NOVEL PROCESS FOR THE PREPARATI ON OF
5- AM NO- 3H THI AZOL( 4, 5-rf] PYRTM DI N- 2- ONE FI ELD OF

wO ) 7IRB4ENTI ON [ 0001] The present invention rebParas2106/061111
a process for the preparation of the title conpound,
5-am no- 3Ht hi azol o[ 4, 5-<i] pyri m di n-2-one, which is a
useful internediate in the preparation of certain
t hi azol o[ 4, 5-rf] pyri m di ne nucl eosi des, which can have
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Anadys Pharmaceuticals, Tnc., the entire disclosure of
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5-am no- 3H-t hi azol o[ 4, 5-<i ] pyri mi di n-2- one of

formul a[ 0004] It woul dm to provide an

efficient and cost-eff s for the

preparation of this conpound. The present invention
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preparation o am no- I azo
such purpose are thiazolo[4,5-d]pyrimidine nucleosides, such as those compounds

disclosed in United States Published Application No. 2005/0070556, assigned to

Anadys Pharmaceuticals, Inc., the entire disclosure of which is incorporated herein by
reference. These compounds include, for example, 5-Amino-3-B-D-ribofuranosyl-

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

-
HoN N/ N .
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one of formula



4,5- ]pyrimdin-2-one. The process conprises: (i)

hal ogenating a 2, 4-di am nopyrim dine of fornmula to
woanimoa2385 4- di am no- 5- hal o- pyri m di ne of formuPar/Uus2006/061111

wherein X represents halo selected fromF, d, Br, and

I; (ii) cyclocondensing the

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

5-arni no-3Hthi azol o[ 4, 5- T]pyrimdin-2-thione of

formula (iii) oxidizing the

5-am no-3Ht hi azol o[ 4, 5-</] pyrim din-2-thione to form

5- arnino-3H-thiazol o[ 4, 5-J] pyri m di n-2-one. [0006] In
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I n anot hér enbodi nent, the invention is directed to a

pr o€d delogenating jad,4-digginopyrimidine of formula
5-am no- 3Ht hi azol o[ 4, 5-J tNNidin-2-thione to form
5-ar ni no- 3H-t bi azol of 4,iﬁi]4pyr| m di n- 2-one, wherein

the process conprises reafting
5-am no- 3H-t hi azol o 4, 5: 1 di n-2-thione with an
oxi di zi ng agent undef?basic Condit Mhs and a
subsequent acidic hydrolysis to give the desired

to Sorama Ad-daninhi whdp-oydmidiae ppiprioehi di n- 2- one. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON
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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-d]pyrimidin-2-thione of formula

N \ S
P
N
HoN 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



[ 0008] The present invention provides a novel process
for the manufacture and purification of
weo-2e0m0azss3H-t hi azol o[ 4, 5- *pyri m di n- 2- one, a uBeTmIS2006/061111
internediate in the preparation of thiazolof4,5-
T] pyri m di ne nucl eosi des, such as 5-am no- 3-
b- Dri bof uranosyl - 3H-t hi azol o[ 4, 5-*pyri m di n- 2- one.
The process involves the conversion of
2, 4-di am nopyrimdine to 2, 4-di am no-5-hal o- pyri m di ne
follomed by a cyclocondensatlon to afford
5-arni no-3Ht hi azol o[ 4, 5- i n-2-thione, and
subsequent oxidation to fre tif] e conpound. [ 0009] The
process can be nmade to/Eégu?era ionally sinple,
efficient, and robust n high overall yield
and hi gh throughput For exdhple ¥he three- step
process of the invention can result in a yield of over
50% In addition, the process can be made to be
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the process, 2,4-diam nopyridmidine, is relatively

i nexpensive and is commercidjly available in bulk .

quantities. [0010] As used rein, the term "hal ogen”

refers to fluorine, chlgstne, i ne, and i odi ne and

the term "hal o" refers to substituients of the sane.
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dpyrimidin-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-d]pyrimidin-2-one, a useful intermediate in the
preparation of thiazolo[4,5-d]pyrimidine nucleosides, such as 5-amino-3-3-D-
ribofuranosyl-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.



