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-1- PROCESS FOR PREPARATION OF 4'-AZIDO CYTIDINE
DERIVATIVES The invention relates to a novel process for the
preparation of a 4'-azido cytidine of the formula HO O NHZ NN N3cY
11 11 HO OH O of a hydrate or of a pharmaceutically accepted salt
thereof. The 4'-azido cytidine of 5 formbila | is useful for treating virus
mediated diseases, particularly for treating HCV mediated diseases. The
4'-azido cytidine of formula | and a couple of synthetic pathways for its
preparation have been described in the PCT Publication WO 2004/046159
Al'and WO 2005/000864 Al_ 10 For the transformation of the

4'-azido-triacyl uridine into the deswed 4' a2|do o tldlne it was sug ested
to runmm ek ONEE: el M e IR N ESDERIMAISFES
and triethylamine. However it was found that the use of triazole is not

favourable on a technical scale process due to its low biodegradability.

Object of the embodiments disclosed herein therefore was to provide a

procegs. FRbISN aLDE Retfomed o0 leginieal scale andbich SHAL of
ffering from the disa vantages as outline was oun h

ﬁﬁee 'BFBEHEs of the disclosure the disadvantages could be overcome, 20

According to a first aspect, there is provided a process for the preparation

of a 4'-azido-cytidine of f a-la HGfN}HNﬁzN NN-~I

N\.‘ }rN |

HO OH

of a hydrate or of 2 pharmaceutically accepted salt thereof . The 4'-azido cytidine of
formula I is useful for treating virus mediated diseases, particularly for treating HCV

mediated diseases.

The 4'-azido cytidine of formula I and a couple of synthetic pathways for its
preparation have been described in the PCT Publication WO 2004/046159 A1 and WO
2005/000864 Al.

For the transformation of the 4’-azido-~triacyl uridine into the desired 4’-azido-
cytidine it was suggested to run the reaction in the presence of triazole, phosphorous
oxychloride and triethylamine. However it was found that the use of triazole is not
favourable on a technical scale process due to its low biodegradability.

Object of the embodiments disclosed herein therefore was to provide a process
which can be performed on a technical scale and which is not suffering from the

disadvantages as outlined above.

It was found that with the process of the disclosure the disadvantages could be

OVECrCome,.

According to a first aspect, there is provided a process for the preparation of 2

4’-azido-cytidine of formula
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HO "OH O of a hydrate or of a pharmaceutically accepted salt thereof,
characterized in that 5 a) a protected 4'-azido-triacyl nucleoside of theme
formula R30 0 1.O ~- \fINH N3" -1 1l O R10 OR 2 wherein R' and R2 are
independently selected from CDR™ and C(=O)OR4 or R' and R2 together
form a CH-,-, C(CH3)2-, CH-phenyl= & a 10 HOCH3 bridge; R3 is
selected from COR4 and C(=O)OR4 and R' is independently C1_12-alkyl,
phenyl optionally substituted with 1 to 3 substituents selected from the

group consisting of C1.gxalkyl, CI.6- %mmgen nitro or cyano is 15
0X

reacted with imidazole, pho3phBroul hloride and trlethylamlne to form
the imidazole compoundf&a‘“f la ""INuN N~!Nllia N3UO
R16 OR2 wherein R', RZ and R3 ane%s above and b) the imidazole
compound of formula llla is subjected to ammonolysis with aqueous 20

BrmeniadQ ferm theamiveetfornua b B3\ NHZ YNON b .. 0

a) a protected 4’-azido-triacyl nucleoside of the formula

R0 o O

N“ TNH 1

R’ O OR
wherein

R' and R” are independently selected from COR* and C(=0)OR* or R'and R together
form a CH;-, C{CHs)2-; CH-phenyl- or a

H" T OCH,
bridge;
R’ is selected from COR? and C(=0)OR* and

R’ is independently Ci-12-alkyl, phenyl optionally substituted with 1 to 3 substituents
selected from the group consisting of C.¢-alkyl, Ci-alkoxy, halogen, nitro or cyano is
reacted with imidazole, phosphorous oxychloride and triethylamine to form the
imidazole compound of formula

3 — N N
n i
NS a
Y
RO CR

wherein R', R* and R? are as above and

b) the imidazole compound of formula I1la is subjected to ammonolysis with aqueous
ammonia to form the amine of formula
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Nor ~--1 If a0 R10 ORz wherein R', R2 and R3 are as above and c) the
amine of formula Illb is finally transformed into the 4'-azido-cytidine of
formula I. According to a second aspect, there is provided an imidazole
compound of formula R30 O 01 Nv N N NyN lliaV 0 R10 ORz wherein
R' and R2 are independently selectedfrom COR4 and C(=O)OR!' or RI
and R2 16 taken together form a CH2-, C(CH3)2-, CH-phenyl- or a
H~"OCHS3 bridge; R3 is selected from COR4 and C(=O)OR4 and R4 is
independently C1-12-alkyl, phenyl optionally substituted with 1 to 3
substituents 15 selecteefdrom the gr Nsisting of C1_6-alkyl, C1
6-alkory, halogen, nitro ordc%/‘ 0. ing to a thirghgspect, there is
provided the use of the pracess-as defined above for the preparation of
NHz HCI O "N O NO IV Ng'¢D Odzie

wherein R}, R? and R’ are as above and

¢) the amine of formula I1Tb is finally transformed into the 4’-azido-cytidine of formula 1.

According to a second aspect, there is provided an imidazole compound of
formula

wherein R and R? are independently selected from COR* and C{=0)OR* or R' and R?
taken together form a CHa-, C(CHs)z-, CH-phenyl- or a

<

K" YOCH,

bridge;
R? is selected from COR® and C(=0)OR? and

R* is independently C;_jz-alkyl, phenyl optionally substiruted with 1 to 3 substituents
selected from the group consisting of C,.¢-alkyl, C;¢-alkoxy, halogen, nitro or cyano.

According to a third aspect, there is provided the use of the process as defined

above for the preparation of

N
K{)—\j v
Ny N/ ‘2/
’ o



The process of the present invention comprises the preparation of a
4'-azido- cytidine of the formula HO O N " NHz N"N HO 10H O 11 WO
2008/071571 PCT/EP2007/063132 -2 of a hydrate or of a
pharmaceutically accepted salt thereof, which is characterized in that a) a
protected 4'-azido-triacyl nucleoside é¢ the formula R30 0 O N N3., yNH
II' O R'0 OR2 wherein 5 R" and R2 are independently selected from
COR4 and C(=0O)OR4 or R' and R2 together form a CH2-, C(CH3)2-
,CH-phenyl-, or a H'111< OCH3 bridge; R3 is selected from COR4 and
C(=0TORRr 21568 PO A ARl PEARIEIRI g PI Bea Il Pptrenytioptibadipzido-
sulbtitusé cheidr duite 3 substituents selected from the group consisting of
C16-alkyl, C16-alkoxy, halogen, nitro or cyano is reacted with imidazole,

phosphorous oxychlorige and triethyfes 2form the imidazole
compound of formula N R38\.6* l7\l}: Isla NaLJ O i

