PROCESS FOR SYNTHESIZING KETO BENZOFURAN DERIVATIVES The present invention
relates to keto benzofuran derivatives of general formula (1) represented below, and also to a process
for synthesizi%&.p%ri é//i%?qyﬁ)ling between a quinonei{nine and a keto eter-R 1t9/§é/61é6§tic
intermediates thereot. (1) In the keto benzofuran derivatives of formula (1), 1 represents a linear
or branched alkyl (i), haloalkyl (ii), cycloalkyl (iii), substituted or unsubstituted aryl (iv), alkene (v) or
alkyne (vi) group, G3 represents (i) a group -NHSO2Re or (ii) a group -NHRe, in which Re
represents (a) a linear PRUSESS H QK EYNMITHE S I RECWHTDKBEQROP ORAN BERDSGATUNGESOr
unsubstituted aryl group, G5 represents a halogen atom or a group -ORb in which Rb represents
a hydrogen atom, an alkyl, haloalkyl, aryl, arylalkyl, heteroaryl, cycloalkyl or heterocycloalkyl group or
an -alkyleneaminoalkiigyroigsent inrentipphiriatesrden kel dregaivaeonterbieivas brasnenel alkyl,

haloalkyl, alkowyrand IKQ¥prkEhEIaURSONO EnanalBdas eyRbiedd brlsyhitiedizing thepRriigularly

d t derivyati f the keto b f (N1 L. ,
s RN B BRSSP A OIS IRS919 & et EREf R OHERS S IR RO Under the

name dronedaheneofDronedarone, of formula (D) below: NRCH12)3CH312

In the keto benzofuran derivatives of formula (1),

G1 represents a linear or branched alkyl (i), haloalkyl (ii), cycloalkyl (iii),
substituted or unsubstituted aryl (iv), alkene (v) or alkyne (vi) group,

G3 represents (i) a group —NHSO,Rc or (ii) a group —NHRc, in which Rc
represents (a) a linear or branched alkyl group, (b) a cycloalkyl group or (c) a
substituted or unsubstituted aryl group,

G5 represents a halogen atom or a group -ORb in which Rb represents a
hydrogen atom, an alkyl, haloalkyl, aryl, arylalkyl, heteroaryl, cycloalkyl or
heterocycloalkyl group or an -alkyleneaminoalkyl group,

Ra is chosen from a hydrogen atom, halogen atoms and alkyl, haloalkyl,
alkoxy and alkoxyalkyl groups,

nais an index equal to 0, 1, 2, 3 or 4.

A particularly advantageous derivative of the keto benzofurans (l) is 2-n-
butyl-3-[4-(3-di-n-butylaminopropoxy)benzoyl]-5-methylsulfonamidobenzofuran,

known under the name dronedarone. Dronedarone, of formula (D) below:



(D) may be in the form of the free base or in salt form, in particular the hydrochloride salt of
2-n-buty1-344-(3-di-n-butylaminopropoxy)benzoy1]-5- methylsulfonamidobenzofuran.

Dronedarone evss %%Wﬁticularly useful as an aca've principle in ing,i&%iﬂgﬁquy@gg&% arrhythmia.
At the present time, &ronedarone in free base form is Synthesized according to the process described
in EP 0 471 609 B1 via the key intermediate bearing a benzofuran nucleus, 2-butyl-5-nitrobenzofuran.
In this synthetic process, the intermediate 2-butyl-5-nitrobenzofuran must be functionalized in position
3 and must be transformed in position 5, according to scheme ,LQ(WH%@ﬁgizﬂcally, the nitro group
borne in position 5 of 2-butyl-5-nitrobenzofuran musthe verted into methanesulfonamide by a
reduction of -NO2 to -NH2 followed by a sulfaqyls WO 2012/127174 3 Scheme 1 0. +
PCT/FR2012/050607
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(D)

may be in the form of the free base or in salt form, in particular the hydrochloride salt
of 2-n-butyl-3-[4-(3-di-n-butylaminopropoxy)benzoyl]-5-
methylsulfonamidobenzofuran.

Dronedarone proves to be particularly useful as an active principle in
indications of cardiac arrhythmia.

At the present time, dronedarone in free base form is synthesized according
to the process described in EP 0 471 609 B1 via the key intermediate bearing a
benzofuran nucleus, 2-butyl-5-nitrobenzofuran. In this synthetic process, the
intermediate 2-butyl-5-nitrobenzofuran must be functionalized in position 3 and must
be transformed in position 5, according to scheme 1 below. Specifically, the nitro
group borne in position 5 of 2-butyl-5-nitrobenzofuran must be converted into

methanesulfonamide by a reduction of -NO, to -NH, followed by a sulfonylation.



The complexity of the technical implementation of this type of process proves to be problematic and
prejudicial in terms of yield, safety (use of hydrogen and of alkylating reagent during the mesylation)
and of the envvw Qt/{gerﬂ{atlon of iron or alumlnurét salts during the ﬁgte/gﬁ 5553 f The
Applicant thus sought novel synthetic routes using benzofurans, preferably already unctlonallzed in
positions 2, 3 and 5 of the benzofuran nucleus and advantageously already suitably functionalized in
positions 2 and 5, in order to perform the synthesis of molecules of formula (I) above, thus making it
possible to overcome the technical difficulties whilesghidiaesame time optimally satisfying the cost,
toxicity, safety and environmental friendliness constraints associated wit industrialization of such
a synthetic process. The Applicant has now found a novel prge€ss for synthesi

acid form (|) in base form (i &rhthe form of an a
(iv) or in solvate form (v), advahtagéoUshy-drene a@rzthe hydrochloride salt thereof, said keto
benzofuran derivative being pf form s "'- (Ra)na fit (1) in which G1 represents (i) a
linear or branched alkyl gro advantagé%usl;?ﬂél C1-C8 alkyl group and even more advantageously a
C1-C4 alkyl group, for instance a methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl
group, (ii) a haloalkyl group, Q—L) a cycloalkyl gr i i

an alkene group or (vi) an alkyneygroup-a
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The complexity of the technical implementation of this type of process proves
to be problematic and prejudicial in terms of yield, safety (use of hydrogen and of
alkylating reagent during the mesylation) and of the environment (generation of iron

or aluminum salts during the Friedel-Crafts step.

The Applicant thus sought novel synthetic routes using benzofurans,
preferably already functionalized in positions 2, 3 and 5 of the benzofuran nucleus
and advantageously already suitably functionalized in positions 2 and 5, in order to

perform the synthesis of molecules of formula (I) above, thus making it possible to



G3 represents (i) a group -NHSO2Re or (H) a group -NHRe, in which Re represents (a) a linear or
branched alkyl group, advantageously a C1-C8 alkyl group and even more advantageously a C1-C4
alkyl group, fow nee, Qﬂlﬂhyl, ethyl, n-propyl, isoaropyl, n-butyl, seg—@y}ﬁ/‘ﬁ%é%ﬁgb%bgroup, (b) a
cycloalkyl group or (c) a substituted or unsubstituted aryl group, advantageously represents a
group -NHSO02alkyl or a group -NHSO02aryl, and even more advantageously G3 represents a group
-NHSO2CHS3i G5 represents a halogen atom or a group -ORDb in which Rb represents a hydrogen
atom, an alkylohelestkyltray b crntalk ifftugiesganil €l oadk ghatehaies ogymaali\ S grsiup @ tian
-alkyleneamingalkyl] group, advantageously G5 represents a group -QORb with Rb, chosgn, from
akyleneaminca B b A R R AR e
represents a sopustiriiratnosesYedra ayRYithigeIPeass, halogen atoms and alkyl, haloalkyl, alkoxy and
alkoxyalkyl groups, advantageously Ra represents a substituent chosen from a hydrogen atom,

halogen atoms and | groups, no.is an index equal to 0, 1, 2, 3 or 4, said process compyrising (i) a
Friodel Craits acylat e NBHTHET (17 FAS M MRt R2E85R, G AR 4ahG place
starting with ahentefaredideei aftiersnoldaiifa(I() innradictrr groops! Gbeass BB aystbssifimed above

and in which the, JEQUR A2 ERASENDTBNEIaSHALRYS the Qi AauRs Ao XK ARbAXY groups

and -NRdRe with Rd and Re being identical or different and being chosen, independently of each
other, from a RO AISEMSKYFGRIGPS AN VIt B GR RaT RSBy NG BIRREBRING optionally
substituted, advarddgettgly & Drehasen tsasyniiedeentiadoing) anslezvén Mdrenadyadtageausly G2 is

h f . : - <nid i it . )
e o RS WPTMOB e SRR PG SnGH U bSO
and route B, affording a certain level of industrial flexibility.

According to a first aspect, the invention is directed toward a process for
synthesizing a keto benzofuran derivative, in acid form (i), in base form (ii), in the
form of an addition salt with an acid or a base (iii), in hydrate form (iv) or in solvate
form (v), advantageously dronedarone or the hydrochloride salt thereof, said keto

benzofuran derivative being of formula (I) below:

(Ra)na

(i

in which

G1 represents (i) a linear or branched alkyl group, advantageously a C1-C8
alkyl group and even more advantageously a C1-C4 alkyl group, for instance a
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl group, (ii) a haloalkyl
group, (iii) a cycloalkyl group, (iv) a substituted or unsubstituted aryl group, (v) an
alkene group or (vi) an alkyne group, advantageously G1 represents an alkyl group
and even more advantageously G1 represents an n-butyl group;

G3 represents (i) a group —NHSO,Rc or (ii) a group —NHRc, in which Rc
represents (a) a linear or branched alkyl group, advantageously a C1-C8 alkyl group

and even more advantageously a C1-C4 alkyl group, for instance a methyl, ethyl,



in which the phenyl is optionally substituted in the ortho and/or meta position, but never in the para
position, with said radical Rol with Ra and no as defined above, in the case where said intermediate

(I1) is engage 325{5%%? ion. The compoundg of formula (1) cag&pﬁﬁé@%%gé.}nore

asymmetric carbon atoms hey can therefore exist in"the form of enantiomers or diasterecisomers.
These enantiomers, diastereoisomers and also mixtures thereof, including racemic mixtures, form part
of the invention. The compounds of formula (I) may exist in the form of bases or of
pharmaceuticaﬂyrapgzemabrlep@dditmmysaé&wiitymgwnmwmﬂﬁml aidssyoralkpdgisignasqtis form part

of the invention. The alts ma ar dWI harmac utl aII eptable acids, but salts of
other acids that ai arre]b(}%ltﬁs%dtfor egg?rlfp @orgpurl gr%l# |So?($|ng S?po%r?ds 8f?ormpula (I) also

form part of th@rmanﬁSOzalkAc@romug@w ahtb‘!ﬁ@za@/ﬂ)eéﬂfih@/ﬁﬂ/m@n afl¥anterredsly Sydthetic

intermediates giBsanitNg geUPawdeatEgrmulae (1), (VIIl) and (IX) in base form, or in the form of
pharmaceutically acce%able addition sa?Its with organic or m|n<§ | acids, fcthFO ﬁf%le the salts defined

above for formula (I)Gs f&%@mﬁﬁdg ﬁ?e&/ﬁi?'gn%f(%@ RRin 'POW(W\(/‘i REeSwhich G1
and G3 are ashgidfogen farttne keto laéyLofbadoalifforamvia @iyiddoxe detemamiicltyhakyglupoG?2 is

chosen from halapen dams BRPHIreP. ) j@ﬁ@&ﬂuﬁ&\?@’ greHps AhatigaiRRiyitgsRd and Re

being identical or dlfferent and being chosen, independently of each other, from a hydrogen atom, alkyl
groups and ar{fRJRSERE sAiPLRY! arQRerY"ﬁPOLFH% E@WBpffBthl)?%mao%ﬁ%%@éusly G2is
chosen from hadogetagionss, Rbdepresamsre Shantaggansho pdis/ohosen from chlorine and bromine,

or from the fOHOWingR%r%&%sents a substituent chosen from a hydrogen atom, halogen atoms
and alkyl, haloalkyl, alkoxy and alkoxyalkyl groups, advantageously Ra represents a
substituent chosen from a hydrogen atom, halogen atoms and alkyl groups,
nais an index equal to 0, 1, 2, 3 or 4,
said process comprising (i) a Friedel-Crafts acylation reaction or (ii) a Fries

rearrangement reaction, said reactions taking place starting with an intermediate of

formula (I1)
G,
@)
G,
A\
G,
O

(1)
in which the groups G1 and G3 are as defined above and in which the group G2 is
chosen
» from halogen atoms, the -OH group, alkoxy and aryloxy groups
and -NRdRe with Rd and Re being identical or different and being chosen,
independently of each other, from a hydrogen atom, alkyl groups and aryl
groups, said alkyl and aryl groups being optionally substituted,
advantageously G2 is chosen from halogen atoms, and even more
advantageously G2 is chosen from chlorine and bromine,
in the case where said intermediate (Il) is engaged in a Friedel-Crafts
reaction;
or

= from the following groups



in which the phenyl is optionally substituted in the ortho and/or meta position, but never in the para
position, with said radical Rol with Ra and no as defined above for the keto benzofuran (I). In the
context of theW ﬂ\ﬁqtﬂn and unless otherW|se6ment|oned in theF;@gFl}Q Of?y g@ |II be
understood: - the nu ering of the positions of the benzofuran nucleus is performed in the following
manner: 43 71 a haloaen atom: a fluorine, chlorine, bromine or iodine atom; an alkyl group: a
saturated, linear or branched aliphatic group, which may comprise 1, 2, 3, 4 or 5 carbon atoms
(abbreviated as -(C1-05)alkyl). Examples that may be mentigregrigclude (i) as -Clalkyl group, the
methyl group, (ii) as -C2alkyl group, the ethyl group, (Hi) as=E3alkyl group, the n-propyl group and the
isopropyl group, (iv) as -C4alkyl group, the n-butytg @o utyl group and the tert-butyl group,
(v) as -05alkyl group, the n-pentyl group and the isopentyl\grodp; a haloalkyl group: an aIkyI group as
defined above substituted lth 2,3,40r5 hal atoms, as define frﬁﬁ eviousl xam les that will
be mentioned are the “Ral$(t€ aﬂaﬁ@' ol?pgpaﬁﬂ? &1%%3 %de oﬂlpé Por THefance the
trifluoromethyl group (aiobmatleﬁ reMg) iartermaraOp2HoR3 witb Laid radlcadlkmnw@rﬁﬁpaadsaturated,
linear or branched, divglegt ajlkyh s SR RS defined previously, which may comprise 1, 2, 3,4 or 5

carbon atoms (abbreviated (C1-05)alkylene-) or -(Cl- 1221 to 5 -. Examples that may be mentioned
include in the case where'said intermediate (1l) is engaged in a Fries reaction.

The compounds of formula (I) can comprise one or more asymmetric carbon
atoms. They can therefore exist in the form of enantiomers or diastereocisomers.
These enantiomers, diastereoisomers and also mixtures thereof, including racemic
mixtures, form part of the invention.

The compounds of formula (I) may exist in the form of bases or of
pharmaceutically acceptable addition salts with organic or mineral acids. Such
addition salts form part of the invention. These salts may be prepared with
pharmaceutically acceptable acids, but salts of other acids that are of use, for
example, for purifying or isolating the compounds of formula () also form part of the

invention.