[0012] The conpounds of the invention may exhibit the

phenonmenon of tautonerism Wile each fornula draw ng
wonroviodzds cannot expressly depict all possi bl ePCT/US2006/061111

tautoneric fornms, it is to be understood that each

formula is intended to represent any tautoneric form

of the depicted conpound and are not to be limted

nerely to a specific conpound form depicted by the

formul a drawi ngs. For exanple (as shown below), it is

understood for the below fornula that regardl ess of

whet [98P9oFheerpcess cais bihaedle todistopesationalfovimplas efficéqnt, and robust,
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scope of” the invention
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 compound 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 regardiess of whether or not the substituents are

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

N Xy N XS
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[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 (Li), sodium (Na), and potassium (K).



i nvol ves hal ogenation of 2,4-diam nopyrimdine to form

2, 4-di am no-5-hal o-pyrimdine. This step can, for
wexenTwezsssbe carried out by first dissolving PCT/US2006/061111

2,4-diam nopyrimdine in a suitable solvent and then

i ntroduci ng a hal ogenating agent to the reaction

m xture. [0018] The tenperature of reaction mxture in

this step can, for exanple, range from about -20° Cto

50° C, such as fromabout 0° Cto roomtenperature

(about 25° C). In addition, the nolar_ratio of

2,

4- dil8¥k4h dsyrsedrhereine thedem Beré salvprq refefsrie apmsplven that can
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wat er and acetic acid. Preferred solvents
and dNenethy] pytplidindna@®&ViPE aci d. Exanpl es of hal ogenati ng

age include Br., d2, FE2,..12, ’ i di .
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thdtRElNd AR cBo s RAGHEMITRI Bactilie FdBredaaple PinHBE SxidhorlisETamto-3H-
hal ogenating agents, the conmpound produced in this |
thipqlel4, Se/lpprimddin;24thifinerip Agm @rammﬁﬁﬁw@&p b frélmuipEdip-2-one,
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i | tIPAL7] ohe fstorptiazuproshfalking withinithhscona ohdeHPHEHO
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subsppisiiRR BMpEAHLbNRaGRITRAMARS i @Y¥Sstep 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 1.0:1.1 to 1.0:1.0. The
volume of solvent per gram of 2,4-diaminopyrimidine can, for example, range from about
5 ml to 100 ml, 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 Br,, Cl, F, I, and pyridinium tribromide
(PyHBr3). 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.



been di sclosed in, for exanple, English etal, JAm

Chern. Soc'y, 68, 453-58 (1946). [0023] The next step
wofo@/e2ssess falling within the scope of the PavaIS2i06M61111

i nvol ves cycl ocondensat i on

2, 4-di am no-5-hal o-pyrirnidine to form

5-am no- 3Ht hi azol o[ 4,5-</|pyrimdin-2-thione. This

step can, for exanple, be carried out by reacting a

2, 4-di am no- 5- hal o- pyri m di ne, such as

2, 4-di am no-5-brono-pyrimdine, with a_xanthogenate
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xant hogenat e conpound i s potfassi um et hyl xant hogenat e.

MS oR',

[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 from about 5 ml to 100 ml, such as about 10 ml to 40 ml.

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

Sufolane(tetramethylene sulfone).



[0028] The reaction product fromthis step can be

separated fromthe reaction m xture by any neans known
woaot7hesssskilled in the art. For exanpl e, thePCeaskio6m61111

product can be separated fromthe reaction m xture by

addi tion of water, neutralization, filtration, washing

with a solvent (for exanple, water and/or ethanol),

and/ or a conbi nation of these. [0029] The next step of

a process faIIing mﬁthin the scope of the invention

i nvol ves oxi dat i
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coBrbadntina o thekdi azol of 4, 5- <Apyr|n1d|n 2- thione to
oxidi zin agent can, for exarrpl e, range from about 1:5
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T D PRI gt e e
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cagliégéq[»“t %g%!:aclqu% a»:gglgﬁcg %ig]oﬁn ; egjgg %ggnd]%;% %:tp'one with an oxidizing
B e e by

f i r si0030]sBiwl teinpgraturd aftbe reagtibn sedutaen inrthis gtenicenblas exanipie,
ra&g’aet tﬁr‘cr)mfa‘lgl)1'1’:0(3/“!'3(5J to 100° C. In another embodiment, the temperature ranges from
about 20° C to 90° C.

