1 METHOD FOR SYNTHESI ZI NG ERGOTHI ONEI NE AND ANALOGUES THEREOF The
present patent application relates to %_novel 5 net hod for synthesizing
er got hi onei ne and rel ated derivatives. Er got hi onei ne, discovered in
1909 by Tanret in ergot of rye, is an amno acid of natural origin, with
anti oxi dant properties, corresponding to the following 10 forrmula: 0O- HN
NH NVe3+ Its presence has been denonstrated not only in a | ar ge

'the at e%ﬁfﬂh@vgh%%%%q%ﬁ&h&%ﬂf@%ﬁﬁ' 30 Sy st et

bi osynt hesi sed by the fungi attached thereto. is only through their
di et that higher organisnms, and humans in partlcular i ngest this
conpound. Sever al syntheses of this nDIecuIe have thus been proposed
in the Ilterat%E bgésogéy wgﬂgf the 1ca |t 201p%53|bLe to<%g¥ep W th
L- er got hi onei né Fna?ura? éndan |oner) e 7t ernational appllcatlon
95/ 00 3194 mprbpases far5- Semthyertirasics oferdgergatrthiionei nexrhy r eadtd o of
the nethyl ester of Na, Na-di nethyl-histidine (itself obtained 25 from
L- h|st|d|ﬁ€rﬂﬁaﬁl§@éps) wi t h phenyl chlorothioformate, then reaction wth
ethyl chi or of opsgherhaETRL] oy alcdier qHaleragny ayoALYm and,f idaldy
de-protection of ‘the sulphur and the nethyl ester. Thus, such a synthesis
of rye, is an amino acid of natural origin, with

antioxidant properties, corresponding to the following

10 formula:
0
o-

HN_ NH NMes"

S

Its presence has been demonstrated not only in a large
number of fungi and mycobacteria, but also in plants,
animals and humans. It is at the level of their roots that

15 plants absorb ergethioneine biosynthesised by the fungi
attached thereto. It is only through their diet that higher
organisms, and humans in particular, ingest this compound.

Several syntheses of this molecule have thus been
proposed in the literature, bhut only two of tThem make it

20 possibie to end up with L-ergothicneine {natural
enantiomer).

The international application WO 95/00 494 proposes a
5—-step synthesis o©f L-ergothioneine by reaction of the
methyl ester of N, No-dimethyl-histidine (itself obtained

25 from L-histidine in 2 steps) with phenyl chlorcthioformate,
then reaction with ethyl chloroformate, formation of the
quaternary ammonium and finally de-protection of the
sulphur and the methyl ester. Thus, such a s&ynthesis
strategy necessitates the protection of sulphur, which

30 cannot be present in free form, 1in order to enable the



strategy necessitates the protection of sul phur, which 30 cannot be
present in free form in order to enable the 2 nethylation of the

di met hyl am ne group to lead to the beta ne function. In addition, the
phenyl chl orot hi of ormate nust be prepared fromthi ophosgene (CSCl2), a
toxi c reagent and available with difficultly in large quantity for use at
5 the industrial scale. The patent application US 2009/ 093 642 al so

describes a 9-step synthesis of L-ergothioneine fromhistidine by agpening
of the i nfi@ahagletdpsl ecandtPeactirt Wt#H A ¢ hi BShat€® sheh%astpotd&si um

thi ocyanate. .t 3 0ive 10 2. t RN R dide (Baeqrding tq e mptdeddascri bed
by Heath, H et al., 1951, J.Chem Soc., 2215), then protection of the
sul phur byuatt &et ipotegtapledgrioupy froromitospend GUSE brinarey @moni waa garde

de-protection of .the_sul phur. . rt fromthe use of |arge volunes of

ydr ochl oPFG 48P0 L RAENMIES Godt 1T HcE Tod LHe (AP THigh 471 0% *
reagend. the ifbese w0 reisheds have several common points. Apart from
their high nunber of steps, they cunul ate the drawbacks of using not only

very toxic readBft I talar orat det aBP e 2§08AEPEI &4 2of eyt Edsent s
g 3 e . : ! e X
and 20 concept ated Jydroeh or e acl d, ubi el Lead 1@ i SkS-Lan

envi ronnent a terns o synthesi s strategy, esej¥mo
nmet hods hayeniingcormfon tid r odutdagosal phyclef r amdhi stdaditieror wirtdr ofa t he
N-di et hyl at.ed derivatives thereof, before 25 generating the betaine

group, Whir@RORIEPEHRE dr3WbAck 0t nBRIAGSLHE syrtHesiE dlmn el 4§ t Holfgh

addi ty@nab_$1,6R%: i Qf Rrikect i QA fe- IOt 89ld OmetHuts, ddefe Rd stisy a
real need to develop a novel nethod for synthesizing ergothioneine and
derivati vésad0.t her @6f atthat 1% lappl i@ Sat- + el ndusthdralp@iadtiqm

other vor ds whi.gh dessnot have O 1] il a5, of QUL caans: ¥ ohyfoes
not use products or sélvent s
guaternary ammonium and de-protecticn of the sulphur. Apart
from the use of large volumes of hydrochloric acid, KSCN,
15 used in acid medium, is a highly toxic reagent.

These two methods have several commen points. Apart
from their high number of steps, they cumulate the
drawbacks of using not only very toxic reagents but also
considerable guantities of organic solvents and

20 concentrated hydrochloric acid, which lead to risks 1in
environmental terms.

In terms of the synthesis stirategy, these twe methods
have in common introducing sulphur, from histidine cr one
of the N-dimethvylated derivatives thereof, before

25 generating the betaine group, which has the drawback of
making the synthesis unwieldy through additiconal steps of
protection and de-protection.