According to another aspect, the invention also relates to synthetic
intermediates such as the compounds of formulae (I1), (VIIl) and (IX), in base form,
or in the form of pharmaceutically acceptable addition salts with organic or mineral
acids, for example the salts defined above for formula (1), said compounds (I1), (VIII)

and (1X) having the following formula:

G,
G,
o o GO
G
3 \ . [ G, G,
1 G
o) o) G1 'e) OH 1

(1) (VIIN) (IX)
in which G1 and G3 are as defined for the keto benzofuran of formula (l) above and
in which the group G2 is chosen

» from halogen atoms, the -OH group, alkoxy and aryloxy groups



methylene (or -GH2-), ethylene (or -CH2-CH2-) and propylene (-CH2-CH2-CE12- or -C(CH3)2-)
radicals; an alkoxv wow: a radical -0-alkyl in which the alkyl group is as defined previously. Examples
that may be [ ' groups -0-(C1-05)alkyLor -(C1-05)alkox j j i) as group
-0-C1 alkyl, t@rggﬁs’éﬁgﬁ@, (i) as group -0-C2aIkIZ/I, the group -Oegﬁ%@a@%}r{%ﬁé@ -C3alkyl,
the group -Opropyl and the group -Oisopropyl, (iv) as group -0-C4alkyl, the group -Obutyl, the group
-Oisobutyl and the group -Otert-butyl, (v) as group -0- C5alkyl, the group -Opentyl, the group
-Oisopenty| anghtheNRaRe -QiteoReNBA D aReamdMKy ewicalrashcaifdentyldndwbighgthenagghgroup is as
defined belowin u g%e%r&u ; ga%flci) aro Iroant1ic: roctfl% cgrgn&gsinglﬁ,ﬂ F%UQ or 1 acra[bon atoms.
Examples of ary roups% at may be men ioned INCIUGS the erény yg upp(%lerewg e(%ﬁgﬁf the
naphthyl grougaid aiekaamkaryraiay peRRiRgeoaticnatiftds Hytadfindapieasously GR theh®shd, meta or
para position @R ALYBRUGIWE ) - cleB KRNI | BRSO I 3% D& FeRBEON b N CHERINE 6H4-CH3
groups with CH3 in the ortho, meta or para position; an arvlalkvl wow: an aryl group, as defined
above, substitﬁ?éjog\g\ﬂfﬂ'%?’least one alkyl group, as defined above. Advantageously, they are -alkylaryl
radicals. An example that may be mentioned is the benzyl radical, i.e. the radical -CH2-Ph; an
alkoxvalkvl wow: a radicghaf {ﬁ)érmﬁlg‘mﬁ&(&%ras-so-alkyl, in which the alkyl and alkylene groups,
comprising the same carbon number or not comprising the same carbon number, are as defined
previously. Examples that may be mentioned include the g ﬁg‘-é(CLOS)aIkerne-O-(Cl-OS)aIkyI, with
-(C1-05)alkyleneand -(C1-05)alkyl as defined above; a (oxyaryl group: a radical of formula
-alkylene-0-aryl, in which the aryl and alkylene groups, ¢ gIng the same carbon number or not
comprising the same carbon number, are as defined previously. Examples that may be mentioned

include thegroups-(C1iR5)alkyene-Qieri 0% adsyibwilly (SlbSfe kyienae asthd Ghdla)alkgtas defined
above; a hetergapyyou: 8.2clic, aramatie droyp comprising 2,34 L5 cabon, atams and
comprising 1, B 'S heteroa oms', whic ma% &' Choden iR Iepen(':lbenty of ach otﬁer, SO as to be
identical or diftteférad wbevetlrstbekete benaetwraor(ihdependently of each other, so as to be identical or
different, when there are 3 of them, from a nitrogen atom, an oxygen atom and a sulfur atom. Mention
may be made of pyridyl, furanyl and pyrrolyl groups; a cycloalkyl group: a cyclic alkyl group, which
may comprise 3, 4, S8 CAIEH Qo PLRSEHBr0LRRA A8 SRS IO ESEBES at may be
mentioned incthel¢esyclup folfydiny eldhaylndgcdomentyl and cyclohexyl groups; a heterocycloalkyl: an
optionally bridgggcyelit iy, AP RCRBIRIHIEGP 1ReChdnSBHAAR HOURENY BRRRHRIAY 170" 3
heteroatoms, which may be chosen, independently of each other, so as to be identical or different,
when there ar&8o¥REERRNBEThdependently of each other, so as to be identical or different, when there
are 3 of them, from a nitrogen atom, an oxygen atem angl a sulfur atom. Mention may be made

especially of piperidyl, piperazinyl, pyrrolidinyl,5Y@ﬂfﬂ\g/lzeneimino, morpholinyl and
0

1,1-dioxydotetrahydrothienyl groups; .

7 1

- ahalogen atom: a fluorine, chlorine, bromine or iodine atom:;

- an_alkyl group: a saturated, linear or branched aliphatic group, which may

comprise 1, 2, 3, 4 or 5 carbon atoms (abbreviated as -(C1-C5)alkyl). Examples that
may be mentioned include (i) as -Clalkyl group, the methyl group, (ii) as -C2alkyl
group, the ethyl group, (iii) as -C3alkyl group, the n-propyl group and the isopropyl
group, (iv) as -C4alkyl group, the n-butyl group, the isobutyl group and the tert-butyl
group, (v) as -Chalkyl group, the n-pentyl group and the isopentyl group;

- ahaloalkyl group: an alkyl group as defined above substituted with 1, 2, 3,4 or 5

halogen atoms, as defined previously. Examples that will be mentioned are
the -halo(C1-C5)alkyl groups, with (C1-C5)alkyl as defined above, for instance the
trifluoromethyl group (abbreviated -CF3) and the - CH,-CF; group;

- an _alkylene group: a saturated, linear or branched, divalent alkyl group as

defined previously, which may comprise 1, 2, 3, 4 or 5 carbon atoms (abbreviated

-(C1-Ch)alkylene-) or —(CH3)s 1o 5 — Examples that may be mentioned include



an alkyleneaminoalkyl group: a group of formula -alkylene-N(alky1)2, in which the alkylene and alkyl
groups, comprising the same carbon number or not comprising the same carbon number, are as

defined previ0\5{)%\,/2&t'){5=/31t§\tlo| ?Jlkyl groups may comprisg a different Carti?quw1%@b%§?h other.
, Wit

Examples that may be mentionedincludethegroups-(C1-05)alkylene-NUC1-05)alky

-(C1-05)alkylene- and -(C1-05)alkyl as defined above. Advantageously, mention may be made of the
-(CH2)3NRCE12)3CH3b grout); an alkene group: a group of formula -CnH2n in which n is a natural
integer greateridanlefiequal-tor,-yhithyoay berlinear,@Hyanahe hesis) teech-SHxharaagMized by the
presence of at Ire_ﬁ]tc(?_p%z%glgqt double bond between two of its carbon atoms: mention may be
made of the et%yle p and the 1,3-butadiene group; an alkyne group: a group of formula

CnH2n_2 in whichh Blk@xatgielihtegeadigelat&-eiah or equel the, alkitroraay tiv Rsedeftieranched
carbon atoms. NIem oy e e A e e e D oxa Ay acey
carbon atoms. Mention e made of an acetylene group, a 1- ne group or_a dimethylacetylene
Group. eavin U AR b AHE B B b ACH Ear e Ll BRATAR FOFEA Hio b by
breaking a he@olgtmlbo_nd?\mmuo&'_s dhean Morthyl,'l'h(ﬁigrcaap geouthus®€adakiy; réptaced with
another groupgrbgpsu_@i%gwn seactiQn, %gﬁgar_‘@ﬂg%p N Iqmmgsgrg;.b% arg, j@ﬁ%@mg% halogens

or an activated hydrox ?;ou , such as a mesyl, tosyl, triflate, acetyl, etc. Examples of leaving groups
and also the refEHTER S e AR (HIRCRIGITBH onGRkIRCE0 FTIHGUn LR AREH, P March. 3rd

Edition, Wiley OHalkstienegrqup Eigeay6 thergergs-foissyrititgsizidghe gesupeondapdiagmula (1) for which
G3is -NH-S02-R i [ i r sylf ' ofuran
derivative of fdrm%#@g%%gﬁdgg%ﬁ%éﬁ(ﬁéﬁﬁﬁ %ﬁgﬂ&&%éiérég%@gﬂg%%linear or
branched alkyt gr80REcVRHRIFeeXEIy A TNEBAMR GPOUIEIAE Byvéndnd @ 48\aRPAGEABI§-a C1-C4
ﬁlk|y| slyizolurx foEjaspnese aﬁmmk ifb@tip& m)afonwgisﬁorﬁmﬂtianbu%am@@e;wml %H@rﬁﬁblgﬁ)dﬂfoll;p, (i) a
aloalkyl group,,(Hi) a roup, (iv) a substituted or unsubstitut ryl group,.(v) an alkene

arou or (1) AR R BHECE) JaC R SRR Rl SR hahe i e ok
advantageoustigihedepresionsiya niettfeorontiutympiguper para position on the aromatic

nucleus). -CgHy-alkyl groups that may be mentioned include -C¢H;-CH3 groups with

CHjs in the ortho, meta or para position;

- an arylalkyl group: an aryl group, as defined above, substituted with at least one

alkyl group, as defined above. Advantageously, they are -alkylaryl radicals. An
example that may be mentioned is the benzyl radical, i.e. the radical -CH,-Ph;

- an alkoxyalkyl group: a radical of formula -alkylene-O-alkyl, in which the alkyl

and alkylene groups, comprising the same carbon number or not comprising the
same carbon number, are as defined previously. Examples that may be mentioned
include the groups —(Cl-Cbh)alkylene-O-(C1-C5)alkyl, with -(C1-C5)alkylene-
and -(C1-C5)alkyl as defined above;

- an alkoxyaryl group: a radical of formula -alkylene-O-aryl, in which the aryl and

alkylene groups, comprising the same carbon number or not comprising the same
carbon number, are as defined previously. Examples that may be mentioned include
the groups —(C1-Cbh)alkylene-O-(C1-C5)alkyl, with -(C1-C5)alkylene-
and -(C1-C5)alkyl as defined above;

- a heteroaryl group: a cyclic aromatic group comprising 2, 3, 4 or 5 carbon atoms

and comprising 1, 2 or 3 heteroatoms, which may be chosen independently of each
other, so as to be identical or different, when there are 2 of them, or independently
of each other, so as to be identical or different, when there are 3 of them, from a
nitrogen atom, an oxygen atom and a sulfur atom. Mention may be made of pyridyl,

furanyl and pyrrolyl groups;



and/or Ra represents a substituent chosen from a hydrogen atom, halogen atoms and alkyl,
haloalkyl, alkoxy and alkoxyalkyl groups, advantageously Ra represents a substituent chosen from a
hydrogen ator, s and alkyl groups, and gven more advang%gﬁ? ents a
hydrogen atommv,gﬁé(@%?aﬁg@qual to0, 1, 2,3 o0r4, ars?d advantageously no |S@§&%ﬁ§6§ﬁsor 4,
and/or Rb represents a hydrogen atom, an alkyl, haloalkyl, aryl, arylalkyl, heteroaryl, cycloalkyl or
heterocycloalkyl group or an -alkyleneaminoalkyl group, advantageously Rb is chosen from
-alkyleneaminoallkytgtapsd arslipvetyons elRgveatag emmishy ity epnesiests, a 35(dreleaipieimino) propyl
group; and/or Re represents (a) a linear or.branche | group, . advantageously a C1-C8 alkyl
group and eve?r;torwgr‘eazgvaarﬁgbee\é)a&g%y g%%%ﬁlcgﬁ(?/ﬁ%ygua#(%rﬁﬂ% am% amr%tﬁﬁ, rgt%rﬁ?ﬂggfopyl,
isopropyl, n-biitglude cysleprenyie avpiaBUtYkatys QR riYE poId AUG RESVIDEIURS; a substituted or

unsubstituted arybgratRe SRYGIGIRHSMBIRIKEBFRSRAE\RNCGHMYIBRIP RoAPAMIPHOWeand even
more advantagg&usly Re repgrgients a-CH3 said process comprisinge(g a Friedel-Crafts
a

hoylation reackBIPER (70T BRSOV et rBatich NEX R WG B aRE GBFSRE with the
sulfonamidobemderiararitijeomeatiatetoé fosmakatdiheiideaticohmaliffietaftiorriaeifaravaioh G3

represents -Nigi&025RmdeflRdently of each other, so as to be identical or different, when there

are 3 of them, from a nitrogen atom, an oxygen atom and a sulfur atom. Mention

may be made especially of piperidyl, piperazinyl, pyrrolidinyl, hexamethyleneimino,
morpholinyl and 1,1-dioxydotetrahydrothienyl groups;

- an alkyleneaminoalkyl group: a group of formula -alkylene-N(alkyl),, in which the

alkylene and alkyl groups, comprising the same carbon number or not comprising
the same carbon number, are as defined previously. The two alkyl groups may
comprise a different carbon number from each other. Examples that may be
mentioned include the groups —(C1-C5)alkylene-N[(C1-C5)alkyl],,
with -(C1-Cb)alkylene- and -(C1-C5)alkyl as defined above. Advantageously,
mention may be made of the —(CH,)sN[(CH.)3CHjs], group;

- an alkene group: a group of formula -C,H,, in which n is a natural integer greater

than or equal to 2, which may be linear or branched and which is characterized by
the presence of at least one covalent double bond between two of its carbon atoms:
mention may be made of the ethylene group and the 1,3-butadiene group;

- an _alkyne group: a group of formula C.,H,,> in which n is a natural integer

greater than or equal to 2, which may be linear or branched and which is
characterized by the presence of at least one covalent triple bond between two of its
carbon atoms. Mention may be made of an acetylene group, a 1-butyne group or a
dimethylacetylene group.

- leaving group, hereinbelow means a group which can be easily cleaved from a
molecule by breaking a heterolytic bond, with loss of an electron pair. This group
can thus be easily replaced with another group in a substitution reaction, for
example. Such leaving groups are, for example, halogens or an activated hydroxyl
group, such as a mesyl, tosyl, triflate, acetyl, etc. Examples of leaving groups and
also the references for preparing them are given in Advances in Organic Chemistry,
J. March, 3rd Edition, Wiley Interscience, pp. 310-316.

According to one embodiment, a subject of the invention is in particular a



in which G1 and Re are as defined above and the group G2 is chosen from halogen atoms, the -OH
group, alkoxy and aryloxy groups and -NRdRe with Rd and Re being identical or different and being
chosen, indepwéi%q%/%?ﬁ‘ other, from a hydrogen1 8tom, alkyll grou%%nﬁ&r% ?/6%‘6%6756‘” alkyl
and aryl groups being optionally substituted, advantageously G2 is chosen from halogen atoms, and
even more advantageously G2 is chosen from chlorine and bromine, in the case where said
intermediate (ll) is engaged in a Friedel-Crafts reaction; or from the following groups in which the
phenyl is optigsraligsuhstisyiteeiZing ardvempodier snetanpasitinrfobuingye3nghavprsOpaRHjon, with
said radical R ith angd no as defined above, in the case where said.intermediate (Il) is engaged
i Fries reactin® ONRea b DS oG i ot B e R e e Rormera 1)
or (lll) is choselefikativedffosptitmEll) serssrntad O|sMenyl, chlorine and bromine. According to one
embodiment, said keto sulfonamidobenzofuran dergygtive of formula (14) contains a radical Ra which
is a hydrogen atom, an no which is equal to 4, a radical Re-mWjgRig)@amethyl or phenyl group, a radical
G1 which is an n-butyl group and/or a radical Rh which ig 2)3N[(CH2)3C1-13]2 group or a
-(C1-12)3N1-1[(C1-12)3C1-13]2,C1- group. According\e embodiment, said keto
¢grmula (D) in free base or salt
form, advantageously in hydrochloride form. The fyst part of the/synthesis according to the invention,
as represented in scheme 2 below, consiﬁgnﬁg@ ox' eagtion of a phenolic derivative (V) to a
) gro >

p-quinone derivative (V1) in which G4 is chosen frém | ps SNSQ@Ralkyl, (i) groups =NSO2aryl and
(iii) groups =NRc in which Re is chosen from hydrogen;&fkyl ofaryl groups and haloalkyl groups,
advantageously the group G4 represents a group :NEQ)ZaIkyI, even more advantageously the group

G4 represents a group =NSO2CH3.
in which

G1 represents (i) a linear or branched alkyl group, advantageously a C1-C8
alkyl group and even more advantageously a C1-C4 alkyl group, for instance a
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl group, (ii) a haloalkyl
group, (iii) a cycloalkyl group, (iv) a substituted or unsubstituted aryl group, (v) an
alkene group or (vi) an alkyne group, advantageously, G1 represents an alkyl group
and even more advantageously G1 represents a methyl or n-butyl group;

and/or

Ra represents a substituent chosen from a hydrogen atom, halogen atoms
and alkyl, haloalkyl, alkoxy and alkoxyalkyl groups, advantageously Ra represents a
substituent chosen from a hydrogen atom, halogen atoms and alkyl groups, and
even more advantageously Ra represents a hydrogen atom,

and/or

nais equalto 0, 1, 2, 3 or 4, and advantageously na is equal to 0, 1 or 4,

and/or

Rb represents a hydrogen atom, an alkyl, haloalkyl, aryl, arylalkyl, heteroaryl,
cycloalkyl or heterocycloalkyl group or an -alkyleneaminoalkyl group,
advantageously Rb is chosen from -alkyleneaminoalkyl groups, and even more
advantageously Rb represents a 3-(di-n-butylamino)propyl group;

and/or

Rc represents (a) a linear or branched alkyl group, advantageously a C1-C8
alkyl group and even more advantageously a C1-C4 alkyl group, for instance a
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl group, (b) a

cycloalkyl group or (c) a substituted or unsubstituted aryl group, advantageously Rc



Oxidizing agents for this oxidation reaction in accordance with the invention that may be mentioned
include: sodium or potassium dichromate, (K2Cr207, Na2Cr204, activated manganese dioxide,
(Mn02) iodyl%%?z(ﬁ%-}gloaz iodosylbenzene }(126I-1510), and Iggﬁ;gﬁaagg}ggﬁsgb(OAc)@,
chromate-based reagents, such as Collins' reagents, Jones' reagent, Ag20, peroxides sucp as dicumyl
peroxide, cumene hydroperoxide, etc.; DMSO, DDQ (dichlorodicyanoquinone), peracids such as
chloroperbenzoic acid, other perbenzoic acids; hypervalent iodine reagents (Ph- | (OAc)2, etc.),
hydrogen perasistesenegan @k)i leaphosuppanedxigizing agentsnete cinlytitapeoterses; in, for
example, solv?gt§ such as gﬁcie}ggcetic acid, ethyl acetate, acetone, acetonitrile,pyridine, chlorinated
solvents such a5 chiotobenzend or I%’ichloromethane, aromatic solvents such as benzene, linear or
cyclic alkanes, waters@\ISosepd/ g piisingdibexyliedatidediscrcretineieagtian wdid iF&aBdut 1 hour
at room tempeeiyERgemett OMi%,fe%g@n ‘féH&tﬁi?%_Ut R3S e%ﬂ'@@@ler%@m@tas&iwﬂ @i@rqmate
AN oL e Sl e PEISRSE PRI e e obsaane dqTlyarve:

for which G3 represents —-NH-SO,-Rc,

G2
H o)
N
Rc—SO, A\
G1
0

(1

in which G1 and Rc are as defined above and the group G2 is chosen
» from halogen atoms, the -OH group, alkoxy and aryloxy groups
and -NRdRe with Rd and Re being identical or different and being chosen,
independently of each other, from a hydrogen atom, alkyl groups and aryl
groups, said alkyl and aryl groups being optionally substituted,
advantageously G2 is chosen from halogen atoms, and even more
advantageously G2 is chosen from chlorine and bromine,
in the case where said intermediate (Il) is engaged in a Friedel-Crafts
reaction;

or
= from the following groups

Ra)na

—O0

in which the phenyl is optionally substituted in the ortho and/or meta
position, but never in the para position, with said radical Ra, with Ra and
na as defined above,

in the case where said intermediate (ll) is engaged in a Fries reaction.