Ng“" /
o  oH©
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R10 ORZ 15 wherein R', R2 and R3 are as above; b) the imidazole
compound of formula llla is subjected to ammonolysis with aqueous

Wﬁ%&fyﬁ form the amine of formula R30" ~0~ NHz ?( ?N)f)lgll;lt@[)z'(}lo(?ﬁ%%sz

erein R', R2 and R3 are as above, and 20 c) the amine

formula lllb is finally transformed into the24'-azido-cytidine of formula I.
WO 2008/071571. PCT/EP2007/063132 -3 The term "Cl-12- alkyl" as . .
LB R BB RIS TG Eﬁéﬁ%ﬁe%f%éﬁaﬁ%fhgﬂﬁfchya%&%gﬁzed in that
residue containing ]. to 12 carbon atoms. Representative Ci-i2- alkyl
gréupstsretidedridnyiaethrorends forsdormebutyl, i-butyl, t-butyl,
pentyl or hexyl, heptyl, 5 octyl, nonyl, decyl, undecyl or dodecyL The term
"C-6- allcoxy" as used i d%poteﬁﬁfa@oranched or branched chain
Ci.6- alkyl oxy residue contginjng sarbon atoms. Representative
CI-6- alkoxy groups includ€ myethyoxy, ethoxy, propyloxy, i-propyloxy,
n-butyloxy, i-butyloxy, t-butgloxy, @&htyloxy or hexyloxy. 10 The term
"halogen" refers to fluoro, chloro, bromo and iodo, preferably to chloro.
Thederm "hydrate” as used herein means that the 4'-azido-cytidine of
formula I includes a stoichiometric or non-stoichiometric amount of water
hoynd Ry.Ropeayalentainaimoleskiatigiees; T Hesreeharmaagaitiealy e c:

cceptable salts. refers to salts of the 4™-azido-cytidine of 15 formula | with
i 6?@5@8’-&5@%%‘ a%%i’ﬁw li¢%%ids (e.g. hydrochloric acid and
hydrobromic acid), sulphuric acid, nitric acid and phosphoric acid, and the
like, and with organic acids (e.g. with’ ',gsacid, tartaric acid, succinic
acid, fumaric acid, maleic acid, malic acid, salicylic acid, citric acid,

methanesulphonic acid and p-toluene sulphonic acid,
rigge;

R? is selected from COR* and C(=0)OR* and

R* is independently Cy.1;-alkyl, phenyl optionally substituted with 1 to 3 substituents
selected from the group consisting of Cy¢-alkyl, Ci.s-alkoxy, halogen, nitro or cyano is
reacted with imidazole, phosphorous oxychloride and triethylamine to form the
imidazole compound of formula

wherein RY, R* and R are as above;

b) the imidazole compound of formula ITla is subjected to ammonolysis with aqueous

ammonia to form the amine of formula
3 =N _NH
RO~ oy 17
N N ib
3 e
1 N ’: 20
RO OR

C ol 2 3
wherein R', R” and R” are as above, and

c) the amine of formula I1Ib is finally transformed into the 4’-azido-cytidine of formula I.
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and the like). The formation and isolation of such salts can be carried out
according to 20 methods known in the art. Step a) Step a comprises the

Wg%é{;almg}ion of a protected 4'- azido- uri dine derivative of};% /159593'7'}&3132

R3O0 rO ONN3'NH Il 0R10 OR2 25 wherein Ri, R2 and R3 are as
above with imidazole, phosphorous oxychforide and triethylamine into the
imidazole compound of formula WO 2008/071571 PCT/EP2007/063132
-4 -300 O NaN'-Nllia N, 0 R'O OR2 wherein R', R2 and R3 are as

ahRueysually e Pracess iscRerfarmask htheRiesrAESAfaR-AkdaRGH |
lyent, preferably in met loride, THE or 2-methyltetrahydrofuran

: | hyl
R P o AT B0 % B PR ST 16 e i Eroups
imitladeotec iy laatid, israped iprpdxedsywhibiitig, fromtd.egulvalbetslideptyl,

100, sarivalents upiefgiahlydmees.0 equivalents to 8.0 equivalents
related to one equivalent of the 4'-azido-triacyl nucleoside of formula Il.

sphoro ychlori .a kule js used in an.excess whichiis from.
A A R G SRS e e
plivbauivatihts femtens bired sybRARANST Bsasaio facy RHise 558
af dide hacthyble dhazid o-tsingyknucieesittes ot fanmiala | i tamhey, -butyloxy,
S ntqhiesizedl_le.Xg!/.I following the

NIVIOXY OF NexyIoXy.

The term “halogen” refers to fluoro, chloro, bromo and iodo, preferably to chloro.

The term "hydrate” as used herein means that the 4’-azido-cytidine of formula I includes
a stoichiometric or non-stoichiometric amount of water bound by non-covalent

intermolecular forces.

The term pharmaceutically acceptable salts refers to salts of the 4-azido-cytidine of
formula | with inorganic acids such as hydrohalic acids (e.g. hydrochloric acid and
hydrobromic acid), sulphuric acid, nitric acid and phosphoric acid, and the like, and with
organic acids {e.g. with acetic acid, tartaric acid, succinic acid, fumaric acid, maleic acid,
malic acid, salicylic acid, citric acid, methanesulphonic acid and p-toluene sulphonic acid,
and the like). The formation and isolation of such salts can be carried out according to

methods known in the art.

Step a)

Step a comprises the transformation of a protected 4’-azido-uridine derivative of the

formula

3
RO o Nf\fo
Néu“ TNH ”
I @]

rR'0 OR?

wherein R', R” and R’ are as above with imidazole, phosphorous oxychloride and

triethylamine into the imidazole compound of formula
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procedure disclosed in examples 1 to 5 of the PCT Publication WO
2005/000864 Al. The imidazole compound of formula llia is a novel

WBOM(}}H?Q;F?M therefore is a further 15 embodiment of the (%r(Esent

: : . g T/EP2007/063132
invention. Particularly preferred is the imidazole compound of formdia (I

wherein R and R2 are benzoyl or R' andtR2 together form H OCH3 and
R3 is 3-chlorbenzoyl. 20 The imidazole compound of formula llia can be

isolated from the reaction mixture following fockdures known to the
skilled in the art for instaRce repovﬁr%ﬁ%bfhl\'the organic phase e.g.
by evaporation. As a rule thﬂg%;?}‘c') e}Fdanound of féemula llia is
directly, without isolating it from:the oyganic phase, subjected to the
ammonolysis in step b). 25 $téb b)WO 2008/071571
PCT/EP2007/063132 -5 Step b) comprises ammonolysis of the imidazole

campduid 8f fordrkiark ks witlvaqueous ammonia to form the amine of

formula lllb. The ammonolysis is commonly performed in an organic

Soivent sucha@RthyiRteanioride; tetalyeir i anaE solvent, preferably in
sl Rhygrofran, pr rofyran or 28 ¢ o
methyltetrahydrofuran a%{r a gﬁ%ﬁ#ﬁ%ﬁ%ﬁxﬁd%}éo&éb?écgr()ejféer%ﬁ(f/r%tfl 565(80 o

