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gf Met hod For The Synthesis O 2-Thiohistidine And The Like The

present patent application relates to a novel nethod for the synthesis of
2-thiohistidine and of 5 related derivatives. L- 2-t hi ohi sti di ne,
also referred to as L-2- nercaptohistidine or

a- am no- 2, 3-di hydr o- 2- t hi oxo- 1Hi ni dazol é- 4- propanoi ¢ acid, has the
followng formula 1-1: O HNH >--NH NH2 10S(I-1). This am no acid
was obtai ned by acid hydrol ysis of copper proteins such as nolluscan
henocyani n MetheshReamThyr Syinthesisl OF- RRrahoBi s didend Samd griesl wihd at or  of
di valent nmetal ions such as Zn2+ or Cu2-F. It 15 is used notably in beauty
care, as a depignenting agent or as a deodorant, and also as an

antioxi dant for pher macednttabatensmepptiontilpet aeyause. thon avireweaf t he

i nterest of i o] u S t e 2: -thi.ohi sti dj ne
derivativesﬂ%ﬂgﬁggf%ﬁgygg%geﬁy d@%%§%$iggi ?neéﬁéhﬁ%?égéb§regﬁg St For
exanmpl e, “a fisttasy mediad igeseri bes the transformation of L-histidine

met hyl ester into-a2-gintiehti-Rutaxycar boxyd (dierBockqgderiyatizve. (The latter
is then treated mﬁth,phegyl chIorothionoforng{e whi ch, 25 after treatnent,

yields a nmi AHERGH NG T A BSE R HISH st i Ml rRt i estesrdi= af ter
depr ot ect i onmilde2olichidohirstdadioie: | scobf aired wid hfaltlowahgyi®lenofa 70% (J.
Xu, J.C. Yadan, J. Og. Chem 60, 6296-6301 (1995)). However, such a
synthesis requires protection of 30 the hjstidine's am no group which
cannot be present in a free form Mreov@r, phenyl chl orothionofornmate
must be prepared fromthi ophosgene , a reagent that 2 is toxic and
not readily available in lﬂ r'es TOH use on an industrial scale.

10 S (I-1) .

This aminc acid was cbtained by acid hydrolysis of
copper proteins such as molluscan hemocyanin or
mushroom tyrosinase. L-2—thichistidine 1is a godd
chelator of divalent metal icns such as Zn°' or Ccu?'. It

15 is used notably in beauty care, as a depigmenting agent
or as a decdcrant, and also as an antioxidant for
pharmaceutical, cosmetic or dietary use. In view of the
interest of this compound, several syntheses of 2-
thiohistidine or derivatives thereof have been

20 described in the literature. '

For example, a first synthesis describes the
transformation o©of L-histidine methyl ester into a di-
tert-butoxycarboxyl (di-Boc) derivative. The latter is
then treated with phenyl chlorothionoformate which,

25 after treatment, yields & mixture of mono- and di-Boc-
Z2~thichistidine methyl esters. After deprotection, L-2-
thiohistidine is obtained with a total vield of 70% (J.
Xu, J.C. Yadan, J. Org. Chem. 60, 62%6-6301 (1895)).

However, such a synthesis requires protection of

30 the histidine’s amino group which cannot be present in
a free form. Moreover, phenyl chlorothiconoformate must

be prepared from thiophosgene (CSCl;), a reagent that



The international applications WD 95/18 108 and WO 95/ 00 494 descri be the
synthesis of Na, Na-di nethyl-2- 5 thiohistidine or the ester thereof from
Na, Na- di met hyl hi sti di ne nethyl ester by reaction with phenyl

chl orot hi of ormate, then optionally hydrolysis. The pat ent
application US 2009/093 642 al so descriles a synthesis of 2-thiohistidine
(according to 10 a nethod descri bed by Heath, H et al., J. Chem Soc.,
1951, 2215) from histidine by opening of the imdazole ring and then
reaction wi thsatbhiocyanahetsuehas KSGM i ldb1addid i 00,40 &H&n9§€lﬁ£ Iarge
vol unmes of h¥g£o&hlor|c aci d K§CN lused in an acid nedium 1s a

toxi c 15 reagént. A5 RARALF 8! aPSolWescribed in 1985 a syntheS|s of

2- t hi ohi sti di ne fPhom histimaneogdl £pgll£h@ﬂ®né935 95018 3686- 3638k Thus,

hi stidine isg t n o] d,..ver keI

br onol act one, §$@§ @%6 c% Cﬁ%@%%d?n% t bgéﬁﬁeF é%? %c%?%ﬁfhW%T@‘

cystei ne> A\F%kRR%$RkQ¢W%r@¢y§h% $ﬁt@het@$eg@ﬁcﬁr©m Mgdmmemﬂme@nyﬂ—(Hl)

and red phOSlPitQ{i@lr(é:’) mhbemyyi el dscihe exp % dﬁh' Qﬂlt Cg% a;{‘
be obt ai ne c Mt he

(D L) - alanln iohjstidine can al so dire
br onol act onée” 5?ﬁ HEHTR e byt PRACRE o Wit HY N olysis. Fbmever at the
i ndustri al IeveITnduaﬂétem@thggppgaggl@ﬂrlUgca@m@@/@@@blqm@:yéggbtmo

colum chro es are, ecessar ai n .the thioether
|nterned|atgﬁgggg3£ As Y8t %Fé?noghg %1 lﬁF&@&@F FraH&ifihato

2-t hi oh#8t i di meetfaichglobtmiined Wi/t Heathot HI yeltelact of mnlghekR%sdd |
addi tion, thedise of o, e%P&RSHEQEEﬁlhé on’me%cjC for se at. the
SO

|ndustr|al I'evel’, ‘since Tt nis
formed duri rigchidsicr &A@ d??élféllv@émliiﬁ’l I‘ﬁ}/d?hladllyﬁraﬂed(d-ﬁ@h aend HrEh .

phosphor us (iF) Gdidit3 o GRNARE uhem BA%e %%‘1&(%95 (c#9 e\)&ro"%}!fh is also
er

very dangerous i ndustrial scale. I's a redl- need to
devel op a ndVvels né%#%ﬁ f%ﬁe?hénsﬁﬁtﬁé§ﬁ%‘%ﬁd€mﬁhlbﬁ|§thd@ﬁéyaﬁ¢mﬁc
derivatives rehereaf. that is applicable at the industrial level, i.e., that

does not have pu iqn difficulties, that d not use products or
sol vents t hat aréhéaﬁﬂérgus Gt T OxTE ?%&b%%nh%sggaé fhéYeiesddmsrft , and

t hat enabl e$ abeégsst@dune progudtistdmib@ i miust rGt%m Saalss, wa,h a good

yield and atgaglawsgost o H pres nve t hus _has as an
obj ect a method for ?he slﬁﬁheS%%tl Jﬁé { h?%% ; ¥d| §r8@ﬁp9a§PVe of
t he foIIOMAHéeﬁérnul%¢¥Y) plkely Vla a bromolactone a 2

20  thiohistidine thiocether after reaction with cysteine. A

reductive hydrolysis in the presence of hydriodie acid

(HI) and red phosphorus (P) then yields the expected 2-

thiohistidine and (D,L)-alanine. 2-Thiohistidine can

also be obtained directly from the bromolactone
25 intermediate by reaction with Na,S.

However, at the industrial level, the Ito method
poses purification problems since two column
chromatographies are necessary to obtain the thiocether
intermediate, as well as to obtain the final product,

30 the final 2-thichistidine being obtained with a total
yield of only 12%. 1In addition, the use of red
phosphorus is not recommended for use at the industrial
level, since it is highly inflammable. Moreover,
hydrogen is formed during this reaction between

35 hydriodic acid {HI) and red phosphorus {(P) {J.



R1 NNR3R4 or a physiologically acceptable salt, a tautoner, a stereoisoner
or a mxture of stereoisoners in any proportions thereof, in particular a
m xture of 20 enantionmers, and notably a racem c m xture thereof, wherein:
R1 and R2 represent, independently of each other, a hydrogen atomor a
(C1-04)al kyl group such as nethyl, at |east one of the groups Rl and R2
representing a 25hydrogen atom and advant ageously each representing a
hydrogen atom and - R3 and R4 represent, independently of each other, a
hydrogen at emgenocaetCl-C49ml kyl2yr odposdeh asl9fEthyl whéohprisi rg sche

foll ow ng Sl\lr('é%&s%l X]%IE%B%BSFFI Qe )mﬁu%ac‘ﬂ%ﬁ r.eagtion of a conpound of

follow ng for hysiologically acceptable salt, a
t aut omer, a steré“bu§®ne¢h€01?ealrﬁ xliurl”eeﬁﬂf seefedi®ofBNELOR amy SVGdor t i ons

thereof, ingpatticul @l a %ét Urs%/rﬁ;fhé:sl%na%f ongrshigndseetahky ad@cem c
m xture thereof, wherein: x2 reé:)r esentsor R1, R2 R5 and

R4 are stchSgLiyefived ab%k}%reOf Ppll\'énca le &t

industrial level, i.e., that does not have purification
difficulties, that does not use products or solvents
that are dangerous or toxic for humans and the
environment, and that enables access to the product, on
10 an industrial scale, with a good vield and at a low

cost.-

The present invention thus has as an object a
method  for  the synthesis of a 2-thiohistidine

15 derivative of the following formula (I):

O

~=
RN OH
>fNR2 NR,R,
S (1),

or & physiologically acceptable salt, a tautomer, a
stereoisomer or a mixture of sterecisomers in any
proporticns thereof, in particular a mixture of
20 enantiomers, and notably a racemic mixture thereof,
wherein:
- R; and R, represent, independently of each other, a
hydrogen atom or a {C;—C4}alkyl group such as methyl,
at least one of the groups R and Ry representing a
25 hydrogen atom, and advantageously each representing
a hydrogen atom, and
- Rs and Ry represent, independently of each other, a
hydrogen atom or a (C;—Cs)alkyl group such as methyl,
comprising the fcllowing successive steps:
30 (1) cleavage reaction of a compound of following

formula (IT):



R5 represents a hydrogen atomor a (Cl-04)al kyl or - 10 CO ((Cl-C4)al kyl)
group, and in particular a hydrogen atomor a -COCH3 group, and nore
particularly a hydrogen atom and R6 represents a hydrogen atomor a
(Cl-4)al kyl group, and in particular a hydrogen atom 15 in the presence
of athiol, preferably soluble in the réaction solvent, which can be
notably water, at a tenperature higher than or equal to 60C, to yield the
conmpound of the formula (1), and (ii) .separation of the conpound of the
formula (1) 20 obtained in the precedingtstep (i) fromthe reaction
medium In the context of the present ingyention, "tautoner” refers to a
structural isoner of the 25 d i by prototropy, i.e., by

m gration of a hydrogen at&r.and{rel ochti on of a doubl e bond. The
different tautomers of a conppuii are [gBnRrally interconvertible and are
present in equilibriumin 5 sol ufion, if 6roportions that can vary
according to the solvent usegl, th lﬁgperature or the pH. In the
context of the conpounds of tRe-iQvention, the 2-thioimdazole ring can be
present in the various 5 tautoner Ras follows: IH FIN

O (11),
Oor a physiologically acceptable salt, a tautomer, a
stereoisomer or a mixture of sterecisomers 1in any
proportions thereof, in particular a mixture of
5 enantiomers, and nectably a racemic mixture thereof,

wherein:

- Kk K represents RN2N or N NR,

-~ Ri, Rz, R3; and R; are such as defined azabove,
~ Rs represénts a hydrogen atom or a (C1-Csialkyl or -
10 CO—{(C1-Cy)alkyl) group, and in particular a hydrogen
atom or a -COCH; group, and more particularly a
hydrogen atom, and
- Rs represents a hydrogen atom or a (C1—Cyq)alkyl
group, and in particular a hydrogen atom,

15 in the presence of a thiol, preferably scoluble in the
reaction solvent, which can be notably water, at a
temperature higher than or equal to 60°C, to yield the
compound of the formula (I), and
(1i) separation of the compound o¢f the formula (I)

20 obtained in the preceding step (1) from the reaction

medium.