Thus, there exists a real need to develop a novel
methed for synthesizing ergothioneine and derivatives

30 thereof that i1is applicable at the industrial level, in
other  words which does not have difficulties of
purification, which does not use products or solvents

dangerous and toxic for humans and the environment, and



dangerous and toxic for humans and the environnent, and 3 which nakes it
possible to obtain, at the industrial scale, the product with a good yield
and a | ow cost. In aimng to develop an environnmentally friendly

met hod, at one and the sanme tine using lowtoxicity 5 reagents, mnimsing
t he nunber of steps and carrying out reactions in aqueous nedi um the
Applicant has decided to opt for a "reversed" synthesis strategy, which
consists in introducing the sul phur into an intermedi ate al ready

possessi nF & FetGhe grsiE 1onm Saphioalh, TonpretEdnsirie: giealer may
be consi defed RiRrAUTRLIG, 1D /d aF; &8y they ki ogyhthigsi s by enzymatic route
of L-ergothioneine in fungi proceeds in the sane way (Askari, A and
Melville, D.B. Inl96dmihg Bitael . dBhemqp 23 1806 dGI8)ntd5Fhe hjeoil of the
present patent pplication is th%ﬁ a nmet hod for synthesizing a derjvative
of fol l oW g F8rmuFa (P 03701) 26r S°PhysFolBgi CatTY ateéptEhiersay ¢
thereof, achawr@ngr mindfi S1:64eohs0mMRir aoim ¥tepe ahdstareqiisress: i n
all proportions, in particular a m xture of enantioners, and especially a
racem ¢ nitRRG-é fferdof 2GE8PUGhPERL M, RIC e dARRl epresbab, desdelsshdent |y
of each o r, at - (.CL- kyl .qrou s nethyl,
at | east tgg off&t%'g '%Q%%%gﬁg gggﬁgée?é%régg%%cie% ’awﬁggﬁo%é%%ggo% %ﬁd
advant agednshydeadho eprlesentunghar hydnogen aat omntanthediate already

possessing the betaine group. This approach, completely
10 original, may be considered bio-mimetic in so far as the
biosynthesis by enzymatic route of L-ergothioneine in fungi
proceeds in the same way (Askari, A. and Melville, D.B.,

1%62, J. Biol. Chem., 237, 1615-1618).

15 The object of the present patent application is thus a

method for synthesizing a derivative of following formula

(I):
0
RN °
>fNR2 NR,R,R;
S

(I,
or a physiologically acceptable salt thereof, a tautomer, a
20  stereolscmer or a mixture of sterecisomers in all
proporticons, in particular a mixture of enantiomers, and
especially a racemic mixture thereof,

for which:

— Ry and R; represent, independently of each other, a

25 hydrogen atom or a (C;—-C4) alkyl group such as methyl,
at least one of the R: and R; groups representing a
hydrogen atom, and advantageously each representing a

hydrogen atom, and



4 - R3, R4 and R5 represent, independently of each other, a (01-04) alkyl
group such as nethyl, conprising the foll ow ng successive steps: 5 (i)

cl eavage reaction of a conpound of fol I%owi ng formula (11): 0O (Il), or a
physi ol ogi cal ly acceptable salt thereof, a tautonmer, a stereoisoner or a
m xture of stereoisoners in all 10 proportions, in particular a m xture of
enantioners, and especially a racemc m xture thereof, for which: x''R
NNNR 2 representsor2 R2, R2, R3, R4 and R5 are as defined above, 15R6

r epr esent s— aRhy drRegendattemrer ra sE0it- 04)ncd et dart LYoo L ( caLthCoLakkyl )a

group, and in_particul.ar. a hydrogen atom or -000H3 group, and nore
particul arl nglhéﬂ)r oa;]EJWJat U‘%n‘%“"gh as mﬁ?h}?]e‘presents a hydrogen atom or
a (01-04) al kyl group, 20and in particular a hydrogen atom in the

presence of a thiol, preferably soluble in the reaction solvent which
coul d be esPEEisiNg watcerf o latova e MEI@IFE ATV Dr equal to 60C, to give

a CO”p9“”Qi9f E3%gw5%élgeaé%E£n of a compound of feollowing formula

(I1):
O
RN e}
X; |
X, NRR,R,
s  NHR,
OR,
O (II),

or a physiclogically acceptable salt thereof, a tautomer, a

stereoisomer or a mixture of stereoisomers 1n all
10 proporticns, in particular a mixture of enantiomers, and

especially a racemic mixture thereof,

for which:

X RN

. 4 N
- ™2 represents

~=N or NQQ,/

— R;, Rz, Rz, R; and Ry are as defined above,

15 — Rg represents a hydrogen atom or a (C:i-C4) alkyl or ~CO-
({C:-Cy)alkyl) group, and in particular a hydrogen atom
or a -COCHs group, and more particularly a hydrogen
atom, and

— Ry represents a hydrogen atom or a {(C;-Cs) alkyl group,

20 and in particular a hydrogen atom,

in the presence of a thiol, preferably soluble in the
reaction solvent which c¢culd be especially water, at a
temperature above or equal to 60°C, to give a compound of
formula (I), and

25 {ii) separation of the compound of formula (I) cbtained at

the preceding step (i) from the reaction medium.



25(11) separation of the conpound of fornula (1) obtained at the preceding
step (i) fromthe reaction nedium 5 "Tautoner"” is taken to nean,
according to the present invention, a constitutional isomer of the
conpound obtai ned by prototropy, in other words by migration of a hydrogen
5 atom and change of |ocation of a double bond. The different tautoners of
a conpound are generally interconvertible and present in equilibrium in
solution, in proportions that can vary according to the solvent used, the
tenperature or even the pH 10Wthin the framework of conpounds of the

venti on, ¢ he «-hioploh Azl €, €461 £oTRYaRE REESERL LN NGO NG |

different tautoner forns: e present i nvention,
accept abl envienittiaken at @odms:ugnane)wdrﬂatlacsnegemﬂ alHey mr[pequmbmhtnamecand
nei t her bi ol ogi cal | nor ot herw se und SI abl e and which_is %ﬁgﬁfble f or

phar maceuti¥c T RSB ¢ of U hlithd® o yaﬂﬁﬁﬂ% ¥k, °fnp

food. 20" Ryl alreyictalidge ascepial esalt s ' DfurA LOMANGHS diaken i
designate salts that are physiologically acceptable as defined above, and

whi ch havéaWerngssi rdd actpwPeyngpRarmacdesgileal lf@@@ﬁv@@lbﬂ@ooﬁn%f t he
Dol o addl Tr e cH S T nor banra kirhe. cuenreebRbarbBk e hei g
hydr obr omcaraciad;y sadqpindicg to the solvent used, the temperature or
even tThe pH.
10 Within the framework of compounds of the invention,
Tthe 2Z2-thicimidazole cycle may be present in the Zollewing

different tautomer forms:

15 In the present invention, “physiologically acceptable”
is taken tc designate what is generally safe, non toxic zand
neither biclogicalilly nor ctherwise undesirable and which is
acceptable for pharmaceutical, cosmetic or food (human or
animal) use, in particular food.

