

5-am no- 3H-t hi azol o[ 4, 5-d] pyri m di n-2-thione, suitable inert solvents
can, for exanple, include N, N D nethylformam de (DWVF),

N, N- Di met hyl acet am de (DMAc) and N-nethyl pyrolidinone (NWP). [0016]
As used herein, the term "oxidizing agent” refers to a substance or
speci es that g@0b A wetl homim, the tanctiesrt sdvent satrs orany Folverd ehpire, in

t he oxi dati.on,of, 5-am no-3 thi azol ol,4,.5-d imdin-2-thione t
orm 5. i fiERa Al h e et BRI R skl T gk el e
ﬁggnt S Cangysfe@. dmaﬁ%%&l ijﬁ gfelH Olgcdsnddﬁ%geﬂ gpa{imﬁind%—ﬁﬁ@?ﬁmid(ﬂ[e&%f%r;n
ydr ogen peroxi de ( . H2 . and sodi_um hypochl orjte )
[0017] The fi rsiﬂll%é]ép%fﬂ%%%@?@iﬂ%ﬁéﬂﬂrﬁadw%ﬁmﬂ% $ratagle dpsat %I;Efe%lﬁ%éana
invention g Ay 1Rk AT RON DAk g b WA
D" a i o s BYREHME SR OASNBh AR A AT RO DL B Bl BDMAC)
calr ried ouzndﬂh—m&tﬁﬁpmé@@onww)z, 4-diam nopyrimdine in a suitable
sol vent and the troduci ng. a enat:| . t i .
vt ore. T 0o1e) S ACTH na a03LAPRNiLNR A0 il o BROERE bl Bcies
for exanpl that gamgectrbhOi adheniical 2Actdnt FobBkn(le, dnthe oaklafisrood SHioind-36D

Cto roomtenp ure (abouyr 25 Q . In additjon, t ar, ratio of
> 6 o am HORp Pl dmE Rt frig-Bgenaieco i SRk Lotnge
from about ghtafle bxRidi dgddiskat, foSssabpas ﬁ@hﬂ@‘hy&r_og@rﬂ-pel'oii@e 1, 0,), ufka, The
vol ume of sol vent per_ gram of 2, 4-djam nopyri m di ne can, for exanple,

range fronh¥desn pemxide (NLEOOERH20) énd sR0NR BYROCkIpTit NaS19p .
[00191 Exanpl eswg?ﬂsfﬂet ﬁ@’r&?ﬂ%ﬁ%}ﬁ&ée@s fapﬁﬁgt’wgﬁiﬁ Blelsadpedir giel{ﬁ%tiéyﬂ- HF) ,

acetonitrile, anol , water and acetic acid. Preferred
sol vent s i inwblvdehdfddEnatinh cf@et-tismirsipprimidinaiogbms 2 gfdisrainodelpda-pyrgmidine.

P et or red AR QBAAL T ageft ¢ PRl B e B SRR

PyHBr 3 suitable solvent and then introducing a halogenating agent to the reaction mixture.

[0018] The temperature of reaction mixture in this step can, for example, range
from about -20° C to 50° C, such as from about 0° C to room temperature {(about 25° C).
In addition, the molar ratio of 2, 4-diaminopyrimidine to halogenating agent can, for
example, range from about 1.0:1.5 to 1.0:1.0, such as about 1.0:1.1t0 1.0:1.0. The
volume of solvent per gram of 2,4-diaminopyrimidine can, for example, range from about
5 ml to 100 mi, such as about 10 ml to 30 ml.

[0019] Examples of suitable solvents include tetrahydrofuran (THF), acetonitrile,
methanol, ethanol, water and acetic acid. Preferred solvents include THF and acetic acid.
Examples of halogenating agents include Bra, Cly, F2, I, and pyridinium tribromide
(PyHBr;). Preferred halogenating agents include Br; and PyHBrs. When Br» or PyHBr3
are used as halogenating agents, the compound produced in this first step is 2,4-diamino-

5-bromo-pyrimidine.



are used as hal ogenati ng agents, the conpound produced in this first
step is 2,4-diami no- 5-brono-pyrimdine. 5 W 2007/ 062355