In the context of the present invention,
“tautomer” refers to a structural disomer of the

25h compcound cbktained by prototropy, i.e., by migration of
a hydrogen atom and relcocation of a double bond. The
different tautomers of a compound are generally

interconvertible and are present in equilibrium in



>c-N HS HS I nt hepresenti nvention, "physi ol ogi cal |l y accept abl e"
refers to that which is generally safe, 10 nontoxic and neit her

bi ol ogi cal |y nor otherw se undesirable and which is acceptable for
pharmaceutical, cosnetic or dietary (human or aninmal) use. The

' physi ol ogi cal |y acceptable salts" of a>conpound refer to salts that are
physi ol ogically 15 acceptable, such as defined above, and that have the
desired activity (pharmacol ogical, cosnetic or dietary) of the parent
conpound. Sugeh saldrs, cionmpdge r{igndyidiat esaands 5l ¥yat€sdif@)t@ctick

addition salts formed wth.inarganic 20 acids .such.as hydrochloric acid,
hydrobromtzﬁﬁaﬁé%t %%ﬁﬁgjgéﬁﬂ Rﬁﬁ%E%F%c?%,t%%égphoric acid and the

l'ike; or formed wint oy gaemcenti d§ Sheh casracerisc dcitie bamzenesert f oni ¢
aci d, benzo'%@%%hf&rﬁﬁméﬂé opi Gyachds pel WG A% by aihangsyy §oni

acid, funaric acid,
5 tautomer forms as follows:

HN/\I/‘( N/ﬁ/( HNM
>)/NH S \_NH = >;N
S HS HS

In the present invention, “physiolcegically
acceptable” refers to that which is generally safe,
10 nontexic and neither biclogically nor otherwise
undesirable and which is acceptable for pharmaceutical,
cesmetic or dietary (human or animal) use.
The T“physiologically acceptable salts” of a
compound refer tc salts that are physiclcgically
15 acceptable, such as defined above, and that have the
desired activity (pharmacclogical, cosmetic or dietary)
of the parent compound. Such salts comprise:
{1) hydrates and sclwvates,
(2) acid additien salts formed with 1norganic
20 acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phospheoric acid and the
like; or formed with organic acids such as acetic acid,
benzenesulfonic acid, benzoic acid, camphorsulfonic
acid, citric acid, ethanesulfcnic acid, fumaric acid,
25 gluccheptonic acid, gluconic acid, glutamic acid,
glycolic acid, hydroxynaphthoic acid, 2-
hydroxyethanesulfonic acid, lactic acid, maleic acid,
malic acid, mandelic acid, methanesulfonic acid,
muconic acid, Z-naphthalenesulfonic acid, propionic
30 acid, salicylic acid, succinic acid, dibenzoyl-1-
tartaric acid, tartaric acid, p-toluenesulfonic acid,
trimethylacetic acid, trifluorocacetic acid and the

like, or



25 gl ucoheptonic acid, gluconic acid, glutamc acid, glycolic acid,

hydr oxynapht hoi ¢ acid, 2- hydroxyethanesul fonic acid, lactic acid, nmaleic
acid, malic acid, mandelic acid, methanesulfonic acid, nuconic acid,

2- napht hal enesul fonic acid, propionic 30 acid, salicylic acid, succinic
acid, dibenzoyl-1- tartaric acid, tartafic acid, p-toi uenesul foni ¢ aci d,
trimethylacetic acid, trifluoroacetic acid and the like, or 6 (3)
salts formed when an acid proton present in the parent conmpound is either
repl aced by a net(8) ism,td ofcexardplwican ahkalciide prettadn i pmesant 1in
alkal i ne- eachl etal,d Oyflo\dll al YL OUILE ORep@hoCOOLY Baked W Lhan S
organi ¢ or inorganic base.” Acceptable organ|8 ases ctonprise

di et hanol anifpg, etammbt afnes L INnethy | getiedn el t fletHadliaf warth

tronmet ham ng.and the, | bke o Accephabhe BALJAY CcHASE@SHLOEPT ks enalui num
hydr oxi de, cal ci um hydr oxi de, pota55|un1h%drOX|de 10 sodi um car bonate and
sodi um hydr 8XP@81c O IRPFFHFIEDONEEIE of Fﬁ@pE?Qggnto¥%@%h?i 5€5

"st er eoi sonebgprekert odi agt echahsearisand enantétlof®esSamine, N
t heyar et husopt i cal i.soner.s. Stereoi.so s that are n mrror inqges of
each ot her Tékéyzg}@ﬁ&m%&?%cFE&FtQﬁé§§%§%Qﬁ%oﬁ%?%?gggﬁ n%tgpgqisghers
that are m diée.i mMigespdfbdach iamotdreric bitasron- STy \Fo s bl gl rame
referred to " tio ST - ALXt u atni I

red topas gHa £ hydro&i fb Xt ULS +Gant af &Walge,
guantities o %fﬁe WO ZSE%ﬁjfﬁ?duaylgﬁaﬁg%one% fornms of g%%OS|teE%h|rallty
i s refekd edspdiag garpgeetc afickEwddun hydroxigle-he context of the present

invention, "(Cl-1GA)alkyl" @soup<teferss tona |ipease@f braneiad gt urated
hydrocarbon _chai n conprising 1 tg 4 carbon 2§,atons. Lt na¥ be a methyl,
ethyl, propyPrer&ogeeidcs but yFE fEobutyl, set2ButyFCorReFE- butI® group.
I n particul ahanttti onielrls ;be acimey hyl ageoup.thus bpttibelcontieximeofs .t he

present invention, "thiol" refers to any.reageni containi a roup in
its 30 nDIeSGF§?O§FPH§F&r§¢q %ﬁ?|n%€ %%Fgoga% 9g8Fa%FyE%g%bE%§gﬁg of the
f or mul al R- SHrewi t hr®feepedsentticng aaBl- 0s) dhatablyo2omsrs| { nearanst

branched satyrated Jydrocanban shai i Suhstidaed by eneroradmie.nol ar

substituents. context of the present invention, "saturated
hydr ocar bon®gfkai n"neefapger 6MEOFRRéGr or 2re referred  to as

“enantiomers.”
A mixture containing egual quantities of the two
20 individual enantiomer forms of opposite chirality is
referred to as a “racemic mixture.”

In the context of the present invention, “(Ci-
Cy)alkyl” group refers to a linear or branched
saturated hydrocarbon chain comprising 1 to 4 carbon

25 atoms. It may be a methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl or tert-butyl group. In
particular, it will be a methyl group.

In the context of the present invention, “thiol”
refers to any reagent containing an SH group in its

30 melecular structure. It will be more particularly a
compound of the formula R-SH, with R representing a C;-
Car nctably Co—Cs, linear or branched saturated
hydrocarbon chain, substituted by one or more polar
substituents.

35 In the context of the present invention,

“saturated hydrocarbon chain” refers to a linear or



7 branched saturated hydrocarbon chain, advantageously conprising 1 to 8
carbon atons. It can be nore particularly a |linear saturated chain such as
a nmethyl, ethyl, propyl, butyl, pentyl or hexyl group. 5In the context of
the present invention, "polar substituents” refer to hydrophilic groups
such as OH, SH, NH2 and COCH groups. 7 In the context of the present
i nvention, "cleavage reaction" neans that the conpound engaged in this 10
reaction is split into two parts during this reaction to enable formation
of the thiotarbatyld faactliramabl ghpﬁpooarboa cdrpiound a@ifvatrh@gfe@rumllya (1).
The corrpound %f rtlg or rIuI a (1) can ginl n 15 partigul %r gPngd of the
fol |l ow ng f o1 ?L or a physi ol ogi calrr{%f/1 accepta e salt, a

t aut orrer , ap@tr@ﬁe:ml@@ﬂfﬁfr aorlJ@aﬁrxt&@rfelr@‘ftesi EPEcins st dsn famEtprdpor t i ons

thereof, inparhkicula Mixtune 1eRaNtiy rofd notably a racemc
m xture thereo ér gy% %r%@; R4 ar gek@gu?h aslibddefl ned above.

The compound of tRe T nﬁPQtFP‘)t @in b&SndtHBISP 2- 1RRPBRE R di M- Erot abl y

inDor L f%ﬁﬂﬁﬂs@ﬁ.t@eh&%em]ﬁe@ﬂ‘- FbXhyicebphd-net dod4 hbebth stisdiawe and

a, a- di net hyJS 5 thi O&I@&t{ i ne, andwi | | bei nparti cul ar2- thiohistidine and
notably L-2: Fhi ORe sthd SPEBUPPY: This cl eavage reaction carried out in
t he presence In the context of the present invention, “cleavage

reaction” means that the compound engaged in this
10 reaction is split into two parts during this reaction
to enable formation of the thiocarbonyl functional

group of the compound of the formula (I).

The compound of the formula (I) can be in

15 particular a compound of the fellowing formula (Ia}:

O

™~
RN OH
>//NR2 NR,R,
S (Ia},

or a physiclogically acceptable salt, & tautomer, a
sterecisomer or a mnixture co¢f sterecisomers 1in any
proportions thereof, in particular a mixture of
20 enanticmers, and notably a racemic mixture thereoct,
wherein Ri, R, Rz and R; are such as defined above.

The compound of the formula (I) can be notably 2-
thiochistidine (notably in D or L form or a racemic D, L
mixture), a—-methyl-2-thichistidine and o,o-dimethyl-2-

25 thichistidine, and will be in particular 2-

thichistidine and notably L-2-thiohistidine.

Step (i):
This cleavage reactiion carried out 1in the presence
30 of a thiol makes 1t possible to obtain the compound of
the formula (I) as well as pyruvic acid (CHsC{0O)—-COzH)

or a derivative thereof, notably an ester (CH3C(O)-



30 of a thiol makes it possible to obtain the conpound of the fornula (1)
as well as pyruvic acid (CH3C(0)-002H) or a derivative thereof, notably an
ester (CH3C(0)- 8 CO2R6) or a derivative obtained by reaction with the
thiol, such as a thioketal derivative (fwo thiol nolecules reacting with

t he ketone functional group of pyruvic acid). 5ln contrast, the Ito
reaction involves reductive hydrolysis yielding 2-thiohistidine and

(D,L)-al anine and not pyruvic acid. This result can be expl ai ned by the
fact that tHe.Rileavage reacivehive cdrvdieedubyi mealhd igresehte &fieHl and

red phosphog&{?fgg' cRaggneal es, 1Q fyiagen 'déﬁ'vtalh(v% Qrganomdts o 1Chem

529, 295-29 The . obtai ning of pyruvic acid_or a deriyvative
t hereof in mﬁéegpé@é seaCh NG afdm n@ﬁ%aée%{%l ABRCEACTAE PEAVRetHod, J.
O g. Chem 1989::905-3636-3638) 15 during this cleavage reaction has the
advant age o faC|I|tat|ng subsequent purification _of  the %%le nd of the

formula 1) sinc&pyriic@ ol d-6r & derFVat1ve tREPESEY 5iubi%®e in
organi c sol veas1wheseapid Dil)g al-amiind iist isdingbl endln (Watlér-zdsirdme t he

conpounds of the 20 fornmula (I v i r n
during this Pgaéi%bﬁQQfﬁﬁro%g {-a 5ﬁ§%§&%§%¢§s%£%gggn%?ﬁgéég%ga?ggcaIe
due to its ehpldﬁanatﬁﬂMrehe cleavRgct headmrieon the thArslkeghewtd in

preferably he.s gdggﬁg dheyneacly of.$0LN8Bhho Mk Chingan Q}%rﬁﬁta&@é’ 25

wat er, which ha addi t1 onal advantage of being nore ecol0 %
The thibl usedriogephi sostept{i)(can BIarsrE thar F1elt art3a t WZ(ﬁ
formul a R SHowi7tly R representing a Ilnear or branched, preferably linear,

30 al kyl chain cogpr|5|n from1 % not abl y tor6 |n€§art|cular 2to
4, carbon atons, ‘&GbstPtatBd By 9 Rﬁrqﬁﬁ% 5?6 sC8el 2ctEd 110 ‘GH, SH,
NH2 and COOhereof iFhetipsepénce aff hydrbphelamims oups EOHai8Hd NER and

COOH) will be ab&g nat atﬁ)&'dtojeng%r the, thi ol srare 3 solddd ey water,

when wat er i'S use e Sol vént
15 during thls cleavage reacticn has the advantage of

facilitating subseguent purification of the compound of
the feormula (I) since pyruvic acid (or a derivative
therecf) is soluble in organic solvents whereas (D,L)-
alanine is soluble in water as are the compounds of the
20 formula (I). Moreover, the formation of hydrogen during
this reaction 1s strongly advised against on an
industrial scale due to its explosive nature.

Furthermore, the thiol should preferably Dbe
seoluble in the reaction solvent, which can be notably

25 water, which has the additional advantage of being more
ecological.

The thiocl used in this step (1) can be more
particularly a thiol of formula R-5H, with R
representing a linear or branched, preferably linear,

30 alkyl chain comprising from 1 to 8, notably 2 to 6, in
particular 2 to 4, carbon atoms, substituted by one or
more groups selected from OH, SH, NH; and COOH.

The presence of hydrophilic groups (CH, SH, NH;
and COOH) will be able notably to render the thiol more

35 soluble in water, when water is used as the sclvent.



9 The thiol can be selected fromcysteine, dithiothreitol,

2- mer capt oet hanol , 2-nmercapt opropi oni ¢ acid, 3-nercaptopropionic acid and
t hi ogl ycolic acid, and preferably will be 3-nmercaptopropionic acid.
5Itcana|sobenercaptoacetlcaC|d and nerc;ptohexanoic aci d.