According to one embodiment, the group G2 in the intermediate of formula
(I or (lll) is chosen from -OH, optionally substituted -Ophenyl, chlorine and
bromine.

According to one embodiment, said keto sulfonamidobenzofuran derivative



an oxidation reaction with an acetic acid solution containing about 0.5 equivalent of potassium
dichromate per approximately 1 equivalent of phenolic derivative, an oxidation reaction performed
with heating %]ZEH é/f,%ﬁiyglents, for example abou% ﬂ. or4 equivaleng&f/eﬁ%a@dgw (relative to
the aminophenol engaged) in benzene, or an oxidation reaction, which is performed over a few tens of
minutes, with a large excess of Mn02 (about 7 equivalents and more) in dichloromethane or
acetonitrile at room temperature, an oxidation reaction with iodylbenzene (C6H5102), the reactivity of
which is increasegrhyueatalysiomtihe bewiscaclfanxamplenyangsy| aeatylacetanateynngefluxing
benzene or toluen? for,about 4 haurs. 1o ;bennzqg%e is n tcommerciall){a%\(gé‘aeiewﬁl% needs to be

. 4 ical h (?'y I . :
synthesized bg%lraeﬁgnd ?r{)%jlfgdo Senzene. Several sc))/rn%gﬁg &@Sé’sé‘es are describe Irs'n(:funnly using

sodium hypochtbrite igrasetierdier. anrasicritiBh reddednsnahe(prdseNiields)sbdut 29eguialents of

iodosylbenzeng_(EQL Nz mebRNOPURb@INolecular sieve (4A) for about 1 hour of stirring at about
0C. Sodium and potassium dichromates are. common feagents that are less expensive and less
il 3§ ddieihardppeaitlepedt

toxic than lead tetf2AX%O5HRE . © 07, EBRRANSH T S TidIT IR S I49ReREHEAM OST! K'/\é%t%fgeous is
obtained with fdmo@an et clamiddanora dhéostarta thD e fretoraizecormplicie withditistagetiaahy agent. In
addition, the Iqugg;ﬂ&fdglmlcompared with that of Pb(0Ac)4, is reduced. Advantageously,
the oxidation reaction of the phenolic derivative (V) to the pquinone derivative (VI) is performed with
K2Cr207 or Mn02 as oxidizing agent in acetic acid. = Next, a coupling reaction of said quinoneimine
derivative (VI)Wighfiestipeat b iyd dgntraidie 30bdakes placayvintioa, pie sepes @ftadiass; femastance a

strong base S"{%ﬁg@%ﬁ%ﬁ@@B'fear?‘Bx?c%ﬂéig%aEHti%?P&%ﬂ@%ﬁé’ JBKGRIA R SEHRIGH an aprotic

solvent such a loxane at room temperature.
derivative (V1) in which G4 is chosen from (i) groups =NSO.alkyl, (ii) groups

=NSOsaryl and (iii) groups =NRc in which Rc is chosen from hydrogen, alkyl or aryl
groups and haloalkyl groups, advantageously the group G4 represents a group
=NSO,alkyl, even more advantageously the group G4 represents a group
=NSO,CHjs.

Oxidizing agents for this oxidation reaction in accordance with the invention that

may be mentioned include:

sodium or potassium dichromate, (K.Cr,O7, Na,Cr,07),
- activated manganese dioxide, (MnO5)
- iodylbenzene (CgHs105),
- iodosylbenzene (C¢HslO), and
- lead tetraacetate, (Pb(OAc),),
- chromate-based reagents, such as Collins’ reagents, Jones’ reagent,
Ag,0O, peroxides such as dicumyl peroxide, cumene hydroperoxide,
etc.; DMSO, DDQ (dichlorodicyanoquinone), peracids such as
chloroperbenzoic acid, other perbenzoic acids; hypervalent iodine
reagents (Ph- | (OAc)2, etc.), hydrogen peroxide, oxygen (air),
bleach, supported oxidizing agents, electrolytic processes,
in, for example, solvents such as glacial acetic acid, ethyl acetate, acetone,
acetonitrile, pyridine, chlorinated solvents such as chlorobenzene or
dichloromethane, aromatic solvents such as benzene, linear or cyclic alkanes,

water, DMSO, DMAP, and carboxylic acids such as acetic acid.

Examples that may thus be mentioned include:

o] an oxidation reaction with sodium dichromate monohydrate in 20% sulfuric



a benzodihydrofuran derivative (1X), which, by dehydration, will then lead to the aromatic benzofuran
derivative (Il). This reaction may take place, for example, in an aprotic solvent such as DMF or

dioxane. The ng%@tégﬁ/ﬁlﬂ*%jration may take place i%%strong acid medlggﬁtygg%??}ﬁféwing hot

hydrochloric aci ours. The groups G1, G2 and/or G3 of compounds 1), (1X) and
(I1) of scheme 3 above are as defined for the keto benzofuran of formula (I) in accordance with the
invention. The keto benzofuran derivative (1) is then obtained from said aromatic benzofuran
intermediate deri\ityeotl hoeitine mdar atroeaeletiiaftatacylation route A or via a Fries rearrangement
o ea oo (S B IE DR R S e RS Acrarding e menton, as
represented in schemé™3 BE oW, Conaists in syn% esizing an intermediate ?f'. Said intermediate is the
sulfonamidobenzéfit@bester- dFIcraviNalenjveflcwifyi rridiien Ferrtinatelsré aguiedlaridaibove and
Ri represents a hyfepaae @avaties alkyl or an aryl, and is advantageously a methyl, an ethyl or a

henyl. This intermediate (7) may thus be obtained after the fallowi sive st ted i
Ceheme 5 Sulforyiatah SR RPASRETONT oA LAFals (15 CHIOR SF AR o AR DRonyiphenol

(2) obtained in thequizedtingfgtefassitne giaduimaate selfeappnideretéorrhdauigylard. o pbamptiand of
formula (V1) for whigh Sddepresents =N-502-Re; .Coupling of said p-quinone sulfonimide of formula
(3) with a 13-keto ester of formula (4), i.e. a compound of formula (VII) for which G2 represents -ORi;

Cyclization of the SulfoRRARPITre_EPBAFIINMEA (BN Realirg MiBuhdPof fBRYYRENRINIDr which
G2 represents -ORkam@|&3u@pre sedteqbivhi0R Bbdaddirg (ri0e (eimiatan tictheninophenol
sulfonamido-hydr (o) l.e, a compound of formula (IX) for which G2 represents -ORi and
G3 represents -ng-ﬁgg%gg)l'«@g%ﬁe A3}adr%{tion/ar_omatization of the sulfonamido-hydroxybenzofuran (6)
allowing the form&ion 8f tédséiRRsRActPRrYighdhoerEed pesaifsHalpnsctfehiBrgandster of

formula (7). a large excess of MnO, (about 7 equivalents and more) in dichloromethane or
acetonitrile at room temperature,
o] an oxidation reaction with iodylbenzene (CsHslO3), the reactivity of which is
increased by catalysis with a Lewis acid (for example: vanadyl acetylacetonate)
in refluxing benzene or toluene for about 4 hours. lodylbenzene is not
commercially available, and needs to be synthesized beforehand from
iodobenzene. Several synthetic processes are described mainly using sodium
hypochlorite in acetic acid.
o] an oxidation reaction in the presence of about 2.5 equivalents of
iodosylbenzene (CgHsIO) in methanol over a molecular sieve (4A) for about 1

hour of stirring at about 0°C.



Scheme 3 Dehydrati on A ro?lab on(7) The groups G1 and/or Rc of compounds (2), (3), (4), (5), (6)
and (7) of scheme 3 above are as defined for the keto benzofuran of formula (I) according to the

invention and RiA j for compound (7) above,, The sulfonylatj i
p-aminophenoW&?t@?tﬂ?p?—ﬁﬁfonamidophenoI (2) maﬁ)e performed u%@%%%%& Rc as
defined above, in the presence of a base. Document J. Am. Chem. Soc, 1951, 73, 1145-1149 by R.
Adams and J.H. Looker describes the operating conditions enabling such a sulfonylation and
oxidation. In the case where Rc= -CH3, it isgchwgtkapesulfonamidophenol obtained from the
p-aminophenol (1) mesylated with methanegplfonyl chloride in the presence of a base. In the case
where Rc=-C6H3, it is p-benze%esulfo migophenol obta@'!_ned from the p-aminopheﬁ (3 P
sulfonylated with Benzenesulfon) I‘cl—@M@g presence of a base. The.reaction golvent may be
chosen, for ex '

ol, ethapgl, pyridine, hylfétmamide (abb

- o =]
acetonitrile, ac, tetrahydroftiran (abbreviated THF), dioxane and N-methylpyrroligjﬂone, and
advantageously ibis chosen fron® pyridine, methanol, DMP'ane Nmethylpyrrolidinone. The base
may be chosen, f%r/ example, froq}lgyridine, triethylamine, hy%ro en carbonates, potastum carbonate,
sodium carbonate, sodium hydro(xi e and ammonia, and adva IBeously potassium orssodium
carbonate. The reaction is preferably performed at a temperature below room temperature.

G,

Route B

Sodium and potassium dichromates are common reagents that are less
expensive and less toxic than lead tetraacetate.

The oxidation reaction that appears to be the most advantageous is obtained
with MnO. in acetic acid. From the start, the reaction is complete with this oxidizing
agent. In addition, the low toxicity of MnO,, compared with that of Pb(OAc), is
reduced.

Advantageously, the oxidation reaction of the phenolic derivative (V) to the p-
quinone derivative (VI) is performed with K,Cr,O; or MnO, as oxidizing agent in

acetic acid.

Next, a coupling reaction of said quinoneimine derivative (VI) with a dicarbonyl
derivative (VII) takes place, in the presence of a base, for instance a strong base
such as, for example, an alkoxide. This reaction may take place, for example, in an

aprotic solvent such as DMF or dioxane at room temperature.

The dicarbonyl derivative (VIII) is then engaged in a cyclization reaction to give



According to one embodiment, ReS(0)2ClI is methanesulfonyl chloride or benzenesulfonyl chloride.
This sulfonylation reaction may advantageously be performed with 1 equivalent of methanesulfonyl

chloride poure\g@eztwﬁ?li(?%and 15C onto 2 equivaIeL ts of p-aminoph,gg?}l%é%ygggé&slightly
mes o nol). The

more than 11 volu methanol (volume in ml/weight in g of p-aminophe second
equivalent of paminophenol serves to take up the acid formed, the amine function acting as a base.
It may also take place in methanol by adding an equivalent of methanesulfonyl chloride and by slowly

neutralizing ugtegidcaifydidiuatgda3ative TIXG, pvbidForamidapietioh()ithémenndasyasshan oxidation

reaction leading 4o the {armaion. ol ainon; MARoImIge (RS Recc G it oie ipan
pmethanesuIfonamldopﬁenol and When Re= 2c , ifis pbenflenes ondmldopﬁeﬁtﬁi 'PHiS oxidation

reaction may ls@reterentvent soeeramPME, Aiglinraieboeciicizatond chndatiniyesydakasiiageead
tet(rjqace;gtﬁ iﬂrﬁ§@Hﬁga£&i?] Hé&mﬂﬂ%pﬁwgmgmﬁmgrﬁ(@ﬁ)&&a%% %\awtageous_ly l_JOTing
sodium dichromate monohydrate in sulfuric r acetic acid, (Hi)activated manganese dioxide,
advantageously M %Oglj [ I1acgé i(?%{af%%y? ac¥tyeY %%Me&iﬂe%ﬁﬁ?ﬂé, yﬁ'&‘%@c‘?ﬁorinated
solvents such sehetie®beove aecasdiehingd e tharieta lmenatit sol v fivsnsuleH a8 EEczetandénear or

cyclic alkanesyth the invention.

The keto benzofuran derivative (I) is then obtained from said aromatic
benzofuran intermediate derivative (ll) either via a Friedel-Crafts acylation route A or

via a Fries rearrangement route B.

According to one embodiment, the first part of the synthesis according to the
invention, as represented in scheme 3 below, consists in synthesizing an

intermediate (7). Said intermediate is the sulfonamidobenzofuran ester of formula

(7) below:
@)
H o,
\\S/N Ri
Rc” \\O N G,
)
(7)

in which Rc and G1 are as defined above and Ri represents a hydrogen atom, an
alkyl or an aryl, and is advantageously a methyl, an ethyl or a phenyl. This
intermediate (7) may thus be obtained after the following successive steps,
represented in scheme 3:
e Sulfonylation of the p-aminophenol of formula (1);
¢ Oxidation of the p-aminosulfonylphenol (2) obtained in the preceding step to
the p-quinone sulfonimide of formula (3), i.e. a compound of formula (VI) for
which G4 represents =N-SO,-Rc;
e Coupling of said p-quinone sulfonimide of formula (3) with a B-keto ester of
formula (4), i.e. a compound of formula (VII) for which G2 represents -ORi;
¢ Cyclization of the sulfonamido keto ester benzofuran (5), i.e. a compound of
formula (VIII) for which G2 represents -ORi and G3 represents —NH-SO.-Rc,
leading to the formation of the sulfonamido-hydroxybenzofuran (6), i.e. a

compound of formula (1X) for which G2 represents -ORi and G3 represents —NH-



water, DMSO, DMAP, and carboxylic acids such as acetic acid. or
(iv)iodylbenzene(C6H5102)oriodosylbenzene(C6H510), advantageously iodylbenzene (C6H5102) in
the presence j id, for instance vanadyl acetylacetonate, in b r According
to one embod?r{rlgn%t,si%a%?nﬁér potassium dichromate,1§dvantageously E?ﬁg‘g&l;}%@@gcid, or
activated manganese dioxide are used. The p-quinone monoimide (3) then undergoes a coupling
reaction with: the keto ester of formula (4) with G1 and Ri as defined above; advantageously, it is ethyl
acetoacetate or ngthyRg-oxoheptanoate, advantageously in the presence of a base. Dioxane or
acetone may be mentioned as suitable solvent for this coupling reaction. Alkoxides.suych as, for
cxample, soritm R R e ot AR L R P B e
mentioned as suithbléotragtondidhe®enzofrayl anech&ic-nelel o thaswionamikeleeagedurgd) is then
methyl or phenyl 39x0he8taNRMAIR) Which, by coupling reaction with pmethanesulfonamidophenol,
gives directly methyl or phenyl 2-n-buty1-5- methanesulfonamidobenzofuran-3-carboxylate.
Specifically, the substituted aminophenol resulting from the preceding coupling, of formula (5), is then
cyclized in acidic medium, advantageously in the f hydrochloric acid, phosphoric acid,
sulfuric acid, methanesulfonic gcid, trifluoroagetictacid or acetic anhydride, leading, after dehydration
and aromatizatiof to the sulfoﬁﬁmobenzofurgzﬁﬁster (7). The second part of the synthesis may be
performed using the sulfonamidobgnzofuran esterlintermediate (7) via two possible routes: route A
comprising a F I-Crafts acylgtion omprising a Fries rearrangement step,

represented in sche eulf4mb alt(?uVX' the-formation of the keto benzofuran (14) in
accordance withhe invention. RQUTE A: FriedelLCrafts acylation = According to one embodiment,

the synthetic prceq ss according to 2t{1e invention is( haracterized in that the sulfonamidobenzofuran
ester of formula (7) is engaged in (a Friedel-Crafts route A as represented above in scheme 4,
successively comprising a step:

Coupling »% O

G; |
(4) M
%% o O30
o H Ri GGS,H a
RE,‘S; G R b
0 1 s 0
— OH " Dehydration
Cyclization 6) Aromatization (7)

The groups G1 and/or Rc of compounds (2), (3), (4), (5), (6) and (7) of scheme 3
above are as defined for the keto benzofuran of formula (I) according to the

invention and Ri is as defined for compound (7) above.

