Process for the production of benzofurans A process for the production of
2-al kyl - 3-aroyl -5-ni trobenzof urans by acyl ati on of 2-

(2- hydr oxwwozerwisssmphenyl ) -1 - aryl - et hanones and subsequent/EPe@atsemne of t he
esters with conbinati ons of bases and proton acids or Lewis acids. This
process can be used for the production of Dronedarone. Furthernore, novel
internedi ates for the manufacture of Dronedarone are provided. The present
invention relates to a chem' cal process for the manufacture of 2-al kyl -

ar oyl - nltro benzof ur a the ornula | and their use as internedi ates
"% he TaPERR R 5 Brotitfiga 8 eshsetHdce

2-n- butyl - 3- (4- met hoxybenzoyl ) - 5- nltrobenzofuran of the formula I, wherein
R1is n-butyl and R2 is OWwe, (= conpound of the formula la) is a key
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preparation. These methods involve stepw se procedures via a nunber of

i nter né’éiegtf‘érsthed?roﬂhiﬁiqﬂ ellgranesiaprng Faresmpre, ayel migrmediaies et an of the
f or mul %%}rﬁdfaﬁ?ﬂ? gf @rﬁ’édﬁror?fe %ﬁe gp&,mﬁalbenzoyl )-5- nit rpbenzof uran of the
a

f or mul elnterne the formula Il is prepared by
mul ti-stage processes from Anitrophenol as described in US522351 0 and
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production of drugs. For instance, 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran
of the formula |, wherein R1 is n-butyl and R2 is OMe, (= compound of the formula la)
is a key intermediate for the production of N-(2-n-butyl-3-{4-[3-(dibutylamino)-
15  propoxy]-benzoyl}-benzofuran-5-yl)-methanesulfonamide of the formula |l

(Dronedarone)

Dronedarone is a drug for the treatment of arrhythmia (US5223510) and several prior
art methods are disclosed for its preparation. These methods involve stepwise

procedures via a number of intermediates, of which two examples are 2-n-butyl-5-



the formula Il by Friedel Crafts benzoylation with anisoyl chloride and
heavy netal Lew s-acids, like tin-tetrachloride or iron(lll)chloride as
cat al yst swonotvaisegenat ed or non- hal ogenat ed sol vents, agcadaesiohs7e n
WO20071 40989 and ot her references degcribed therein. It is an object of
the present invention to provide a novel process for the preparation of
2-al kyl -3-aroyl -5-nitro-benzofurans of the fornula | starting either from
conmer qiitadbegnzanaahailtiee forreda dl and 2--bophybdrdsmedrnrybbezbyd)-beady in the
Iiteratu‘%etj th?nselvgg%gfiqg ggepared easily fromcommercially avail abl e
mat er i AEOPGRZOIAAPTINGIATBURR-envi ronnent al |y conpati bl e reagents and
solvents, to afford high overall yields and good purity of ,the products.
The above object is achieved in accordance with the p esen{ i nvention -

whi ch, incpone aspect thereof, provides a procgss faﬂ;i ng an

I nternedi at,e | eading to Dronedarone © starti ng\w R Oy ercially avail abl e
conpoundgNsuchras Aret hoxyacet ophenopne, 4-benzyl oxyaeet ophenone,
4- chl or8acetfy on&\_Abr omjacet o

4-ch|oronitr : A

of the present "nveRtion Yhus relates t pr-0§8SS N prepari ng a conpound
of the formula I according to nethod 1, wheréin R1 is alkyl having 1, 2,

I
3, 4, 5 6, 7, 8, ﬁ, 10, 11 or 12 carbon atomns Pr cycl oal kyl having 3, 4,
5, 6 or 7 carbon é oms; R2 is methoxy, OCH2C6H52 F, C, Br or OCH

Zmzmzrlﬂ(e%e%%%%@%gfor%ﬁja ﬁﬁilstﬁebgr%rdew l;nulti-stage processes from 4-
5 nitrophenol as described in US5223510 and H.R.Horton and D.E. Koshland,
J.Methods in Enzymology, Vol. 11, 5§56, (1967) or from salicylaldehyde as described

in WO0128974 and WO0129019.

roacet ephenone,
de (‘pentanoyl chl ohde). One aspect

The intermediate of the formula la is conventionally prepared from the intermediate of

10  the formula Il by Friedel Crafts benzoylation with anisoyl chloride and heavy metal
Lewis-acids, like tin-tetrachloride or iron(lll)chloride as catalysts in halogenated or
non-halogenated solvents, as described in WO2007140989 and other references
described therein.

15 Itis an object of the present invention to provide a novel process for the preparation
of 2-alkyl-3-aroyl-5-nitro-benzofurans of the formula | starting either from
commercially available materials or compounds described already in the literature,
themselves being prepared easily from commercially available materials, by using
simple and environmentally compatible reagents and solvents, to afford high overall

20  yields and good purity of the products.

The above object is achieved in accordance with the present invention - which, in
one aspect thereof, provides a process for preparing an intermediate leading to
Dronedarone - starting with commercially available compounds such as 4-

25  methoxyacetophenone, 4-benzyloxyacetophenone, 4-chloroacetophenone, 4-
bromoacetophenone, 4-fluoroacetophenone, 4-chloronitrophenol and valeric acid
chloride (pentanoylchloride).



whi ch conprises, as shown in schene 1, VIIlI Schene 1 a) acylation of the

2- (2- hydroxy-5-nitrophenyl)-1-aryl -et hanone of the formula IV by the acid
chl ori de wb 20twmskd0a VI in the presence of a base A provipdirnp2silesnew ester
of the formula VIl (step 1) ;b) treatment of the ester of the fornula VI
with a base B providing the 1, 3-di ketone of the formula VIII (step 2); c)
heating of the 1, 3-di ketone of formula VIII in an acid providing the
conpourdheaspént dfd:rnerpr%eht (maﬁo@)hu%e@tes o aiprotéss fooppeparay af t he
formulae 1V, VI |1 %Eﬂ 1l R1 and R2 are each as defined in fornula I .
In one Qﬂﬁﬁﬂiﬁéﬁﬁh i ound of formula | is prepared according to nethod
1, wherein R1 is alkyl having 1, 2, 3, 4, 7, 8, 9, 10, 11 or 12
carbon atons, for exanple al kyl havi gy R25 or 6 carbon atons,
preferably n-butyl, and R2 & net hoxy, Br or OCH 2CH2CH2N( CH
2CH2CH2CH3 (di but yl am nopr oRgxy), - t hoxy, d or

di but yl am nopr opoxy. In 2 1podi nent the conpound of fornmula | is
prepared according to nethod 1 ivRRA1is n-butyl and R2 i s net hoxy.

I n anot her preferred enbodi nen ~spyrpound of forrmula | is prepared
according to nethod 1, wherein R1 is n-butyl and R2 is . In another
preferred enbodi nent the conpound of fornula | is prepared according to

met hod 1, wherein R 1 is n-butyl and i s di butyl am nopropoxy. The present

i nvent ia@eo@iiﬁg)td RlcM&S 1L @hardwi ocess for preparing a conpound of the
5 R1 is alkyl having 1, 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;
R2 is methoxy, OCH2CgHs, F, Cl, Br or OCH,CH2CH2N(CH,CH2CH2CHs)g;
and salts thereof;

which comprises, as shown in scheme 1,

v VI

10 VI
Scheme 1

a) acylation of the 2-(2-hydroxy-5-nitrophenyl)-1-aryl-ethanone of the formula IV by
the acid chloride of formula VI in the presence of a base A providing the new
15 ester of the formula VII (step 1);



formula | | according to nmethod 2, wherein R 1 is alkyl having 1, 2, 3, 4,
5 6, 7, 8 9, 10, 11 or 12 carbon atons or cycloal kyl having 3, 4, 5, 6 or

7 car bon wbaory1368d0i s net hoxy, OCH2C6H5, F, C, Br or Ogdra®@biiclogigeH
2CH2CH2CHS) 2; and salts thereof; whichy conprises, as shown in schenme 2,step
2 base C and Lew s acid Scheme 2 a) acylation of the

2- (2- hydroxy-5-nitrophenyl)-1-aryl -et hanone of the formula IV by the acid
chl ori dg wéatmenhafshe/estien of the jormsEndd with abbas 8 propiding thent), Stdiketoees est er

of the for%'% VI | \Z‘ eg 1),. b) transformation of the ester of the formula
Vi1 into PhEedgmpdand!!d t%‘%@ fornula | by using a base Cin conbination
wth a d}eﬁ‘éétlr@%ﬂhéslt Q-Qil@t@né‘"@?fcﬁhﬂla Nl inhdn ﬁ@l@&ﬁ@@l@ﬁgoﬂhetdaﬁ‘nﬁ&mﬂ%lae IV,

VI and VI and are each as defined in fornula | | n one enbodi nent
t he conpoinedosnuledr(sigm3), i s prepared according to net hod 2, wherein R 1 is

excanpl AETRGh i sefnadung® oftng fouRypd vl Miradd VERCIRP BB P 1
and R2 desing8timefnuldl. C, Br or OCH 2CH2CH2N( CH 2CH2CH2CH3
(di butyl am nopropoxy), preferably nmethoxy, O or dibutylam nopropoxy.
In one embodiment the compound of formula | is prepared according to method 1,
wherein R1 is alkyl having 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms, for
10  example alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms, preferably n-butyl, and R2 is
methoxy, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH>CH3)2 (dibutylaminopropoxy),
preferably methoxy, Cl or dibutylaminopropoxy.
In a preferred embodiment the compound of formula | is prepared according to
method 1, wherein R1 is n-butyl and R2 is methoxy.
15 In another preferred embodiment the compound of formula | is prepared according to
method 1, wherein R1 is n-butyl and R2 is CI.
In another preferred embodiment the compound of formula | is prepared according to

method 1, wherein R1 is n-butyl and R2 is dibutylaminopropoxy.

20  The present invention also relates to a process for preparing a compound of the

formula |

according to method 2, wherein

R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
25 having 3, 4, 5, 6 or 7 carbon atoms;

R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;

and salts thereof;

which comprises, as shown in scheme 2,



In a preferred enbodi nrent the conpound of formula | is prepared according
to nethod 2, wherein R1 is n-butyl and R2 is nethoxy. In another preferred
enbodi menyot2om/gesspound of fornmula | is prepared accor dipog/epeovRs2od 2,
wherein R 1 is n-butyl and R2 is O .| another preferred enbodi nent the
conpound of forrmula | is prepared according to nethod 2, wherein R1 is
n-butyl and R2 is dibutyl am nopropoxy. In addition, the 1, 3-di ketones of
formula VLIl which are prqduB@d in step 2 of nethod 1 are |ikewkse BRited
to performthe reactio ep 2 of nethod 2 underﬂ)the sane rea
condi ti ops._Ther efare e f urt herQ enboglignt 0N hed nyeat i on
provi dPa cg [ of “bot k net Hpds by fistOexep and 2
according ta_nmetlhod d to deliverl”t her1l, 3-di ket ones ormga VIII, in

i solated or non-i $4lated form which tHe@seére subjected ©o the reaction
conditions enployed in step 2 of method 2 to produce th?gorrpounds of
formula | . Therafore, the presentVlinvention also rel abés YR1 a process for
preparing a conpound of the fornmula | | according to net I(fj 3, wherein R 1
is alkyl having 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 carbon atons or
cycloal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is mefhgxy, OCH2C6H5, F,
ad, Br or OCH 2CH2CHZ2N( CH 2CH2CH2CHS) 2; and salts thereo ;b%%tCQnOCOerI’i ses,
as shown in schene 3,step 2 base B VIl Lewis acid

Scheme 2

a) acylation of the 2-(2-hydroxy-5-nitrophenyl)-1-aryl-ethanone of the formula IV by
5 the acid chloride of formula VI in the presence of a base A providing the new
ester of the formula VII (step 1);
b) transformation of the ester of the formula VIl into the compound of the formula |
by using a base C in combination with a Lewis acid (step 2);
wherein, in the compounds of the formulae IV, VI and VIl R1 and R2 are each as
10  defined in formula I.

In one embodiment the compound of formula | is prepared according to method 2,
wherein R1 is alkyl having 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms, for
example alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms, preferably n-butyl, and R2 is
15  methoxy, F, Cl, Br or OCH2CH>CH2N(CH2CH2CH2CHs)2 (dibutylaminopropoxy),
preferably methoxy, Cl or dibutylaminopropoxy.
In a preferred embodiment the compound of formula | is prepared according to
method 2, wherein R1 is n-butyl and R2 is methoxy.
In another preferred embodiment the compound of formula | is prepared according to
20 method 2, wherein R1 is n-butyl and R2 is CI.