PCT/ USZOOGW%&%&,‘?ASOOZM The reaction product fromthi $ frHs%n SISR
can be separate romthe reaction mxture by any neans Ignovvn 8
those skilled in the art. For exanple, the reaction product can be
separated fromthe reaction mxture by filtration, neutralization,
filtration and washing with a solvent (for exanple, water) and/or a
conbi nati on of these. [0021] Alternately, the reaction product from
this first step can be neutralized, concentrated and carried on to

t he next step WBOLThs sattmnipoeduc] HOA2is Grsh step nit hrodparefed il e mattiong
substituted.pyri.m di ne _coppounds, have.. been disglosed jn, for..

oxanpl o BRIy Afee RO BRA G Haed 51y 1 G5 Ehn kg etbtion o0,
The next sbe@ueica bpsgaesal fidh thengactivh Flirnid e, Higefe, etutidicationvehiian

i nvol ves cyc| ocondensati on 2, 4-di am _no-5-hal o-pyrimdione to form

5- ami no- 3HERG WA Witk 2 selxens (for mreganke. seatery gildor empmbmgtion okthese. f or
exanpl e, be car fjoaf] AubmB¥iy BRLdcAGN pidddetdrofl AE M8r e 1@k Be R¥IHTLEH, e,
such as 2, 4-di am no-5-brono-pyrimdine, with a xanthogenate conpound
havi ng t he cepsawiraied dngrogrnied:ondo theR)ekoRD withpesplafiher ein M represents a

netal cation an ! I . J s

exanpl e, be car ﬁ}o?()i] Qﬁi“’ﬁﬁ‘ﬁﬁ‘ﬁ%&s%@v"%r%a“&% ﬁﬁﬁ@éég(gﬁﬁéﬂuﬁﬁegﬁgp%%ﬂ% have
sol vent, bedndidvdmtd ing forwmataple NEhdlish erar/s petel. idhed. s, 68, 453-38i (46).

[ 0025] The tenp of reaction solytion.in this st can,. for
exanpl e, range F@%ﬁ{lﬁ%l&ﬁﬂ St%?)(’%‘?r(?cefﬁéﬂ%?g YD AR5t S5ape SBRBVSRESR, t he
t enper at ur givbBhRgEydistond ds@ich P diakSncab. Okl -pyShidiné & HBA SGmihé3H-
addition, the nolar _ratiq of 2,4-diam no-5-halo-pyrimdine to the
xant hogenattdazedtitheviley epigin-3-gronsy s D Gaanige cxatgis. b seried ovibyreacting

such as f 59@-%2@%10-%11@10%8{&1’&3, 0 9 MEBnRHo-58to Iy RS, #ih o

2, 4- di am no- 5- -pyrinidine
xanthogenate compound having the general formula:
S
Ms)-‘\OR1

1)

[0024] wherein M represents a metal cation and R’ is an alkyl group. Sucha
reaction can, for example, be carried out by dissolving both reagents in an inert solvent,
with heating, under N for a specified period of time,

[0025] The temperature of reaction solution in this step can, for example, range
from about 50° C to 200° C. In another embodiment, the temperature range for this step
is about 130° C to 180° C. In addition, the molar ratio of 2,4-diamino-5-halo-pyrimidine
to the xanthogenate compound can, for example, range from about 1:10 to 1:1, such as
from about 1:2 to 1:1. The volume of solvent per gram of 2,4-diamino-5-halo-pyrimidine
can, for example, range fiom about 5 ml to 100 ml, such as about 10 mi to 40 mi.

[0026] Examples of suitable inert solvents include DMF ,NMP, DMAc
(Dimethylacetamide), DMSO (Dimethylsulfoxide), Dimethylsulfone and
Sufolane(tetramethylene sulfone).



can, for exanple, range fromabout 5 mM to 100 m, such as about 10
m to 40 ml. [0026] Exanples of suitable inert solvents include DW
NVP, DMAc 1 acetam de), DMSO (D net hyl sul f oxi de

