PROCESS FOR PREPARI NG BENZOFURAN DERI VATI VES SUBSTI TUTED AT POSI TI ON 5

The present invention relates generally to the preparation of 5benzofuran
derivatives substituted at position 5. The invention relates to a
process for preparing benzofuran derivatives substituted at position 5 of
general for magsoiflologooWhi ch R representsqja nitro or esterp@fPRRMIIAIR 10
which R 10 represents a hydrogen atom or an al kyl group, Rl represents
hydrogen or an al kyl group and R2 represents hydrogen, a hal ogen or a
hydroxyl, hal oal kybRoGEgS FOR FREPARINGERIOEMAPHERf A @S| am noal ky|
group. More SpecitrcallTy, the rTnvention refates to a process for
preparing conpounds of fornuléUBSTrlTldTE/Bi/éﬁH@%Ié'ﬁiDﬁs‘:'ents a nitro group,

t hese 15 conpounds of formula (1) being known as 5-nitrobenzofuran
derivatives of general formula |I": in which Rrepresents a nitro
group, RL represemhs hysip@emantion ablayds QQQh@aﬂﬁdtd?ZtHéapﬁ%%Fﬁtfom?\’gf ogen,
a hal ogen or an al kyl, al koxy or 20di al kyl aim noal koxy group. re
speci fi cal | ybenzpduianasiiviabres substdutedmatpositioness for preparing conmpounds of

f I 1) i +ch. t - th .con d
of formia (1) bel Tosoiih SEERSof o3Pt Bisbephe Bpponietaaavaives
position 5 ofulgstingedlat bositiaha® of gerderd ORRuRE R in which R
represents an ester group‘-COCR' in which R represents a
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in which R represents a nitro or ester group -COOR' in which R'

10 represents a hydrogen atom or an alkyl group, Ry represents hydrogen or an
alkyl group and Rz represents hydrogen, a halogen or a hydroxyl, haloalky!,
alkyl, alkoxy, dialkylaminoalkoxy or diatkylaminoaikyi group.

More specifically, the invention relates to a process for preparing
compounds of formula (I) in which R represents a nitro group, these

15 compounds of formula (i) being known as 5-nitrobenzofuran derivatives of

O

1

general formula "

O

in which R represents a nitro group, R represents hydrogen or an atky!

A O=0

group and Rz represents hydrogen, a halogen or an alkyl, alkoxy or
20  dialkylaminoalkoxy group.
More specifically, the invention relates to a process for preparing

compounds of formula (l) in which R represents an ester group -COOR',



5hydrogen atom or an al kyl group, Rl represents an al kyl group and R2
represents hydrogen or a hydroxyl, hal oal kyl, dial kyl am noal koxy or

di al kyl am noal kyl group. In formulae I, |I' and |" above: Rl in particular
represents a linear or branched Cl-C8 al kyl group, 10 especially a |inear
or branched @kr{#d2/@lokos! 9roup, such as mgthyl, ethyl, n-ppopyhioiisaRECPY! .
n-butyl, sec-butyl or tert-butyl, or alternatively a substltuteé or
unsubstituted phenyl group, R2 in particular represents a chlorine,
brom ne or igdisae } r 5 al,ky kally a
| i near or br gﬁ#gﬁegé@fﬁuhgg%fdgﬁﬁ a@f lgggwggﬂ}cnﬁ%’gs %fgre!t)%%ﬁb%nhéﬁaeﬁﬂ%sopyl ,
i sopropyl, nsuhatijitedsspobsiiion5 orgararalformylz I"a | i near or branched C1-C8

al koxy group, especially a linear or branched Cl-C4 al koxy group such as
met hoxy, ethoxy, n-propoxy, isopropoxy, n-But ox sec- butoxy or tert-butwy

or a dial kyl am noal kyl ﬁgé&g akd er nat i Vil y/A R0 dial kyl am noal koxy
group in which each I|i r b gr oup/TsRef Cl1-C8 and the
| i near or branched al koxy grou _&318,

su

0

especially in which each

| i near or branched al kyl group 's”o ch as nethyl, ethyl,

n- propyl, isopropyl, n-butyl, sec-butyl or tert-butyl and the |inear or
branched al koxy group is of Cl-C4 such 25 as nethoxy, eth?xy, Nn- pr opoxy,
i sopropoxy, n-butoxy, sec-butoxy or tert-butoxy, R is a linear or

branched C1-C4 al kWhhigh ®IPe ﬁ%&;}?%d’ SQ8F B8R -COOR! in whftHRHdpfeddhted®

enbodi ment, Rl represents n-b and resents

3- (di - n- But yhydrogei patopoyor. an alkyl googp; dRngepesents anbatkyhemndup fand R,
represents n-hbutyl .an r epr esent 3‘%}8} -hutyl am n ropyl . 5The
conpounds of refp(g?#nt% %yngﬁﬂ%’ a?d %iﬁ’dg Gi ?‘?%9‘!"@'% Iﬁ’!?g%)ﬁ@?‘ﬁ%/%"?fiWa o are,
for the mgj %ibtldriarﬁiﬁﬁﬁﬂkgﬂg%uﬁescri bed in patent EP 0 471 609 where they are
presented as infernedi ate products for the preparation of

am noal koxybenzoylnferpulegriah andd’ gbeveres that are useful for their

t her apeutic applicatjans in the cardi gvascul ar field, 10Amng these
ani noal koxybenzoy! b z’BfRﬁrﬁﬁma%F‘?Rfﬁﬁ?Wés"’} ?'Q@‘?lr- Bﬁbgﬂﬂ‘)@ﬁd C+-Cg alkyl group,

{443- (din- butyl am @@b@éiawéwlrm?@y&hn&é@m@fémﬂ grl%l%ﬁi, gaéﬁ%ouf&%g?@

commonly known as dronedarone, and al so phar maceut y accepta alts
t her eof , has proven€¢thylben-pernw.cusepropykhdnamitug e sas-batyp e or akén-basylanor
antiarrhythm c agenty. . tively a substituted or unsubstituted phenyl group,
e R in particular represents a chlorine, bromine or iodine or a linear
or branched C;-Cs alkyl group, especially a linear or branched C;-
15 Cy4 alkyl group such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl or tert-butyl; a linear or branched C4-Cg alkoxy group,
especially a linear or branched C4-C;4 alkoxy group such as
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy or
tert-butoxy; or a dialkylaminoalkyl group or alternatively a
20 , dialkylaminoalkoxy group in which each linear or branched alkyl
group is of C4-Cg and the linear or branched alkoxy group is of Ci-
Cs, especially in which each linear or branched alkyl group is of Ci-
Ca4 such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or
tert-butyl and the linear or branched aikoxy group is of C4-C4 such
25 as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy or
tert-butoxy,

¢ R'is alinear or branched C+-C4 alkyl group stich as isopropyl.



15Pat ent application WD 2009/ 044 143 and patent EP O 471 609 di scl ose

vari ous process steps which, when conbi ned, nake it possible, starting with
4- hydr oxyacet ophenone, to gain access to

2-n-butyl-3-{413-(di n- butyl am no) propoxy] benzoyl} - 5-ni trobenzof uran
(referred towheimipegdow as Conpound A), qwhich is an int eﬁ@?f%ﬁﬁ%éﬁ?ﬁ IS
particul arly advant ageous for 20preparing dronedarone. According to this
process, the reaction sequence bel ow may be envi si oned: a) coupling
4- hydr oxyacet ophe 1 et | ingth ce. n kKahi
Teral al Koxt de (v S qorEEoloRtone URbBURNGY M) B SERRC oy BhE" aRl ks

1- (4- hydr oxy[gigagents B-@li-ndpitasdnepeopdrys 250bt ai ned with

0- (4-ni trophenyphydroxyl amine to form,2-n-butyl-3-(4-

hydr oxybenzoy1) - 5%(‘8??@%%nt?of(ﬂneanewpgme.”tw%. r‘?ﬂ@@“@t pSU e288s R4 bed

in patent appgregénte3-(Pn2889aRMH0 by, c) etherification of the
5-nitrobenzof uran derivative thus Torned with 1-

“chl or o- 3-3 di - n- bulh& aMMRYWIdsp ah dormle ok mboverthdnoke( spediticall§sthiod®) of

30This step } ri i .ent EP Q 47 Q9. . . Co tl
Conpound A ct)oamgﬁgngtalr%’g'%g)6@%?’?\%%#%@88%&%&5%%%no‘?atﬁf‘gé? g[ﬁ'? ﬂﬁ%g%
starting witWwhérdyiteyoxyaqetopitedoss intaemadies Hrosudts foPens PrapaRitHoANPf
steps reported, above. The search for a preparation process capable o?

provi di ng Coffpinakoxyaeszeybengpiyiann derivativesy athet oparenonsefdhdfom thair al |
yi el ds t hat L gni 1 -Gank hi L4 rovided in the prior art
consequent | yﬁ{ez?r%%l%@' %#p%g%{é%%ss{ﬁ itggggr%&?%%@& It has now been

found thet ConpouAthoAgcthesbeamsinbhlkesyatkovibencefiahh dérikdsedl 2-atbligpgst 56%
acet ophenone by nepans of the 10 conbination of

starting wt % dro%/ .

steps usi ng FriEEncREtYRMineprepyiyeszey s mstasnestiionamidehanzabapone
rather than dsf [ heay ), . t I c of
formula | ab%?/eﬂgdr%ﬂnk@p lemsggcpgqn%g%@%?h%@gd%ggaqaﬁmageHhr@%We%E?%%e
mej ority, cos@bultdsededmsi pedvenntophe grartiEiRady 3idvantyesiner esgdetyllyase an
presented as_int ﬁ{yc[redi atgeerﬁr oducts for the final preparation of

antiarrhythmic’a
15 Patent application WO 2009/044 143 and patent EP 0 471 609
disclose various process steps which, when combined, make it possible,
starting with 4-hydroxyacetophenone, to gain access to 2-n-butyl-3-{4-[3-(di-
n-butylamino)propoxy]benzoyl}-5-nitrobenzofuran (referred to hereinbelow as
Compound A), which is an intermediate that is particularly advantageous for
20  preparing dronedarone. According to this process, the reaction sequence
below may be envisioned:
a) coupling 4-hydroxyacetophenone with ethyl valerate in the presence
of an alkali metal alkoxide (yield: 65%),
b) cyclization of the 1-(4-hydroxyphenyi)-1,3-heptanedione thus
25 obtained with O-(4-nitrophenyl)hydroxylamine to form 2-n-butyl-3-(4-
hydroxybenzoyl)-5-nitrobenzofuran (yield: 69%). These steps are described in
patent application WO 2009/044 143,
c) etherification of the 5-nitrobenzofuran derivative thus formed with 1-
chloro-3-(di-n-butylamino)propane to form compound A (yield: 88.76%).
30 This step is described in patent EP 0 471 609.



15 am noal kyl benzoyl benzof uran derivatives that are usefu
t herapeutic applications in the cardiovascular field. Anron
am noal kyl benzoyl benzof uran derivatives, isopropyl 2- buty
utyla mn o)propyl ] benzoyll- 1-benzofu ran-5-carboxylate, c

| for their

g these

| -34443-(d i b
omonly known as

cel i varone, wicthodd:@moscehe pharnaceutically acceptable 20 Slﬁ’éflﬁRiﬂEﬂﬁﬁ%l’ has

proven to be particularly advantageous especially as an antiarr

agent . Contrary to the synthetic route described in

709, this synthetCondeyiletly SCERPEBREN EoABH B ShthiheBFSS

nunber of steps. This routé thus constitutes an econom cal1
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It has now been found that Compound A can be synthesized in overall
yields of at least 56% starting with 4-hydroxyacetophenone by means of the
combination of steps using 1-{4-[3-(di-n-butylamino)propoxylphenyi}-1,3-
heptanedione rather than 1-(4-hydroxyphenyl)-1,3-heptanedione.

The compounds of formula | above and more specifically those of
formula 1" are, for the majority, compounds described in patent EP 1 315 709
where they are presented as intermediate products for the final preparation of
aminoalkylbenzoylbenzofuran derivatives that are useful for their therapeutic
appilications in the cardiovascular field.