Schene 3 a) acylation of the 2-(2-hydroxy-5-nitrophenyl)-1-aryl-ethanone of
the formula IV by the acid chloride of formula VI in the presence of a base
A provi diwg 20hveisesew ester of the formula VII (step 1) ; poi/dpe@atosené of the
ester of the formula VIl with a base B providing the 1, 3-di ketone of the
formula VIIl (step 2); c) transformation of the 1, 3-di ketone of the fornula
VIIl into the conmpound of the formula I by using a base C in conbination
wi t h a lhewothes pirefefredezmBydimeme thee comipaund ef trmuuba higsprepatdtcadamrdingde |V,

ermbodi A0 e WASEBULE o o1BY RO S ailbafi%ﬁﬁga'cﬁecfe&i Ging o method 3

wherein R 1 is alkyl having 1, 2, 3, 4 5 6, 7, 8 9, 10, 11 or 12 carbon
atons, for exanple al kK havi n 1, 2, 3, 4, 5 or 6 carbon atons, preferably
n- but ylln agdddior2thes1 ediketopes rof U|@N||d)Wth-B®CWHQ@HQ€Nd Tretepr2oHpetd

brepor Ao ReRanted iR ThE e BP i Hen 2or Mo e BRHICRARR hy (0" °

met hod rgactidresriditidhsl Therdtoks!ione fafHeR8mbadBéMfthé hvantibhed topreiviig ed

enbodi ment the corrpound of fornula | is prepared according to nethod 3,

wher ei @ ombingtian Biiboth methads hysfiref executingottars 1mner 2 peeRrdiigblodnated t he

conpou f t is

n- butyInIdt de&g“ﬂg g’%ﬂk%ﬁ%%%ﬁﬁb@w %1 e%éétggaﬁa’ﬁ o'rslglglggwﬁderﬁgpva@%ng

mat er i ahembrd bebjeotenitbanhé Yeactioni domelitiomspdrplioley idstepr2 beehethrod Peéol i terature

for exar‘r&lJ 83657350 US3577441 , C. Majdik et al., Revistade Chime 40
ff@ymulgdo- 93 ( 1989) (Bukarest)) or can be

Therefore, the present invention also relates to a process for preparing a compound
of the formula |

15 according to method 3, wherein
R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;
R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;
and salts thereof;

20  which comprises, as shown in scheme 3,



performed according to the procedures described therein fromthe respective
4-substituted acet ophenone derivatives 4-nethoxyacetophenone,

4- benzyl oxpacaiapivenone, 4-chl oroacet ophenone, 4-br onpaeetrgphenose7o

4-f| uor oacet ophenone or 4-[3-(di butyl gm no) - propoxy] - acet ophenone. The
starting conmpounds of the formula VI are commercially available or can be
prepared according to or in a simlar manner to the processes described in
t he Iitergture and are to i JRar to those skilled in the art. The<fagRDwi ng
descri besyeach of the nct process steps of f?ne i nvention
det ai | ep aceqr dirg. 1o rreth d 2 an pt hod~3 de
estehlegsl o d conpounds g)ji P%%Prﬁl,a oV wi phatic acid
chl ori de of ormula M whi ¢h re'gwres ?gseAt ytral pse the acid
which is liberate®Hn the esterificatio p. At |east dBe equival ent of
such base is needed for this purpose, |ts nat ure bei ng n%\criti cal, since
any base neutrali sugg HCl can be\%aken, i ncluding a net@t” cRnbonate, a

nmet al hydr oxi de, tal al coholate, a tertiary am ne, oryfhe |ike.

Exanpl es of base A are thet hyl am ne, dii sopropyl et hyl am ne,

t h-n-butyl am ne, pyridine, 4-dinmethylam nopyhdi ne, NaCH, K&p Na2CO3 and
K2CO3. I n one enbodi nent base Ais preferably Na2CO3 and CBg IN a

speci al enbodinent step 1 conprises at first as shown in $cherme 4 the
neutralisation of the acidi¢ O+Fnoiety in the conpound of the fornula IV
wi th one of the aboge-ne peRhydr oxi des or car bonatﬁ (bI? e A* ) j.n
order to othal n the &y ne sodi u&ﬂ% pot assbum salts

V, 1V V Schermé 4

D ———

o~ 2
R1 base C and
Lewi .
ewis acid OH
[
VIl
Scheme 3

a) acylation of the 2-(2-hydroxy-5-nitrophenyl)-1-aryl-ethanone of the formula IV by
5 the acid chloride of formula VI in the presence of a base A providing the new

ester of the formula VII (step 1);

b) treatment of the ester of the formula VIl with a base B providing the 1,3-diketone
of the formula VIl (step 2);

c) transformation of the 1,3-diketone of the formula VIl into the compound of the

10 formula | by using a base C in combination with a Lewis acid (step 3);
wherein, in the compounds of the formulae 1V, VI, VIl and VIII R1 and R2 are each as

defined in formula I.

In one embodiment the compound of formula | is prepared according to method 3,
15 wherein R1 is alkyl having 1, 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms, for

example alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms, preferably n-butyl, and R2 is

methoxy, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH>CH3)2 (dibutylaminopropoxy),

preferably methoxy, Cl or dibutylaminopropoxy.

In a preferred embodiment the compound of formula | is prepared according to

20 method 3, wherein R1 is n-butyl and R2 is methoxy.



wherein R2 i s nmethoxy, OCH2C6H5, F, C, Br or OCH 2CH2CH2N( CH 2CH2CH2CHS) 2;
Mis Na or K; Base A* is a netal carbonate or a netal hydroxide, for

exanpl e NaGHo10kGk500Na2CO8 and K2CCOB3, preferably Na2CO3 aud/pr26308s5727he

sodi um or potassiumsalts of fornula \§ can be used as a stable storage
form For instance, the phenols of the formula IV can be dispersed in a

m ni mum anount of water and neutralized with approxi mately one base

equi valleanhotfer snefeercbaarabddinent theCcomptb00d Of fgrmafat soprgpateddactardingdoC. The

resul ting,sqdjum or, assium salts_of .the fornula V, respectively, can be
i sol at (56&“933,@%?%@39@% 'ﬁ'rbé’alﬁinpaﬁ?? bsn(,:f'and can be filtered and dried

af t er wap @potHir ippefeptedVéthbodihitit 89 ESmBbuR@®f fthiTitA @is\br‘éﬁﬁrébeaé&cﬁﬂiﬁpqg I n
organi ¢ solvents, for exanple acetone, nethylethyl keton or acetonifril,

pr ef er abéipod Gemdreseingy! isctroudyl iagdtRDis dibutylaipipeprepaxyequi val ent of sai d
bases in water at 0OC to 100 C, preferably at 0OC to 50C, for exanple at
40-50 C, and the products can be isolated, for exanple by evaporation of

t he solTrRNYrepatdliodnst tegkeing Matefialtdtane foredllia M id Sienarhsxpatitpelestsbed t he
formula VI1 can be obtained é m xi ng the phenols of the formula IV with
367350

one equ {hg dRtatdib(iat exmalesy aL3354/gt lekatidikpt@l 1 Reyistade

equi val f ag| Lar f 1@ ~f | ' organic
sol ventcfemq‘;nz? 4g§gw%g%tﬁ@@9hﬁ?@f%%%§ e(?éggi @a%%é%pﬁdr}adﬁfae%écet one,

di chl orpenfetinadeaccortity to treoprocgdutestdeseribad ¢temirt fromethe respective

2-nmet hyl tetrahydrof uran, 1, 4-djoxan, toltlﬁene, benzene, ethyl acetate or

| sofir ofyPUbRIGIEH @CeigRNenpAg denvatyes 4aretNEXYARRIOPHANNGs abl y at OG- 20C. The
Pr U s LRI oNb | 4 £AbrDScdiBphaidft, WodriSskokgiuhoPg, & per son

skilled 1n the-art. For ex
4-fluoroacetophenone or 4-[3-(dibutylamino)-propoxy]-acetophenone.

The starting compounds of the formula VI are commercially available or can be
15  prepared according to or in a similar manner to the processes described in the
literature and are familiar to those skilled in the art.

The following describes each of the distinct process steps of the invention in more
detail:

20
Step 1 according to method 1, method 2 and method 3 describes the esterification of
the compounds of the formula IV with an aliphatic acid chloride of the formula VI
which requires base A to neutralise the acid which is liberated in the esterification
step. At least one equivalent of such base is needed for this purpose, its nature being

25 not critical, since any base neutralising HCI can be taken, including a metal
carbonate, a metal hydroxide, a metal alcoholate, a tertiary amine, or the like.
Examples of base A are triethylamine, diisopropylethylamine, tri-n-butylamine,
pyridine, 4-dimethylaminopyridine, NaOH, KOH, Na>CO3 and KoCOs. In one
embodiment base A is preferably Na-COs and KoCOs.

30
In a special embodiment step 1 comprises at first as shown in scheme 4 the
neutralisation of the acidic OH-moiety in the compound of the formula IV with one of
the above-mentioned hydroxides or carbonates (base A*) in order to obtain the
crystalline sodium or potassium salts of the formula V,



washi ng away excess acid and acid chloride with diluted aqueous bases, for
exanpl eNaHCO3 or KHCO3, washi ng away excess base with dil uted agueous

aci ds, fowoesamabsoHCI, citric acid or NaH2PO4, pr ef er alploy/geedio/osraye ng t he
organi ¢ phase for exanple with MgSO4 @ Na SO4, and evaporation of
solvents. Alternatively, the respective sodiumor potassiumsalt of the
formula V can be conbined with about one equivalent of the acid chloride of
the formula VI in a volz REnert organic solvent for exappl e R2
tetrahydrpfuran, aceto di chl or onet hane, r@t hyl et hyl -@

etonitril e, 2- et | | -tetrah

di oxan,Ct ol pr eraly acetone, at - 20C T pre erably at -100C
to 20C. The a0t i omp solution can be directly B gcted to the subsequent

step 2 or thepro@itt can be isobased’ by filtrat¥on bnom the precipitated
sodi um or potassium chl oride and evaporation of solvents. By any procedure
described here, the esters of the formula VII are qptained in practically
guantitative yield and good purity for the followi ng reaction step 2 . Step
2 according to nethod 1 and net hodSghemep4i ses the treatnment of the esters
of the fornula VI with a base (base B) in a solvent or w thout solvent to
gi ve tNerelL di ket ones of formula VI11. For that purpose, the esters of

t he for Ia VHetﬁ"chg/h 6§I_|e 'i”E?r c;r%ﬁ]-l élezépi ﬁ%)élﬁ(ggﬁggggd in an

i nert organlc sol v fabyln a m Armim & Ft organic
sol gentM f oris NlasaraK;ce i n N, N- di met hyl f or mam de, N-net hyl pyrrolidone,

t | th thyl - t t t ol
ot r anyiESTAT 17 (R KETSONIE . T NS rane v oA P b SOH o ef or aniy
t et r ahyg @i A4 Ko oh! nge@gfgb gZC@?gﬁdﬂK—szbut yl ketone, toluene or

2- met hyl tetrahydr of uran, one equi valent or a slight excess, for
exanple 1.0 to 2.0 equi vaI ents of base B. Exanples for base B perform ng

the desIlhreesdo ium CoerspsotésnsculJrlrjlds%lts of formula V can be used as a stable storage form.

10
For instance, the phenols of the formula IV can be dispersed in a minimum amount of
water and neutralized with approximately one base equivalent of above base A* at
0°C to 100°C, preferably at 0°C to 50°C. The resulting sodium or potassium salts of
the formula V, respectively, can be isolated, for example by precipitation, and can be

15 filtered and dried afterwards. Alternatively, the salts of the formula V can be prepared
in organic solvents, for example acetone, methylethylketon or acetonitril, preferably
acetone, by neutralisation with about one equivalent of said bases in water at 0°C to
100°C, preferably at 0°C to 50°C, for example at 40-50°C, and the products can be
isolated, for example by evaporation of the solvents.

20
In one embodiment of the invention the phenol esters of the formula VII can be
obtained by mixing the phenols of the formula IV with one equivalent amount or a
slight excess, for example 1.0 to 1.5 equivalents, of the acid chloride of the formula
VI in an inert organic solvent, for example N,N-dimethylformamide, tetrahydrofuran,

25 acetone, dichloromethane, methyl-isobutyl ketone, acetonitrile, 2-methyl-
tetrahydrofuran, 1,4-dioxan, toluene, benzene, ethyl acetate or isopropyl acetate,
with base A, at -20°C to +50°C, preferably at 0°C-20°C. The products of the formula
VIl can be isolated in a way known by a person skilled in the art. For example by
washing away excess acid and acid chloride with diluted aqueous bases, for example



the follow ng bases: potassium carbonate, sodi um carbonate,

cesi um car bonate, sodium hydride, potassium hydride,

| 'ithium bive@hivmtdey! si |l yl ) am de, potassi unbi s( thnet hyl ecirgrr@niosero sodi um
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1, 8-di azabi cycl o[ 5. 4. O] undec-7-ene (DBU). The tenperature for the reaction
in process step 1 can be from-50 Cto 50 C, preferably from- 10C to 40C.

By any procedure described here, the esters of the formula VII are obtained in

15  practically quantitative yield and good purity for the following reaction step 2.

Step 2 according to method 1 and method 3 comprises the treatment of the esters of
the formula VIl with a base (base B) in a solvent or without solvent to give the 1,3-
diketones of formula VIII. For that purpose, the esters of the formula VII are treated in

20  pure form, dissolved or suspended in an inert organic solvent, preferably in a
minimum amount of an inert organic solvent, for instance in N,N-dimethylformamide,
N-methylpyrrolidone, acetone, dichloromethane, methyl-isobutyl ketone, acetonitrile,
toluene, tetrahydrofuran (THF), 2-methyl-tetrahydrofuran or 1,4-dioxan, preferably
tetrahydrofuran, dichloromethane, methyl-isobutyl ketone, toluene or 2-methyl-

25  tetrahydrofuran, with one equivalent or a slight excess, for example 1.0 to 2.0
equivalents, of base B. Examples for base B performing the desired process include
the following bases: potassium-carbonate, sodium-carbonate, cesium-carbonate,
sodium- hydride, potassium-hydride, lithium-bis(trimethylsilyl)amide, potassium-
bis(trimethylsilyl)amide, sodium- or potassium-tert-butoxide, sodium- or potassium-

30 tert.-pentoxide, lithium- diisopropylamide, tetraalkylammonium-hydroxide or -acetate
wherein alkyl in each alkyl residue is independently of each other methyl, ethyl,
propyl, butyl or decyl and wherein one or more alkyl residues can be replaced by
benzyl, a 1,3-dialkyl-imidazolium alkanoate, wherein each alkyl residue is

independently of each other methyl, ethyl, propyl or butyl and wherein alkanoate is



The reaction tines of step 2 are variable and, as a person skilled knows,
depend on the base, the solvent and the tenperature selected for this

process. wobyp/gedoor eacti on time when using TM5 DBU or perhBwpa0iblesaso a base
ranges from several hours to one mnuge when the reaction tenperature
ranges from-40 C to +30C, for exanple 5Cto 25C. In addition, it is
recomrended to control the reaction turnover by nonitoring the reaction,
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guanidine (t-Bu-TMG) and 1,8-diazabicyclo[5.4.0lundec-7-ene (DBU). The
15 temperature for the reaction in process step 1 can be from -50°C to 50°C, preferably

from -10°C to 40°C.

