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R-(-)-1-[2-(7- CHLOROBENZ(J b] THI OPHEN- 3- YL- METHOXY) - 2- ( 2, 4-

DI CHLOROPWIBINSlogs7ENHYL] - 1H- | M DAZOLE DESCRI PTI ON 5 The pr esarmpos/oment i on
relates to R (-) -1- [2- (7-chlorobemzo

[ b] t hi ophen- 3-yl - met hoxy) - 2- (2, 4-di chl or ophenyl )-ethyl]-1H i m dazole

(R (-) - skt edonbz R )7 FHLORQBENT® Eb] BHIQRHRNS3 - YlorMETHOXY bpar 62i Hn,
conpositions which conprise said conpound and the use of sane for treating
fungal | MECHLORGPHENY IanETHN bt LMgIMIDRZafileases. Raceni c

1-[2-(7-chl orobenzo[ b] t hi ophen- 3-yl - met hoxy) - 2-

(2, 4-di chl orophenyl)-ethyl]-1Himdazole - a conpound known as
sertaconazole (WHO, INN) - is a useful antifungal agent 15 for treatnent of
di seases EgebhbPyo ungi and yeasts in man and in aninmals. Its preparation
and that of its nononitrate are disclosed in European Patent No. 151.477.
The p esent, invention.rela

es to R (-) -1-_[2- (7-%? obenpzo . 20
[b]th:éophen-:igfl ST h(l)&ly?zlé-lfﬁ, I—e&laé%lsort(?pﬁé'né'l))'-]e’t Tﬁ'l PTRRER M e of
forrrula(ﬂ}): e N d 1L Hs_ d _
Jthiophen-3-yl-methoxy) -2- (2, 4-dichlorophenyl) -ethyl] - 1H-
imidazole (R-(-)-sertaconazole) and its salts, a process
for its preparation, compositions which comprise said

compound and the use of same for treating fungal infections

10 and combating crop diseases.

Racemic 1-[2-(7-chlorobenzo [b] thiophen-3-yl-methoxy) -2-
(2,4-dichlorophenyl) -ethyl] -1H-imidazole - a compound known
as sertaconazole (WHO, INN) - is a useful antifungal agent
15 for treatment of diseases caused by fungi and yeasts in man
and in animals. Its preparation and that of its mononitrate

are disclosed in European Patent No. 151.477.

The present invention relates to R-(-)-1-[2-(7-chlorobenzo
20 [b] thiophen-3-yl-methoxy) -2-(2,4-dichlorophenyl) -ethyl] - 1H-

imidazole of formula (I):



(1) WO 03/068770 PCT/EPO3/01089 2 as well as its pharmaceutically
acceptable addition salts. The R-(-)-enantioner of sertaconazol e possesses
an activiwgosets7abbout 2 tinmes higher than that of the raceqdrEprosmiosse, 5
agai nst both fungi and yeasts (because its affinity to the target is 2
times higher) as shown in Table 1. This finding has enabled to fornulate
R-(-)-seragicvnblore hEsdeRaxmasertichbly aseeptable aadditignrsatvmazol e,
thus providing a reduced risk of side effects and the suppression of 10
unspecific toxicity due to the unwanted fraction of the S (+)-enantiomer.
The nononitrate is the preferred salt of R (-)- sertaconazole. 15 The

present iTh@Nti pN) bsnt b LSof OsSri O6RSHoIOpd s PEEPIHALLLIVOEYL he
R-(-)-enantioner of sertaconazole and its pharmaceutically acceptable

addi tion sal -1 : L SES CLien : :
R 1 (TS B SR YRR R P e racamis ThrRNTS:

((R-G) -al.glal%ﬁsé\l b]otl'glfgr]ig\l/\oaggl 9%%;1% P(%E’«:Eﬁ%?é/ 01 Ossgafginity to the

target is 2 times higher) as shown in Table 1. This finding
has enabled to formulate R-(-)-sertaconazole at doses % of
those used for racemic sertaconazole, thus providing a
reduced risk of side effects and the suppression of
10 unspecific toxicity due to the unwanted fraction of the S-

(+) ~enantiomer.

The mononitrate is the preferred salt of R-(-)-
sertaconazole.

15
The present invention also relates to a process for the
preparation of the R-(-)-enantiomer of sertaconazole and
its pharmaceutically acceptable addition salts which

process comprises reacting R-(-)-1-(2,4-dichlorophenyl)-2-

20 imidazol-1l-yl-ethanol of formula ((R)-(-)-III):
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wi t h 3-hal onet hyl - 7-chl or obenzo[ b] t hi ophene of formula (I V) X--~'Is C
(I'V) 5 wherein X is hal ogen. The conpound can be recovered fromthe
reacti on woBsg70 n  a manner known per se. |f desired, treTmrosielopy oduct
can be further purified by nmethods well known in the art, e.g. 10
crystallisation and/or chromat ography. The preparation of the

S-(+) - enant ivorkdy  8f- hedometdrydzdl-eh lomebea zadldd bl iiopthedeacobr df onghylaisi ng S-
(+) -1- (2,4- dichlorophenyl)-2-imdazol-1-yl-ethanol instead of the 15
R-(-)-enanti{@wr: A prerequisite for the preparation of the enantioners of
sertaconazol e according to the above process is to prepare the appropriate
enantioners of internediate 1-(2,4d
di chl or ophenyl ) - 2-i m dazol - 1-yl - et harpl ). The two enantiomers of

1- (2, 4-di chl or ophenyl ) - 2-i m dazol -1 - anol (I11) can be prepared by
resolution of the corresponding racemc mxture wth an optically active
WO 03/068770 PCT/ EPO3/01089 4 acid, preferably L-tartaric acid, Dtartaric

acid, dibenzoyl-L-tartaric, dibenzoyhyp-tartaric acid or the Iike,
according to the nethod described in GB Patent No.
5 wherein X is halogen.