& fed TS eiAhie 5dlieda< A monia solutions have an ammonia content of

20% to 30%, as a rule of about 25%. The duration of the ammonolysis
(hPGeryidessdn asadiitie wsbirtroraashidHR Antamed-feetivhermiodidture.
ruihdeamipefoffolntfidanl 30 eanbiisotated tolidwlsgrmethed sokiaveqdialent of
e gkilleghindhg) allayLik 88 iy directly used in step c). Step c) Step

c) comprises thé transformation of the amine of formula Bib into the

razido- cytidi la |, 15 In.case:R!, R2 and R3.are ipd dentl
é‘é@ézgﬂé% ?ﬁr@%%g%%@%%gg é)l élg;géﬁzgeed Thranefeess Whidh Is Honr .0 e%ﬂn%] ent

to 2.0 equivalents, preferably from 1.4 equivalents to 1.7 equivalents related to one
equivalent of the 4’-azido-triacyl nucleoside of formula I1L.

The 4’-azido-triacyl nucleosides of formula IT can be synthesized e.g. following the
procedure disclosed in examples 1 to 5 of the PCT Publication WO 2005/000864 Al.

The imidazole compound of formula I11a is a novel compound and therefore is a further

embodiment of the present invention.

Particularly preferred is the imidazole compound of formula IIla wherein R' and R® are
benzoyl or R' and R* together form

<

H™ “OCH,_
b

and R’ is 3-chlorbenzoyl.

The imidazole compound of formula IITa can be isolated from the reaction mixture
following procedures known to the skilled in the art for instance by recovering it from the

organic phase e.g. by evaporation.

As a rule the imidazole compound of formula ITfa is directly, without isolating it from the

organic phase, subjected to the ammonolysis in step b).

Step b)
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transformation in step c) is a methanolysis performed in aqueous
ammonia and methanol at a temperature of 20C to 60C. The change to

W@%g@m%?ﬁn happen by distilling off the solvent used in Ste@&/ﬁpﬁo%%nsz
ysS

reaction mixture and by replacing it by methanol. 20 Methanolysis then
can be effected by the addition of a solutton of aqueous ammonia and by

rforming the reaction at a temperature qf 20C to 6Q C, preferahly of. 25C
R SR B b A BHES S et SRS Mo fyrucons
tHargesEr st ofep by abeveruls Bike R' and R2 taken together form a
CH2-, C(CH3)2-, CH-phenyl- or a 25 H' OCH3 acetal bridge and R3 is
ihbe pamdemlyssdiectadrfeoln BORMan thGOYDRYswhereindR [smashylene
@ﬁtm,&(?@yﬁydhﬁd@m%ﬁozmt@m ﬂaégtg:a@fﬁmpﬁ%eéa@]m&hmm%n or 2-
R d.n ;agueous ammaonia an no temperatur, 9
B R R e R P T e

eaving the acetal formed by.R" and R2. WO 2Q08/07157

SBT3 St RS PRSI, AT B Bl o 30%. a5 rle
@ésbABePHbove. For the acidic treatment a mineral acid like hydrochloric
acid or sulfuric acid or a short chain carboxylic acid such as formic acid or
dietitravid mdytveusedh dies dyclityabetaldfomidd by RiandRrienia and the
peatemply-sleavad:with formic acid at room temperature. 5 The isolation of
the desired 4'-azido cytidine of formula | can take place applying methods

kitRwWh iR:tBErskilad IRihe A REINSIARER DL EXERARAING NG SOWRNIIR YA the
me'gganol to e.ﬂ? cetqne / gtr?/lacet?te and by filtering off the precipitated
{ it

6? HEES TR B R EF S BSdifehtot the invention the process of the

present invention as described above can be used for the preparation of
pu‘i)isobutyryloxy compound of to formula NHZ O aHCI N O

Step ¢} comprises the transformation of the amine of formula IIb into the 4’-azido-

cytidine of formula I.

In case R', R* and R’ are independently selected from COR® and C(=0)OR? the
transformation in step ¢) is a methanolysis performed in aqueous ammonia and
methanol at a temperature of 20°C to 60°C.

The change to methanol can happen by distilling off the solvent used in step b) from the
reaction mixture and by replacing it by methanol.

Methanolysis then can be effected by the addition of a solution of aqueous ammonia and

by performing the reaction at a temperature of 20°C to 60 °C, preferably of 25°C to 45°C.

As to suitable aqueous ammonia solutions reference is made to the description of step b)
above.

In case R' and R? taken together form a CHy-, C(CH3);-, CH-phenyl- or a

}'{

H™ ~oCH,

acetal bridge and R’ is independently selected from COR® and C(=0JOR* wherein R* is
as defined above, the transformation in step c¢) comprises a methanolysis performed in
aqueous ammonia and methanol at a temperature of 20°C to 60°C for the cleaving off of

the acyl group R® and an acidic treatment for cleaving the acetal formed by R' and R%.
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NO O Ns IV O O This can be achieved by transforming the
4'-azido-cytidine of formula | with isobutyryl chloride in the presence of

Wé £%W1%pmlno) pyridine and triethylatnine in a mixture of #q.}sf,ﬁg%%glsz

organic solvent. Suitable organic solvent is tetrahydrofuran. The reaction
15 temperature is usually selected in the%ange of -5C to 30C. Isolation of
ethlet obu Srglog com O}anddOff rmué fl can happen by an aqueous
work-up, Efoﬂ & b)})eapso cj(e'ic @ng %pﬁ’opanol/heptane and
aC|d ylng ith hydrochloric acid. The following examples shall illustrate

ORGSR FOLATI HEEPAIRGU 20 Jegri acid or a short
Zb%/@@ib@i}ﬂl@@ﬂ@@%'f@ﬁ@qggdﬂf Escimples mabeviadioNs: cyclic acetal

BrrRanzoyh 46825 preetigrehenzoykviMebahm2uviethydstiabydefuian;
DMAP= 4- (dimethylamino)-pyridine; THF=Tetrahydrofuran 5 Example 1

gg%qgé%gﬁl %% ﬁlﬁ@@%éﬂ@ﬁiﬁ&ﬂ%@ of formua?] I Calcl) tfaukrea I%EaZC@v a 3plymg
R R G D REERIN B0 (CyEsg o

pq@@r;qr]@o 0 p4-@c{ONB 2O Npces 1 a@d(qy bljering off the precxpuated product.