The reaction times of step 2 are variable and, as a person skilled knows, depend on
the base, the solvent and the temperature selected for this process. A typical reaction

20  time when using TMG, DBU or t-Bu-TMG as a base ranges from several hours to
one minute when the reaction temperature ranges from -40°C to +30°C, for example
5°C to 25°C. In addition, it is recommended to control the reaction turnover by
monitoring the reaction, for example using reversed phase high pressure liquid
chromatography techniques (RP-HPLC) before submitting the mixture to the next

25  reaction step. High turnover rates in this reaction step are achieved when using dry
solvents and bases. Otherwise the remaining water in the solvents or bases can lead
to hydrolysis of the ester resulting in the formation of the respective precursor
compounds of the formula IV. The 1,3-diketones of the formula VIIl can be isolated,
for example by means of RP-HPLC, and their structure can be verified by

30 spectroscopic methods, such as nuclear magnetic resonance spectroscopy.
If isolated in this way or prepared by any other means, compounds of the formula VIl
may be subjected to the next step 3 according to method 1 or 3.



Therefore, the conpound of the fornmula VIIl is already dissolved in the
I nert organic solvent used in step 2 or can be dissolved in of an inert
or gani ¢ swbuweniiscfoor exanpl e di chl oromet hane, nethyl -i sebuwirpholkesne,

t ol uene or 2-nethyl-tetrahydrofuran. Ekxanples of the acids which are
suitable to performthis conversion include acetic acid, 2-chloro-acetic
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nmangangsgmalhied betHedscil ¥Hich are suitable to perform this conversion include acetic
15 acid, 2-chloro-acetic acid, methoxy-acetic acid, propionic acid, butyric acid, valeric

acid or pivalic acid, preferably acetic acid or methoxy-acetic acid. The acid is used in
excess, typically 2 to 10 equivalents, for example 3.0 to 9.0 equivalents, of one of
these acids, or of a mixture of at least two of these acids is used. The reaction
temperature ranges from 20°C to 180°C, preferably from 30°C to 110°C, in

20 dependence of the solvents and acids used in the reaction step. The reaction time
ranges from 20 minutes to 48 hours, in dependence of the reaction temperature and
of the acids and solvents used. Typically, the reaction time ranges from 1 hour to 21
hours within reaction temperatures from 50°C to 110°C, for example from 75-85°C,
when using acetic acid or methoxy-acetic acid. The reaction turnover can be

25  monitored, for example by RP-HPLC, until all the 1,3-diketone of the formula VIl has
been consumed, before isolating the products of the formula I.

Step 2 according to method 2 comprises the treatment of the esters VIl with a base C
in the presence of a Lewis acid. Examples for bases C performing the desired

30 reaction include triethylamine, tri-n-butylamine, tri-n-propylamine, N-methylimidazol,
diisopropylethylamine or sparteine, preferably triethylamine or diisopropylethylamine.
Examples for Lewis acids performing the desired reaction include titanium-
tetrachloride (TiCls), aluminium-chloride (AICIs), zinc-chloride (ZnCl»), zinc-bromide

(£ZnBry), iron-chlorides (FeCl, and FeCls), iron-acetylacetonates (Fe[acac]. and



manganese- di brom de (MBr2) , manganese-acetates (M OAc] 2 and Mh[ CAc] ) ,
manganese- acet yl acetonates (M[acac] 3 and MJ[acac] 2)

zi rconi unwbebtoagkioori de (ZrCl4) , scandiumtrifl ate (SclpOs@pr26bd53)o0 ,
scandiumtrichloride (ScCl 3) , tinteggachloride (SnCl4) , bisnuth-triflate
(BI[OSO 2CF3]3) , indiumtriflate (I n[OSO 2CF3]3) , and ceriumtrichloride
(CeCl 3), preferably titaniumtetrachloride (TiCl4) , iron-chlorides (FeCl 2
and FeCefacaclynngaaesates (fe[QACHe ahttHa[@AC)s) ainanganese-dichtorided Mn&Ig), 3)
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ranges dficghcfgpoé%oa%elf%hfooroggrg)zoe%’e, toluene, xylene, acetonitrile, 1,2-dichlorobenzene,
nitrobenzene and trifluoromethylbenzene, preferably dichlormethane, acetonitrile and
15  toluene.
The stoichiometry can vary widely and will have an influence on the reaction rate, the
product yield and purity. For example about 0.001 to 1.5 molar equivalents of the
selected Lewis acid and 0.9 to 3.0 molar equivalents of the selected base can be
used, preferably 0.01 to 1.2 equivalents of the selected Lewis acid and 1.0 to 2.0
20  molar equivalents of the selected base. As a person skilled in the art knows the
reaction rate and product yield and purity is a function of the bases and Lewis acids
employed as well as the reaction temperature and the solvent used. The reaction
temperature can vary widely from -80°C to 140°C. When performing the reaction with
the TiCls and triethylamine, the temperature ranges from -20°C up to +90°C,
25  preferably from 30°C to 70°C, more preferably from 35°C to 40°C, in dependence of
the solvent used. When performing the reaction with the FeCls and tri-n-butylamine,
the temperature ranges from 60°C up to +140°C, preferably from 80°C to 120°C,
more preferably from 100°C to 110°C, in dependence of the solvent used.

30 Step 3 according to method 3 comprises the treatment of the 1,3-diketones VIII with
a base C in the presence of a Lewis acid under the same reaction conditions as
described for step 2 according to method 2.



preferably from30C to 70C, nore preferably from 35C to 400C, in dependence
of the solvent used. When performng the reaction with the FeCl3 and
tri-n-butwbanromgesobhe tenperature ranges from 60C up topetA®6o/0pred er ably
from80C to 120C, nore preferably frogg1000C to 110C, in dependence of the
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acetate, methyl-isobutylketone, benzene or isobutyl acetate, preferably
15 dichloromethane or methyl-tert.-butylether. Standard aqueous work-up procedures of
the product-containing organic phase followed by switching the solvent to an
antisolvent or using any of the techniques known to those skilled in the art allow the
crystallisation of the compound of formula I. Alternatively, the desired product can be

obtained by a chromatographic purification.

20
The potentially remaining amount of unreacted compounds of formulae VIl and/or VIII
in the reaction mixture can be recycled by alkaline hydrolysis with aqueous bases, for
example sodium hydroxide (NaOH) or potassium hydroxide (KOH), in form of the
respective 2-(2-hydroxy-5-nitrophenyl)-1-aryl-ethanones of formula 1V
R2
25 v

or the corresponding sodium or potassium salt of the formula V



crystallisation of the conpound of fornmula | . Alternatively, the desired
product can be obtained by a chromatographic purification. The potentially
r emai ni ngwenilnzespb unreact ed conmpounds of fornul ae VI pamdipesiodkizbo i n t he
reaction m xture can be recycled by akkaline hydrolysis with aqueous bases,
for exanpl e sodi um hydroxi de (NaOH) or potassium hydroxide (KOH), in form
of the respective 2-(2-hydroxy-5-nitrophenyl)-1 -aryl-ethanones of formula
IV IV or the corresponding sodi um or potassiag sdf2 of the formula W
@

wherein, in the conpounds o? t he fornul ae d VR2 is as defined in
formula | . In the case thaN'R2 jis defined -[ di butyl am no] - propoxy t he
specific side chain in th@ parg 't of of e phenyl ring of Dronedarone
is already incorporated in the of the formulae I , 1V, V, VIl and
VITT. Wen R2 is defined as nentiBhegygbove, but not as

3-[di butyl am no] - propoxy, the other para-substituents R2 either conprise
protecting groups designated to be Gleaved in a | ater stage of the
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of Dronedarone can be introduced by al kylation with 1-di but¥\>l am no- 3-
above, but not as 3-[dibutylamino]-propoxy, the other para-substituents R2 either

comprise protecting groups designated to be cleaved in a later stage of the synthesis

sequence or they represent suitable leaving groups which activate the benzene
10 nucleus and allow for the introduction of the 3-(dibutylamino)-propoxy group by
nucleophilic substitution in a later step of the synthesis of Dronedarone.

Thus, the moieties in which R2 is OMe or OCH2C¢H, are designated to be cleaved by
dealkylation, according to methods well known in the literature, for example as

15 described in the textbook by P. J. Kocienski, Protecting groups, Georg Thieme
Verlag Stuttgart, New York 1994. After being liberated as the free hydroxyl function
by any of the cleaving methods described there, the 3-(dibutylamino)-propoxy side
chain of Dronedarone can be introduced by alkylation with 1-dibutylamino-3-
chloropropane in presence of a base in an analogous fashion as described in

20  WO00248078. On the other hand, the moieties in which R2 is defined as F, Cl or Br
are replaced by means of nucleophilic substitution of the respective halide with 1-
dibutylamino-3-hydroxypropane in the presence of a base. One typical procedure to
achieve such substitution is given in Bioorganic & Medicinal Chemistry 12 (23), 6209-
6219 (2004).

25
The invention further relates to a compound of the formula VI



chl oropropane in presence of a base in an anal ogous fashion as described in
W00248078. On the other hand, the noieties in which R2 is defined as F, C
or Br arewoeploageshoby nmeans of nucl eophilic substituti opcoefepbdiensspecti ve
halide with 1- dibutyl am no-3-hydroxypgopane in the presence of a base. One
typi cal procedure to achi eve such substitution is given in Bioorganic &
Medi ci nal Chemistry 12 (23), 6209- 621 9 (2004). The invention further

rel ates to a conpound of the fornmula VIIwheesin R21 is al kyl having 1, 2,

3, 4, 5 6, 7, 8 9, 10, 11 %r 12 carbon & or cycl oal kyl having 3, 4,

5 6 or 7 carbon at ons; RQ_LN+ 5, F, C, Br or OCH

2CH2CH2N( CH 2CH2CH2CHS)2 Qnd Anot her aspect of the
invention is directed to the pr . H preparing a conpound of the
formula | | wherein R1 is alkyl™avrog 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
or 12 carbon atons or cycloal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is
met hoxy, OCH2C6H5, F, O, Br or OChh ﬁ@HZN(CH CH2CH2CHS) 2; and salts

t hereof ; which conprises, as shown in schene 5, Schene 5reacting a conpound
of thewhareim a VI | or a salt thereof with a base C and a Lewi s acid,

wherein. R 1 an th o] ond fthefor la VIl are each sdfned
in ! R1 is al?<yl haV|ng1 3 § rrp K % 10, 11 or 12 carbon atoms or cyc?oalky? !

having 3, 4, 5, 6 or 7 carbon atoms;
5 R2 is methoxy, OCH2CeHs, F, Cl, Br or OCH2CH>CHoN(CH2CH2CH2CHa)o;
and salts thereof.

Another aspect of the invention is directed to the process for preparing a compound
of the formula |

10 |
wherein
R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;
R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;
15  and salts thereof;

which comprises, as shown in scheme 5,

R2

base C and
Lewis acid

D ——

Scheme 5



formula | . This process corresponds to step 2 of nethod 2 descri bed above
and conprises, therefore, the sane reaction conditions as descri bed above.
The i nvenypaoofissdober rel ates to a conpound of the formplca/Febdibiowiesein R 1
is alkyl having 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11 or 12 carbon atons or

cycl oal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is nmethoxy, OCH2C6H5, F,
a, Br or OCH 2CH2CH2N( CH 2CH2CH2CHS) 2; and salts thereof. Another aspect
of the invention is directed to the process for preparing a conpound of the
formul a_l wher ein 9, 10, 11
or 12 2areig B cBmeOuRd aydie Briche NarHEsalt tiered wilh base.C ABd Lebive: ko i s
met hoxygeidCH2C6H5, F, O, Br or OCH 2CH2CH2N(CH 2CH2CH2CHS) 2; and salts

t hereof ; which conprises, as shown in schene 6, acid Scheme 6 a) treatnent
of the véwrein B1 andeR2 by el copound ehthe foeselap/Ipats/ea¢hgs deéinad 81 di ket one of
t he forﬁ@$® III; b) heating of the 1, 3-diketone of fornula VIIl in an acid
proéldl Ae conpound of the formula I;

This process corresponds to step 2 of method 2 described above and comprises,
therefore, the same reaction conditions as described above.

10 The invention further relates to a compound of the formula VIl

wherein

R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
15 having 3, 4, 5, 6 or 7 carbon atoms;

R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;

and salts thereof.

Another aspect of the invention is directed to the process for preparing a compound
20  of the formula |

wherein
R1 is alkyl having 1, 2, 3,4, 5,6, 7,8, 9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;



wherein, in the conpounds of the formulae VIl and VIII R 1 and R2 are each
as defined in formula | . This process corresponds to steps 2 and 3 of

nmet hod 1 weefo/keshoabove and conprises, therefore, the sanrEro@dos1200
condi tions as described above. Anothengaspect of the invention is directed
to the process for preparing a conpound of the fornula Il wherein R1is

al kyl having 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 carbon atons or

cycl oalR%| hawietpxy, OGH& sHs, 61 CT, Braori@6HaCoh€ HRPC HsCHeCHeRi3),OCH2C6H5,  F,
Cl, Br or O(@ ﬁCHZ(f‘,_HZN(CH 2CH2CH2CHS) 2; and salts thereof; which conprises,
as sho@"d $ISCAEIROT7, base C and Lewis acid | Schene 7 a) treatment of the
ester QfhitMeomPrigts Basvhowh iMséhdiase, B providing the 1, 3-di ketone of the
formula VIII; D) transformation of the 1,3-di ketone of the fornmula VIII
into the conpound of the fornmula I by using a base Cin conbination with a
Lewi s acid;, wherein, in the ggnpounds of the fornulae VIl and VIII R 1 and
R2 are eagh as defined ormula | . This process corgespprds o sgeps 2

and 3 of thod 3 desc d above and conprise® therefy Same
react i gy~ condin,ehdNas Bescri bed above. N
J— O/
O base B
)\ OH
@] R1
Vi VI
5 I

Scheme 6

a) treatment of the ester of the formula VIl with a base B providing the 1,3-diketone
of the formula VIII;
10  b) heating of the 1,3-diketone of formula VIl in an acid providing the compound of
the formula I;
wherein, in the compounds of the formulae VII and VIII R1 and R2 are each as

defined in formula I.

15  This process corresponds to steps 2 and 3 of method 1 described above and

comprises, therefore, the same reaction conditions as described above.