Di net hyl suﬁ%@gﬁg > Suf ol ane(t et ranet hyl ene sul fone). MSZOOGMGHII
2007/ 062355 PCT/ US2006/ 061111 [0027] Wth regard to the xant hogenate
conpound, exanples of suitable netal cations include potassium and
sodi um Exanples of al kyl groups include nethyl and ethyl. A

pref erred xant hogenate conpound i s potassium ethyl xanthogenate.
100281 The reaction product fromthis step can be separated fromthe
reaction mi xt uf82B)Wathyegred rshik maniio genate horspousd ¢xamgles pf suieblgmetal For

exanpl e, the.reaction r.oduct can separ d.fro he ;reagt |

m xture by C%H’EF Hch'ﬁlegf) tagﬂ?%l’“f& %Oec%fnrl‘gﬁ 175 Fso(?lffa%cyfl igfoturﬁ}ainf’%ﬁl? mv?/ghg lrlﬁ%r%lg
with a sol vl A besferedaapihegendi@impanst! i hoetdianethy] xaattthpotata

conbi nati on of these. [0029] The next step of aeoggrocegg falling.
within the scoplVgPl Therepriipamredist o iys ¥R cabecsparaifd Gpm the reaction

5-am no- 3hdilijy &l[gﬁme"aﬁyhmm 1368 s]&ﬂ&c[‘in&ﬁ;@aﬁ.%&ﬁ%ﬂ?ﬂﬁr@?thfe rdabon
conpound, 5-am no-3Hthi azol of 4, 5-d] pyri m di n-2-one. This step, can,
for exanpl grodpet cap ke pepetitesufrorh therreasion myxture by addition of water, neutralization,
5-am no-3 i gﬁﬁ o rL0k eH N- 2-t hi i i diizi.ng agent
under bas @Et%glﬁéﬁ%’l on§,§mg:]‘n%%ye§t 312%)%%1&:{& ’ %&5%&/‘#5 ré‘??’s?fs‘}% r 0030]
The t enper abmbinatidn dftkese.eacti on solution in this step can, for

exanpl e, range bout 0 C.to 100.C. |n.anather enhodi ment, the
t enper at ur e rangﬁ,}égﬁ@l exgglbtg]&? %EI‘O@S?S&%\%%Etﬁlﬁ%&ifiquﬁi%gﬁm‘/?lﬁgﬁ’ t he
nol ar rat i envelveboRidkitdr oFts-4dhih@281-Bfadolof A3 -HYytiftidth 2-tRioné bd RAA thetitle
oxi di zing agent can, for_exanple, range fromabout, 1:5 to 1:1, such
as from alseapoundgS-apinp-3H-thirge ol g5 urRyranidan?-¢aht Thiesierfapmosexample, be
5-am no- 3H. iy ing GlRdthd-FHGh Az Slo f44-GPSrimiiin-2tRbnE ¥ AMRh Bxidl-A}0©
from about Géﬁﬁga?tlo@[fg%&#gfé a?ﬁ%%% f%%lr.#" ag@g?ﬁqagnm tg g% 11l .m I
agent under basic conditions, and a subsequent acidic hydrolysis.

[0030] The temperature of the reaction solution in this step can, for example,
range from about 0° C to 100° C. In another embodiment, the temperature ranges from
about 20° C to 90° C.

[0031] In addition, the molar ratio of 5-armuno-3H-thiazolo[4,5-d]pyrimidin-2~
thione to oxidizing agent can, for example, range from about 1:5 to 1:1, such as from
about 1:3 to 1:2. The volume of solvent per gram of 5-amino-3H-thiazolo[4,5-
d]pyrimidin-2-thione can, for example, range from about 5 ml to 100 ml, such as from
about 10 ml to 30 ml

[0032] In at least one embodiment of the invention, the basic conditions under
which 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-thione is reacted with an oxidizing agent
can be provided by first dissolving a base, such as an inorganic base, in water followed
by adding 5-amino-3H-thiazolo[4,5-dlpyrimidin-2-thione to the resulting solution. An
oxidizing agent can then be added to the solution. The molar ratio of base to 5-amino-
3H-thiazolo[4,5-d]pyrimidin-2-thione can, for example, range from about 1:5 to 1:1, such
as from about 1:3 to 1:1.