20 “Physiologically acceptable salts” of a compound is
taken to designate salts that are physiologically
acceptable, as defined above, and which have the desired
activity {(pharmacological, cosmetic or food) of the parent
compound. Such salts comprise:

25 (1) hydrates and solvates,

(2) acid addition salts formed with 1inorganic acids
such as hydrochloric acid, hydrobromic acid, sulphuric
acid, nitric acid, phosphoric acid and similar; or formed
with organic acids such as acetic acid, benzenesulphonic

30  acid, benzoic acid, camphresulphonic acid, citric acid,



acid, nitric acid, phosphoric acid and simlar; or fornmed with organic
aci ds such as acetic acid, benzenesul phonic 30 acid, benzoic acid,
canphresul phonic acid, citric acid, 6 @thanesulphonic acid, fumaric acid,
gl ucoheptoni ¢ acid, gluconicacid, gl utam caci d, gl ycol i caci d,

hydr oxynapht hoi caci d, 2- hydr oxyet hanesul phoni cacid, lactic acid, naleic
acid, malic acid, mandelic acid, 5 nethanesul phonic acid, muconic acid,
2- napht hal enesul phoni ¢ acid, propionic acid, salicylic acid, succinic
aci d, di béiZGAeT R aG c 38didd, T4F@&icc aeid; peluccheptonic acid,

t ol uenesul phoni.caci d, tri:net hyl icacid, trifluoro i id

simlar, iléﬁy 3%9the éggﬁs fo?%ﬁgﬁéﬁ%é% an %ﬁﬁéi proﬁg (%g%ggnt ?%Q% e
par ent corpalndyrsapgitihhere repaickd by -ehnmbtatyddmndori@xanpt e aacidn of

al kaline netal,, an i,on of alkaline-earth netal or. an alu iumion; or
coor di nat g‘éiq%i]tch é‘r?l&r']'gaﬁl o i forgani base. pt é‘ﬁﬂ”gé%;'bcani%cb%ses
conpri se katHLiAaNghamire actdhanal & ine, adN-dethyl e s sulphonic
triethanol am ne, tronetham ne and simlar. Acceptable inorganic bases
conprise @ ni UHIBAITENG deacE@t ci @fmlhydloxi déciget assiamhrnydr oxd B,

sodiun1caQBQQ3ggngg%;%gyegpﬁgdroxg% dAZO"Stggggg§9gers" ggi&aken to mean

according to the-présent invention, diadstereolsoners and enanfioners. They
are thus aptlicaless@menrs.c Stereaisiaofer s t hatriarermotadatttor i magesi®f each
ot her are designated as "dia%%ereoisoners", and stereoi soners that are

mrror i miges HPIEEER BthECI D RN LS bt aUpett nposabl e, are designated as

"enantponmers”. (3 the salts formed when an acid proton present in
the parent compound is either replaced by a metal ion, for
example an ion of alkaline metal, an ion of alkaline-earth

metal or an aluminium ion; or coordinated with an organic

or inorganic base. Acceptable organic bases comprise
15 diethanolamine, ethanclamine, N-methylglucamine,
triethanolamine, tromethamine and similar. Acceptable

inorganic bases comprise aluminium hydroxide, calcium
hydroxide, potassium hydroxide, sodium carbonate and sodium
hydroxide.

20 “Stereoisomers” is taken to mean, according to the
present inﬁention, diastereoisomers and enantiomers. They
are thus optical iscmers. Sterecisomers that are not mirror
images cof each other are designated as “diastereciscmerszs”,
and stereoiscmers that are mirror images of each cther, but

25 not superimposable, are designated as “enantiomers”.

A  mixture containing equal quantities of two
individual enantiomer forms of oppesite chirality is
designated as “racemic mixture”.\

“{Ci-C4) alkyl” group is taken to mean, according to

30 the present invention, a saturated, linear or branched
hydrocarbon chain comprising 1 to 4 atoms of carbon. It

could be methyl, ethyl, propyl, isopropyil, butyl, isobutyl,



A m xture containing equal quantities of two individual enantioner forns

of opposite chirality is designated as “racem c mxture". "(01-04) alkyl”
group is taken to mean, according to 307the present invention, a
saturated, |inear or br anched hydr ocarbon chain conprising 1 to 4 atons of

carbon. It could be nmethyl, ethyl, propyl, isopropyl, butyl, isobutyl, 7
sec-butyl, or tert-butyl groups. In particular, it could be the nethyl
group. "Thiol" is taken to mean, according to the present

Ci nvent i ofS iy vdagétit TEsTi U GBI Yr olip HACE T Rl Heutawld be
structureth!t 1,10 £ particularly a conmpound of formula RRSH with R
representing a Iﬂgt l §¥H%F linear or branched, Cl to 08 hydrocarbon chain,

especially 08 ta. ,,substlt ted one. or nore o ar substituents
" Sat ur at ed hydroca%bon thaii® ﬂ:IS ?éké%%FB mea, " 6n§céa?d%hﬁ*t%r?%%nt

present inverintdan,a satwur aiediedi neasned: drmpched dydroeaiboni €hai fig
conprlglng advantageously 1 to 8 atons of carbon. It could be nore
parti ctl afIdFS5UdEttur attedicytfear ehai Wilduckeas mhret MATT WAL r opyl |

but 1, pe@om Rind NSt eAd-AeXY! rASRUR,; LRI g UBBLLLHENLS e taken (o0
nmean, accordlng to the present invention, Pop roups such as’ OH,
SH, NH2 arddn€8CHcgr dupsiched, C; t@léavhgéroeacbonn&hasntakepetmamﬁgncz

accordlng to the e vention, that the conpou engaged in this 20
reaction i's sﬁrl?B%ﬁ§69P388p§Vt?nﬁuPrnEOFﬁ'? ﬁ@&c? %ﬁtng %&ﬁe it possible
in the present“S@%@rb@eﬁormgdkbdéﬂﬁwﬁfb@nainfunﬁblO%aQEnih&xﬁoqmﬁﬂﬂd of
formula (1). The conmpound of formula (1) could in partlcular be

a 25 é%np@@ﬁ@rgﬂHQOﬁFbﬂﬂﬁb Peepanh (PEpRtdon, a saturated, linear or
branched hydrocarbon chain comprising advantageously 1 toc 8

atoms of carbon. It could be more particularly a saturated,
linear chain, such as a methyl, ethyl, propyl, butyl,
pentyl or instead hexyl group.

15 Polar substituents are taken to mean, according to the
present invention, hydrophilic groups such as OH, SH, NH
and COOH groups.

“Cleavage reaction” 1is taken to mean, according to the
present invention, that the compound engaged in this

20 reaction is split into two parts during this reaction, to
make it possible in the present case to form the

thiocarbonyl function of the compound of formula (I).