The sulfonylation reaction of the p-aminophenol (1) to the p-sulfonamidophenol
(2) may be performed using RcS(0),Cl, with Rc as defined above, in the presence
of a base. Document J. Am. Chem. Soc, 1951, 73, 1145-1149 by R. Adams and J.H.
Looker describes the operating conditions enabling such a sulfonylation and
oxidation.

In the case where Rc= -CHj, it is p-methanesulfonamidophenol obtained
from the p-aminophenol (1) mesylated with methanesulfonyl chloride in the
presence of a base. In the case where Rc= -CgHs, it is p-benzenesulfonamidophenol
obtained from the p-aminophenol (1) sulfonylated with benzenesulfonyl chloride in

the presence of a base.



of saponification of the ester function of the sulfonamidobenzofuran ester of formula (7), leading to the
formation of the sulfonamidobenzofuran acid (8); of formation of a sulfonamidobenzofuran acyl halide
of formula (9),,agv. ly the sulfonamidobenzofuran acyl bromid lfz e
sulfonamidobéﬁgo?éqaarg?zyﬁ%Iorlde of formula (9") fr(fr;n said sulfonarﬁ§¥é%eir%% r@?}) acEz)l?;(8) of
Friedel-Crafts acylation of the aromatic ether (13) with Rb, Ra and no as defined above, with said
sulfonamidobenzofuran acyl halide of formula (9), in particular the sulfonamidobenzofuran acyl
bromide of formula (Q‘h@rréaetsiuifgaaanidﬁb@rﬁ@fmageacybﬁbb@id@@fff@ﬁmuiath%r)olleaﬁmﬁo the

formation of s%id geto salfon@&? doben é) f$ deer? %rwfﬂhm% q}&;m %ﬁordln%hﬁ) thp invention.

In the case of rgu e sul onamldo oruran es %earlng In posﬁ)on 3 an ester

function is sapdigliebeRiendor dirhlerorthatewehsn@ansodighiangdrakitg, gestrjaheacetonitrile,

sulfonamidobejazgiHeanrdfyfrixiraH a8 et e sodiey) %%&Hﬂ@reéﬂdaﬂrméﬂmwmlme 4. This
sulfonamidobenzofuran acid of f?rmula (8) lhs then ?ctlvated spastob able tg)&gq_ ged with the
S (]

aromatic ethePifler gafﬁ?@?%??ﬁ A e SEk %E}Iaﬁ?ﬂﬂdrl@gbtlg}? anthl %nssts in

transforming thetyliiomeninidairenzofuran acid of formula (8) into a sulfonamldobenzofuran acyl halide

of formula (9), adVa“’f%e%%'é( t%juﬁen@nagabe@apfema@v | g ‘B%anﬁgm}Hlﬁr{;ﬂQrﬂHQ the

sulfonamidobenzofuran acyl chloride of formula (9") According to one embodimént, the
suIfonamldobéWQB?Q%h%ﬁ%?%%ﬁﬂ??gW@ t?éﬁé‘fBﬁtﬁe&‘?HtB%Eaémﬁrrﬁﬁgwhiyﬂfr%‘\dﬁcyl chloride
of formula (9")dby eraciiorayatid thivayitaidotisle potaxsiyinchieodrim caoeatding to another

embodiment, the SUWﬂQ@”}g%,%tPSRZgéU (@%fg%%lg , % Wad®) I trg“ﬁé&{%ﬁﬁ% o g

sulfonamidobenzofuran acyl bromi ormu y reaction wit romide or oxalyl bromide.
Another poss&ﬁl"ﬁ?%ﬁ@rﬁerform the Friedel-Crafts reaction with a compound of formula PhOR' (R' =

alkyl or a leaving groppgolaifisicases SRBEGMEH, iR s@mIURdpéliasRud@atRyl acarm@owrd of
formula (14) is obtained Wlt %} Icﬁ which may be, for example, a methyl group. If Rb=R'= H, the
0

compound of OrMula ffﬂ‘?” aned directly. Aromatic ether compounds that may
advantageously be nidvigiosidtpinditide pleenitrfRmayHpdyantageeutibthhe NpEipimeedxydthyamine in

free base fombdGnmfgﬁ?c&'QHQ@]&%&%QHY&FB%@%BEIF&B'fbém% NoNcdisRePYBAN YR 2

phenoxypropyl)amine in free base form, in hydrochloride form or any other salt of this amine, phenol,
and alkoxyberfFZEREGASiY|P @fﬂmgﬂ%r?é‘s?&ﬁﬁfﬁdWiﬂw WY TG SIBAR in LoV st and

labile in basic mettdamol, @@yme in ml/weight in g of p-aminophenol). The second equivalent of p-
aminophenol serves to take up the acid formed, the amine function acting as a base.
It may also take place in methanol by adding an equivalent of

methanesulfonyl chloride and by slowly neutralizing up to pH = 6 with NaHCOs.

The p-sulfonamidophenol (2) then undergoes an oxidation reaction leading to
the formation of p-quinone monoimide (3): when Rc= -CHj; it is p-
methanesulfonamidophenol and when Rc= -CsHs, it is p-
benzenesulfonamidophenol.

This oxidation reaction may be performed, for example, using:

(i) lead tetraacetate, advantageously using lead tetraacetate in
acetic acid,
(i) sodium or potassium dichromate (or K.Cr,O7), advantageously

using sodium dichromate monohydrate in sulfuric acid or acetic
acid,

(iii) activated manganese dioxide, advantageously MnO, in glacial
acetic acid, ethyl acetate, acetone, acetonitrile, pyridine,
chlorinated solvents such as chlorobenzene or dichloromethane,

aromatic solvents such as benzene, linear or cyclic alkanes,



The aromatic ether (13) may be obtained by reacting (i) phenol with (ii) a compound RbX in which Rb
is as defined above and X is a leaving group, advantageously a halogen, better still a chloride or a

bromide, (Hi) i I f a base, for instance spgium hydroxide, rming the
APSTTe i SA

aromatic ethe into a salt, advantageously into the hydrochlori tageously,
RbX is a tertiary amine halide, and even more advantageously RbX is C1-(CH2)3NI[(CH2)3CH3]2 or
Br-(CH2)3NIRCH2)3CH3b. According to one embodiment, the coupling of the phenol takes place
with N(3-chlor opr opy1)- N, N-dietyammse, Danirg Mdd\cdibokylitlaGidpkenmaguostd)asiine. According
to one embodiment, N,N-dikc))lrjtyl-N-(3-phenoxypropyl)amine is salified to
N,N-dibutyl-N-(3-phenoxypropyl)amine hydrochloride. The Friedel-Crafts acylation of the aromatic
ether compound (13)(i¥ free bistylbenzerechidfidd46th, wieth thectgavbEoAesidobénlbidan halide of

formula (9) is catalyzed with a baydstagithusly Fodmelee M Lems@sidsthabmaxdessaestioned include
SnC14, AIC13, TiC14, BF3 anT’ITfZO triflic an_hgdride). According to one embodiment, the
Friedel-Crafts acylation reactio Yh Céq'ofﬂfiﬂ?: ey 38%%’%ﬁﬁﬂrgcﬂquzebé&g?gﬁ%nfal?és place in

the presence of SnCl4 as Lewileite.  According to another embodiment, the Friedel-Crafts

acylation reaciig o W? 8" SmAle R HEAMREY f&%%@di?tgg’éfﬁ%mﬁﬂpcﬁﬁ&@ LkeRiplcR Ly the

i :
presence of AIC13 as Lewis acid. The Friedel-Crafts acylation reaction may be conducted in a solvent
of the type sudhGeQidRRTEHIRRLNE" 2RIMASER MR NRRAHEHSEREC1R5Ene or xylene. This reaction

leads to the production of the keto sulfonamidobenzofuran (14), advantageously said keto
sulfonamidobémeofgamandre®heisede(8) thenhiobdrgsesGH3uEihg reditioRadtht, na=4 and Rb=
-C3H6N(BU)2, and even n ousl etq\sulfonamidohepzofuran 4 rochloride form
in which Re= -CH3, Glzg-] qé%q%\ggz g%z:%F%%hEE:{Q&S%gN??B%%} 'I%fe;lgr%%iﬂ%%%&gdylaﬂon
reaction has the advantage 3@ IRAUY thie aibiRErRIAsEIAR ¥ipalwbdrPeiReriare®is; thus

preventing multiple acylatioagvantaf66@aingtie dreatticelafly pay@ntageous embodiment represented

in scheme 5 below, the Friedel.Cralts acylation lakes plagg with () the pevisuliqnamidopenzofuran
halide of formu a)( ? In particular the ~acylsulfonamidobenzofuran bromide
Alkoxides such as, for example, sodium methoxide, lithium methoxide, sodium

ethoxide and lithium ethoxide may be mentioned as suitable base.

When G1= n-butyl and Ri = methyl or phenyl, the keto ester (4) is then methyl or
phenyl 3-oxoheptanoate, which, by coupling reaction with p-
methanesulfonamidophenol, gives directly methyl or phenyl 2-n-butyl-5-

methanesulfonamidobenzofuran-3-carboxylate.

Specifically, the substituted aminophenol resulting from the preceding coupling, of
formula (5), is then cyclized in acidic medium, advantageously in the presence of
hydrochloric acid, phosphoric acid, sulfuric acid, methanesulfonic acid, trifluoroacetic
acid or acetic anhydride, leading, after dehydration and aromatization, to the

sulfonamidobenzofuran ester (7).

The second part of the synthesis may be performed using the
sulfonamidobenzofuran ester intermediate (7) via two possible routes: route A
comprising a Friedel-Crafts acylation step or route B comprising a Fries
rearrangement step, represented in scheme 4 below, both leading to the formation

of the keto benzofuran (14) in accordance with the invention.



of formula (9d) with halogen = Br or the acylsulfonamidobenzofuran chloride of formula (9d) with
halogen = Cl, and (ii) with N,N-dibutyl-N-(3-phenoxypropyl)amine hydrochloride of formula (16d),
which is itself Wg/t?¥f%ting phenol (15) with N-{g-chloropropyl)-lg(lj\lrﬁ:i %B’BPHB?J%@ the
presence of sodium hydroxide in water, said acylation reaction leading to the formation of dronedarone
of formula (D) according to the invention, which, at the end of the Friedel-Crafts reaction, may be
isolated directly in hydrochloride form or may be isolated in base form and may subsequently be
readily converted into pharmaceutically acceptabte sa&tﬁ by addition to organic or m(i]neral acids as
defined above, in particular into hydrgchioride saltsfby reaction with 36% h¥|drochlor| idiaten
temperature below 50C. Schemes C,Er(& A, IBL;)2 ICH4 0 OHG\\S,N
Re™ v 5 R 5 N e,
0

(8)

Saporification
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&

(7)

/@[ﬂa}na
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ROUTE B

Fries

Rbx

(12)
Scheme 4

ROUTE A: Friedel-Crafts acylation

According to one embodiment, the synthetic process according to the invention

is characterized in that the sulfonamidobenzofuran ester of formula (7) is engaged in
a Friedel-Crafts route A as represented above in scheme 4, successively
comprising a step:
¢ of saponification of the ester function of the sulfonamidobenzofuran ester of
formula (7), leading to the formation of the sulfonamidobenzofuran acid (8);
o of formation of a sulfonamidobenzofuran acyl halide of formula (9),
advantageously the sulfonamidobenzofuran acyl bromide of formula (9') or

the sulfonamidobenzofuran acyl chloride of formula (9") from said



However, the synthesis of keto sulfonamidobenzofuran derivatives of formula (1) according to the
invention, and in particular of keto sulfonamidobenzofuran derivatives of formula (14), such as

dronedarone %[,9 ?@E ay also take place via a_Fries rearrangemsnt @?}U%%égute B
described below. %BCT ﬂfzries rearrangement ?(c)cording to one embodiment, the synthetic
process according to the invention is characterized in that the sulfonamidobenzofuran ester of formula

(5) is engaged in a Fries route B as represented above in scheme 4, successively comprising a step:

of Fries rearrangemestigbibmisiobenasnigaihasiaqBian ester of formula (7) for which Ri is a phenyl
group, optionally subsot*thed in the_ortho z;{nd/or r%eta OSIEIOH utn

. ition. with
riedel-Crafts a%}/la '8“(39{, glga?f&i |8|E0)?r éﬁééeg%ﬁ% tlgg %{a 8Snlgoans with a

group Ra chosen from ha o0gen-atoms an Y% oxyal Sroups, Into the keto
sulfonamidobenzofuraefofedrhaie (1)) sfidauiingroideiekeefusanfengnialistseal tsfumalradPiormula (12)

with a compound RbX,asAedingciRb QuRoASYHYBERMSIMRAAGMIAONEEAS Rituis3gngithihe keto

sulfonamidobenzofuran derivative of formula (14). Scheme 6 ~ (7d) ,(CH2)3-N(Bu)2
sulfonamidobenzofuran acyl” chloride of formula® (9"), leading to the

formation of said keto sulfonamidobenzofuran derivative of formula (14)

according to the invention.

In the case of route A, the sulfonamidobenzofuran ester intermediate (7)
bearing in position 3 an ester function is saponified with, for example, 10 weight%
sodium hydroxide, giving the sulfonamidobenzofuran acid of formula (8) or the
sodium salt thereof represented in scheme 4. This sulfonamidobenzofuran acid of
formula (8) is then activated so as to be able to be engaged with the aromatic ether

intermediate (13) in a Friedel-Crafts acylation reaction.

This activation consists in transforming the sulfonamidobenzofuran acid of
formula (8) into a sulfonamidobenzofuran acyl halide of formula (9), advantageously
the sulfonamidobenzofuran acyl bromide of formula (9) and the
sulfonamidobenzofuran acyl chloride of formula (9").

According to one embodiment, the sulfonamidobenzofuran acid of formula
(8) is transformed into the sulfonamidobenzofuran acyl chloride of formula (9") by
reaction with thionyl chloride or oxalyl chloride.

According to another embodiment, the sulfonamidobenzofuran acid of
formula (8) is transformed into the sulfonamidobenzofuran acyl bromide of formula

(9") by reaction with thionyl bromide or oxalyl bromide.

Another possibility is to perform the Friedel-Crafts reaction with a compound
of formula PhOR' (R' = alkyl or a leaving group). In this case, starting with the
compound of formula (9), a compound of formula (14) is obtained, with Rb = R’
which may be, for example, a methyl group. If Rb=R’= H, the compound of formula
(12) is obtained directly.

Aromatic ether compounds that may advantageously be mentioned include
phenol (Rb = H) (13), N,N-diethyl-N-(2-phenoxyethyl)amine in free base form, in

hydrochloride form or any other salt of this amine, N,N-di-n-butyl-N-(2-



(D) (12d) According to a particularly advantageous embodiment represented in scheme 6 above,
the Fries reaction takes place with the intermediate of formula (7d) for which G1 represents an n-butyl

group, Ieadin%tﬁ&f fﬁﬂi N of compound (12d), WEjICh’ after nucleoggwgbsltg}gg%%with
r

CI(CH2)3N(Bu)2, results in the formation of dronedarone of formula (D). Dronedarone may then be
readily converted into pharmaceutically acceptable salts by addition to organic or mineral acids as
defined above, in particular into hydrochloride salts by reaction with 36% hydrochloric acid at a

temperature bptendxQfropigamites iFeaeiopagiasotakemiagothi@xRNIpIN BT ABPBRE SadhoRs

chlorobenzen Yg'tgrﬁir%qu@ﬁaelr?&tsa%f@%@@%@ncglr%'sd?aﬁa%?‘?’ a atemepneratur QE%]EhQ%QSC for 13

to 17 hours. The process according e Invention in‘par icular 8)§yttlz1e ?&T&ving advantages:
convergent syPgirtgsesiiane i ragidisenedisphenstiakite p3 basipsseiig. ¢ftperforming in sequence
several steps not requiring the isolation of the products obtained;

The aromatic ether (13) may be obtained by reacting (i) phenol with (ii) a
compound RbX in which Rb is as defined above and X is a leaving group,
advantageously a halogen, better still a chloride or a bromide, (iii) in the presence of
a base, for instance sodium hydroxide, and then by transforming the aromatic ether
(13) obtained into a salt, advantageously into the hydrochloride salt.
Advantageously, RbX is a tertiary amine halide, and even more advantageously
RbX is CI-(CH,)3N[(CH2)3CHs], or Br-(CH3)3;N[(CH2)3CHjs».