Among these aminoalkylbenzoylbenzofuran derivatives, isopropyl 2-
butyl-3-{4-[3-(dibutylamino)propyl]benzoyl}-1-benzofuran-5-carboxylate,
commonly known as celivarone, and also the pharmaceutically acceptable
salts thereof, has proven to be particularly advantageous especially as an
antiarrhythmic agent. _

Contrary to the synthetic route described in patent EP 1 315 709, this
synthetic route is convergent and makes it possible to reduce the number of
steps. This route thus constitutes an economically viable alternative. This
route makes it possible especially to avoid a Sonogashira-type organometallic
coupling step which uses expensive reagents and a Friedel-Crafts step which
generates Iargé amounts of aluminum salts.

According to the invention, the benzofuran derivatives substituted at
position 5 of formuia | may be prepared by coupling, in the presence of an

acid, the hydroxylamine of formula il



oxi me of general fornula: |V in the formof a mxture of E and
Z isoners, in which RlL and R2 have the sane neaning as previously, and this
oxinme is cyclized by heating to form 10 the desired conpound.

According to one enbodinent of the invention, the 5-nitrobenzofuran

derivatives @fof@i#iea |' may be prepared by coupling, n.:}.] ﬁm&&&s‘i? e of
t

an acid, O-(4-nitrophenyl)hydroxylamne of formula |1’ I'S ‘compoun
correspondl ng to the conpound of forrmula Il in which R represents -NQO2: NO2
ONH2 with a diketone of general forpula IIl: 00 I in which Rl and
R2 have the sanme nmeani ng as previously, to forman oxinme of general
f or mul a: | V'

ONH

in which R represents a nitro or ester group -COOR', R' having the

same meaning as previously, with a diketone of general formula il
i i
R—C— CH,—C @-Rh
i

5 in which Ry and R; have the same meaning as previously, to form an

oxime of general formula;

in the form of a mixture of E and Z isomers, in which Ry and R, have

the same meaning as previously, and this oxime is cyclized by heating to form
10 the desired compound.

According to one embodiment of the invention, the 5-nitrobenzofuran
derivatives of formula I' may be prepared by coupling, in the presence of an
acid, O-(4-nitrophenyhihydroxylamine of formula II, this compcund
corresponding to the compound of formula H in which R represents -NO;:

NG,
= |
-

ONH,

15 I¥



in the formof a mxture of E and Z isonmers, in which Rl and R2 have the
sane neaning as previously, and this oxinme is cyclized by heating to form
t he desired compound; the conpound of fornmula IV corresponding to the
conpound of forrmula IV in which R represents -NO2. 10According to one

enbodi ment ofyd hR240p¥@Nt i on, the benzofugan derivatives offpkiH} @51'{/51 may
be prepared by coupling, in the presence of an acid, the conpound 0

formula I'l", this conpound corresponding to the conpound of formula Il in

whi ch R represent gith @@RetonB of e hBEbI?@mﬂ.ﬁé jped previously: COOR ONH2 Ri-C
- CH2- C 1511" with a diketone~of genera orrruIaIII 00 RI-C CH2- C

0O
I I
R~C~C%m0m<:>%ﬂz
m

in which Ry and R» have the same meaning as previously, to form an

oxime of general formula;

OzN—@ o T
N=C~0Hfmcm{i:>}mRz
R,
5 | %
in the form of a mixture of E and Z isomers, in which Ry and R, have

the same meaning as previously, and this oxime is cyclized by heating to form
the desired compound; the compound of formula IV' corresponding to the
compound of formula IV’ in which R represents -NO5.

10 According to one embodiment of the invention, the benzofuran
derivatives of formula I" may be prepared by coupling, in the presence of an
acid, the compound of formula H", this compound corresponding to the
compound of formula Il in which R represents -COOR', R' being as defined
previously: |

COOR'

ONH,

15 IEH

with a diketone of general formula |11



11 in which RL and R2 have the sane neaning as previously, to form
an oxi ne of general fornula: V' 5in the formof a mxture of E and Z
isoners, in which RL and R2 have the same neaning as previously, and this
oxinme is cyclized by heating to formthe desired conmpound; the conpound of
formula 1V q@rfeseesdi ng to the conpound of fornula IV igrwhisd3i7s1
represents -COOR , R' being as defined previously. 10According to one
enbodi ment, the oxine is reacted to forma salt such as the hydrochl oride.
Usual Iy, the coupling is perforged in thegpresence of an acid, preferably a
weak acid, optionally conbined Wth a strgng #Ci R\ generally an organic or
m neral acid such as a hydrgidg fozigxanpl-e )chRgric acid. 15 This
acid or this mixture of acids may be conbi ned\ _whégre appropriate, with an
organic or mneral solvent, for exanple N, N-dimethylformam de, dinethyl

sul foxi de, an ether such as tetrahydrofuran, diethyl ether or dioxane, or
alternatively an al cohol such as nethanol or ethanol. Howev ey, according to
a preferred enbodi nent, the coupling proceeds solely in an acidic medi um 20
whi ch serves bot hinaghickeaid Rthae tel 3ané meaning abhrevpakiyatd forr an
guestion is generally chosen from aci ds whose boilTing point 'is |less than
150C, for ex@fpeccfasneral fagndaor, preferably, acetic acid. In addition,
this weak acid may be used in_solution, for exanple in water or in an
organic or mneral solvent g pref erabl y, al oneg By way of exanple, when
this weak acid is adeDl¥ as W.ef erabl y corrlespghds\to gl acial acetic
aci d. The coupling reaeti/On usudIF "‘6{ ceeds ro yperature to
formthe oxine of fornmula IV. This oxi maRis t hen cycly by in situ
heating, i.e. in 1

iV!f

5 in the form of a mixture of E and Z isomers, in which Ry and R, have
the same meaning as previously, and this oxime is cyclized by heating to form
the desired compound; the compound of formula IV' corresponding to the
compound of formula IV in which R represents -COOR', R" being as defined
previously.

10 According to one embodiment, the oxime is reacted to form a salt such
as the hydrochloride.

Usually, the coupling is performed in the presence of an acid,
preferably a weak acid, opticnally combined with a strong acid, generally an
organic or mineral acid such as a hydracid, for example hydrochloric acid.

15  This acid or this mixture of acids may be combined, where appropriate, with
an organic or mineral solvent, for example N, N-dimethylformamide, dimethyl
sulfoxide, an ether such as tetrahydrofuran, diethyl ether or dioxane, or
alternatively an alcohol such as methanol or ethanol. However, according to a
preferred embodiment, the coupling proceeds solely in an acidic medium

20 which serves both as reagent and as solvent.

The weak acid in question is generally chosen from acids whose
boiling point is less than 150°C, for example formic acid or, preferably, acetic
acid. in addition, this weak acid may be used in solution, for example in water

or in an organic or mineral solvent or, preferably, alone. By way of example,



5 the sane nediumin which it is fornmed. In another manner, the cyclization
of this oxine may be perfornmed ex situ, i.e. separately fromthe nediumin
which it is forned, and in a solvent such as, for exanple, the solvent used
~during this formation. Usually, the process of the invention proceeds at a
tenper at ure wkoisamnessag fromroomtenperature up to aboutp58Goiissgqneral,
this process is undertaken at roomtenperature when the acid corresponds to
a mxture of strong acid and weak acid, but at a higher tenperature when

t he aci d corwRsRQRESHSSH i i j I g{n%]a; he
weak acid is acetic aci d,ﬁbQﬂhngarcgg%‘ﬁ%gjﬁf%%%@gpﬁréﬁpﬁoﬁﬂgy ggaocdt 17C- 118C.
15The startif¢dconpound of fornula Il nay be obtained according to the

fol | ow ti S H2 i.e. starti i th,_a hal pb f
formia v i nowni oh PR erpdy Hstall mRoBasA? b isTakteRar TPdBBoent s
a hal ogen, fie eximepdieforfilipr viarhps oRithd lsUEPl_rehf“@_,rcIE%iH ﬁp ih St eRetiRg, 1.8 hhe

presence of a basic agent such as an alkali netal hydroxide or~an alkali
net al al Koxi He s3ree medidadinuicd it isformsd dia aothet mesneamthe oycliaationi afe, in

articul ar - i [ t= i i th an_ing fe faormula VI in which
II%B r :aplrjesenlto @qﬁ%ﬂﬂnéenaé]g%rbegﬁaaﬁéhggd% fﬁ”aPE'ygbg%gedg ff%'ﬁ tQQaW&dé“'IBt'HyI I
and R4 repr ewhithsit & Formesal, 2ord ior anohamht CLcRasaliby bxampitd thd doblentt ngkeance

met hyl, the reactjon_preceding at roomtenperature and preferably in a
pol ar sol venfUMEINISTONE/OR; net hyl for mami de to form an oxime of formula V|

in which R3 and e ﬁ&ﬂé‘% LQ0: V] his ' is then
treated with a s??%%@c%g Euc g?ﬂghgo@ﬂ?gﬁf da@?%éq’so %o?n;[e[?ﬁ%g%&%ound
of formild |tanging fremfroom tEmperature dpaiddatiautrt 59aCt In dénevhl, ehisigpotdanis
optionally subjected to the action of st‘:‘on% ase such as sodjum
hydr oxi de, {HIENER FhioosdipBnREtYe wheRiha Aid FaresRRNsaloea Mepdre of

According { Osiify AERPArEWeak! ABAS A 4G, AIHRP UBMHRaliPE Whéh the HBY P
obt ai ned according to the foll ow ng reacti o schene:
corresponds solely to a weak acid. By way of example, when the weak acid is
acetic acid, the reaction temperature will be about 117°C-118°C.
15 The starting compound of formula Il may be obtained according to the

following reaction scheme:

R R
+ HO~N=[C~C}R3—————:-
R,
Hal O-N =T-GR3
v Y / R, v
R
ONH,

I
i.e. starting with a halobenzene of formula V in which R represents a
nitro or -COOR' group and Hal represents a halogen, for example chlorine or

20 fluorine, which is reacted in the presence of a basic agent such as an alkali



ON H2 II° 15i.e. starting with a hal onitrobenzene of formula V' in which
Hal represents a hal ogen, for exanple chlorine, this conpound of fornula V
corresponding to a conpound of fornula V in which R represents -NO2, which
is reacted in the presence of a basic agent such as an alkali metal

hydr oxi de, witdneasiogizdate of fornula VI gin which R3 reprgseptsfodibdjear or
branched Cl- 204 al kyl group, for exarrp?e ethyl, and R4 represents a

| i near or branched C - C4 al kyl group, for instance nethyl, the reaction

proceedi ng ahé’t&!"]ﬁ?dr@ﬂ@@&ﬁfté{’fﬁlléﬂ%e@ﬂ fieadd ¥uch sascfb‘?urﬁr eﬁ% Qltde Ch as
St formila

N, Ndi met hyl formami’de to form an oxinme I'n V\/mch
have the sankoiasahimiprixbuioxisis, mupaptlcutampmtmqnnuad tm‘tmhde nwitla avil |M|date

Co PO N ek RIS o GBI Yk Hhel sl e oo £
acid to fornjdrhexaeqndetnd, sid @r@Fr@ehts allmebh@r bearBnel @Pcﬁlfduf}ngﬂgbé' on

salt, which is then subJ ect ed he action of a strong base s as 'sodi um
hydr oxi de5  t robsiance Heeyhpthmdreattionr prgcading atnrdareetarageratunemanti0 The

starting compundell LB LiveRFLullf &PNNISHEARiRMAEATad Go! fifnd G O N9

reaction sc
oxime of formula VIl in which Rz and R4 have the same meaning as

previously. This oxime is then treated with a strong acid such as hydrochloric

acid to form the compound of formula [l in the form of an acid-addition salt,

10 which is then optionally subjected to the action of a strong base such as
sodium hydroxide, to obtain the compound of formula Il in free base form.