Advant ageously, at |east 2 nolar equivafents of thiol in relation to the
conpound (Il) will be used, i.e., at least 2 noles of thiol are used for
one nole 10 of the conpound (I'l) used. In particular, at |east 5 nolar
equi val ents of tfihel, Ehmbhotabky 55€0 1aehﬁtaﬁdequﬁwamenﬁyaﬂeﬂﬂﬂmﬂ in

relation tog g@ﬁiggggg 1(11)_gan bec ysedan Ihe veaghian Esdsiens. heat ed

at a tenperafure ecause below this tenperature the
reaction ki aetides &KmﬂQFQR¥QRﬁ?EﬂQﬂNI3Tﬁélﬁeéﬁﬁioﬁhé%ﬁlbéoééFrF%H‘%ut at a

t enper at ur e yhgt p%@e%g@n@maoge nohbloshelwepn o806 ard ¢100C, nore
particularly after the addition of thiol. 20The reaction can, be c%{rled

out notably in ahtaci P8 nedildM SP&p (FMSECHNEHGHAC pr §duct ofit'Si ned
(the C0”pOU&@r@ép&b@e&énﬁ@bﬁubad(|)) can be separated fromthe reaction

ot um by teohn ues vebLokeyn o those pessans ki Lhed,Lichbe ar and

applicable at th inparticu re0|gltat|on of the
conpound ofthhelf@Hnutal@t)onotablwh©ycampgﬁﬂdnq1ﬂﬁe wH- bf beharsgsiuti on 30

to arrive, for exaple. at 2 pbibel ween s and buSeaPegteald ynaughly 6

(nore partlculafl in the case o 2-t hi ohi stidine) or by evgporatl
optionally Qérti‘rhﬁ @9@@@’1&%\@ dil)ofusere- sélnvé?ﬁrs“f%ﬂadineda*br £854b13 by

recrystal | i zati,en écﬁnﬂ#&lé‘dﬁaé h@f pepdyct, . ﬁ@ThmmmoumsOofwt heo Teor mul a
() belng wat er, sql ubl e, nor e g g nlna%é tractions ¢ﬁran 10
or gani c soI@@Hﬂvaéﬁ@ﬁsa§ﬁ%t Q%me?%t P-t8Ft ~But é@néfﬂ§1 Bihert T i 11

make it possizbl &<t aseld.m nate the organic by-products forned during the
reaction, such ag,pyruvic acid ot derivaliyes thereof, asyell, as-excess
15 higher than 60°C because below this temperature the
reaction kinetics would be too slow. The reaction can
be carried out at a temperature between 60°C and 120°C,
notably between 80°C and 100°C, more particularly after
the addition cf thiol.
20 The reaction can be carried out notably in an

acidic medium.

Step (ii):
The final product obtained (the compound of the
25 formula {(I)) can be separated from the reaction medium
by technigues well-known to those persons skilled in
the art and applicable at the industrial scale, 1in
particular by precipitation of the compound of the
formula (I) notably by adjusting the pH of the solution
30 to arrive, for example, at a pH between 5.5 and 6.5,
preferably roughly 6 {(more particularly in the case of
?—-thichistidine) or by evaporaticn, opticnally partial
evaporation, of the solvents followed preferably by
recrystallization to purify the product.
35 The compounds of the formula (1) being water

soluble, one or more preliminary extractions with an



5 thiol. The product obtained can be purified if necessary by

techni ques wel |l -known to those persons skilled in the art, for exanple by
recrystallization. Before or after this step (ii), a salt of the 10
conpound forned can be prepared, if so desired, notably by the addition of
a physiol ogically acceptable acid or bas® such as defined above. The
conpound of the formula (11) can be prepared 15 froman acid addition
salt, with the exception of a hydriodic acid (H') salt, of the conpound of
t he fol |l ow pgghatipulsp1(Wdnt),, Su€H NRIKtHI] | d¢etoteaotrautconeiowryla

st er eoi soner m.xt ure of .20 sterepis IS Lan er eof,
in particuIgFgéyiixtéF3”0fwé%§nf$%ﬁ%rg# gﬁ%”ﬁ%?%bﬁgyag?gggﬁ%g8n§£%%re

t her eof , wherganixlpy:-progudtts) ((2rrRyl ahtiRY dife siciTds rdefdused above, by

successi ve g%%vig“ 250 o?c( %@f@va‘gﬁv@@dtﬁgggow thsa ey st @isne dardaative
of the foll n ormula (1V)° HS (TV), “or a stereoisonmer or a mxture of
st er eoi some£81Ph-any proportions thereof, in particular a mixture of 11

The product obtained can be purified if necessary
by techniques well-known to those persons skilled in
the art, for example by recrystallization.

Before or after this step (ii), a salt of the

10 compound formed can be prepared, if so desired, notably
by the addition of a physiologically acceptable acid or

base such as defined above.

The compound of the formula (II) can be prepared
15 from an acid addition salt, with the exception of a
hydriodic acid (HI) salt, of the compound of the

following formula (III):
O

~
x A OH

Ty <
N=2X,  NRGR, —
or a tautomer or a sterecisomer or a mixture of
20 sterecisomers in any proportions thereocf, in particular
a mixture of enantiomers, and notably a racemic mixture
thereof,
wherein xﬁh&ﬁ%, R; and Ry are such as defined above,
by successive reaction with bromine,

25 and then with a cysteine derivative of the following
formula (IV):

| NHR,
HS OR,

O (Iv),

or a stereoisomer or a mixture cf stereoiscomers in any

proportions thereof, in particular a mixture of



enantiomers, and notably a racem c m xture thereof, wherein R5 and R6 are
such as defined above. In the context of the present i nvention, "acid 5
addition salt of the conpound of the formula (I111)" refers to a salt of

t he conpound of the formula (111) obtained by addition of an acid, to the
excl usi on of hydriodic acid (H). The aéld can be in particul ar
hydrochloric acid or sulfuric acid. 10ln this reaction, brom ne can be
used in aratio of 1 to 1.5 nolar equivalents in relation to the conmpound
of the for m@lnam(tllloh)ers, andPredesiably,a t keckmim neiksuaddechemar ,(very

rapi d addi t| pr e%\ﬁr%lél y#ﬁ aa%agtghrrpg é%rmegv\gkgo‘tfgan 15 10C,

preferably I e agdi tion” of onm ne can thus be carried out
at a terrperature bet ween -10C and 10C, advant ageously between -5C and 5C.

The cysteine deripyatiye can,de.d npar ﬂl& é&@ola&;@hyhgxstmg&@r
cysteine (notably in D L or racemc In particular g st ei ne and

not abl y fcys$éiifdon salt Tt c*y@?elcrﬁnﬂfé%rﬁ/af’ifvé% | EoaBvadt a sly be

used in excegFerisn RArdi subar dim wnd atdBp®in® 68 The2FeManrt ageously 3 to
5, nol ar equival.ents of tggllj:)_{stel ne derivatjve maéel ation to the

conpound of “PREIPEAMR A ¢ of £ PPom 3% o F EAGaftEgesiSty S to 5,
not es of cysiveiriedderi watdve(=re. uS[Fl'ﬂa pemm)lceam)f kteheioompounidylld® ) used.

30Thi s reac | he carrig t such as water. The
yield of thi S §toe0% can b gcelqugqrot%)ulofﬁl Cgﬁaeér/l ‘han 50% even equal to or

hi gher than 70% IF!r gfrersabtgact hencobpowndeofcarnéd onatflalpl ) ¥@i3c 35 not

be Isol at ed fe om thg reastion gedidymibuh dd be ergagedodirestishd n the
following step (i). Thus, the 12
compound <f the formula (III).

Preferably, the bromine is added cold (very rapid
addition, preferably), at a temperature lower than
15 10°C, preferably lower than 5°C. The addition of
bromine can thus be carried out at a- - temperature
between —-10°C and 10°C, advantageously between —-5°C and
5°C.
The c¢ysteine derivative can be 1in particular N-
20 acetylcysteine or cysteine (notably in D, L or racemic
form), and in particular cysteine and notably L-
cysteine.
The cysteine derivative wiil advantagecusly be
used in excess, 1n particular in a ratioc of 2 to 7,
25 advantageously 3 to 5, melar equivalents of the
cysteine derivative in relation to the compound of the
formula {(IIT)}, i.e., from 2 to 7, advantageously 3 to
5, moles of cysteine derivative are used per mcle of
the compound (III)} used.
30 This reaction can be carried out in a solvent such
as water.
The vield of this step can be equal to or higher
than 50%, even egqual to or higher than 70%.
Preferably, the compound cf the formula (II} will
35 not be isolated from the reaction medium but will be
engaged directly in the following step {(i). Thus, the



preparation of the conpound (1) fromthe conpound (I11) can be carried out
in a single reactor, without isolation of the intermnmedi ate conpound (11)
(one-pot reaction). 5 The nethod for the preparation of a conpound
of the formula (1) according to the invention will thus conprise the
fol | owi ng successive steps: (al) reactibfd of an acid addition salt, to
10 exclusion of a hydriodic acid salt, of a conpound of the formula (I
such as defined above, or a tautoner, a stereoisomer or a mxture of
St er eoi SONe RS elga rafy ofr FordHeo RSorideredf (1)i Expar thiieul@mpourdt Ure )of

t he
1)

enantionmers, and.notably.a racem c .m xture .thereof, 15 with braom.ne, and
then with acéffst é)lene K éc)rlfil\?é{i \?éﬁgof the ¥ orsrrlqugle(l eascacc%r’as ‘de :Eﬁlre{d above
or a stereoiisoterition acfn xthe einfestnedestsomsrgpdundany Ipy oportd aresd

t her eof ir1ﬂgyg€fgg)qr a mxture of enantiomers, and notably a racemc

m xture 20 thereof, ‘and in particular with cysteine and notably Lcysteine,
to yield>a conpound of the formula (I1) such as defined above, (bl)

cl eavage reacti ofref tdesonmpeynd 1of %B@pé@éﬂybﬁ 25 (4 rogbbanaeddi n the
preceding step (al) in the presence o thi ol such as defLEid bove,
b

preferably $ERUBTRITH R hé 1P e RETOF ST vERL Ffhi ThY Tan e Ho Hfat er, at
a tenper at urerirgher thkafariedual doGE 1w stisglsd a conpound of the

formula (1), d 30(cl). separati of _the , of..tthe farmul 1)
obtained in %ﬁ@ pf%%%:r¥%?st%% (%ﬁ) %F%ﬁ]t%gagggg ioﬁa%gdiu%P :E%é
cor r espbhds stz ltvd gpr epar at itvisitap of ache cedpournf of charbondulel (11)

described ahowe.r,rmy14 AdVaNt agequsly.  Stepsy (@dvand, A bl )thé’ﬂﬂdm&% carried

out in the same solvent, such as water, 5 preferably, 1 n the sane reactor
i.e., witho@ Ps5orapispmef tHe AnterfeHiat 8fprid®r@%s (IFFTomPot of the
formula (I pricpRaritdngul asderdhder theseoandidions, at haikeack oroiedi um

will enantiomers, and notably a racemic mixture thereof,

15 with bromine,
and then with a cysteine derivative of the formula {(IV)
such as defined above or a sterecisomer or a mixture of
stereoisomers in any proportions thereof, in particular
a mixture of enantiocmers, and notably a racemic mixture

20 thereof, and in particular with cysteine and notably L-
cysteine,
to yield a compound of the formula (II) such as defined
above,
(bl) cleavage reacticn of the compound of the formula

25 (IT) obtained in the preceding step (al) 1in the
presence of a thiol such as defined above, preferably
soluble in the reaction solvent, which can be notably
water, at a temperature higher than or egual to 60°C,
to yield a compound of the formula (I}, and

30 (cl) separation of the compound of the formula (T)
obtained in the preceding step (bl) from the reaction

medium.

The steps {b1)} and (cl) correspond to the
35 preceding steps (i) and (ii), respectively. Step {(al)



10 contain a cysteine derivative used preferably in excess in the step
(d1l). Before separating the conmpound of the forrmula (1) fromthe reaction
medi um (step (el)), it can thus be necessary to elimnate excess cysteine
derivative in order to facilitate the isolation and 15 purification of the
compound of the fornula (1). Notably, in3the case of a cysteine derivative
wherein R5=H or (Cl-4)al kyl such as cystei ne, benzal dehyde for exanple
can be added to then formwi th the excess cysteine derivative a

2- phenyl t hi azoldedipnerdd- aar baxy | bec@Oracidndetepgabifvehea ceompauiad avhi ch
precipitates,in l.vent._such as water.. By this neans, the excess
cysteine de??ﬁ%ﬁ%ﬁ%ggﬁhq&gﬁré%§%‘2%§%§Eaboa%' The total yield of the
conpound of the fovmnitagel)isgrepargteds omehe cenpourdlof twe lf orlraul a

(111) can be2%equalodo om higher Lhan A0%vent, AGRYdiAND Lod
particul ar enbo&inenf)of tﬁ% invenﬁ%on, t e‘gghﬁoun 0 fﬁg fornﬁra (1) is
a conpound HTEFEGivul alll a)tdhd ERBSMetRAE W 30ipPepar ivHg ixate

conpri ses thedieldion g seccassiaensiens dradud@actimn Hm@uratidk
addition salt, t tQﬁAex%hﬁsLon ongﬁﬁgéﬁriodic acid salt, of a compound of
t he follomﬁﬁéef AN E) T @ a4 1a), or a tautomer or a
stereoi soner or a mxture of stereoisoners in any proportions thereof, in
particular a m xture_of _.e ti LS d t ab eniLc.nm xture 5

t her eof, wherei nk d%ﬁdtﬁl arecgggg%%gggéfﬁﬁgﬁ % %@%{gﬁjﬁkgﬁg%nfﬁgs'and
then with aceypdréime dermitedmioveietivate vormeac (uademucly dst defdarad above
or a stereoi;Son®le Qi MALHUr §ofo 1D SI8NHeQI SRR | Ih A, R eporddons
thereof, in particular a mxture of enantioners, and notably a racenmc

m xture ther@3ignd(h parki ditar TRRERLIEYsIEITHe™MankE ok abFy ! Leysittei ne,

can thus be necessary to eliminate excess cysteine

derivative in order to facilitate the isolation and

15 opurification of the compound o¢f the formula ({I).

Notably, in the case of a cysteine derivative wherein

Rg=H or (C;—Cylalkyl such as cysteine, benzaldehvde for

example can be added to then ferm with the excess

cysteine derivative a Z-phenylthiazelidine-4-carboxylic

20 acid derivative, a compound which precipitates in a

solvent such as water. By this means, the excess
cysteine derivative can be recycled.

