WD 2011/ 154923PCT/ 1B2011/ 052536 1 METHOD OF SYNTHESI S OF FERROQUI NE BY

CONVERGENT REDUCTI VE AM NATI ON The present invention relates to a
new net hostoabiisypmizBesi s of ferroquine 5 particul arly usetCwhBioar/oi2hs
treatment and/or prevention of malaria. Mal aria is one of the

primary infectious causes of nortality in the world and affects annual |y

nore than 500 mllion peopl QETERODQF WYANMHESIEIJA PERRb@LﬂREh year. Four
types of parasites of the gBenus Pl asnodi u carried ,\égénophel es 10

mosqui toes, spread mal ari a.B PCSINGRaRN AEG Yal i AMINGISBNead in Africa, is

the nost virulent parasite anong themand is responsible for the deadly
forns of the di_sease Am)n% the active princi E] es a ai nst Pl asnodi um

fal ci parum chl0oRIFSAR fnveqfion felFiag| & iBanews PPthepist fle ferroquine

4- ani nogui gRduRRy useiuiRl JheltfmemUindfop préVahdh éfﬁﬁéléﬁ@nCes have devel oped
since the 1960s. Artem sinin then made its appearance and proves 15

effective against forns of plasnodia resistant to chl oroqui ne. However,
since 2006, thevaNi R tHecprinarly iMféctioBs calRREE nfrtali awmrmidtamdtaﬁemi S

nol ecul e. 1t s in thi ar 2006 that a n e, ferroquine
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4- am noquiviralenngarasittPdrachg e drelis esponsiblddbretis deadly forms @ theafisdaRe, al so

call ed ferrocene-chl groquj ne or rrochl oroqui ne, [res
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2011/ 1‘:'246923PCT/ 1B2011/ 052536 2 Schene 1
Ferroquine is an organometallic complex of iron. In particular, it is a derivative of
4-aminoquinoline coupled to a ferrocene nucleus.
Ferroquine, also called ferrocene-chloroquine or ferrochloroquine, corresponds to
7-chloro-4-[(2-N,N-dimethyl-aminomethyl)ferrocenylmethylamino]quinoline. It can be in
25 the form of free base, but also in the form of salt, of hydrate or of solvate (these last being
defined as associations or combinations of ferroquine with, respectively, one or more
molecules of water or of solvent). Advantageously, ferroquine is used in the form of free
base.
Ferroquine of formula (F) in the form of free base and its principal metabolite (Fm)
30 are represented below in scheme 1.
Ferroquine is described in patent WO 96/35698, as well as in scientific articles
such as J. Med. Chem., 1997, 40, 3715-3718, Antimicrob. Agents Chemother., 1998, 42,
540-544, J. Org. Chem., 1999, 589, 59-65 and J. Organometallic Chem., 2004, 689,
4678-4682.



The known nethod for the manufacture of ferroquine, partially represented
in 5 schenme 2 below, consists in synthesizing firstly

1- [ (di metwol2anisedzet hyl ] -2-fornyl ferrocene from PCT/IB2011/052536

(di nmet hyl am no) met hyl -ferrocene with a 3e/j el d of about 85% then in
preparing the corresponding internmedi ate oxime, and finally in carrying out
reduction of this oxinme which | eads tgeheRed Ni NQ

1- (am nonet hyl ) - 2- Rdi net hyl am no) net AyT perrocene whi ch can be isolated in
the form of dihydrochloride. The yield of synthesis of the 10

di hydrochl ori de 1-(am nonet hyl)-2-Rdi net hyl am no) net hyl perrocene rel ative
to 1- [(dinmethylam no)nmethyl]-2-fornyl-ferrocene is 55-65% Schene 2
(0)(0)(0)2HCI (0)(0) Ferroquine 15This latter reaction sequence conpri ses
firstly the condensation reaction of 1-

[ (di met hyl am no) net hyl]-2-fornyl-ferrocene with the reagent hydroxyl am ne
to lead to production of the correspondi ng oxinme. Then, reduction of the
oxime function to am ne by the metal hydride LiAIH4 is carried out in
rigorously anhydrous nmediumin order to formafter hydrolysis

1- (am nonet hyl ) - 2- Rdi net hyl am no) net hyl perrocene, isolated in the form 20
of dihydrochloride. The latter hereinafter is also called dihydrochloride
of diam no WD 2011/154923PCT/ 1B2011/ 052536 3 ferrocene which is a salt of
1- (am nomet hyl ) - 2- Rdi net hyl am no) net hyl perrocene, itself hereinafter called
di am no ferrocene or diamno ferrocene in the formof free base. Once

diam no ferrocene in the formof free base, or its salt of 5

di hydrochl ori derhﬁsﬂ%ﬂrﬁpﬁ%ddsfd?%é'rﬁ%faét&% J)fafeh%ﬁuuﬁé‘npgﬁalﬁﬁ?efprr@s‘énté& fahe
presence of (i) a base, such as for exanple soda or triethylamne and (ii)
of 4, 7- & &ehemsqdi helpwneonsisisr the synthesizing Hisstlyz &-[fimetbaming pothyil-grietmy:

nucl eophi o StRShbmULdiRBty i) REAGRreftbed 1R WRKIE Gk SorOBbd fT 889U ira, ink nown
and described, is transposable to diamne ferrocerie in the formof free
base. The AreRa BguhaEorraereNgiRgdnicenediale aiae ansdEraiy in cpiying ioghtadyatiamofor der

this oxime which leads to obtaining 1-(aminomethyl)-2-[(dimethylamino)methyl]-ferrocene

which can be isolated in the form of dihydrochloride. The vyield of synthesis of the
10 dihydrochloride 1-(aminomethyl)-2-[(dimethylamino)methyl]-ferrocene relative to 1-

[(dimethylamino)methyl]-2-formyl-ferrocene is 55-65%.
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Ferroquine

15 This latter reaction sequence comprises firstly the condensation reaction of 1-
[(dimethylamino)methyl]-2-formyl-ferrocene with the reagent hydroxylamine to lead to
production of the corresponding oxime. Then, reduction of the oxime function to amine by
the metal hydride LiAlH, is carried out in rigorously anhydrous medium in order to form
after hydrolysis 1-(aminomethyl)-2-[(dimethylamino)methyl]-ferrocene, isolated in the form

20 of dihydrochloride. The latter hereinafter is also called dihydrochloride of diamino



10 to obtain pure ferroquine. However, there are many drawbacks
connected with this nethod. In fact, the risks associated with the use of
reagent s wocehiizas4drgdr oxyl am ne (unstabl e and expl osi ve) pamdBioi1Ab3id43e6

(infl ammabl e and very reactive in danp nditions), as well as the use of
an 15 internedi ate such as the oxi ne SSR244089, (thermally unstable) do not
al | ow envifga@ddng Wwiigh IS adssmt d>f011(é?1f1i_nBﬁéﬂ@g@g{tﬁmbfhy%ﬁﬁr%)ﬁfeﬂqu%}%deh@,nﬁsefPff

hygi ene and safety froman industrial_ standpoint. Moreover, the use of

par t i cul ar&jeiggifsssaiepdizraing defrecens ok Aiagung t§Froesngipitee PrR(otfree basaind the | ow
productivity of this nethod (| arge nunber of stages, dilutions) contribute
significantly to the cost of manufacture of Ferrogui ne. Now, with the aim

of permitting &€¥EssIigBNoerBEgeRFe Northendot e8t e¥Be ndRBRr 9™ IPoosalt of

count ri &s,divydir6dhidiae SDRI44DIVR ist b1RaiBE® ah& &iteN €8¢ bé @dadtdd inithe ipfeseh&e Bt [ijal to
m nimze the cost of nuf acture of an acﬁl ve pringi as this in

, 1 pl e _such ]
order to rel@te g fst 1ok remple pRiac 85 iriefviateng fAnd ) Hﬁf‘s?r'ﬁlﬂarl"o@gu'(‘P'é’é’[ Bent .