Another aspect of the invention is directed to the process for preparing a compound
of the formula |



Anot her aspect of the invention is directed to the process for preparing a
conpound of the formula VI wherein R 1 is alkyl having 1, 2, 3, 4, 5, 6,
7, 8, 9, W0,20ibl13630012 carbon atons or cycl oal kyl havi ngp8r/eb2019/05R701r 7
carbon atonms; R2 is nmethoxy, OCH2C6H549F, O, Br or OCH 2CH2CH2N( CH
2CH2CH2CHS) 2; and salts thereof; which conprises, as shown in schene 8§,
Scheme 8 reacting a conpound of the formula IV with an acid chloride of the
formula VI in the presence of a base A pro,-s'ng the ester of the formula
VI1; wherein in the conmpound -of the fQqrmul 2 and R2 are each as
defined in fornula VII. Th|§)process CY ds to step 1 according to
nmethod 1, 2 and 3 describedp\dbove _and fconprises, therefore, the sane
reaction conditions as dagékloi e e\The invention further relates to a
compound of the fornula V V wh 5 Rt hoxy, OCH2C6H5, F, C, Br or
OCH 2CH2CH2N( CH 2CH2CH2CHS) 2 andA cna or K Anot her aspect of the
invention is directed to the process for preparing a conpound of the
formula VI wherein |

wherein
R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;
5 R2 is methoxy, OCH2CgHs, F, Cl, Br or OCH2;CH2CH2N(CH2CH2CH2CHs)y;
and salts thereof;

which comprises, as shown in scheme 7,

R2

base B

base C and
Lewis acid

10 Scheme 7
a) treatment of the ester of the formula VIl with a base B providing the 1,3-diketone
of the formula VIII;
b) transformation of the 1,3-diketone of the formula VIII into the compound of the
formula | by using a base C in combination with a Lewis acid;
15  wherein, in the compounds of the formulae VIl and VIII R1 and R2 are each as

defined in formula I.



R1is alkyl having 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 carbon atons or
cycl oal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is nethoxy, OCH2C6H5, F,
Cl, Br orwOGbho2GEReH2N( CH 2CH2CH2CHS) 2; and sal t s t her eeCUi/psboiolosoepri ses,
as shown in scheme 9, Schene 9 reactingga conpound of the formula V with an
acid chloride of the formula VI in the presence of a base A providing the
ester of the formula VII; wherein in the conpound of the fornmulae IVR 1
and R2 are each as defined in formula VII and Mis Na or K The reaction

di tior f thi d, gb i
condi t /13SPRSFSSFRED AT KRGS Ao HLS RO 0% 3510 58rboY AOBHE SBfibod ment R 1
in the déﬁ#??%@@dﬁwe%fofé’rtﬁb”sﬁﬁé rea¥tion ¥bhdi@BAs ¥k!destabéd %bvé‘aV' ng 1, 2, 3,
4, 5, 6 10, 11 or 12 carbon atonms, for exanple al kyl having 1, 2,

3, 4, 5 or 6 carbon atons, preferably n- butyI I n anot her enbodi nent R2 in

L S OB 8L Bl ASer Wt BBt PR g™ o o

di butyloam@ﬂﬁﬁmw In a preferred enbodi ment the conmpound of formula | is
prepared according to a process described above, wherein R1 is n-butyl and

R2 is methoxy. In another prgg‘ erred enbodi nef 2corrpound of formula | is
prepared according to a process described pbové, wherein R1 is n-butyl and
R2 is C. In another prefer B fe orrpound of formula | is

prepared according to a pOicesy

cri bed above, wherein R1 is n-butyl and
R2 is di butyl am nopropoxy.

wherein

R1 is alkyl having 1, 2, 3, 4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
10 having 3, 4, 5, 6 or 7 carbon atoms;

R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;

and salts thereof;

which comprises, as shown in scheme 8,

0
+ base A
)km
\V, VI
15
Scheme 8

reacting a compound of the formula IV with an acid chloride of the formula VI in the
presence of a base A providing the ester of the formula VI,
wherein in the compound of the formulae IV R1 and R2 are each as defined in

20  formula VII.

This process corresponds to step 1 according to method 1, 2 and 3 described above

and comprises, therefore, the same reaction conditions as described above.



If in the conmpounds of the formulae | and IV to VIII any groups,
substituents, ring nenbers, nunbers or other features such as, for exanple,
al kyl gr onposiBesooccur several tines, they can all indepembesboloy7206 one
anot her have any of the indicated neapjyngs and can in each case be
identical or different fromone anot her.\Wen the conpounds of the fornul ae
| and IV to VIII contain one or nore centers of asymetry, they may each

i ndependently have either S or R configuration, unless stated otherw se.
The conpounds of fthe fornulae | and IV to VI]I be present in the form
of ot 118 Mvepin Lriher Felplest 8 aefBpeune pr e obELVor of m xtures in al
ratios thereof and in all possible tautoneric foRps, unless they are nore
preci sely defined. For exange the conmpound the formula V may al so be

present as tautoners (keto o@ enal a m xture of tautoneric
structures: V For the purpygse™g S nvention the conpounds of the
formof all derivatives, for

formulae | and IV to VIIl can

exanpl e sol vates such as hydrate afPcohol adducts, of the fornul ae |
and IV to VIII. The invention |ikew s% enconpasses all crystal

nodi fications of the conpounds of thMfornulae | and 1V to VIIIl. The
above-descri bed conpounds of the fornmulae Iy, IV and VI to VIII nay be used
in the process according to the invention in the formof their salts or in
salt frgeerkpr mand/ or may be isolated in the formof their salts or in salt
free form Salts may be obtained by the customarKl net hods, for exanple by
readti MP wi 1hMEHIQKY, SICHK e, FnCh BanQ@RHChChNgaHenHe&Hrahgk or cati on
exchanga dfrom other salts. Useful acid addition salts are, for exanple,

hal i des, in particul ar hydrochl ori des and hydrobrom des, | actates,

sul fat &4, ciig Nate¥. tartrates, acetates, phosphates, nethyl sulfonates,
benzenesul fonates, p-toluenesul fonates, adipates, funarates,

Another aspect of the invention is directed to the process for preparing a compound
10 of the formula VI

wherein
R1 is alkyl having 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;
15 R2 s methoxy, OCHCsHs, F, Cl, Br or OCH>CH,CH2N(CH2CH2CH2CHs)o;
and salts thereof;

which comprises, as shown in scheme 9,



gl uconat es, gl utamates, glycerophosphates, nual eates, benzoates, oxal ates
and panoates and trifluoroacetates. |If the conpounds of the fornulae I, IV
and VI towdglbio/gessbai n an acid group, they are capabl e etrfrPRetvng2s@l t s

wi th bases, for exanple as alkali metgp salts, preferably sodi um or
potassiumsalts, or as ammonium salts, for exanple as salts with amoni a or
organi c amnes or amno acids. They can also be present as zwitterions. In
t he case g t he prepara 2 active ingredients, preference is_giregn to

physi ol ogh cal Iy toleraf Hal ts and pharnaceuti c@lly acceptab al ts. Al kyl
radi cal s, 9 pai N oD branched. Exangl es of I di cals are
nmet hyl , eth ' , Isopropyl (= basseAhyICéfhy sobutyl (=
2- rrethylpr sau- butyl (g 4-mgtthytpropyl ), te =1 1

-di net hyl et hylJ, ®pentyl, isopentyl, tert-pentyl, peatyl , hexyl,

heptyl, octyl, nogyl, decyl, undecyl and dodecyl. Preferrled al kyl radicals
are nethyl, ethyl, n-propyl, isop&gpyl and n-butyl, no prreferred is
n-butyl. Exanples oV cycloal kyl radicals are cycl opropyl y,cycl obutyl,

cycl opentyl, cycl ohexyl and cyl coheptyl. The cycloal kyl radicals may al so
be present branched as aIkyIcycIoaSB?enmw9cycloalkyIaIkyI. Abbr evi ati ons:

ca. circa DBU 1 a unde - ene hour (s) i, vag. in
acuanEectg 7 aBieG VB Rt SErahny il ot ZekERRREE of icidhsbla b1 R
et hyl presdnteydt XBASSOA providing the ester of the formula VII;

5 wherein in the compound of the formulae IV R1 and R2 are each as defined in

formula VIl and M is Na or K.

The reaction conditions of this process are also described above in the reaction
conditions for step 1 according to method 1, 2 or 3.

10
In one embodiment R1 in the compounds of formulae |, VI, VIl and VIl is alkyl having
1,2,3,4,5,6,7,8,9,10, 11 or 12 carbon atoms, for example alkyl having 1, 2, 3, 4,
5 or 6 carbon atoms, preferably n-butyl.
In another embodiment R2 in the compounds of formulae I, IV, V, VIl and VIl is

15  methoxy, F, Cl, Br or OCH2CH>CH2N(CH2CH2CH2CHs)2 (dibutylaminopropoxy),
preferably methoxy, Cl or dibutylaminopropoxy.

In a preferred embodiment the compound of formula | is prepared according to a
process described above, wherein R1 is n-butyl and R2 is methoxy.

20  In another preferred embodiment the compound of formula | is prepared according to
a process described above, wherein R1 is n-butyl and R2 is ClI.
In another preferred embodiment the compound of formula | is prepared according to

a process described above, wherein R1 is n-butyl and R2 is dibutylaminopropoxy.

25  If in the compounds of the formulae | and IV to VIII any groups, substituents, ring
members, numbers or other features such as, for example, alkyl groups etc. occur
several times, they can all independently of one another have any of the indicated

meanings and can in each case be identical or different from one another.



MIBE nethyl -tert.-butyl ether NVR Nucl ear nmagnetic resonance RP-HPLC
reversed phase high performance |iquid chromatography THF tetrahydrof uran
TMG 1, 1 wa.281/t36d00anet hyl guani di ne Exanpl es Thi s i nvenpcemkpeéio@ds2es i bed in
nore detail by the exanples that follow. These exanples are designated to
illustrate the invention, but do not Iimt its scope. Each step of the
process described in the present invention nmay be operated either batch by
bat ch dWhes tize componode sf fhedoess|aedrarseiv tovilll canteis areder, mareicerstescal abl e

| ts th d bed h Th f
o Lot R BB e, A S B S B B Bt e LRl eSS ect r a as
done blétét@@%@héﬂﬂléé ethd ébrﬁb@uﬁ’dé of t'ﬁerfgfrﬁulggtlﬁnldqw t@“ﬂil%ﬁfa? b@fpré?@ﬁﬁrﬁ)e(:t ra

may | ead to mnor reassignments of some NMR peaks, which obviously does not
change thééorovet epticahisoingTaeot diagierearrengvrf @;@matasezr@f nmixtoreteit alhvados00 MHz

| ns gﬁ@@gﬁgﬁ érg %II %g§ﬂbﬁl tgmovrﬁefrllc fo-lr-r¥§ Ieggl?iqu aFehr%o%) ?’ecéely aeﬁlwg\@ys

2- (2 hydr @xenipi@tid espoyhds éflfhé mﬁﬁb@mebbb@tm@@@@@§mewﬂ salt (a
compound of the forrmula V, M= = Owe) 10.0 g (34.8 mmol) of

2- ( 2- hylkete,ay-enohfarpyiesa W'NUEG(QH@@{Q{BQWEEHQUWS& hanone (a compound of
the formula IV, R2 = OWe), prepared according to literature procedures (as
described in US3657350, US 3577441 , C. Majdik et al., Revistade Chime 40
(6), 490-3 ( 1989) and R2 689-93 ( 1989) (Bukarest)), werergi ssol ved
in 100 moof acetone a irred with a sol @ion of 2.53 8.3 muol) of
pot asm(t)uﬂﬂcar hQNa L+

O N
O
O
oM

10 For the purpose of the present invention the compounds of the formulae | and IV to

VIl can be used in form of all derivatives, for example solvates such as hydrates and
alcohol adducts, of the formulae | and IV to VIII. The invention likewise encompasses

all crystal modifications of the compounds of the formulae | and IV to VIII.

15  The above-described compounds of the formulae I, IV and VI to VIl may be used in
the process according to the invention in the form of their salts or in salt free form
and/or may be isolated in the form of their salts or in salt free form. Salts may be
obtained by the customary methods, for example by reacting with acids or bases in a
solvent, or by anion exchange or cation exchange from other salts. Useful acid

20  addition salts are, for example, halides, in particular hydrochlorides and
hydrobromides, lactates, sulfates, citrates, tartrates, acetates, phosphates,
methylsulfonates, benzenesulfonates, p-toluenesulfonates, adipates, fumarates,
gluconates, glutamates, glycerolphosphates, maleates, benzoates, oxalates and
pamoates and trifluoroacetates. If the compounds of the formulae I, IV and VI to VIl

25  contain an acid group, they are capable of forming salts with bases, for example as
alkali metal salts, preferably sodium or potassium salts, or as ammonium salts, for
example as salts with ammonia or organic amines or amino acids. They can also be
present as zwitterions. In the case of the preparation of active ingredients, preference
is given to physiologically tolerated salts and pharmaceutically acceptable salts.