The total yield cof the compound of the formula (I)

prepared from the compound of the formula (IITI) can be

25  equal to or higher than 40%.

According to a particular embodiment o¢f the
invention, the compound of the formula (L) is a
compound of the formula (Ia) and the method for

30 preparing same comprises the fellowing successive
steps:
(a2) reaction of an acid addition szlt, to the
exclusicn of a hydriodic acid salt, o©of & compound of

the fellowing formula (ITIa):



to yield a conpound of the followng fornmula (ha): 0 OH 2N Ft 3FL NHRS5 C) R6
150(ha) or a physiologically acceptable salt, a tautonmer, a stereoi soner
or a mxture of stereoisoners in any proportions thereof, in particular a
m xture of enantioners, and notably a racemi c m xture thereof, 20 wherein
X1:2X2, R3, R4, R5 and R6 are such as défiined above, (b2) cleavage
reaction of the conpound of the formula (ha) obtained in the preceding
step (a2) in the presence of a thiol such as defined above, preferably 25
soluble in the reaction solvent, which n be water, 15 and in particular
wWith cysteine, dithiothreitol, 2- mercagfoethanol, 2-nercaptopropionic
acid, 3- nercaptopropionic o]l ic acid, and preferably with
3- mer capt opr opi oni ¢ aci d, ., a5 tenpgrature higher than or equal to 60C,
to yield a conpound of the fNarmyla (IgR.RaNd (c2) separation of the
conpound of the fornula (la) obtained i the priédeéding step (b2) fromthe

reaction medyumy 1Qautomer or a stereciscmer or a mixture of

sterecisomers in any proportions thereof, in particular
a mixture of enantiomers, and notably a racemic mixture
5 thereof,
wherein X%, R; and R, are such as defined above,
with bromine,
and then with a cysteine derivative of the formula (IV)
such as defined above or a stereoisomer or a mixture of
10 stereciscmers in any proportions therecof, in particular
a mixture of enantiomers, and notably a racemic mixture

thereof, and in particular with cysteine and notably L-

cysteine,
to yield a compound of the following formula {(IIa):
O
™
X/ OH
\353 ¢ NR.R
2 34
s  NHR,
OR,
15 O (IIa)

cr a physioleogically acceptable sgalt, a tautomer, a
stereoisomer or a mixture of sterecoisomers in any
proportions thereof, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,

20 wherein Xﬁiﬁﬁg, Ri, Rs, Rs and Rg are such as defined
above,
(b2) cleavage reaction of the compound of the formula
{ITa} obtained 1in the preceding step (a22) in the
presence of a thiol such as defined above, preferably

25 soluble in the reaction solvent, which can be water,



The steps (a2), (b2) and (c2) correspond to the preceding steps (al), (bl)

and (cl), respectively. The conpounds of the formula (ha) represent
particular forns of the conmpound of the formula (I1). 15 Simlarly, the
conpounds of the formula (lI1la) repres particular forns of the conmpound
of the formula (I111). The present invention also has as an

obj ect a 20 conpound of the followng formula (I1): O OH 2NR3R4 NHR5 OR5

O(I'l'), or a physiologically acceptable salt, a tautomer, a stereqi soner or
a nixture ofndt ereoipsormacsiliar anythr opBPtRONS t HErdBiot e et ti célar a

mxture of 29 enaALLOABARS: , and natahlay dﬁ\%m&lrexturg tagr eof 3-wherein:
V- - X2R NNJ RE ?epresents lorand  R1, 2 Rg_ R5 ana ; are such as

def i ned abo¥ercaRbopsoPhenagcl *i6h oPTcorfbuid Xitdrdi n 3¢+ @ x2 3P8pr esent s

preferably with 3-mercaptopropionic acid, at a
5 temperature higher than or equal to 60°C,
to yield a compound of the formula (Ia), and
(c2) separation of the compound of the formula (Ia)
obtained in the preceding step (b2) from the reaction
medium.
10
The steps (&2), (b2) and (c2} correspond to the
preceding steps {(al), (bl) and (cl), respectively.
The compounds of the formula (IIa) represent
particular forms of the compound of the formula (II).
15 Similarly, the compounds of the formula (ITIa)
répresent particular forms of the compound of the
formula (IIT).

The present invention also has as an object a

20 compound of the following formula (II):

0
—
X1\ - OH
X,  NR,R,
S NHR,
OR,
O (II),

or a physiologically acceptable salt, a tautomer, a
stereoisomer or a mixture of stereoisomers 1in any
proportions therecof, in particular a mixture of
25 enantiomers, and notably a racemic mixture thereof,
wherein:
Xi%#% represents RN-N or N NR, - ang

- Ry, Rs, Rs, Ry, R; and Rg are such as defined above,



HNNH or, and A3 and R4 each represent a hydrogen atom 5The excl uded
conpound is described in: Ito et al., J. Og. Chem 1985, 50, 3636-3638.
Thi s conmpound can be in particular 2-{2-[(2-

ammoni o- 2- car boxyet hyl )t hi o] -111-i m dazol] - 4-y11-1- 10
carboxy-N,N—dinethylethananiniun1(HisNN%§-Cys) or the

di hydrochl ori det her eof , and2- 12-[ ( 2- amoni o0- 2-'

car boxyet hyl )t hi o] - 11f -i mi dazol - 4-y11- 1- car boxY- N&ethylethananlnlum

(Hi sNHMVe- Cysd ahet kexadidsidrrocdf ocodeotheér sbkreibd 1\»/‘Tﬂn§gﬁa§ﬁaﬂs

invention aHBiQ_hHs as aNwgobjHECt gngeﬁ?odaggr khe prepar $hggﬁgﬁ:a5§onpound

of the following fornmula (I1)f O 20 or a physi ol ogi cal | y
accept abl e Qaﬁrogantaﬁpmner a stereoi soner a mxture of stereoisoners
in any proportions thereof, in particular a nlxture of enantioners, and

notably a racem c m xture thereof mherel - 25-1"-7------ C2 re resents
RINNor N . NR2, AR& exXRipdrs crgPord ps §ﬁﬁcﬁﬁfé¥é]§hcﬂi ed above,
J. Org. Chem. 1985, 50, 3636-3638.

This compound c¢an be 1in particular 2-{2-[(2-
ammonio—2-carboxyethyl)thio]l~-1H-imidazol-4-yl}-1-

10 carboxy—N, N-dimethylethanaminium (HisNMe,-Cys) or the
dihydrochleride thereof, and 2—-{2-1(2—ammonio—-2—
carboxyethyl)thiol-1H-imidazol-4~yl}-1-carboxy—-N-
methylethanaminium (HisNHMe-Cys) or the dihydrochloride
thereof.

15

The present invention alsc has as an object a
method for the preparation of a compound of the

following formula (II):

0O
AN
Xf\ OH
IX,  NRJR,
S NHR5
OR,
O (11),

20 or a physioclogically acceptable salt, a tautomer, a
stereoisomer or a mixture of stereoisomers 1in any
proportions thereof, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,

wherein:

25 - XX represents RPN or N NRy o ang
- Ri, Rz, Rz, R4, Rs and Rg are such as defined above,
by reaction of an acid addition salt, to the exclusion
of a hydriodic acid salt, of a compound of the formula

(I11) such as defined above, cr a tautomer, a



by reaction of an acid addition salt, to the exclusion of a hydriodic acid
salt, of a conpound of the forrmula (111) such as defined above, or a
tautomer, a 17 stereoisomer or a mxture of stereoisoners in any
proportions thereof, in particular a mxture of enantioners, and notably a
racemc mxture thereof, with bromne, ahd then with 2 to 7, preferably 3
to 5 5 nolar equivalents, in relation to the conpound of the fornula
(rrr), of a cysteine derivative of the fornula (1V) such as defined above,
and in partisteranicpskei nerand nofabhyel-cfsteigwescilDimethi sty ead®™ on, the

brom ne can u in a ' f 1.t0 r..equi va Lh rgl ation
to the conpggﬁgoggqﬁﬁg1%ééﬁﬁéF 1llf5 %é%ﬂﬁ%gfgfag%y,hﬁﬁgﬁg%oméﬂais
added col d Eveny icasird  addict inortabgneflerasiapic g ywemidedtdfe | ower than

15 10C, preferabhy-Jawes, than Sfen TherRddi thon, obrbiremzpe ycan ddhus, be
carried out at a tenperature between_-1QC and 10C, advanta§e0§sl bet ween
-5C and BC. molar equivgiahhactPokSddhifE cat ridy GUPPHRE &6 such

20 as water formula e presentai ayeotine vikhvheibet bér tirdeistodd i n t he
i ght of the anpl es whi¢ch_follo whi ch_are provided -f I Jdystrative
( 1o dya st
pur poses on“§%§n33¥ﬁlﬁ%sﬁgﬁfﬁ%e?l%%?V?heaggoﬁg S%IthllﬁVenQ%on. MPLES
Al the reachidomstwerley Garrvisadiowt- i n the open air 30 unl ess ot herw se
specified. 1- Preparation of compounds of the formula (11) of the
invention 18 Exanpl el: Preparati onof 2-{2-[ (2-ammoni o- 2- )
10 In this reaction, the bromine can be used 1n a
ratio of 1 to 1.5 molar eguivalents in relation to the
compound of the formula (III).
Preferably, the bromine is added cold (very rapid
addition, preferably), at a temperature lower than
15 10°C, preferably lower than 5°C. The addition of
bromine can thus be carried out at a temperature
between —-10°C and 10°C, advantageously between -5°C and
5°C.
This reaction can be carried out in a solvent such

20 as water.

The present invention will be better understood in
the light of the examples which follow, which are
provided for illustrative purposes only and in no way

25 limit the scope of the invention.

EXAMPLES

All the reactions were carried out in the open air

30 unless otherwise specified.

1- Preparation of compounds of the formula (II} of the

invention



car boxyet hyl ) thi o] - 1H-i m dazol - 4- Y11- 1- car boxYet hanam ni um di hydr ochl ori de
(His-Cys, 2Nd) O OH -NH3 CIONNNH O T 8 9 SNH3 Cl C) 51.57 g (7.5 nmol)
of L-histidine hydrochl oride nonohydrate is dissolved in 15 nm of water
and the solution is cooled at 0OC. Under very strong stirring, 500 ul (1.56
g, 9.75 mol, 1.3 eq) of bromine is addé#l dropwise (addition tinme: 2 nmin
10 sec). The reaction 10 m xture turns yellow. Three mnutes after the end
of the addition of bromne, 2.81 g (22.5 nmmol, 3 eq) of Lcysteine is
idﬂed. I mge@mnpllya t he: m xtRuepdmegern t s 06l or 2-Af-dr( Zstammardg-2- 0C f or
our, the ne I It gt ed with 2x0.5
car t'h%.il.ﬁ thr:l% qtl-fi% }cﬁ %—ty&c} 3| %:a!r.%

m  of 15 wate trate I's deposi on a coldm filled with 75
g of Dowexe e@@mm@mncmmm etfbiad-Gaisth 2BG8)hydr ochl oric acid
(HC1). After elution with 750 mi of 1 N hy@ochloric acid and then 500 ni
of 2 N 20 hydrochloric acid, the fractions|tontaining the desired product
are conbi ned. After evaporation and two rations wth 2x20 m of
toluene, 1.5 g (56% of the desired |¢??_ﬁ)he formof yellow crystals
is obtained after drying. 25

NH; CI”
No NH @
T e o
S h”43(n
OH
O
5 1.57 g (7.5 mmol} of L-histidine hydrochloride

monohydrate 1s dissolved in 15 ml of water and the
solution is cocled at 0°C. Under very stroﬁg stirring,
500 pl (1.56 g, 9.75 mmol, 1.3 eqg) of bromine is added
dropwise (addition time: 2 min 10 sec). The reaction
10 mixture turns yellow. Three minutes after the end of
the addition of bromine, 2.81 g (22.5 mmol, 3 egq) of L-
cysteine is added. Immediately, the mixture loses its
color. After stirring at 0°C for 1 hour, the mixture is
filtered and the precipitate is washed with 2x0.5 ml of
15 water.
The filtrate is deposited on a column filled with
75 g of Dowex® 50WX2-400, conditioned beforehand with
1 N hydrochloric acid (HCl). After elution with 750 ml
of 1 N hydrochloric acid and then 500 mi of 2 N
20 hydrochloric acid, the fractions containing the desired
product are combined. After evaporation and two co-
evaporations with 2x20 ml of toluene, 1.5 g (56%) of
the desired product in the form of yellow crystals is
obtained after drying.
25
1y-NMR (D,0/DC1, 400 MHz): & (ppm)=3.32 (m, 2H); 3.63
(m, 2H); 4.22 (m, 2H); 7.3% (s, 1H).



1H NWVR ( D20/ D01, 400 MHz): 5 (ppm=3.32 (m 2H); 3.63 (m 2H); 4.22 (m
2H); 7.39 (s, 1H). 19 UPLC-Ms (ES+): 275.8 (MH)
Exanpl e2: Prepar ati onof 2- ( 2-[ ( 2- ammoni o- 2-
car boxyet hyl )t hi o] - 1H i m dazol - 4-y11-1-carboxy-N, Y- 5
di et hyl et hanani ni undi hydr ochl ori de( Hi sNRe2- Cys, 2HC1) r=1-14:1:01le OH NH
0 sNH3ClL 0 4.753 g(20 mmol ) of N, N- di net hyl hi sti di ne hydrochl ori de
nonohydrate (V.N. Reinhold et al., J.