The compound can be recovered from the reaction mixture in
a manner known per se. If desired, the crude product can be
further purified by methods well known in the art, e.g.

10 crystallisation and/or chromatography.

The preparation of the S-(+)-enantiomer of sertaconazole
can Dbe accomplished accordingly using S-(+)-1-(2,4-
dichlorophenyl) -2-imidazol-1-yl-ethanol instead of the

15 R-(-) -enantiomer.

A prerequisite for the preparation of the enantiomers of
sertaconazole according to the above process is to prepare
the appropriate enantiomers of intermediate 1-(2,4-

20 dichlorophenyl) -2-imidazol-1-yl-ethanol (III).

The two enantiomers of 1-(2,4-dichlorophenyl)-2-imidazol-1-
yl-ethanol (III) can be prepared by resolution of the

corresponding racemic mixture with an optically active



1.244.530 and in LAmerhofer M and Lindner W (Chirality 5 6:261-269,
1994). (R)-(-)-1-(2,4-dichloro-phenyl)-2- imdazol-i-yl-ethanol is also
prepar ed Wy whes77€nant i osel ective reduction of 1-(2,4-di cicavErobrerogd ) - 2-

i mdazol -i-yl-ethanone (11) using (-)4o-chlorodiisopino- canphenyl borane,
[(-)-DIP chloride] leading to (R-(-)-1 10

(2, 4- di chteidpherytgferalpdazdl-tantdamichanelci@(R- (Dythktariwi t haand,
acceptabl e optical purity. The reaction of one of the enantionmers of the

i nt er medi dtleennbyloLruhatétid) witibedzbgllomethyka?iehl acal@enzsf b] thd5

thi ophene (1V) is carried out to yield the corresponding enantioner of
sertaconagpke, asckoeaibgsto AMREIm3thbal EddMlse chh oegbanzQl Y tihophenes,

3-chl oronet hyl - 7- chl or obenzo[ bl t hi ophene and 3-br ononet hyl - 7- chl or o-

benzo( bl 14 ophenes 8" gt serrhe AR dhie gnanhiormayal: SPT{ feRNgEpl e, as free

bases can be ~converted into the armaceuti callTy acCeptabl e sa n a
manner, kno\ e e. Preferably, t nonjtrates._are obtajned by treating
with fitrS e Sh 26925 wWoig3rossT70 BRI EPusH DLogh S5CHHRro ‘F%%P's%‘eps for
i f the enantioners of sertaconazole are shown in the
;2F|g&fﬁg&g@h@%%f-}Iylpfthanol is also prepared by the

enantioselective reduction of 1-(2,4-dichlorophenyl)-2-
imidazol-1l-yl-ethanone (II) wusing (-)-B-chlorodiisopino-
camphenylborane, [(-)-DIP chloride] 1leading to (R)-(-)-1-
10 (2,4-dichlorophenyl) -2-imidazol-1-yl-ethanol ((R-(-)-IIT1)

with an acceptable optical purity.

The reaction of one of the enantiomers of the intermediate
of formula (I1I1) with 3-halomethyl-7-chlorobenzo [b]

15 thiophene (IV) is carried out to yield the corresponding

enantiomer of sertaconazole as free base. Among 3-
halomethyl-7-chlorobenzo [b] thiophenes, 3-chloromethyl-7-
chlorobenzo [b] thiophene and 3-bromomethyl-7-chloro-

benzo {b] tiophene are preferred.

20
The enantiomers of sertaconazole as free bases can be
converted into the pharmaceutically acceptable salts in a
manner known per se. Preferably, the mononitrates are
obtained by treating with nitric acid.

25



Nj )N-ji N-Ij O d HOA N0 11;;~HC d A 11 enantioselective
enanti osel ective reduction reduction resolution with an o /lIptically
active acwoosdssr7e- NNJ O d HNj) ~HH G d x ..... PCT/EPO3/010841 |V
CN 1///- N j NI d HNj AdH 8 Sdelll sl dl

(R -(-)-Sertaconazole (S)-(+)-Sertaconazole HNO3 | HNO3 |
The reaction steps for the preparation of the enantiomers

of sertaconazole are shown in the following scheme.
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(R -(-)-Sertaconazole nononitrate (S)-(+)-Sertaconazol e nmononitrate 5 WO
03/ 068770 PCT/ EP03/01089 6 The present invention further relates to

phar maceuwwpaaloés7conposi ti ons conprising R (-) -sertaconazoirEranaiosy a salt
thereof and to the use of R-(-)-sertaéonazole and/or a salt thereof for
the treatnent of infections caused by fungi and 5 yeasts in both the man
and pet sThes pekbeas agavestierofuntilesaseelebsiesedtdy phaotmardesrtdaredani sns.
The conpounds of the present invention, optionally mxed wth

phar macolcogipeal iltyi canc epb@pt s £ad r Rer(s ) -eartheonkoadm amdter ed tsmlwnans or
animals by the oral route in the formof tablets, capsules, coated tablets,