[0031] In addition, the molar ratio of 5-amino-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-
dlpyrimidin-2-thione can, for example, range from about 5 ml to 100 ml, such as from
about 10 ml to 30 mlL

[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-d]pyrimidin-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 1:5to 1:1, such
as from about 1:3 to 1:1.



by addi ng 5-am no-3Hthi azol o[ 4, 5-

T pyrimdin-2-thione to the resulting solution. An
woxDios233§ agent can then be added to the sol uPComs200h@61111

nol ar ratio of base to 5-am no-

3H-t hiazol o[ 4, 5-d] pyri m dm 2-t hi one can, for exanple,

range fromabout 1:5 to 1:1, such as fromabout 1:3 to

1:1.[0033] Exanpl es of bases that can be used i ncl ude

but not limted to inorganic bases, such as NaOH and

KOH. Exanpl es_ of oxidi zing agents in¢clude but not . .
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in@idu rg&sggg%ercent ages are by weight. Reagents were

purchased from comercial suppliers such as Al drich
Cheri@34] TberfpHewing 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 Fys4 0.2 mm plates
(EM Science), and visualized with UV light (254 nm) followed by heat.



or Lancaster Synthesis Ltd. and were used w thout

further purification unless otherw se indicated.
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were purchased fromAldrich in Sure Seal bottles and

used as received. [0039] The reactions set forth bel ow

were done generally under a positive pressure of argon

or nitrogen at an anbient tenperature (unless

ot herwi se stated) in anhydrous solvents. The reactions

wer e ass§yed by TLC and/or analyzed by LC- N5 and

t er 048] Sd-NIWR| spaefeadantsh “CABMBoMEa figrorend agfa ¥erag Maggury-

i,al . Lytical I3 |
VR e S aob N SRS et VP SRBRR o4 OO
soliIbiY @Rsted EMp?H), QRIGE LhlodTomy hs thelréfeRtcabtaiidal/(7.2Dpm and
(254 n foll owed by heat.[0040] 1H NMR spectra and
77 DO OPrVFCREDR (3.4 o deltiprsn ard $94? AR NEMSGH-gs, ovdgpally

DAL CREEA) Bt Uy BRES Vel
ne&felio N@Iﬁ@ﬁpéh]amuﬂtﬁlﬂicit&fsar@rméertai, tredatiolw{ng. :pBrepptmoanate used: s
77.00 , CD30D (3.4 and_ 4. n 9.3
(sipmiesd fh@i,%%t it 4 Qﬂu@’é?t?aéﬁgpﬁﬁ%aa gﬁé’r?ﬂeggf{%%doublﬂ of
i . h IS . .
GoMSE0 RGO B i SRS OHNATLE M £ 0 At or
(Hzpl | owi ng abbreviations are used: s (singlet), d

(doubl et t (triplet), q te i pl et r
( br 68 s Smtreaw%?eétareo@-ﬁ% A @}) S Rpfided Y the
: are

i R G e 2 S ot el

ar e [(042] HEe descABEd synthetic@alisvayendd etpedinientd peocedures utilize

Anal yti cal Chem stry Departnent of adys
Moy P FrpQs Aeragad 9bhrﬁwtl<[>@oliif (ﬁeﬁfé‘ﬁ%égﬁf?‘éeﬁl@y@i Net i c

. . ) Ll .

e A R S s
(adahdmittile ) Nolie T (mydthanotyp FIPAE) (high pressure liquid chromatography), TLC
(thin layer chromatography), Br, (bromine), H,O; (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.
"H NMR (400 MHz, ds-DMSO0) 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.