The appl i craér fpasyniasizeolrbdq@ng ey aiaae notliesytiidesbstitulibn f Bhis aagener ofe
formula (F %r of its metabolite of formula (Fm agﬁlkig(ﬂ it Sossi le to form
sai d f er r cY0INAE'S &F TSRO NS FHodaserRAG: IS rFNsBRT 2 G IPgaRe BT e e &R MScene
of formul gofh bt Jree baseMTinefefodeiy Bwie %Il carhtheh Q@aergatDpurdicafor@tdniér
group (IXE), gpd from 7-chl oroqui nol i n-4-am ne. The net hod accordi ng
to the PnVBRPISHPYREFTEIRIE: consists in coupling the al dhehyde-ani no
ferrocene of formula (I11) with 7-chloroquinolin-4-am ne according to a
reaction of reductive am nation, called convergent, represented, in schene
577700 2011/ 158 AR 610 B BADRcks Figtpecld wi this Tethod T Eick. & fGn. of
reduct : ve a%@i)(ﬂ@tbilj: gsmthttrieueé? of ﬁaga’rﬁes;pm lasaycg{axﬁamineghuestéﬁleggd buplﬁgim)ﬁang |
several steps: . FEirstly, 7-chloroquinolin-4-amne reacts with the carbony
funct i on dfAE diolomBRls ARd FER; RGN B CPBPrardion) s Wal PoiiR ARe 1o

f u_ng; i ors (infgfrﬁédiaarsubtea@tmmmé ?Ssmgi)&é,mihgmélfy qnhﬁblre_e)gotniombw e<r]§wera@irigs

aci accqrding . ta a reactian of condensatign, w.th lLiberation of a

ol ecut o dpe vipselof o SBEBRG I (FBAPHEnePIARGE | U IR AN FRIY 161 Bene

i nt er nedi dbhdustial Slanopdist. (11), or if applicable of the imnium is then
reduced by a hydride donor. Thirdly, the reaction mxture is hydrolyzed in
t he presence of an aqueous solution of amonia or else of citric acid, in
order to destr ayorcberetheass diyditicaareexdengied rasgbnpesuth as foleaample LOAIH,,

ferroqui.ne (F) or of iits netabalit . 15 The i mipo ferrocene
| e S e b e o7 B9 eind Mhises Bumpsroot st S ShBRREES oes
not to be sigificahiydto thecoust rofstiariutacture of dHen@eaint NNolve witb are airh b R244AMB8Y) of
the prior art re resenteﬁ) bove, Tpe reaction of convergent reductiv
am nat | on Seest §IREOMNG 105 T Eateet TRt BRO Ry IS, WPER asoven Fpve fe
as a so- caréatdstomeedpltr iR0t pr ossdtial fomiromize, the hest of manuérctwe enfean active

st abl.e | SIS

. di . f | bei di t.i or | b
| qul o phasBoBl Sl g5y oL BolRlee sinEat e TR Frin B LD,

t hi n- | @&pertre@mentat ogr aphy or in situ by Infrared anal ysis.

The applicant has now found a new method of synthesis of ferroquine of formula
(F) or of its metabolite of formula (Fm) making it possible to form said ferroquine or said
metabolite directly from aldhehyde-amino ferrocene of formula (l1l), in which R represents

30 a hydrogen atom or a methyl group (Me), and from 7-chloroquinolin-4-amine.
The method according to the invention therefore consists in coupling the
aldhehyde-amino ferrocene of formula (lll) with 7-chloroquinolin-4-amine according to a

reaction of reductive amination, called convergent, represented in scheme 3.

35



Rev 1 The invention therefore relates to a nethod of synthesis of
ferroquine of fornmula (F) or of its netabolite of fornmula (Fm: WO

2011/ 1549%28R0T/15B2011/ 052536 5 conpri sing a reacti on of PCEABRmINERS36

am nation, in which reaction: (i) the alphehyde- am no ferrocene of formula
(rrr)y, ;M ,N...,-\' R OHCG (n) Fe (0) 5(IIl) in which R
represents a hydrogen atom or a nethychghfeWd, IS condensed with 7-

chl oroquinolin-4-anmine NH, is reducéd, WD 2011/154923PCT/1B2011/ 052536

The reaction of reductive amination therefore takes place in a single stage but in
5 several steps:

e Firstly, 7-chloroguinolin-4-amine reacts with the carbonyl function of
aldehyde-amino ferrocene of formula (lll), to form an imine function (which can be
protonated to iminium if the reaction mixture is acid) according to a reaction of
condensation, with liberation of a molecule of water;

10 e Secondly, the imine function of the imino ferrocene intermediate of formula
(I, or if applicable of the iminium, is then reduced by a hydride donor.

e Thirdly, the reaction mixture is hydrolyzed in the presence of an aqueous
solution of ammonia or else of citric acid, in order to destroy the excess hydride employed
and permit isolation of ferroquine (F) or of its metabolite (Fm).

15
The imino ferrocene intermediate of formula (Il) or the corresponding iminium, not
shown, does not to be isolated in contrast to the oxime-amino ferrocene (SSR244089) of
the prior art represented above. The reaction of convergent reductive amination
according to the present invention can therefore be carried out as a so-called one pot
20 process. Moreover, the imino ferrocene intermediate of formula (Il) not being stable in
conditions of analysis by liquid phase chromatography, its formation can be followed
qualitatively by thin-layer chromatography or in situ by Infrared analysis.
Rev 1 The invention therefore relates to a method of synthesis of ferroquine of

formula (F) or of its metabolite of formula (Fm):



6 wwth R representing a hydrogen atomor a nethyl group, (iii) the reaction
m xture is hydrolyzed. After hydrolysis, the ferroquine of formula
(F) and iwe wett@Bite of fornula (Fn) are isolated. 5 Rew/IR20ACezssh ng to
the present invention, said conpounds 7-chl oroquinolin-4-am ne and

al dehyde-am no ferrocene of forrmula (1117 are advantageously present in
stoichionetric proportion. 10Rev 3 The reaction of reductive am nation
according to the invention takes place in the presence of at |east one
reaction solvent suitable both for said stage of condensation and for said
stage of reduction. This reaction solvent is selected fromthe protic and
aprotic solvents, such as for exanple ethanol, isopropanol, toluene, THF,

di chl oronet hane and m xtures thereof. The protic solvents are particularly
advant ageous. 15 W may thus nention ethanol and/or isopropanol,

advant ageously i sopropanol, as reaction solvent permtting particularly
advant ageous yi el ds of reductive amnation to be obtained. The stage of
condensati on 20Rev 4 The stage of condensation of 7-chloroquinolin-4-am ne
with the al dehyde- am no ferrocene of fornmula (I1l1) takes place in the
presence of: at |least one Lewis acid, or at |east one Bronsted base or a

Bronst ed aci d. This stage can preferably take place under
azeotropic distillation of the reaction 25 solvent of said stage of
condensation or in the presence of at |east one drying agent. The

stage of condensation of 7-chloroquinolin-4-amne wth al dehyde-am no
ferrocene of fGOMRNaNg RI"EFCction Pf fadustiva apipation. imwhigh geacties of at | east one
Lewi s acid suchpas JUﬁéﬂyﬁé_)aﬁlanfe%éené:&(ﬂ)%m;ng 2, Al Cl13 and BF3. The Lew s
acid BF3can be in the formof a 30 conplex such as for exanple BF3.0Et2 and
BF3. S( Me) 2. Rev 5 Thus, |n t he net hod aﬂﬂ%rdlng to the invention,

the Lewis acid is sel ected fron1T|(O Pr) 4, ¥ 4, FeCl'3, znd 2, Al C13, BF3,
BF3. OEt 2 and BF3. S( Me) 2. Rev 6 Accornind?to a partlcularly

advant ageous enbodi nent, the Lewis acid is N(Q Pr)4. 35Rev 7 The Lew s
acid can be used in stoichionetric a t\@) A n excess.