SYrups, tHeirddonsmd RS ul JTUlres;- )efaérSda%iuazm% AR for H Aaldpast es,
buccopharyngeal sol utions, buccopharyngeal suspensions, buccopharyngeal

gel s, A7 1952 AR S e kBl :tr{]ﬁ(edft"ilo%st & d P ‘i{cf" route

and by vaglna - intrauterine route I'n orm of ovu un1 vagl abl et

ol ut Pon BRI ¥h, PREpEAs RN PRRLaPRES o Lbias SoRing .elcgroﬁfﬁ';‘?s

rangi ng from50 to 400 ngﬁ’and by 20 topical route in the formof cream
| oti on, 6&§ﬁ@seﬁs Bkt FEREOHEATSSHE - sol ution, foam shanpoo,
pomder, gel, etc., at concentrations ranging fromO0.05 to 3%

The compounds of the present invention, optionally mixed
with pharmacologically acceptable carriers, can be
10 administered to humans or animals by the oral route in the
form of tablets, capsules, coated tablets, syrups,
solutions, powders, granules, emulsions, oral gels, oral
pastes, buccopharyngeal solutions, buccopharyngeal
suspensions, buccopharyngeal gels, buccopharyngeal pastes,
15 etc., by injectable route, by rectal route and by vaginal-
intrauterine route in the form of ovulum, vaginal tablet,
vaginal capsule, medicated vaginal tampon, ointment, cream,
gel, foam, solution, emulsion, suspension, pessary, lotion,
etc., at daily doses ranging from 50 to 400 mg; and by
20 topical route in the form of cream, 1lotion, paste,
suspension, ointment, emulsion, solution, foam, shampoo,
powder, gel, etc., at concentrations ranging from 0.05 to

3%.

25 Also the compounds of the present invention, optionally in

admixture with a diluent or carrier when used against crop



25 Al so the conpounds of the present invention, optionally in adm xture
with a diluent or carrier when used agai nst crop WO 03/068770

PCT/ EPO3/ WD0BM68770 di seases can be applied by Watering, at®argirog108prayi ng,
dusting, or in the formof powder, cr@am paste, etc., at the rate of 0.05
- 10 Kg per hectare of soil. 5 The follow ng Exanples will illustrate the
pr epar at i drsedses heannbet i apwkiedfbgevabevnagol etqgmiitareuspraying,

formul ati ons containing them and their biological activity on various

m cr oor gahisming 10oExanplthel :fd@m (o) pdwdd2, 4cdeahl optenyldtc., at
-2-imdazol -1-yl- ethanol In a 50-m one-necked flask equi pped with an

addi ti on cfainnale s icw baid, tHeorshid rF @& ni trogen gassing
device 3.14 g (9.8 mol, 2.5 eq.) of (-)-DIP chloride and 9 15 m of
anhydrous ethyl ether (nolecular screens 4A) are mxed. To the resultant
m xture, a solution of 1 g (3.92 mmol, 1 eq.) of

1- (2, 4-dighl opophenyl ) -2-im dazol -1-yl -- ethanone in 10 m of anhydrous

t et raﬁydr@?%r%?nf %%l%%u%%amp (?tseé“félwbl]i‘és%fﬁjte% BF‘&p Wﬁfr’{ﬁf’ﬁr}/r%gm

t enperature under 20 nitrogen atnosphere. The mixture is stirred for 24
hours at thGom CEFEALMETE und@f ni tFHeArARABIpRer e. PRATHRCHLLigRE hanol
are added, stirred for 10 min, and the solvents are renoved by

r educed- praguurat i orentaininmg themrasdl thet rcrhideodical aftivihexane and

10 m of
on various microorganisms.

10 Example 1: R-(-)-1-(2,4-dichlorophenyl) -2-imidazol-1-yl-
ethanol

In a 50-ml one-necked flask equipped with an addition
funnel, cooling bath, magnetic stirrer and nitrogen gassing
device 3.14 g (9.8 mmol, 2.5 eq.) of (-)-DIP chloride and 9
15 ml of anhydrous ethyl ether (molecular screens 4A) are
mixed. To the resultant mixture, a solution of 1 g (3.92
mmol, 1 eq.) of 1-(2,4-dichlorophenyl)-2-imidazol-1-yl-
ethanone in 10 ml of anhydrous tetrahydrofuran (molecular
screens 4A) is added drop by drop at room temperature under
20 nitrogen atmosphere. The mixture is stirred for 24 hours at
room temperature under nitrogen atmosphere. 0.4 ml of
methanol are added, stirred for 10 min, and the solvents
are removed by reduced-pressure evaporation.
To the resultant crude, 10 ml of n-hexane and 10 ml of
25 water are added. The mixture is acidified by adding 1.6 ml

of 6 M hydrochloric acid. The two phases are separated and



25 water are added. The m xture is acidified by adding 1.6 ml of 6 M
hydrochl oric acid. The two phases are separated and WO 03/068770