According to one embodiment, the starting compound of formula II'

may be obtained according to the following reaction scheme:

NO, ‘ NO,
Z
'/J\” + HO-N=C-0OR; i
o |
\l/ ",
Hal OC-N=C-0R,4
VIl
v
Vi / R,
NO,
ONH,
il
15 i.e. starting with a halonitrobenzene of formula V' in which Hal

represents a halogen, for example chiorine, this compound of formula V'
corresponding to a compound of formula V in which R represents -NO,, which
is reacted in the presence of a basic agent such as an alkali metal hydroxide,
with an imidate of formula VI in which R; represents a linear or branched Ci-
20 G4 alkyl group, for example ethyl, and R4 represents a linear or branched Cs-



ONH2 11" i.e. starting with a hal obenzene of formula V' in which Hal
represents a hal ogen, for exanple chlorine or fluorine, this conpound of
formula V' 15 corresponding to a conpound of formula V in which R
represents a group -COOR, R being as defined previously, which is reacted

in the presenweenein@sdasi c agent such as;,gn al kali netal J h as
sodiumtert-butoxide or potassiumtert- bluo'floxi de, with an ]?énlll?@?togﬁ%ﬁ‘%ﬁaor mul a

VI in which R3 represents a |inear or branched Cl1-C4 al kyl group, for
exanpl e ethyt, amgl RfolSPH&SaR 2Rl diRgarnQr h : kybogr oup,
s B0 ot $i8nee ZHHARS 8" ICABE "Bhdetufdh UtHof

for instance neth reaction proceedi ng oo ure
preferably, iemperpirar aul,vepitefanably, asnN, & diotat hgbventrasudh tas f axm-an

i f f ; " in.which R3 d R4 { . . [
orevi ousl y. - THHEnimmaeSde tan doi CIvE,of lBBRHEABMCR B Lo Rpdiav of
formula VI the S/d?h@h}éﬁﬁ@é@@%ﬁi@@y,ghﬁ%mﬁbUMrmﬁa\??id&%egggﬂﬁfnbned

previously. This oxinme is then treated with a strong acid such
hydr ochl or i ctoa@ campeund afenveuia dtbioumbich R fepresérisid nitno drbepf Dhisn @fman

acid-additio |t ich«is_then optipnally subjected.to th ction of a
strong base Iguc natsreg%gictq,r%hﬁd?qg%%g,c'(f&“%taaﬁ MPP&@H%@B%%?O%% all"
in free basecdmpound @fgompgariisintihe Brar bf BE sbikakenes ﬁit,{@ﬁiEH' iétﬂhbh they

may be prepared in various ways according to their chemcal structure.
Thus, accor oﬁlﬁge@tsd dadhe pstien pEatstrangebasmputihas sofiiuno hydiaxide, Ito dhbtainhi ch

Rl has the sfge. -rﬁgofal‘ﬁi'rﬂﬂi%ﬂ'ﬂ-'r'ﬁl% b{%ggﬁ%r epresents an al koxy or

di al kyl am noal koxy group are referré i nbel ow as conpounds of 15

formul a I8 I. TheyThegtabingtdrapoedd af erndilang" hiayt e obein e BELrE PRI AR
schenme: XII j e..by reacting 4-hydroxyacetophenone of fornmula VIl wth a
hal i de of fcfPHﬂWE‘glrﬁaP'i‘P%? ' represents an al kyl or dial kyl ami noal kyl
group and X 20 reprcg@@@;s a hal ogen such as chlori ofF a sul fonat e group,
in the presence of asi c agent, generally a weak] bdse such as an al kali
metal carbonate

+ HO-N=C-OR, —w

R4
Hal O-N=C-OR,

ONH,
i

L.e. starting with a halobenzene of formula V" in which Hal represents a

halogen, for example chlorine or fluorine, this compound of formula V"

15 corresponding to a compound of formula V in which R represents a group
-COOR', R being as defined previously, which is reacted in the presence of a
basic agent such as an alkali metal alkoxide such as sodium tert-butoxide or
potassium tert-butoxide, with an imidate of formula VI in which R; represents

a linear or branched C+-C4 alkyl group, for example ethyl, and R, represents a

20 linear or branched C:-C4 alkyl group, for instance methyl, the reaction



and usually by heating in a polar solvent such as nethyl ethyl ketone to

gi ve the acetophenone derivatives of fornmula X in which R2' has the sane
meani ng as previously. Preferably, R2' represents a |linear or branched
Cl-C8 al kyl group, 5 especially a linear or branched Cl-C4 al kyl group
such as met hwo 2083/tvko2 nNpropyl, isopropy|, n-butyl, sec-bptyloRl hE5 but yl
or alternatively R2 represents a dial kyl am noal kyl group 1n V\]/f('n c]h each

| i near or branched al kyl group is of Cl1-C8, especially in which each linear
or branched ' asrAELBY in &t

i sopropyl, n?}bdt%bij?{gggﬂg[dt?ﬁ? 3{%%@5&@%8@% @5 : ?kyﬂlg @%!%ﬁggﬁghg%%r%l a X
i s then coupNdddinethydarmamee tof foror anloxindé df domtila /11"Rb weinidh RS; had &Rt he

i iously, th ling taki | in th f
strong base Sa%h 8 SAMR LA RIEKDKSNe Ry COSTRAUNg oh BNBERRVIT
sol vent, forcexesiinding methodmpBodyd bP!férﬁEjLnQﬂﬂ{ ihr{ Wi Pait%ggééﬁﬁée’c%fg@fuﬂ om

formula XI'I. 15The diKetone thus obtained is then iso
t he medi Um i =QRIFEhRI being pardefinedr prepiceishyr. abiliy oxithe ds therdtamed with b a

t id . h l, or,i id_s. t jd-addition salt
Chereat - 1 or L BRI YRS ASbi R <1209, B phBobE A Pedi St facandad ot
fornula Xl the foreeobapeadioranditiy: Bait' RARMCIsALHS Bﬁﬁﬁﬁélp%ﬁé&?éqg' frleOn

salt thus obtajned bE;' treating this salt 20 with a basic agen or
exanpl e a weakidsaeka slieng Basa sush sl sodemdlydeexidmriatabtain the hooyeaund of

car bonat e. COrl ot her enbodi nent, the conpounds of fornula
11" in whi cfr?”aimﬁsmttﬂ%&g%%m%@ani ng as previously and R2 represents an

al koxy a0 di al kyl Asiregertlk dhy starting diketones ef fcﬁmma)llh&h@tfhﬁ@} BY REp&@APOUNS
of 25 formul,a Xl1'. They nay be obtained according to the follow ng

reaction sch8n@oOUGYaY§1350018R0 5 SIinehsioehstosty®L X1 1 | XI VRAXV
HN(RS) 2XVIE X' R3-PhEl according to one embodiment, the compounds of formula III' in

which Rq has the same meaning as previously and R, represents an alkoxy or
dialkylaminoalkoxy group are referred to hereinbelow as compounds of

15 formula Xll. They may be obtained according to the following reaction

scheme:
0
o 0 i
G IRETE
OH
. O-R
VIl IX X
O
|
R3—O_ C_ R1
c;|) (”) X
Ri— C—CH—C
0—R>
Xl

I.e. by reacting 4-hydroxyacetophenone of formuta Viil with a halide of
formuta IX in which Ry’ represents an alkyl or dialkylaminoalky!l group and X
20  represents a halogen such as chiorine or a sulfonate group, in the presence

of a basic agent, generally a weak base such as an alkali metal carbonate



R4 Xvil Rl XII' i.e. by reacting a conpound of forrmula Xl |1 in which
X' represents a hal ogen such as chlorine with a halide of formula XIV in

which R4 is an al kyl group, especially a Cl-C4 al kyl group such as a net hyl
group and X' 5 represents a hal ogen such as chlorine, in the presence of a

Lewi s acid sWeinodsoedkgsn num trichloride gy iron trichi orip@[/ﬁmﬁgg{ﬁﬂ
tenperature in an organi c solvent such as dichl oronethane to give the

conpounds of formula XV in which R4 has the sanme neani ng as previously. The

compound of 494 LAY heatifigth S%b?%rf‘%ot\gé@;b@ %‘fh%‘;eéﬂ%r@f&?e g Gt 1o

which R5 is an al k%/I group, ‘especia such “but yl
in the presetice ageiaphenode déeriuatiies sofp doramda u¥ irodivideh oR,' shal Uhei edinge

di ssolved in | ar aproti ¢ solvent such as nethyl isobutyl ketone (M BK)
to give a coﬁ%@ﬁ %?p'%(yf%ffya XVI1 in which R 2 represents a

di al kyl ani noal kyl pregéraity,| Ry Wepfdsdrte 2!1ifghr 05:0URToRBHERSEES afty ChiGp 2! kY|
group such as an _n-butyl” group. The conpound o for mil a M "1'S t hen
coupl ed wi t heghecalen liopar o faipachad Ca-Ghitky! Blowmdudts asamethytheethaiyen-

meani ng as p, o]t h plin t aki | ace in_.the presence of a
strong base é@?&eﬁdﬁﬁ%pgl ﬁg%?ﬁh%&g%guyf%%rhgggﬁgr ﬁEﬁré‘lalt'ye]V 2 "IeEEN S0l vent
such as N-nea hiidlkPapincatkyl Grogmen WhidP AR KPR PANHRIIHK Sldup is of

The di ket one us obtained 1s then isolated directly fromthe nediumin

t i nec . (
which it is ¢ @sBecialyy &t ayhigh pachflineartarebrramehed vl grosprienaf €¢iGi such

as 10 hydr i I far i.d-addi t, qn salt. thereof, for
exanpl e %/heoﬁi%f%%:megwig%tﬁ%l’ 3 Spﬁé@gls%g%gﬂ{lﬁlﬁ)ﬂy?@&c& yfocl'ratF’BthH'Bﬁa X'l in
free basi® f or m nmaphdeompgend vafarthula dhistthen abuBledddtt bRRsE&H df fbRHSIa X

obtained, by treating this salt with a basic agent, for exanple a weak base
such as an aJPR’érI”Fa’h taaﬂc“éahﬁ‘é?lﬁl%s@?’eﬂ’?@?@ggrﬁsd%fﬁb’@h!ﬁlyethe coupling taking

place in the presence of a strong base such as an alkali metal alkoxide and
usually in a polar solvent, for example N-methyl-2-pyrrolidinone, to form a
diketone of formula XII.

15 The diketone thus obtained is then isolated directly from the medium in
which it is formed or, preferably, after treatment with a strong acid such as
hydrochloric acid so as to form an acid-addition salt thereof, for example the
hydrochloride. If necessary, this diketone of formula Xii in free base form may
be regenerated from the acid-addition salt thus obtained, by treating this salt

20 with a basic agent, for example a weak base such as an alkali metal
carbonate or hydrogen carbonate.

According to another embodiment, the compounds of formula III" in
which Ry has the same meaning as previously and R, represents an alkoxy or
dialkylaminoalkoxy group are referred to hereinbelow as compounds of

25 formula XII. They may be obtained according to the following reagtion
scheme:



15Anot her subject of the invention relates to the derivatives of general
f or mul a: XVI I and also to the acid-addition salts thereof, in
whi ch R2' has the sanme nmeaning as previously, L represents a bond or an
oxygen atomand Y 20represents: a) a group of general formula: 0 11 R'-C

XI X i n whi chwidlioiz@ps@sents a Cl-C4 al kyjy group, or b) a ﬂf%(,@{,?ggﬂeral
forml a: XX in which Rl' has the same neaning as previously and

represents a nitro or -COOR group, R having the sanme neani ng as _
previ ously, these derivatives being, when Y represents the group )0<, in

the formof t x "
g\/\ + R4J.|\X - . OY@/‘\/\

pdlll XV R4 X\

HNR5)2  XVI

R',
(0]

0 R4

O
R1
Xy

i.e. by reacting a compound of formula XIH in which X' represents a
halogen such as chlorine with a halide of formula XIV in which R, is an alkyl
group, especially a C4-C4 alkyl group such as a methyl group and X"

5 represents a halogen such as chlorine, in the presence of a Lewis acid such
as aluminum trichloride or iron trichloride at room temperature in an organic
solvent such as dichloromethane to give the compounds of formula XV in
which R4 has the same meaning as previously.