5 (1)
in which R represents a hydrogen atom or a methyl group, is condensed with 7-

chloroquinolin-4-amine

(i) the product of condensation thus obtained of formula (11),

ks
S

10
is reduced,



WO 2011/ 154923PCT/ 1B2011/ 052536 7 Rev 8Advant ageously, the Lew s
acid is used in an anount between 1 and 2 equival ents, even nore

advant agewo2by/tshe3lewi s acid is present at the |evel ofCI/iByuin:EEsNt .
According to a particularly advantageou§5enbodinent of the stage of 5
condensation in the presence of the Lewis acid Ti (G Pr)4,

7- chl or oqui nol ivith/R APréantihd 8 h@b,@?gygmaﬁ ametil goggne of formula (111) and
said Lewis acid _are present at a level of 1 equivalent each. In this case,

the reaction sdliybgtreadiopmixreishydioldst-opanol . Rev 9The stage of

condensat i on ofaftér GPbRIBRU tHOlek B din@BF Femiid (F) dindalyderadoite @f femurc gme of
formula (111) can take place in the presence of at |east one Bronsted acid

or a 10 Brdh&Ebase sel ected fromacetic acid, trifluoroacetic acid,
met hanesul foni ¢ aci d, paratol uenesul fonic acid, H2SO4, H3PO4, HNGB,

pi peri di ne and proline. Rev 10Advant ageously it is

para-tol uenesul fonic acid or piperidine, even nore advantageously it is

par a- t ol ueResncedttingas ittt pBessitidhgor, GafNcENRAIEThIdaddinslMlaaminer#idat i ng
of condensation in 15 resence of Bronsted acjd

to the sta t . L

advant agecﬂ%‘gq'\}’d%'émﬁﬂq BIrpsRRe of fymute ﬂ@x € adyeptagey BFeSEBh@eﬂg'ﬁb'PB‘ﬁtrtCakes

pl ace underogatreed.ropi c distillation of the reaction solvent. In this case,

t he reaction sqlve is preferab tol uene. Since the stage _of condensation
30 v erticvo Thé eePn oh LT ¥

of an equival e € EFAYPRG FIVE: amiag{ionagiar o6 e IBYRRNQR ce

a:c dehyde- ami t:h@ b@s$me@e Af lher BHé areattidn) sbﬁeﬂcémwibﬁm byr tshie kiager et i 03
of an equivalent o ter, it is conceivahle to trap the water thus forne
by moane. ONHSERAITENga Reid b8 CEILGHYD TR SARBROrST 8 PHECPRAET

m i(t ure bypretay ém? REraidt scaxlrenaszﬁsmbhcuy' for chxatripld athianol, \Mcfdi’o@nsuitblabh@ Tre%cti on
sol vent sugh as r_exanpl.e t ro and. aprotjc solvents enunerate
Sbove. Thidename s enaruriiesdbER. dha Phucabhablcss PatthoRy BT E oy
means of5 aveemay Shas knertliohi eigaséli ahdbagdpaipadoindrivaatagesusiywidobrdpaaolaia® of
displacing tqe egyilibriunlto rdlforHation of th %niao ferrac ne .

i nt er medi dEECHOMSPIVeRE PYTRHY RATIE'REY PRI U S AT Sa Y B EYVBINP @R 1P i on
can opti orgbitdiyed.ake pl ace at reduced pressure, for exanple, at a pressure
in the range from 100 to 300 nbar. The stage of condensati on of

7-chl oroqui nolin-4-amne with the al dehyde-am no 30 ferrocene of formula
(1'1'1) can IHestagebecordehsptiane i n the presence of at |east one drying agent

or Rev 11 can take ace under gzeot.ropi [stillation of the re i on
oo veni r om sdre) 4 EhE St Srcopdnaneiaas] giehloroaundthiinids il e R dGent
ment i on nmeymnibe ferden®bf fakrurh (id) takesplaee tH e pedsevies 3R, M504 and Na2504.

35Rev 13 Advant%%eouslé, it is a nolecular sieve 3A. WO
2011/ 154923PCT/ $B9H PPBEOWSE%) Phe st age of reducti on

o atleast one Brgnsted base or a Brgnsted acid.
This stage can preferably take place under azeotropic distillation of the reaction

25 solvent of said stage of condensation or in the presence of at least one drying agent.

The stage of condensation of 7-chloroquinolin-4-amine with aldehyde-amino
ferrocene of formula (l1l) can take place in the presence of at least one Lewis acid such
as Ti(QiPr)y, TiCly, FeCl,, ZnCl,, AICI; and BF;. The Lewis acid BF; can be in the form ofa

30 complex such as for example BF;.OEt, and BF;.S(Me),.

Rev 5 Thus, in the method according to the invention, the Lewis acid is selected
from Ti(OiPr),, TiCly, FeCls, ZnCl,, AICI3, BF3, BF;.0OEt; and BF3.S(Me),.

Rev 6 According to a particularly advantageous embodiment, the Lewis acid is
Ti(OiPr),.

35 Rev 7 The Lewis acid can be used in stoichiometric amount or in excess.



The stage of reduction of the internedi ate obtained at the end of the stage
of condensati on between 7-chl oroquinolin-4-amne with the al dehyde-am no

f errocenewof2ofiorsmzBa (111), Rev 14 is carried out in thecpnezenreesss at

| east one hydride donor. 5 The hydride 7donors known in the state of the
art, particularly advantageous for said reaction of reduction, are hydrogen

in the pr esenceR&f gRdvAt eMﬁéI%_(ﬂmea_re%é la@fd BRI, inOdH bRdaht Metw@eﬁ heah®pm of
conpl ex) and netal hydri he nmetal hydrides are selected from

bor ohydr i cFé’é"VélentsS@oﬁVGm mgte ﬁ%Y%%ﬁ%Hf'yotf‘ellrec‘W @idofs Bressntnat Higdleypleof 1
optional | yeeeRMRINEd to at | east one additive selected fromLiC, Cad 2,

MyCl2, Znd 2 and NEt3. Said 10 borohydrides of sodium of q%gt assium of
lithiumor of Z1%ed% t@e@ee@%ﬂ%@m%@ﬂews enRAsimeH Hi§s, Staggyof