PCT/ EPO3/WD0BM68780 t he organic | ayer is renoved. The aqueo®PETHPAS@108%
neutralised with 3M NaOH until pH = 18-11 in the presence of 10 m of
ethyl ether. The two phases are separated, and the organic |ayer is washed
with 10 iheof angamiet hbayeTheib t wemetiedrealTHeay erxquesres drpleas®vets
anhydrous sodium sul phate and evaporated to dryness by reduced- pressure
di stil | atneartrallided withr aMe Naoedugit idr eplyi ¢l dedi1andn aistpréssredefrom a
m xture of 5 m of ethanol-water 1:1 v/v to give 0.8 g (R= 80% of

(R -(-)- b 2,04 cbf 06eny10pReRY! Irnd- itWiA R sds yafeetg@gﬂaté@al yhacal
data: DSC. peak at 107.40C IR spectrum conforms 1H 13C - NMR ( DVBO)
spect rumg;£o P D, 20 =11%: =5 - I X

(R -(-)- |t-h[%2-rg(‘£7¢fa{£’l%rg%%%zloi%| ‘f’%%ﬁﬁe‘r@fi%@ wl o P! ferér. The

nmet hoxy) - 2- (2, 4-di chl orophenyl )-ethyl |l -I.Him dazole .20.1n a 100-mi

t hr eeigneé:lz"é)d feﬁ:&gergee i pgaﬁe#t h3&Sr efFdL o AVEE i THIFLI G t REPHbRt er
addition funnel, cooling bath, and nitrogen gassing device 10 m of dry
N, N di netHPIRSEafite CYSPOERtEY sEPeeREYRRAFSandy 1. pdycedPBeseee, 1. 03

eq.) of potassiumt-butoxide are m xed. To the
distillation. 1.27 g of crude product are vyielded and

crystallised from a mixture of 5 ml of ethanol-water 1:1

v/v to give 0.8 g (R= 80%) of (R)-(-)-1-(2,4-dichloro-
10 phenyl) -2-imidazol-1l-yl-ethanol.

Analytical data:

DSC: peak at 107.4°C

IR spectrum: conforms

'H-*C-NMR (DMSO) spectrum: conforms

15 [alp % (¢ = 1%, MeOH) = -80

Example 2: (R)-(-)-1-[2-(7-chlorobenzo [b] thiophen-3-yl-

methoxy) -2- (2, 4-dichlorophenyl) -ethyl] -1H-imidazole

20 In a 100-ml three-necked flask equipped with a reflux
cooler, immersion thermometer, addition funnel, cooling
bath, and nitrogen gassing device 10 ml of dry N,N-
dimethylformamide (molecular screens 4A) and 1.27 g (11.3
mmol, 1.03 eq.) of potassium t-butoxide are mixed. To the

25 resultant mixture, cooled in a water bath, a solution of

2.83 g (11 mmol) of (R)-(-)-1-(2,4-dichlorophenyl)-2-



25 resultant m xture, cooled in a water bath, a solution of 2.83 g (11
mml) of (R -(-)-1-(2,4-dichlorophenyl)-2 WO 03/068770 PCT/ EPO3/01089 9

i m dazol -woyiBoesh@nol in 15 m of dry N, N-di nethyl f or mam edeT/ERO®0RBdEed dr op
by drop. After the addition is conplevted, the mxture is stirred for 4S

m nutes and added to a solution of 2.93 g (11.2 mml, 1.02 eq.) of

3- br ononethida oY - thybrebbrazol bihhidphenefi dry K| NefideyhN) Kodinami Gyl -
formam de. The reaction mxture is stirred for 4 hours at room

tenperat usee %RBeSOlQE by avpQr Atfatkbyrhedueedt iBhesisd!r 8ofbsbiLiat i on
and the residue is treated with SO m of nmethylene chloride.” The resultant

sol ution {gge V‘%@&q*;ﬁ)t G CQtY‘%EQd?’Och‘} Qﬂ:? ;"@Egpglegr i%gdo‘é‘?{éiead‘h%r OYS

sodi um sul phat e, ered and evaporate ness by reduced- pressure

distillatj to vield.4.62 g af c¢rude .praod . The cru r oduct. obt ai ned
is purifisé(gf%‘i/l%l%{l?taaepgcgl it - 2L e o]grog)h?/q si‘h{; g 8‘8?‘8%‘6*‘8?’
met hyl ene_chl ori de- 15 nethanol as an eluant. A resin (2.0 g) is obtained

whi ch 5 s ErRtereberao{pPhrhieRhenet H? (A0 ™ ) OfTher¥ol N dVr étmebhyd-
filtered and dried to give 1.22 g (R=25.1 % of (R-(-)-
1- [ 2- ( 7- chowrapede o[ Bhehirepisddop- yixmineoxyg - stiprdd for 4 hours at
di chl orophenyl)-ethyll-1Himdazole. 20 Analytical data: DSC. peak at
74.50C | Ropectemparatonfeor nfhe solvent 1is evaporated by reduced-
pressure distillation and the residue is treated with 50 ml
of methylene chloride. The resultant solution is washed
10 twice with 30 ml of water, dried over anhydrous sodium
sulphate, filtered and evaporated to dryness by reducedf
pressure distillation to yield 4.62 g of crude product.
The crude product obtained is purified by silicagel column
chromatography using a gradient of methylene chloride-
15 methanol as an eluant. A resin (2.0 g) is obtained which is
crystallised from ethyl ether (10 ml). The solid formed is
filtered and dried to give 1.22 g (R = 25.1 %) of (R)-(-)-
1-[2- (7-chlorobenzo [b]l thiophen-3-yl-methoxy)-2-(2,4-
dichlorophenyl) -ethyl]l -1H-imidazole.
200 Analytical data:
DSC: peak at 74.5°C