The compound of formula (I) could in particular be a

25 compound of following formula (Ia):

0
~ ;
RN ©
%NRz NR,R,R;
S

(La},
or a physioclogically acceptable salt, a tautomer, a

stereoisomer or a mixture of stereoisomers in all



(la), or a physiologically acceptable salt, a tautoner, a stereoisoner or
a mxture of stereoisoners in all 8 proportions, in particular a mxture
of enantioners, and especially a racem mixture t hereof, for which R1,
R2, R3, R4 and R5 are as defined previously. The conpound of fornula (1)
wi |l represent especially 5 ergothioneine, and in particul ar
L-ergothioneine. Step (i): This cleavage reaction, carried out in the
presence of 10 a thiol,, nmakes it possible to obtain the conmpound of

formul a (PFoRSETMONSas Pyr BFFE 148G CH3OEH) "1yt oPRBRe1GRCFRe 20d

derivativegpthereqk, espechald :an a8t e L@FA0)- CORR7) or a derivative
obtai ned by reaction with the thiol, such as a thiocetalic derivative (two

mol ecul esfofr thiloh s, cBn rkactRawenh Rheaket aned$ fbeed oprofiehel pyruvic

acid). Furthernore, the.thiol sho referably be . soluble in the
reaction solveﬁ%%M%QQ?Qﬁﬂ#cP%eP%E%%i?aﬁkg &&ﬁérfe i%ﬁ?q%ﬁ?ﬁﬁﬁgﬁﬁék¥ional
advantagecotobeiiRg e el dgi galrt THhe dhitole wgadhiighdiiies. step (i) could
be nore 20 particularly a thiol corresponding to the formnula R-SH, with R
representing an al kyl chain, |inear or branched, and preferably |inear,
conprising froml to 8, especially 2 to 6, in particular 2 to 4, atons of
carbon, substituted by one or nore groups chosen fromOH SH, NH2 and
COOH. 25 The presericé :of hydrophilic groups (OH SH, NH2 and COCH) could

make it possibhg.espgcia%@y to r%pder t he thk?' r.e | uble in water,
when water is uSed &sCEJAFENtS2CtClPh& i é%ﬂ?djhn € Aty be
choseqy fram gysbei nexgdict Hi ot hr eid i rdercapbeethanothd- SGnpound of

mer capt opr opi oni ¢ aci d, 3- mer capt opr opi oni ¢ aci d and
t hi ogl ycolfpgaeile, andpr e eraBllyvid | pEBuvic acid (CH;C(0)-COE) or one

of the derivatives thereof, especially an ester (CHsC(O)-
COyR7) or a derivative obtained by reaction with the thiol,
such as a thioccetalic derivative (two molecules of thiol

15 can react with the ketone function of the pyruvic acid).

Furthermore, the thiol should preferably be soluble in
the reaction solvent which could be especially water, which
has the additicnal advantage of being meore ecological.

The thiocl used 1in +this step (i) could be more

20 particularly a thiol corresponding to the formula R-SH,
with R representing an alkyl chain, linear or branched, and
preferably linear, comprising from 1 to §, especially 2 to
6, 1in particular 2 to 4, atoms cf carbon, substituted by
one or more groups chosen from OH, SH, NH, and COOCH.

25 The presence of hydrophilic groups {OH, SH, NH; and
COOH) could make it possible especially to render the thiol
more soluble in water, when water is used as solvent.

The thicl could more particularly be chosen from
cysteine, dithiocthreitol, 2-mercaptoethanol, 2-

30 mercaptopropionic acid, 3-mercaptopropionic acid and
thioglycolic acid, and preferably will be 3-

mercaptopropicnic acid.



mer capt opropi onic acid. 9 Itcoul dal sobenercapt oaceti caci dand
nmer capt ohexanoi ¢ aci d. Advant ageously, at least 2 nolar equivalents
of thiol will be used conpared to the conpound (I1), in other words 5 at
| east 2 nmoles of thiol are used for one nole of compound (I1) used. In
particular, at least 5 nolar equivalents of thiol, and especially 5 to 10
nol ar equi val ents of thiol conpared to the conpound (11) could be used.
The reaction mxture is_heated to a tenperature above 10 60C because bel ow
this tenperaturd theS?eheti of 1KPnet i® wolUPECBBTPBESEI 6w, TIFd S eacti®n
coul d be aidLH O Al @& tLperature rangi ng between 60 and 120C
advant ageousl y between 80 and 100C, nore particularly after addition of
the thiol. 15TReveeactdeonistioul debeleasti édmouk resprdivalllentisn @t tthiedi um
Step (ii): .The.final product_ obtain (conpound, of__fornul a (I 20 coul d
be separa@@g lgﬁn%?%ﬁn%%%g?%ﬁgngaig%@bﬁcgggﬁﬁ%qJ§§JWEﬂp'ﬁ%ﬂggt%9ﬁ se
skillef imtheaart andappldeal & atatdeaiddlusds i e Seal €, of Ne@dcul ar
by evaporation, if apgropriape partial, of solvents, followed preferably
o]

by a recrydtldl 14521 ot §3FlrioHy ahe It obftRet 258PAGE BTG of
formila (lohiayie Solybbepkl @ 1gore pslah exiractLgns,wiLh, anqoraanis such
as for exanple ethyl acetate or tert-butylether, oul & naka it possible to
el i m nat e adrpared tor gdr cdoypqrotluCt’s) foruied wurisel t he reaction, such as
30 pyruvic aCI%h%rfgggeggﬂ\%§%%£?gefg’hggtgglkoa% %2%@%§%%ﬁ%éﬁag£¥éﬂ'
10 60°C because below this temperature the reaction kinetics
would be too slow. The reaction could be carried out at a
temperature ranging between 60 and 120°C, advantageocusly

between 80 and 100°C, more particularly after addition of

the thicl.
15 The reaction could be carried out especially in acid
medium.
Step {(ii):

The final product obtained (compound of formula (I))

20  could be separated from the reaction medium by techniques
well known to those skilled in the art and applicable at
the Iindustrial scale, in particular by evaporation, if
appropriate partial, of solvents, followed preferably by a
recrystallisation to purify the product.

25 Since the compounds of formula (I) are soluble in
water, one or more prior extractions with an organic
solvent, such as for example ethyl acetate or tert-butyl-
methylic ether, could make it possible to eliminate the
organic by-products formed during the reaction, such as

30 pyruvic acid or derivatives thereof, as well as the excess
of thicl.