The compound of formula XV is then coupled with an amine of formula

10 XVl in which Rs is an alkyl group, especially a C-C, alkyl group such as n-
butyl, in the presence of an iodide such as potassium iodide or sodium iodide
dissolved in a polar aprotic solvent such as methy! isobutyl ketone (MIBK) to

give a compound of formula XVII in which R'; represents a dialkylaminoalkyl



5i sonmer, the Z isomer or m xtures of these isoners. Anot her subj ect
of the invention relates to conpounds of fornmula XVIII, referred to

her ei nbel ow as benzoyl oxy derivatives of general formula XVII1": XV
and also to the acid-addition salts thereof, in which R2° has the sanme 10

meani ng as pwavieeueloyoand Y represents: ﬁ) a group of geqqfﬁ#ﬁ[,gpggil,sqz 0
XIX in which Rl' represents a C1l-C4 al kyl group, or b) a group of general

f or mul a: Rl XX in which RI' has the sanme neani hg as previously,

t hese benzo idakhiva ' r gse p - N the
f or m of they %oﬁe%mé?ﬁgé?ﬁ@g% Eﬁ{mr@ng‘?(@%raggq 3?4 %‘h@s%rjalﬁgggrr@ﬁs?g%nins group

of fornul a Xutybg®eipr espondi ng to a conpound of fornula XX in which R

represents a nit r?h@%&%%bund of formula XVIl is then coupled with an ester of formula

Xl in which Ry and Rs have the same meaning as previously, the coupling

5 taking place in the presence of a strong base such as an alkali metal alkoxide

and usually in a polar solvent such as N-methyl-2-pyrrolidinone to form a
ketone of formuia XIV'.

The diketone thus obtained is then isolated directly from the medium in

which it is formed or, preferably, after treatment with a strong acid such as

10 hydrochloric acid so as to form an acid-addition salt thereof, for example the

hydrochloride. If necessary, this diketone of formula XIl in free base form may

be regenerated from the acid-addition salt thus obtained, by treating this salt

with a basic agent, for example a weak base such as an alkali metal

carbonate or hydrogen carbonate.

15 Another subject of the invention relates to the derivatives of general
formula:
I
Y-CH2-C—©— L-R)
XVl

and also to the acid-addition salts thereof, in which Ry’ has the same
meaning as previously, L represents a bond or an oxygen atom and Y
20  represents: _
a) a group of general formula:
0

I

Ri"-C -

XIX
in which R4' represents a C4-C4 alkyl group, or

b) a group of general formula:



Anot her subject of the invention relates to conmpounds of formula XVIII,
referred to hereinbel ow as derivatives of general formula XVII1": O

XVI11" 10and also to the acid-addition salts thereof, in which R2°” has the
sanme neaning as previously and Y represents: a) a group of general formula:
0- C- WO 2612/010802 XX in esents
a Cl-C4 al kyl group, or 15b) a group of 1giseneral forml a: ('ﬁla?f l%ﬁwl

in which RI' and R have the sane meanl ng as previously, these derivatives
bei ng, when Y represents the group—>XxX,, in the formof the E isoner, the Z
i sonmer or mxtures of these isong Qi S conpound 5 correspondi ng to a
conpound of forrmula XX in whi FR—R 5T a group -COOR, R being as
defined previously. =C -

1

XX

in which R4' has the same meaning as previously and R represents a

nitro or -COOR' group, R' having the same meaning as previously, these
derivatives being, when Y represents the group XX, in the form of the E
5 isomer, the Z isomer or mixtures of these isomers.
Another subject of the invention relates to compounds of formula XVIIi,
referred to hereinbelow as benzoyloxy derivatives of general formula XVHI':

I
Y-CH2—CO 0O-R

XVIIP
and also to the acid-addition salts thereof, in which R,' has the same
10 meaning as previously and Y represents:

a) a group of general formula:

o)

Ri'-C-

XIX
in which R4’ represents a C4-C4 alkyl group, or

b) a group of general formula:



Anmong the conpounds of fornula XVIII, those in which Y represents the group
of fornmula XI X or the group of fornmula XX in which RL' represents n-butyl
constitute preferred conpounds. 10Mreover, the conpounds of formula XVilI
in which R2" represents 3- (di-n-butylam no)propyl also formpreferred
conpounds. wo 01 MogRver, the corrpoundsl6of formul a XVl 'Pd%ﬂ%iﬁ&ﬁﬂ

represents a bond al so form preferred conpounds. Moreover, the
conmpounds of formula XVIII in which L represents an 15 oxygen atom al so
form preferred conpounds. Congeguent |y, conpounds of the invention

that are particularly preferred arg p\esent ed by the benzoyl oxy
derivatives of fornula XVil Dé‘hil p)—RA., represents
3-(di -n-butyl am no) propyl, L Tepresen a bonﬁ"’]qru—:l (Y represents the group

of formula )O( in which Rl' represents n-butyl, thijs compound being in the
formof the E isoner, the Z isoner or a mxture of Ithese isoners.
5Consequent |y, conpounds of the invention that areRparticularly preferred
are represented by the benzoyl oxy derivatives of formula XVIII in which:
a) R2' represents 3-(di-n-butylam no))ggsopyl, L represents an oxygen atom
and Y represents the group of forrmula Xi X in which R1' 10represents
n-butyl, b) R2' riapsveishrRg r&s(tﬂab-mmetmbaﬁiilgoé@f)w&uslﬂe theBe ase¥oy|oxp
oxygen atomémd ' represent tk\g group of fornu aXXQ(_ In which RL
represents neHHMAINESt '@:g’c‘ﬂﬁﬁ'&u dERESRFLS e BEOUR KK ofn thie ferm sdntbe, Et he Z

i soner or a ; r i Sl ; a
Vi, thoslgbl;ﬁr?y’ ngh Ié\/ﬁ%ﬁ?'ﬁasent?ﬁ%@éﬁ%ﬂ%@?& g@%ﬁgﬁkﬁ?ﬁ%ﬁ Lﬂ%%r oup
of fornulSa XorréspondinghtcRa’ carepowskof SomudatXX ic onsith tRitrepresehsy Besitro
conpounds. Mor eover, the conpounds of formula XVIII' in which R2
represents ng(JBi - n- but yl am no) propyl al so form preferred conpounds.

20Consequent |y, commALN&DiBEt ditBe inMealibh BIakdeto @é:ﬁ?@%dé %Oﬁnh}él RUALS ed

are represented by the benzoyl oxy derivatives of mul a i ch:
referred to hereinbelow as derivatives of general formufa XVIlI"™:
I
Y - CH2 - R’2
XVII
10 and also to the acid-addition salts thereof, in which Ry’ has the same

meaning as previously and Y represents:

a) a group of general formula:

O

I

Ri'-C-

XX
in which Ry' represents a C4-C4 alkyl group, or

15 b) a group of general formula:



a) R2' represents 3-(di-n-butylam no)propyl and Y represents the group of
formula XI X in which RL' represents n-butyl, 25b) R2' represents

3-(di -n-butyl am no) propyl and Y represents the group of forrmula XX in
which R1'" represents n-butyl, this conpound being in the formof the E

i somer, the #d 59fsRr a m xture of th i somers. gﬂﬁ tly,
conpounds of the invention that are parﬁsﬁul arly 30 pref elFCrTé a?g&q%
represented by the benzoyl oxy derivatives of formula XVII1' in which: a)

R2' represents 3-(di-n-butylam no)pro
formula XI X in which R1' represents
3- (di - n- but yl ami no) propyl &IOQG
which R1' represents n-butyl, this c d Sbeipg=d @ the formof the E
isomer, the Z isomer or a mxture of these isoners. J,: Anong t he
conmpounds of formula XVIII1", those in which Y represents the group of
formula Xl X or the group of formulg XX' in which Rl'Rr'epresents n-butyl
constitute preferred conpounds. 10Wbreover, the conpounds of formula XVIII1"
in which R2" represents 3- (di-n-bytylam no)propyl also formpreferred
conpounds. Consequent |y, cogpounds of the invention that are
particularly preferred are reprqg by the derivatives of formula XVIII"
in which: a) R ¢nts 3-(di-n-butylam no)propyl and Y
represents the 15group of fornmul a~X in which R1I' represents n-butyl, b)
R2' represents 3-(di-n-butylam no)propyl and Y represents the group of
formula XX in which Rl' representggp-butyl, this conpound being in the
formof the E isoner, the Z isoner or a mxture of these isoners.
20Consequent |y, conpounds of the invention that are particularly

Vv
XX!!

in which Ry and R' have the same meaning as previously, these
derivatives being, when Y represents the group XX", in the form of the E

and Y represents the group of
b) R2' represents
& group of formula XX in

isomer, the Z isomer or mixtures of these isomers, this compound
5 corresponding to a compound of formula XX in which R represents a group
-COOR’, R' being as defined previously.

Among the compounds of formula XVIII, those in which Y represents
the group of formula XIX or the group of formula XX in which R+' represents n-
butyl constitute preferred compounds.

10 Moreover, the compounds of formula XVIII in which R;' represents 3-
(di-n-butylamino)propyl also form preferred compounds.

Moreover, the compounds of formula XVIIl in which L represents a
bond also form preferred compounds.

Moreover, the compounds of formula XVill in which L represents an

15 oxygen atom also form preferred compounds.

Consequently, compounds of the invention that are particularly
preferred are represented by the benzoyloxy derivatives of formula XVIH in
which:

a) Ry represents 3-(di-n-butylamino)propyi, L represents a bond and Y

20 represents the group of formuta XIX in which Ry’ represents n-butyl,



preferred are the benzoyl oxy derivatives of fornmula XVIII" in which: a) R2
represents 3-(di-n-butylam no)propyl and Y represents the group of formul a
XIX in which IR1l" represents n-butyl, b) R2' represents _

3-(di-n-butyl am no) propyl and Y represents.the 25 group of fornmula XX" in

whi ch R1' repienensggn- butyl, this corrpoltgnd being in the ﬂ&:}ﬁﬁz‘ah/&s'??m _
| soner, the Z isonmer or a mxture of these isoners. e non-limting

exanpl es that follow illustrate the invention. In these exanples, the

gﬁlr){:)r%lt gtglrggflyba:D@gH}hl ré&t@rt% ggﬁﬁ%'?@ﬁﬁaﬂ’? I?Lo}lggraérLg -Hgme%%od used

for the analysis of remr@sgmfepthegwmgf Formutep Kodmin: wisighRdt rgprédénté h-Butyl, 150 -

0.5 i nut o G adi SiE COPRHTFERBATTIR (9 RdOE e tscrdy: e 2 sormer ors ' ©
mixture of these isomers.

5 Consequently, compounds of the invention that are particularly
preferred are represented by the benzoyloxy derivatives of formula XVIII in
which:

a) R;' represents 3-(di-n-butylamino)propyl, L represents an oxygen
atom and Y represents the group of formula XIX in which Ry

10 represents n-butyl,

b) R’ represents 3-(di-n-butylamino)propyl, L represents an oxygen
atom and 'Y represents the group of formula XX in which Ry
represents n-butyl, this compound being in the form of the E
isomer, the Z isomer or a mixture of these isomers.

15 Among the compounds of formula XVIII', those in which Y represents
the group of formula XiX or the group of formula XX' in which R¢' represents
n-butyl constitute preferred compounds.

Moreover, the compounds of formula XVIIi" in which Ry represents 3-

(di-n-butylamino)propyl also form preferred compounds.

20 Consequently, compounds of the invention that are particularly
preferred are represented by the benzoyloxy derivatives of formula XVIII' in
which:

a) Ry’ represents 3-(di-n-butylamino)propyl and Y represents th.e
group of formula XX in which Ry’ represents n-butyl,

25 b) R represents 3-(di-n-butylamino)propyl and Y represents the
group of formula XX' in which R¢' represents n-butyl, this compound
being in the form of the E isomer, the Z isomer or a mixture of these
isomers.