20 M of distilled water for 1 h at 40-50 C. The sol vents were evaporat ed
and the renmaining yellow solid was dried i . vac. to yield 11.3 g (99.8%
of the tiwbeompnspsmund. LC-MS purity >98% (MH+ 287). The ptiipidRospRo6 r um
detected the presence of a m xture ofgoketo- and enol-fornms: 3.80, 3.78 (2s,
Owe), 3.93 (s, CH2 keto-form, 5.97 (d, =CH enol -form. Exanple 2 :
Synt hesi s of 2-(2-pentanoyl oxy-5-nitrophenyl)-1-(4-nmethoxyphenyl) -
(a conpound of the formula VI, R1 = n-butyl; R2 = OW) 4.23 g (35.0 mmol)
of valeroyl chloride (a conmpound of the formula VI, R 1 = n-butyl) were
added Wilkyl rediehisnmgapbe-stiighE-dnairkotamcaed! Exdraglesusiegng iradicalt aké. 3 g (34.7
mmol ) of 2-(2-hydroxy-5-nitrophenyl)-1-(4-nethoxyphenyl)-ethanone potassi um
salt (dnethyl @”ﬂ}a/, R-RIoRY!.FoROPY} (7 ﬁ'@é@tﬁ)ﬁ'@f‘hyﬁ)ﬁ PeRUtED ISSOHIN €5 2r he reaction was
conpl e { € - Pn{élfﬂ* ﬁp O, A X JB i ed. ugh a

| ayer tcr)ﬁetggﬁ)irt ,t’tggpgjriir%@e( ﬁhe pr ecﬁogyghﬁezﬁb%?gg{s’ﬁum CHM%@,‘H h@E@’ol ution
was 5 ev agmrentd dierbpeintyh @eespentyginexyQ heptyw, dc@d%onyl, degyd| Uradeoyl anavhi ch sl owl y

crystal]ize ile standin t roomte rature. 1H NVR (DVMBO-de): 0.75 (t,
S CresodeCy. Beperredioa ratodl arexBeihh BTh. frB . ppoBRRR b ) | 3. 7
(s, 3HmM&EMrefetreelis(Sputgl, CH2C=O ketone), 7.07 and 8.05 (2d, 4H Ar-H),

7.47, 8.23, 8.35 (3 m 3H Ar-H. LG M MK 372. Exanple 3 : Synthesis of

2- (2- hydr oxy-5-ni trophenyl) - 1- (4- net hoxyphenyl )-1 , 3- hept andi one (a

ootk Bheib bt bRk s SerovsidbirBitY bofPui Y BhpERE Sy BoRey
(t hoet Rndsdylodhepdm ige c|dau<¥|_Tﬂd6iow e elss batprésent@Randed2ad0 g (5. 38

et hanone

mé%%@é&@&&a}&%ﬁﬁéﬁkyl.ni trophenyl )-1 -(4-net hoxyphenyl) - et hanone

Abbreviations:
ca. circa

15 DBU 1,8-diaza-bicyclo[5.4.0]-undec-7-ene
h hour(s)
i.vac. in vacuum
LC-MS liquid chromatography-mass spectrometry
Me methyl

20 MIBK methyl-isobutyl ketone
MTBE methyl-tert.-butylether
NMR Nuclear magnetic resonance
RP-HPLC reversed phase high performance liquid chromatography
THF tetrahydrofuran

25 TMG 1,1,3,3,-tetramethylguanidine
Examples
This invention is described in more detail by the examples that follow. These

30 examples are designated to illustrate the invention, but do not limit its scope. Each

step of the process described in the present invention may be operated either batch

by batch or as a continuous process, or semicontinuous mode, and is scalable on

larger amounts than described here.



10 mM of dry tetraydrofuran (THF). After 20 m nutes, the reaction was
quenched wi th aqueous potassi um di hydr ogenphosphat e buffer and the products
wer e ext reot2eth/msbdob net hyl -tert. -butylether. The title pregresionsR7o
separated fromunreacted starting matggi al by reversed phase HPLC
(RP-HPLC). The product containing fractions were pool ed, dissolved in MIBE
and washed with water. The organi c phase was dried wth sodi um sul phate and
t he sol vent was evaporated to give the titIe corrpound as a solid. 1H NWR

( DVBO- ; 2 (t, 3H H7),.1.25. 1. 47 4H, H- 5, 63 (m 2H,
H-4), %N@@aﬁﬁhﬂeﬁsar@%é'”%&afiw OPb’éaase‘F PP Oghi‘e a1y 7.85 (m
1H Ar difhendiofid 'H Wﬂ@geéﬁra'ﬁbdo&elb h6§b skhied"hﬁ e artlA- n?orbgdetéh'écf}b 13C
NVR (DMSO-d 6) : 193. 39 .1 55 (G 2), 204.245 3), 699

(C4), azmalm)srof(tCewecizaxnaBLe Goéwnonaewg;(rmer)ts b5087EN ayaks,emelss

(& g 'OéJSB/S oé?wﬂ%ﬁqng%%% o%?all(a%s}gr%entlm 1|2-I5Nl\/ﬂ§s&ect?a arle e%grdé\é_H

372:

2 n- bUTdh'aBGOMHEﬁd&WZQW&a% eI RITENISURIPp g, thersenisnd idlwye formil a
, R1 =n-butyl, R = OVE) using 1, 1 ,3,3,- tetranethylguanidine (TM3 as
base BQMSOhde 1) 2.00 g (5.38 mol) of 2-(2- pent anoyl oxy- 5- ni t rophenyl ) -1
- (4- met hoxyphenyl ) - et hanone (exanple 2) dissolved in 2 m of dry toluene
were treated under cooling at 15-25Cwith 0.81 5 g (7.07 nol) of 1, 1
, 3, 3, - tEdanapte tih Byathesisioh2 (2 Hy&DoxyAEi h&ropinb'nyl)i1nglr frethae/ph2fyliFetharidme deep

orange red oil obtalned was UICk r erre 0 g (44.4 nmmol) of
metl Aox POIRSSIYTR S2Hi (8 COMRAUNg: ¢ rtP? Ia%?\é "df% éMe@ht yel | ow sol ution

was stirred at this tenperature for further 10 hours until RP-HPLC anal ysi s
i ndi cated the conpl ete consunption of the internediate
2- ( 2- hyldx@gy(35-8nintmad pbie2ry2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (a

compound of the formula IV, R2 = OMe), prepared according to literature procedures
(as described in US3657350, US 3577441, C. Majdik et al., Revistade Chimie 40 (6),

15 490-3 (1989) and 40 (8), 689-93 (1989) (Bukarest)), were dissolved in 100 ml of
acetone and stirred with a solution of 2.53 g (18.3 mmol) of potassium carbonate in
20 ml of distilled water for 1 h at 40-50°C. The solvents were evaporated and the
remaining yellow solid was dried i. vac. to yield 11.3 g (99.8%) of the title compound.
LC-MS purity >98% (MH" 287).

20  The 'H NMR spectrum detected the presence of a mixture of keto- and enol-forms:
3.80, 3.78 (2s, OMe), 3.93 (s, CH2 keto-form), 5.97 (d, =CH enol-form).

Example 2: Synthesis of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-
ethanone (a compound of the formula VII, R1 = n-butyl; R2 = OMe)
25
4.23 g (35.0 mmol) of valeroyl chloride (a compound of the formula VI, R1 = n-butyl)
were added with cooling at -10°C to 20°C to a stirred suspension of 11.3 g (34.7
mmol) of 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone potassium salt
(example 1) in 50 ml of dry acetone. After 30 minutes the reaction was complete, as
30  monitored by RP-HPLC, and the mixture was filtered through a layer of Celite to
remove the precipitated potassium chloride. The solution was evaporated to dryness
to give 9.23 g (98%) of a yellow oil which slowly crystallized while standing at room

temperature.



1- (4- et hoxyphenyl )-1 , 3-hept andi one (exanple 3). Then a hot sol ution of
5.6 g (85 mmol ) of potassium hydroxide (85% KOH) in 20 ml of water was
added undgo 28to/m36300g at 70-90 OC and the stirring was ceuotrippe@d/osro 15
mnutes at that tenperature. After cogging the mxture in an ice bath, 50
m of MIBE were added under stirring and the recovered

2-(2- hydroxy 5-nitrophenyl)-1 -(4-nmethoxyphenyl)-ethanone potassi um salt
(exanpl'B NVIRBMSERds)at®ds by 3H, IGH-AL 1.80, 1Was@ed, 4Ht BHaEHs), 2243 (d2Hed (yiel d

o aquEHETR IR (heataiabled 4PDHS 18 v e SourenD. 2 4 8 Sl over

sodi um@pl;gtqq}qwug gga@g5ngﬁ 319, Ar.Mpess. The residue crystallized
i medi at el ive 1.09 of the titl'e compound (57% vyield based on

recoverlée aMHl ﬁ(g’ZmaterlaI 8 1% ; 1H NWR (DVSO-de): 0.82 (t, 3H, CH3) ,
1.25 and 1.68 (2 m 4H, CH2CH2) , 2.85 (t, 2H, CH2) , 3.87 (s, 3H Ow),

7.15 and 7.85 (2d, 4H, Ar-H), 7.95 (m 1H Ar-H, 8.25 (m 2H Ar-H).
Purity Exanle M5 S?ﬂ&?és‘id\ﬂff"z—'é@-ﬁ)/d@k@@hﬂr@hen?&mthﬁme‘ﬁh@&‘yphenyl) 1,3-
2-n-butyl - 3- (4- met hoxybenzoyl ) - 5-ni t robenzofuran (a co ound of the fornula

|, R 1hepiandiens ( ammaoam mﬂmmzl&\éklt R1butnyh>utyl R2=

t et ranet hyl guani di ne as base B (nmethod 1) Wnder argon at m)sphere 2.96 g (
17.27 mol, 1.2 equivalents) of 2-tert.-pptyl- 1, 1

, 3,3, -tetramet hyl guani di ne were added at 5-1 5Cto 5.30 g (14.27 mmol) of
2- (2- pentanoyl oxy-5-nitrophenyl)-1 (4-5ret hoxyphenyl ) - et hanone (exanple 2)
dissolved in 4 m of dry 2-nethyl-p After 15 mn the deep

orange-red oi |l wasquickly tﬁllansferre j [ 114 mmol ) of

met hoxy-acetic acid under sijrri g The“bright yell ow sol ution
was stirred at this terrpeodtl,f ¢ 210hours until RP-HPLC anal ysis
reveal ed the conpl ete consunp > i ntlernediate 1, 3-

Under argon atmosphere 6 ml (6.0 mmol) of a 1.0 M solution of lithium bis-

10 (trimethylsilyl)-amide in dry THF were added at 5-10°C to 2.00 g (5.38 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in
10 ml of dry tetraydrofuran (THF). After 20 minutes, the reaction was quenched with
aqueous potassium dihydrogenphosphate buffer and the products were extracted
with methyl-tert.-butylether. The title product was separated from unreacted starting

15  material by reversed phase HPLC (RP-HPLC). The product containing fractions were
pooled, dissolved in MTBE and washed with water. The organic phase was dried with
sodium sulphate and the solvent was evaporated to give the title compound as a
solid.
'H NMR (DMSO-dg): 0.82 (t, 3H, H-7), 1.25, 1.47 (2 m, 4H, H-5,6), 2,63 (m, 2H, H-4),

20 3.85(s, 3H, H-8), 6.36 (s, 1H, H-2), 7.05 (2 m, 3H, Ar-H), 7.85 (m, 1H, Ar-H), 7.98,
(m, 2H, Ar-H), 8.10 (m, 1H, Ar-H), 11.7 (s, 1H OH). "*C NMR (DMSO-d¢): 193.396
(C-1), 58.155 (C-2), 204.245 (C-3), 41.699 (C-4), 25.207 (C-5), 21.384 (C-6),
13.592(C-7), 55.575 (C-8), 163.688 (C-9), 121.639 (C-13), 161.059 (C-14), 139.257
(C-17).

25 LC-MS: MH" 372.



di ketone (exanple 3). Then a hot solution of 14 g (0.20 nol) of potassium
hydr oxi de (85% KOH) in 50 m of water was added under stirring at 70-80 0C

and the swonviomgessas continued for 5 mnutes at that teppempbenes2Adter
cooling the mxture with an ice bath pp roomtenperature 100 m of MIBE
wer e added under stirring. Only a small anmount of

2- (2- hydroxy-5-nitrophenyl)-1 -(4- nethoxyphenyl)-ethanone potassium salt
(exanplxabpleds Syatwsts et2-oybdtyl-34(4tmethoxybenhzgyl)BhitrobeezdMiBE: (fhase was

washed tw ce 2 eo th t Wi ith 20 m of
aq3e0u§ %q@qqg:of%??%rguggé,r 5 ﬁmygﬁ%haW%hﬁ'@&ﬂgggey to drynesg. The
r esi du%@émz}wqumne )aésebasée(me%@h 3)6 g (71 % of the title
conmpound. Exa 6 : Synthesis of

2-n-butyl - 3- (4 nmet hoxybenzoyl ) - 5- ni trobenzofuran (a conpound of the formula

(bety - 2003358 el etk b RepRhrier Y RO hetv Ry 5 & "

equi Va'e@tﬁ@ﬁdn exénﬁziéllzya@bbmmh@ﬁz rﬁléf&}/-tulrméaéwer@nﬂaa(t&whdéﬁé@l cad at
5-1 5Cto 1. 69 mmmol ent anoyl oxy- 5- nltr_lphen yl

>4 rreﬂr@o&ww?{mgm LY I e S gl Ao I T B
t hyl |k f t
or e Sttt of a9 0, (1 i odholref dif StiBfebidfad Guickiy t@@?ér@“ﬁﬁf)

under sit.o gr(nngﬂ, mmdﬁe%@thoWeadatlcgimid un@dzlérmfurﬂmg at 76+85%@s Thtibrigatyeltow hi s

erature for further 1 hours unti]l RP-HPLC anal ysis indicated.the
|etSé>HEt9Hs‘M%§ irsed 8t ”‘t'%@mﬁ%r@F%J%%thfréOJl%$Hﬁﬁ' és!‘é%@@ YSISThen 15

R )
pr oduct!-(dametxaxypbesd )W, 3-hep@naionsf (ev@BEple Bhelhen a hot solutlon of 5.6g(85
mmol) of potassium hydroxide (85% KOH) in 20 ml of water was added under stirring
at 70-90°C and the stirring was continued for 15 minutes at that temperature. After
15  cooling the mixture in an ice bath, 50 ml of MTBE were added under stirring and the
recovered 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone potassium salt
(example 1) was separated by filtration, washed with water and dried (yield 0.52 g,
30%; LC-MS-purity >99%). The MTBE-phase was washed twice with 10 ml of
aqueous 0.1 N KOH, then twice with 10 ml of aqueous 2 N HCI, dried over sodium
20  sulphate and evaporated to dryness. The residue crystallized immediately to give
1.09 g of the title compound (57%; yield based on recovered starting material 81%);
"H NMR (DMSO-dg): 0.82 (t, 3H, CHs), 1.25 and 1.68 (2 m, 4H, CHxCH>), 2.85 (t, 2H,
CHy), 3.87 (s, 3H, OMe), 7.15 and 7.85 (2d, 4H, Ar-H), 7.95 (m, 1H, Ar-H), 8.25 (m,
2H, Ar-H).
25  Purity by LC-MS >98% (MH" 354)