The product cobtained cculd be purified if necessary by

techniques well known to those skilled in the art, for



The product obtained could be purified if necessary by techniques well
known to those skilled in the art, for 10 exanple by recrystallisation,if
appropriate after desalinisation of t hd aqueous phase containing it, by
techni ques well known to those skilled in the art (for exanple by

el ectrodi al ysis, by addition of an adequate 5 resin, or by reverse

osnosi s). Before or after this step (ii), a salt of the forned
compound coul d be prepared, if it _is so desired, especially by addition of
a physi ol 651y abdept 4BFEYEERdL6F26as8 as déf i NP PRV dLe] y.adler

The conpo f: I l.a (149 | d pa ro bd additi salt,
with the 3§%f9§f3%£§¥‘?he°§5|?%%f ﬁggsgggicbggfg (gkﬁﬁaggiggco%%bun of
bet ai ne t ygeehofidusld owehy floromih atEl | thos®- sNiRIcRURED 15(d | byt offar
tautoner, a st;reoksonei of . .a niiture of stere isonersfin all proportions,
in particiP& Pam R¥ure oF CERARE I Biers, Ahd i%41 | §Ta FRcetfi<AS ur e
thereof, fIsiwWh)i IR p RIeRA- NG RArL as defined previously, 20 by
reaction successively with dibromne, then with a cysteine derivative of
fol | owi ng for micdorEV)er NHReer this step (ii), a salt of the formed

compound could be prepared, if it is so desired, especially
by additicn cf a physiclogically acceptable acid or base as

defined previcusly.

10
The compcund cf formula (II) cculd be prepared from an
acid addition salt, with the exclusicn of the salt of
hydriodic acid (EI}), of a compound of betaine type of
following formula (III):
O
X4 °
15 "'Xz NR,R,R, (TTT),

or a tautomer, a stereoisomer or a mixture of stereoisomers
in all proportions, in particular a mixture of enantiomers,

and especially a racemic mixture thereof,

. X koKX . .
for which 7172, R;, R, and Ry are as defined previously,
20 by reaction successively with dibromine,
then with a cysteine derivative of following formula (IV):
NHR6
HS OR,

O (TV),

or a sterecisomer or a mixture of sterecisomers in all
proportions, in particular a mixture of enantiomers, and
25 especially a racemic mixture thereof,

in which Rg and Ry are as defined previously.



o(lv), or a stereoisoner or a mxture of stereoisoners in all
proportions, in particular a m xture of enantioners, and 25 especially a
racem c mixture thereof, in which R6 add R7 are as defined previously. 11
"Acid addition salt of the conpound of betaine type of fornmula (I11)" is
taken to nean, according to the present invention, a salt of the conpound
of betaine type of fornmula (I111) obtained by addition of an acid, wth the

5 exclusion of hydriodic acid HI. The acid could in particular be
hydrochl ori ¢ aciftfF6t aSidigHan Saldt et the compoiingyi el rlkdion, L@ drohi ne

coul d be used, at,t e; of r Lvalk ent cog%ar he
conpound of 10ﬂbaet Q?Ir#e)a{: ybg (1):%k1t‘eglr#u arg%lu?'i).gg%}éahﬁérz era y?g?%]gnﬁ 7
di br om ne irsreaddieth,coled ¢weérty oapitthaddidnmoumt efodr abkyinat aybenpef at ure

bel ow 10C,_ pref.era el ow 5C. The addjt.i on of dibrom ne coul.d thus be
carri ed OLﬁcpré[fulf‘ tgrkr%éfatog)rtéalrrheﬁjgi Ry C{/%elr?n- 19€ &fd 4% 9oc¥ith the
advant ggequslyadidigi ngr betwaenoodc ardt:%C. g1, The cystei ne-derd vatjve
could in particular be Nacetyl cysteine or cysteine (especially in the D, L
or racen PFFIHLLENPS AFHIAITEINEIC At Ridie Hhdlespeeiadiy- Leyst ei ne.
20The cysteine derivative wll be advantageously used in excess,in
particular at the rate of 2 to 10, advantageously 3 to 7 nolar equivalents
of cystei ne derinvathive woanpared, t dilbhentoapounddobebetsaidnentt yyie= ofafor nul a
(ren), ind%Tther vvoidg that 2 to 10, advantageously 25 3 to 7 nol es of

-ar

cyst ei ne ivat?v BOG8&d FBH GheeHot e“BTPRbRpotifd t0F 1I9oTREHd of
Thi s negactdean jeruldfe Lardd-edqut (11j@ sol vent such as water.

Preferably, the dibromine 1is added cold {very rapid
addition preferably), at a temperature below 10°C,
preferably below 5°C. The addition of dibromine could thus
be carried out at a.temperature ranging bketween -10°C and

15 10°C, advantageously ranging between -5°C and 5°C.

The cysteine derivative could in particular be N-
acetylcysteine or c¢ysteine (especially in the D, L or
racemic form), and in particular cysteine and especially L-
cysteine.

20 The cysteine derivative will ke advantagecusly used in

' excess, in particular at the rate of 2 to 10,
advantageously 3 to 7 molar equivalents of cysteine
derivative compared to the compound of betaine type of
fermula (III}, in other words that 2 to 10, advantageously

25 3 to 7 meles of cysteine derivative are used for one mole
of compound (III) used.

This reaction could be carried out in a solvent such
as water. ‘

The ylield of this step could be greater than or egual

30 to 45%, or even greater than or equal to 60%.

Preferably, the compcound of formuta (II) will not be

isolated from the reaction medium but will be engaged

directly in the following step (i). Thus, the preparation



The yield of this step could be greater than or equal 30 to 45% or even
greater than or equal to 60% Preferably, the conpound of formula
(') will not be isolated fromthe readti on mediumbut will be engaged
directly in the following step (i). Thus, the preparation 12 of the
conmpound (I) fromthe conpound (I11) may be carried out in a single
reactor, without isolation of the internediate conmpound (Il) ("one-pot").
The met hod for preparing a corTEound of formula (1) 5 according to the

i nvention Cor ¢ t?ﬁj@)%ﬁ_ﬁjp_r 5k themf EP?oﬁoﬁ@oélEP@ce(sT_inI\)e MYeps cqgryed
reaction ofy+an a¢i d;addihien saldacmith thergxglusionigtithe salt ofc
hydri odi c acid, of a conpound of betaine type of forrmula (lI11) as defined
above, or lateauteitete aoi@stret edi SonEroror-rotixt ure of stereoi soners in
all proportion in rticular a mxture of enantioners nd_especially a
Faceni o m xt ur 6 EnaPEOroS it dPBrBRTARS (herCOPPHIA ¢yt 6 ABUAS | bt i ve
of forsul addov¥diasy defd nedhd5 aberveitOlora St€EEOI SORBE OlcompADEr exiod
stereoi soners in all proportions, in particular a m xture of enantioners,
and especif&P A CaEEHCE SRR Sfer eof , and in particular with cysteine
and especi@hhy baeXstel na 4 SLyvg aaforRannd.of formy a 'ax@gﬁémed
above, 20 (01) cleavage reaction of the conpound of formula (I1) obtained
at the prededilmg stép (af )hiydrtibhdipr eseinte of a& tbhimboasddeffi nedtaine
previ ously, preferabl ol uhl.e in the reaction solvent which could be
bspec al | FY0E ait Bprll Anperddur grEALBRC fli Yo ctual FOUB6E 10 i ve a
25 conpounrd oledigmda (42, and fekjuseparati og:ofed NeomOrPouns ofzfornul a
(1) obtained at the preceding step (bl) fromthe reaction nedium The
steps (bl pram@rEernseor¥espard Licedgect # vally g e hef pragadiingestepsaid) and
(1i1). The (.al fqr, i 1 nds to the step of