Li BH4 amd odn(&idhlien Gothel @dséicensitihé Qeﬁ/i?sl gei@dqoiPry,e 7- chIoroqumollnNaﬁhH’ne BHA
pled or_not to said a ive prove particul arl advant aqeous

and Li BH4 %(t; d g

for carry.%@e de-afmipe feér%%r?eoﬂffSFmV'ééU%?P%ﬁa'SfLee"‘r‘% FithieFo PresE Rl énls valpt
inter Lredl aéqg;/vgfenf 84dRIreth(sl dake, thé rétRE6s sauanted plefgallipisopopandi ng i m ni um
not shown. r

| S Rev 24 T t age. o dr.ol ys s place in
(o6 oroetnce) oey/Sine, steqmolagniionsiont! LrRBRTLaIn-Aanine Mt 2ldehiie.aBier
El ((]I G :Dr )4 feﬁodb‘h@d)f &&mb?vwle c@ﬁltfkeddlédeﬁg thidpresé@eof ot |efe@trtder5r@hstea ,aC|d|orta
y ro y | reactli on_m xtur.e resence o an a eQus ol utl on
B AR LGP R WS e L AR )

renovi ng ttblﬁerﬁéstuﬁﬂrhluﬁblaall-us{)@HsFP@g steblp@fldlh@@n@ﬁuﬂiﬁels phases and t hus

permts avoi di R%e H%ﬁl cult filtra 1t%on of .these salts. .d25 Rev 19
According to one'e EOWHY {thig RSt TRIESEUqn iaﬁ'ge(?‘ft PIBP/C7% LVED JP&Cof
condensat i pRahtagesuspl |a@¢>ardltdde€he9mm&rumj of toluene as reaction solvent,
optionally under azeotro

s, of ,
Doane Star b, I ARPETEHBoR EhbSerbPetddinoRiat B et A &F epaisvafondis
p:c aCﬁ 1% ttE@ptHsféﬁ@”thfEa Bf@ddmlaladdﬂfBEVarﬂtage%ﬁha@\pawto&med solfong: écﬁ)delhd ﬂ&@@@h‘ ment
of the method of .t i nvention, the stage on ation ta ac
Che. pr eserfOR0RTooHEN deitariagt 0t Arerdiofty FRGSGLT 16 eqtiPy ShEah Aol ¢ he
stage of readaché esacpoesaveanliypretkssy plaee. i n the presence of NaBl-14. Rev
21 According to one enbodi nent of the nethod of the invention concerning
t he stage of condensation in the presence of a Bronsted acid,
advant ageousl y smcreatheeltagertﬁs;bhdmiaﬂor%f arceglivaanit df Ftcheomiindindanimatwitbn

t akes ace under distillation f t he ction sol ve Thi

ol veni2 &, BO0EeRC SO Ay e s arfbceRf Hommmtiendfil e FetRestied ny B
reduct i on lipeetftion adﬁlayi é(ﬂk\%n\bloﬁ@@tern itti eopcehashie & OhHp IT@EBlNaﬂeft thus\/\tbrmed by
2011/ 154923PCT/ 11/ 0525 ‘% ¢ t cco r.di fn(?nio one,.enbo nﬁ)

net hod of THE'S v”‘e VNP 9eSh et RgUR RN Gl 6 'b%eé’ﬁg%"ti“ e yt(f?é"y'”g
presence afut tanl arsoeopis mﬁﬂiamonomtlsoal v@itable smictiors salgentoduch casdfon sxbimple thekes
pl ace under azeo

h f
P ot on HoB Rt AR sibeRls sk Mierptha hfive, Rl SERR T RBlasb 82 hERRedbdy 1o
one emuddiforerangie bhanears bival Defin-Shark | dwmgtsardrstagemfeondergawre \Asmalg@am‘f of
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iminium if applicable. Said azeotropic distillation can optionally take place at reduced
pressure, for example, at a pressure in the range from 100 to 300 mbar.

The stage of condensation of 7-chloroquinolin-4-amine with the aldehyde-amino

30 ferrocene of formula (Ill) can therefore take place in the presence of at least one drying

agent or Rev 11 can take place under azeotropic distillation of the reaction solvent from
said reaction of condensation.

Rev 12 As drying agent mention may be made of alumina, a molecular sieve 3A,
MgSO4 and Na,SO,.

35 Rev 13 Advantageously, it is a molecular sieve 3A.



According to one enbodi nrent of the nethod of the invention, the stage of
condensation takes place in the presence of 1 to 2 equivalents of Ti(GPr)4
i n et hanoWoR011z13d¥26r | sopropanol as reaction sol vent. | rCThB®iendest nment ,
the stage of reduction preferably takes é{)l ace in the presence of LiBH4

and/ or of NaBH4 and/or of KBH4 and the stage of hydrolysis preferably takes

place in t#HR 1686 8NFRIRtioAN aqueous solution of citric acid. Rev 23
Accordi ng ToO one enbodi nent, the stage of condensation takes place in 15
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al dehyde-am no ferrocene of formula (I11). Moreover, it offers the
advant age of being safer with the absence of reagents or internediates that
may prove s to handle. WO 2011/ 154923PCT/ 1B2011/ 052536 10 The
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level of the aqueous phases and thus permits avoiding very difficult filtration of these
salts.

25

Rev 19 According to one embodiment of the method of the invention, the stage of

condensation takes place in the presence of toluene as reaction solvent, optionally under
azeotropic distillation, for example by means of a Dean-Stark. In this embodiment, the
stage of reduction preferably takes place in the presence of NaBH, Rev 19

30 Rev 20 According to one embodiment of the method of the invention, the stage of
condensation takes place in the presence of molecular sieve 3A as drying agent. In this
embodiment, the stage of reduction preferably takes place in the presence of NaBHy,.
Rev 21According to one embodiment of the method of the invention concerning the stage
of condensation in the presence of a Brgnsted acid, advantageously para-toluenesulfonic

35 acid, said stage of condensation takes place under azeotropic distillation of the reaction
solvent. This solvent is advantageously toluene. In this embodiment, the reaction of

reduction preferably takes place in the presence of NaBH,.



br = broad signal, t =triplet, 15- g = quadruplet, DWVMSO d6 = deuterated
di net hyl sul foxi de, CDCI3 = deuterated chloroform The NWR spectra
confirm twe 2etwises2ar es of the conpounds obtai ned accor diPog/IB1e8EEFH es

bel ow. 20 I n the exanpl es given below, the follow ng abbreviations are
used: MIBE: Tert-Butyl-Methyl-Ether LiBHA4: |ithium borohydri de NaBH4:
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reduction preferably takes place in the presence of NaBH,.

5 According to one embodiment of the method of the invention concerning the stage
of condensation in the presence of a Lewis acid, advantageously titanium tetra-
isopropylate, Rev 22 the reaction solvent is preferably isopropanol.

According to one embodiment of the method of the invention, the stage of
condensation takes place in the presence of 1 to 2 equivalents of Ti(OiPr), in ethanol
10 and/or isopropanol as reaction solvent. In this embodiment, the stage of reduction
preferably takes place in the presence of LiBH, and/or of NaBH, and/or of KBH, and the
stage of hydrolysis preferably takes place in the presence of an aqueous solution of citric
acid.
Rev 23 According to one embodiment, the stage of condensation takes place in
15 the presence of 1 equivalent of Ti(OiPr), in ethanol and/or isopropanol as reaction solvent
and the stage of reduction preferably takes place in the presence of LiBH, and/or of
KBH,.

At the end of this reaction of reductive amination, ferroquine (F) or its metabolite
20 (Fm) is formed in the form of free base or of salt, for example of salt of
dihydrochloride.

Ferroquine in the crude form can be isolated and purified according to techniques
known by a person skilled in the art. The isolation of crude ferroquine at the end of the
method of synthesis according to the invention, can be done by crystallization in a

25 suitable solvent. Acetone, toluene, isopropanol or methyl ethyl ketone may be mentioned.

Advantageously, it is acetone or toluene, even more advantageously it is toluene.

The method of synthesis according to the invention has the advantage relative to
the prior art of being shorter if we consider the number of reaction stages and having
30 better performance in terms of yield and productivity. Accordingly, it makes it possible to
lower the final cost price of ferroquine through (i) the use of inexpensive reagents, (ii) a
reduction in the number of reaction stages relative to the route of synthesis currently used
and represented in scheme 1 above and (iii) obtaining particularly advantageous reaction
yields: the isolated yield of crude ferroquine is about 70-75 mol% relative to the starting

35 aldehyde-amino ferrocene of formula (lll).
Moreover, it offers the advantage of being safer with the absence of reagents or

intermediates that may prove dangerous to handle.