Example 5: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
compound of the formula |, R1 = n-butyl, R2 = OMe) using 2-tert.-butyl-1,1,3,3,-
tetramethylguanidine as base B (method 1)

30
Under argon atmosphere 2.96 g (17.27 mmol, 1.2 equivalents) of 2-tert.-butyl-
1,1,3,3,-tetramethylguanidine were added at 5-15°C to 5.30 g (14.27 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in
4 ml of dry 2-methyl-tetrahydrofuran. After 15 min the deep orange-red oil was



organi ¢ phase was washed twice with 20 m of aqueous 1 N NaCH, then tw ce
with 20 mM of aqueous 2 N HCl, dried over sodium sul phate and evaporated to

dryness. wbeoressshue i mmedi ately crystallized to yield ®@coEpgo106880 of the
title conpound. Exanple 7 : Synthesispgf

2- (2- hydr oxy-5-ni trophenyl ) - 1- (4-chl orophenyl ) - et hanone sodium salt (a
conpound of the formula V, M= Na, R2 = C)3.00 g ( 10.2 mmol) of
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15 Example 6: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
compound of the formula I, R1 = n-butyl, R2 = OMe) using using 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) as base B (method 1)

Under argon atmosphere 0.62 g (4.1 mmol, 1.5 equivalents) of 1,8-diaza-

20  bicyclo[5.4.0]-undec-7-ene (DBU) were added at 5-15°C to 1.0 g (2.69 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in
7 ml of dry methyl-isobutyl ketone (MIBK). After stirring for ca. 15 min the deep
orange-red oil was quickly transferred to 5 ml of acetic acid (83 mol) under stirring at
75-85°C. The bright yellow solution was stirred at this temperature for further 21

25  hours until RP-HPLC analysis indicated the complete consumption of the
intermediate 1,3-diketone (example 3). Then 15 ml of aqueous 2 N NaOH were
added, and stirring at 70-80°C was continued for further 10 minutes. After cooling the
mixture to room temperature, the product was extracted with 50 ml of MTBE. The
organic phase was washed twice with 20 ml of aqueous 1 N NaOH, then twice with

30 20 ml of aqueous 2 N HCI, dried over sodium sulphate and evaporated to dryness.

The residue immediately crystallized to yield 0.65 g (68%) of the title compound.

Example 7: Synthesis of 2-(2-hydroxy-5-nitrophenyl)-1-(4-chlorophenyl)-ethanone
sodium salt (a compound of the formula V, M = Na, R2 = CI)



1H NVR (DMSO-de): 0.75 (t, 3H, CH3) , 1.20, 1.45 (2 m 4H, CH2CH2) , 2.45
(t, 2H, CH2C=O ester), 3.87 (s, 3H Ow), 4.58 (s, 2H, CH2) , 7.67 and 8.08
(2d, 4H, wo-bh0/13ds047, 8.23, 8.35 (3 m 3H, Ar-H). LC MSpchhp2866sr@npl e 9
. Synthesis of 2-n-butyl-3-(4-chl orobggzoyl)-5-nitrobenzofuran (a conpound
of the formulal, R1 =n-butyl, R2 = C) using 2-tert.-butyl-1,1,3,3, -

t et ranet hyl guani di ne as base B (Method 1) Under argon at m)sphere 0.55 ¢
(3.22 mol, 1.2 equivalents) of 2-tert.-butyl-1, 1,3,3,
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room t &IIRgt, ﬁrﬁnq WS o‘?fe?iq”%%"f@%e%tsr? §§|°/‘5"'J;_>tf ﬁw{g&ﬂsoﬁ]ﬁ E. The organic

phase was was wice With ous wce with 20
rri of AquASIMA" BOMCI , dried over SOdI um sul phat e and evaporated to
I edi at el stalllzedto yield 0.65 689 of the
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Example 8: Synthesis of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-chlorophenyl)-
ethanone (compound of the formula VII, R1 = n-butyl; R2 = CI)
15
1.32 g (10.7 mmol) of valeroyl chloride (a compound of the formula VI, R1 = n-butyl)
were added with cooling at -10°C to 20°C to a stirred suspension of 3.2 g (10.2
mmol) of 2-(2-hydroxy-5-nitrophenyl)-1-(4-chlorophenyl)-ethanone sodium salt
(example 7) in 20 ml of dry acetone. After 30 min the reaction was complete as
20  confirmed by RP-HPLC and the mixture was filtered through a layer of Celite to
remove the precipitated sodium chloride. The solution was evaporated to dryness to
give 3.8 g (98%) of the pure product as a yellow solid.
"H NMR (DMSO-dg): 0.75 (t, 3H, CHs), 1.20, 1.45 (2 m, 4H, CH,CH,), 2.45 (t, 2H,
CH2C=0 ester), 3.87 (s, 3H, OMe), 4.58 (s, 2H, CH,), 7.67 and 8.08 (2d, 4H, Ar-H),
25 7.47,8.23,8.35 (3 m, 3H, Ar-H).
LC-MS: MH" 376

Example 9: Synthesis of 2-n-butyl-3-(4-chlorobenzoyl)-5-nitrobenzofuran (a
compound of the formula I, R1 = n-butyl, R2 = Cl) using 2-tert.-butyl-1,1,3,3,-
30 tetramethylguanidine as base B (Method 1)

Under argon atmosphere 0.55 g (3.22 mol, 1.2 equivalents) of 2-tert.-butyl-1,1,3,3,-
tetramethyl-guanidine were added at 5-15°C to 1.00 g (2.66 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-chlorophenyl)-ethanone (example 8) dissolved in 4



Exanpl e 10: Synthesis of

2-n-butyl -3-(4-[3-(di butyl am no) - propoxy] - benzoyl )-5- nitrobenzofuran (a
conpound wd 20tvaséeomula 1, R 1 = n-butyl, R2 = 3-[di but ycampdeprosRreOpoxy)
using 2-tert.-butyl-1 , 1 ,3,3,-tetraggthyl guani dine as base B (nmethod 1)
a) 4-[3-(dibutylam no)-propoxy]-acet ophenone was prepared from

4-f | uor oacet ophenone, 3-di butyl am no-propanol and sodi um hydri de by the
pr ocedumleofairg didhi@dnathadne. Mdter 1Chmim theYileeba@hge2edDil @ quicklyi s
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pheny | Tt BiadHIRRII6R SORFRAUDSS ﬂ]crtﬁéf’%tlfr@wﬂ%'tﬁshélmpg?ature over night until RP-
3-[di butyl am no] - propoxy) in analogy to the procedures described in the
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= 3- [dibutylamn r.o ox di ssol ved in 4 dry dj chl or gnet hane were
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1,3,3, % oi | was
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stirri iy NMR7EISQ-da)heD.BOI(lgI3H, ;@Hé)oﬂv%cﬁmi il &8 (Rew, 4Hi Cd-b@lﬁb 2.88 4t, 2H,
t enper 12 hour HP s rmed t he
conpl e@@oﬁ?@ 4%?%0(@ %'é' ?‘ @rﬁ%@i(gt 5&2/*(!58@@%&@ = |t'r5)phenyl ) -
1-(4- [?,_d_mg)_Lli*@ano) propoxy] - phenyl)-1 , 3-hept andi one (conpound of the
formula VIl wherein R1 is n-butyl and R2 is 3-[dibutyl am no] - propoxy,
LCIME: M+ 527).
Example 10: Synthesis of 2-n-butyl-3-(4-[3-(dibutylamino)-propoxyl-benzoyl)-5-
nitrobenzofuran (a compound of the formula |, R1 = n-butyl, R2 = 3-[dibutylamino]-

propoxy) using 2-tert.-butyl-1,1,3,3,-tetramethylguanidine as base B (method 1)

20  a) 4-[3-(dibutylamino)-propoxy]-acetophenone was prepared from 4-fluoro-
acetophenone, 3-dibutylamino-propanol and sodium hydride by the procedure
described in J. Med. Chem., 12, 6209-6219, 2004. This acetophenone derivative was
then transformed into 2-(2-hydroxy-5-nitrophenyl)-1-(4-[3-(dibutylamino)-propoxy]-
phenyl)-ethanone (a compound of the formula 1V, R2 = 3-[dibutylamino]-propoxy) in

25 analogy to the procedures described in the literature (US3657350; US3577441; C.
Majdik et al., Revistade Chimie 40 (6), 490-3 (1989) and 40 (8), 689-93 (1989)
(Bukarest)). Subsequent acylation with valeroyl chloride (a compound of the formula
VI, R1 = n-butyl) analogously as described in example 2 provided the 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-[3-(dibutylamino)-propoxyl-phenyl)-ethanone (a

30 compound of the formula VII, R1 = n-butyl; R2 = 3-[dibutylamino]-propoxy].

b) 1.60 g (3.04 mmol) 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-[3-(dibutylamino)-
propoxy]-phenyl)-ethanone (a compound of the formula VII, R1 = n-butyl; R2 = 3-
[dibutylamino]-propoxy] dissolved in 4 ml of dry dichloromethane were treated under



Then a hot solution of 3.1 2 g (47.3 Mol ) of potassi um hydroxide (85% KCH)
in 20 M of water was added under stirring at 70-90 OC and the stirring was

cont i nuedwbaniol@esvonut es at that tenperature. After coolpicngreonsrm
tenperature the m xture was extractedap th di chl oronmet hane. The organic
phase was washed with diluted aqueous NaOH, aqueous potassi um di hydrogen
phosphate buffer and brine, and then evaporated to dryness. The residue was
puri f i edobyg Bt aéﬂwﬁrwiﬂaﬂﬁr@p&%cmmsl)ldf(?.ateglmbuw 1quBck-téirametttyil-on wit h
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aqueous NaOH, aqueous potassium dihydrogen phosphate buffer and brine, and
then evaporated to dryness. The residue was purified by flash chromatography on
silica gel by quick filtration with ethyl acetate as eluent to give 0.80 g (52%) of the title
15 compound as a yellow oil.
'H NMR (DMSO-dg): 0.82 (3t, 9H, CH3), 1.20-1.40 (m, 10H, CH,), 1.68 (m, 2H, 2-
butylCHy), 1.85 (m, 2H, OCH,CH2CH3N), 2.35 (m, 4H, CH2N), 2.53 (m, 2H,
OCH2CH2CH2N), 2.84 (t, 2H, Ar-CHy), 4.13 (t, 2H OCHy), 7.08 and 7.80 (2d, 4H, Ar-
H), 7.93 (m, 1H, Ar-H), 8.25 (m, 2H, Ar-H).
20 LC-MS: MH" 509

Example 11: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
compound of the formula I, R1 = n-butyl, R2 = OMe) using titanium-tetrachloride
(method 2)

25
Under argon atmosphere 30 ml (30 mmol, 1.1 equivalents) of a 1 M solution of TiCl4
in dichloromethane were added at -10°C to 0°C to 10.0 g (26.9 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in
15 ml of dry dichloromethane and 5.45 g (53.9 mmol, 2 equivalents) of triethylamine.

30  After stirring the mixture at 38-39°C for about 2 days, the reaction mixture was diluted
with 50 ml of 1 N aqueous HCI and 50 ml of MTBE. The organic phase was
separated and washed with 30 ml of 1 N aqueous HCI, 30 ml of aqueous saturated
sodium bicarbonate solution and brine, dried over sodium sulphate and evaporated
to dryness. The residue crystallized to yield 9.4 g (99%) of the title compound.



sodi um bi carbonate solution and brine, dried over sodium sul phate and
evaporated to dryness. The residue crystallized to yield 9.4 g (99% of the

title compoundyiBssopl e 12: Synthesis of PCT/EP2010/057270
2-n-butyl - 3- (4- net hoxybenzoyl ) - 5- ni t rgpenzof uran (a conpound of the fornula
I, R1 =n-butyl, R2 = OWe) using zinc chloride (nethod 2) Under argon

at nosphere 15.4 m ( 15.4 mmol, 1.1 equivalent) of a 1 Msolution of ZnCl 2
in diethylether were added at 0-1 00Cto 5.21 g (14.0 muol ) of 2-(2-
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3.50 g (71%) of the title compound.
15
Example 13: One-pot-synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran
(a compound of the formula |, R1 = n-butyl, R2 = OMe) from the potassium salt

(example 1) using titanium tetrachloride (method 2)

20 0.23 g (1.89 mmol, 1.1 equivalents) of valeroyl chloride (a compound of the formula V,
R2 = n-butyl) were added at room temperature to a stirred suspension of 0.56 g (1.72
mmol) of 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone potassium salt
(example 1) in 10 ml of dry dichloromethane. After 14 hours 0.21 g (2.07 mmol, 1.2
equivalents) of triethylamine and then 1.89 ml of a 1 M solution of TiCl, in

25 dichloromethane (1.89 mmol, 1.1 equivalents) were added. After stirring the mixture
at 40°C over night LC-MS analysis confirmed nearly complete conversion. The
reaction mixture was diluted with 10 ml of 1 N aqueous HCI and 30 ml of MTBE. The
organic phase was separated and washed thoroughly with 2 N aqueous NaOH at
40°C for 20 minutes, then with 10 ml of 1 N aqueous HCI at room temperature and

30 brine, dried over sodium sulphate and evaporated to dryness. The residue

crystallized to give 0.48 g (79%) of the title compound.



reaction mxture was diluted with 10 mM of 1 N aqueous HCl and 30 m of
MIBE. The organi c phase was separated and washed thoroughly with 2 N
aqueous NsQHoa13496¢ for 20 mnutes, then with 10 mM of ?ciNEeaMmees27¢iCl at
roomtenperature and brine, dried oveg3zsodi um sul phate and evaporated to
dryness. The residue crystallized to give 0.48 g (79% of the title
conpound. Exanpl e 14: Synt hesis of
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1.3 m (fnethod2ymol , 1.2 equival ents) of a 1IMsolution of TiCl4 in
di chl oronet hane were added at - 15Cto 0.40 g ( 1 .06 nmol) of
2- (2- pent anoyl oxy-5-ni trophenyl)-1 -(4- chlorophenyl)-ethanone (exanple 8)
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organi ¢ phase was separated and washed thoroughly with 2 N aqueous NaCOH at
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of 0.5 bri nqurleé| over sodlum sulphate and evaporated to dryness. The residue
crystallized to give 0.34 g (89%) of the title compound.
15

Example 15: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a

compound of the formula I, R1 = n-butyl, R2 = OMe) (method 3)

Under argon atmosphere 0.56 g (3.26 mmol, 1.2 equivalents) of 2-tert.-butyl-1,1,3,3,-
20 tetramethylguanidine were added at 5-15°C to 1.00 g (2.69 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in
5 ml of dry dichloromethane. After stirring for 20 min, 20 ml of 0.5 M aqueous HCI
solution and 50 ml of MTBE were added. The organic phase was dried with sodium
sulphate and evaporated to give quantitatively the crude 2-(2-hydroxy-5-nitrophenyl)-
25  1-(4-methoxyphenyl)-1,3-heptandione (a compound of the formula VIII, R1 = n-butyl;
R2 = OMe) which was further purified by RP-chromatography to yield 0.7 g (70%) of
the pure material. This 1,3-diketone was reacted with 0.38 g of triethylamine (3.8
mmol, 2 equivalents) and 0.44 g of TiCls (2.2 mmol, 1.2 equivalents) in
dichloromethane exactly as described in example 11 to give 0.65 g (98% based on

30 1,3-diketone) of the title compound.