preparati g%%%%lt(aﬁ‘é)ycgngggﬁgﬁﬁ%[)leﬁtﬁeecﬁ%%é%@ formula (11) described

previ ousl with dibAdwéamtageously, the steps (al) and (bl) will be carried

out in a same salvent, such as water, preferably, ,
then with a cysteine derivative of formula (IV) as defined

15 above or a stereocisomer or a mixture of sterecisomers in
all proportions, 1in particular a mixture of enantiomers,
and especially a racemic mixture therecf, and in particular
with cysteine and especially L-cysteine,
to give a compound of formula (TI) as defined above,

20 {(bl) cleavage reaction of the compound of formula (II)
obtained at the preceding step (ail) in the presence of a
thiol as defined previously, preferably soluble 1in the
reaction solvent which could be especially water, at a
temperature greater than or eqgual to 60°C, to give a

25 compound of formula (I), and
(cl) separation of tThe compound of formula (I) obtained at
the preceding step (bl) from the reaction medium.

The steps (bl} and (cl) correspond respectively to the
preceding steps (i) and (ii). The step (al}, for its part,

30 corresponds to the step of preparation of the compound of
betaine type cof formula (II) described previocusly.

Advantageously, tThe steps (al) and (bl) will be

carried out in a same sclvent, such as water, preferably,



13 in a sanme reactor, in other words without isolation of the internediate
products (conmpound of formula (I1) in R?rticular). 5Under these
conditions, the reaction nedium can contain a cysteine derivative used
preferably in excess at step (al). Before separating the conmpound of
formula (1) fromthe reaction nedium (step (cl)), it could thus be
necessary to elimnate the excess of cysteine derivative in 10 order to
facilitate the isolation and the Eurification of the compound of formula

(1). Espediald y¥aT5 19 ase oF aCE§Et ¥PRESHELPAMy é g tc P IR7ERE H or

(01-C4) alikyl. et parpiguLatsi ”_ﬁtélﬁnpﬁ%ﬁfr?d of o§ystﬁﬂﬁ1§en%@&§'6hyﬂ? may
then be added for exanple, which will then formw th the 15 cysteine
derivati veairmiexdess .a derivative of 2- phenylthiazolidine-4-carboxylic
acid, a conpound which precipitates in a solvent such as water. In this
way, the cysteine derivative in excess could be recycl ed. The

overal$ yield ohderepanaideon ®indhei seapound=0f r2@ckanmul gedidind r arat he
conpound of betaine type of fornula (I11) could be greater than or equal
to 40%  CONTAdEori T T0-2E paR ¥ Cat areeb6di RERL CERDLNe 1N\BESSon, 2% he

compound. gfcbormi & (blohs<a sommound, of chr M dd) 25 2adnihe M frod of

preparation thereof conprises the OW Ng successlive ste
reacti on dfroan tlce d @ddittiicon sabit pmwi {dtée (@ddliysi bn afoulle shlis dfe

hydri odi c_aci d, of conpound .of hetaine type of follow formula (I1la):
0'30  1476FoRSFAN o A Stered Softiout® i M Ure B ClergisSoners i n
al | prepobtiders..d NnrHAr 11 et ar taedddirg Qfn enadt LpERESr idnd@SRRCIAE |y a
racem c m xture thereof, for which2, R3, R4 and R5 are as defined
previ ousl §he compcound of formula (I). Especially, in the case of a
cysteine derivative for which R; = H or {C:-C4) alkvyl and in
particular in the case of cysteine, benzaldehyde may then
be added for example, which will then form with the
15 cysteine derivative in excess a derivative of 2-
phenylthiazolidine-4-carboxylic acid, a compound which
precipitates in a sclvent such as water. In this way, the
cysteine derivative in excess could be recycled.
The overall yield of preparation of the compound of

20 formula (I} from the compound of betaine type of formula

(ITI) could ke greater than or equal to 40%.

According to a particular embodiment of the invention,

the compound of formula (I) is a compound of formula (Ia)

25 and the method of preparation thereof comprises the
fellowing successive steps:

(a2) reaction cof an acid addition salt, with the exclusion

“of the salt of hydriodic acid, of a compcocund of betaine

type of following formula (IIIa}:

AN
XA O

1\“‘X

30 2 (I1Ia),



5 successively with dibrom ne, then with a cysteine derivative of fornmula
(I'V) as defined above or a stereoisoner,or a mxture of stereoisoners in

all proportions, in particular a m xtuﬁ‘é of enantioners, and especially a
racem c mxture thereof, and in particular 10 with cysteine and especially
L-cysteine, to give a conpound of betaine type of follow ng formula (ha):

(I'la), or a physiologically acceptabl e salt a tautorrer a 15 stereoi soner
or a mxture of st er eoi soners in .all ortlon dg,[artlcular a mxture

of enanti Bfefs 2Hh@ ESpedi &1USF L4 m%%lﬁ?er LSO TS, R3,

R4, R5, R6jandiR rap@ ras otef,i ned fp@' BviQUSlY a 20 {hde Q:lﬁ@tmlrcﬂ@ajs on of
the conpound of betaine type of mul a (ha) obtained at the preceding

step (a2) and eheepieddncé gRcemin ol xdgidefibsa®Previ ously, preferably
soluble in the reacbgon s&l vent which could be especially water, and in
particul afow Whieyst'®ime; " dit b otir @antloR; 2re25s defined prev1ously,

nmer capt oet hanol , 2- nercaptoproplonlcaC|d 3- nercaptopropionic acid or

t hi ogl §/coISU€C§§|Séveél¥dW&rt@f SFEBYPLINES with 3- ner capt opropi onic acid, at a

tenper at urLgabQue 1or, %@deiﬁe6@991v£919évefaf%9ﬁ9@anqz@zf faar mda ddp) |
and (c2) separation of the conpound of formula (Ia) obt ained at 5 the

precedi ngasbep (W2)af somriche sagant | on mecmlmhur.e of Thersvépomea) iy b2)
‘("‘gf')(cz) ConresRond. fespectively, 1o; Lhe, preceding, steps (8l (hldrAnd
and especially a racemic mixture thereof, and in particular
10 with cysteine and especially L—cysteiﬁe,
to give a compound of betaine type of following formula