According to one embodiment, the coupling of the phenol takes place with N-
(3-chloropropyl)-N,N-dibutylamine, giving N,N-dibutyl-N-(3-phenoxypropyl)amine.
According to one embodiment, N,N-dibutyl-N-(3-phenoxypropyl)amine is salified to

N,N-dibutyl-N-(3-phenoxypropyl)amine hydrochloride.

The Friedel-Crafts acylation of the aromatic ether compound (13), in free
base or hydrochloride form, with the acylsulfonamidobenzofuran halide of formula
(9) is catalyzed with a Lewis acid.

Examples of Lewis acids that may be mentioned include SnCl,, AICI3;, FeCls,
TiCls, BF3 and Tf,O (triflic anhydride).

According to one embodiment, the Friedel-Crafts acylation reaction of the
aromatic ether compound (13) in free base form takes place in the presence of
SnCl, as Lewis acid.

According to another embodiment, the Friedel-Crafts acylation reaction of the
aromatic ether compound (13) in hydrochloride form takes place in the presence of

AICl; as Lewis acid.

The Friedel-Crafts acylation reaction may be conducted in a solvent of the type such

as dichloromethane, chlorobenzene, nitrobenzene, toluene or xylene.

This reaction leads to the production of the keto sulfonamidobenzofuran (14),
advantageously said keto sulfonamidobenzofuran in free base form in which
Rc= -CH;, G1= -nBu, Ra=H, na=4 and Rb= -C3zH¢N(Bu),, and even more

advantageously the keto sulfonamidobenzofuran in hydrochloride form in which Rc=



reactions that are simple and technologically easy to perform; no hydrogenation step to obtain an
amino function in position 5 of the benzofuran; - common, readily available and inexpensive starting

materials and y, 6%]§/1£9?7i£1vention will now be des?ﬁibed in greater J‘-’%?"}F@%ME 7 The
procedures and examples below describe the preparafion of the dronedarone intermediate. These

procedures and examples are not limiting and merely serve to illustrate the present invention. In the
procedures and examples below: - the NMR (nuclear magnetic resonance) spectra are acquired
on a Fourier tragsfocn-=spmuimacterBrakei) rRb30CMEN @BXzhangeable protons not recorded); - s =

singlet, - d = doublet, - m = multiplet, - br = broad signal, - t = triplet, - q = quartet,
The Friedel-Crafts acylation reaction has the advantage of deactivating the aromatic

nucleus engaged in this reaction, thus preventing multiple acylations.

According to a particularly advantageous embodiment represented in
scheme 5 below, the Friedel-Crafts acylation takes place with (i) the
acylsulfonamidobenzofuran halide of formula (9d), in particular the
acylsulfonamidobenzofuran bromide of formula (9d) with halogen = Br or the
acylsulfonamidobenzofuran chloride of formula (9d) with halogen = CI, and (ii) with
N,N-dibutyl-N-(3-phenoxypropyl)amine hydrochloride of formula (16d), which is itself
obtained by reacting phenol (15) with N-(3-chloropropyl)-N,N-dibutylamine in the
presence of sodium hydroxide in water, said acylation reaction leading to the
formation of dronedarone of formula (D) according to the invention, which, at the
end of the Friedel-Crafts reaction, may be isolated directly in hydrochloride form or
may be isolated in base form and may subsequently be readily converted into
pharmaceutically acceptable salts by addition to organic or mineral acids as defined
above, in particular into hydrochloride salts by reaction with 36% hydrochloric acid at
a temperature below 50°C.

Scheme 5

CICH,);—N(Bu), HCI s

] OH

HCl MN(Bu)
0
o, H halogen C'—IIAH;_]@
rme”*sxb 0\ CHMCoH;
16d
94) (16d)

However, the synthesis of keto sulfonamidobenzofuran derivatives of formula (l)

2

243 3

according to the invention, and in particular of keto sulfonamidobenzofuran
derivatives of formula (14), such as dronedarone of formula (D), may also take place

via a Fries rearrangement according to route B described below.



- DMSO-d6 = deuterated dimethyl sulfoxide. - CDCI3 = deuterated chloroform. The solvent mixtures
are quantified in volumetric ratios. The NMR spectra and mass spectra confirm the structures of
the compoun ' rding to the examples bglow. - The retentign-tj analysis are
in minutes. Tﬂé’ﬁ%@ﬁ%ﬁjg%ns used are as follows:s-5 Column: Xterra%i@%ﬁ%%mm%ﬁ
mm. - mobile phase: A - 0.01M KH2PO4 buffer B - Acetonitrile - Flow rate: 1.0 ml/min. - Gradient:
Time (min)

ROUTE B: Fries rearrangement

According to one embodiment, the synthetic process according to the invention
is characterized in that the sulfonamidobenzofuran ester of formula (5) is engaged in
a Fries route B as represented above in scheme 4, successively comprising a step:

o of Fries rearrangement of the sulfonamidobenzofuran ester of formula (7) for

which Ri is a phenyl group, optionally substituted in the ortho and/or meta
position but never in the para position, with a group Ra chosen from halogen
atoms and alkyl, haloalkyl, alkoxy and alkoxyalkyl groups, into the keto
sulfonamidobenzofuran of formula (12);

e of coupling of the keto sulfonamidobenzofuran of formula (12) with a

compound RbX as defined above, advantageously an amino halide RbX,

leading to the keto sulfonamidobenzofuran derivative of formula (14).

Scheme 6
0]
H (0]
\\S/N
Me” \\O N nBu
(0]
(7d)
Fries
,(CH,),-N(Bu),
, Q)
HO o H o
S/N
3 LS
CI(CH,);—N(Bu), + HCI o nBu
H 0 -
O\\S N (D)
Me~ \\O O A nBu
(@]
(12d)

According to a particularly advantageous embodiment represented in
scheme 6 above, the Fries reaction takes place with the intermediate of formula

(7d) for which G1 represents an n-butyl group, leading to the formation of compound
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(12d), which, after nucleophilic substitution with CI(CH,)sN(Bu),, results in the
formation of dronedarone of formula (D). Dronedarone may then be readily
converted into pharmaceutically acceptable salts by addition to organic or mineral
acids as defined above, in particular into hydrochloride salts by reaction with 36%

hydrochloric acid at a temperature below 50°C.

The Fries reaction may take place, for example, in a solvent such as chlorobenzene
with 4 equivalents of aluminum chloride AICIl; at a temperature of about 90-95°C for
13 to 17 hours.

The process according to the invention in particular has the following advantages:

- convergent synthesis;

- limited number of synthetic steps;

- possibility of performing in sequence several steps not requiring the isolation of
the products obtained;

- reactions that are simple and technologically easy to perform;

- no hydrogenation step to obtain an amino function in position 5 of the
benzofuran;

- common, readily available and inexpensive starting materials and reagents.

The invention will now be described in greater detail.

EXAMPLES:
The procedures and examples below describe the preparation of the dronedarone
intermediate. These procedures and examples are not limiting and merely serve to
illustrate the present invention.
In the procedures and examples below:

- the NMR (nuclear magnetic resonance) spectra are acquired on a Fourier
transform spectrometer (Briiker) at 300 MHz (exchangeable protons not recorded);

- s = singlet,

- d = doublet,

- m = multiplet,

- br = broad signal,

-t = triplet,

- q = quartet,



20 - Detector: UV at 226 nm - Injection: 10 pl of product in dioxane/H20 (95/5) - Retention: Product
retention times 2.6 min p-methanesulfonamidophenol 3.4 min p-quinone monomethanesulfonimide

10.6 min dron%r Hg.} .3 mMin 2-butyl-5-(metharé%suIfonamido)beB@f}#@EOq-ﬁeg%%Byl chloride In

the examples that follow, the following abbreviations are used: h: hours min: minutes equivalent DMF:
N N-dimethylformamide

- DMSO-d;s = deuterated dimethyl sulfoxide.
- CDCI; = deuterated chloroform.
The solvent mixtures are quantified in volumetric ratios.
The NMR spectra and mass spectra confirm the structures of the compounds
obtained according to the examples below.
- The retention times by HPLC analysis are in minutes.
The HPLC conditions used are as follows:
- Column: Xterra RP18 3.5 um, 100 mm*4.6 mm.
- mobile phase:
A - 0.01M KH,PO, buffer

B - Acetonitrile

- Flow rate: 1.0 ml/min.

- Gradient:

Time (min) % A % B
0 80 20
15 25 75
25 25 75
27 80 20
37 80 20

- Detector: UV at 226 nm

- Injection: 10 pl of product in dioxane/H,O (95/5)
- Retention:

Product retention times

2.6 min p-methanesulfonamidophenol

3.4 min p-quinone monomethanesulfonimide
10.6 min dronedarone HCI

11.3 min 2-butyl-5-(methanesulfonamido)benzofuran-3-carbonyl chloride

In the examples that follow, the following abbreviations are used:
h: hours

min: minutes

Eaq: equivalent

DME: N,N-dimethylformamide

MTBE: methyl tert-butyl ether

DCE: dichloroethane



MTBE: methyl tert-butyl ether DCE: dichloroethane DCM: dichloromethane DMSO: dimethyl sulfoxide
RT: room temperature (between 20 and 25C) m.o.: melting point YId yield HCI: hydrochloric acid Lit

literature In\;g]g f%@pﬁr]azlﬁmthetic schemes which foﬂgw, the starting WW@?&B? reagents,

when the meth r preparing them is not described, are commercially available or described in the
literature, or else can be prepared according to methods which are described therein or which are
known to those skilled in the art. EXAMPLE 1: Synthesis of p-methanesulfonamidophenol (or N-(4-

hydroxyphenyPongthanesdhanaanile)according to method | 0 "NH
DMSO: dimethyl sulfoxide
RT: room temperature (between 20 and 25°C)
m.p.: melting point
Yld: yield
HCI: hydrochloric acid

Lit.: literature

In the general synthetic schemes which follow, the starting compounds and the
reagents, when the method for preparing them is not described, are commercially
available or described in the literature, or else can be prepared according to
methods which are described therein or which are known to those skilled in the art.

EXAMPLE 1:
Synthesis of p-methanesulfonamidophenol (or N-(4-
hydroxyphenyl)methanesulfonamide) according to method |
G
g

72
o NH

OH

5.4 g (49.5 mmol) of p-aminophenol are dissolved in 40 ml of anhydrous
pyridine, and 5.7 g (1 equivalent) of methanesulfonyl chloride diluted in 12 ml of
pyridine are added over 15 minutes at 20°C under a stream of nitrogen. The
reaction medium is stirred for 3 days at 20°C and is then poured into 1.5 liters of
water containing a sufficient amount of hydrochloric acid (67 g of 36% HCI) to
neutralize the pyridine and to establish a pH < 1.5. The aqueous phase is separated
out by settling and extracted twice with 250 ml of ethyl acetate. The organic phases
are combined and washed with twice 250 ml of water and then concentrated under
vacuum. The residue is recrystallized from 40 ml of ethyl acetate. The crystals are
filtered off at 0°C and washed with 15 ml of ethyl acetate. 2.14 g of crude p-
methanesulfonamidophenol are obtained.

Mass yield: 23% by weight



0 OH 5.4 g (49.5 mmol) of p-aminophenol are dissolved in 40 ml of anhydrous pyridine, and 5.7 g
(1 equivalent) of methanesulfonyl chloride diluted in 12 ml of pyridine are added over 15 minutes at

20C under a | n. The reaction medium,js stirred for 3 da, ' n poured
S\W%%HE%% ? ¥ ﬂ%g 2 fé}(gié P

into 1.5 liters of water containing a sufficient amount of hydrochloric acid (6

neutralize the pyridine and to establish a pH 1.5. The aqueous phase is separated out by settling and
extracted twice with 250 ml of ethyl acetate. The organic phases are combined and washed with twice
250 ml of waten.and Ssesrcqncasy dadsipaey vacuum. The residue is recrystallized from 40 ml of ethyl

acetate. The cr; s,'tﬁ\lﬁe filtered off at 0C and wash it ethyl acetate,, 2.14 g of crude
pmethanesulf M Mlg Segoiﬁ(ﬁigﬁ A%a%@zle%g%@m}%/mvégﬁﬁf?rk%% §%§€C§wr°mf
154.5-155.5C P28 (RaRABNEOPH 3roBNE)3EC NWESIDHIZP S, 288, G1ddtom) 1592184, @ k-CHarom),
9.26 (broad s, @Hl, Q120 ME, 13N NMR §DMEQ) 638.3 (1-CH3), 115.5, 124.0 (4- CHarom), 129.0
(1-Carom-N), 154.8 (1-Carom-0). Synthesis of p-methanesulfonamidophenol (or N-(4-
hydroxyphenyOmethanesulfonamide) according to method 10 "NHO 0 OH 10 g (91.6 mmol)
of p-aminophenol are dissolved in 250 ml of methanol supplemented with 0.5 ml of 36% hydrochloric
acid. The mixture is stirred vigorously and 10.6 g (1 eq.) of methanesulfonyl chloride are added at
between 20 and 23C, over 10 minutes. The mixture is maintained for 1 hour at 20-23C and is then
neutralized verY 8GR ST & D OGRS I HTBI BYARAiIY Sfum hydrogen carbonate (8.2 g in
total). The mixtiyce ixyphiitgined fodr3s otfoutesidepldsdbenmgidifiectdthi5 ml of 36% hydrochloric
acid. The salts formed are removed by filtration and the geaction medium is concentrated under
vacuum to a residual volume of 35 ml. 100 ml of 1 dgrochloric acid are then added and the mixture

is concentrated again to a residual volume of 95 ml in; rc}gef;lto remove the residual methanol. The

precipitated product (13.3 g, 75.6%) is recovered bySiltratjon and the filtration mother liquors are
extracted with 3 times 50 ml of ethyl acetate. Concentrii"i“the ethyl acetate to dryness gives a further

1.9 g (11.6%). Total yield: 87.2% by weight m.o.: 157.

OH

10 g (91.6 mmol) of p-aminophenol are dissolved in 250 ml of methanol

supplemented with 0.5 ml of 36% hydrochloric acid. The mixture is stirred vigorously
and 10.6 g (1 eq.) of methanesulfonyl chloride are added at between 20 and 23°C,
over 10 minutes. The mixture is maintained for 1 hour at 20-23°C and is then
neutralized very slowly (over 2 hours) to pH 5.5-6 by adding sodium hydrogen
carbonate (8.2 g in total). The mixture is maintained for 30 minutes and is then
acidified with 5 ml of 36% hydrochloric acid. The salts formed are removed by
filtration and the reaction medium is concentrated under vacuum to a residual
volume of 35 ml. 100 ml of 1N hydrochloric acid are then added and the mixture is
concentrated again to a residual volume of 95 ml in order to remove the residual
methanol. The precipitated product (13.3 g, 75.6%) is recovered by filtration and the
filtration mother liquors are extracted with 3 times 50 ml of ethyl acetate.
Concentrating the ethyl acetate to dryness gives a further 1.9 g (11.6%).