UPLC-MS (KS+): 275.8 (MH+)

Example 2: Preparation of 2—{2-[(2-ammonio-2—-
carboxyethyl) thiol-l1H-imidazol—-4-yl}—-1-carboxy—-N, N—
5 dimethylethanaminium dihydrochloride {HisNMe,—Cys,

2HC1)
O
, OH
={ NH_C
No NH 78
\S( SHQ, t:)l9
OH
0
4,753 g (20 mmol) of N,N-dimethylhistidine

hydrochloride monochydrate (V.N. Reinheld et adl., J.
10 Med. Chem. 11, 258 (1%68)) is dissolved in 40 ml of
water and the solution is cocled at 0°C. Under very
strong stirring, 1.23 ml (3.835 g, 24 mmeol, 1.2 eqg) of
bromine is rapidly added dropwise (addition time: 1 min
20 sec), without exceeding 2°C. The reaction mixture
15 turns yellow and a reddish solid is formed. Seven
minutes after the end of the addition of bromine, all
the red solid dissolves and then 7.417 g (60 mmol,
3 eq) of L-cysteine is added. Immediately, the mixture
loses its cclor. After stirring at 0°C for 1 hour, a
20 white suspension 1s obtained. The mixture is filtered
and the precipitate is washed with 2x2 ml of water.
The filtrate is deposited con a column filled with
100 ¢ of Dowex® bH0WX2-400, conditioned beforehand with
1 N hydrochloric acid (HCl}). After eluticn with 800 ml
25 of 1 N hydrochloric acid and then 1000 ml of 2 N
hydrochloric acid, the fractions containing the desired
product are combined. After evaporation and two co-
evaporations with 2x50 ml of tcluene, 4.84 g (63%) of
the desired product in the form of slightly vellow
30 crystals is cbtained after drying.



10 Med. Chem 11, 258 (1968)) is dissolved in 40 mM of water and the
solution is cooled at OC. Under very strong stirring, 1.23 m (3.835 g, 24
nmol, 1.2 eq) of bromne is rapidly added dropwi se (addition tinme: 1 mn
20 sec), without exceeding 2C. The reaction mxture 15 turns yellow and a
reddi sh solid is formed. Seven minutes @fter the end of the addition of
bromne, all the red solid dissolves and then 7.417 g (60 nmol, 3 eq) of
L-cysteine is added. Inmediately, the mxture loses its color. After
stirring at OC for 1 hour, a 20 white suspension is obtained. The m xture

is filtered,an he precipitate is hed wi.th 2x2 m _of water. The
filtrate is @a@% i t'&a0on ¢ chﬁt“&ﬁn f%ﬁ@&%—?hgfoo&g o?gbomgx%%o%(z-mo,
condi ti oned2béf,oreandmy LH)L: N.IRydriechlleh)i;c adad (HCINH) ;Af.6¥7 el=uti on
wi th 800 n11%2 of 1 N hydrochloric acid and then 1000 mM of 2 N _
hydrochl ori ¢ acid, the fractions containing the desired product are
conbi ned> AFPer vapblati:orland tiWdltdo- evaporations with 2x50 m  of
toluene, 4.84 g (63% of the desired product in the formof slightly
yell ow 30 crystals is obtained after. drying.. 20 1H NVR (D20, 400 MHz): 5
(ppm) =2. 86 Example 3 3p (mPreppratiosy” (nPfop) 27 %l (GRAmPRLC 232 (m
1H); 7.37 (2arbbkyctHRLethlib 1(-Eimidazdd (4M4)} -1-carboxy~N-
Exanpl e3: Prepar ati gnof 2- 12-[ ( 2- i 0:2- . . _
car boxyet hy t%%“yg]eg%ﬂ'"laﬁl& -cﬁ'%"ﬁhé‘é’ S8, - SRR S S8 um
di hydrochl ori de (H sNHwe-Cys, 2HC1l) 100 15187 g(5. 656
nmol ) of u- N- et hyl hi sti di ne hydrochlorid . Reinhold et a/., J. Med.
Chem 11, 258 (1968)) is dissolved i 11Iv3 mo of demi neralized water. The
solution is cooled at OC and 377 pF5 Mil¥¥5 g, 7.353 mmwl, 1.3 eq) of
bronine i s added dropw se under v RVNﬁg_ongastirring (addition time: 1 min
45 sec). The reaction mxture turnsgyelgwiand the tenperature increases
to 4C. Three mnutes after the end he addition of 20 bromne, 2.119 g
(16.96 mvl, 3 eq) of L-cysteine is OH
10 | ©
1.187 g (5.656 mmol) of o-N-methylhistidine
hydrochloride (V.N. Reinhold et al., J. Med. Chem. 11,
258 (1968)) 1s dissolved in 11.3 ml of demineralized
water. The solution 1s cooled at 0°C and 377 ul
15 (1.175 g, 7.353 mmol, 1.3 eq} of bromine 1is added

dropwise under very strong stirring (addition time:

1 min 45 sec). The reaction mixture turns yellow -and

the temperature increases to 4°C.
Three minutes after the end of the addition of
20 Dbromine, 2.119 g (16.96 mmol, 3 eg) of L-cysteine 1is
added. Immediately, the mixture loses its color. After
stirring at 0°C for 1 hour, the mixture is deposited on
a column filled with 50 g o©of Dowex® 5H0WX2-400,
conditioned beforehand with 0.5 N hydrochloric acid.
25 After elution with 250 ml of 0.5 N hydrochloric acid
and then 250 mi of 1 N hydrochloric acid and 500 ml of
1.5 N hydrochloric acid, the fractions containing the
desired product are combined. After evapcration and

drying under wvacuum (20 mbar), 1.427 g (68%) of the



added. Imedi ately, the mxture loses its color. After stirring at OC for
1 hour, the mxture is deposited on a colum filled with 50 g of DowexO
50WK2- 400, conditioned beforehand with 0.5 N hydrochloric acid. 25 After
elution with 250 mM of 0.5 N hydrochloric acid and then 250 m of 1 N
hydrochloric acid and 500 ml of 1.5 N h¥drochloric acid, the fractions
containing the desired product are conbi ned. After evaporation and drying
under vacuum (20 nbar), 1.427 g (68% of the 21 desired product in t he
form of ye'kﬂ%ﬁﬁk&ﬁtg&%db%tobﬁﬁ'n@ﬁe forﬂ1¥ﬁNNBeﬁ@%Q 699 %@?%

(ppm = 271(% 33 (m 52H); 3.62 (m 2H) 428(m
1H); 7.40 (¢, fl-lt)“eCUPLC-I\/B (ES+): 289.8 (MH) 2- Prepar atl on of conpounds
of the fornmula (1) of the 10i nvention (vvithout isoI ation of the

i ntermedi ate ) - prat hi,ohi sti di ne 15
Exanpl e 4 Cﬁeﬁgg Ejrzé ggr{lo?) L62 tplz? ﬁ%§?]l d| S%?’r{ h|t3§t3|%d| ﬁ%’

ZH): 3.62 m, ZH 4.08 (m, 1H); 4.28 m, 1H); 7.40 (s,

1H).

UPLC-MS (ES+): 289.8 (MH+)

2—- Preparation of compounds of the formula (I) of the

10 invention (without isolation of *the intermediates
of the formula (II))

2~1- Preparation of 2-thichistidine

15 Example 4: One—-pot preparation of L-2-thiohistidine

from histidine

; OH
HN_ NH NHg
S
a) Synthesis of the His—Cys intermediate (compound of
the formula (I1})
20 317.6 g (1.5 mel) of L-histidine hydrochleride

monohydrate 1is dissolved in 3 liters of demineralized

water. The solution is transferred tc a double-walled
glass reactor with mechanical stirring and is cooled at
-4°C. Under very strong stirring, 106.2 ml (311.6 g,
25 1.95 mol, 1.3 eq) of bromine is added very quickly via
a bromine vial, without exceeding 4°C (addition time:
Z min 50 sec). The reaction mixture turns yellow-orange
but  remains clear and homogenecus. Three minutes after
the end c¢f the addition of bromine, 562 g (4.5 mol,
30 3 eq) of L-cysteine 1is added and the internal
temperature increases to 12°C. Immediately, the mixture
loses 1its color. After several minutes the solution

becomes slightly vellow.



OH RN HNNH NH2 a) Synthesis of the H s-Cys internmedi ate (conmpound of the
formula (11)) 20317.6 g (1.5 nol) of L-histidine hydrochloride
nonohydrate is dissolved in 3 liters of dem neralized water. The sol ution
is transferred to a double-walled glass reactor with nechanical stirring
and is cooled at -4C. Under very strong28tirring, 100.2 m (311.6 g, 25
1.95 nol, 1.3 eq) of bromne is added very quickly via a brom ne vial,

wi t hout exceeding 4C (addition tine: 2 mn 50 sec). The reaction m xture

turns yel | ow or ange Huts 4 £PRI NS @kearcanﬂobomowlﬁousan@{;g@srrb@utaes after
the end of the additiqn of brom ne, of L-cysteine

i s added anddWe§ ftver HalMfenpkPat ﬁpgwﬁngﬁ"%éséget gleé’YSI r?ﬂ%ﬂi‘gt ety, the
m xt ure | 0SeS% rintesi mlt(hr 2 &feta&ftﬁﬁvghédldﬂdﬂjtm the soI uti on becorres
slightly yellow. ter stlrrl at .0C_for yS|s of a
sanpl e by 1H NNRTPﬁztf)Ooslr%&lv% TR T e H grﬂyg Sﬁéu&nd 9 Wth a
reactiondyi elictofre709% Ehé comal | hy §ysnenfms ﬂuﬂnndrofﬁhandiﬁheﬂnéhct|on 5
mxture is ald \%th(} Stifctorsdshqy . 17he 1 Rhernal s teppenatyre increases
to 12C. The HFg) uctc%s hot isolated an % IS é%dgy dlrectf§ in the
fol | owi ng ste&p. Jcﬁ)ol%ﬂcheéng 6t 1SatRbhisteei e 110 45%3(%]01% 9

nol , 6 eq) of 3.«percaptopropionic acid is then added to the m xture, which

i s then heated d strong stjrring at 100C for 18 h. Anal ysi s of
a sanpl e by R IES26). Cshdine 1 HEC &9 s- Cys adduct is conpletely

cl eavedidnto L- 279maohﬂst|d|nnﬂ)q% Isouammﬂn of u}ZajhlohnsﬁldlnE—

After coolin Loom t enperat ur e t i 95} act ed
with 4x3 1 0 éﬁﬁyOpro tate C*%elghdg%%é % gg@ ﬁ%§rg %lﬁg &Eplaced
under a str og St dearheh meta’t(ﬁg:émndﬂa Sd:O@rb}atﬂﬁ:lePTélq)HToleQ’leC ot ure is
adj usted to1& % by rapidly adding 20% aqueous ammoni a sol ution (roughly

580 m). Still under nitrogen, 37% concentrated hydrochloric acid is then
Analysis of a sample by "H-NMR ~ (D;0) shows that

15 the His-Cys adduct is completely cleaved Into L-2-

thiohistidine.
c) Iscolation of IL—Z-thiohistidine

After cooling at room temperature, the dark-brown
mixture is extracted with 4x3 1 of ethyl acetate.

20 The agueous phase 1s retained and placed under a
strong stream of nitrogen in a 40°C bath. The pH of the
mixture 1is adjusted tc 8.5 by rapidly adding 20%
agueous ammonia solution (roughly 580 ml). Still under
nitrogen, 37% concentrated hydrochloric acid is then

25 added dropwise (roughly 120 ml} until a pH of 6.5 is
reached. A coclorless precipitate forms during the
addition of the acid, and the suspension is maintained
for 1 hour at 40°C under stirring (under nitrogen).

After filtration anrnd washing with 3x300 ml of

30 demineralized water, followed by 2 washings with 600 ml
of absolute ethancl and 3x600 ml of n-pentane, the
solid obtained is dried over P05 under vacuum
(20 mbar). 130.1 g (45%) of L-2-thiochistidine in the

form of a white powder is cbtained.



25 added dropwi se (roughly 120 m) until a pHof 6.5 is reached. A
colorless precipitate forns during the addition of the acid, and the
suspension is nmaintained for 1 hour at 40C under stirring (under
nitrogen). After filtration and washing with 3x300 m of 30 dem neralized
water, followed by 2 washings with 600 #f of absolute ethanol and 3x600 ni
of n-pentane, the solid obtained is dried over 2205 under vacuum (20
nmbar). 130.1 g (45% of L-2-thiohistidine in the formof a white powder is
obtained. 23 The Emmlanalodl cdktdataf ofhehemrcoduct olobd aiadd axee

identical to those_iin the || ature . ; adan, O g em 60,
6296- 6301 (1695 5] a}?: U35 (%Hzl.tg‘?e 1%@%?)&5%—1 N (%%ud/ D%I,Cq;oo
MHz) : 6 (ppMp<anio J.mOraH) Chemo 60m 6966047 ((S2°1M)-. UPLC- M5 (ESH):
188.6 (M+) 10The foll owi ng exanples 5 to 8 show the variability of the

acid addition salt of the conpound of the fornmula (111) which can be used,
as wel | as tléovariapf| i€yLlof t helt R-dP which can be used. These exanpl es
are for illdgtraki y@.punposestaanipaAand &n REMLS3way | inm t 2Hhe sicgge of the
present inventiqn. Exanple 5: e-pot preparation of L-2-thiohistidine
from L- hi st i(c‘]‘i'ngﬂ-) ’%‘%ad&i't ilgi 'salt variation The procedure is as

descri bed i wrexatsl dE2+)exdept. 20MHat 5 g (32.2 mmol ) of L-histidine is
used, dissolved in 65 m of water and 900 pl (1.66 g, 16.1 mmol, 1 eq) of
98% sul furic acid. 2.72 g (45% of L-2-thiohistidine in the form
of a whi®e powdeFhis foBflawiad. cHATMNR [R207DELsIavalyfs ¥asias iidenti cal

to that descd bedei n;examp ey i Exam e 6:o:Onerpot cpngpanat ien afhe
L-2-thlohistidine from L-histidine - thjol (nercaptoacet acid) .variation

) (0]
303.5 g (16.I52mwsl ) (6f I)- hWEECH n&3RydPEchPoFfde Bonokytr at® i -1t ssol ved
in 33 nl of yaatiewiandyt hef the thiol which can be used. These

examples are for illustrative purposes only and in no

15 way limit the scope of the present invention.