In a further embodiment of the invention the process of the present invention as
described above can be used for the preparation of the tri-isobutyryloxy compound of
formula

NH,

o L/L HCI
=N
\H(O | X ’j*o
]
NS\ 2’ Y

5 o
o O

This can be achieved by transforming the 4’-azido-cytidine of formula I with isobutyryl

chloride in the presence of 4-(dimethylamino)-pyridine and triethylamine in a mixture of

water and an organic solvent. Suitable organic solvent is tetrahydrofuran. The reaction

temperature is usually selected in the range of -5°C to 30°C. Isolation of the tri-

isobutyryloxy compound of formula I'V can happen by an aqueous work-up, followed by

a solvent exchange to isopropanol/heptane and acidifying with hydrochloric acid.

The following examples shall illustrate the process of the present invention without

limiting it.
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N’,. \Il--(( O N3v"U N3~}~-17 BzO, ~OBz Nf Bzo OBz HO' OH BzO OBz
10 A suspension of 100 g (0.158 mol) 3-chlorobenzoic acid

wiRerrRPR)-2-azido- ﬁ‘CT/EP 007/063132

3,4-bis-benzoyloxy-5-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-I-yl)-tetrahydro-
uran-2- ylmethyl ester and 86.6 g (1.266 friol) imidazole in 500 ml McTHF
was treated at room temperature w%h 64 % §0.632 mol) triethylamine. The
. . amp Ly . .
resulting mixture was treated at 20 within 30 to 120 minutes
W'\';E 36.8.g (0.238 mol) phosphorous oxychloride. After the addition the
MBRAEFEaNARSheated to 55 to 65C and stirred at this temperature for 5 to 6
WaeisnEbg;tibre wab hebocoolddMe T8 e225C thvitk trelatéchatrtiis DMAP= 4-
(RIPRSRIYFE IR0 MateT The JaYss yere separated and the
aqueous layer was extracted with MeTHF (1 x50 ml). The combined
organic layer was treated at 20 to 3QC Witpi@ 10 to 20 minutes 20 with 54
g ammonia (25% solution in water). iixture was heated to 40C and
stirred at this temperature for 7 to 9 hours. After complete conversion the

lowBsagyYe s ayelo WassepRrated and framthe ongamiedfayer Medtihethyi-

V\é%;sa}giatrig? Hoff_ nd.r _ac%dll? irr]f_thaé nol. The methanolic solution
@pﬁmﬁeﬁ%@nﬁﬁvﬁ%—ﬂ%ﬂmﬁtﬂeﬂ at 30 to 40C with 108 g
ammonia (25% solution in water) and the resulting mixture was stirred for
5 hours 25 at 35 to 40C. Meth was then distilled off gpd continuously NH
replaced By 400 ml acetone, whigreby the product precig ;gted. To EJJ
copplete prégipitation 500 ml acetate wagigdded|at foom o

temp e. TheTeSultingysus n&pnwas*tooled m 5€ withimr®2 toL{C;
hourssand/stirred at this ten§fjure for additional 2Hayrs. The crystalst:”
weretfiteretfzwashed in twt¥ orfions with a pre-codfed niixture of 124 mr®  “ou
ethyl acetate 30 and 62 ml "eetone and dried at 45'C / <30 mbar for 5

hours to afford 43.3 g (90.5%) of 4 WO 2008/071571
PCT/EP2007/063132_ -8 amino-I((2R, 3S

, 39, 4S5,
5R)-5 e R (8- Ry mstHgTIREANfR6 durah?8: 1R SR )-2-azido-
Jhbispyeivmicliox2-brid 4d idwe rdndihydratevithramidissayy bf €8 2h 98 (mfirhn-2-
Exaeiie-d& Riepaion tis3rhlarelenzieit aoiel {2 R8BI Ras treated at room
%%2@%}%%&99 ﬁ%’tﬁl_(?fisg' P@Qﬁ) 91%(3W-‘L§fe(éfylamine. The resulting mixture was treated at 20
to 45°C within 30 to 120 minutes with 36.8 g (0.238 mol) phosphorous oxychloride. After

the addition the mixture was heated to 55 to 65°C and stirred at this temperature for 5 to

6 hours, The mixture was then cooled to 15 to 25°C and treated at this temperature with
300 ml water. The léyers were separated and the aqueous layer was extracted with MeTHF
(1x50 ml). The combined organic layer was treated at 20 to 30°C within 10 to 20 minutes
with 54 g ammonia (25% solution in water). The mixture was heated to 40°C and stirred
at this temperature for 7 to 9 hours. After complete conversion the lower aqueous layer
was separated and from the organic layer MeTHF was distilled off and replaced by metha-
nol. The methanolic solution (approximately 400 ml) was then treated at 30 to 40°C with
108 g ammonia (25% solution in water) and the resulting mixture was stirred for 5 hours
at 35 to 40°C. Methanol was then distilled off and continuously replaced by 400 ml
acetone, whereby the product precipitated. To complete precipitation 500 ml ethyl
acetate was added at room temperature. The resulting suspension was cooled to 0 to 5°C
within 2 to 4 hours and stirred at this temperature for additional 2 hours. The crystals
were filtered, washed in two portions with a pre-cooled mixture of 124 ml ethyl acetate
and 62 mi acetone and dried at 45°C / <30 mbar for 5 hours to afford 43.3 g (90.5%) of 4-
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imidazol-1.-vl-2-ox0-2H-pyrimidin-1-yl)-tetrahydro-furan-2-ylmethyl ester O

\N/ 1 (CI)BzONH O (CI)BzZON O O O Bzo OBz N Bzo OBz A
wabshepsion of 30.0 g (47.5 mmol) 3-chlorobenzoic acid (2R, 3%@/0(3132

-2-azido-3,4-bis- 10

benzoyloxy-5-(2,4-dioxo-3,4-dihydro-2H- %yrimidin 1-yl)- tetrahydro -furan-2-

li%%toh g@ﬁt%r Egi gl@go'%é%l% 3@%§mlda v rltg] 1lr|e F/I trah%drﬁ) ?uran 2-

treated at room’ température with’ amin
ﬂéédﬁn@%‘iﬁé@iﬂé%ﬁ%@tﬁ‘éé@éd‘@?% %ﬁo@%ﬂmﬁsw ﬁf.ﬁ%fe@(/mhnil 03¢
(71.2 mmol) phosphorous oxychloride. The mixture was heated to 60C
and stirred at this temperature for 5 hours. The mixture was 15 then
cooled to 15C and treated at this temperature with 125 ml water. The
layers were separated and the aqueolsalayér vas extracted with MCTHF
(1x30 ml). From the organic layer MeTHF was completely removed by
tietitiatiomartd reptactenbyi2 50dnb Reasonitribie) - Miates (B0 i) landoyloxy-5-(4-

methylane ghlofide&00 mbwere. agdded and 106 jayes

The 20 organic layer was filtered, the solvent was evaporated and the
residue (34.2 g) dried at, 40C / <30 mbar for 16 hours to affo[d§9.7 g