IR spectrum: conforms

'H-1’C-NMR (DMSO) spectrum: conforms
[alp ?° (c = 1%, MeOH) = -61.0

25



1H 13 CNWR (DMSO spectrum conforms I(XI D2 0 (c =1 % MOH 6
25 WD 03/ 068770 PCT/ EPO3/01089 10 Exanple 3:

(S) - (+)-1wpasdsehl or obenzo[ bl t hi ophen- 3-yl - PCT/EP03/01089
met hoxy) - 2- (2, 4-di chl or ophenyl ) -et hyl10-1 H i m dazole In a 100-mi

t hree- necked fl ask equi pped with a reflux 5 cooler,

1. 0

i mrer si on t hernoneter,

addi ti on Bxamplie cbol i ng(Shath), - lankR nl T rdgker geenia fp ievi ephan- 3t ybf dry
N, N- di net hylf ormam de (nol ecul ar screens 4A) and 2.04 g (18.43 mmol, 1.05

eq.) of petdsstyima- Riioxdidehlaomphesedl ) Jetliyik] - TIesithi @anto e Xt ur e,

in a water bath, a solution of 10 4.44 g (17.2 mol) of
(S)-(+)-1-(2,4-di chl orophenyl )-2- imdazol-1-yl-ethanol in 25 m of dry
N, N-di met hyl f ormam de are added drop by drop. After the addition is

compl et e LheyBhxhur echpesthddida oy i MdlepAnd e dal orae1 50

of 4.61 g (17.6
r obenzol b] t hi ophene i

7-ch|9

I onomne
m d

n_13. mM of dry N N-di.nethyl - form T
react Pon MXttre SR FéFrTOWSGF§'atadyégﬁppengg?ﬁ?gre.c 133
is evaporated by reduced- pressure distillation and the residue ist
with 80 Mathhf w&thyMefdodeior BAESiTPe ASYdCCant bsoliti Bh | 9rViashel
twice with 50 ml of water, dried over anhydrous sodium sul phate, fi
and evapdétigmetdivld amamisie bimeleiuckilr peresnse4d) seind &-i0dn go(i8etd 7.30 ¢
of crude product.

10

15

20

25

mmol, 1.05 eq.) of potassium t-butoxide are mixed. To the
resultant mixture, cooled in a water bath, a solution of
4.44 g (17.2 mmol) of (S)-(+)-1-(2,4-dichlorophenyl)-2-
imidazol-1-yl-ethanol in 25 ml of dry N,N-dimethylformamide
are added drop by drop. After the addition is éompleted,
the mixture is stirred for 45 minutes and added to a
solution of 4.61 g (17.62 mmol, 1.02 eq.) of 3-bromomethyl-
7-chlorobenzo [b]lthiophene in 13 ml of dry N,N-dimethyl-
formamide. The reaction mixture is stirred for 4 hours at
room temperature. The solvent is evaporated by reduced-
pressure distillation and the residue is treated with 80 ml
of methylene chloride. The resultant solution is washed
twice with 50 ml of water, dried over anhydrous sodium
sulphate, filtered and evaporated to dryness by reduced-
pressure distillation to yield 7.30 g of crude product.

The crude product obtained is purified by silicagel column
chromatography using a gradient of methylene chloride-
methanol as an eluant. A resin (3.78 g) is obtained which

is crystallised from ethyl ether (18 ml). The solid formed

cool ed

| uti on

he

| vent
reat ed
20

| tered



The crude product obtained is purified by silicagel columm chromat ography
using a gradient of nethylene chloride- 25 nethanol as an eluant. A resin
(3.78 g) we whtemmned which is crystallised fromethyl etheCT(EF83/mog9 The
solid formed WO 03/068770 PCT/EP03/01089 11 is filtered and dried to give
2. 61 g (R=34. 5% of (S -

(+)-1-[2-{5- £hl bevbénzofb]dthieshhem- 8iye - Bebhoxgy) (R-£234-5%) of (S)-

di chl orophenyl)-ethyll -1 Him dazole. Analytical data: 5 DSC. peak at
83.40C | R)sfmectauMm - c1o1d ©s1wen ddi b G opidh { DMBO mefrassty )2 - cordornms | (X
D20 (C=1% MOH = +69 10 Exanple 4: (R)-(-)-Sertaconazol e nononitrate
((R - (-) -dsdrroddsrilyor phanzef pl 1ihi gpherSry! - met hoxy) - 2- (2, 4-di chl or o-
phenyl)-et hyl | -1 |£I m-dazol e nononitrate) 880 ng (2.01 mol ) of

(R -(-)- (2 (7~ chi nzo[ bl 15

t hi ophen?pgg&?yll}gtrrleﬁio%a)cg%l (2, 4-di chl orophenyl )-ethyl]-IH imdazole are

di ssolved. in 5 m of 96%ethanol. 1 mM of water is added and heated at a
t enperat ﬂ?ée&béﬁ@‘er?t%&aﬁﬁ;gsmc To the obtained solution, 0.23 m of 60%
nitric acid (3 mml, 1.5 eq.) are added. Then 3 m of water are added 20
and cool eR fIREZLEHM T IRREVPer at ure and thereafter at 10*C for 1 hour.
The fornmed solid is filtered, washed twwce with 4 nml of water and dried at
vacuum f oH-24 ABR s(OMSQ)i epertgrum: conforms