Example 16: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
compound of the formula I, R1 = n-butyl, R2 = OMe) using tetramethylammonium

acetate as base B (method 1)



solution and 50 m of MIBE were added. The organic phase was dried with
sodi um sul phate and evaporated to give quantitatively the crude

2- ( 2- hydrweypetrisssooophenyl ) - 1- (4- met hoxyphenyl ) -1 |, 3- heptrawpde0ne 2@
conpound of the formula VIII, R1 = nghutyl; R2 = Owe) which was further
purified by RP-chromatography to yield 0.7 g (70% of the pure material.
This 1, 3-di ketone was reacted with 0.38 g of thethylamne (3.8 mml, 2
equi valents) and 0.44 g of TiCl4 (2.2 mml, 1.2 equivalents) in
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The residue crystallized from methanol to give 0.80 g of the title compound (yield

15 53% and 67% based on the recovered starting material).

Example 17: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
compound of the formula I, R1 = n-butyl, R2 = OMe) using aluminium chloride
(method 2)
20
Under argon atmosphere 0.51 g (1.37 mmol) of 2-(2-pentanoyloxy-5-nitrophenyl)-1-
(4-methoxyphenyl)-ethanone (example 2), 0.44 g (3.30 mmol) of aluminium chloride
(AICI3) and 0.41 g (4.00 mmol) of triethylamine in 4 ml of dry 1,2-dichlorethane were
stirred for 48 hours at 90°C. The mixture was taken up in 5 ml of 1 N HCl and 10 ml
25 of MTBE, the organic phase washed with water and brine, dried over sodium
sulphate and evaporated to give the title compound as a yellow oil (yield 0.45 g,

93%) which immediately crystallized.

Example 18: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
30 compound of the formula |, R1 = n-butyl, R2 = OMe) using 1-butyl-3-methyl-

imidazolium valerate or 1-butyl-3-methyl-imidazolium acetate as base B (method 1)

The valerate salt was prepared in analogy to the procedures described in the
examples 1 and 6 in the patent publication WO2006021304 using valeric acid instead



53% and 67% based on the recovered starting material). Exanple 17:

Synt hesi s of 2-n-butyl -3-(4-net hoxybenzoyl)-5-nitrobenzofuran (a conpound
of the fowoubm/sesoR 1 = n-butyl, R2 = Owve) using al um nipgmeprbdi0seo ( net hod
2) Under argon atnosphere 0.51 g ( 1 387 mmol) of

2- (2- pent anoyl oxy-5-ni trophenyl )-1- (4-nethoxyphenyl)-ethanone (exanple 2),
0.44 g (3.30 mol) of alum niumchloride (AICI3) and 0.41 g (4.00 mmol) of
tri et hyfaceheacid. Undier efgaﬂr&tmqsfbhe're:BlQﬁ)rga(&ﬁﬁenmer)@féZt (2-petahoyloAB-Shour s at
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which i medi ately crystallized. Exanple 18: Synthesis of
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was pr efeanedf wateradaty mi ef MTBRITRetigaetk plessy wasdvdshet lbcexap@snll and 6
in the patent publication WR2006021 304 using valeric acid insteadof acetic
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t he solasteloent) to gRehaB6 § (@B8%)ofshé emstdltineltite compoondt ure was conbined with
3 m of acetic acid, stirred for 1 hour at this tenperature, cooled to room
terererature and quenched with 10 m of water and 20 ml of MIBE. The organic

Vpsor ang SERAan PR bhigh bl Pl (530 ol lor e BBBRreBI 8%, 0 ash
chr onatavgilalpbyl -butysBimetayl- Inmﬂazmiélm acetaite watbi@11 g (0.29 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) under the
same reaction conditions as described in example 18. By comparing the LC-MS
15  chromatogram of the crude reaction mixture with the chromatogram obtained from
the reaction with 1-butyl-3-methyl-imidazolium valerate it was concluded that both

methods delivered the targed compound in similar yield.

Example 19: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
20  compound of the formula I, R1 = n-butyl, R2 = OMe) using iron-trichloride (method 2)

A flask equipped with a Dean-Stark condenser was charged with 20 ml of dry toluene,
2.00 g (10.7 mmol, 2 equivalents) of tri-n-butylamine, 2.00 g (5.39 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) and 0.05 g

25  (0.30 mmol, 0.05 equivalents) of anhydrous FeCls. The mixture was kept at reflux
temperature while some toluene was removed during the reaction. After 2.5 hours
RP-HPLC analysis confirmed the quantitative conversion of the starting compound
into the title compound. The mixture was taken up in 20 ml of 1 N HCIl and 20 ml of
MTBE, the organic phase was washed with water and brine, dried over sodium

30 sulphate and evaporated to give the title compound (yield: 1.90 g, 99%).

Example 20: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a
compound of the formula I, R1 = n-butyl, R2 = OMe) using manganese-dichloride
(method 2)



as eluent) to give 1.36 g (48% of the crystalline title conpound. The
reaction was also carried out using 0.14 g (0.59 nmol) of the commercially
avai | abl ewd-2bwisbsod- met hyl -i m dazol i um acetate with 0. 1p¢TgreéodS2meol ) of
2- (2- pentanoyl oxy-5-nitrophenyl)-1 -§¢-met hoxyphenyl)-ethanone (exanple 2)
under the same reaction conditions as described in exanple 18 . By
conparing the LCG-MsS chromat ogram of the crude reaction mxture wth the
chromat ogram obtai ned fromthe reaction with 1-butyl-3-methyl-imdazolium
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2- Hobutsy'm@-t?@D%VHBQ%%&%WV?JQ%W? W%@Wﬁ&?ﬁggcgpr%&ﬁd of the fornula
I, R1 = n-butyl, R2 = Owve) using manganese-di chl ohde (nethod 2)A flask
equi pped with a Dean-Stark condenser was charged with 20 m of dry tol uene,

2.00 g ( 10.7 mmol, 2 equivalents) of tri-n-butylamne, 2.00 g (5.39 nmol)
of 2-(2-

15



pent anoyl oxy-5-ni trophenyl )-1 -(4-nmethoxyphenyl)-ethanone (exanple 2) and
0.06 g (0.47 muol, 0.04 equival ents) of anhydrous MhC . The m xture was
kept at rwbdl/izesoper ature whil e sone tol uene was renovedraprindsibe
reaction. After 2.5 hours RP-HPLC anaBkysis confirned the quantitative
conversion of the starting conmpound into the title conmpound. The m xture
was taken up in 20 M of 1 N HC and 20 mM of MIBE, the organic phase was
washed with water and brine, dried over sodium sul phate and evaporated to
give t title compound (yield: 1.90 g, 99% .C ains 1. A conmpound of

formul &@'#MS VI| wherein R1 is alkyl having 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11 or 12 carbon atons or cycloal kyl having 3, 4, 5, 6 or 7 carbon atons; R2
is nmethoxy, OCH2C6H5, F, C, Br or OCH 2CH2CH2N( CH 2CH2CH2CHS) 2; and salts
t hereofl. 2 A gorppogrs of fasmupar ¥Pari ng a conpound of the fornmula | | wherein
R1is alkyl having 1, 2, 3, 4, 5, 6, 7, 8, 9, 105,11 or 12 carbon atons or
cycloal kyl having 3, 4, 5, 6 @ 7 carbon atpAsR2" s nmethoxy, OCH2C6H5, F,
Cl, Br or OCH 2CH2CH2N( CH 2CH2EH2CHS) 2; s thereof; which
conprisesVll reacting a congothn with a base C and a
Lewi s acid,

wherein
R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;
R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;
10  and salts thereof.

2. A process for preparing a compound of the formula |

wherein
15 R1 is alkyl having 1, 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms or cycloalky!
having 3, 4, 5, 6 or 7 carbon atoms;
R2 is methoxy, OCH2CgHs, F, Cl, Br or OCH,CH2CH2N(CH,CH2CH2CHs)g;
and salts thereof;

which comprises



wherein R 1 and R2 in the conpound of the fornula VII are each as defined
in formulal . 3 . Aprocess clainmed in claim2 wherein the base Cis

t het hyl anfvoep10136s00- but yl ami ne, tri-n-propyl am ne, Nnet pyiripreensi2;io

di i sopropyl ethyl am ne or sparteine; apgd the Lewis acid is
titaniumtetrachloride (TiCl4) , alum niumchloride (AIClI3), zincchloride
(ZnCb), zinc-bromde (ZnBr2) , iron-chlorides (FeCl and FeC 3) ,

i ron-acetyl acet onates (Feg R22 and Fe[acac] 3) , ironacetates (Fe[ OAc]

2) and Fe[ . \c] 3) @ -di chl ohde (MCI 2) nang%neseorﬂéje

(MBr2) , Jm > (M[ Qagl Zrcand MhiAc] 3)
manganes& ace

zirconiumtet blohde (Zr Cl 4) scandi up tr - QSO 2CF3] 3) ,
scandiumtrichlorid® (ScC 3) , tin-tetrachl ride R1

bi snuth-triflate (Bi OSO 2CF3]3) , indiuntriflate 8O 2CFs] 3) , and
ceriumtrichloride( 13) , 4 . A conpound of the fornmula VIII whereinR 1
is alkyl having 1, 2,,3, 4, 5, 6, 7, 8 9, 10, 11 or 12 carbon atons or
cycl oal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is nethoxy, OCH2C6H5, F,
G, Br resactidgh %@T\%@Uﬂ&(ﬁm@%ﬂ@iﬂmlﬂ) am@e&abha d hewieadcid,> . A process

for preparing_a conpound of the fornula I .
wherein R1 and R2 in the compound of the formula VIl are each as defined in

formula I.
5
3. A process claimed in claim 2 wherein
the base C is triethylamine, tri-n-butylamine, tri-n-propylamine, N-
methylimidazol, diisopropylethylamine or sparteine;
and
10  the Lewis acid is titanium-tetrachloride (TiCls), aluminium-chloride (AICIs), zinc-
chloride (ZnCly), zinc-bromide (ZnBr,), iron-chlorides (FeCl, and
FeCls), iron-acetylacetonates (Fe[acac], and Fe[acac]s), iron-
acetates (Fe[OAc]2) and Fe[OAc]s), manganese-dichloride
(MnCl2), manganese-dibromide (MnBr2), manganese-acetates
15 (Mn[OAc]2 and Mn[OAc]s), manganese-acetylacetonates
(Mn[acac]s and Mn[acac]), zirconium-tetrachloride (ZrCls),
scandium triflate (Sc[OSO2CF3]s), scandium-trichloride (ScCls),
tin-tetrachloride (SnCls), bismuth-triflate (Bi[OSO2CF3]s), indium-
triflate (IN[OSO2CF3]3), and cerium-trichloride (CeCls),
20
4. A compound of the formula VIl

wherein



wherein R1 is alkyl having 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11 or 12 carbon
atons or cycloal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is nethoxy,
OCH2C6H5,wB,2010/136880 or OCH 2CH2CH2N( CH 2CH2CH2CHS) 2; an@csaipbsiotobereof ;

whi ch comprises acid | a) treatnent ofigthe ester of the formula VII with a
base B providing the 1, 3-di ketone of the fornula VIIl;b) heating of the

1, 3-di ketone of formula VIII in an acid providing the conpound of the
formul &1 ; whelkgi maving 1t Be3.cbrmmdyids, 6f 10,hl dot 2ebemn\atbmsnat dyicldaliyll and
R2 are each as. de:IBi41§_jd injorrrula | .. 6 . Aprocess as clained in claimb5
wherei n t he "Y¥08 B 42 SRTL SRR EPHSnat e, sodi um car bonat e,

cesi umygarb ] iy ge { I NEG .
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sodi umangrsaisttaergolim t er t - but oxi de, sodi um or potassiumtert.-pentoxide,
l'ithium diisopropyl am de, tetraal kyl amoni um hydroxi de or -acetate wherein
alkgl in each al kyl residue is independently of each other nethyl, ethyl,
propyl ;5. but W picede et prap8ritdarceonpduiel shthaesen@byl resi dues can be

repl aced by benzyl, a 1, 3-dial kyl-im dazolium carboxyl ate, wherein each

al kyl residue is independently of eacoh ot he th|¥b et hyl, propyl or butyl

and (|)+
o™
I
wherein
R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
10 having 3, 4, 5, 6 or 7 carbon atoms;

R2 is methoxy, OCH,CeHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs)o;
and salts thereof;

which comprises

base B

15 a) treatment of the ester of the formula VIl with a base B providing the 1,3-diketone
of the formula VIII;



wherein carboxylate is acetate, propionate butyrate, pivaloate or valerate,
1, 1 ,3,3,-tetranethyl-guanidine, 2-tert.-butyl-1, 1 ,3,3,-

t et r amet hyb-guansdone, 1, 1 , 2,3, 3- pent anet hyl guani di ne pctiEP2010/057270

di azabi cycl o[ 4. 3. 0] non-5-ene, 1, 8-di aggbi cycl o[ 5. 4. 0] undec-7-ene, 7-

met hyl -1 , 5, 7-thazabi cycl o[ 4. 4. 0] dec-5-ene, 1,5, 7-

triazabi cycl o[ 4. 4. 0] dec-5-ene or 2-tert.-butylimno-2-diethylamno-1 , 3-

di met hyd)- peatmgloiothe 1,,3-dkelora apfoospiteoVilhe; araadidtgrevidaigithescomumaund aici d,
2-chloro-_acetic, acid, nethoxy-acetic acid, propionic acid, butyric acid,
val eric a®do8PUGikalic acid or a mixture of at |east 2 of aforesaid acids.