Consequently, compounds of the invention that are particularly

30 preferred are represented by the benzoyloxy derivatives of formula XVIIl' in
which:



80 20 20 60 40 35 40 60 37 80 20 47 80 20 WV detection at: A = 230 nnl 260
nm Tenperature: 40C PREPARATIONS 1 |.044-Nitrophenvl) 1wdr oxvl am ne
(conpound I1) A Ethyl 4-nitrophenoxyethanei m doate (conmpound VIlI: R3 =
C2F15;

WO 2012/010802 19 PCT/FR2011/51751

a) R2' represents 3-(di-n-butylamino)propyl and Y represents the

group of formuia XIX in which R4' represents n-butyl,

b} R2' represents 3-(di-n-butylamino)propyt and Y represents the

group of formula XX' in which R¢' represents n-butyl, this compound
5 being in the form of the E isomer, the Z isomer or a mixture of these
isomers.

Among the compounds of formula XVIII", those in which Y represents
the group of formula XIX or the group of formula XX" in which Ry’ represents
n-butyl constitute preferred compounds.

10 Moreover, the compounds of formula XVIII" in which R.' represents 3-
(di-n-butylamino)propyl also form preferred compounds.

Consequently, compounds of the invention that are particularly
preferred are represented by the derivatives of formula XVIII" in which:

a) R2' represents 3-(di-n-butylamino)propyl and Y represents the

15 group of formula XIX in which R+ represents n-butyl,
b) R2' represents 3-(di-n-butylamino)propyl and Y represents the
group of formula XX" in which Ry represents n-butyl, this
compound being in the form of the E isomer, the Z isomer or a
mixture of these isomers.
20 Consequently, compounds of the invention that are particuiarly
preferred are the benzoyloxy derivatives of formula XVIHI® in which:

a) Rz represents 3-(di-n-butylamino)propyl and Y represents the

group of formula XiX in which Ry’ represents n-butyt,

b) R>' represents 3-(di-n-butylamino)propyl and Y represents the

25 group of formula XX" in which Ry represents n-butyl, this
compound being in the form of the E isomer, the Z isomer or a
mixture of these isomers.

The non-limiting examples that follow illustrate the invention. In these
examples, the abbreviations below have the indicated meanings:

30 TLC: thin-layer chromatography
HPLC: high-performance liquid chromatography
LC method used for the analysis of the preparations 2:



15= CH3) To a suspension of 23.8 g (0.42 nol) of potassi um hydroxi de
in 220 mM of N, N-di nethyl fornmam de at 10C are added 40.0 g of ethyl

Nhydr oxyet hanei m doate (0.39 nol) (conmpound VI: R3 = C2H5; R4 = CH3). A
solution of 55.6 g of 4-chloronitrobenzene (0.35 nol) (conpound V: Hal =
a) 20 (55. 6&b Jomn/dMody2di net hyl f or mam de 455 then added sl qydyrrBi1/d@4s1 The
m xture is stirred for 24 hours at 20C and 1L of water is then added. The
precipitate is filtered off and the solid is washed with water and
oven-dried at 30 QAR HHR (01 0@ kaHp _V@Fgﬂt. Mass obtained: 72 ¢
25Yield: 91 ww 0 B.O-(4-N trophenyl ) hydroxvliam ne (conpound I1) To
a solution of 71.Blugntst et hyl 4-nitrophenoxyethanei mi doate (0.32 nol)
(conpound VII) in 925 f acetonitril re added slowy, at 20C, 35 m of
37% hydrochloric acid '2%9@5 '%Dq&?%rfh 1@5@#\ on nediumis stirred at 5 20C
for 2 hours and then fiRégesst Achehitthe O0- (4-nitrophenyphydr oxyl am ne
hydrochloride thus forned is dried at 30C in a vacuumoven. Wth stirring,
thi s hydrochl ori ddowdatg: dsPmidminyea nmi xture formed from 800 m  of

di chl or onet hane a sodi um hydroxi de solution (16.8 g in 500 mM) and
t he phases are tah('gfr!ragi%-qj—bv\ed to separate by settling. The organic phase is
10 separated out and washedTwniih) SROutd AqHs)\WaRdiite BT(%}? organi ¢ phase is
evaporated on a rotary evaporator and the solid gbtained is then dried in a
vacuum oven. Mass obtained: 4% 5 g Yi &dY: 93 w w15

|'1.14443- (D - n-but vl am no) propgxyl ben 11-1, 3- hggt ane- di one (conpound
[11:= n-C4F19; R2 = 3-(di-n- butyl am no) pr opoxy)

20A. 1- Chl or 0- 3- (di - n- but yl am 89) pr opar® (conmpoun@0l X: I RY = 3-(di -

n- but yl am no) propyl; X = d) 37 80 20

47 80 20

UV detection at; A = 230 nm/260 nm
Temperature: 40°C

10
PREPARATIONS 1

1. O-(4-Nitrophenylhydroxylamine (compound I

A. Ethyl 4-nitrophenoxyethaneimidoate (compound VH: Rz = C,Hs;

I _ R4 = CHj3)
To a suspension of 23.8 g (0.42 mol) of potassium hydroxide in 220 ml
of N,N-dimethylformamide at 10°C are added 40.0 g of -ethyl N-
hydroxyethaneimidoate (0.39 mol) (compound VI: R; = C;Hs; Ry = CH3). A

solution of 55.6 g of 4-chloronitrobenzene (0.35 mol) (compound V: Hal = Cl)
20 (85.6 g) in N,N-dimethylformamide is then added slowly, at 10°C. The mixture
is stirred for 24 hours at 20°C and 11 of water is then added. The precipitate
is filtered off and the solid is washed with water and oven-dried at 30°C under
vacuum {o constant weight. '
Mass obtained: 72 ¢
25 Yield: 91 w/w%



70.8 m of 20% aqueous ammoni a solution and then 138.8 m- of a 68.4%

sol ution of 1-chloro-3-(di-n-butylam no)propane hydrochl oride (403.9 muol)
are placed in a reactor at roomtenperature (20-25C). The mixture is 25
rinsed with water and then stirred for 15 mnutes at 20-25C, after which
the phases ap@ fhlowsd to separate by sefitling. The aqueopsrpPRASEod: 51
renoved and the organi c phase i s washed vmth water. After stirring

m nut es, the phases are allowed to separate by settling and the aqueous

phase i s removed.gThe gr(gmt@%p@@h@%f;%m SfhpcRRbahns, in crude form
t he 30 desired conpoun Ich 1S S @ @ H )nltrogen B.

4-12-(Di - n- but yl ah® né) modj{i@klyloicéﬂd&)h@noﬁeeﬂwbne&mnuircdah)énomethanelmldoate

3-(di but d
Vi) (351, B Bl Midogi i nindze g pbpodin e prt B ony sbefigs.
ket one (4. 6135%Ittm%&fy@rocﬁ1l©®ﬁéld (08 Moff UhR fetichbn rnﬁ&ﬂur%”%'étlrred at

di ssolution is conplete, of potassi um carbonate (387 mmvol) are added

and the suspé@<s der Zsh@trsrarlshﬂw;faﬁhereﬂt ang thealeld- mltIOpbemyl)hydroxyiamme

1-chl oro-3-( PR d. 1 X)..in free

added sl ow y@dr&cﬁféﬁ%ﬁﬂh??@ﬁﬁfunngpéﬁ Al n? & eRCHEL RYF- a\ml&@?%ne
Ref | uxi ng i stitonhydroelodder ¥ aiigsolenint ke Mm@l dorm&d CREP 8 hpeof 10
m xture is c o ed to roomtenperature and the nmethyl ethyl ketone is

distilled of fichiphemetiane and R SpAINE Ryspydetsolotn GHu8 m AP0 anl)wader are
t hen added. Opi} t e r es are
allowed to stz%a at eéjsfb)a/r%gﬁgﬂ FH@K’%%SH SYA ag%%a!ri%%egth@d?ﬁ%eorgg?l r@f qulfeous
phase anth a $eparatent gahiandphashed Tiitls Z0uenusf phatee Thid arddric tphesgani ¢
phase are 15 extracted. This aqueous phase is then extracted w.th nethyl
tert-butyl eBYRiorated o FerdaeR\ARPratog And tenarlls! oanast ratied dried s aar e
conbi ned andvgggﬁpﬁg Ywhth a mxture formed from200 ml of water, 2.24 m of
90% acetic ac and 3.75 g of sodiumchloride and then twice with aqueous
sodi um chl ori de sdhas obtaindthel®o® gani ¢ phase is then brought to dryness to
obtain the 20 de 0 nd X. Mass obtained: 108.4 g Appearance: very
slightly vi scous%gfqd&% ‘@‘)’Yq’}la) el uent: 90/10 dichl ororret hane/ met hanol Rf =
0.48 25b])5el uent: 95/0.5 dichl oronet hane/ methanol Rf = 0.34 Yield: 100.8
wwo C. 1-{4-f3- (D| n- but){l am no) pr opoxyl phenyl }-1, 3- hept anedi one

1-{4-[3-(Di-n- butylammo)grogoxy]benzoxl[-1,3 heptane-
dione {(compound IlI: Ry = n-CsHy; R, = 3-(di-n-

butylamino)propoxy)

20 A 1-Chloro-3-(di-n-butylamino)propane (compound IX: R;' = 3-(di-

n-butylamino)propyl; X = ClI)
70.8 ml of 20% aqueous ammonia solution and then 138.8 ml of a
68.4% solution of 1-chioro-3-(di-n-butylamino)propane hydrochioride (403.9
mmol) are placed in a reactor at room temperature (20-25°C). The mixture is
25 rinsed with water and then stirred for 15 minutes at 20-25°C, after which the
phases are allowed to separate by settling. The aqueous phase is removed
~ and the organic phase is washed with water. After stirring for 15 minutes, the
phases are allowed to separate by settling and the aqueous phase is
removed. The organic phase thus obtained contains, in crude form, the

30  desired compound IX, which is stored at 5°C under nitrogen.



30hydfoch| oride (hydrochloride of conmpound XIl: RlL = n-C4Hg, R2' =

3-(di -n-butyl am no) propyl) 108.4 g of

4- (di - n- but yl am nopr opoxy) acet ophenone (conpound X) (355 mml), 58.1 m of
et hyl pentanoate (39 nmmol) and 325 m of N nethyl-2- pyrrolidinone are

pl aced in a maagfidiroskhe m xture is stirs£d and cool ed t d by
portionw se addition of 57.5 g of sodi un’?zre}et hoxi de (1. 0621’(?11%12{;09?{)%\9?1

equi val ents). The reaction nediumis then allowed to warmto room
tenperature with gontia | |l %I ge base
form 105 g of d/%@géggml%ﬂn@g@ %ngg:ééﬁpﬁﬁﬁgﬁéqgi)% Hha a?e%L
Kell er flask. The sol ufSedi- nsb%yiatrmb)pm;ﬁ@ and the precedl ng reaction

m xture i s added ochloric acid, solution while
controlling the eﬂ‘g“tgh%rcm%w&ox)&?cq ﬁ@ﬁ%'?ﬂ‘%fcqrﬂ%o%\/ﬂm)o@f’ t%@?"@é)c@reon
medi umis trﬁm@b@rmeéi rb&tBr e 420 %nbﬁ%tﬁ*a&hg} kétbnk S4B Rzﬁﬁfrﬁ@s

wat er and et acetate, twice nore wt cetate and t enaamtvmce
with ethyd a@@@%‘ﬂ eThel'lﬂil@dl@F@rﬁB|Shé‘ed¢rr‘¢hdlssol|uhas%c@mp[am,sﬁﬁaﬁ gtofi meagsitim 150

m of t 00 m met hyl | oh

added and 1 nevPouBl R REE At Tl B e RUpoae B0 oA eI 68 Mot B ned.
It is fil teraéat@aototmumcvchmdro@(durns@@;amhb b@h@:? &JHBB%@ %ﬁ"i‘re‘é“ ed
under vacuum at 40C to obtain the hydrocChl ori of th esl re orrpoun

XI'1. Mass obPa$idm @2@.(3'@%8'9@'};10@@@&%@édttwne‘anﬂeldscrrnsedsmth dhethylTeBy!

(el uent: 90/ %&V\ﬁb(ﬁkﬁﬂﬁﬁgtQ%Bﬁ{lm&g\?é’ljn}ght WHn e DPeatlioi i comp?ete nutes

25Yi el d: 80.