[alp 2% (¢ = 1%, MeOH) = +69

10 Example 4: (R)-(-)-Sertaconazole mononitrate ((R)-(-)-1-[2-
(7-chlorobenzo [b]l thiophen-3-yl-methoxy) -2- (2, 4-dichloro-

phenyl) -ethyl] -1H-imidazole mononitrate)

880 mg (2.01 mmol) of (R)-(-)-1-[2-(7-chlorobenzo[b]

15 thiophen-3-yl-methoxy)-2-(2,4-dichlorophenyl) -ethyl] -1H-
imidazole are dissolved in 5 ml of 96% ethanol. 1 ml of
water is added and heated at a temperature between 35 and
37°C. To the obtained solution, 0.23 ml of 60% nitric acid
(3 mmol, 1.5 eqg.) are added. Then 3 ml of water are added

20 and cooled first at room temperature and thereafter at 10°C
for 1 hour. The formed solid is filtered, washed twice with
4 ml of water and dried at vacuum for 24 hours to give 0.9
g (R = 89%) of (R)-(-)-1-(2-(7-chlorobenzo[b]thiophen-3-y1l-
methoxy) -2- (2,4-dichlorophenyl) -ethyl] -1H-imidazole

25 mononitrate.

Analytical data:



g (R=89% of (R-(-)-1-[2-(7-chlorobenzol[blthiophen-3-yl-

nmet hoxy) - 2- (2, 4-di chl orophenyl )-ethyl | -1 Him dazole 25 nononitrate.

Anal yt i calvodawes770AD 03/ 068770 PCT/ EP03/01089 12 DSC. peakTatPoi/dH3870C | R
spectrum confornms 1H 13C -NWR (DWVBOR2 spectrum conforns |[(XI D 21 (c =
1% MeOH) = -85.00 5 Exanple 5: (S)-(+)-Sertaconazole nononitrate

((S) - (+)-B5F 2-pgak ot okbbedhzt] bl t hi ophen- 3-yl - met hoxy) - 2- ( 2, 4- di chl or o-
phenyl)-ethyl | -1 Himdazol e nononitrate) 10 2.35 ng (5.37 mml) of (S) -
(+) - 1 -I§ Bpedtirumch| asmofmneo [ b)

t hi ophen- 3-yl - met hoxy) - 2- (2, 4-di chl orophenyl )-ethyl] -1 H imdazole are

di ssol vedui-A*d-Anet  adMSB o Shd@a@im: TdAfsms Wat er are added and heated at a
tenperature between 35 and 400C. To the obtained solution, 0.61 nl of 60%

nitric acjd 1% (8, 06 .o 5 eq, re added. Then 13 ml of water are
added andfogld’ol ea(%f ir sltf’a eP%%m‘t g%é?&ture and thereafter at 100C for 1
hour. The fornmed solid is filtered, washed twice with 10 ml of water and
dri ed®at vacuum for 24 hours to give 2.65 g (R = 98.5% of
(S)-(+)-1-[2-(7-chloro- 20
benzo[ bl tBiamhen-5= y(Snet-hox@grtaqanardic hiorophemtd etdyt {+) 1 @ dazol e
nononi trate.

(7-chlorobenzo [b] thiophen-3-yl-methoxy) -2-(2,4-dichloro-

phenyl) -ethyl] -1H-imidazole mononitrate)

10 2.35 mg (5.37 mmol) of (S)-(+)-1-[2-(7-chlorobenzo [b]
thiophen-3-yl-methoxy)-2-(2,4-dichlorophenyl) -ethyl] -1H-
imidazole are dissolved in 17 ml of 96% ethanol. 3 ml of
water are added and heated at a temperature between 35 and
40°C. To the obtained solution, 0.61 ml of 60% nitric acid

15 (8.06 mmol, 1.5 eqg.) are added. Then 13 ml of water are
added and cooled first at room temperature and thereafter
at 10°C for 1 hour. The formed solid is filtered, washed
twice with 10 ml of water and dried at vacuum for 24 hours
to give 2.65 g (R = 98.5%) of (8)-(+)-1-[2-(7-chloro-

20 benzo([b]thiophen-3-yl-methoxy) -2-(2,4-dichlorophenyl) -
ethyl] -1H-imidazole mononitrate.