[0032] In at |east one enbodi nent of the invention, the basic

condi tions under which 5-am no-3H-thiazol o[ 4, 5-d] pyri m di n-2-thi one
is reacted_w i di zing agent can be provided by first

di ssol vi ng‘%&%ﬂy@}s@ﬁch as an inorganic base, in water F&Tﬂ&%}@émﬁw
addi ng 5-am no-3H-thi azol o[ 4, 5-d] pyrimdin-2-thione to the resulting
solution. An oxidizing agent can then be added to the solution. The
nolar ratio of base to 5-am no- 3Hthiazo | o[ 4, 5-d] pyri mdin-2-thione
can, for exanple, range fromabout 1:5 to 1:1, such as from about
1:3 to 1:1. 7 WD 2007/ 062355 PCT/ US2006/ 061111 [0033] Exanpl es of
bases that can [B833isEthripislofteschtiat oot bd usod irethde dul o tigdtad @ bagesic

such as NaCOH and KO4 a oxi di zi ng. agents i.ncl ude but. no
i nited to%ﬁ%/av@gﬂéﬁ%éﬁia%pféﬁlfﬁwﬂﬁw 8% &tﬁ&@,fudﬁﬂat%ﬁﬁmﬁto
hypochl ori g ifdfoxidatired & &€lad, Bnd BRIy dylcpte. | AGHHER BRY
sui tabl e acﬁéﬁ@gg exarrple_:e, S?C‘I-Il?:?ﬂn(I’lﬂe_zcI udi ng éonc%?tcr ated HQ ). [00331]
The react i byedpr BgdwdrolyssrinedesanysupabloptidHor exappée, HA (lscledispound, can
be separa reaction m xture by any neans known to those
skilled ingﬁﬁgﬁtg%&lﬁég'r exanpl e, the reaction product can be
separ at ed from [034} Bacicaaion productr #othyhi§ step, rveltictois the tiilucbmabimi tae
with base, filtration and washing wth a solvent, (for exappl er
Andlor - acERRHEIE e D P A Ao h R ket sEEERIES sl oh
enbodi nent e@implld) ¢hd MRN¥@Rda pediutt@n bk sbRurAENREOMNAEL ©adioh enikMeby Mtrbhien)t
t he use of chromatography separation or. purification for each of the
three i ndPRHU@ZAtIOBMGthchage. iltgation apgd washinerdhpspiven (fry errsmrle. water ang/or
exanpl es ihée%b%ﬁtﬁ@é)eanwa%ﬁﬁﬁ%odﬂmﬁ&%i on. ~ Preparation of Conpounds
[0038] In the exanpl es described bel ow, unless otherw se indicated
al | tenper at ur B933Ir la aneembodinient of thetventonthe dilueompotndibdn garade and
per cent ages.. i R : f ci al
ol 1 er oSBT Ay ibhoneso SRR iRyl BUARIASE R Ch A RTERE
individual process steps.

[0036] The following non-limiting examples illustrate the present invention.

Preparation of Compounds

[0038] In the examples described below, unless otherwise indicated all
temperatures are set forth in degrees Celsius and all parts and percentages are by weight.
Reagents were purchased from commercial suppliers such as Aldrich Chemical Company
or Lancaster Synthesis Ltd. and were used without further purification unless otherwise
indicated. Tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) were purchased
from Aldrich in Sure Seal bottles and used as received.

[0039] The reactions set forth below were done generally under a positive
pressure of argon or nitrogen at an ambient temperature (unless otherwise stated) in
anhydrous solvents. The reactions were assayed by TLC and/or analyzed by LC-MS and
terminated as judged by the consumption of starting material. Analytical thin layer
chromatography (TLC) was performed on glass-backed silica gel 60 Fs4 0.2 mm plates
(EM Science), and visualized with UV light (254 nm) followed by heat.
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dimethylformamide), EtOAc (ethyl acetate), DMSO (dimethyl sulfoxide), MeCN
(acetonitrile), MeOH (methanol), HPLC (high pressure liquid chromatography), TLC
(thin layer chromatography), Br; (bromine), HO, (hydrogen peroxide) and the like.