(90.8%) of 3-chlorobenzpic acid N
(2R,38,4R,5R)-2-azidf§%e Hbis-benzoyloxy-S-(4-imidazol-l-yg;\oxo-zH-pyr
f

imidin-I- yl)-tetbatsydro- 2-y|lmethyd-esterwith an assay @f 99.3
%(area). zH NM%S) 6 4.87 (s, 2 H); 6.04-6.57% 2'2! NG6.38 (dd,
1H); 6.51 (d, IH): T2B—25 7.41 (m, 6H); 7.49-7.60 (m, 3F¥(7.89 (s, IH):
7.89-8.06 (m, 7TH)®8.37 (&*1H). IR: 2923, 2854, 2120 (-Ni3 30, 1678,
1633, 1545, 1469, 1247, 1127, 929, 709, 476 cni'. MS: E82 (M'+1). WO
2008/071571 PCT/EP2007/063132 -9-

A suspension of 30.0 g (47.5 mmol) 3-chlorobenzoic acid (2R,3S,4R,5R) -2-azido-3,4-bis-
benzoyloxy-5-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-tetrahydro-furan-2-ylmethyl
ester and 26.0 g (380 mmol) imidazole in 110 ml MeTHF was treated at room
temperature with 19.2 g {189 mmol) triethylamine. The resulting mixture was treated at
10 to 20°C within 30 minutes with 11.03 g (71.2 mmol) phosphorous oxychloride. The
mixture was heated to 60°C and stirred at this temperature for 5 hours. The mixture was
then cooled to 15°C and treated at this temperature with 125 ml water. The layers were
separated and the aqueous layer was extracted with MeTHF (1x30 ml). From the organic
layer MeTHF was completely removed by distillation and replaced by 250 ml acetonitrile.
Water (50 ml) and methylene chloride (100 ml) were added and the layers were
separated. The aqueous layer was extracted with methylene chloride (1x160 ml). The
organic layer was filtered, the solvent was evaporated and the residue (34.2 g) dried at
40°C / <30 mbar for 16 hours to afford 29.7 g (90.8%) of 3-chlorobenzoic acid
(2R,35,4R,5R)-2-azido- 3,4-bis-benzoyloxy-5-(4-imidazol-1-yl-2-oxo-2H-pyrimidin-1-
yl}-tetrahydro-furan-2-ylmethyl ester with an assay of 99.3 %(area).

"H NMR (CDCls) 8 4.87 (s, 2 H); 6.04-6.07 (m, 2H}; 6.33 (dd, 1H); 6.51 (d, 1H); 7.20-
7.41 (m, 6H); 7.49-7.60 (m, 3H); 7.69 (s, 1H); 7.89-8.06 (m, 7H); 8.37 (s, 1H).

IR: 2923, 2854, 2120 (-N3), 1730, 1678, 1633, 1545, 1469, 1247, 1127, 929, 709, 476 cm”.

MS: 682 (M +1).
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Example 3 Preparation of 4-aniino-1-((3aR 4R, 6aS, 6R)-6-azido-6-h d~
roxvmethyl-2-methoxy- tetrahydrofuro [3,4-d

oA, 3=0 =4-yl)-1H-pyrimidin-2-one. O UN NH NH, ANH N ~
W % ﬁiﬂf?)@n P@&@I\%ﬁ%m

N (CDBzZOHO ~L _ONO ™lam-0-1J7 (Cl)BZ0 N*O O
OVO N OO OO H ><OCH, O~0 H><OCH, H>COCH, H OCH,5To a
suspension of 0.69 g (10.11 mmol) imgi%gl?e%nd 1.07 g (10.5 mmol)
triethyl- amine in 9 ml methylene chlo dded dropwise at -5 to 0C
within IR MiTules49-0 s 2ninoly pnespharus xyehlonde. Afierrln

n was treated wit
AR -2-0ne.

dioxo-3,45dihydro-2H-pyrimidi ]é-yl)-Z-methyI-tetrahycNigo-furo[3,4-d]-1,3-di
c% I mi methylene chlofide. The .

oxol-4- ;/\Ijﬂgé\tlyl ester followe

suspengjonjwas allowed to w to room temperat(re Within 15 minytes ERN
andihen ﬁJF\r%d_a.t_LQong%mp @Lgejmﬁg hm(?u b ’EISQJSpenngn v%/g o N’l*o
coolgento/0C and treated aﬁemperature withs1p gl water. The  w™\
susper&§i£311 was allowed to:warm to room temperadyre and the layers 5'\%'0
were 15 Separated. The aquésys layer was extractéd®with methylene " ~ocw,
chloride (2x5 ml). The combkineglmc{irganic layer was dried over MgS04,

filtered, concentrated in vacuo, and dried at 25C / <10 mbar for 22 -hours

to afford 1.07 g (96%) of 3-chiorobenzoic acid 4-azido-
6-(4-idazokky$idnodd 8 Hx: pifimidimblynZandthyldattahy trd Furorol) triethyl-

E’nﬂn‘é]ﬁnb%igiﬁlgéﬁﬂrﬁé’b@Bﬁ%&ﬂﬂej@&f&ﬁcﬁe@?@%ﬁ&@%ﬁﬁa O;?I\(l\MBr(EI?QSmnutes
. - 4, = 1): 4. ,J=11.5 Hz

i G Tha BBl Rl ARt v édégrﬁfﬁﬁng
SHpea s (as JeentodithH) 00 - (adnnel) 5 bl oye b gkpic Ay, dragiloder,(2.4-
Jok & H i boFH A pxinhidh - 1-v1) - 2-methyl- tetrahvdro-furo| 3,4-d] - 1,3-dioxol-4-

vimethyl ester followed by 1 ml methylene chioride. The suspension was allowed to warm

HAA YOO U :A, O

o room temperature within 15 minutes and then stirred at room temperature for 69
hours. The suspension was cooled to 0°C and treated at this temperature with 10 ml
water. The suspension was allowed to warm to room temperature and the layers were
separated. The aqueous layer was extracted with methylene chloride (2x5 ml). The
combined organic layer was dried over MgSQOy, filtered, concentrated in vacuo, and dried
at 25°C / <10 mbar for 22 hours to afford 1.07 g {96%) of 3-chlorobenzoic acid 4-azido-
6-(4-imidazol-1-yl-2-ox0-2H-pyrimidin-1-y1)-2-methyl-tetrahydro-furo{3,4-d]-1,3-

dioxol-4-ylmethyl ester as a beige foam.

'H NMR (500 MHz, CDCls) 8 3.36 (s, 3H); 4.71 {d, J=12.5 Hz, 1H); 4.77 (d, J=11.5 Hz,
1H); 5.04 (d, J=5.5 Hz, 1H); 5.44 (dd, ]=5.5 Hz, J=1.5 Hz, 1H); 6.03 (m, 2H); 6.55 (d,
J=7.0 Hz, 1H); 7.21 (dd, ]=1.5 Hz, J=0.5 Hz, 1H); 7.42 (dd, ]=7.5 Hz, }]=7.5 Hz, 1H); 7.58
(m, 1H), 7.70 (dd, J=2.0 Hz, J=2.0 Hz, 1H}, 7.96 (m, 1H), 8.02 (4, ]=8.0 Hz, 1H); 8.04
(dd, J=2.0 Hz, J=2.0 Hz, 1H); 8.40 (dd, J=1.0 Hz, J=1.0 Hz, 1H).