Analytical data:
DSC: peak at 168.91°C
IR spectrum: conforms

25 'H-C-NMR (DMSO) spectrum: conforms

alp %° (¢ = 1%, MeOH) = +89.00



Anal ytical data: DSC. peak at 168.910C IR spectrum conforns 25 1H 13C
-NVR (DMSO) spectrum confornms (XI D20 (C = 1% MOH) = +89.00 WO

03/ 068770wWBWB/0ES20B/ 01089 13 Exanple 6: 1% Cream f or mul at iPo/EPG8N8Si t 1 ON
for 100 g R-(-)-Sertaconazole nononity¥ate 1.00 g Palmtic and stearic
acid nono- and diglyceride 6.00 g Ketostearyl alcohol with 20 nol of
ethylene oxide 1.00 g deic acid decyl ester 5.00 g Undecylenic acid
nonoet hanol am ne 2.00 g Carbonmer 1.00 g Triethanolam ne 0.60 g

Met hyl paw Ol% Rromath pioahentidd g Distilled water to vol une
100.00 g 5 Example 7: 1% Gel fornulation Conposition for 100 g
R-(-)-Sertaconazol e nononitrate 1.00 g Propylene glycol 10.00 g Carboner
1.00 g Tween 20 0.10 ¢

Composition for 100 g
R-(-) -Sertaconazole mononitrate 1.00 g
Palmitic and stearic acid mono- and diglyceride 6.00 g
Ketostearyl alcohol with 20 mol of ethylene oxide 1.00 g
Oleic acid decyl ester 5.00 g
Undecylenic acid monocethanolamine 2.00 g
Carbomer 1.00 g
Triethanolamine 0.60 g
Methylparaben 0.15 g
Propylparaben 0.05 g
Distilled water to volume 100.00 g
5
Example 7: 1% Gel formulation
Composition for 100 g

R-(-) -Sertaconazole mononitrate 1.00 g
Propylene glycol 10.00 g
Carbomer 1.00 g
Tween 20 0.10 g
Phenoxyethanol 0.35 g
EDTA disodium 0.15 g
Citric acid 0.25 g
1 N Sodium hydroxide 1.50 g
Triethanolamine 1.55 g
Distilled water to volume 100.00 g

10



Phenoxyet hanol 0.35 g EDTA disodium0.15 g Citric acid 0.25 g 1 N Sodium
hydroxide 1.50 g Triethanolamne 1.55 g Distilled water to vol unme 100. 00
g 10 WO w&/3m8y7@ PCT/ EPO3/ 01089 14 Exanple 8: Bi ol ogi eatr/ePas/eaiodd ni mal

I nhi bitory Concentrations (M Cs) werelddeterm ned by using a nodification

of the mcrodilution nethod M27-A 5 recomrended by the National Conmttee
for diniExampled atBigl@igadardi-d n RPM - 1640 nmedi um (sigma) suppl enent ed
with glucose to a concentration of 2% and adjusted to pH 7.0 with 0.165 M
nor phol i ne propanesul fonic (MOPS) acid buffer. Serial twofold dilutions
were made in 10 nodified RPM-1640 nedi um from stock solutions. MCs were

defined agirdike]l OMESTDHAS, CRRRRMHEAH QU I @fttd ) Nebtd RA% o iHEPidy on of
grow h conpared to that of the growh control. The m crobi ol ogi cal

R T T T R P S
Used Pn e BIRAIStn: 71 s Yen R BaPENt REFEERS oufPhe. kP if=bach:
nicroorg%ggggatory Standards in RPMI-1640 medium (Sigma)
supplemented with glucose to a concentration of 2% and
adjusted to pH 7.0 with 0.165 M morpholine propanesulfonic
(MOPS) acid buffer. Serial twofold dilutions were made in
10 modified RPMI-1640 medium from stock solutions. MICs were
defined as the lowest drug concentrations resulting in 50%
inhibition of growth compared to that of the growth
control. The microbiological activities, expressed as
geometric means, of R-(-)sertaconazole in comparison with
15 the S-(+)-enantiomer, which is much less active, and with
racemic sertaconazole are shown in Table 1. The number of

strains used in the experiments is given in parenthesis

below the name of each microorganism.

20 Table 1

MIC (ng/ml) of Sertaconazole nitrate and its enantiomers

Microorganism R-(-)enantiomer Racemate S-(+)enantiomer
Candida spp (42) 0.125 0.256 3.217
Dermatophytes (17) 0.04 0.08 0.17
Filamentous fungi (11) 1.76 3.1 16
Malassezia spp (11) 0.64 1.37 10.96




20 Table 1 MC (lag/m) of Sertaconazole nitrate and its enantioners

M croorgani sm R-(-)enanti oner Racemate S-(+)enantioner Candida spp (42)

0. 125 0. 286 03/0&770 Der mat ophytes (17) 0.04 0.08 0.17 Fi |l acemprosrsioBungi
(11) 1.76 3.11 16 Ml assezia spp (1195 0.64 1.37 10.96 WO 03/068770

PCT/ EPO3/ 01089 15 CLAIMS

| . R-(-)-CLAIMS7- chl or obenzo[ bl t hi ophen- 3-yl - net hoxy) - 2-

(2, 4-di chl orophenyl )-ethyll-1Himdazole of formula (1): NNJ aH 0 S
S5 Cl C1 and pharnmaceutically acceptable salts thereof. 2.
R-(-)-1-[2-(7-chl orobenzo[ bl t hi ophen- 3-yl - net hoxy) - 2- 10

(2, 4-di chl,og ophpnyl )2 et hythibibbeh £ar8] €hDBPRERT 8 Ay 8 -mdthdxpy 0gess for
preparing a conpound according to claiml or claim2, conprising reacting

P g ¢ ) 2eisg, 0k myks i |
TS( 1)11'):(/2/ ﬁszé Chl Of P5r OBRENY ) T 261y PRZPk - i mYbagbiaNgE 6-hA1auk @) ((R)-(-)

N
a [/
~sH
Oy
S
5 cl Ci

(1)

and pharmaceutically acceptable salts thereof.