35 pTSA: para-toluenesulfonic acid MP: nelting point inC The m xtures of
solvents are quantified in volunme ratios, m signifying mlliliter. WO
2011/ 1549%6Rar/1582611/ 052536 11 In the foll ow ng precedBzoaspszsie
starting conmpounds and the reagents, whep their nethod of preparation is
not described, are commercially available or are described in the
literature, or else can be prepared according to nethods described or known
by a person 5 skilled in the art. PREPARATIONS 1. Preparation of the
conpounds of f ofyguMmentien Wil naw g, deseripghingpore detail.

1-[ (di net hyl amﬂ\@)falﬁivhb(%bro%e@@éwhd %%rﬁ@l@@ﬂéscrib@%b@ga@ﬁoﬁ deintdriediatedact or
with 39.6 of 1-Rdi nethyl am no rrg%g%l perrocene and 360 ml of MIBE. Distil

about 160 3 CHPANABEENCAQ) oY g or Hi6s (VeI o] NaSRePOEFIMEH AN

- 10C and sdxamlplesante n88indting artf thair SAlyurgizedd tdtiRitate the pheheiRger(tioht er 1699 .
Stir the reaction mxture at -10C for, 2 hours and then at 0C, slowy add

25.2 m of DVF.I"ESRPHRIETET 3 X HGRPG¥%ct i on mi xture at 20C for 2 hours
then at 5C, slowthe Ngﬂé?]}&&lé’ﬂr rﬁégmic%rewaaa%%e?trbﬁre dBPé]héTWﬁhSé iFE)UHé‘tg the
reaction m xture at or , then at r, n. Leave the

Feact i on B PeciePuERHER) At B RRICONR FraadioenbR FreTvIg
phase. Coustste®xtract the aqueous phase with 125 nl of MIBE. Filter the
conbi ne% MIBE phases og activated charcoal then concentrate to 120 ml under
vacuum 9add 80 “#1~ 89k opr opanol then distil 420 mi of solvent to constant
vol une, under 2@ vasuskny by regul ar addition of isopropanol. At the end of
distillation, dilute the reaction mxture to 280 m wth isopropanol. 39.9
g of the expectéd~¢Y ®nd is obtained in solution in i sopropanol . 2.
Preparati on of -pretdreddsighalol i n-4-am ne 252.1 Preparation of

7-chl orocui nol i -_zk-ﬂn%ne. Stir a mxture of 100 g of 4,7-DCQ and 1
liter of 5% sol Ufi'BW®bf amonia in nethanol at 160C for at |east 15 hours.
After cenpl et e -epnyeddsugiet, of the 4,7-DCQ concentrate the reaction m xture

L0200, tren Shguty, 290, 490l el couecys, solion (3.2 of
of a water / Me@DOL xtdetrdtd®L@Ooforiy) , then with 100 m of water. Dry the
Dol 90 oo 1 L AN DR T o o s R e o
7- chl or ocuixanipies-bétawri ne. 35Heat a mixture of 85 g of the conpound
obt ai n% in the precedi ng stage and
In the examples given below, the following abbreviations are used:
MTBE: Tert-Butyl-Methyl-Ether
LiBH,: lithium borohydride
NaBH,: sodium borohydride
25 KBHy,: potassium borohydride
Ti(OiPr),: tetraisopropoxy-titanium
DMF: N,N-dimethylformamide
4,7-DCQ: 7-chloroquinolin-4-amine
MeOH: methanol
30 EtOH: ethanol
MEK: methyl ethyl ketone
tBuLi: t-butyllithium
DCM: dichloromethane
RT: room temperature
35 pTSA: para-toluenesulfonic acid
MP: melting point in°C

The mixtures of solvents are quantified in volume ratios, ml signifying milliliter.



550 m of toluene under reflux until conplete dissolution then cool ed
slowy to 20C. Filter the suspension on a Buchner. R nse the cake with 85
m of tolwerneiisersdry in a stove at WD 2011/ 154923PCTPLBABI11/05R%36 12
100C under vacuum 76.8 g of the expect e1d| product is obtai ned. EXAMPLES
The followi ng procedures and exanpl es describe the preparation of crude 5
ferroqui ne from 7-chl oroqui nol i n-4-am ne and of

1-[ (di met hyl am no)rreth I]1-2-fornyl ferrgocene (exanple 1 to 6) as well as the
purification lpf h%é‘i"lﬂ’wé?%a@c%tﬂr?%qtﬁ?rféa’(”é&ﬁ%‘%“'ﬂs angl Higpleagqnts.; yhemthey

m xture ofménéd ef &%péﬂéﬁorﬁ@%@@é‘&nbé@rﬂr@b&ﬁﬁfe?élélgrhv&la%le & € das@fbebiethe
conpound from preparati of toI uene under refl ux

and removd R élsewnélféﬁ?ﬁ’%ﬁggcwgﬁltq 2EEs deFeripgdior kepMe BherPef™ he
reacti om rgkfibdirether@er vacuum and take up in 10 m of absolute EtOH Add
0.21 g of NaBH4 and stir the reaction mxture for 16 h. Concentrate the
reaction m xture under vacuumthen take up in 15 40 mM DCM and a m xture of
20 M of vepEpARATION®! of anmonia 25% Leave the mxture to settle then
extract the aqueous pﬁase 4 t| nmes |n 20 M of DCM Conbi ne and concentrate
t he or ganik-EEeR ppeuRd JR A j ze the residue in 20 M of
acetone. Fil terPrbB@raﬁ’(m bl - R@H@tr@[hnﬂnﬁmwfz-fo?mgﬁérr&%én@ 2 times 5 m of

cold acetone then d in a stove under vacuum t he expected

conpound is obtcéﬂaﬁ%l a”A”%@é%de%Och%t@lq 9 2ht 1 BW”@EW@EWPP%“‘%I@&H@@P‘&!@ rom

t he not heranldi 30aH cﬂmmrsmmymboutlm%l,ofm (i @hatﬁfo!é%é\rid ;bré@édr@rc&il ﬂ@am
0.11 g of the expected conpound is_obta 00

MHz) : 2. 1§O{L§I0n@_|310 @,q)ﬁd spv@yzaqu% &@J@f afpbutm@ OétZB'fld in N@t@ne (ﬂ%r 62@)0§t|r(t

?;d 1;‘)5 4hd fedction Qﬂktufé‘%t 1‘6 QQOKZi(Hour@"bndliH)en 4028, §iday MZhh*)of [5MI31

7.75 (dd, (?\?Fi‘t'lr_‘%%f“”“?g i r(e&Ct'Qﬂ-[“'XiLF& at ?gs%fo(f f? hQues "hj?lni)l_??t 5804%’%{ adéH 351’Fb
Exanpl e152:of AN %q@e(ﬂJSOFf-ICI feongiaae etivid ftrﬁ@?@d@:ﬁ_@@%ﬁhifeoét ?c?for?zsogmmf, thdheat
corrpoundfrgmBOaE aﬁﬁtlonlandS i gé)ev 8 in a flask. Add
10.9 ni Of gve t ehéeactlon mixture to settle and withdraw the aqueous phase

then the MTBE phase. Counter-extract the aqueous phase with 125 ml of MTBE. Filter

the combined MTBE phases on activated charcoal then concentrate to 120 ml under
vacuum. Add 80 ml of isopropanol then distil 420 ml of solvent to constant volume, under
20 vacuum, by regular addition of isopropanol. At the end of distillation, dilute the reaction
mixture to 280 ml with isopropanol. 39.9 g of the expected compound is obtained in

solution in isopropanol.