Example 5: One-pot preparation of IL-2-thiohistidine
from L-histidine - acid addition salt wvariation
The procedure is as described in example 2, except
20 that 5 g (32.2 mmol} of L-histidine is used, dissolved
in 65 ml of water and 900 pl (1.66 g, 16.1 mmol, 1 eg)
of 98% sulfuric acid.
2.72 g (45%) of L-2-thiohistidine in the form of a
white powder is obtained. H-NMR {D,0/DCl} analysis 1is

25 identical to that described in example 1.

Example 6: One-pot preparation of L-2-thiochistidine

from L-histidine - thiol {(mercaptoacetic acid)
variation
30 3.5 g (16.52 mmol) of L-histidine hydrochloride

monohydrate is dissolved in 33 ml of water and the
solution is cooled at -3°C. Under very strong stirring,
1.1 ml (3.433 g, 21.48 mmol, 1.2 eq) of bromine is
rapidly added dropwise {addition time: 3 min). The
35 reaction mixture turns yellow. Three minutes after the

end of the addition of bromine, €.19 g (49.58 mmol,



solution is cooled at -3C. Under very strong stirring, 1.1 m (3.433 g,
21.48 mmol, 1.3 eq) of bromne is rapidly added dropwi se (addition time: 3
mn). The 35 reaction mxture turns yellow. Three mnutes after the end of
the addition of bromine, 6.19 g (49.58 mmol, 24 3 eq) of L-cysteine is
added. Immediately, the mxture |oses i24 color. After stirring at OC for
30 mn, 7.13 M (9.4 g, 99.17 mmol) of nercaptoacetic acid is added and
then the solution while stirring is heated at 580C for 40 h. For the
i sol ation ofs kxd- tJ¥ ahisfdiding idezprocedunsetsaaslgesthiebed itumxanpl e

1. 43% of L-2- thiohistidine i hefo mof_a crea

obt ai ned. 1folseﬁl\/RlEf)2(ﬁ(%(§il) gttﬁgl ST aBft ial 610?11% %nggl{asdrl bed in

exanpl e 1. Bxampha 7t 9G”Ie§,p099pl"1épamaﬂ)ommfm@@mm@m%w demeédf rigm

L-histidine - 4.0 %' r%a%h%h 5]% %r?‘%k@lev%rﬂl%tf Q}E{ %@%éaf%c( 21 mol)
Foch e ‘monohydi e

of L-histidine hy ori rate 1s dissolv in 2.4 of water
and t he $ol 6t0i°6n fiog ddolhed at -3C. Under very strong stirri ng 80 pl (252

ng, 1.58 mmol, 1g3.eq)-f braphpeics rapidly- Qddﬁﬂoﬂﬁ@§M§ﬁe,Th6¢‘deeaCtl on
m xture turns yellow. 20 Three m nutes after the en he %t on of
bromi ne, 455LFFCAIE4 nPPS FRY P - CYstBFHRP TS dde ﬁﬁe aé[ely, t he
mxture | 0sesiidns sedldihe Af# ethst ifaimgodt LG fetmdihous , p@@@eml J(sl o g,

\?h?renTsr?: Zrﬁ?&rélel%lc to?@@‘{ﬂ]‘&) @Zﬁﬁdﬁ add%(iy%ng tggnlwﬁ?\f?ﬂ%%%m anal ysi s

of a sanpl e tshawsietshati kcloe ik Exey@laaddluct is conpletely cleaved into L-2-
t hi ohi stidine. 30 Exanple 8: One-pot preparation of L-2-thiohistidine from

L-histidine - thiol (7dith|othre|tol) vari ation
Example : One-pot preparation of L—2-~thiochistidine

from L-histidine - thiol (mercaptohexanoic acid)
variation
15 257 mg (1.21 mmol) of IL-histidine hydrochloride
monohydrate is dissolved in 2.4 ml of water and the
solution is cooled at -3°C. Under very strong stirring,
80 pl (252 mg, 1.58 mmel, 1.3 eq) of bromine is rapidly
added dropwise. The reaction mixture turns yellow.
20 Three minutes after the end of the addition of bromine,
455 mg {3.64 mmol, 3 eg) of TL-cysteine 1s added.
Immediately, +the mixture loses 1its color. After
stirring at 0°C for 1 hour, 933 pl (1.0 g, 6.07 mmol)
of mercaptohexanoic acid is added and then the solution
25 while stirring is heated at B80°C for 40 h.
'HL-NMR (D,0) analysis of a sample shows that the
His-Cys adduct 1is completely cleaved into L-2-

thiohistidine.

30 Example 8: One-pot preparation of L-2-thiohistidine
from L-histidine - thiol (dithiothreitol) wvariation

106.72 g (50.62 mmol) of L-histidine hydrochloride

menohydrate is dissolved in 100 ml of water and the

solution is cooled at 0°C. Under very strong stirring,

35 3.38 ml (10.51 g, €5.81 mmol, 1.3 eg) of bromine is

rapidly added dropwise ({(additicn time: 3 min 20 sec)



10.72 g (50.62 mmol ) of L-histidine hydrochloride nonohydrate is dissolved
in 100 M of water and the solution is cooled at 0OC. Under very strong
stirring, 353.38 mM (10.51 g, 65.81 nmol, 1.3 eq) of bromne is rapidly
added dropwi se (addition tine: 3 mn 20 sec) 25 without exceeding 1C. The
reaction mxture turns yellow Three nédtes after the end of the addition
of bromne, 18.96 g (151.8 mml, 3 eq) of L-cysteine is added.

| medi ately, the m xture | oses its color. After 5 stirring at 0OC for 1
hour, 47.08w3th303. 7emmﬁbdl®geqﬂ°@f diTthhi otdwagittialn i sniadded; andrtshen the

sol uti on Mhilggf%:grhn ISJ%% §% SPC%£ eég Ef the a&3¥ﬁléﬁfd§°'at'°”

of L-2-thi ol roce ure is as describéd in exa e 1l. 1041% of
L- 2-t hi ohi sbirdimesi,n 1&e96oynﬂdﬁla8whmwéqpoﬁd@ﬂ |sx%bLaFMé§elﬂe is

1H NVR (D20LRGLY anghies|is des de{Hé Cfﬁ'ix%ﬁréhé%sggsgrt'sb%l'd} exgme 1. 15
Exanpl e 9: Ane- pot preparat| n D-2-thiohistidine fromD-histidine O HN

NH NH2 5 St‘ltliféflr}?@o@édlﬂélfso%sldégéifr béd -0F &xdmiZe 2olax i) hat
10.32 ¢ (650%4d%@ﬂl)ot@lfre@tfaﬂstllsdlaraﬁécs 20,usethn difssaoadion 332.d  of

wat er and 5. , 65.84 lo) concentrated hydrochl oric acid.
4.4 g (350/65"’(*5flrl5-l gtﬁ eadied) ﬁ&n%ﬁ thinﬁﬂ{§¥ a white powder is
obt ai ned. For the 1smHaNWRn(D2ﬂEDCL)Zamaﬁwhﬁstﬁgihaenti&hﬂ to

that 25 descrlb%%ure %éaggl%e%cﬂfﬂéa :Héééﬁ lé‘ 0; 1 N HCI)
10 41% of L-2-thiohistidine in the form of a white
powder 1s obtained.
lH-NMR  (D,0/DCl) analysis 1s identical to that

described in example 1.

15 Example 9: One-pot preparation of D-2-thiohistidine

from D-histidine
O

OH

HN, NH NH

s
The procedure 1is as described in example 2-1,
except that 10.32 g (65.84 mmol) of D-histidine 1is
20 used, dissolved in 132 ml of water and 5.5 ml (6.48 g,

£5.84 mmol} of concentrated hydrochloric acid.

4.4 g (35%) of D-2-thiochistidine in the form of a

white powder is obtained.
lH-NMR  (D,0/DCl) analysis is identical tc that

25 described in example 1.
Totlp: +10.5 {c=1.0; 1 N HCI)

Example 10: One-pot preparation of D,L-2-thiochistidine
30 from D,L-histidine



Exanpl e 10: One-pot preparation of D, L-2-thiohistidine 30 from

D, L-histidine 26 a) Synthesis of the H s-Cys adduct 10.65 g
(50.8 mmol ) of D, L-histidine hydrochl oride nonohydrate is dissolved in 100
m of dem neralized 5 water. The solution is cooled at -3C. Under very
strong stirring, 3.43 nl (10.66 g, 66 n#dl, 1.3 eq) of bronine is added
very quickly via a bromne vial, wthout exceeding 1C (addition time: 2
mn 40 sec). The reaction m xture turns yell ow orange but remains 10 cl ear
and honogeneous. Three mnutes after the ehd of the addition of brom ne,
19.03 g (152.4 nol, 3 eq) of L-cystei i-s—added and the internal
tenperature increases to 4C | mredi/at pihe mxture loses its color.
After several mnutes the sol uti o QF%%nes 15 slightly yellow. After
stirring at 0OC for 1 hour, anaIyS|sspy 1H NMR (D20) of a sanple shows that
the H s-Cys adduct is formed with a reaction yield of 72% The

cool i ng bat Bli Svrékeedd 8id thive HeadtisoRdnU&ure is allowed to stit for 30

m n. The |nternah02@5tgnpg@a@uh@mﬂnckﬁangAﬂlgﬂﬂaldé Hydrasliar iafe
D, L- 2-t hi ohi sti di ne

32, 68 304.8 l...6_eq) of 3- nerc t opr opi oni ¢
acid is theﬁogﬁﬁgér@5ethésn1?%%ﬁ% v iéﬁlrgophgﬁ hdat & eraELp ﬁ%%gp
s';]l rri nga at wﬁ@@rf or TRE30sdlution Hmaloysilsdf aa sadplie b@ndeH@ NVR:1(3D20)
shows that the His adduct. i s,C I | egve to 42 )0 tidine.
c) Isol atiofef B 15 L%éﬁﬁ%%ﬂﬁs%lé%ﬁgfpéggwkérgéogﬁl%m'& Hbgk%%%nggfature
t he dark-browmomnine is added very quickly wvia a bromine vial,

without exceeding 1°C (addition time: 2 min 40 sec).
The reaction mixture turns yellow-orange but remains
10 clear and homogeneous. Three minutes after the end of
the addition of bromine, 19.03 g (152.4 mol, 3 eq) of
L-cysteine is added and the internal temperature
increases to 4°C. Immediately, the mixture loses ils
color. After several minutes the solution becomes
15 slightly vyellow. After stirring at 0°C for 1 hour,
analysis by 'H-NMR (D,0) of a sample shows that the
His-Cys adduct is formed with a reaction yield of 72Z%.
The cooling bath is removed and the reaction
mixture is allowed to stir for 30 min. The internal
20 temperature increases to 10°C.
b) Synthesis of D,L—-2-thiohistidine
27 ml (32.68 g, 304.8 moli, 5 eq) of 3-

mercaptopreopionic acid is then added to the nixture,

which is then heated under strong stirring at 80°C for
25 30 h.
Analysis of a sample Dby lH-NMR (D,0) shows that
the His-Cys adduct is completely cleaved into 2-
thiohistidine.
c) Isolation of D,L-2-thiohistidine

30 After cooling at room temperature, the dark-brown
mixture is extracted with 4x100 ml of ethyl acetate.
The aqueous phase is retained and placed uncer a

strong stream of nitrogen in a 40°C bath. The pH of the



m xture is extracted wwth 4x100 ml of ethyl acetate. The aqueous phase is
retai ned and placed under a strong stream of nitrogen in a 40C bath. The
pH of the 27 mxture is adjusted to 6 by quickly addi ng 20% aqueous
ammoni a solution. A colorless precipitate is fornmed, and the suspension is
mai ntai ned for 25 min at 40C under stirfing (under nitrogen). S5After
filtration and washing with 3x15 m of dem neralized water, followed by 2
washings with 15 m of absol ute ethanol and 3x15 m of n-pentane, the

sol i d obt ai regtiuscdriisethdMmest R2060 uadery wadaiiny( 20 diioar )2.0%5.2yupafs