(ITa):

© (11a),
or a physiologically acceptable salt, a tautomer, a
15 stereoisomer or a mixture of sterecisomers in all
proportions, in particular a mixture of enantiocmers, and

egpecially a racemic mixture thereof,

for which XSQ&}XZ, Rs, R4, Rs, Rs; and R; are as defined
previously,

20 (b2} cleavage reaction of the compound c¢f bketaine type of
formula (IIa) obtained at the preceding step (a2) in the
presence of a thiol as defined previously, preferably
soluble in the reaction solvent which could be especially
water, and in particular with cysteine, dithiothreitol, Z-

25 mercaptoethanol, 2-mercaptopropicnic acid, 3-

mercaptopropionic acid or thioglycolic acid, and preferably



The conpounds of formula (ha) represent particular 10 fornms of the
coMpound of forrmula (I1). Simlarly, Eﬁsconpounds of betaine type of
formula (lI1l1a) represent particular fo of the compound of betaine type
of formula (111). 15Another object of the present invention is a conpound
of followng formula (11): O O or a physiologically acceptable salt, a
tautomer, a stereoisoner or a mxture of stereoisomers in all 20
proportlons n, particul ar m xture aof enantioners, and espeglal

racenmic m“ﬂi’tt@re trﬂ%?‘e%?toff’ﬁf’pﬁvﬁ%ﬁ a5 r 85 eflt SOTTEE 2 Ly 2PREE F@f R3,

R4, R5, Repnrd Ré aypas defined previously, 25 with the exclusion of the
conpound for which2 HNNINNH represents O, R3, R4 and R5 each

to give a compound of formula (Ia) and
{c2) separation of the compound of formula {Ila) obtained at

5 the preceding step (b2) from the reaction medium.

The steps {(a2), (bZ) and {(cZ) correspond respectively

to the preceding steps (al), (bl}) and (cl).
The compounds of formula (IIa) represent particular
10 forms of the compound of formula (II). Similarly, the
compounds of betaine type of formula (ITIa) represent
particular forms of the compound of betaine type of formula

(III).

15 Another object of the present invention is a compound

of following formula (II):

O
o
>/X2 NR3R4R-;
NHR,
OR,
© (113,
¢r a physiocleogically acceptable s=alt, a tautomer, a

sterecisomer or a mixture of sterecisomers in all
20  proportions, in particular a mixture of enantiomers, and

especially a racemic mixture therecf,

for which:

) ON

s oK R.N
- ™2 represents !

~ N or NQ§/’NR2, and

— Ri, Rz, Rs, R4, Ry, Rg and Ry are as defined previously,

25 with the exclusion of the compound for which XV*57X2

HN N N
represents N or X~ , Rs, Ry and Rs each



16 represent a nethyl group and R6 and R7 each represent a hydrogen atom
The excl uded conpound is described in: 1%shi kawa et al. 5J. Biol. Chem
1974, 249(14), 4420. In particular, it wll not be a conpound of fornula
,- (1) for whichl-N-3,2 2 represents HNN orNH and R3, R4 and R5 each
represent a nethyl group. It could be especially a conpound of formula
(ha) as 10 defined previously. In particular, this conmpound could be
2-{2-[ (2-ammni 0- 2- car boxyet.-hyl )t hi o] - 1H i m dazol - 4-y11-1-
ot boxy- NIRRT et Ry PO SR R Uy Gy b ar e SHET 6 58 TSRRE) 2
15Anot her rohjreeferofatidie present invention is a nethod for preparing a
conpound of following formula (11): O (11), or a physiologically
acceptable salt, a tautonmer, a stereoisomer or a mxture of stereoisoners
inall 20 prop ' 1 P :fnri]i&Hl- a. : enant i,0ner
especially a rggltglm%c%%r}ﬁug%&r?t er erg{,lasf crﬁég\lﬁlaeﬁ A o B0
5 J. Biol. Chem. 1974, 249(14), 4420.

In particular, it will not be a compound of formula

L H |
(IT) for which Xf\\7;X2 represents NN or NQ*//NH,

and Rz, Rs and Ry each represent a methyl group.
It could be especially a compound of formula (IIa) as
10 ‘defined previously. In particular, this compound could be
2=-{Z2~[{Z-ammonio-2-carboxyethyl)thio]-1H-imidazol-4-y1l}-1-
carboxy-N, N, N~trimethylethanaminium dihydrochloride (Herc-

Cys, 2ZHCL).

15 Another object of the present invention is a method

for preparing a compound of following formula (II):

0
= s}
X o
X, NRR,R
§  NHR,
OR,
O (T1),

or a physiologically acceptable szlt, a tautomer, a
sterecisomer o¢r a mixture of sterecisomers in all
20 proportions, in particular a mixture of enantiomers, and
especially a racemic mixture thereof,

~

for which:

X

Lo X
- ™2 represents

RINGZN | N NR,

— Ri, Ro, R3, Rg, Rs, Rg and Ry are as defined previously,



2 represents R INNNN R or2, and Rlr R2r R3r Rzlr R5, R6 and R7 are as

defined previously, 17 by reaction of z?n acid addition salt, wth the

exclusion of the salt of hydriodic aci (} of a conmpound of betaine type of
formula (111) as defined previously or a tautoner, a stereoisonmer or a
m xture of stereoisoners 5 in all proportions, in particular a m xture of
enantioners, and especially a racemc m xture thereof, --X for which X1X2
R3, R4 and R5 are as defined Cprevi ousI%/C,P successively with dj brom ne,then

with a cySteite e &t V& GrCibratfiat F1%)SAkt deftHedt BF e ouds yon 101
In this reagtiome dibraghpecgoul ¢ be used at cbhgohake off dedd de w%ar

equi val ents conpared to the conpound of betaine type of fornula (I
Pref erabl pI thvendilsr oilde iess atifedhadlpr¢verys¥api d 15 addition

pr ef er abl at__a.tenperature below 10C preferably below 5C. The addition
Bl 8V s TR T TR o St R OB par aC e FanG oL ©

of the di brom ne cou
bet weef - 1@Caand pkGoradvant,ageousd y: ¥ @k N g et veere -SC amngn blondhe,
cysteine derjvative could in particular be NN 20 acetyl cysteine or

cyst ei ne EESHEEPAVR LY eheasenl ormiaeer? ctidF$gL, and in particul ar
cysteine and especi ald.y L&ysteine. The cysteine derivative will be
advant agedigsl whisgd T’ eXcéssRsn BardicuRaramt ashelafaredipr2tiowd,y,25
advant ageouslcy 3.to 7 mol ar _equival ents of cglst ei ne .di{i vative conpar ed to

the conpolitFF Betditne FypE of SHBFRULES(1 1150 n &tHEr wBr dsS25t9 19,
advant ageeusliy=3 i@ bMlasuafs CysteiNe @eriyad iveara used for one nol e

of coqgound (1) used.