2. Preparation of 7-chloroquinolin-4-amine
25 2.1 Preparation of 7-chloroguinolin-4-amine.

Stir a mixture of 100 g of 4,7-DCQ and 1 liter of 5% solution of ammonia in
methanol at 160°C for at least 15 hours. After complete conversion of the 4,7-DCQ,
concentrate the reaction mixture to 300 ml then slowly add 400 ml of a dilute aqueous
solution (3.2%) of soda. Filter the suspension on a Bichner and rinse the cake with

30 100 ml of a water / MeOH mixture (70/30, v/v), then with 100 ml of water. Dry the beige
solid in a stove at 100°C under vacuum. 85.5 g of the expected compound is obtained.
MP = 187°C (with decomposition).

2.2 Purification of 7-chloroquinolin-4-amine.

35 Heat a mixture of 85 g of the compound obtained in the preceding stage and
550 ml of toluene under reflux until complete dissolution then cooled slowly to 20°C. Filter

the suspension on a Blichner. Rinse the cake with 85 ml of toluene then dry in a stove at



reaction mxture at RT for 24h. Cool the reaction mxture to OC and add 0.4
g of LiBH4 in portions at OC. Stir the reaction mxture allow ng the

t enper at we 20/154®8 to RT for 16h, then dilute with 50 mcTaB20D0ds255%0ur this
solution onto 40 mM of an aqueous sol uti of ammonia at 12.5% After 30

m nutes of stirring, filter the suspensidn on Clarcel(r). Then 35 rinse the

cake w th fotc iR8erdRchilimofe O&gMr thébshetian prsdlienis GbRfke With 30 m of 1N
soda then concentrate under vacuumto 40 m. Effect a change of sol vent

DCM acetone by distillation at constant volune. Cool the suspension under
reflux of gplvieeegne at 5C. WD 2011/ 154923PCT/ 1B2011/ 052536 13 Filter the
solid on a Buchner, rinse with 2 tines 9 m of cold acetone and dry in a
st ove under vacuht‘i‘mfo”Qwﬁ‘ggpﬂ?cefj'i’fése%%(ﬁxéﬂ‘p&%ﬁﬁiﬁﬁ'@el theopreperiign ek &rsiee 3:

SPut 13.s4 fgrr&fU|r§é1Gfrcﬁﬁm'p@HI6quhfr@m PLRRAE aéﬁ@rbf214(daﬁ@th945%qr%)@emw Lhgrmyl-
conpound from preparation 1 at 13. 5% in isopropanol in a reactor, Add 42.8

g of Ti(G P"F?‘Z?”esﬁ?ﬁm@'ﬁé toeicas well ﬁ?ﬁt%?‘é'fﬁ@t'%@ Taift cride |ferquingytexamplen put
5.7 g of fipnely divided NaBH4 and 60 m of isopropanol in a second reactor
and cool to OC. Slowy pour the solution of imne internmediate onto this
suspensi on of NaBH4 at OC. Stir the reaction m xture at 10 25C for at |east
20 h, congm@aimmbq: under vacuumthen dilute with 150 n1 of DCM Cool the
solution obtained to QC then hydrolyze at OC with 60 of an_agueous

sol uti of of amiftffta Atixtosoe! Ueh ”ﬂ%éo@ﬁgﬁt‘i@ngp%p'ﬁe@a%‘@” tdeén0 f7gI9t ek then

Cl artex. F@omuh@ero@alﬁeeg&tétbn& tzm@ A sca‘ndD§M| SEOBRIBAS TUALET MR Qdr@ani ¢

phase under vacuumto 2 e of solvent DCM acetone by

distillati8Ro4e the NGty %‘1’95??8'0 %H\at'f’%éorl BuSpBFRISIF fheaeacte m&ur&r t he

ket one at (pder Féduhﬁfarﬁ&t%ké@'pllﬁi 10ﬁnla>f|%lb§6|mérEtOH I8 WiPoiNalBlm?ana(énFTiheOf
cold acetone and d ge g stove under vacuum 23.

t he ected .
cormpound i"829P ANiKWES TOE§ fnCangentrgispihe reaction ani ¥Hirg weeammﬁw (@R up in
prepar atsi a1 Al QCM%dla?ﬁD@ur@fof a0 ki %f sataitahar rﬁrfoftahﬁnmémmndeéweqm mixture
preparatlon 1l.in |sopro |nare®ctor Add 4 ?of TI(OPI‘%{ Stir

t he react i8rSSiis{ifne eXt Oést%ef%ﬂ“eatlsl 38¢% 42(5'”}’?8u'P520 plitoTgPeMy m BRvEYnd 60
m | OI ISOR¥oﬁ§@rﬂﬂite itHe argﬁaréom?sée@%@r{\éwudncmh drpst@fize {ﬂegit@swu?qggotrﬁlfof .
solution o man e on | S, SUS nsi on 1 r e
oot on oelaieaFue bE T 0o o B chabr e UL s m & thidarsioae BieR « hor
di | gtc e W tdiy 13@ gid)veOundawec@ﬁl 0.8hg theltelfxpébt@dnbamb@L%d R dHaihdEem @%@Hﬂ@ﬂ yze
at an agueous s ut1 on of annonl a w t ,
tenper?@urcéysgﬁ'(gﬁ%” SHSHB IRSEERVE'S hP@éﬁ? GO lpyrand f‘? @’?S%Hq‘f%xff‘?mé"?‘fqhber;
rinse the cﬁy?é{ﬁllzutlbﬂﬂsﬁeémlmﬂsl R6r thé egpedidd\bortpspiaa id @tﬁtamea.he organi ¢ phase

under vac 1%71@ Ef fect a change of sol vent DCM acet one by
distill at ~a nstant vol ume. 30 Cool the suspension under reflux of the

keltgne at ’EQ\IMFI {080t S08aNHE): O 53(sBAEB®H), 2.0DY6, MCHR, 2H),i3BS @'?V(gHZOf

col d 20et O D8l i T O B BRI YERAEY, 280 B Ol MBS A

pr epar @5 a0H,21R), a8 RRA7NCH 18),s&bBYd, CDH,THY NeE8 (dd, CH, 1H), 7.75 (dd, NH, 1H),
7.78 (d, CH, 1H), 7.85 (d, CH, 1H), 8.42 (d, CH, 1H).

Example 2:
Put 3.3 g of the compound from preparation 2.2, 5g of the compound from

30 preparation 1 and 50 ml of isopropanol in a flask. Add 10.9 ml of Ti(OiPr),. Stir the
reaction mixture at RT for 24h. Cool the reaction mixture to 0°C and add 0.4 g of LiBH4 in
portions at 0°C. Stir the reaction mixture allowing the temperature to rise to RT for 16h,

then dilute with 50 ml of DCM. Pour this solution onto 40 ml of an aqueous solution of
ammonia at 12.5%. After 30 minutes of stirring, filter the suspension on Clarcel®. Then

35 rinse the cake with 6 times 20 ml of DCM. Wash the organic phase with 30 ml of 1N soda
then concentrate under vacuum to 40 ml. Effect a change of solvent DCM/acetone by

distillation at constant volume. Cool the suspension under reflux of the ketone at 5°C.



conpound from preparation 1 at 17.4%in isopropanol in a reactor. Add 83.8
gof Ti(GPr)4. Stir the reaction mxture at 40C for at least 5 hours. WO
2011/ 1549%6Ram/1582611/ 052536 14 Put 15.9 g of KBH4 and PR0O/1BL010052536
i sopropanol in a second reactor and cool,to OC. Slowy pour the solution of
imne internmedi ate onto this suspension gf KBH4 at OC. Then stir the

reaction rpidrné satd 89 & Bihnat rih€aith &Otlrﬁes b hanf BeRtacatonetadf @y imh st@ast 3
h. Hydrolyze the reaction mxture at 20C by sl ovvlg addi ng 500 g of an
5

aqueous sdiNgeT wFuem- 8i24¢ pidha exrecid ‘5’”1@“@%‘3 PhfeiRe?5 g of an aqueous
solution of ammonia at 20% Add 400 nl of toluene, stir the reaction

m xture at_50C for 30 mn. Leave the organic phase to settle at 50C, wash
at 50C wi tBxampledas 120 m of water then filter on activated charcoal .