1.055 g (2.05 mmol) of this foam was dissolved in 10 ml THF and treated with 0.90
g ammonia (28% solution in water). The resulting solution was stirred at 25°C for 24-
hours. The solution was then concentrated on a rotary evaporator at 25°C and 70 to 30
mmHg. Methanol (10 ml) was added followed by 0.90 g ammonia {28% solution in
water) and the resulting solution was stirred at 25°C for 22 hours. The solution was
concentrated on a rotary evaporator and the residue purified by radial chromatography

on silica gel using first ethyl acetate followed by ethyl acetate/methanol 5:1 as eluent to
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(m, 1H), 7.70 (dd, J=2.0 Hz, J=2.0 Hz, IH), 7.96 (in, IH), 8.02 (d, J=8.0 Hz,
1H); 8.04 (dd, J=2.0 Hz, J'=2.0 Hz, 1H); 8.40 (dd, J=1.0 Hz, J=1.0 Hz,
dHoder1sP05 9 (2.05 mmol) of this foam was dissolved in lgajfﬂ'}]-zl&.ﬁ&qwz
treated with 0.90 g ammonia (28% solution in water). The resulting

solution was stirred at 25C for 24 hours!&he solution was then

concentrate rotary evaporatar at 2 nd 70.ta 30..m

AT (0L N LT ol by o8 ARGHA 2B o2
Wethr)-siepareesintihd-dollifichoxelsistitrddiap pHoidor-220neass: eige solid.
solution was 30 concentrated on a rotary evaporator and the residue

purified by radial chromatography on Efzapgekusing first ethyl acetate
f())llowed_y etlcetg_te/m thnol 5 as elget to WO 2008/071571 y

N 287

6aBiBR)-Bizidpesshydraxyinetayk22 yimethyl ester
methyl-tetrahydrofuro[3,4-d]-1,3-dioxol-4-yl)-1H-pyrimidin-2-one as a
beige solid. Example 4 Preparation of Dodecanoic acid (2R, 3S, 4R,

5R)-5-(4-argino-2-0x0-2H-pyrimidifi-kyl)- 5 .
2-azido-3,gdihydroxy-tetrahydro-f an-2-ylmethyl esterjty NH NHS ~N | :
‘e1N23 lH’l

L NNH ~C(): DI cC,N0 NCI.H,~Q%COQ,IH COQNO O/ QN | \j;
HOCH 8100 0 HO-©H “H*G8H, B OCH-A-solutlep 6135 g-(8.83 of °
mmoI)NfJIgoscphorus oxychloridg i 5/ml methylene i@"¢hjoride was added"}/
dropwise 2,0 -5C within 1.5 miingites to a suspensiggrof 1.89 g (27.7 #6 o
mmol) imidazole and 2.92 g (28.9 rtamol) triethylaminie iA°20 ml methylene
chloride and the resulting suspension was stirred at -5C for 15 minutes. A
solution of the

A solution of 1.35 g (8.83 mmol) phosphorus oxychloride in 5 ml methylene
chloride was added dropwise at 0 to —5°C within 15 minutes to a suspension of 1.89 g
{27.7 mmol) imidazole and 2.92 g {28.9 mmol) triethylamine in 20 ml methylene
chloride and the resulting suspension was stirred at -5°C for 15 minutes. A solution of the
azidoester (3.00 g, 5.89 mmol) in 12 ml methylene chloride was added and the resulting
suspension was allowed to warm from 0 to 25°C within 10 minutes and then stirred at
25°C for 69 hours. The suspension was cooled to 0°C and 30 ml of water was added
dropwise at 0 to 5°C. The suspension was allowed to warm to 20°C and the layers were
separated. The aqueous layer was extracted with methylene chloride (2x5 ml). The
combined organic layers were dried (MgSQ,), filtered, concentrated in vacuo, and dried at
25°C / <10 mbar for 5 hours to afford 3.13 g (95.0%) of the imidazol derivative as a beige
foam. This foam was dissolved in 30 mi dry THF and the resulting solution was treated
with 2.49 ¢ (19.9 mmol) ammonia (28% solution in water). After 23 hours at 25°C the
solution was concentrated in vacuo, and dried at 25°C / <10 mbar for 10 hours to afford
3.30 g of a pale yellow solid. This solid was recrystallized from hot methanol (50°C) to
afford 1.27 g of the methoxymethylene protected cytidine derivative as a colorless solid.

1.20 g (2.36 mmol) of this solid was treated with 4.8 ml formic acid (96%) and the
resulting suspension was stirred at 25°C for 4 hours. Water (4.8 ml) was then added fol-
jowed by 10.5 ml ammonia (28% solution in water) to adjust the pH to pH 9. After one
hour at 25°C the precipitate was filtered, washed with 10 ml water, and dried at 25°C /
<10 mbar for 16 hours to afford 1.10 g (40%) of dodecanoic acid (2R, 3R, 4S, 5R)-5-(4-
amino-2-oxo-2H-pyrimidin-1-yl}-2-azido-3,4-dihydroxy-tetrahydro-furan-2-ylmethyl

ester as a colorless solid.
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azidoester (3.00 g, 5.89 mmol) in 12 ml methylene chloride was added
and the resulting suspension was allowed to warm from 0 to 25C within

W@,Q(Q;mgqesland then stirred at 15 25C for 69 hours. The susp

cooled to OC and 30 ml of water was added dropwise at 0 to %%ﬁf‘%%rmﬁmsz
suspension was allowed to warm to 20Cland the layers were separated.
The agueous r was extracted wrth lene.chloride (2x5 ml). The
com % 6 %ﬁlrg”ﬁ%é’ﬁér"sgg&é%eeg) ag[ %5 rn I regI)h %ﬁéce)l(n raJed in
vacu / < r 5 hours tg afford 3.13 g (95.0% of
apis Ao 561 1y @&% et i ke Bi2Sokoet
ey FHE Brebthie rék i Bnt $bllitioh Mrmd tsatad (Willy A%y, (1@)9%11@1)
arInoHa, (R8%04sslution (m Watgr).obfter, 23Thouss al, 25 (e, SOIWHIRWES 1H);
W@d‘ﬁrﬁﬁﬂﬂ'ﬂ \ﬁgl)ug %W%Idﬂﬁﬂ a}téél’sgg h <§Lg ﬁrpe}ﬁﬂ r 10 hours to afford

ow solid. This solid was'r

3.30 g of a'pale yel ecrystallized from hot

methan 1 7. tho P

m @35&\% ’a%sgggcgg)lorzfe%%%o cf 65? W}ﬁ@é%@% Ef)gée %?g sorrd 72.1,
\és tta&eld-{it? 4.8 f%?ﬁn@%ré%@ﬁ)oa%%ﬁhle& fesulting suspension
was stirred at 25C for 4 hours. Water (4.8 ml) was then added fol- Iowed
B 1O55) b 2HHrAdiadEe8e s SHuliRIDiA Materpto Hdjustdhle 920l pE emAfter
one hour at 25C the precipitate was filtered, washed with 10 ml water,
and dried at 25C / <10 mbar for 16 hours to afford 1.10 g (40%) of
dodecanoic acid (2R, 3R, 4S, 5R)-5-(4 30 .
amino-2-oxo-2H-pyrimidin-I-yl)-2- azrd@—’gi@-@ﬁq%roxy -tetrahydro-furan-2-yl
methyl ester as a colorless solid. WO 2008/071571 PCT/EP2007/063132