D. 144- 13k Di Fmbetbm{ uyslcamiewbqormoxefhpémyrblarid Mm@tm%ﬂm%tor{éi@@%% Xl
R1 = n- C4H9; 6 n- but yl am no) propyl) To

1-{ 443- (di - nOfEfruF ¢ dRARIYL RSN Isreanjag -t 25° erﬂén%OO ml of water are then
added. 200 ml of methy! tert-butyl ether are added, the phases are allowed to

separate by settling and are separated to give a first aqueous phase and a
first organic phase. This aqueous phase and a first organic phase are
15 exiracted. This aqueous phase is then extracted with methyl tert-butyl ether,
to give a second organic phase. The organic phases are combined and
washed with a mixture formed from 200 ml of water, 2.24 ml of 90% acetic
acid and 3.75 g of sodium chloride and then twice with aqueous sodium
chloride solution. The organic phase is then brought to dryness to obtain the
20 desired compound X.
Mass obtained: 108.4 g |
Appearance: very slightly viscous yellow oil
a) eluent: 90/10 dichioromethane/methanol
Rf =0.48
25 b) eluent: 95/0.5 dichloromethane/methanol
Rf=0.34
Yield: 100.8 w/w%

C. 1-{4-[3~(Di-n-butylamino)propoxylphenyl}-1,3-heptanedione
30 hydrochloride (hydrochloride of compound XIl: Ry = n-C4Hg; Ry’

= 3-(di-n-butylamino)propyl)



30 di one hydrochloride, obtained after the extraction described in the
precedi ng paragraph, are added 40 ml of sodi um bi carbonate (10 w wc/ o and
200 M of water). The m xture is extracted with twice 30 m of

di chl oronet hane and the organic phases are washed with 60 m of water. The

resul ting orgaegplagse is dried over so%gi um sul fate and ‘E‘%ﬂ%ﬁf@ﬂﬁﬁ
dryness under vacuumon a rotary evaporator to recover 16. of an

orange-col ored oil. 5EXAMPLE 1

2-n-But yl - 3-{443- (%?n%geg v4§_ec{n.51159%t9[§%ﬂ§M#&%&;@;&E@;@bg_&ggc%g\%@woark)

(conpound |:= n-C4 utyl am no

1-{443; ( ?i - ?@ﬁﬁltmhmﬁ tﬁB)bngg{m;lh]%/bpeml)aMatb, (:gfhamcda)rmwf 2 22@ mildd N-awsthgund X |
or |11 optical.purity: 9 nmo .81. g of, 0-(4-

o1t opheny phpSTIIEPIIA Hie RBGHS BUAGTIY. T ik s 89 ae cooletia FiCaci ¢
are placed iplawedbyhorishivRe A48 of BE 57 %F 4b8iuhs thé)(i?%(ﬁ@_ﬁﬂ@mpl;

tenperature for 12 hours (formation of the oxinme of fornu
n- C4H9; R =33equivalabis)y Thei nesgicopoediuranis itsen radiowesl taixedrng 1tb7 @oror 6

hours. The r | 15 . Lumis, evaporated to dryness o rotary
evapor at or a%@‘féé{gpu(g?Sg&eggatéwe&s%rpggu 'qEGHPFu&yOé‘aPWQOﬂ)@o'” regoaseny |
acetate. Theforgsul ting solution is then hydrolyzed by addition of 100 m of

basi ¢ sodi um car bonat e solout i on ngo. w w 0), the phases are separated by
settling and the WYamfS7ghaydracslafigsanid salutinntaie plaaadiinss 10Keatler faskat er

to neutral r.gani ol | r . sodiumsulfate, t

suspensi on Fth?Hbﬁéﬁgdga%%olgﬂgégsopg/gﬁﬁqhée%sg%@%t%%c T nf'ét“&? )}%éas(@%ﬁ’m ng a

rotary eMaposletiy to fesisydrbtiaibrie dicidsOiitign Apieascatedin cmb%m]é}hhciy.tﬁr of

t he crude product by TLC, 67% 25Chemn cal yield: 69% PREPARATI ONS

| . 2- Propyl 4t?|(aa9ﬁq~,g§\zghpmw, dhe reaction medium is transferred into two 1L conical
flasks. It is extracted with water and ethyl acetate, twice more with ethyl
acetate and then again twice with ethyl acetate. The combined organic
phases are washed twice with 150 ml of water. The organic phase is dried,

15 300 mi of methylcyclohexane are added and the resulting mixture is stirred
until a suspension is obtained. It is filtered and the product is rinsed with
methylcyciohexane ‘and dried under vacuum at 40°C to obtain the
hydrochloride of the desired compound XIl.

Mass obtained: 121.8 g

20 Appearance: cream-colored solid
a) TLC (eluent: 90/10 dichloromethane/methanol)
Rf: 0.52
b) HPLC
Rt: 16.0 minutes
25 Yield: 80.6 ww%.

D. 1-{4-[3-(Di-n-butylamino)propoxylphenvi}-1,3-heptanedione

(compound XIi: Ry = n-C4Hg; Ry' = 3-{di-n-butylamino)propyl)
To 19.6 g of 1-{4-[3-(di-n-butylamino)propoxylphenyl}-1,3-heptane-
30 dione hydrochloride, obtained after the extraction described in the preceding
paragraph, are added 40 m| of sodium bicarbonate (10 w/w% and 20 ml of

water). The mixture is extracted with twice 30 ml of dichloromethane and the



\/‘l)2012/01080225 CQ0i Pr PCT/ FR2011/ 051751 A. 2-Propyl 4-fluorobenzoate
COCEFT 525 g of 4-fluorobenzoic acid are placed in 150 nL of iPAin a
reactor, the suspension is then heated to 75C and 691 pL of DWF are added.
14.9 nL (24.4 g) of thionyl chloride SOCl 2 are added. The reaction ‘r;ni;ture
is refiuxed eueinb@fboand the mxture is,then concentrat eghr Rl by
addition of 100 nL of 5% aqueous anmoni a24sol ution and 100 n{Ing B%l ]The 10
organi ¢ DCM phase is washed again with water and the pH |s%adj usted to 7 by
addi tion of diddHiephysiOehl \%béﬁe@%tﬂ &0 tdf%teﬁji' suftin RicY;

liquid are obtdal neg Mass yield = |.C:rH 19% utg gg gagsgropyl
44(1112) - 1- etshdsigdonet Bodingl auifate}andyyemmawdetocamnﬁss under vacuum on a

rotary evaporator to recover 16.7 g of an orange-colored oil.
5 EXAMPLE 1

2-n-Butyl-3-{4-[3-(di-n-butylamino)propoxylbenzoyl}-5-nitrobenzofuran

(compound I: Ry = n-C4Hg; Ry = 3~(di-n-butylamino)propoxy)
711 g of 1{4-[3-(di-n-butylamino)propoxy]phenyl}-1,3-heptanedione
10 (compound XIl or i) (optical purity: 95%; 17 mmol), 2.81 g of O-(4-
nitrophenyl)hydroxylamine (compound i) (18 mmol) and 34 ml of acetic acid
are placed in a 100 ml Keller flask. The mixture is stirred at room temperature
for 12 hours (formation of the oxime of formula IV: Ry = n-C4Hg; R, = 3-(di-n-
butylamino)propoxy) and is then refluxed (117°C) for 6 hours. The reaction
15 medium is evaporated to dryness on a rotary evaporator and the crude
reaction product is diluted with 60 ml of ethyl acetate. The resulting solution is
then hydrolyzed by addition of 100 ml of basic sodium carbonate solution
(20 wiw%), the phases are separated by settling and the organic phase is
washed with three times 100 mi of water to neutral pH. The organic phase is
20 dried over sodium sulfate, the suspension is filtered and the solvent is
evaporated off to dryness using a rotary evaporator.
Mass obtained: 9.01 g
Appearance: colored oil
Titer of the crude product by TLC: 67%
25 Chemical yield: 69%

PREPARATIONS 2

L 2-Propyl 4-{aminoxy)benzoate




6.1 g of N-hydroxyethanei mdoate in 50 nL of DVF are placed in a reactor
and are then cooled to 0C, followed by addition of 6.7 g of t-BuOK The

m xture is warmed to roomtenperature and stirred for 30 m nutes, followed
by addition of 10 g of the product obtained in the preceding step. The 5
reaction m xtwarmid/eosei rred for 2 hours gt room tenper at uicgyri201 10484 by

- addition of 100 nmL of water and 50 nL of DCM The organi c phase is washed
with brine and then concentrated to obtain 22.2 g of a gol den yell ow
liquid. Yield = 84%LC. R = 24.9 m nut@@oifr C. 2- Propyl 4-(am noxy)benzoate
17 g of the concentrated product obtained in the preceding step (i.e. about

14 g of estinmated pure product), 30 f di oxane and 11.7 g of 36%
@ round- bottonmed fl ask. The
0

hydrochl oric acid solution are placed
Wi d chromat ogr aphy. At the end of

reaction 15 progress is nonitored b
the reaction, the reaction mxture is tered through a BCchner funnel and

then washed with 5 nL of dioxane. The flltrate is concentrated under vacuum
on a rotavapor; the yellow precipitate @s tl_gken up in.20 nL of iPA and

di ssol ved while hot. After cooling to r ooM enperature, isopropyl ether is
added and the 20 crystals forned are then filtered off: 0.4 g of expected
product is isolated. A second crystallization crop from nethyl cycl ohexane

(MCH) mekes it pogsi bI@P@){mcmx%b@tﬁdm@her 11.5 g. Yield = 95%LC R =
14.8 mnutes 25 | atviam no) propyl | phenvl | hept ane-1, 3-di one
A. 14443- chl or oor ova ) phenvi | et hanone  COQiPr

F
| 5 25 g of 4-fluorobenzoic acid are placed in 150 mL of iPA in a reactor,
the suspension is then heated to 75°C and 691 pL of DMF are added.
14.9 mL (24.4 g) of thionyl chloride SOCI; are added. The reaction mixture is
refluxed overnight and the mixture is then concentrated, followed by addition
of 100 mL of 5% aqueous ammonia solution and 100 mL of DCM. The
10 organic DCM phase is washed again with water and the pH is adjusted to 7
by addition of dilute hydrochloric acid solution. 31 g of a golden yellow liquid
are obtained.
Mass yield = 95%
1.C: Rt = 19.9 minutes
15
B.  2-Propyi 4-({[(1Z)-1-ethoxyethylidenelamino}oxy)benzoate
COOiPr




084 nL of CH2A 2 and 14.4 g (1.1 eq.) of alumnumtrichloride (Al Cl3) are
5 placed in a reactor at 20Cwith stirring. The reaction nediumis cool ed
to -7C and 8.5 g (1.1 eq.) of acetyl chloride are then added. The m xture
is stirred for 30 mnutes and 15 g of 1-chl oro-3-phenyl propane are then

added at OC wi§0ih@ogad of the reaction,,dhe reaction m X rdo$1 4% ed

over about 30 mnutes with vigorous stirring into 75 nL of 5% hydrochloric
acid solution. 10 The m xture is stirred for 1 hour at 10C, the phases are

then separated byggeg tdfir@%yaﬂﬁ(gbﬂ%n%ﬂﬁ%%‘dﬁe W@@%Lsoﬁpy@mggﬁ%%édaﬁm 2.