7 . A RIRGERS ritheCddthpBithddofthaidmmaddl &hd YIMRarsidRbhRe €RdRQINd of the
formula VIIl is isolated and then is reacted with an acid. 8 . A process as

cl ai nedlefinedlimforguta &nd/ or 6 wherein the conpound of the formula VI11 is
pregared in situ without being isolated and then is reacted with an acid. 9
A process for preparing a conpound of the formula Il wherein R 1 is alkyl

havinggl, 2A grocéss 2s claiméd i8.cldim 3 hetdinor 12 carbon atons or cycl oal kyl
havi ng 3, 5, 6 or 7 carbon atonms; R2 is nethoxy, OCH2C6H5, F, C, Br or

OCH ZGLDQZH;R@@% EOpplespiorsyarbogate, SAOILN-CRERANGHE, GRSIWR-CasPRIateesodiddle C and
hydride, potassium-hydride, lithium-bis(trimethylsilyl)amide, potassium-
bis(trimethylsilyl)amide, sodium- or potassium-tert-butoxide, sodium- or

10 potassium-tert.-pentoxide, lithium- diisopropylamide,
tetraalkylammonium-hydroxide or -acetate wherein alkyl in each alkyl
residue is independently of each other methyl, ethyl, propyl, butyl or
decyl and wherein one or more alkyl residues can be replaced by
benzyl, a 1,3-dialkyl-imidazolium carboxylate, wherein each alkyl

15 residue is independently of each other methyl, ethyl, propyl or butyl and
wherein carboxylate is acetate, propionate butyrate, pivaloate or
valerate, 1,1,3,3,-tetramethyl-guanidine, 2-tert.-butyl-1,1,3,3,-
tetramethyl-guanidine, 1,1,2,3,3-pentamethylguanidine, 1,5-
diazabicyclo[4.3.0]non-5-ene, 1,8-diazabicyclo[5.4.0]undec-7-ene, 7-

20 methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene, 1,5,7-
triazabicyclo[4.4.0]dec-5-ene or 2-tert.-butylimino-2-diethylamino-1,3-
dimethyl-perhydro-1,3,2-diazaphosphorine;

and
the acid is acetic acid, 2-chloro- acetic acid, methoxy-acetic acid, propionic acid,
25 butyric acid, valeric acid or pivalic acid or a mixture of at least 2 of
aforesaid acids.
7. A process as claimed in claims 5 and/or 6 wherein the compound of the

formula VIII is isolated and then is reacted with an acid.

30
8. A process as claimed in claims 5 and/or 6 wherein the compound of the
formula VIII is prepared in situ without being isolated and then is reacted with an acid.

9. A process for preparing a compound of the formula |



Lewis acid a) treatnent of the ester of the fornula VI with a base B
providing the 1, 3-di ketone of the fornula VII11; b) transformation of the
1, 3-di ketwoeonfiztdee formula VIII into the conpound of t perfEpremlosr2lo by
using a base Cin conbination with a hewi s acid; wherein, in the conpounds
of the fornmulae VII and VIl R 1 and R2 are each as defined in formula |
10 . A process as clainmed in claim9 whereinthe base Bis

pot assi um car bonat e, sodi um car bonat e, o car bonat e, sodi um  hydri de,
pot assi um hydride, lithiumbis(thnmetf 3 e,
potassiun}bis(thnethylsiIylﬁénide, SO pot assi unt ert- but oxi de,
sodi um or potassiun}tert.;mﬁnto,'de, ndi | sopropyl am de,

t et raal kyl ammoni um hydr oxpde © acet ale wherein alkyl in each al kyl
residue is independently of eag er arethll, ethyl, propyl, butyl or
decyl and wherein one or nore aiNg 6si dues can be replaced by benzyl, a
1, 3-di al kyli m dazol i um car boxyl ate, wherein each al kyl residue is

i ndependent |y of each other methyl, ethyl, propyl or butyl and wherein
carboxylate is acetate, propionate butyrate, pivaloate or valerate, 1, 1
, 3, 3, - twdtareimet hyl - guani di ne, 2-tert.-butyl-1, 1 ,3,3,-

tetra yl -guanj dine, ,1 - pent hyl guani di n 1, 5-

i azanthol SARS BVIGH 1526t B B TaPadaid cbiobol 8 CATS AIRBES - @ysipalky

7-nmethyl -1 ravifgt 38208 GV Etabdnktéidec- 5-ene, 1,5, 7-

triazabi cycl o[4.°4. 0] dec-5-ene or 2-tert. - butl_?ll i m no- 2-di et hyl am no-
5 R2° is methoxy, OCH.CsHs, F, Cl, Br or OCH2CH>CH2N(CH2CH2CH2CHs)y;

and salts thereof;

which comprises

base B

base C and
Lewis acid

a) treatment of the ester of the formula VII with a base B providing the 1,3-diketone
10 of the formula VIII;
b) transformation of the 1,3-diketone of the formula VIII into the compound of the
formula | by using a base C in combination with a Lewis acid;
wherein, in the compounds of the formulae VIl and VIII R1 and R2 are each as
defined in formula |.
15
10. A process as claimed in claim 9 wherein



1, 3-di met hyl - perhydro-1 , 3, 2-di azaphosphohne; the base Cis triethylam ne,
tri-n-butylamne, tri-n-propylam ne, Nnethylim dazol, diisopropylethylam ne
or spart ewvoepicanegsopbhe Lewis acid is titaniumtetrachl oripde/spiaiolod)270

al um niumchloride (AICl3), zincchlorjge (ZnCb), zinc-bromde (ZnBr2) ,

i ron-chlorides (FeCl and FeCl3) , iron-acetylacetonates (Fe[acac] 2 and
Fe[acac] 3) , ironacetates (Fe[ OAc] 2) and Fe[ OAc] 3) , manganese-di chl ohde
( MnCl 2)the bamedianese- disypatassien(-6drBopate, sodiupacedmnatet cEsasn{Cenjadade, 2 and

Mh[ OA 3) ., - tyl acet { es. 3 d . )
RGN TR e e G ey
scandi umtrichloride G364d. assiltJﬂn%i&&ﬁir‘?@ﬂﬂ!lé?ryi)gﬁﬁicgeﬁ%@dﬂ)mq or potassium-

bisnuth-triflate (Bi [0SO 2CF3]3) , indiuntriflate (I'n[OSO 2CF3]3) , and
ceriumtrichloride (Ctet-Bytoxidel sodiur-oreiassiuattgrimpentaxids, dithismo and/ or 10

wherei n the conpound qf for Y4 s 1sol ated,and then | eact ed
W tﬁ a base C and a ngé&lggylgﬂ"@é,ﬁe@%l%l@ﬁgtg@gﬁgﬁmr%é(@iel(ﬂ'-%Fgfaﬁé 9 and/ or
10 wherein the conpounghepéintdngiroesth alkyl tdsidue i@rilﬁ?@ﬁj@@dnﬂyﬁf’éuprﬁ\fdﬁwu'ﬁ
being isolated and then is reacted with a base C and a Lewms acid. 13 . A

process as claimed i nmsiylopthirbsory!, Pulyl @1 egaw and vehesat @ne of MRre ur t her
O encbeonnas oI FBYRIGATS REY B binedT B oBgTEOTY o
al kal i ne hydrol ysi s wirhidazgliienearttmstste] whémimeath ahg| resighexisi ve
2 (l% hydroxy-5-nit rOpihn%ne%le%aént_lf(rmyleaect:hhgtrr]w%rr](rane%ylf 8trhwlparopl)3>ll or butyl and
wherein carboxylate is acetate, propionate butyrate, pivaloate or
valerate, 1,1,3,3,-tetramethyl-guanidine, 2-tert.-butyl-1,1,3,3,-
tetramethyl-guanidine, 1,1,2,3,3-pentamethylguanidine, 1,5-
diazabicyclo[4.3.0]non-5-ene, 1,8-diazabicyclo[5.4.0]lundec-7-ene,
15 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene, 1,5,7-
triazabicyclo[4.4.0]dec-5-ene or 2-tert.-butylimino-2-diethylamino-
1,3-dimethyl-perhydro-1,3,2-diazaphosphorine;
the base C is triethylamine, tri-n-butylamine, tri-n-propylamine, N-
methylimidazol, diisopropylethylamine or sparteine;
20 and
the Lewis acid is titanium-tetrachloride (TiCls), aluminium-chloride (AICIs), zinc-
chloride (ZnCly), zinc-bromide (ZnBr,), iron-chlorides (FeCl, and
FeCls), iron-acetylacetonates (Fe[acac], and Fe[acac]s), iron-
acetates (Fe[OAc]2) and Fe[OAc]s), manganese-dichloride
25 (MnCl2), manganese-dibromide (MnBrz2), manganese-acetates
(Mn[OAc]2 and Mn[OAc]s), manganese-acetylacetonates
(Mn[acac]s and Mn[acac]), zirconium-tetrachloride (ZrCls),
scandium triflate (Sc[OSO2CF3]s), scandium-trichloride (ScCls),
tin-tetrachloride (SnCls), bismuth-triflate (Bi[OSO2CF3]s), indium-
30 triflate (IN[OSO2CF3]3), and cerium-trichloride (CeCls).

11. A process as claimed in claims 9 and/or 10 wherein the compound of the
formula VIII is isolated and then is reacted with a base C and a Lewis acid.



|V or the corresponding sodiumor potassiumsalt of the fornula V V
wherein, in the conpounds of the fornulae IV and V R2 is as defined in

formul a Iwo 284v13650pr ocess for preparing a conpound of t lpeTfEPROMl0872Y0 |
wherein R 1 is alkyl having 1, 2, 3, 43 5 6, 7, 8, 9, 10, 11 or 12 carbon
atons or cycloal kyl having 3, 4, 5, 6 or 7 carbon atons; R2 is nethoxy,
OCH2C6H5, F, O, Br or OCH 2C H2C H2N(CH 2C H2C H2CHS) 2 ; and salts

t her eof1;2. mhiﬁc;hrom:eepnatssz@meeldntdlaimsag sodpodAdwoerdinéhd compbend df the h an aci d
chl ori de of resen of, a pase A Vi, di. he ester
of ¢ he tonotaidfive Prefaigd & sty wiRu hRg St BRA 4f rencied MRk b9 o
are eaghgag sdedwigestid.n formula Vil. 15 . A conpound of the fornula V V
wherein R2 is nmethoxy, OCH2C6H5, F, O, Br or OCH 2C H2C H2N(CH 2C H2C
HZCHS) 2 and Mis Na or K 16 . A process for preparing a conpound of the

12 Sar D atonoces dyalielyi na e dundiiats g Sandoudiadvgler O T
comprising the step of recycling the potentially remaining amount of unreacted
compounds of the formulae VIl and VIl in the reaction mixture by alkaline hydrolysis
with aqueous bases in form of the respective 2-(2-hydroxy-5-nitrophenyl)-1-aryl-
ethanone of formula IV

10

wherein, in the compounds of the formulae IV and V R2 is as defined in formula I.

15 14. A process for preparing a compound of the formula VI

wherein

R1 is alkyl having 1, 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl



R2 is methoxy, OCH2C6H5, F, C, Br or OCH 2CH2CH2N(CH 2CH2CH2CHS) 2; and
salts thereof; which conprises reacting a conpound of the formula V with an
aci d chl owpdeimif;ecgohe formula VI in the presence of a baserAprps0wsrag t he
ester of the formula VII; wherein in ghe conpound of the fornulae IVR 1
and R2 are each as defined in formula VI and Mis Na or K. 17 . A process
as clainmed in clains 14 or 16 wherein the base A is thethylam ne,

di i sopropy! éiakingadid e, ctori 7 catbonydtamsne, pyri di ne, 4-di net hyl am nopyri di ne,

NACH G NZGHR SN 0T LR STORE RIGHRREH S HEGRIGHEL DY e2ecs

and K2
and salts thereof;

which comprises

\V, VI

reacting a compound of the formula IV with an acid chloride of the formula VI in the
presence of a base A providing the ester of the formula VI,
10 wherein in the compound of the formulae IV R1 and R2 are each as defined in

formula VII.

15. A compound of the formula V

15 wherein
R2 is methoxy, OCH2CsHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs),
and
M is Na or K.

20 16. A process for preparing a compound of the formula VI



10

15
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wherein

R1 is alkyl having 1, 2, 3,4, 5,6,7, 8,9, 10, 11 or 12 carbon atoms or cycloalkyl
having 3, 4, 5, 6 or 7 carbon atoms;

R2  is methoxy, OCH2CgHs, F, Cl, Br or OCH2CH2CH2N(CH2CH2CH2CHs3)y;

and salts thereof;

which comprises

v VI

reacting a compound of the formula V with an acid chloride of the formula VI in the
presence of a base A providing the ester of the formula VI,
wherein in the compound of the formulae IV R1 and R2 are each as defined in

formula VIl and M is Na or K.

17. A process as claimed in claims 14 or 16 wherein

the base A is triethylamine, diisopropylethylamine, tri-n-butylamine, pyridine,
4-dimethylaminopyridine, NaOH, KOH, NaxCOs and K>COs. In
one embodiment base A is preferably Na,COs and KoCOs.