Concent rat e t hep@rigan Q)f W%Wﬂﬂ”rd@%rét%%@@ dﬁid 152@@ o@'tﬁ?é bémﬁélﬁﬂr

vacuumto constant vo 3e$/ adding 1 liter of tolu he tol uene
phase at dmm Bfﬁpial'at'@Bri'p*Pté( {?"Ejl'sé’%%p\?@@l' P Reigagior- c%’é’l 4% %QERET'(ﬂ PRestf Hie

solid on a:e&u@hnamuré iaf28° @ifbhattast 204, THeh Vs gnd fkly dlﬂd@d NaBYE dnader
vacuum 47, ﬁ of the expected conmpound is obtained. Exanple 6: Put 26.3

of the corﬁS’dU af FPB“RP%?%&%@a%‘?QSPHdZ’e%t%r NG 90lfodt C SéQW'YntHOHh”@r sqlyiony &f
conpound fnﬁﬂf@ Piepabatd oftolthit sukBeAdion bf lr\sa@rpﬁca@c"cml Shif the Fe%@ﬁérpfmxt&@dat‘ll 9
g of Ti (G Pr ir the reaction m xture at 40C for at | east Put 15.9

St
g of KEY Zn f@z@i IgpstA0 B COPFIRfo HNGS] VRCUWR dhen Filie tp 1&%%%?0'}"00@@
Sl oWl y pouhe kbRtiGObbtkined t&1° crmérﬁhydirblgtzérgdom mt@r@t)cmltdﬂaﬁ m@@mol@rbrpéf KBH4
at 0OC. Stir there mx ure at 20C [ ? % tz% g%at at 50C
for at | ed¥tMaNig at%&d’r é“?@&épﬁdﬂzﬁl {‘ﬁré' 02'0 389X ng¢ HA ¥K&ddi ng
320 g of a/mw?aumussf Z@HIWIUUI\/IOCoﬁ(tdrﬁﬂafédﬂﬁalo d’gahlclﬁag%unﬁbﬁﬂa(’f@ﬁmﬁth{Z_O@ﬁ}I.h
agueous s on o a ni a ) ol uene en | e
oo bl Pcingd o S O AAceipas Al (IRl ah ceh G KIp s Bop] en:
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solid on a Buchner, rinse with 2 times 40 m of cold MEK and dry in a stove

under vacuum 50.7 g of the expected conpound is obtained. Exanple 7: 30Put

24.0 g of Bx: meherroqui ne and 345 m of MEK in a react or and heat to 78C.
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(Fm: intermediate onto this suspension of KBH,4 at 0°C. Stir the reaction mixture at 25°C for at
25 least 20 h, concentrate under vacuum then dilute with 130 ml of DCM. Cool the solution
obtained to 0°C then hydrolyze at 0°C with 60 ml of an aqueous solution of ammonia at
25%. Allow the temperature of the suspension to rise to 20°C then filter on textile fiber;
rinse the cake with 5 times 20 ml of DCM. Concentrate the organic phase under vacuum
to 100 ml. Effect a change of solvent DCM/acetone by distillation at constant volume.
30 Cool the suspension under reflux of the ketone at 5°C. Filter the solid on a Biichner, rinse
with 2 times 20 ml of cold acetone and dry in a stove under vacuum. 23.1 g of the

expected compound is obtained.

Example 5:
35 Put 26.3 g of the compound from preparation 2.2 and 227 g of a solution of the

compound from preparation 1 at 17.4% in isopropanol in a reactor. Add 83.8 g of

Ti(OiPr)4. Stir the reaction mixture at 40°C for at least 5 hours.



conprising a reaction of reductive amnation, in which reaction: (i) the

al dhehyde-am no ferrocene of fornmula (I11), Me OHC ((, Fe (0) 10(IIl) in
whi ch R rwpnresenst®ia hydrogen atom or a nethyl group, i ®Crapzens®doni th 7-
chl oroqui nol i n-4-am ne WO 2011/ 154923PqT 1B2011/ 052536 is reduced, with
R representing a hydrogen atomor a methyl group, (iii) the reaction
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of: at least one Lewis acid, ?r -
organic phase under vacuum fo 400 ml, then distil under vacuum to constant volume by
adding 1 liter of toluene. Heat the toluene phase at 90°C until completely dissolved then
10 cool to 5°C. Filter the solid on a Blichner, rinse with 40 ml of cold MEK and dry in a stove

under vacuum. 47.5 g of the expected compound is obtained.

Example 6:
Put 26.3 g of the compound from preparation 2.2 and 217 g of a solution of the

15 compound from preparation 1 at 18.4% in isopropanol in a reactor. Add 41.9 g of
Ti(OiPr)4. Stir the reaction mixture at 40°C for at least 8 h. Put 15.9 g of KBH4 and 120 ml
of isopropanol in a second reactor and cool to 0°C. Slowly pour the solution of imine
intermediate onto this suspension of KBH4 at 0°C. Stir the reaction mixture at 20°C for at
least 20 h, then heat at 50°C for at least 3 h. Hydrolyze the reaction mixture at 20°C by

20 slowly adding 320 g of an aqueous solution of citric acid at 13.2%, then 56 g of an
aqueous solution of ammonia at 20%. Add 400 ml of toluene, then stir the reaction
mixture at 50°C for 30 min. Leave the organic phase to settle at 50°C, wash at 50°C with
3 times 120 ml of water then filter on activated charcoal. Concentrate the organic phase
under vacuum to 400 ml, then distil under vacuum to constant volume by adding 1 liter of

25 toluene. Heat the toluene phase at 90°C until completely dissolved then cool to 5°C. Filter
the solid on a Blichner, rinse with 2 times 40 ml of cold MEK and dry in a stove under

vacuum. 50.7 g of the expected compound is obtained.

Example 7:
30 Put 24.0 g of crude ferroguine and 345 ml of MEK in a reactor and heat to 78°C.

Cool the solution to 67°C and initiate by adding 0.24 g of ferroquine in suspension in
1.2 ml MEK. Stir the mixture for 1 hour at 67°C then cool to 10°C. Filter the suspension at
10°C on a Blichner then wash the cake with 48 ml of MEK. Dry the solid in a stove under

vacuum. 20.2 g of the expected compound is obtained.



at | east one base or a Bronsted acid. The nethod as clainmed in any one of
clains 1 to 4, characterized in that the stage of condensation of

7- chl or ogwonoi/s4923am ne wi t h al dehyde-am no ferrocene eCTtfiBzorubzs%d 1 1)

t akes pl ace under azeotropic distillati ofy of the reaction solvent of said
stage of condensation or in the presenceof at |east one drying agent. WO
2011/ 154923PCT/ 1B2011/ 052536 17 sel ecgedipisom Ti (G Pr)4, Ti Cl 4, FeC 3,

ZnCl 2, Al Cl13, BF3, BF3.0Et2 and BF3.STME)Z. 7. The nethod as clained in
claim6, characterized in that the Lewis acid is 5Ti(G Pr)4. 8. The nethod
as claimed in any one of clainms 4 to 7, characterized in that the Lew s
acid is used in stoichionetric anount or in excess. 109. The nethod as
claimed in arly orfemfthed &f pynthesip o feerpayiar 1 fprada i(R) Ohal lisheefabplite alci d
is usedg n an amygpfuPeiveen 1 and 2 equivalents. 10. The nethod as clai ned
in claim4, characterized in that the stage of condensation takes place in
the presence of at | east one Bronsted acid or a 15Bronsted base sel ected
fromacetic acid, trifluoroacetic acid, nethanesulfonic acid,

par a-t ol uenesul foni c acid, H2SO4, H3PO4, HNC3, piperidine and proline.