The organi ¢ phases are conbi ned and washed successive

sol ution, 1Neasthrantha hendeodled b 065G, folbwest by addition of 6.7 g FheBuQani ¢

phase is dri over Na2SO4 an hen filtered, After l5evaporating to
fryness. 10, 5 Ry B arRRH, to) by ferhetre A et B, b1 Ghueds . -
18 minutes BigloWéddIy(atdmsryber Q@)‘Iﬂﬁé’phdddéh@méidé%iih%ﬁ@("sb‘?ecedir?@@teg. The 20-5
g of therﬁproduct obtained in the fprecedl ng step and 100 nm. of" M BK are

pl aced i a Faasiparmixfuiesiss stiied olerid kaurs paletbamn t temissaturs,o fotlowsfd KyBK

under vacuu r | AR QN _d dj.usted to.130 y
addi ng M BK%%H&\?’EQ%’% %’E‘ﬁ”yﬁé‘%ﬁd’%@h‘%&ﬁgmﬁrﬁ?ﬁ%ﬁﬁﬁﬁci S&ésoor%%e%
25vi gor ous  swith ibring,anidcthbewedcdytrateditd bominper? 4 of HighldétsyelRiv Ripagt 20C,  of
31 g (2.5 eqg.) of_di bytg&lo/am ne. The reaction mediumis re¥| uxed with

Vi gor ous Yield
LC: Rt = 24.9 minutes

10
C. 2-Propyl 4-(aminoxy)benzoate

17 g of the concentrated product obtained in the preceding step (i.e.
about 14 g of estimated pure product), 30 mlL of dioxane and 11.7 g of 36%
hydrochloric acid solutioh are placed in a round-bottomed flask. The reaction
15 progress is monitored by liquid chromatography. At the end of the reaction,
| the reaction mixture is filtered through a Bichner funnel and then washed
with 5 mL of dioxane. The filtrate is concentrated under vacuum on a
rotavapor; the yellow precipitate is taken up in 20 mL of iPA and dissolved
while hot. After cooling to room temperature, isopropyl ether is added and the
20  crystals formed are then filtered off: 0.4 g of expected product is isolated. A
second crystallization crop from methyicyciohexane (MCH) makes it possible
to recover a further 11.5 g. |
Yield = 95%
LC: Rt = 14.8 minutes
25
I 1-{4-[3-(Dibutylamino)propyilphenyl}heptane-1,3-dione

Wl




stirring for 14 hours. The reaction mxture is cooled to 20C and hydrol yzed
with water. The organi c phase is successively washed with water,

hydrochl ori ¢ acid solution, water, aqueous potassium carbonate sol ution and
aqueous sodi um chl ori de solution. The aqueous phases are treated with 5
sodi um hydr owigig 1 gids@ack- extract ed wit hh-di chl or onet hane. pdHer R @511175
phases are conbined to give, after concentrating to dryness, 20. of a
brown oil. Yield = 74% LC. Rt = 10.5 m nutes 10

C. 1- (443- (Di butyl am no) pr opyl 1phenyfi hent ane-1, 3-di one 10 g of the
product obtained in the preceding step, 5 g of ethyl pentanoate and 30 niL
of NWP are pl acedAi 14462 cblorofopylipheinyfettiameneet hoxi de are added, at 5C.
The m xture is warmed to room tenperature 15 and the reaction progress is

nonitored by thin-layer chromatograp ) e eéngl of the reaction, the
of 10 1 g of 37% hydrochloric acid
1";

reaction nmediumis poured into a m

solution, 45 g of water and 45 g ¢e~ The product is then extracted with
twice 50 nL of heptane and the coffbi ned organi c phases are washed with 100
m. of water. The organi c phases &e washed with 20 agueous sodi um

bi carbonate solutjon. T ani c phase is concentrated to give 10.6 g of a
carnine-red |iqui éfgm}:, P§HZC ?‘WL@“&“ =] QQ)@féHtﬂn'W”}ﬁ'lﬁh'Péige (AICI5) are

The two mai n,RRAKSH A rdLetdt 8850‘*0 %trﬁsmrﬁ‘ngjt G52 Rehch enom&cilum %ué@eg_t&

25correspond to the expected product I'n tone an orm
N-nBu nBu Ex&CC BhdB.537 BEtaed.) Miskehd Adloride are then added. The mixture is

stirred for 30 minutes and 15 g of 1-chioro-3-phenylpropane are then added

at 0°C. At the end of the reaction, the reaction mixture is poured over about
30 minutes with vigorous stirring into 75 mL of 5% hydrochloric acid solution.
10 The mixture is stirred for 1 hour at 10°C, the phases are then sepérated by
settling and the aqueous phase is extracted with CH.Cl,. The organic phases
are combined and washed successively with 2N HCI solution, 1N sodium
hydroxide solution and water.
The organic phase is dried over Na;S0O, and then filtered. After
15 evaporating to dryness, 19.9 g of a yellow oil are obtained.
Quantitative yield
LC: Rt = 18 minutes

B. 1-{4-[3-(dibutylamino)propyllphenyllethanone

N(Bu),

20 O
20.5 g of the product obtained in the preceding step and 100 mL of
MIBK are placed in a reactor. This solution is stripped with about 50 ml of
MIBK under vacuum (60°C/100 mbar). The solution is then adjusted to 130 g
by adding MIBK. To this solution are added 2.7 g of sodium iodide with
25  vigorous stirring, followed by addition over 10 minutes, at about 20°C, of 31 g

(2.5 eq.) of dibutylamine. The reaction medium is refluxed with vigorous



EXAMPLE 2 Synthesis of celivarone 5 2A6 g of 2-propyl

4- ({[(12) - 1- et hoxyet hyl i dene] am no} oxy) benzoate, 6 mM of formc acid and 2
g of 1-{443-(di butylam no)propyl]phenyl } hept anel, 3-di one are placed in a
reactor. 890 pL of HCl (37% are added and the reaction nediumis heated at
10 50C for 2wowisofokfre end of reaction %gs noni tored by L@Tmﬂ'ﬂ,@],@gQﬂum S
hydr ol yzed by addi ng 20 nL of aqueous sodi um bi carbonate sol ution. The

m xture is extracted with 25 nL of DCM and the DCM phase is then washed

ith 15 nlL i f j 3
Wi t oftiRLSor 14 ﬁ&ﬁs??ﬂé?@é?t%d HﬁxtPFE’%r cdcﬁ@alggwgo clarh ﬂwfgg&%@y

product are isolated in the formof an oil. The pro t 1's pur
15chr omat ogr withy watesi ITihea gpglnicel phdseg iai tshceeBOMIY PAashad umith andtet. 1 g

of celivaron ase, are recovered ipn oil formin the nmai.n fracti Yield =
FydeRfiofb cadid SGkt 0869

38% LC Rt ~nsgonnisieeed soliot wrlbroasuatischrrabT Fanenate eolkfin onda
process for predaid RedReMZMHEN sdRitowalThee aqhEBss ighased @t BRaidd Mo Of

general fornula:
5 sodium hydroxide and back-extracted with dichloromethane. The organic
phases are combined to give, after concentrating to dryness, 20.6 g of a
brown oil.
Yield = 74%
LC: Rt = 10.5 minutes
10

C. 1-{4-[3-(Dibutylamino)propyllphenyltheptane-1.3-dione

10 g of the product obtained in the preceding step, 5 g of ethyl
pentanoate and 30 mL of NMP are placed in a reactor. 5.6 g of sodium
methoxide are added, at 5°C. The mixture is warmed to room temperature

15 and the reaction progress is monitored by thin-layer chromatography. At the
end of the reaction, the reaction medium is poured into a mixture of 10.1 g of
37% hydrochloric acid solution, 45 g of water and 45 g of ice. The product is
then extracted with twice 50 mL of heptane and the combined organic phases
are washed with 100 ml of water. The organic phases are washed with

20 agueous sodium bicarbonate solution. The organic phase is concentrated to
give 10.6 g of a carmine-red liquid.

Yield = 82%

LC: Rt = 14.3 and 17 minutes

The two main peaks on LC at Rt = 14.3 minutes and Rt = 17 minutes

25  correspond to the expected product in ketone and enol form.

O H+ OH
0 O /
e
N—nBu N—nBu
nBu nBu

Exact Mass =373 Exact Mass =3?3

Structure confirmed by mass spectrometry analysis (M+H = 374 Le.
MW = 373).



5 in which Rrepresents a nitro or ester group -COOR, in which R
represents a hydrogen atom or an al kyl group, Rl represents hydrogen or an
al kyl group and R2 represents hydrogen, a halogen or a hydroxyl, hal oal kyl,
al kyl', al koxy, dial kyl am noal koxy or dial kyl am noal kyl group, characterized
in that the 4@y amne of formula: ,.ONH2 Il is cou

presence of an ag?%§ﬁkﬁth a di ketone of:%%neral fornula:H%ggkgégH@%ﬁ%lp I
in which RL and R2 have the same neaning as previously, to forman oxine of
15general fornmula: WD 2012/010802 31 PCT/FR2011/051751

EXAMPLE 2

Synthesis of celivarone

T

o
o )\
Q CHOOH
+ —_—
/N—nBu o o
: nBu ) )
)
5 )

2.16 g of 2-propyl 4-({[(1Z)-1-ethoxyethylidenelamino}oxy)benzoate,
6 ml of formic acid and 2 g of 1-{4-[3-(dibutylamino)propyl]phenyl}heptane-

1,3-dione are placed in a reactor. .
890 uL of HCI (37%) are added and the reaction medium is heated at
10 50°C for 2 hours (the end of reaction is monitored by LC). The medium is
hydrolyzed by adding 20 mL of aqueous sodium bicarbonate solution. The
mixture is extracted with 25 mL of DCM and the DCM phase is then washed
with 15 mbL of water. After concentrating under vacuum, 3.1 g of crude
product are isolated in the form of an oil. The product is purified by
15 chromatography on silica gel, eluting with a DCM/IPA mixture, and 1.1 g of
celivarone base are recovered in oil form in the main fraction.
Yield = 38%
LC: Rt = 20 minutes.



IVinthe formof a mxture of E and Z isoners, in which Rl and R2 have the
sanme neaning as previously, and this oxine is cyclized by heating to form

t he desired compound. 52. The process as clainmed in claiml, characterized
in that Rrepresents an ester -COOR in which R represents an al kyl group,
R1 represent gy abip¥d2 9roup and R2 represents hydrogen Oﬁ,ﬁF§%ﬂ5@§Mgr

hal oal kyl , di al kyl am noal koxy or di al kyl am noal kyl group. %. e process as
claimed in claim1 or 2, characterized in that the acid is 10a weak acid
optionally conbined with a strong aci ¢ he process as clained in claim
3, characterized in that the weak acigzﬁgmggetic acid. 5. The process as
claimed in one of clains 1 to 4, characterized in that the oxine is
cyclized in the diumin which jt is fornmed, 156. The process as clained in
ome of claimb 1 t B RCCEHIPRRIRARSPIFOfHAD Ceriatyes usuhtted 2t PPRBRP Sor
branched Cl- gBgahdey| fopi@pp, R2 represents a linear or branched Cl-C8 al ky
group, a linealf or branched Cl-C8 al koxy group or a dial kyl am noal koxy
group in which each al kyl group is of C{3C8 and the |inear or branched

al koxy group is 20of Cl1-C8. 7.The procesbk as imed in claimé®,
C R,
R,

characterized in that: R
5 | }

in which R represents a nitro or ester group -COOR', in which R' represents a

hydrogen atom or an alkyl group, R1 represents hydrogen or an alkyl group
and R, represents hydrog.en, a halogen or a hydroxyl, haloalkyl, alkyl, alkoxy,
dialkylaminoalkoxy or dialkylaminoalkyl group, characterized in that the
10 hydroxylamine of formula:
R

ONH,

I
is coupled, in the presence of an acid, with a diketone of general formula:
O O
I 7
R—C—CH/~C— Y—R,

I
in which Ry and R have the same meaning as previously, to form an oxime of

15 general formula:



Rl represents a linear or branched Cl-C4 al kyl group, R2 represents a
linear or branched G -C4 alkyl group, a linear or branched Cl-C4
al koxy group or a dial kyl am noal koxy group in which 25each alkyl group is
of Cl1-C4 and the linear or branched al koxy group is of Cl-04. 8. The process
as claimed i W@PERAI0800r 7, characterizeg)in that Rl represepkfoidobuyty! and
R2 represents 3-(di-n-butyl am no) propoxy. 9. The process as clained in
claim6 or 7, characterized in that Rl represents n-butyl and R2 represents
3- (di - n-butyl am no) pr opox. 10. The process claimed in one of clainms 1
to 9, characterized i npt{tat t\e tFs',orrpound of f‘lc_)gul 3 i s obtained by
reacting a hal obenzene of\ general “§f ergulay, Wich Hal represents
a halogen, with an imdate of general formulfa: HO R4 Vi in
which R3 and R4 each represent a.linedk, or branched -C4 al kyl group, the
10 reaction proceeding at roomtenperature and in a polar solvent, to form
an oxi ne of general fornula: 1Y

ih the form of a mixture of E and Z isomers, in which R1 and R, have the
same meaning as previously, and this oxime is cyclized by heating to form the
desired compound.