EXAMPLE 1

Step 1: Halogenation to 2,4-diamino-5-bromo-pyrimidine

[0043] To a stirring mixture of 2,4-diaminopyrimidine (25 g, 0.23 mol, 1.0 eq) in
acetic acid (375 ml) was added Br; (36.3 g, 0.23 mol, 1.0 eq) at room temperature. The
resulting mixture was stirred at room temperature {(about 25° C) for 2 hours and then
filtered. The yellow solid was mixed with water (250 ml) and the pH of the resulting
mixture was adjusted to 8-9 using 50% NaOH solution. Stirring was continued at room
temperature for 30 min and the mixture was filtered, washed with water, and then dried
under vacuum to give 38 g (87%) of 2,4-diamino-5-bromo-pyrimidine as a white solid.
TH NMR (400 MHz, ds-DMS0) 8 6.06 (s, 2H, ex. D;0), 6.50 (br, 2H, ex. D;0), 7.76 (s,
1H); MS (+)-ES [M+H] * m/z 191.
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5-am no- 311-t hi azol o[ 4, 5-d] pyr| m d| n- 2-one [ 0045] Procedure A: To a
sol ution of Na Y was added
5-am no- 3H-t hi Mﬁﬁ h%r?ﬂi‘%%@ﬁ@ﬁ%ﬁé%‘“—ﬁﬁm, 1.0
eq). The m xt uf0®4fpRrostdure Ad Toa Wisivo biHaOBN0®6qt) @6 usndP3 ed)iwwaef (20
H202 (0. 68113) Wgs a?éldnji 5-((11%1(1)11 -3H-thiazolo[4,5-d]pyrimidin-2-thione (0.92 g, 5 mmol, 1.0 eq).
The mixture was stirred to dissolve. An aqueous solution of H,0, (0.68 g, 2.3 ml (30%),

20 mmol, 4 eq) was slowly added dropwise to the above solution, keeping the
temperature below 50° C. The reaction was then cooled down to room temperature
{about 25° C). Concentrated HC1 (37%, 6 ml) was added to the above solution until the
pH is less than 1. The mixture i stirred at room temperature for 30 minutes. Celite (2 g)
was added to the suspension and the suspension was filtered and washed with water (10
ml). To the filtrate was added 50% NaOH solution to adjust the pH to 5-5.5, stirred for
30 minutes, filtered, washed with water, and dried at 50° C under vacuum to give 0.52 g
(62%) of 5-amino-3H-thiazolo{4,5-d]pyrimidin-2-one as a pale yellow solid. “H NMR
(400 MHz, ds-DMSO) & 6.70 (s, 2H, ex. D,0), 8.2 (s, 1H), 12.2 (br s, 1H, ex. D,0); MS
(H-ES [M+H]" m/z 169.

[0046] Alternately, the procedure for Step 3 can be done using urea hydrogen

peroxide instead of hydrogen peroxide:
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EXAMPLE 2

Step 1: Halogenation to 2.4-diamine-5-bromo-pyrimidine

[0048] To a mixture of 2,4-diaminopyrimidine (5.5 g, 0.05 mol, 1.0 eq.) and THF
(200 ml) was added pyridinium tribromide (17.5 g, 0.055 mol, 1.1 eq) at 0° C in three
portions. The resulting mixture was stirred at about 0° C for two hours, filtered and
washed with THF (20 ml). The yellow solid was mixed with water (100 ml) and the
resulting mixture was neutralized with 10% NaOH solution to a pH of about 7. Stirring

was continued at room temperature for 30 minutes, after which the mixture was filtered,
washed with water (2x20 ml) and dried under vacuum at 50° C to give 8.2 g (87%) of
2,4-diamino-5-bromo-pyrimidine as a white solid. 'H NMR, HPLC and LCMS analyses
of this product are identical to the product described in Step 1 of Example 1. ‘
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of Exanple 1 above. EXAMPLE 2 Step 1: Hal ogenation to

2. 4-di am no-5-brono-pyrimdine [0048] To a m xture of

2, 4- di am ngRyfohiRedsRe (5.5 g, 0.05 mol, 1.0 eq.) and THger, %6/%1)111
was added pyridiniumtribromde (17.5 g, 0.055 nol, 1.1 eq

three portions. The resulting m xture was stirred at about 0 Cfor
two hours, filtered and washed with THE (20 m). The yellow solid
was m xed with water (100 m) and the resulting m xture was
neutralized with 10% NaCH solution to a pH of about 7. Stirring was
continued at roomterrperature for 30 mnutes after WhICh the m xture
was filtered, g i S-afnehe

50 Cto give 8. ( 379 4-di.am br anp- i |ne

white solid. 'H %ﬁ“&"%ﬁﬁiﬁ 3%8’@8‘”8?“4‘%@%9 JEpSTa 1 ea)
i dentical tand ditﬁssiiih@éth?ltxadﬂﬁgéna&qd 6g1 168eRoll 2, ofe%Emeanﬂ)&éath to
2007/ 062355 PCT] US2006/ 061111 Step 2: cl ocon sation to
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the sol uti ggrﬁodg?ﬁ!e@gﬁaio “?’hoégfgg (%Il?t% %&%ﬁg@g‘%ﬁﬁ%{ efSJB%)%Duﬁ%joufe reg Was