2. R-(-)-1-[2-(7-chlorobenzo [b]thiophen-3-yl-methoxy) -2-

10 (2,4-dichlorophenyl) -ethyl] -1H-imidazole mononitrate.

3. A process for preparing a compound according to claim 1

or claim 2, comprising reacting R-(-)-1-(2,4-dichloro-

phenyl) -2-imidazol-1-yl-ethanol of formula ((R)-(-)-

15 ITI):

((R)-(-)-III)

20



a Cl 20 WO 03/068770 PCT/EPO3/01089 16 with

3- hal onet hyl - 7- chl or obenzo[ bl t hi ophene of formula (IV) x SCL (IV) 5
wher ei n xwio3had7ogen, and optionally treating the resultiPeg/EP03/01089
R-(-)-1-[2-(7-chl orobenzo[ bl t hi ophen-&-yl -

met hoxy) - 2- (2, 4-di chl orophenyl )-ethyl |l -1 Him dazole with a salt-formng
acid. 10 4. wAtir oGedslacethgilnf -chlorabenzo [Wéhéophknes ofl of dxreula
brom ne. 5. A process according to claim3 or claim4, wherein the
conmpound i s BW)-:)-1-[2-(7-chl orobenzo(blthiophen-3-yl- 15

met hoxy) - 2- (2, 4-di chl orophenyl ) -ethyl | -1 Him dazol e nononitrate and the
salt-formng acid is nitric aci dx-6NA ess according to any one of
clains 3 to 5, wherein
R-(-)-1-[2,4-dichl orophenyl)-2-im dazd§ -ethanol of 20 formula
((R-(-)-(I1l) is prepared by enanti osel egi ve reducti on of

1- (2, 4-di chl orophenyl)-2-im dazol -1-yl - ethanone with
(-)-p-chlorodiisopi no-canphenyl bor angy)

5 wherein X 1is halogen, and optionally treating the
resulting R-(-)-1-[2-(7-chlorobenzo [b] thiophen-3-yl-
methoxy) -2-(2,4-dichlorophenyl) -ethyl] -1H-imidazole with

a salt-forming acid.

10 4. A process according to claim 3, wherein X is chlorine or

bromine.

5. A process according to claim 3 or claim 4, wherein the
compound is R-(-)-1-[2-(7-chlorobenzo([b]thiophen-3-yl-
15 methoxy) -2-(2,4-dichlorophenyl) -ethyl] ~-1H-imidazole

mononitrate and the salt-forming acid is nitric acid.

6. A process according to any one of claims 3 to 5, wherein
R-(-)-1-[2,4-dichlorophenyl)-2-imidazol-1-yl-ethanol of

20 formula ((R)-(-)-(III) is prepared by enantioselective
reduction of 1-(2,4-dichlorophenyl) -2-imidazol-1-yl-

ethanone with (-)-B-chlorodiisopino-camphenylborane.



WO 03/ 068770 PCT/ EPO3/01089 17 7. A pharmaceutical or agricultural

conposi tion conpri sing

R-(-) -1 -[weo(03rnedthor obenzo[ bl t hi ophen- 3-yl - net hoxy) - 2- PCT/EP03/01089

(2, 4-dichl orophenyl)-ethyll-I1Himdazole or a salt thereof. 5 8. A
pharmaceutical or agricultural conposition conprising

R-(-)-I-[?- (¥-phhonabenzbfal t hicogigen-cBuylunagt mnposA-tion comprising

(2, 4-di chl orophenyl )-ethyl]-1Himdazol e nononitrate. 10 9. The use of
R-(-)-I-[2- (- chil or opengp]dh1diskiheso BoMhiophen-3-y1l-methoxy) -2 -

met hoxy) - 2- (2, 4-di chl orophenyl )-ethyl |l -1 Him dazole or a salt thereof for

the preparatiom ofi @1d&spRenphArdmestt | ool i famasid i o, for freating fungal
i nfections in humans and ani mals or ‘an agricultural 15 conposition for

conbating cr i seases. 10. The use of

R(-)-1-[2- (%c%%?bbenzo[ bl t hi ophen- 3-yl -
nethogy)-z-(2,4-dichlorophenyl)-ethylI-IFLinidazoIe nononitrate for the
preparation of either a 20 pharnaceutical conposition for treating fungal
infections in humans and anjimals or an _agricultural = conposition for
Conbatind3t#5dpg§§@%§%gplcal or agricultural composition comprising

R-(-)-1-{2-(7-chlorobenzo [b] thiophen-3-yl-methoxy)-2-

(2,4-dichlorophenyl) -ethyl] -1H-imidazole mononitrate.

10 9. The use of R-(-)-1-[2-(7-chlorobenzo[b]thiophen-3-yl-
methoxy) -2-(2,4-dichlorophenyl) -ethyl] -1H-imidazole or a
salt thereof for the preparation of either a
pharmaceutical composition for treating fungal
infections in humans and animals or an agricultural

15 composition for combating crop diseases.

10. The use of R-(-)-1-[2-(7-chlorobenzo[b]thiophen-3-yl-
methoxy) -2-(2,4-dichlorophenyl) -ethyl] -1H-imidazole
mononitrate for the preparation of either a

20 pharmaceutical composition for treating fungal
infections in humans and animals or an agricultural

composition for combating crop diseases.