Total yield: 87.2% by weight

m.p.: 157.1°C (lit. 154.5-155.5°C)

Example 2: Synthesis of p-benzenesulfonamidophenol (or N-(4-

hydroxyphenyl)benzenesulfonamide)



Example 2: Synthesis of p-benzenesulfonamidophenol (or N-(4- hydroxyphenyObenzenesulfonamide)
OH The same procedure as above (Example 1) is followed, starting with 10.9 g (0.1 mol) of
p-aminophenqlj rE? ydrous pyridine and 18 g (1 equivalent) 9{,@ ? hloride.
14.8 g of p-bsr%\é%r?e%u fl)%nej%?dophenol are obtained. Mass yield: 59.4% j/vvelg 1?%5%88 6C (lit.
154.5-155.5C) 1H NMR (DMSO) 6 6.6 (d, 2 Hamm), 6.8 (d, 2 Hamm), 7.5 (m, 5 Hamm), 9.3 and 9.7 (2
broad s, OH and NH); 13C NMR (DMSO) 6 115.4, 124.0, 126.6, 128.9, 132.9 (9- CHarom), 128.3
(1-Carom-N), 139.5 (1-Carom-S), 154.8 (1-Carom-32. Ex@mple 3: Synthesis of p-quinone
monomethanesulfonimide or N-(4-oxocyc|ohexa—2l,:’ -\d'gﬁ/n-l-ylidene)methanesuIfonamide) by oxidation
of pmethanesulfonamidophenol with K2Cr207 0 ‘8 NE.72 mmol) of K2Cr207 is stirred for 1 hour
at 20C in 20 ml of acetic acid. The dissolution remains partial. 1 g (5.34 mmol) of
pmethanesulfonamidophenol is added and the mixture jz d for 2 hours 30 minutes at 20C. Next,
40 ml of water are added and the reaction medium is rg extracted with 3 times 25 ml of
dichloromethane. The organic phases are combined anthyashed with 25 ml of water. On
concentrating to dryness, 0.85 g of product is obtained. Mass86 % by weight 1H NMR (DMSO) 6 3.41
(s, 3 H), 6.83 (m, 2 H, CHarom), 7.17 (m, 1H, CHarom), 74

The same procedure as above (Example 1) is followed, starting with 10.9 g (0.1

8

mol) of p-aminophenol in 40 ml of anhydrous pyridine and 18 g (1 equivalent) of
benzenesulfonyl chloride. 14.8 g of p-benzenesulfonamidophenol are obtained.
Mass yield: 59.4% by weight

m.p.: 156°C (lit. 154.5-155.5°C)

'H NMR (DMSO0) & 6.6 (d, 2 Harom), 6.8 (d, 2 Harom), 7.5 (M, 5 Harom), 9.3 and 9.7 (2
broad s, OH and NH); °C NMR (DMSO) & 115.4, 124.0, 126.6, 128.9, 132.9 (9-
CHarom), 128.3 (1-Carom-N), 139.5 (1-Carom-S), 154.8 (1-Carom-O).

Example 3:
Synthesis of p-quinone monomethanesulfonimide or N-(4-oxocyclohexa-2,5-

dien-1-ylidene)methanesulfonamide) by oxidation of p-

methanesulfonamidophenol with K,Cr,0;

O
\S//
// ~
o
O

0.8 g (2.72 mmol) of K,Cr,Oy is stirred for 1 hour at 20°C in 20 ml of acetic
acid. The dissolution remains partial. 1 g (534 mmol) of p-
methanesulfonamidophenol is added and the mixture is stirred for 2 hours 30
minutes at 20°C. Next, 40 ml of water are added and the reaction medium is rapidly
extracted with 3 times 25 ml of dichloromethane. The organic phases are combined
and washed with 25 ml of water. On concentrating to dryness, 0.85 g of product is
obtained.
Mass vyield: 86 % by weight
'H NMR (DMSO) & 3.41 (s, 3 H), 6.83 (m, 2 H, CHarom), 7.17 (M, 1H, CHarom), 7.84




(m, 1H, CHarom); 13C NMR (DMSO) 6 42.5 (1-CH3), 129.5, 135.6, 136.0, 139.9 (4- CH), 164.2
(1-C=N), 186.0 (1-C=0). Synthesis of p-quinone monomethanesulfonimide by oxidation of p-

methanesulfoRgAi ith Mn020010 A mixture containing HI]’%' qx}
p-methanesulm%@c%)ﬁgiﬁ 44 g (4 eq.) of activatergBéS% Mn02 and 528089%(? égz\//o .)%) acetic acid
is stirred at 25 5C for 45 minutes, and the insoluble matter is then filtered off and washed with twice
150 ml of acetic acid. The filtration mother liquors and the washing waters are combined and
concentrated gngdarHyacHym); The rearlueissalen 4nsmvithc3d), mhosdichisomesimnesglhigsundissolved
matter is remag iltratian hed with 100 ml of dichloromethane. Concentrating the
dichlorometha(r\ﬁlggpﬁgzs{égseljh%éﬁgggé?ng%?\:/263}23.6 g of p-quinone monomethanesulfonimide. Mass
yield: 68.7%. Melting point in accordance with the literature (134C). The retention time by HPLC
analysis is idegticaldoRised RsAUINgNG SHNABSRIARESAHONIRiREDRIdiINGd Viadhgometiog-of R.
Adams et al. OR A mixture containing 30 g (0.160 mol) of p-methanesulfonamidophenol, 18 g (1.1
eq.) of activated 85%%&65%&32%6‘%?%@@60\&%4‘689@ acid is stirred at 25 5C for 1 hour, and the
insoluble matter is then filtered off and washed with fou/IOimes 200 ml of acetic acid. The filtration
mother liquors and the washing waters are combinethgfd concentrated under vacuum. The residue is
taken up in a mixture of 600 ml of dichloromethane d 280 ml of water. The phases are separated by
settling, the organic phase is retained and the aqueous p| ase is re-extracted with 150 ml of
dichloromethane. The combined dichloromethane phasg =

A mixture containing 20 g (0.107 mol) of p-methanesulfonamidophenol, 44 g
(4 eq.) of activated 85% MnO, and 300 ml (15 vol.) of acetic acid is stirred at 25 *
5°C for 45 minutes, and the insoluble matter is then filtered off and washed with
twice 150 ml of acetic acid. The filtration mother liquors and the washing waters are
combined and concentrated under vacuum. The residue is taken up with 300 ml of
dichloromethane. The undissolved matter is removed by filtration and washed with
100 ml of dichloromethane. Concentrating the dichloromethane phases under
vacuum gives 13.6 g of p-quinone monomethanesulfonimide.
Mass vyield: 68.7%.
Melting point in accordance with the literature (134°C).
The retention time by HPLC analysis is identical to that of p-quinone

monomethanesulfonimide obtained via the method of R. Adams et al.

OR

A mixture containing 30 g (0.160 mol) of p-methanesulfonamidophenol, 18 g
(1.1 eq.) of activated 85% MnO, and 450 ml (15 vol.) of acetic acid is stirred at 25 +
5°C for 1 hour, and the insoluble matter is then filtered off and washed with four
times 200 ml of acetic acid. The filtration mother liquors and the washing waters are
combined and concentrated under vacuum. The residue is taken up in a mixture of
600 ml of dichloromethane and 250 ml of water. The phases are separated by
settling, the organic phase is retained and the aqueous phase is re-extracted with

150 ml of dichloromethane. The combined dichloromethane phases are



concentrated under vacuum and the solid obtained is taken up in 250 ml of ethanol. The product is
filtered off and dried under vacuum. 27.06 g of p-quinone monomethanesulfonimide are obtained.

Mass yield: QW Mg}qa%%int in accordance with tr&%literature (134(;3011'.@5-&51?9}6%%6% by HPLC

analysis is identical to that of p-quinone monomethanésulfonimide obtained via the method of R.
Adams et al. Example 4: Synthesis of ethyl 215-(benzenesulfonamido)-2-hydroxyphenyl]-3-
oxo-butanoate Ph\ 0™\ NH 0O A mixture containing 1 g (3.7 mmol) of p-quinone
monobenzenessitnimigd anddy.becgurh. 2reith@belibydirerieaastakeinugOnnaisof rhi dfkexai. is stirred
at 20 3C for inutes, fallow qtb ddition of 30 mg of sodium methgxide (powder). The reaction
medium is et OR Shrrea RS T 20 s o e AR 2 PGP ohier vacuurm
to remove halfwsinp@eibrreauEprinide ane ebtaegicyclohexane are added in portions of 30 to 50 ml
alternating witly gistil{afiprinsoyger to remove the dioxane azeotropically. The oil formed is taken up in
100 ml of ethano|.and concentrategj to a resigﬁe [ volume é 0.ml. The residue is cooled to OC for 1
hour, and theag%ﬁ%ogpét HhBRSA"8A SR :]&Wrﬁv@ “1592? of ethanol at 0C. 0.5 g of crude
product is obtdined.réfedopielkings.690 biPleightalysis is identical to that of p-quinone

monomethanesulfonimide obtained via the method of R. Adams et al.

Example 4: Synthesis of ethyl 2-[5-(benzenesulfonamido)-2-hydroxyphenyl]-3-
oxo-butanoate

\ .0
Oés\
NH
O—Et
OH
O
0]

A mixture containing 1 g (3.7 mmol) of p-quinone monobenzenesulfonimide
and 0.55 g (1.1 eq.) of ethyl acetoacetate in 20 ml of 1,4-dioxane is stirred at 20 *
3°C for 5 minutes, followed by addition of 30 mg of sodium methoxide (powder). The
reaction medium is continuously stirred at 20°C for 30 minutes and then filtered and
concentrated under vacuum to remove half of the solvent, and 130 ml of
methylcyclohexane are added in portions of 30 to 50 ml alternating with distillation in
order to remove the dioxane azeotropically. The oil formed is taken up in 100 ml of
ethanol and concentrated to a residual volume of 10 ml. The residue is cooled to
0°C for 1 hour, and the crystals are filtered off and washed with twice 3 ml of ethanol
at 0°C. 0.5 g of crude product is obtained.
Mass yield: 35.6 % by weight
'H NMR (DMSO) & 1.15 (t, 3H, CHa3), 1.96 (s, 3H, CH3), 4.09 (q, 2H, CH,), 4.98 (s, 1
H, CH), 6.73 (d, 1 H, CHaom), 6.74 (d, 1 H, CHgarom), 6.87 (dd, 1 H, CHarom), 7.41 to
7.61 (m, 5 H, CHarom), 9.77, 9.82 (2 broad s, 2 H, NH and OH); *C NMR (DMSO)
13.8 (1-CH3), 28.6 (1-CH3), 57.8 (1-CH), 60.8 (1-CH,), 115.4, 123.7, 123.8 (3-
CHarom), 120.2, 128.5, 139.2, 152.4 (4-Carom), 126.5, 128.9, 132.5 (5-CHgarom), 168.3,




1H NMR (DMSO) 6 1.15 (t, 3H, CH3), 1.96 (s, 3H, CH3), 4.09 (q, 2H, CH2), 4.98 (s, 1 H, CH), 6.73
(d, 1 H, CHarom), 0.74 (d, 1 H, CHarom), 0.87 (dd, 1 H, CHarom), 7.41 to 7.61 (m, 5 H, CHamm),

9.77,9.82 (2 twgé and OH); 13C NMR (DMSO) 5 13.8 (1-C\F;§}, 7 57.8
(2-CH), 60.8 (1- 831221?57%237 123.8 (3- CHarom%, 120.2, 128.5, 13 é%‘%@%ﬁ ga%ﬁr%m), 126.5,
128.9, 132.5 (5-CHarom), 168.3, 201.8 (2-C=0). Example 5: Synthesis of ethyl
5-benzenesulfonamido-2-methylbenzofuran-3- carboxylate (or ethyl
5-(benzenesubona@dnmo}@ymethylbenzofuran-3- carboxylate) 0.25 g of the product obtained
previously is stirred in 12.5 ml of 20% hydrochloric acid for 3 hours at reflux and then filtered at 0C and
washed with 4 ml of ice-cold water. 0.24 g of crude ethyl
5-benzenesulibxamide 32 -Fsttigb ene balifah Bb earsorpkife Maohigrrzmaiydefepfuland 1H NMR
(DMSO) 6 1.3¢ o 31511 Rr 26GI(5. (Bbh Aehduft APafichloGirkthy Tl 6hrarts CHarom), 7.46 (d, 1
H, CHarom), 7.6%% H, CHarom), 7.48 to 7.61 and 7.70 to 7.76 (m, 5 H, CHarom), 10.3 (s, 1 H,
NH); 13C NMRA| F@ 14.0 (2-CH3), 60.0 (1- CH2), 111.3, 113.5, 118.4 (3-CHarom), 108.1, 125.9,
133.8, 139.2, 150.0 (5-Carom), 126.6, 129.1, 132.7 (5-CHaArom). Example 6: Synthesis of ethyl
2-12-hydroxy-5-(methanesulfonamido)ph(()anyl]-B- oxobutano Y NH 0

\S NH
Ph/S\\/
0

0.25 g of the product obtained previously is stirred in 12.5 ml of 20% hydrochloric
acid for 3 hours at reflux and then filtered at 0°C and washed with 4 ml of ice-cold
water. 0.24 g of crude ethyl 5-benzenesulfonamido-2-methylbenzofuran-3-
carboxylate is obtained.

Mass yield: 100%

'H NMR (DMSO) & 1.34 (t, 3H, CH3), 2.66 (s, 3H, CHs), 4.29 (q, 2H, CH,), 7.04 (dd,
1 H, CHarom), 7.46 (d, 1 H, CHarom), 7.64 (d, 1 H, CHarom), 7.48 to 7.61 and 7.70 to
7.76 (m, 5 H, CHarom), 10.3 (s, 1 H, NH); >C NMR (DMSO) & 14.0 (2-CHs), 60.0 (1-
CH), 111.3, 113.5, 118.4 (3-CHarom), 108.1, 125.9, 133.8, 139.2, 150.0 (5-Carom),
126.6, 129.1, 132.7 (5-CHarom).

Example 6: Synthesis of ethyl 2-[2-hydroxy-5-(methanesulfonamido)phenyl]-3-
oxobutanoate

The procedure is performed in the same manner as previously in Example 4,



with 1 g (5 mmol) of p-quinone monomethanesulfonimide obtained from 1.75 g of substituted
p-methanesulfonamidophenol in oil form. 1H NMR (DMSO0) 5 1.18 (t, 3H, CH3), 2.13 (s, 3H, CH3), 2.84

(s, 3H, CH3S)‘??O;L£0 2),5.10 (s, 1 H, CH), 6,84 (d, 1 H, CHar é % Harom),
7.03(dd, 1 H Harom ?gi‘ﬁhg 82 (2 broad s, 2 H, ng'l%and OH); 13C /EI%OS /0135% 8 (1- CH3),
28.9 (1-CH3), 38.2 (1-CH3), 58.0 (1-CH), 60.8 (1-CH2), 115.5, 123.4, 123.8 (3- CHarOla 120.4, 129.2,
152.4 (3-Carom), 154.8 (1-Carom-0), 168.4, 201.9 (2-C=0). Example 7: Synthesis of

5-methanesuligirarnig Q2 mednydIgngaincas-moparheiditegrrpiide obtained from 1.75 g of

5- (methanesulfo Q thylbe zofura -carll) acid) 1 g of the product obtained in
Example 6 is cy qg‘g d)%nmﬁ.' gg%lé ohe and- :%f éll?/rrp{CI The mixture is refluxed for 12 hours

and then concahi¥MBABMED)Adulitadl thélsb Achie(ss BkePHap MBAO(BnBHT, 6ot ydroxide
and stirred at 3pCdpf,jL baursapandicatiosoidne ASieHpa 6Td’ve(aqv¢ptt§4gm§er@§waaqted with 10

Crude b memheetonar %%éﬁ%&wé”éﬁz%?é LGl Sae RGPl Tiefed o 064 9 o
1H NMR (DMSB)),522.9016S 1), 38123)-2199), (sammﬂesaos 21-Gitih), 11 1. EHRBOM) 23.853d, 1 H,

CHarom), 7.8%1(¢, 1\H foHareig) 1394 §§ & Hm Nig); & LA F%%()DMW)%H b(3-eHg), 38.5 (1-CH3),
111.2, 113.7, 118 %“(3 -CHarom), 108.9, 26a?° '34.4, 150, f (4-Carom), 164.0, 164.7 (2-C). Example

8: Synthesis of methyl 2-12-hydroxy-5-(methanesulfonamido)phenylk 3-oxoheptanoate Me NH 0- Et
HO O Example 7: Synthesis of 5-methanesulfonamido-2-methylbenzofuran-3-

carboxylic acid (or 5-(methanesulfonamido)-2-methylbenzofuran-3-carboxylic

acid)

O\\ _NH

Me/s\\O N
@]

1 g of the product obtained in Example 6 is cyclized in 40 ml of acetone and 25 ml
of 36% HCI. The mixture is refluxed for 12 hours and then concentrated under
vacuum and the residue is taken up in 10 ml of 10% sodium hydroxide and stirred at
30°C for 1 hour (saponification of the ester part). The aqueous phase is extracted
with 10 ml of DCM and then acidified to pH < 4 with 36% HCI solution. The
precipitate is filtered off. 064 g of crude 5-methanesulfonamido-2-
methylbenzofuran-3-carboxylic acid is obtained.
Mass vield: 74.4%
'H NMR (DMSO) & 2.70 (s, 3H, CHs), 2.91 (s, 3H, CH3S), 7.21 (dd, 1 H, CHarom),
7.55 (d, 1 H, CHarom), 7.81 (d, 1 H, CHarom), 13.04 (s, 1 H, NH); °C NMR (DMSO) &
14.1 (1-CHj3), 38.5 (1-CH3), 111.2, 113.7, 118.5 (3-CHgaom), 108.9, 126.7, 134.4,
150.1 (4-Carom), 164.0, 164.7 (2-C).