g : g5 pochystallizatienotddmpysimidin-1-vi)-2-
m@thblHlNMﬂﬁﬁWH%@M&@:ﬂi@ﬁ%Hﬂ dstdr Qritzodhidride
1.18-1.30 (m, 16H); 1.53 (m, 2H); 2.33 (t, J=7.5 Hz, 2H); 3.78 (t, J=5.0
Hz, | H); 4.29 (d, J=12.0 Hz, IH); 4.41 (d, J=12.0 Hz, 1H); 4.53-4.57 (m
1H); 5.60 (br, 1H); 583 gh J=8.0 Hz, 1H); 5.98 (br, IH); 5 6.17 (d“H =

Hz, 1H), 7.33 (br, ZA)17.65 (d, J=7.0 Hz, 1H) "C NMR (225 |v|

DMSO-d6) S 3. , 156.2, 142.0, 97.9, 96. 3&%%&47

65.1, 34.0, 32\9,@ 29.5, 29.4. 7973, 9.0, 55.0, 22 B1):

3538, 3400, 3288,-2924, 2850, 2116, 1759, 1672, 164 }m
HO ~ OH o K

Q

A suspension of 21.6 g {0.670 mol) 4-amino-1((2R, 38, 45, 5R)-5-azido-3,4,-
hydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)- 1 H-pyrimidin-2-one and 88 mg (0.72
mmol) DMAP in 102 ml THF and 40 ml water was treated at -5 to 0°C with 35.8 g (0.354
mol) triethylamine. The mixture was then treated at -5 to 20°C within 1 to 2 hours with
29.5 g (0.271 mol) isobutyryl chloride and the resulting mixture was allowed to warm to
room temperature and stirred at room temperature for one hour, After complete
conversion 110 ml ethyl acetate followed by 30 ml water were added and the pH was
adjusted to pH 6.5 to 7.0 by the addition of approximately 6.8 g hydrochloric acid (37%
in water). The layers were allowed to separate, the lower aqueous layer was removed and
the organic layer was washed with water (1x50 ml). Erom the organic layer ethyl acetate
and THF were distilled off and completely replaced by tsopropanol. The isopropanolic
solution (approximately 90 ml) was then treated at 20 to 30°C within 5 to 10 minutes
with 13.2 g (0.079 mol} of a solution of hydrochloric acid in isopropanol (21.7 %). Upon
slow addition of 120 ml heptane crystallization of the product occurred. The resulting
suspension was stirred at 40°C for 2 hours and then cooled to 0 to 5°C within 2 hours.
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10 Example 5 Preparation of Isobutyric acid (2R, 3S, 4R,
5R)-5-(4-amino-2-oxo0-2H-pyrimidin-l-yl)-2-
wddth9i3.4:bis-isobutyryloxy-tetrahydro-furan-2-ylmethyl eStef - 1/rpr007/063132
Hydrochloride NH, NH, H20O HCI ~N O N OH O N~0 0 NIJ~IO HOOH O
0~ O O 15 A suspension of 21.6 g (0.073 mol) 4-amino-1((2R, 3S, 4S,
-5-azido-3,4,- o ‘ . . . . )
BB ot o palan i sty P hE R R RosSRe i e
8895¢ POrSRATEBRERERS 2nd Thrtiserapseaol ardviied dladtfearetd abar for
B iocdE withifahl 8 15(0 (354 %) al) rddtinylamineé (TR MKk sR Wag thenino-2-oxo-
tﬁ@@}g%ﬁaﬁﬁ@%@@%ﬂﬁld,&%h%ﬁww%gh%@%umﬂlbL%ﬁﬂyée{\%sm
ilfland and the lgesultln n%%%eb/ as allowed to warm to 20 roOm
%58?&%%%%75 sHif&8 5t Yoor tempétature for one hour. After complete
conversion 110 ml ethyl acetate followed by 30 ml water were added and
the pH was adjusted to pH 6.5 to 7.0 by the addition of approximately 6.8
g hydrochloric acid (37% in water). The layers were allowed to separate,
the lower aqueous layer was removed and the organic layer was washed
with water (Ix50 ml). From the organic layer ethyl acetate 25 and THE
were distilled off and completely replaced by isopropanol. The
isopropanolic solution (approximately 90 ml) was then treated at 20 to
30C within 5 to 10 minutes with 13.2 g (0.079 mol) of a solution of
hydrochloric acid in isopropanol (21.7 %). Upon slow addition of 120 ml
heptane crystallization of the product occurred. The resulting suspension
was stirred at 40C for 2 hours and then cooled to 0 to 5'C within 2 hours.
WO 2008/071571 PCT/EP2007/063132 - 12 After one hour at 0 to 5C
the crystals were filtered, washed in two portions with a pre- cooled
mixture of 62 ml heptane and 31 ml isopropanol and dried at 70C / <30
mbar for



10 hours to afford 35.5 g (93.5%) of isobutyric acid (2R, 3S, 4R,
5R)-5-(4-amino-2-oxo-
wéFiRyEidin-1-yl)-2-azido-3,4-bis-isobutyryloxy-tetrahydro- W@ BE@ 132
yl ester 5 Hydrochloride with an assay of 99.5 %(m/m). WO 2008/071571
PCT/EP2007/063132 -13 Claims 1. Prdéess for the preparation of a
4'-azido-cytidine of formula HO 0 NI—:@ I}%nlS\IB l,~ 1 HO OH 0 of a hydrate
or of a pharmaceutically accepted sa of, characterized in that 5 a) a
protected 4'-azido-triacyl nucleoside of the formula R30 O 0 Y NNH N3"
11 end tl lected from
co R'Er%gc%]f(go %géevgp&ﬁﬁé%cgﬁ‘ R%pgoge%tﬁég X&f EH3)2-,
CH-phenyl- or a 10 H' OCH3 bndge[B.s)liEg‘Iected from COR' and
C(=0O)OR'and R'is ind 124alkyl? phenyl optionally
substituted with | to 3 sub$¢|tu nt \)?t‘tbd from the grdup consisting of
Cl_6-all yl, Cl_6-alkoxy, haI %]e ?Lr‘@or cyano is 15 reacted with
imidazole, phosphorous oxychloride and trlethylamlne to form the

imidazole compound of formula R30 0 / NvN
of a hydrate or of a pharmaceutically accepted salt thereof, characterized in that