Et OAc (ethyl acetate), DVMSO (dinethyl sulfoxide), MCN

(acetonitrile), MeOH (nethanol), HPLC (high pressure
woOizopsiod23shr omat ogr aphy), TLC (thin |ayer PCT/US2006/061111

chr omat ogr aphy), Br2 (brom ne), H Q2 (hydrogen

peroxide) and the |like. EXAMPLE 1 Step 1; Hal ogenati on

to 2, 4-di am no-5-brono-pyrimdine [0043] To a stirring

m xture of 2,4-diam nopyrimdine (25 g, 0.23 nol, 1.0

eq) in acetic acid (375 m) was added Br2 (36.3 g,

0.23 nol, 1.0 eq) at roomtenperature The resultlng

m Xt 2LEE 3oVt RIS f 3 2 ] 1

f Ay
A AN oS 5, 0
i potassiemstbylaclhibsfearkid (68 90Qisintg, SEP NI ssmoml)@ms heated
wniaq Ao R b Weer M| Dl e vORES NEan 176 Kookt € dgpom
teﬁﬂ@ﬂanﬁié 'aﬁtijwb!ﬂ'égg? OAS %@a&&dg MR ﬁoﬂth@ §3h@1019t>vas then adJusted to

4-di am no- 5- brono- pyri m di ne a white solid
abNNRS 18109 Hb3Q,; (206l)@nE0)e wsBiibsyspensiiy, wexstinPa @) 50{6.05@ for 30

&gr %feg’ﬁo 3t dtﬁ?gpgé gﬁgé& gé(f f)vgelh}_%i aNlJ[YIB WSt-Q i ’Fhs ]Lrl(\)/m;gt w-'és lddri%d
urkteAMERAmMASHIH0R T Yide &2 gf(w%y bt Jahﬁn@aﬁtthﬁa@lo gﬂ@-ﬂlfﬂgrrfhldm—

sol uti on of 24d|amno br oho- pyri m di ne (
2-thione sk, Bllew)sokidd '3 MBS Ve Za yib- m&mh@g@hh(sem;t@( §20), 8.34

o 0 T2 6 o WA Bl O 201 L o

was cool ed down to room tenperature and water (600 nml)

was added The pH of the soI ution vvas then adJ usted to
abowdten 3: dati ] . el pyrimidin-2-one

susng %]0%8}(@@5; h{ f e?&’ﬂo?lo f?\?aq]ﬁ:&a 8%, f]QmE'?t&ri e ﬂkxz%%r (20

ml:) rmladﬂedmanﬁhd BH-thiadelb[A Ry indlin30HE6e (C. 92cg, g|IMﬁ018 12 eq).

89% of 5-am o-3H-thiazol o[ 4,5-J rimdi
TI?e rguxm?e was stirred to dissolve. An aque([)us solutlo%yof H,0, (O 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 HCI (37%, 6 ml) was added to the above solution until the
pH is less than 1. The mixture is 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[4,3-d]pyrimidin-2-one as a pale yellow solid. "H NMR
(400 MHz, ds-DMSO) 6 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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2-thione as a yellow solid. 1HNWR (400 MHz, -DMSO). d

6.91 (s, 2H ex. D20, 8.34 (s, IH, 12.3 (br, IH5 ex.
w02a)7706M55(+) - ES [MrH| + ml z 185. Step 3: OXxi daPCOWSE@®6/061111

5-am no- 3Ht hi azol of 4, 5-</ 1 pyrii ni di n-2-one [0045]

Procedure A: To a solution of NaOH (0.6 g5 15 nmol, 3

eq) in water (20 mM) was added

5-am no- 3Ht hi azol o[ 4, 5-rf] pyrim di n-2-thione (0.92 g,

5 mol, 1.0 eq). The mixture was stirred to dissol ve.