Example 8: Synthesis of methyl 2-[2-hydroxy-5-(methanesulfonamido)phenyl]-
3-oxoheptanoate



A mixture containing 2 g (10.8 mmol) of p-quinone monomethanesulfonimide and 1.88 g (1.1 eq.) of
methyl 3-oxoheptanoate in 50 ml of 1,4-dioxane is stirred at 20C 3C, followed by addition of 50 mg of
sodium methoyi nd stirring is continued fgy 30 minutes. T%Lﬁ% j W is filtered
and the residﬁ@?fm?iﬁm ml of acetone. 1H N (DMSO) 6 0.79 (t, E‘Bg}é@%ﬂlg% (m, 2H,
CH2), 1.42 (quintet, 2H, CH2), 2.49 (M, 2H, CH2), 2.84 (S, 3H, CH3), 3.65 (S, 3H, CH3), 5.16 (S, 3H,
CH3), 6.83 (d, 1H, CHarom), 6.97 (d, 1H, CHarom), 7.03 (dd, 1H, CHarom), 9.22, 9.85 (2 broad s, 2 H,
NH and OH); 13C NMR (DMSO) 6 13.5 (1-CH3), 21.3 (1-CH2), 25.1 (1-CH2), 38.2 (1- CH3), 40.6
(1-CH2), 52.1 (1-CH and 1-CH30), 115.5, 123.4, .943-CHarom), 120.2, 128.8, 152.3 (3-Carom),
168.9, 204.0 (2-00). Example 9: Synthesis of 2-b o-methanesulfonamidobenzofuran-3-carboxylic
acid (or 2-buty1-5-(methanesulfonamido)benzofuran-3Hrboxylic acid) according to method | 70
ml of acetone and 57.5 ml of 36% hydrochloric acid-a{e added to 20 ml of the acetone-based solution
obtained after Example 8. This mixture is reflux hours and then concentrated under vacuum.
The residue is stirred for 1 hour in the presence o (0 ml of 10% sodium hydroxide solution (pH =
13-14) and then extracted three times with 10 ml/of DEM a 8_firF6{IIy is precipitated from 36% HCI
solution. 1.1 g of crude 2-buty|-5-metha\qe@ulfd'|'%midoenfuran-3-carboxylic acid are obtained.
Yield: 66.4 /c, by weight 1H NMR (DMSG)60.90 ft; \ CH3), 1.33 (sextet, 2H, CH2), 1.69 (quintet,
2H, CH2), 2.91 (s, 3H, CH3), 3.15(t, 2H, C .56 (& 1H, CHarom), 7.21 (dd, 1H, CHarom), 7.83 (d,
1H, CHarom), 9.61 (s, 1 il—l%'lr\ch)éé%églciN!\%R @BA(?OP“SO' §f4_1-CnH3% 2&.6 1-E:H% £6.9 %’gHZ)’ 29.3
(1-CH2), 38.5 (1-CH§S,”H ' SRS § 1S 18 s O A S RS my . 1646,
167.4 (1-C-0 @ 1-8%0)('s|emhe SE0e b drpxaentanepiesalfiharhid degdiofanarisssieasoxylic acid (or
2-buty1-5-(mephagesulfenamid e By ohdidid -eRrbexmlic Fcidursromtind iR gsoaddd, and

stirring is continued for 30 minutes. The reaction medium is filtered and the residue

is taken up in 40 ml of acetone.

'H NMR (DMSO) & 0.79 (t, 3H, CHs), 1.18 (m, 2H, CH,), 1.42 (quintet, 2H, CH,),
2.49 (m, 2H, CH,), 2.84 (s, 3H, CH3), 3.65 (s, 3H, CH3), 5.16 (s, 3H, CHj3), 6.83 (d,
1H, CHarom), 6.97 (d, 1H, CHarom), 7.03 (dd, 1H, CHarom), 9.22, 9.85 (2 broad s, 2 H,
NH and OH); "*C NMR (DMSO) & 13.5 (1-CHs), 21.3 (1-CHy), 25.1 (1-CH,), 38.2 (1-
CHj3), 40.6 (1-CHy), 52.1 (1-CH and 1-CH30), 115.5, 123.4, 123.9 (3-CHarom), 120.2,
128.8, 152.3 (3-Carom), 168.9, 204.0 (2-CO).

Example 9:
Synthesis of 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid (or

2-butyl-5-(methanesulfonamido)benzofuran-3-carboxylic acid) according to

method |
0]
OH
Qv _NH
Me/s\\O N
O

70 ml of acetone and 57.5 ml of 36% hydrochloric acid are added to 20 ml of
the acetone-based solution obtained after Example 8. This mixture is refluxed for 5
hours and then concentrated under vacuum. The residue is stirred for 1 hour in the
presence of 220 ml of 10% sodium hydroxide solution (pH = 13-14) and then
extracted three times with 10 ml of DCM and finally is precipitated from 36% HCI

solution. 1.1 g of crude 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid



(Example 8), and, after filtering the reaction medium, the crude product is left in the dioxane to perform
the cyclization. Hydrochloric acid is added in the same proportions and the mixture is maintained at a
temperature o r, 30 minutes. It is concenjrated under vac 69 ' is taken up
in 10% NaOH%%OI%/e@%%C for 21 hours, and thg%roduct is then [;%%ngt%e %/ﬁgb;ijding 36%
NCI. 1.5 g of crude 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid are obtained. Mass
yield: 89.2% by weight Example 10: Synthesis of 2-buty1-5-(methanesulfonamido)benzofuran-3-
carbonyl chlorigte obtgr@®.48 mmol) of 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid are
dissolved in 5% |8f géigrylt():h!,(\?rildﬁtand stirred for 3 hours at 20-25C and then refluxed for 30 minutes
(79C). The reac%tm’ medidn’is then concentrated to dryness under reduced pressure and the residue

(8.8 g) is takenHNMRADMFQAF B AHRILEE DS b33 (saxstet: 24, §HPrdRR4auintet tRE.Sahple 2 drops
of reacton mesiyug{3be U9 81 SUTOBIAN SBUEA 4,51} 1S9 OF hof GHICH. -
olumn: Xterr P MMm*4.6 mm, - e phase; A - 0. uffer B -
Acetonitrile - Ifﬂjmﬁftt Eﬁ@ﬂ?ﬁ‘?ﬂn@’ m ﬁ?\‘m Tacl\mm (BD%S) §13'4 H\Aclﬁtg 216 H'SHZ)’
26.9 (1-CH,), 29.3 (1-CH,), 38.5 (1-CHa), 115.5, 123.4, 123.9 (3-CHarom), 108.7,

126.7, 134.3, 150.2 (4-Carom), 164.6, 167.4 (1-C-O and 1-C=0).

Synthesis of 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid (or

2-butyl-5-(methanesulfonamido)benzofuran-3-carboxylic acid) according to

method Il
O
OH
o)
N\ _NH
Me/s\\O N
O

The coupling is performed under the same conditions as previously
(Example 8), and, after filtering the reaction medium, the crude product is left in the
dioxane to perform the cyclization. Hydrochloric acid is added in the same
proportions and the mixture is maintained at a temperature of 50°C for 1 hour 30
minutes. It is concentrated under vacuum and the residue is taken up in 10% NaOH
and stirred at 25°C for 21 hours, and the product is then precipitated out by adding
36% HCI. 1.5 g of crude 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid
are obtained.

Mass yield: 89.2 % by weight

Example 10: Synthesis of 2-butyl-5-(methanesulfonamido)benzofuran-3-

carbonyl chloride

Cl

O\\ _NH
/S\\ \
O



- Gradient: Time (min) /c) A /c) B 0 80 20 15 25 75 25 25 75 27

WO 2012/127174 35 PCT/FR2012/050607

7 g (22.48 mmol) of 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid are
dissolved in 50 g of thionyl chloride and stirred for 3 hours at 20-25°C and then
refluxed for 30 minutes (79°C). The reaction medium is then concentrated to
dryness under reduced pressure and the residue (8.8 g) is taken up in 46.2 g of

anhydrous DCE (total mass = 55 g).

Preparation of the sample

2 drops of reaction medium are taken up with stirring and diluted with 1.5 ml of
MeOH + 0.5 ml of CH;CN.

- Column: Xterra RP18 3.5 um, 100 mm*4.6 mm.

- Mobile phase:

A - 0.01M KH,POQO, buffer

B — Acetonitrile

- Flow rate: 1.0 ml/min.

- Gradient:

Time (min) %A %B
0 80 20
15 25 75
25 25 75
27 80 20
37 80 20

- Detector: UV at 226 nm

- Injection: 10 pl of product in dioxane/H,O (95/5)
- Retention:

Product retention times

2.6 min p-methanesulfonamidophenol

3.4 min p-quinone monomethanesulfonimide
10.6 min dronedarone hydrochloride

11.3 min 2-butyl-5-(methanesulfonamido)benzofuran-3-carbonyl chloride

EXAMPLE 11: Synthesis of N,N-diethyl-N-(phenoxyethyl)amine hydrochloride
(or N,N-diethyl-2-phenoxyethanamine)



80 20 37 80 20 - Detector: UV at 226 nm - Injection: 10 pl of product in dioxane/H20 (95/5) -
Retention: Product retention times 2.6 min p-methanesulfonamidophenol 3.4 min p-quinone

monomethan fQRij 6 min dronedarone hydrgchloride 11.3 mi
2-butyl-5-(met anggggz)?%r]%? o)benzofuran-3-carbony918chloride PCT/FR2012/050607

0]
O,

A solution of 108.5 g (0.630 mol; 1.2 eq.) of N-(2-chloroethyl)-N,N-diethylamine
hydrochloride in 65 ml of water is added slowly (over about 55 minutes) to a mixture
containing 50 g (0.531 mol) of phenol and 46.3 g (1.158 mol; 2.2 eq.) of NaOH in
270 ml of water. The mixture is stirred for 3 hours 30 minutes at 20°C and then for
45 minutes at 55°C. The phases are separated by settling and the supernatant oil
diluted in 100 ml of DCE is washed with (i) 100 ml of 2.5 %, sodium hydroxide and
then (ii) with 100 ml of 5% sodium hydroxide. The product is dried over sodium
sulfate and then concentrated. 81.4 g of crude N,N-diethyl-N-(phenoxyethyl)amine
are obtained.

Mass yield: 79.3 % by weight
'"H NMR (DMSO) & 1.08 (t, 6H, 2-CH3), 2.64 (q, 4 H, 2-CH,), 2.88 (t, 2 H, CHx-N),
4.05 (t, 2 H, CH,-0), 6.92 (m, 3 H, CHarom), 7-27 (M, 2 H, CHarom); *C NMR (DMSO)
0 12.0 (2-CH3), 47.9 (2-CH>-N), 51.8 (1-CH,), 66.5 (1-CH,-O), 114.6, 120.7, 129.4
(5-CHarom), 158.9 (1-Carom-O).

N,N-Diethyl-N-(phenoxyethyl)amine hydrochloride is formed by dissolving 35

g (0.181 mol) of the preceding N,N-diethyl-N-(phenoxyethyl)amine in 450 ml of
anhydrous MTBE, followed by sparging 7 g (0.181 mol) of hydrogen chloride gas
into the medium. The precipitate formed is isolated by filtration and dried in a
ventilated oven at 55°C for 3 hours to give 40 g of N,N-diethyl-N-
(phenoxyethyl)amine hydrochloride.

EXAMPLE 12: Synthesis of N,N-dibutyl-N-(3-phenoxypropyl)amine
hydrochloride (or dibutyl(3-phenoxypropyl)ammonium chloride)




A solution of 108.5 g (0.630 mol; 1.2 eq.) of N-(2-chloroethyl)-N,N-diethylamine hydrochloride in 65 ml
of water is added slowly (over about 55 minutes) to a mixture containing 50 g (0.531 mol) of phenol
and 46.3 g (1. ; ) of NaOH in 270 ml of water. The mixture,js.si rs 30
minutes at 20 an%la&be/i%f%S minutes at 55C. The p?%ses are separa%ﬁ%ﬁsgeq} wﬁ%ggt%ﬁ%ythe
supernatant oil diluted in 100 ml of DCE is washed with (i) 100 ml of 2.5 Toci sodium hydroxide and
then (ii) with 100 ml of 5% sodium hydroxide. The product is dried over sodium sulfate and then
concentrated. 81.4 g of crude N,N-diethyl-N-(phenoxyethyl)amine are gbtained. Mass yield: 79.3% by
weight 1H NMR (DMSO0) 6 1.08 (t, 6H, 2-CH3), 2.64 (q, 4 H, 2-CH?2), 2.88 (t, 2 H, CH2-N), 4.05 (t, 2 H,
CH2-0), 6.92 (m, 3 H, CHarom), 7.27 (m, 2 H, CHarom); 13C MSO) 6 12.0 (2-CH3), 47.9
(2-CH2-N), 51.8 (1-CH2), 66.5 (1-CH2-0), x14-S, 120;;2%(

ﬁ_cl)lving 35 g (0.181 mol) of the
rous MTBE, followed by sparging 7 g
(0.181 mol) of hydrogen chloride gas into the medium. The precipitate formed is isolated by filtration
and dried in a ventilated oven at 55C for 3 hours to give-40 g of N,N-diethyl-N(phenoxyethyl)amine

hydrochloride. EXAMﬁ\E?%%%%%ﬁE@%%-mgL&%W-Qénﬂgpggﬁégm;mﬁg%ﬂyggoggﬁride (or

dibuty1(3-phenoxypropyl)a e process Is performe ame manner as
previously (ExSRHENS ¥8ih diddtin iR 138 J (10 466) iplorhenad d§9-afpltentd, 10Y 3 P38 mol; 2.15
eq.) of NaOH, a0Hmbad disidienswrie watst 308 $08. 61621250k dl; e0eof NI BIncessanml)-
N,N-dibutylamj drochloride. The mixture_is refluxed.for 16 hqurs. The oil farmed is separated out
by setting and URESAD T SoDY e ALer Bt T iS5 oo BB B e vith
500 ml of 2 TdsisapAratee T BESsiting andoveshmeardth difenlatwatarartdtieoitisiededitby

azeotropic distitiatiaf WithBE 387 degrethairust dertivesdy, Nelibyhd-Nrfsehersse/ peopylamine
are obtained. Mass yield: 91.4% by weight 297.3 g (1.13 mol) ofthe =~ ,
N N-chbutyl-N S2OGRBRS LB e st R s S ey BYoozenitanic syRion BEEOSM 148.0 g

(1.469 mol; 1.36q1) @bBHdACE aterisdiledNaY-200tyHhe(Bpttenexgstirgihloing aeuwtdaited.temperature
and dried by a\g“ggwg&d@t‘i&l%% Wg@,QCE until a water content 0.01% is obtained, and is then

concentrated under vacuum. 363.1 g of N,N-dibutyl-N-(3-phenoxypropyl)amine hydrochloride are
obtained. Tite?Y33794 g 160o8). N NIRREXIS DS BlreaaxuPioRyREINe)selas ¢ Rrdeus!y, 2-CH2),
1.77 (M, 4 H, 2rChide@.33d00, iy, 248 (48.9 Yl,(24862); 3.3%47), & H6%HENEr.04 (t, 2 H,

(-0, 56,0 B &3 (e IR SR AR A T e perey e =
(5-CHarom), 1378atropRic slisiatiprEwimple B 3indl athedry sraiemed &t Griéocsuphiag By AU -Crafts
reaction of 2-bybd-someinpneguiferRaidobenzeiirag s sexhamlig ACi@-heise wipylyamine

mmdolltl)t;ﬁ)tglNN3§8£?%4£€§>¥§%S£g3?%ﬁeghg%?:gﬁgr?c?e and74ig4ggo§2DZgEn;rrneoi?1t?I)duced into the total
amount (55 g)liteth@prde€didd 08%dtion medium of Example 10. The mixture is cooled to between 0
and 5C and 12,9 (fpbRILT $Dars @deRd21d18, feadiopaediumys syl 720G fpr£

CH,), 2.33 (m, 2 H, CH,), 2.98 (m, 4 H, 2-CH,»-N), 3.19 (m, 2 H, CH,-N), 4.04 (t, 2 H,

CH,-0), 6.82, 6.93, 7.24 (M, 5 H, CHarom); °C NMR (DMSO) & 13.6 (2-CHs), 20.2 (2-

CH,), 23.8 (1-CH,), 25.0 (2-CH,), 50.4 (1-CH,-N), 52.5 (2-CHx-N), 64.7 (1-CH,-O),

114.4, 121.4, 129.6, (5-CHarom), 158.1 (1-Carom-O).