5 2. The process as claimed in biaim 1, characterized in that R represents
an ester -COOR' in which R' represents an aikyl group, Rs represents an alkyl
group and R represents hydrogen or a hydroxyl, haloalkyl,
dialkylaminoalkoxy or dialkylaminoalky! group.

3. The process as claimed in claim 1 or 2, characterized in that the acid is
10 a weak acid optionally combined with a strong acid.

4, The process as claimed in claim 3, characterized in that the weak acid
is acetic acid.
5. The process as claimed in one of claims 1 to 4, characterized in that

the oxime is cyclized in the medium in which it is formed.
15 6. The process as claimed in one of claims 1 to 5, characterized in that:

* Rjrepresents a linear or branched C4-Cs alkyl group,

* R represents a linear or branched C4-Cs alky! group, a linear or
branched C1-Cg atkoxy group or a dialkylaminoalkoxy group in which
each alkyl group is of C4-Cg and the linear or branched alkoxy group is

20 of C4-Cs.
7. The process as claimed in claim 6, characterized in that:
¢« Ry represénts a linear or branched C+-C4 alkyl group,
e Rz represents a linear or branched C;-C4 alkyl group, a linear or

branched C4-C4 alkoxy group or a dialkylaminoalkoxy group in which

25 each alkyl group is of C1-C4 and the linear or branched alkoxy group is
of C1-C4.
8. The process as claimed in claim 6 or 7, characterized in that R4

represents n-butyl and R; represents 3-~(di-n-butylamino)propoxy.



0O- N=C- ORBR4 VIl in which R3 and R4 have the sane neani ng as
previously, this oxinme is treated with a strong acid to formthe desired
conmpound of forrmula Il in the formof the acid-addition salt, and this salt
is then subjected to the action of a strong base to obtain the conpound of

formula Il iwofdegoibgse form 511. The prygcess as clai med gdy, ainms 1
to 9, characterized in that the di ketone?% of formula Il in 11265&%1

represents hydrogen or an alkyl group and R2 represents an al koxy or

di am noal kox r t r t¥n none
of formul a: % ? O?gewr?ﬁcgghgglgl Ig)n((:alrgifa{lT1 g)?rrt Qhégé%z%’&%’(ﬁfﬁﬁ éh R2'

represent s amwpatdeyits nfbwy[aricMRﬁmpmemntyB -{gli-otpitgachino )pegpoegent s a hal ogen
or a sul fona,} (? grﬂlljcp précr]es%haes BI%%%&E] ?ne o%]:e o] 5&%801%8eé?tdha?g§eﬁzed in that
the compound of formula 1l is obtained by reacting a halobenzene of general

5 formula:

R

Hal

vV

in which Hal represents a halogen, with an imidate of general formula:
HO-N=C-0OR3

|

R4

VI
in which Rz and R4 each represent a linear or branched C4-C, alkyl group, the
10 reaction proceeding at room temperature and in a polar solvent, to form an

oxime of general formula:

R



heating in a polar solvent to give the acetophenone derivatives of general
15f or mul a: X in which R2' has the sanme neani ng as previously, b) by
coupling the conmpound of forrmula X with an ester of general forrmula: O
R3-0- G R in which RL has the sane neaning as previously and R3

represents awlg feAdiofyz branched Cl-C4 algyl group, the coupimg:iaibdd
pl ace in the presence of a strong base and in a polar solvent, to forma

di ketone of general fornula: 00 ItlIl R - C- CHC O0-R2
in which R3 and R4 have the same meaning as previously, this oxime is

treated with a strong acid to form the desired compound of formula Il in the
form of the acid-addition salt, and this salt is then subjected to the action of a
strong base to obtain the compound of formula Il in free base form.

5 11.  The process as claimed in one of claims 1 to 9, characterized in that
the diketones of formula lil in which Rq represents hydrogen or an alkyl group
and Rz represents an alkoxy or diaminoalkoxy group may be obtained:

a) by reacting 4-hydroxyacetophenone of formula:

I
HyC— C
OH
VI
10 with a halide of general formula:
X-R,’
IX

in which R2' represents an alkyl or dialkylaminoalkyl group and X represents a
halogen or a sulfonate group, in the presence of a basic agent, and by

heating in a polar solvent to give the acetophenone derivatives of general

15 formula:

O

[
HsC—C

X
in which R;' has the same meaning as previously,

b) by coupling the compound of formula X with an ester of general formula:



5XI'l in which R2 and R2' have the sane neaning as previously, and this
di ketone is isolated directly fromthe nediumin which it is formed or
after treatment with a strong acid to forman acid-addition salt thereof.
12. The process as clainmed in one of clains 1 to 9, characterized in that

10t he conpouwe i diggeeul a 11", i.e. a caogpound of formul ddpdg MRk 1S
obt ai ned by reacting a hal obenzene of general formula: COOR Hal V' in

whi ch Hal represents a halogen, with an imdate of general fornmula: HO - N
=C- ORBR4 in which R3 and R4 each regresent a | i near or branched Cl1-C4
al kyl group, the reaction proceeding at rfjlomtenperature and in a polar
solvent, to forman oxinme of generl.\a:’!“__b)r_ | a: F%CIR 0- N=COR3

Xl

in which Rq has the same meaning as previously and R; represents a linear
or branched C4-C4 alkyl group, the coupling taking place in the presence of a

strong base and in a polar solvent, to form a diketone of generai formula:

Xil

in which R; and R;' have the same meaning as previously, and this diketone

Lh

is isolated directly from the medium in which it is formed or after treatment

with a strong acid to form an acid-addition salt thereof.

12.  The process as claimed in one of claims 1 to 9, characterized in that
10 the compound of formula II", i.e. a compound of formula Il in which is

obtained by reacting a halobenzene of general formula:

COOR'

Hal

VH
in which Hal represents a halogen, with an imidate of general formula:

HO-N=C-OR3

R'4
Vi



R4VII" 5 in which R3 and R4 have the sane neaning as previously, this
oxime is treated with a strong acid to formthe desired conpound of fornula
H in the formof an acid-addition salt thereof, and this salt is then
subjected to the action of a strong base to obtain the conpound of formula

Il in free baseh9iisse2l3. The process asq£lained in one of o9,
characterized in that 10 the di ket ones %5Cformjl alll" ﬁkﬁ‘}ﬁ%&'ﬂ&

represents hydrogen or an al kyl group and R2 represents an al koxy or

di al kyl ani nog waxH amqu%%chﬁe@Rk@hﬂsﬂnéar5h&ahehé@ dehggﬂgﬁﬁygrngla IV

conpound of forrmula X1 reacted wth a co

R4 XIV to obtedabion proegeding abfrobor temperiire dRaXM b)podai sbleemtp tul fisknofan
formul a XV |$ reacfted W'ItTh orrpound of formula XIV HN(R5)2 to obtain a
conpound of POFHUY ISEA " OFWE&FM XVl | 5 c¢) said conpound of fornula XVl
is reacted with a conpound of for %E‘)%I

O-N=C-OR,

| R'4 VIl

5 in which R; and R4 have the same meaning as previously, this oxime is
treated with a strong acid to form the desired compound of formula II' in the
form of an acid-addition salt thereof, and this salt is then subjected to the
action of a streng base to obtain the compound of formula Il in free base form.
13.  The process as claimed in one of claims 1 to 9, characterized in that

10 the diketones of formuia lII" in which R; represents hydrogen or an alkyl
group and Ry represents an alkoxy or dialkylaminoalkoxy group may be
obtained in the following manner:

a) a compound of formula X[l

[:j/“v/\x

XHi

15 is reacted with a compound of formula XV

O

A

XV

to obtain a compound of formula XV

R4



R3nyRI Xl to obtain the conpound of forrmula I11". 14. A benzoyl oxy
derivative of general formula: Y - CH2 XVIIl 10 and al so aci d-addition
salts thereof in which L represents a bond or an oxygen atom R2'
represents a linear or branched Cl-C4 al kyl group or a dial kyl am noal kyl
group i n whi e maghiokiznear or branched adkyl group is of gdrykrb P72t
represents: a) a group of general formula: 15XIX in which Rl' represents
a Cl-Cl1 al kyl group, or b) a group of general fornmula: XX in which Rl
has the sanme neani ng as previously, leriyatives being, 5 when Y
represents a group XX, in the formo , oneX, the Z isoner or a

m xture of these isoners. 15. | oxy derivative as clained in
claim12, in which Y represents g p of forrmula XI X or the group of
formula XX in which RL' representg n-butyl. 1016. The benzoyl oxy derivative
as claimed in claim12, in which RZ represemys 3-(di-n-butylam no)propyl.

b) said compound of formula XV is reacted with a compound of formula XIV
HN(Rs). to obtain a compound of formula XVII:

R,

R4
XV

5 ¢)said compound of formula XVIl is reacted with a compound of formula Xt

, L0 R1
Xl R3 ‘m’
0
to obtain the compound of formula 111",

14. A benzoyloxy derivative of general formula:

P
Y—CHQ—C—Q— L-R,

XVIII
10 and aiso acid-addition salts thereof in which L represents a bond or an
oxygen atom, R;' represents a linear or branched C4-C, alkyl group or a
dialkylaminoalkyl group in which each linear or branched alkyl group is of C;-
Cs and Y represents: |

a) a group of general formula:

R1-C-
15 XIX



13. The benzoyl oxy derivative as clainmed in claim112, in which R2

represents 3-(di-n-butylam no)propyl, L represents an oxygen atomand Y
represents the group of formula XIX in which Rl' represents n-butyl. 15 14.
The benzoyl oxy derivative as clainmed in claim12, in which R2" represents
3- (di - n- but ywandongipseepy! , L represents sgn oxygen atom angpif8pPreseits the
group of fornmula )O( in which RL' represents n-butyl, this conpound bei ng
in the formof the E isonmer, the Z isonmer or a m xture of these isoners.
2015. The benpaayhier R Ueiprddrity § @SCElakyTefodp) ofl ai m 12, in which R
represents 3-(di-n-butylam no)propyl, L represents a bond and Y represents
the group ofb¥apraupsoidevearal fafingla: R1' represents n-butyl. 16. The

benzoyl oxy derivative as clained in aim12, in which R2' represents

3-(di -n-butyl am no) propyl, L représenks a bond and Y represents 25 the _
group of formula XX in which R ©.n-butyl, this conpound being in
the formof the E isoner, the Z is a m tzuce_of t hese | soners.

R,

in which R+ has the same meaning as previously, these derivatives being,

5 when Y represents a group XX, in the form of the E isomer, the Z isomer or a
mixture of these isomers.

15. The benzoyloxy derivative as claimed in claim 12, in which Y
represents the group of formula XIX or the group of formula XX in which R
represents n-butyl. '

10 16. The benzoyloxy derivative as claimed in claim 12, in which R,
represents 3-(di-n-butylamino)propyl.

13. The benzoyloxy derivative as claimed in claim 12, in which R
represents 3-(di-n-butylamino)propyl, L represents an oxygen atom and Y
represents the group of formula XX in which Ry’ represents n-butyl.

15 14. The benzoyloxy derivative as claimed in claim 12, in which R,
represents 3-(di-n-butylamino)propyl, L represents an oxygen atom and Y
represents the group of formula XX in which Ry represents n-butyl, this
compound being in the form of the E isomer, the Z isomer or a mixture of
these isomers.

20 15. The benzoyloxy derivative as claimed in claim 12, in which R,
represents 3-(di-n-butylamino)propyl, L represents a bond and Y represents
the group of formula XiX in which R+ represents n-butyt.

16. The benzoyloxy derivative as claimed in claim 12, in which R,
represents 3-(di-n-butylaminojpropyi, L represents a bond and Y represenis

25  the group of formula XX in which R¢' represents n-butyl, this compound being

in the form of the E isomer, the Z isomer or a mixture of these isomers.