11. The method as clained in claim 10, characterized in that the stage of
condensation takes place in the presence of para-toluenesul fonic acid or of
20pi peridine. 12. The nmethod as clained in claim5, characterized in that
the drying agent is selected from alum na, nol ecul ar sieve 3A, MgSO4 and
Na2SO4. 2513. The nethod as clainmed in any one of clains 1 to 12,
characterized in that the stage of reduction takes place in the presence of
at | east one hydride donor selected from hydrogen in the presence of a
catal yst and netal hydrides. 14. The nethod as clained in claim 13,
characterized in that the netal hydrides 30 are selected fromthe
borohydri des of sodium of potassium of lithiumor of zinc, coupled or not
to at | east one additive selected fromLiCl, Cad 2, MyCl2, ZnC 2 and NEt 3.

comprising a reaction of reductive amination, in which reaction:
(i) the aldhehyde-amino ferrocene of formula (l11),
Me
N

N\

R

OHC

Fe

O

10 (1
in which R represents a hydrogen atom or a methyl group, is condensed with 7-
chloroquinolin-4-amine

NH,

| D
S
Cl N

15 (i) the product of condensation thus obtained of formula (I1),



15. The nmethod as clained in either of clains 13 and 14, characterized in
that the 35 borohydrides of sodium of potassium of lithiumor of zinc
are sel ecwoedofwismBlaBH( OAc) 3, NaBH3CN, NaBH4, KBH4, Li BRdTABRZh1Z0(2B}4) 2,
coupled or not to said additive. WO 201&{154923PCT/182011/052536 18 16.
The nethod as clainmed in claim15, characterized in that the reduction
reaction takes place in the presence @f NaBH4, KBH4 and Li BH4, coupled or
not to said additive. 5 17. The nmethod)as,clained in any one of clains 1 to
5 and characterized in that the stage @ 7--Qensation t akes place in the
presence of para-toluenesul fonic acid,\hnaer pzeotropic distillation of the
reaction solvent. 1018. The method as cl ai i pMel ai m 17, characterized in
that the stage of condensation takes pl aceg e presence of toluene. 19.
The nmethod as claimed in either one of clMinms(17Rand 18 characterized in
that the stage of reduction takes place i presence of NaBl-14. 15 20.
The nmethod as clainmed in any one of clains 5 characterized in that the
stage of condensation takes place in the présehce of titanium
tetra-isopropyl ate and of isopropanol as reigggon sol vent. 2021. The net hod

ned

as clainmed in any one of clains 1 to 5, cha erized in that the stage of
condensati on takes place in the presence of equivalent of Ti(QPr)4 in

et hanol and/or isopropanol as reaction solvegpfy and the stage of reduction
takes place in the presence of LiBH4 and/or of K131-14. 2522. The nethod as
claimed in any onerestced.aims 1 to 5, characterized in that the stage of

hydrol ysi's takes vaihas foitkdnlifa B9HEREF Rl 8 ARUELHSUSO! Ut on of citric
acid. 30 WD 2011/154923 | NTERNATI L SEARCH RE
(iii) the reaction mixture is hydrolyzed prior to isolation of the ferroquine of

5 formula (F) or of its metabolite of formula (Fm).

2. The method as claimed in claim 1, wherein said compounds 7-chloroquinolin-4-
amine and aldehyde-amino ferrocene of formula (lll) are in stoichiometric
proportion.

10

3. The method as claimed in either one of claims 1 and 2, characterized in that
the reaction of reductive amination takes place in the presence of at least one
reaction solvent selected from ethanol, isopropanol, toluene, THF,
dichloromethane and mixtures thereof.

15

4, The method as claimed in any one of claims 1 to 3, characterized in that the
stage of condensation of 7-chloroquinolin-4-amine with aldehyde-amino
ferrocene of formula (Ill) takes place in the presence of:

» atleast one Lewis acid, or

20 = atleast one base or a Brgnsted acid.

5. The method as claimed in any one of claims 1 to 4, characterized in that the
stage of condensation of 7-chloroquinolin-4-amine with aldehyde-amino
ferrocene of formula (l11) takes place under azeotropic distillation of the reaction

25 solvent of said stage of condensation or in the presence of at least one drying

agent.

6. The method as claimed in claim 4, characterized in that the Lewis acid is
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8. The method as claimed in any one of claims 4 to 7, characterized in that the

Lewis acid is used in stoichiometric amount or in excess.

10 9. The method as claimed in any one of claims 4 to 8, characterized in that the

Lewis acid is used in an amount between 1 and 2 equivalents.

10. The method as claimed in claim 4, characterized in that the stage of
condensation takes place in the presence of at least one Bragnsted acid or a
15 Bransted base selected from acetic acid, trifluoroacetic acid, methanesulfonic

acid, para-toluenesulfonic acid, H,SO,4, HzPO,4, HNO3, piperidine and proline.

11. The method as claimed in claim 10, characterized in that the stage of
condensation takes place in the presence of para-toluenesulfonic acid or of
20 piperidine.

12. The method as claimed in claim 5, characterized in that the drying agent is

selected from alumina, molecular sieve 3A, MgSO,4 and Na,SO..

25 13. The method as claimed in any one of claims 1 to 12, characterized in that the
stage of reduction takes place in the presence of at least one hydride donor

selected from hydrogen in the presence of a catalyst and metal hydrides.

14. The method as claimed in claim 13, characterized in that the metal hydrides
30 are selected from the borohydrides of sodium, of potassium, of lithium or of
zinc, coupled or not to at least one additive selected from LiCl, CaCl,, MgCl,,

ZnCl, and NEts.

15. The method as claimed in either of claims 13 and 14, characterized in that the
35 borohydrides of sodium, of potassium, of lithium or of zinc are selected from
NaBH(OAc)s;, NaBH;CN, NaBH,, KBH,4, LiBH, and Zn(BH,),, coupled or not to

said additive.



cited in the application Synthese 2; page 10 Synthese 3; page 11 1-22
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17. The method as claimed in any one of claims 1 to 5 and characterized in that
the stage of condensation takes place in the presence of para-toluenesulfonic

acid, under azeotropic distillation of the reaction solvent.

10 18. The method as claimed in claim 17, characterized in that the stage of

condensation takes place in the presence of toluene.

19. The method as claimed in either one of claims 17 and 18 characterized in that
the stage of reduction takes place in the presence of NaBH,.
15
20. The method as claimed in any one of claims 1 to 5 characterized in that the
stage of condensation takes place in the presence of titanium tetra-isopropylate

and of isopropanol as reaction solvent.

20 21. The method as claimed in any one of claims 1 to 5, characterized in that the
stage of condensation takes place in the presence of 1 equivalent of Ti(OiPr),
in ethanol and/or isopropanol as reaction solvent and the stage of reduction

takes place in the presence of LiBH, and/or of KBH,.
25 22. The method as claimed in any one of claims 1 to 5, characterized in that the

stage of hydrolysis takes place in the presence of an aqueous solution of citric

acid.

30
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