iy %Zgﬁégigéﬁt_éf T e 0t HAOBlISa 1S TSl Gty i water (20
mPA A4 4daBd 5 KGR B -hRS e %zm&%&nbf- 1H¥he @.92 , 5oL, 1.0 eq).
Peact | on was then cool down to room eratare
Thaimdutre26ds sGired Codiswite, dffed hbflsri]ﬁogéraﬁéiﬁ)mlﬁe @. Btg)r/]\@(Snﬁtdﬂ ehleq) was
I I ess an
st bt e A PSHfotp d6s SHOVE SOHioR ASEIRg (R orprrabge felis A8 C. The
re&@id §ab aneﬁ)coéﬁ@@ d@ﬁ’rﬂ esrdoth {cftﬂ%alsalﬁﬁr@ RARPs caﬁjj (tl(t}ﬁi%trated HCI1

suspensi on was [tered an shed 'wth wate
(3ﬁ'1°/§ 6 1) Wah edddd| tO rﬂaa eowa solatidednti b6 N GHeswothat [loﬂ“ he enixture is
t irr 30 m
stBoAT ot s re T a0 it Gy G ps AU 5 e g and
the 36Mteh t+as Gltved @nd &ameaaz% wéfer (10 ml). To the filtrate was added 50%
5-am no- 3H-t hi azol o J] pyri mdin-2-one as a pale

Ny@H, selytionte gdjustith ol@wmyasdlestevl@lp(t@ 50 m° C for 30

m?‘?ﬁ)tesEéQ% ?ﬁsa]\talgnﬁlut%géwas %%61%% %gmlt%% For?a )Perat lﬁrg) ﬁltered and

wished edthreaté driG &508 Canteb Gac(ﬂmﬁﬁolgﬁiwae"@S@Ing%)éﬁf 51@131[110-3H-
de i nstead of hydrogen perox] 0047 rocedure
thﬁzol%@ AR IRitEn2-onaeHP e yellgy salxl. mhﬁd%I Ph’dac pat LCMS
aﬂgﬁ{asrs}]sr %igt%% Fpl?%%}llcg%%ﬂ%?x | t? the ﬁ)rodléct deszcrlbﬁd from Prgc%%ge A in Step 2
offfraimplel ] @batg) . The mi xt ure was stirred to d| ssol ve.
Urea hydrogen peroxide (2.8 g, 30 mmol, 6 eq) was

slowy added dropwi se to the above sol ution, keeping

the tenperature bel ow 50° C. The
EXAMPLE 2

Step 1: Halogenation to 2.4-diamino-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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reacti on was then cooled down to roomtenperature

(about 25° C). Concentrated HO (37% 6 m ) was added
woaod7he2zbove solution until the pHis | ess thaaTas200be61111

m xture is stirred at roomtenperature for 30 m nutes.

Celite (2 g) was added to the solution and the

solution was filtered and washed with water (10 m).

To the filtrate was added 50% NaOH sol uti on to adj ust

the pHto 5-5.5. The solution was heated up to 50-60°

C for 30 n1nutes The resultlng sol ution mas cool ed
do e i R en s 40 5S¢4 di-thiz 2!; Sdmyrimidin-2-thione

‘(“’gt?(%ooﬁtﬁf %%Qlu%n %g%'ﬁcdlylﬁder% %a%g)“%?jrt); @ R ng%on o1, 1.0 q)
and poadssiuptedthyiwagithopehatel{. ANWYR.0 tidb C2a0nely) hl%’[la@ Meeutef up to

this product are identical to the product described
reflpg derP0dwanynslenNe n Thy mgotionpiolutioampseoeled sewa. o poosyPL E
[
bR e rLTUC R Al 0 e g e sqon, fpeptfore
soRitdbndvasradnstedrtd Iab«ihtrﬁew(tlﬁ 5 N H,808 5T]nmﬂesulﬂ1n@nﬂxtuje wascheated up
T ded ridiniumtri de
to e T T%ﬂ% tGgfed 36 et (e iF ot %fqrr?&wgrs HigredDiashed