923

a) a protected 4’-azido-triacyl nucleoside of the formula

. |
RO~ o Nl%YO
Ny ) I
o

wherein

R' and R* are independently selected from COR* and C(=0)OR* or R’ and R” together
form a CH;-~, C(CH3),-, CH-phenyl- or a

H\
10 OCH,

bridge;
R’ is selected from COR® and C(=0)OR" and

R* is independently C;.1;-alkyl, phenyl optionally substituted with 1 to 3 substituents
selected from the group consisting of Cy.¢-alkyl, Cj¢-alkoxy, halogen, nitro or cyano is
15 reacted with imidazole, phosphorous oxychloride and triethylamine to form the

imidazole compound of formula

3 et N_N
Q o) N | ~
m N Hia
RO
4 s B .'2O
RO OR

wherein R', R* and R’ are as above and

b) the imidazole compound of formula I1Ta is subjected to ammonolysis with aqueous

20 ammonia to form the amine of formula
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N3 rNrN llia ~/ 0 2 R10 OR wherein R', R2 and R3 are as above and b)
the imidazole compound of formula llia is subjected to ammonolysis with

q 540 ammonia to form the amine of formula WO 2008/Q7d54d- 463132
PCT/EP2007/063132 -14 R30N3\ O NHz "C 7 N'N 111b 0 R10 OR2
wherein Rr, R2 and R3 are as above and’) the amine of formula llib is
finally transformed into the 4'-azido-cytidine of formula I. 2. Process of
claim 1, characterized irkt theoforrr@@ﬁﬂf"ﬁheimidazole 5 compound
of formula llla in step a) isb\%\hir_ryﬂ'\i presence gfkan organic solvent
at 0C to 80C. 3. Process of tla aracterized in that methylene
chloride, tetrahydrofuran orR?@net@ﬂfetrahydrofuran is used as organic
solvent. 4. Process of claims 1 to 3, characterized in that the imidazole

camRauRY af toifermuasiiiais without isolation directly used for the
ammonolysis in step b). 5. Process of claims | to 4, characterized in that

%}%@Hm%%Y%ﬁf{{ﬁtﬁ@l}% Fhdl6" for q@ﬁ)(?d{%@ﬂi%g%ﬂlf §8|(¥c? Qgg&ﬁe of formula L.

temperature of 20C to 60C. 6. Process of claim 5, characterized in th a
tetrahé/q;ofuuan h tetrah dr fur n.Q ne c ! rlde (f

I'oCes a 4l acte Nat %m)ﬁl 1071
as organic Solv ent rocess o laims aracterize he

éﬂﬁﬁ@*&f?#&%ﬁ%ﬂ@ﬁlﬂoﬁéw%a@Xé&%ffﬁlﬁ%éﬂ%é@@sww an Of"amc solvent at

fransfdh@tion in step c). 8. Process of claims | to 7, characterized in that
in case Rr, R2 and R3 are

3. Process of claim 2, characterized in that methylene chloride, tetrahydrofuran or

2-methyltetrahydrofuran is used as organic solvent.

4. Process of claims 1 to 3, characterized in that the imidazole compound of
formula Ilfa is without isolation directly used for the ammonolysis in step b).

5. Process of claims 1 to 4, characterized in that the ammonolysis in step b) is
performed in an organic solvent at a temperature of 20°C to 60°C.

6. Process of claim 5, characterized in that tetrahydrofuran, 2-
methyltetrahydrofuran or methylene chloride is used as organic solvent.

7. Process of claims 1 to 6 characterized in that the amine of formula IIIb is without

isolation directly used for the transformation in step c).

8. Process of claims 1 to 7, characterized in that in case RY, R* and R” are
independently selected from COR* and C(=0)OR? the transformation in step ¢) isa
methanolysis performed in aqueous ammonia and methanol at a temperature of 20°C to
60°C.

9. Process of claims 1 to 7, characterized in that in case R' and R” taken together
form a CH;-, C(CHj3),-, CH-phenyl- or

><

H" “YOCH,

acetal bridge and R’ is independently selected from COR* and C(=0)OR* wherein R* is
as defined above, the transformation in step ¢) comprises a methanolysis performed in
aqueous amumonia and methanol at a temperature of 20°C to 60°C for the cleaving off of

the acyl group R’ and an acidic treatment for cleaving the acetal formed by R' and R%,
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independently selected from COR' and C(=O)OR4 the transformation in
step c) is a methanolysis performed in agueous ammonia and methanol

wbilsfrpeyature of 20C to 20 60C. 9. Process of claims 1 t?(?T/EPzﬂmmﬁsmz

characterized in that in case Rr and R2 taken together form a CH2-,
C(CH3)2-, CH-phenyl- or HOCH3 acetal bridge and R3 is independently

selectgf fiom CORand COJORA whereln R4 15,2525 0eTned above, 1,
the transformation in step c) comptrises a methanolysis per ormedin
RfiE6ds @mmonia and methanol at a temperature of 20C to 60C for the

cleaving off of the aryl group R3 and an acidic treatment for cleaving the
acetal toRrsgseyRiaing R, \WOR008/07abIRCR/EP2 80710681288 0B and
10 :Fraress of claim 9, characterized in that the acidic treatment is

performed with formic acid. 11. Process of claims 1 to 10, characterized

in that R' and R2 are benzoyl or R angz together is HOCH3 i and R3

is 3-chlorbenzoyl. 12. Imidazole cofpoud@taf formula R300/ NV YNyN

llls N30 R10 OR2 wherein R' and R2 are independently selected from

GRARA AndRAGENRRI0r R and R2 10 taken together form a CH2-,
C(CH3)2-, CH-phenyl- or a H O-CH3 bridge; R3 is selected from COR4

and GEARBAHNDmpound of formula

-
ZN N N

3
RO\@’N rI\t I
Wt da
NS
4 ": = 20
R'O  OR

wherein R! and R are independently selected from COR* and C(=0)OR* or R'and R?
taken together form a CH,-, C(CHs)z-, CH-phenyl- or a

<

H™ OCH,
bridge;
R? is selected from COR* and C(=0)OR* and

R* is independently Cy_13-alkyl, phenyl optionally substituted with 1 to 3 substituents
selected from the group consisting of C.¢-alkyl, Cy.¢-alkoxy, halogen, nitro or cyano.

13. Imidazole compound of claim 12, wherein R' and R’ are benzoyl or R' and R?

together is

><

H™ “OCH,

and R” is 3-chlorbenzoyl,

14. Use of the process of claims 1 to 11 for the preparation of



R4 is independently Cl_12-alkyl, phenyl optionally substituted with 1 to 3

snbstituents 15 selected from the group consisting of C1-6-alkyl,
WS}Q&@U&S’W halogen, nitro or cyano. 13. Imidazole compo ?@9@63132

12, wherein R' and R2 are benzoyl or R' and R2 together is OCH

R3 is 3-chlorbenzoyl. 20 14. Use of the-pfdbtess of claims 1 to I1 for the

preparation of WO 2008/071571 PCHEP2007/063132 16 NHZ O HCI O

NO \CN 0IV N3O~ OO HC

\N

‘?‘—jl’