D, L-2-thi ohi stidi.ne in, the form of i 10 +.cont.aini oughl
10% cyst ei né P8 i5ht 3P hey- R ?ﬁgo%@gggctpﬁeg&%ﬁaﬁeed%y fzynﬁ%cilr’d-gasg
treat nent: 588 ngh¢ 3.s7@persdorof idi tidottaieigdl £os dissolvedti tOED m  of
dem neral iz ter . en -ocq%pé reviously obtained (5.2 g) is
added. The g&g\ggngt&%qﬂsnlléuﬁf&a%%eg{lun erer{r?i trogen in a 40C water bath and
10 M (13.84 g) &ffteancdntiitardd By drasehl oA idy d WishddBd véty ftow y

grgpwi ﬁe Ulnnjelmﬂé%%as_qlzieféif q\ga%@ﬂm ,\(/SﬁoPéP@'rIﬁé@t fgygz ThenpHgiss wiken a@jmisted to
y the slow addition o : % aqueous_ anmoni a 20

sol ution. A°H F@SCHYGA @?%i%%a@ﬁil%@gfbr q%ﬁ{be’t hmt;IPesuSsopfeln%i onis
mai nt ai ned waderirsid riengdfoedl dwowr . P.0Os  unAktrer vAclitmat { h e Washi ng
with 3x10 m_. of demin | i wat.er. f ol 3 [ i t.h, 0. m of
absol ute et Rarfol® a(l[% %(%%ecq]o]}/\&n{spteln %Aheg\,/\gﬂhte)&}s?ol ?%%\ng%t\éﬁ n‘ihdllt?% dried
over P206 umderderacumt(@0 immarmeudhia? Y 39ptong, Li-AniaHisti dine in
the formof a whie pQWigi-+ S LA NELs by an acid-dade NMR AR DCL)

analysis is identical to that described in exanple 1. 30 [alp: O (c=1.0; 1
N HC1) 2-2- “Bepar al ¥ oh? ofueol{ hivhi Sii-8iRENAERTLTAt ivos T E5OEX&fpl ¥ 11:
One- pot pr epafakioncef 3e@idkpethyda2-wihéphifid direnfrome product
a’a-dinEthyE§gé?gdgf¥30g¥%ined (5.2 g) is added. The suspension is
15 placed under nitrogen in a 40°C water bath and 10 ml
(11.84 g) of concentrated hydrochloric acid is addead
very slowly dropwise until the solid dissolves
completely. The pH is then adjusted to 6 by the slow
addition of 3 ml (2.735 g) of 20% agueous ammonia
20 solution. A fine colorless precipitate slowly forms and
the suspension is maintained under stirring for 1 hour.
After filtration and washing with 3x10 ml of
demineralized water followed by 3 washings with 10 ml
of absolute ethanol and 3x1C ml of n-pentane, the soclid
25 obtained 1is dried over Py0s under vacuum {20 mbar).
3.82 g (39%) of D,L-2-thiohistidine in the Iform of a
white powder is cobtained.
H-NMR (D»0/DC1l) analysis is identical to that
described in example 1.
30
[a]p: 0 (¢=1.0; 1 N HCI)

2-2-~ Preparation of 2-thiohistidine derivatives

35 Example 1ll: One-pot preparation of «o,c-dimethyl-2-
thiochistidine from a,a—dimethyl-histidine



HNY NH N--- a) Preparation of the H sNMe2-Cys adduct (conpound of the
formula (11)) 23.76 g(0.1 nol)ofa, a-di net hyl hi stidine 5 hydrochl oride
nonohydrate (V.N. Reinhold et al., J. Med. Chem 11, 258 (1968)) is

di ssolved in 200 m of water. The solution is cooled at -3C, and under
very strong stirring 6.68 ml (20.77 g, 480 mml, 1.3 eq) of bromne is
added qui ckly dropwi se wi thout exceeding 3C 10 (addition tinme: 4 mn).
The reaction mxture turns yellow and a reddish solid is formed. Seven

m nutes after the end of the addition of omne the red solid conpletely
di ssolves and 37.08 g (0.3 nol, 3 eq) eine is added. The internal
t

tenperature rises from15 OCto 1Can m xture inmediately loses its
col or. After stirring at 0CHNgpNH Aour, analysis of a sanple by

1H NWVR (D20) shows that the HisNI\/bZ(gg/s adduct fornms with a reaction yield
of 63% The ice bath is renoved and the reaction mxture is allowed to

stir for 20al hbwepafiel ¢mt @fndihe edpefder&yd neddnses (cempognd HL

Preparation9f. &Andiinet| rma y2-thi ohi stidine 87.7 m (106 g, 10 eq)
of 3-mercap S then added to the m xture, which is heated
under strong stirkS-i§ & 80ECHAr MPA)h. 28fnal yi%s BMer EHH A TEH NVR
(D20) shgws Hﬁ@&todhu@ﬁﬁlcﬁNNﬁ%n@&ﬁ@d@ta@@ucwm clreavetb conplet gy, )

t onpor &t Ur o “tho OFEhme i xtire TSR | acfed id 1H k00 25 Tat A
ace}]atzgo/ 20 walhe . aqlrlaoumphm?m Ssr eicmlﬂzeﬂ a?d B he, plalngf f(r;ﬂalst\ﬁt}t ot ﬁeS 5
\émxzzess cysﬁleé?c%eésn esemlangotﬁ !Sé) %9@ BV a T(aélrr@%l g Y %of (?%)9

bromine is added qulckly dropw1se without exceedlng 3°C

10 (additicn time: 4 min). The reaction mixture turns
yellow and a reddish solid is formed. Seven minutes
after the end of the additicon of bromine the red solid
completely dissclves and 37.08 g (0.3 mol, 3 eq) of IL-
cysteine is added. The internal temperature rises from

i5 0°C to 1°C and the mixture immediately loses its color.

After stirring at 0°C for 1 hour, analysis of a
sample by 'H-NMR (D,0) shows that the HisNMe,-Cys adduct
forms with a reaction vyield of 63%. The ice bath. is
removed and the reaction mixture is allowed to stir for

20 1 hour. The internal temperature increases tc 10°C.

b) Preparation of o,c-dimethyl-2-thichistidine

87.7 ml (106 g, 10 eq) of 3-mercaptopropionic acid
is then added to the mixture, which is heated under
strong stirring at 80°C for 24 h.

25 Analysis of a sample by 'H-NMR (D;0) shows that
the HisNMe,-Cys product is cleaved completely.
c) Isolation of o,o-dimethyl-Z-thichistidine

After cooling at room temperature, the orange
mixture 1s extracted with 4x400 ml of ethyl acetate.

30 The aqueous phase 1is retained and the pH 1is
adjusted to 4.5-5 with 20% aqueous ammonia solution
{(roughly 21 ml). In order to trap the excess cysteine
present in the medium, 30.5 ml (31.8 g, 3 eqy of



benzal dehyde i s added (according to MP. Schubert, J. Biol. Chem 114,
341-350 (1936) or M Seki et al., J. Og. Chem 67 (16), 5532 (2002)). The
m xture is stirred at roomtenperature for 15 h and 2- 5

phenyl t hi azol i di ne-4-carboxylic acid precipitates in the formof a |ight
yell ow solid. After filtration of the s@fid and rinsing with 4x40 nml of
water, the filtrate is extracted with 2x200 m of ethyl acetate. The
aqueous phase is retained and the pHis 10 adjusted to 6 with 20% aqueous

anmoni a sol tﬂén%l(crewggi@ Vi ghhedTh%dzﬂdgdiﬁ»@ I@otfqep evaporated dry and
the solid obtained rec ||I§§g r1 ter. % 33% af the desired
product in tﬁ’ié)lfor%%? a ft 145 Btaﬂlh@ﬂ % FheSindiyri ¢il data
are identicalrg.o these descri( tmd [ nSBBe I xzemawre TMD 9hix1181:08) 1s'l.H- NVR
(D20/ DC1, 400 .NHz p 4. 19 (m 6.78
(s, 1H). 200PCCH (Eg&) n%(i%m taurrlb e f‘%@ né>pbt preﬂ%ara i on of
a- met hy152- QWMW@O&&CEW%WHM%Ml didqiied 0 FHNICIYH tINH <251 11193

54.5 mmol ).of.a t | erR ;NhoLg ; ,
Vod. Chom  TLo 258 L1968, | & 0 SLal vl [r- 100 W 6F adter and't hen the

sol ution is 6ol 66146 O@ndUnéTéFlS\}éf'Ey §f-FBng4§ﬂer—ng‘3f3 WA g, (1483 g,

70.9 mmol , kla_tqq;)teofls?:%xb;rﬁaﬂ& ivs added oy @@wcﬁﬁ éMHﬂOlﬂceQ‘X“ﬁ:%ed' ng 5C
(addltlontlne mn 30 Sﬁé) Ehe reaction mxt rns %/el w., Three
a

m nutes after thér End 261 Fon™ of B?Bﬁ%ﬂg 2@“ '6 ‘ol , 3
eq) of 16 3Mjepsteei necd s @addedcand20be Entuiecns taﬁmrpﬂnat urs&:lutc:irceases to

8C. I mmedi ately, .the Jn xt.ur S col.o ft I_Lrign for
hour, 28.84 % @?A}.YQ jgnr&ﬁl‘)j 'eSSﬂ%fﬁgX%%?%ag%okpgél oni e %%m 9 %Ig{jd% to 5
the mi xt uretfwhiﬁhli@ beasedednder steuyRtastiyzenhgliat WE@@@ f of- 220 .

By conti nuing -he c?f%%md@@ﬂ@@%%&u&? examphe ¥lLrid. 30840 8% of
a-nmethyl -2-thiohistidine in the formof a white powder is obtained.
powder is obtained.

15 The analytfical data are identical to those
described in the literature (WO 95/18108).

'B-NMR (D,0/DC1l, 400 MHz): & (ppm)=2.87 (s, 6H); 3.20
(m, 2H}; 4.19 (m, 1H); ©.78 (s, 1H).
20 UPLC-MS (ES+): 216.5 (MH+)

Example 12: One—-pot preparation of a-methyl—-2-
thiochistidine from o-methylhistidine

o

HNTNH Fad
S

25 11.93 g {54.5 mmcl) of g-methylhistidine
hydrochloride (V.N. Reinhold et al., J. Med. Chem. 11,

258 (1968)) 1is dissolved in 109 ml of water and then

the solution is cooled at 0°C. Under very strong
stirring, 3.64 ml (11.33 g, 70.9% mmol, 1.3 eg) of

30 Dbromine is added dropwise without exceeding 5°C
(addition time: 2 min 30 sec}. The reaction mixture
turns vellow. Three minutes after the end of the

addition of bromine, 20.22 g {(163.6 mmol, 3 eq) of L-



10 114-NWR (020, 400 MHz): 5 (PPmM=2.65 (s, 3H); 3.15 (m 2H); 4.12 (m
1H); 6.77 (s, 1H). 13C NWR (D20, 400 MHz): 6 (ppm =24.8; 32.3; 60.0;
116, 4; 123.2; 156.9; 170.0. 15UPLC-Ms (ES+): 202.7 (M#+) 31 CLAIMS 1. A
met hod for the synthesis of a 2 - thiohistidine derivative of the
following formula (I): O OHCNR2 NR6R4 5(1), or a

physi ol ogi cally acceptable salt, a tautoner, a stereoisoner or a mxture
of stereoisoners in any proportions thereof, in particular a m xture of

enant i oner s,cdick 1ot abky a A@eeIM Capixt Ufige t hereefrnal0 whepelpiRleand R2
represent, inde endentlg %fo each other g hydr ogen, at om or a@%Cl_— 04) al kyl

group such ad’TtAS & ist OFESOraEREYgr dliss RIXERES R OF&ST et i ng a
hydr ogen at amland advtant ageausliygeast r@epresenti ng Abarhydrogen mt om and

(G20 al Kyl P onp U b et Ry CoRprPErRUHE P ToUng SIELossi ve
steps: > thyinigteawagehiehctisorhafted conpeundtobnioldowimgR0ior nul a
(rr): 100°C for 20 h.
By continuing the protocel analogously to example
11, 5.39%98 g (48%) of o-methyl-2-thiohistidine in the
form of a white powder is cobtained.
10
"H-NMR (D;0, 400 MHz): & (ppm)=2.65 (s, 3H); 3.15 (m,
2HY; 4.12 {m, 1H); 6.77 (s, 1H).
BC-NMR (D0, 400 MHz): & {ppm)=24.8; 32.3; 60.0; 116,4;
123.2; 156.9; 170.0,
15 UPLC-MS (E3+): 202.7 (MH+)



(1) , or a physiologically acceptable salt, a tautomer, a stereoisoner or
a mxture of stereoisomers in any proportions thereof, in particular a
mxture of 32 enantiomers, and notably a racemc mxture thereof,
wherein: RN 2 represents 1 "----- O R, R, RS and R4 are such as defined
above, 5R5 represents a hydrogen atomoBla (01-C4)al kyl or -

CO ((C1-C4)al kyl) group, and in particular a hydrogen atomor a -COCH3
group, and nore hydrogen atom and - R6 represents a hydrogen atom or
particularly a a (G -C4) alkyl

CLATMS
1. A method for the synthesis of a Z-
thiohistidine derivative of the following formula (TI):
O
2
e,
R,N OH
%NRZ NR,R,
S
5 (1),

or a physiologically acceptable salt, a tautomer, a
stereoisomer or a mixture of stereoisomers 1in any
proportions thereocot, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,
10 wherein:
- R; and R; represent, independently of each other, a
hydrogen atom or a (C;-C4)alkyl group such as methyl,
at least one of the groups R; and R; representing a
hydrogen atom, and advantageously each representing
15 a hydrogen atom, and
- R:; and R; represent, independently of each other, a
hydrogen atom or a (Ci;—-Cs)alkyl group such as methyl,
comprising the following successive steps:
(i) cleavage reaction of a compound of following
20  formula (II):