witE Statdr (7@ miy dﬁw@nw@@o%m 51&@ én&i to%’@ 8Q° (8@/5 efs TWeno-3H-

hours, filtered and washed
thipap lofs -<ityirtnidins2-hiseiasd Ydhlovsmoéad {H@ﬂvlm }IP@edandﬂé:Ms

orgit § R eR i ¥R i i e o SBR o g

roomtenperature for 30 mnutes, after which the
m xture vvas flltered vvashed vvlth vvater (2x20 rr1) and

dr| e 3 LUL : 3-08
T T T
wasjdmtoil\(edlmt%anlt\hﬁelpcrmthmhg dﬂsg:NaCHCQlﬁhmﬁbd’,Q Je@®f The resulting

R i B MR SR S o GiEr0) (.4 i 1.
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 least 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. 'H NMR, 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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[0049] A solution of 2,4-diam no-5-brono-pyrimdine
(0.95 g, 5 mol, 1.0 eq) and potassi um et hyl
weanmi7hegsnate (1.6 g, 10 nmol. 2.0 eq) in DVF ¢B0/US2006/061111
m )heated up to reflux for 10 hours under N . The
reacti on solution was cool ed down to roomtenperature
(about 25° C) and water (30 ml) was added to the
solution. The pH of the solution was adjusted to about
5wth 3.6 NHSM. The resulting m xture was heated
up to 50-60° C for 1 hour, cooled to roomtenperature
stirred for 2 hours, filtered, washed with water (20
. aanol (20 m) and dried to give 0.8 g (87%
“gqa)‘ésa‘g%mﬁg%gm hi azol o] 4, 5-<%ri ni di n-2-thi one as a
yellow solid. 1H NMR, HPLC and LCMS anal yses of this
product are.identical, to the prqoduct described, in, Step
Lo of mfgr %_e pg?p“gﬁlt@p obyeraiaine JE-thipzolo[4,5-d]pyrimidin-2-one of
foRm@ygl no-3H-thiazolo [4 ,5- 1pyrimdin-2-one [0050]
5- Ami no- 3H-t hi azol o[ 4, 5-<I pyri m di n-2-thi one (0.24 g,
1.3 mol, |.0Ceqg) was dissolved in 8 mMl water
containing 0.1 g NaCH (2.5 . nmol, 2.5 eq). The
resul ting sol ution was at 0° C. A solution of
sodi um hypochlorite (Nal O (4. - 13% sol ution,
5 eq) was added slowy fo thejabové solution at about
80° C and stirringy, contFhuednat 80-90° C for 30
m nutes. The sol ution was cool ed fHown to about 70° C
codipisgeoncentrated HA solution (0.3 m, 37% 2.3 eq.)
was agded, after which the resulting solution was
heated to 80-90° C for one hour. The reaction mxture
. coagl ed 1 1.0 roomte ratyre and filtered
(1)}'%?0&96%m§ apgg%afm%%ﬁ’xr%{dm?ﬁg?%ﬁ“g? the filtrate was
adjusted to 5-5.5 using 10%MNaCH sol ution. The
resulting m xture was heafed upSto 60° C for 1 hour,
cooled to roomtenperaturg and dtirred for at |east
two hours, filtered and shed st h water and
acetonitrile to afforgh0. 06 ( 27%Niof
5- am no- 3Ht hi azol o[ 4, 5-