Example 13: Synthesis of dronedarone coupling by Friedel-Crafts reaction of
2-butyl-5-methanesulfonamidobenzofuran-3-carboxylic acid chloride with N,N-
dibutyl-N-(3-phenoxypropyl)amine hydrochloride

7.34 g (22.5 mmol) of N,N-dibutyl-N-(3-phenoxypropyl)amine hydrochloride
and 40 g of DCE are introduced into the total amount (55 g) of the preceding
reaction medium of Example 10. The mixture is cooled to between 0 and 5°C and
12 g (4 eq.) of AICI; are added. The reaction medium is stirred at 20-25°C for 4



hours and then hydrolyzed by pouring it into 75 ml of water at between 0 and 5C. The organic phase is
washed twice with 75 ml of water, filtered and then washed again with 75 ml of water and concentrated

under reduce(i[g{s .£5.8,9 of crude product are ot% ined. The cr:;&e i ified by
dissolution in rﬁ%&%&d washed with 40 ml of 10% sodium hydroxic{é@ﬁg%]%qgg)drgnqggiwater, and
finally the crude product thus obtained is purified by chromatography on silica, eluting with ethyl
acetate (90v)/methanol (10v). 2.2 g of dronedarone are obtained in a purity of 94.6%. Mass yield:

16.6% by weigiluts1aNVHRPM IR BBy tpSurin g il o078 n(t.0f WaterGHB el Bah8G{anresolved
complex, 6 H, 3-CH2). 1.69 (m, 2H, CH2). 1.90 (m..2 H, CH2). 2.40 (m. 4 H, 2-CH2- N), 2.57 (m, 2 H,
Ny, 280 15 PORTLPg g e Bee Wit rant Al e entd B e oy
7.25, 7.34, 7.3, \8tA 7S iwateradicon st pigbumnder redy¢e d prespig; 83 MRIABMSO) 6
13.7 (1-CH3), db R Diahed. (2- CH2), 26.9, 28.0 (2-CH2), 30.0 (1-CH2), 29.2 (2-CH2), 38.9

(1-CH3-S), 53.9 (2-CH N), 50.3 (1-CH2-N), 66.6 (1-CH2-0), 114.3, 131.7 (4-CHarom), 111.7, 115.6,
120.2 (3- CHarola 11 .§,él'é‘§‘?19$9§%‘?é'%3?éfﬁ%‘h5¥ fhigpolt -%'8%&%&*&%8?%%? Wit
Carom-0), 19044 (1001 EBkaogilerlBydByndecsisl dipheoflwater, and finally the crude product
2-buty1-5-methanespiipnamid ﬂé@f%@@fﬁéﬁ%w%@ﬂﬂgc(ﬁréﬂn%nyéluting with ethyl acetate

2-buty1-5-(methanesulfonamido)benzofuran-3- carboxylate) The followin SO|U1'IOI‘(1) is placed in a 250
ml reactor corfaMgEhERRliH BMlofAdeI T EICRRERECNG fAre AREBIRSTHIRA BT $5X P &F phenol (1.2 eq.)
and 50 ml of QRS dlanhgdrotisy Whighhedium dissolves gradually. The addition vessel is rinsed with

50 ml of CH2G owing splytign i djo-the reggti ' :35C: 2.47
o of pyridine (1 LN A T A s e R ARe it o
mixture of 6.3 ¢PEPIE16(B6F A 168 ol H20HedistiIRY)MTRe nxtwe 38ty 25Hinutes and
the phases arqyjhes separatedchy-sttirm T heorganic pbags, is EnerHaashedavidros8 it of H20 and

30 g of about 39 (0] organic. phase is wa in with; fH2 d
concentrated,%aﬁﬁgﬁe %ﬂ%—\?@ngﬁisﬁaa&d@W%’ pfé%p%?gtﬁg%rér&l’}&: %%? Ln%‘tﬂ?bgc?&gé;%qeﬁ The
mixture is conEéhtsatetuties: Faduhhat CONMIC(RMFEN Fall§. fei@rb xhed DCRACHIRe 28iXt(#e is filtered.

14.4 g of oily reﬁ'gy%@,bﬁaﬁw@%g,es@ma(iﬂ%&@@gé LEHST $8 909% Miel] tkingsngaccount the
organic purity obtained b(y/ HPLC) = 84% Same analytical method as for Examﬁ)le 10.

N), 50.3 (1-CH>-N), 66.6 (1-CH,-0), 114.3, 131.7 (4-CHzom), 111.7, 115.6, 120.2 (3-

CHarom), 116.8, 128.1, 132.8 (3-Carom), 131.3 (1-Carom-N), 151.8, 163.3, 165.7 (3-

Carom~0), 190.4 (1-CO).

Example 14: Synthesis of phenyl 2-butyl-5-methanesulfonamidobenzofuran-3-
carboxylate (or phenyl 2-butyl-5-(methanesulfonamido)benzofuran-3-

carboxylate)

O\\ _NH
/S\\ \
© @)

The following solution is placed in a 250 ml reactor containing the acid chloride of
Example 10 in solid residue form: 3.53 g of phenol (1.2 eq.) and 50 ml of CH,Cl,
(anhydrous). The medium dissolves gradually. The addition vessel is rinsed with 50
ml of CH,Cl, (anhydrous).
The following solution is added to the reaction medium at 30-35°C: 2.47 g of

pyridine (1 eq.), 25 ml of dichloromethane (anhydrous). The reaction medium is



Example 15: Synthesis of N-12-buty1-3-(4-hydroxybenzoyObenzofuran-5- yllinethanesulfonamide
according to a Fries reaction 0 OH 0 4 g of phenyl

2-butyl-5-met f idpbenzofuran-3-carboxylate and 40 ml of ¢ (ﬁlaced ina
100 ml four-nglglg)ggb#a%ié?ﬁe‘? mixture is stirred until daligsolution is comp?’leetg? %%1%629{6 g§((§§ IC13 (4
equivalents) are then added and the mixture is heated at 95C for 17 hours. The reaction medium is
cooled to 20-25C and diluted with: 40 ml of CH2C12. The mixture obtained is hydrolyzed by pouring it
into 80 ml of H@rastéaowtiexceading 35,3 heorasoltida wixdnaeiochired atA0wRbfeuNtitiae gums
have disappeared, and the ses.are then separated by settling. The organic phase is washed once
gain it 50 TP B0 BEo A AR R 1o e e s RS LR MR s

by addition of:2aRRjPNeEOIs (BeRsyashedriiiulistafrbdhend 3ba eirmbewé PhddeQldrd figen
separated by gpiing- pHa8 ARURALSRNAFAASWRID UGN HIOARHNS Bt iveadciieBriialel SRl ifel (36%),

40 ml of CH2 are added, the mixture is stirred and t hases are then separated by settling. After
concentrating FIEBIGAACHHELA B3 URIPES I BULE a L BT EN AT TE e By
chromatograpbgrcegitaell 0@ deoivte dvsitetDidtefriedinad (phyr assmvee the YIEM . =T .BstSame

analytical metﬁl"ﬂt@r‘%f)‘?ﬁﬁ.ﬁa&m'Sil#Qes%l_qé‘lM§e purif%d%u@%ﬁ?éﬁé@.r synthesizing a keto benzofuran

derivative, in acid form (i), in"base Torm (ii), in the form of an addition salt with an acid or a base (iii), in
hydrate form (F4!6YIR I\'f&fe%ﬂﬂof(?),y’af‘ddéﬁ{‘é@%éndgl}?a?BH%%rngﬂr‘Eﬁeng)H/rd@ﬁ?é’Pﬁ:% RWIt thereof,
said keto benzgfwan=desisative being of formula (1) below: G5(Ra)na

Same analytical method as for Example 10.

Example 15: Synthesis of N-[2-butyl-3-(4-hydroxybenzoyl)benzofuran-5-

yllmethanesulfonamide according to a Fries reaction

4 g of phenyl 2-butyl-5-methanesulfonamidobenzofuran-3-carboxylate and 40 ml of
chlorobenzene are placed in a 100 ml four-necked flask. The mixture is stirred until
dissolution is complete, and 4.1 g of AICI; (4 equivalents) are then added and the
mixture is heated at 95°C for 17 hours. The reaction medium is cooled to 20-25°C
and diluted with: 40 ml of CH,Cl,. The mixture obtained is hydrolyzed by pouring it
into 80 ml of H,O, without exceeding 35°C. The resulting mixture is stirred at 20-
25°C until the gums have disappeared, and the phases are then separated by
settling. The organic phase is washed once again with 80 ml of H,O. 50 ml of H,O
are added to the organic phase and the pH is adjusted to 12.5 by addition of: 2.3 g
of NaOH (30%). The mixture is stirred at 20-25°C and the phases are then
separated by settling.

The aqueous phase is brought to acidic pH by addition of 1.6 g of HCI (36%), 40 ml
of CH.Cl, are added, the mixture is stirred and the phases are then separated by
settling.

After concentrating the organic phase, 2.3 g of solid residue are obtained and are
purified by flash chromatography to give 1.09 g of the desired intermediate (para

isomer).



in which G1 represents a linear or branched alkyl (i), haloalkyl (ii), cycloalkyl (iii), substituted or
unsubstituted aryl (iv), alkene (v) or alkyne (vi) group, G3 represents (i) a group -NHSOZ2Re or (ii) a
group -NHRe,M?/%q%resents (a) a linear or b%nched alkyl gro%.m_.)@syfﬁllagggégroup or (c)
a substituted or unsubstituted aryl group, G5 represents a halogen atom or a group -ORb in which
Rb represents a hydrogen atom, an alkyl, haloalkyl, aryl, arylalkyl, heteroaryl, cycloalkyl or
heterocycloalkyl group or an -alkyleneaminoalkyl group, Ra represents a substituent chosen from
a hydrogen atgnsidralwges,atoms and alkyl, haloalkyl, alkoxy and alkoxyalkyl groups, no is an index

equalto 0, 1, %’a3 ar4 2 |9a Fr?é:tﬁcs)% comdgr%%ﬁ@&%ﬁs rearrangement reaction, said reaction taking

place starting With an Intermediate of formu in which the groups G1 and G3 are as defined

above and in which the group G2 is chosen from the following groups Ra)na



in which the phenyl is optionally substituted in the ortho and/or meta position, but never in the para
position, with said radical Ra, with Ra and na as defined above. 2. The process as claimed in claim 1,
characterized | i pound of formula (ll) is grepared by dehyﬁ; i nd of
formula (IX): G@%?ﬁm% in which G1 and G3 arrz'e1eas defined for t eéweﬁ?g%t)e??z;g%?aer?of formula
() as claimed in claim 1 and in which the group G2 is chosen from the following groups in which the
phenyl is optionally substituted in the ortho and/or meta position, but never in the para position, with
said radical Ra, with Ra and na as defined abovedpatisketo benzofuran (1) as claimed in Claim 1. 3.
The process as claimed in claim 2, characterized in that said compound of formula (1X) is prepared by
a cyclization reaction of a compound of formula (V1II): G3 OH 0 Gi (VIII) in which G1 and G3 are as
defined for the keto Herfyofaegasofoivnthasiping a keto benzofuran derivative, in acid form (i), in

base form (ii), in the form of an addition salt with an acid or a base (iii), in hydrate
form (iv) or in solvate form (v), advantageously dronedarone or the hydrochloride

salt thereof, said keto benzofuran derivative being of formula (1) below:

(Ra)na

Gl

in which

G1 represents a linear or branched alkyl (i), haloalkyl (ii), cycloalkyl (iii),
substituted or unsubstituted aryl (iv), alkene (v) or alkyne (vi) group,

G3 represents (i) a group —NHSO,Rc or (ii) a group —NHRc, in which Rc
represents (a) a linear or branched alkyl group, (b) a cycloalkyl group or (c) a
substituted or unsubstituted aryl group,

G5 represents a halogen atom or a group -ORb in which Rb represents a
hydrogen atom, an alkyl, haloalkyl, aryl, arylalkyl, heteroaryl, cycloalkyl or
heterocycloalkyl group or an -alkyleneaminoalkyl group,

Ra represents a substituent chosen from a hydrogen atom, halogen atoms
and alkyl, haloalkyl, alkoxy and alkoxyalkyl groups,

nais anindex equalto 0, 1, 2, 3 or 4,
said process comprising a Fries rearrangement reaction, said reaction taking place

starting with an intermediate of formula (II)

(1)

» in which the groups G1 and G3 are as defined above and in which the



as claimed in claim 1 and in which the group G2 is chosen from the following groups in which the
phenyl is optionally substituted in the ortho and/or meta position, but never in the para position, with
said radical R i o as defined above for the keto benzofur ) j inClaim 1. 4.
The process az‘/ga%bm%?ne?:@m 1, characterized in thga? the compound%tﬁﬁ%év% ich G3
represents -NH-S02-Re and G5 represents ORDb is prepared by nucleophilic substitution of a
compound of formula RbX in which X is a halogen atom and Rb is as defined in Claim 1 on a
compound of formula (13)otf0G2 (3 Sdsewkich e, RRviReyareupe are as defined for the keto
benzofuran (1) as claimed in claim 1. 5. Compounds of formu 8% Q]Ig (Vi) and (IX) in base form, or in
the form of pharmaceutically acceptable addition salts with |)1|c or mineral acids, said compounds
(1D, (viI) and (IX) having the following formula: —0

in which the phenyl is optionally substituted in the ortho and/or meta position, but

never in the para position, with said radical Ra, with Ra and na as defined above.

2. The process as claimed in claim 1, characterized in that said compound of
formula (ll) is prepared by dehydration of a compound of formula (1X):
G @)

2

G,
O OH
(1X)
» in which G1 and G3 are as defined for the keto benzofuran of formula (1)
as claimed in claim 1 and in which the group G2 is chosen from the
following groups

Ra)na
—O0
in which the phenyl is optionally substituted in the ortho and/or meta position, but

never in the para position, with said radical Ra, with Ra and na as defined above for

the keto benzofuran (l) as claimed in Claim 1.

3. The process as claimed in claim 2, characterized in that said compound of

formula (1X) is prepared by a cyclization reaction of a compound of formula (VIII):

G,
@)
G,
OH
O G,
(V)

» in which G1 and G3 are as defined for the keto benzofuran of formula (1)



in which G1 and G3 are as defined for the keto benzofuran of formula (1) as claimed in claim 1 and in
which the group G2 is chosen from the following groups Ra)na in which the phenyl is optionally

substituted in meta position, but never in the para posi j j jcal Ra, with
W?ﬁ%ggﬁ/%‘ﬁ% (ﬁé /Wﬂ?&fiﬁ)é%%t?f‘

Ra and na as de above for the keto benzofuran (I)"as claimed in Claim 1. ompound of
formula (12), in base form, or in the form of pharmaceutically acceptable addition salts with organic or
mineral acids, said compound having the following formula: HO (12) in which G1, Ra, Rb, Re
and na are as defined foaghgidigiedbianziafaran 4hoam olaiiviedHe ¢l@iop 1G2 is chosen from the

following groups

Ra)na

—O0

in which the phenyl is optionally substituted in the ortho and/or meta position, but
never in the para position, with said radical Ra, with Ra and na as defined above for

the keto benzofuran (l) as claimed in Claim 1.

4. The process as claimed in claim 1, characterized in that the compound of formula
(I) for which G3 represents —NH-SO2-Rc and G5 represents ORb is prepared by
nucleophilic substitution of a compound of formula RbX in which X is a halogen

atom and Rb is as defined in Claim 1 on a compound of formula (12):

HO
S
H o
O\\S N
RC/ \\() O \ G1
O
(12)

in which G1, Ra, Rc and na are as defined for the keto benzofuran (l) as claimed in

claim 1.

5. Compounds of formulae (II), (VIII) and (IX) in base form, or in the form of
pharmaceutically acceptable addition salts with organic or mineral acids, said

compounds (II), (V1) and (1X) having the following formula:

G3
G
g O G, O
G
3 > G, OH o
1 G
O o” G O OH

(1) (VIIN) (IX)
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in which G1 and G3 are as defined for the keto benzofuran of formula (1) as claimed
in claim 1 and in which the group G2 is chosen from the following groups

Ra)na

—O0

in which the phenyl is optionally substituted in the ortho and/or meta position, but
never in the para position, with said radical Ra, with Ra and na as defined above for

the keto benzofuran (l) as claimed in Claim 1.

8. A compound of formula (12), in base form, or in the form of pharmaceutically
acceptable addition salts with organic or mineral acids, said compound having the

following formula:

HO
o
H (0]
Q\S N
RC/ \\() O \ G1
(0]
(12)
in which

G1, Ra, Rb, Rc and na are as defined for the keto benzofuran (l) as claimed

in claim 1.