(I},
or a physiologically acceptable salt, a tautomer, a
sterecisomer or a mixture of sterecisomers in any

proportions thereof, in particular a mixture of



10group, and in particular a hydrogen atom

preferably

_ ( in the presence of a thiol,
soluble in the reaction solvent, which can be notably water,

a tenperature higher than or equal to 60C, to yield a conpound of the
and 15(ii) separation of the conmpound of the forrmula (I)
obtained in the preceding step (i) from4he reaction medi um
d of claim1, wherein the thiol has 20 the formula R SH wth R
representing a linear or branched, preferably linear, alkyl chain

formula (1),
The net hod

conpri sing

froml to 8 notably 2 to 6, carbon atons, substituted by one

O nore groypsnsebested faom Qdta3Hy NE2 anceOOHMi25.13:e Theemedliod of

claim2, wherein the thiol is selectedfroncysteine,dithiothreitol, 2-

nercaptoeth%%%?e?nnercaptopropl3§|cagjd 3-

mer capt opr opi Smiedti ¢ erarecapton

t hi ogl ycol i
The net hod

¢ acidg a %]HEJ 61,2kl y 's%lc% q'(%r a@&m@,@oew%c aci d.

of éra erei’n“the’s is carried out at a

tenperaﬁhre—bé@w@@@regenéﬁﬁéﬂZ@IﬂI%%e%oﬂéﬁmyOﬁeﬁMe@h ~§oC2 bkl 168C

5. The net hod Qkyqqxhaag Lfkelai geol

formula (1)

10

15

20

25

30

35

has the follown ornuF la
atcm or a g group& gnd, $gge particularly a

hydrogen atom, and
- Rg¢ represents a hydrogen atom or a (C1~Cqyalkyl
group, and in particular a hydrogen atom,
in the presence of a thiol, preferably scluble in the
reaction solvent, which can be notably water, at a
temperature higher than or equal to 60°C, to yield a
compound of the formula (1), and
(1i) separation of the compound of the formula (I)
obtained in the preceding step (i) from the reaction

medium.

2. The method of claim 1, wherein the thiol has
the formula R-SH, with R representing a linear or
branched, preferably linear, alkyl chain comprising
from 1 to 8, notably 2 to 6, carbon atoms, substituted
by one or more groups selected from CH, 8H, NH: and
COOH.

3. The method of c¢laim 2, wherein the thiol 1is
selected from cysteine, dithiothreitel, 2-
mercaptoethanol, 2-mercaptopropionic acid, 3=
mercaptepropionic acid, mercaptoacetic acid,

mercaptohexanoic acid and thioglycolic acid, and

preferably is 3-mercaptoprepionic acid.

4. The method of claim 1, wherein the step (1)
is carried out at a temperature between 60°C and 120°C,
notably between 80°C and 100°C.

eaciag N§§’H§%captohexanoic acid and

33

t024q Whepgi-nitheagoapayadogknt he

at

4.



or a physiologically acceptable salt, a tautoner, a stereoisoner or a

m xture of stereoisoners in any proportions thereof, in particular a

m xture of enantioners, and notably a racemic m xture thereof, 10 wherein
R, R2, R3 and R4 are such as defined in claiml. 6. The net hod
of any one of clains 1 to 5, wherein the’ conpound of the fornula (1)
represents 2- 15 thiohistidine,a-nethyl-2-thiohistidineO

di met hy1l- 2-t hi ohistidine,and in particular L-2- thiohistidine. 7.
The met hod of any one of clains 1 to 6, 20 wherein the conpound of the
formula (11) is prepared froman acid addition salt, to the exclusion of a

hydriodic acid s It f the o] h ol |.ew I Igl): O
NR3R4(111), 25 of a taufons tie 0 ‘g“?erea} sgr?tér 59 @%iﬁg gw( :

stere0|sonewbemalanytpeopGDMP@ngdth@ﬁeoﬁha nfﬁéﬁwﬁ@uldﬂ a Hieet ultdSof
enanti onmersc ??9w9§5395¥ ai1Lagenmhc mxture thereof, 34 whereinR3 and R4
are such as defined-in c ailm1, by successi ve reactlon w th brom ne,

and then with a cysteine derivative of tHe followi ng 5formula (I1V): NHR6
HSOR6

OH

—
R,N
>//NR2 NR,R,

5 s (1a)
or a physiologically acceptable salt, a tautomer, a
sterecisomer or a mixture of sterecisomers in any
proportions thereof, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,

10 wherein Ry, Rz, Ry and Ry are such as defined in

claim 1.

G. The method of any one of claims 1 to 5,

wherein the compound of the formula (1) represents 2=

15 thichistidine, o-methyl-2-thiohistidine or o, ol
dimethyl-2-thiohistidine, and in particular L-2-
thiohistidine.

7. The method of any one of c¢laims 1 to 6,

20 wherein the compound of the formula (IT) 1is prepared
from an acid addition salt, to the exclusiocn of a
hydriodic acid salt, of the compound of the following

formula (III}:
O

— Y OH
X£; |

N\ NR.R
X, Ry S

25  or a tautomer or a stercoisomer or & mixture of
stereoisomers in any proportions thereof, in particular
a mixture of enantiomers, and notably a racemic mixture

thereof,



0O (IV), or a stereoisonmer or a mxture of stereoisoners in any proportions
thereof, in particular a mxture of enantioners, and notably a racemc

m xture thereof, 10 wherein R5 and R6 are such as defined in claim1.

8. The nethod of claim?7, wherein the conpound of the formula (1) has the
fornula (la) as defined in claimb5 and wherein the nethod conprises the
follow ng 15 successive steps: (a2) reaction of an acid addition salt, to
the exclusion of a hydriodic acid salt, of a compound of the follow ng
formula (l111a): O OH NRA (Illa), 20 or a stereoisoner or a m xture of

st er eoi sonerGdraiany ‘preport i aps drher eof , aire panthcuwar definddir erof
enantioners, .and notably a racem c mxture thereof, wherein- 2, R3 and R4
are such as “défihed in claiml1, 25 with bromne, and then with a cysteine
derivative ofy tshedesrsiyiea rgadt isuchvidd defdmiedin claim7 or a

St er eol somer, of g@th ke of é%@ﬁ@@héo%ﬁx}a%l%y ®# 0pQEL NS dihaipof , in

particul ar a m xture o enantioners, and notably a 35 racemic m xture
t her eof , > anddirmydar tiIdl:ar with cysteine and notably L-cysteine,
NHR
5

HS OR,
‘O .

(LV),

or a stereoisomer or a mixture of stereocisomers in any

proportions thereof, in particular a mixture of

enantiomers, and notably a racemic mixture thereof,

10 wherein Rs and Rg are such as defined in claim 1.

8. The method of claim 7, wherein the compound
of the formula (I) has the formula (Ia) as defined in
claim 5 and wherein the method comprises the following

15 successive steps:
(aZ) reaction of an acid addition salt, to the
exclusion of a hydriodic acid salt, of a compound of

the following formula (IIIa):

0
!

/= OH

AL NR;R, (TIIa),

20 or a stereoiscmer or a mixture of stereoisomers in any
proportions thereof, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,
wherein XFQ?QQ, Ry and Rs are such as defined in
claim 1,

25 with bromine,
and then with a cysteine derivative of the formula (IV)
such as defined in c¢laim 7 or a sterecisomer oOr a
mixture of stereoisomers in any proportions thereof, in

particular a mixture of enantiomers, and notably a



to yield a conpound of the followng formula (ha): 0 (ha) 5 or a
physi ol ogi cal | y acceptable salt, a tautoner, a stereoisomer or a mxture
of stereoisoners in any proportlons thereof, in particular a m xture of
enantiomers, and notably a racemc nlxtgre thereof, wherein Xl Z>x2 , R5,
R4, R5 and R6 are such as defined in 10°claim11, (b2) cleavage reaction
of the conpound of the fornula (ha) obtained in the preceding step (a2) in
the presence of a thiol, at a tenperature higher than or equal to 60C, to
yield a compound of the forrmula (la), 15 and (c2) separation of the
conpound of rsherfiar nuﬁnact(ttuae) obhairred, i n arte ptecedgisvepr( b2yitfirom t he

reaction ne y%qgl%QQ E Qg%hqjiggu or claim 8, mhereln t he

cystei ne derirvative o |s ‘'used in excess, in aratio of 2
to 7, advanﬁ&gé@@d@yaBCP@R@UﬁﬂﬂQﬁ |ﬁﬁ%h9ﬂ%?%ﬁfQW%9%@s@€FHe derivative
in relatlon to the conmpound of the for a (I1r). 25 10. The met hod
of any one of clains 7 to 9, wherein brghine is used in aratio of 1to
1.5 nol ar equivalents in reIQ\ e dBHpound of the formula (111).

36 11. The nethod of any one 0 10, wherein the preparation of
t he conpound (1) fromthe o un l{ is carried out in a single

reactor, 5 without isolation gf t R@ternedlate conpound (Il). 12. The
conmpound of the follow ng for i 0

Il )OR6
1

O {(IIa)

5 or a physiologically acceptakle salt, a tautomer, a
sterecisomer or a mixture of stereoisomers in any
proportions therecf, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,
wherein %2 R;, R4, Rs and Rg are such as defined in

10 claim 1,
(b2} cleavage reaction of the compound of the formula
(ITa) cbtained in the preceding step (a2) in the
presence of a thiol, at a temperature higher than or
equal to 60°C, to yield a compound of the formula (Ia),
15 and
(c2} separation of the compound of the formula (Ia)
obtained in the preceding step (b2) from the reaction

medium.

20 9. The methed of claim 7 or claim 8, wherein the
cysteine derivative of the formula (IV) 1is used in
excess, in a ratic of 2 to 7, advantageously 3 to 5,
molar equivalents of the cysteine derivative in
relation to the compound of the formula (IT11}.

25

10. The methed of any one of c¢laims 7 to 9,
wherein bromine is used in a ratic of 1 to 1.5 molar
eguivalents in relation to the compound of the formula

(III).



(

stereoi soner or a mxture of stereoisoners in any proportions thereof,

) O a physiologically acceptable salt, a tautonmer, a 10

particular a m xture of enantioners, and notably a racem c m xture

t hereof, wherein: representsor N NR2,and 15 - Rl, R2, R3, Rg, R5 and R6
are such as defined in claim1, to the &Rclusion of conmpound wher ei n2

in

represents HNN O NNH and R3 and R4 each represent a hydrogen atom 20 13.
A nmethod for the preparation of a conmpound of the following fornula (11):

37

11. The method of any one of claims 7 to 10,
wherein the preparaticn of the compound (I) from the
compound (TII) is carried out 1in a single reactor,

5 without isclation of the intermediate compound {(11).

12. The compound of the following fermula (I1):

= OH
XW

}gxz NR,R,

s  NHR,
ORg

O
(1L},

‘or a physiologically acceptable salt, a tautomer, a
10 stereoisomer or a mixture of stereoisomers in any
proportions  thereof, in particular a mixture of
enantiomers, and notably a racemic mixture thereof,
wherein:
X% represents RN-AN or N NR, - ang
15 - Ry, Ry, Ris, Rs; Rs and Rg are such as defined in
claim 1,
to the exclusion of compound wherein Xixge X represents
HN N o N N ond Ry and Ry each represent a
hydrogen atom.
20
13. A method for the preparaticn of a compound of

the following formula (II):



O (I'l), or a physiologically acceptable salt, a tautomer, a stereoi soner
or a mxture of stereoisoners in any proportions thereof, in particular a
m xture of 5 enantioners, and notably a racem c m xture thereof, wherein:
1."-zz---A represents RINNor NNR2, and Rl, R2, R3, R4, R5 and R6 are such
as defined in claim1, 10 by reaction of7an acid addition salt, to the
exclusion of a hydriodic acid salt, of a conpound of the formula (1I11)
such as defined in claim7, with bromne, and then with 2 to 7, preferably
3to 5 nolar equivalents, in relation to the conpound of the fornula
(rrr), of a 15 cysteine derivative of tﬁb formula (1V) such as defined in
claim7, and in particular cysteine and otably Lcystei ne. 14. The
nmet hod of claim 13, mhereln&a Hsed in aratio of 1 to 1.5

nmol ar equival ents in rel ati dh.

NHRS

e

O

(II),

or a physiologically acceptable salt, a tautomer, a

stereoisomer or a mixture of stereoisomers in any

proportions thereof, in particular a mixture of
5 enantiomers, and notably a racemic mnixture thereof,

wherein:

- KKy represents RNAN o N NRy - ang

- Ry, Ry, Riz, Rs Rs and Rg are such as defined in

claim 1,

10 by reaction of an acid addition salt, to the exclusion
of a hydriodic acid salt, of a compound of the formula
(ITI) such as defined in claim 7, with bromine, and
then with 2 to 7, preferably 3 to 5, meclar equivalents,
in relation to the compound of the formula (IXI), of a

15 cysteine derivative of the formula (IV) such as defined
in c¢laim 7, and in particular cysteine and notably L-

cysteine.

14. The method of claim 13, wherein bromine 1s
20 used in a ratioc of 1 to 1.5 molar equivalents 1in

relation to the compound of the formula (III).