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

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

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

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

N X
)|\ >:s
F N
HoN N N - and

13



dpyri mdin-2-one as a pale yellow solid. 1H NVR HPLC

and LCMS anal yses of this product are identical to the
wonrodwerdsdescri bed in Step 3 of Exanple 1. [00BCT/uSRo06®61111

to be understood that the foregoing description is

exenpl ary and explanatory in nature, and is intended

toillustrate the invention and its preferred
enbodi ments. Through routine experinmentation, the
artisan will recognize apparent nodifications and

variations that may be made w t hout departing fromthe
spirit of the invention. Thus, the invention is
\Y/ td .
G e L L R o S e
thiaSolo[éaj-@ﬂrntmdez ode.process for the preparation of
5-am no-3H-t hi azol o [4, 5-<"pyri m di n-2-one of fornula
conpri si ng (i) hal ogenating a 2, 4-diam nopyri m di ne
2.0f f § 6 LR HredlhiA™ RR:R:AQAHPH b €] ne of
foriﬁngmﬁ$refn X representggﬁ fo ?g ctégi?ron1F a,
and I; (ii) cycloconden3|ng t he

anr no al o-pyrin to form
3.5. arﬂ%?d’r%‘r‘—ff-sf ﬂf‘g Ilfrgn %Trl m dr n- 2-t hi one of

formula(iii) oxidizing the 5 am no- 3H-t hi azol o[ 4, 5-
] pyriniidin-2-thione to form 5-am no- 3Ht hi azol o
4.[ 4, sLhe mygecsniticlpinpl.omecrein the’mwlq@pnd;e@s@lo@n‘st@ﬁ iajcaried out in the

[ el ed fr.qm Br 3. The process
pr\(e)ﬂ""f;Ii ¢ %Parﬁ( aﬁllth ﬁﬁlgartg%mgg ungqﬁ?’mgiﬁe UI&‘ ocess of claim

1, wherein the cycl ocondensaion step is carried out
in the presence of a xanthoggnate conpound havi ng the
for mul a:

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 §, wherein the oxidizing agent is hydrogen peroxide.

14



wherein Mrepresents a netal cation and RL is an al kyl

group. 5. The process of claim4, wherein Mis
weebwmbzdsf rom a pot assi um cati on and a sodi uUnNPCaUSLIV6/061111

and Rl is selected froma nethyl group and an et hyl

group. 6. The process of claim5, wherein Mis a

potassiumcation and RL is an ethyl group. 7. The

process of claim1l, wherein the oxidizing step

conpri ses reacting 5-am no-

3H-t hi azol o[ 4, 5-d] pyri m din-2-thione with an oxidizin
103gentha prgesss phalpian ‘@o‘mﬁr@méﬁss saleated feoppShapdtlpr, Myé§ slested from

. . ' of . .

o BYRGRInY Sleon ot LOB B OEBTR % s AT REHS] Boliind an ety
grong ant yidr @ddation atep cbthpriseandacing iSuaminy 36T tHigtold] 4,5-Bpyrimidin-2-
The process_ of cIain1§, wherein .the oxidizing agent is .
thippg meideat BatigRe agenf ynderrhasigcgaditionsnd g sybprascot gRiichyirolysis.

Xis selected fromd and Br, Mis selected froma
pot assi um cati on and a sodiumcation, Rl is selected
1% r onTlze pretdsy bf glaioupl, artebrein XeisiBr) Myis @upotassinoh datien, R' is an ethyl

oxi dation st.ep conprises reacting 5-am
SRR rtrlilea%(a% 2?%‘5}3]%@‘151%3& Qﬁ:gozgcgq. hi one with an
oxi di zi ng agent under basic conditions and a
subsequent acidic hydrolysis. 11. The process of claim
1210, AMpERsPhioxcycdompdenyings?. 4 disating§ihatp-patimistine ¢fifornsulan
et hyl group, and the oxidizing agent is hydrogen
peroxi de. 12. A process for cycl ocondensing .
2, 4-di am no- 5-hal o- pyri m di ¥rnul a: wherein X is
hal o selected fromF, d, 6N d1l; to form
5- am no- 3Ht hi azol o[ 4, 5- di n- 2-t hi one of
formul a wherein the cycl tion is carried out
in the presence of aM¥nt hog¥nate ¥tmpound having the
formula wherein Mis a netal cation and Rl is an al kyl
group; and

wherein X is halo selected from F, Cl, Br, and I,

to form 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-thione of formula
N \ 8
I >:S
/ N
HoN N N

wherein the cyclocondensation is carried out in the presence of a xanthogenate compound
having the formula
S