3. 6 N H2SO04vithThaterr(86 mil) indgthuinat (A0 enlyeasl dneat@gwup g (cswﬂ)ﬂﬁﬂuaﬁaﬂcﬁm 1

hour, cool ed t te ure stir fo

washed Wi ?tH %ﬁi‘i[é’s 051@51:@ g‘#ﬂ‘n}-ﬁaﬁé‘ﬁt@ O‘(’QQ)h‘Li %ﬂﬁﬁ{ E?Plé{d “t‘ﬁ@ﬁge 0.8
g (87% of afmipdsh 0PthdHirodutt aead@dtidal bo BlRYddubl dhséribed iNERPS AT xampelll ow
solid. "H NWR HPLC and LCM5 anal yses of this product are identi cal

to the product described in Step 2 of Exanple 1. Step 3: Oxidation to
: i .raleg imidin-2-one |

was di sEB0 ﬁi-AImII@GH—tMObH %dhiyamlﬂm@-tmone @0-2a0H § Ru Lrinfish)
2.5 eq). T%S Ei%?o%ed' % ml water containing 0.1 g NaOH (2.5 mmol, 2.5 eq). The resulting
solution was heated to 80° C. A solution of sodium hypochlorite (NaCIO) (4.4 ml, 10-
13% solution, 5 eq) was added slowly to the above solution at about 80° C and stirring

was continued at 80-90° C for 30 minutes. The solution was cooled down to about 70° C
and a concentrated HCI solution (0.3 ml, 37%, 2.3 eq.) was added, after which the
resulting solution was heated to 80-90° C for one hour. The reaction mixture was cooled
down to room temperature and filtered through a pad of celite. The pH of the filtrate was
adjusted to 5-5.5 using 10% NaOH solution. The resulting mixture was heated up to 60°
C for 1 hour, cooled to room temperature and stirred for at Ieast two hours, filtered and
washed with water and acetonitrile to afford 0.06 g (27%) of 5-amino-3H-thiazolo[4,5-
dlpyrimidin-2-one as a pale yellow solid. 'HNMR, HPLC and LCMS analyses of this
product are identical to the product described in Step 3 of Example 1.

[0051] It is to be understood that the foregoing description is exemplary and
explanatory in nature, and is intended to illustrate the invention and its preferred
embodiments. Through routine experimentation, the artisan will recognize apparent
modifications and variations that may be made without departing from the spirit of
the invention. Thus, the invention is intended to be defined not by the above

description, but by the following claims and their equivalents.
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solution was heated to 80 C. A solution of sodium hypochlorite
(NGO (4.4 M, 10- 13%solution, 5 eq) was added slowy to the
above sol ugy out 80 C and stirring was continue -

for 30 m nl‘}!tde)isb.O%I'6 ?gsol ution was cool ed down to about 7%(:@“2@3%%18
concentrated HC solution (0.3 m, 37% 2.3 eq.) was added, after
which the resulting solution was heated to 80-90 C for one hour. The
reaction m xture was cooled down to roomtenperature and filtered
through a pad of celite. The pH of the filtrate was adjusted to
5-5.5 using 10% NaOH sol ution. The resulting m xture was heated up to
60 C for 1 hour, cooled to roomtenperature and stirred for at | east
two hours, X’ﬁt%?élgﬁiueﬁqg washed with water and acetonitrile to afford
0.06 g (27% “of  5-am no- 3Ht hi azol o[ 4, 5- djpyrimdin-2-one as a pale
yellow solid. "H NWHPLC and LCVS anal yses of this product are

identical to th roduct described in Step .3 of Exanple 1., [0051] It
is to be udder sfdBereEhiRt themeenartion of srgmanss 3 thierelel 45/ IagEmsmatpnaei
expl anat or yyrimjznature, and is intended to illustrate the invention

and its preferred enbodinents. Through routine experinentation, the
artisan will recognize apparent nodifications and variations that

may be made without departing fromt spi rist of the invention.