MS)J\1

OR',
wherein M is a metal cation and R is an alkyl group; and

wherein the reaction comprises heating up the solution of above reactants in the presence

of an inert solvent.
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wherein the reaction conprises heating up the solution

of above reactants in the presence of an inert
weoeabwr@ar3si3. The process of claim 12, wherein KCTAIS2006/061111

selected fromBr or U, Mis selected froma potassium

cation and a sodiumcation, Rl is selected froma

nmet hyl group and an ethyl group, and the inert solvent

is selected from N, N-Di net hyl f or mam de (DWF) and

Nmet hyl pyrolidinone (NW). 14. The process of claim

13, wherein Xis Br, Mis a potassiumcation, Rl is an
13t hyThegno@qﬁs ofelain hd wheesin Xssls¢le¢ted fronDRFor G5 M Fiselected from

+ BGSERElon b on PE g b RREGEn bl Goup and an ety

gr@@p'r@ﬁ&ﬂik ihéd g§1Serit iPgvletbtord NIN- ]Dmmelh}ilforﬁlhﬁnde (DMF) and N-
te rature rarf\%es from about 50° C to 200° C, and the

methy Oléﬁmmﬁe@‘{ Bbl vent per gram of 2, 4-
di am no- 5- hal o- pyrim di ne ranges fromabout 5 m to
100 M. 16. The process of claim 15, wherein the nDIar
14 at i maﬁroaeséoﬂclaml &) -veheneth &pigBrnivVdis Repotassitecation, R' is an ethyl

xant hggenat e co anges fromabout 1:2 to 1:1,
9PH%EWg%%@WQ¢§ﬂ¥ gg@£fron1about 140° Cto 165° C
and the volunme of inert solvent per gramof 2, 4-

di am no-5- hal o-pyri m di ne ranges fromabout 10 mM to
1540 nThe frdcespopelame s, Wlweimkljlqjmg]angltio of 2,4-diamino-5-halo-

p}%%ﬁil%?gé i t Al ZO| % ) %&&%4%@%\%8%3[ ugi ?8?0 ? 1, the temperature

rah@agrigh dbcﬁrt 300 a&o Qbo<f or dndltBIGIiRle R f et PIREEPE gram of 2,4-
conpri ses: reacti ng

digmigoni- h@omwmdmmgpafrgm’oppw Mt 10Gmp- t hi one with
an oxi di zi ng agent under basic conditions and a
subsequent acidic hydrolysis. 18. The process of claim

1617, Tieprotdss bhiclahass, wiserde tiechedr fatiorafSacaaitb-EBkloand

pyrimidine to the xanthogenate compound ranges from about 1:2 to 1:1, the temperature
ranges from about 140° C to 165° C, and the volume of inert solvent per gram of 2,4-
diamino-5-halo-pyrimidine ranges from about 10 ml to 40 ml.

17. A process for oxidizing 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-thione of

(L
J A
N N/ m

to form 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one of formula
N S
)|\ >:o
HoN N/ N
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t he oxi dizing agent is selected from hydrogen

per oxi de, urea hydrogen peroxi de, and sodi um
woypproatssi te. 19. The process of claim 18, wheceius20obe61111

base i s NaOH5t he oxi di zing agent is hydrogen peroxide,

and the acid is HJ. 20. The process of claim17,

wherein the tenperature of the oxidation and the

subsequent acidic hydrolysis reaction ranges from

about 20° Cto 100° C

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.
18.  The process of claim 17, wherein the base is selected from NaOH and KOH and
the oxidizing agent is selected from hydrogen peroxide, urea hydrogen peroxide, and

sodium hypochlorite.

19.  The process of claim 18, wherein the base is NaOH, the oxidizing agent is

hydrogen peroxide, and the acid is HCL

20.  The process of claim 17, wherein the temperature of the oxidation and the

subsequent acidic hydrolysis reaction ranges from about 20° C to 100° C.
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