Thus, the invention is intended t wbe f not by the above
description, but by the follow ng |¢]l ai ns{ and t¢ equi valents. 12 WO
2007/ 062355 PCT/ US2006/ 061111 W IS imgd is: 1. A process for

t he preparation of 5-am no-3Hfnhi az [ 4, BNd] pyri mi di n-2- one of
formula NI SS~0 RN NN N H conpri sing: (iT hal ogenating a

2, 4- di am nopypiisrgdi ne of fornul a

(i) halogenating a 2,4-diaminopyrimidine of formula

NI \
/k =
HaoN N NH»

wherein X represents halo selected from F, CL, Br, and I;

(i) cyclocondensing the 2,4-diamino-3-halo-pyrimidine to form

5-amino-3H-thiazolo[4,5-d]pyrimidin-2-thione of formula
N
I >:S
T
HaN N H : an d
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N H2N N NH2 to form 2, 4-di am no-5- hal o-pyrimdine of formula x N
HZN/ N NH2 wherein X represents halo selected fromF, C, Br, and
I; (i) cy ng the 2, 4-di am no-5- hal o- pyri m di

5- am no- SHQ‘tL(ﬁ?g?gtlﬁg?4 5-d] pyri m di n-2-thi one of formnul ar%%&zﬁ\(ﬁarﬂ@@
HZN NN N H; and 13 WD 2007/062355 PCT/ US2006/ 061111 (iii)

oxi di zi ng the 5-am no- 3H-t hi azol o[ 4, 5-d] pyrim din-2-thione to form
5-am no-3H thiazol o[ 4,5-d] pyrimdin-2-one. 2. The process of claim
1, wherein Xis selected fromBr and C. 3. The process of claim 2,
wherein Xis Br. 4. The process of claim1l1l, wherein the

cycl ocondensati on step is carried out in the presence of a

Fapr osent o ) FRERRE PO lRet 0 Bphiagatiionsso FARL BHBBECE of

claim 4, whigaioj4Stdlpyrieildmet-ete.f rom a potassium cation and a

2. The process of claim 1, wherein X is selected from Br and Cl.
3. The process of claim 2, wherein X is Br.
4. ‘The process of claim 1, wherein the cyclocondensation step is carried out in the

presence of a xanthogenate compound having the formula:
5

.

Ms OR’,

wherein M represents a metal cation and R' is an alkyl group.

5. The process of claim 4, wherein M is selected from a potassium cation and a

sodium cation and R” is selected from a methyl group and an ethyl group.

6. The process of claim 5, wherein M is a potassium cation and R! is an ethyl group.
7. The process of claim 1, wherein the oxidizing step comprises reacting 5-amino-
3H-thiazolo[4,5-d]pyrimidin-2-thione with an oxidizing agent under basic conditions and

a subsequent acidic hydrolysis.

8. The process of claim 7, wherein the oxidizing agent is selected from hydrogen

peroxide, urea hydrogen peroxide, and sodium hypochlorite.

9. The process of claim 8, wherein the oxidizing agent is hydrogen peroxide.
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sodiumcation and R is selected froma nmethyl group and an et hyl
group. 6. The process of claim5, wherein Mis a potassium cation and
R is an ethyl group. 7. The process of claim1l, wherein the
oxi di zing step conprises reacting 5-am no-

3H-t hi azol o[ 4, 5-d] pyri m di n-2-thione with an oxidi zi ng agent under
basic conditions and a subsequent acidic hydrolysis. 8. The process

of claim erein t oxidizin ent i el ected from hydrogen
o ox e 10, TR ottt b oot L 0 tectsd A £ B sy Vo St Ig S ffim 2
process OhotsdsiinTtAion WA dddidnl 8atfod ®i' 3¢ BeRUEREmI aSmBﬂﬁ?F Jolelely M&%ﬂg@lp-

14 10. The process of claim4, wherein X is selected fromd and Br,
Mis sel egPl and din axidgsion spicompasasirensting d-aminm il vhinede ¥ ordlpRimjdin-2-
sel ected t o . . qr . OX] '

St ep compt i SRuT R (A HE QU B0 BREL M or AU RO RRBERARI AL,
wi th an oxi di zi ng agent under basic conditions and a subsequent

acidic hy sis. 11.. The_process_af clajm 10, wherein X is Br,
e & pot 2l oo At el 10 RRGERy I By BL 4 Bt CORTARe T N
i s hydr og@Bupen@edkididig agent is hydrogen peroxide.
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