In this reaction, dibromine could be used at the rate
of 1 tco 1.5 molar equivalents compared to the compound of
betaine type of formula (IITI).

Preferably, the dibromine is added cold (very rapid

15 addition preferably), at a temperature below 10°C,
preferably below 5°C. The addition of the dibromine could
thus be carried out at a temperature ranging between -10°C
and 10°C, advantageously ranging between -5°C and 5°C.

The cysteine derivative could in particular be N-

20  acetylcysteine or cysteine ({especially in the D, L or
racemic form), and in particular cysteine and especially L-
cysteine.

The cysteine derivative will be advantageously used in
excess, in particular at the rate of 2 to 10,

25 advantageously 3 to 7 molar equivalents of cysteine
derivative compared to the compound of betaine type of
formula (III), in other words 2 to 10, advantageously 3 to
7 mcles of cysteine derivative are used for one mole of
compound (III) used.

30 This reaction could be carried out in a solvent such

as water.



30This reaction could be carried out in a solvent such as water. 18

The present invention wll be better ug erstood in the light of the
exanples that follow, which are given sinply by way of illustration and in
no way limt the scope of the invention. EXAMPLES All of the reactions are
carried out in the open air unless otherw se indicated. 1- Preparation of
conpounds of formula (11) according to the invention

Exanpl el: Prepa t| onof 2-

carboxyethyl)t %ﬁddﬁ%ﬁﬂh:VT} ﬁ%%%r%%XQGQ&%§A¥ndeIStOOd in the
trinmethyl e;_tlrgartar@ﬂl ﬂﬁédle&)édfpgfé@ afHe fbﬂ@w@ﬁmaHCJake Q984 NBihS1y

nmol es) of Hercynine (V. N Reinhold et al. . Med. Chem 11, 258 (1968))
are di ssof¥eddh 0 il wit St 2ol 407 pe ‘(’%Y s ) Ll LoPRent ¥ atled
hydrochl orji.G, aGi:d,{ s added, then the solution is cooled to OC. Under very
strong stlrrlng, 08 uL (959 ng, 6 moles, 1.2 equiv.) of dibromne are
added f8rop by drop (addition time Imn 20). The reaction m xture turns
yel l ow and a rg&%@&molld is 25 forned. Five mnutes after the end of the
addition of th 1.87 g (15 nmoles, 3 equiv.) of L-Cysteine are
added. Imredi ately, the m xture Ioses its colour, and the reddish

preci pitate dissolves in several mnutes.
All of the reactions are carried cut in the open air unless

otherwise indicated.

10

1- Preparation of compounds of formula (II) according to

the invention

Example 1: Preparation of 2-{2-[{2—ammonio-2-
15 carboxyethyl)thio]-1H-imidazol-4-yl}-1l-carboxy-N,N, N-
trimethylethanaminium dihydrochloride (Herc-Cys, 2HC1)

o)
OH
— /N(f a®
N.. NH 7|
Y™
s NH3C!
OH
o}

986 mg (5 mmoles) of Hercynine (V. N. Reinhold et al., J.
Med. Chem. 11, 258 (1968)) are dissolved in 10 mlL of water.
20 417 pL (5 mmoles) of concentrated hydrochloric acid 1is
added, then the solution is coocled to (C°C. Under very
strong stirring, 308 uL (959 mg, 6 mmoles, 1.2 equiv.) of
dibromine are added drop by drop {(addition time Imin 20).
The reaction mixture turns yellow and a reddish solid is
25 formed. Five minutes after the end of the addition of the
dibromine, 1.87 g (15 mmoles, 3 equiv.)} of IL-Cysteine are
added. Immediately, the mixture loses its colour, and the

reddish precipitate dissolves in several minutes.



19 After stirring at OC for |h, the mxture is filtered, and the

preci pitate washed with 2x0.5 nL of vvaggr The filtrate is deposited on a
colum filled with 75g of DONEX50WK2- 4 condi ti onedbef orehandwi t hIN 5
hydrochloric acid HC1. After elution with 400 m of 1N hydrochloric acid
HC1, then 500 nL of 2N hydrochloric acid HCl, the fractions containing the
desired product are recombined. After evaporation and 2 co-evaporations
wth 2x20 of toluene, after 894 6 of. the 10 desired

D otuct aPd st A R AT (e o nEOF JBrI SRECIYRAS T Thi's St thas

been synt hegi spdWidihad Quated d fﬂk@@:@d.@@tﬂ{n aneing-and Chl oroal ani ne,
but in the formof free amno acid, by Ishikawa at al., J. Biol. Chem 249

(14), 15442¢ (fDiayate 114- Mmq@z:@foboqn 4006 NF2 Bﬂ(]mh)wrtla ﬂlﬁg(scaf 9H) ;
3.37 2H): 3 56 2H) : 4. 20 C1H) ;. 4. 28 7.31 , 1H). 20
UPLC- ﬁ/g] (@P%su 529%%4'30 %am?ég]dpribﬁa?ﬁu oﬁég?rﬁlé‘afl(jz aﬁﬁﬁ()tﬁi ?TZN

car boxyet hyldidurolo it | BL8az0lc - Y AL-cagboxyoll MALY 100 mp g 1w
trimet hyl et hanam ni um di chl ori de di hydrochl ori de (Herc-Cys, 25 2HC1)

vari at i on hofdrchd gt |atqubeHCLl,Qfs1tlen nEONHIY efe 2SNMYQlocHo2@ acid

HCl, the fractions containing the desired preduct are

recombined. After evaporation and 2 co-evaporations with

220 mL of tecluene, after drying 894 mg (46%) of the
10 desired product are obtained in the form of vellow

crystals.

(This product has been synthesised with a low yield from

ergothioneine and Chlorcalanine, but in the form of free

amino acid, by Ishikawa et al., J. Biol. Chem. 249 (14),
15 4420 (1974} .)

'H-NMR (D,0/DC1, 400 MHz): & (ppm) = 3.14 (s, 9H); 3.37 (m,
2HY; 3.56 (m, 2H); 4.20 (m, 1H); 4.28 (m, 1H); 7.31 (s,
1H) .

20 UPLC-MS (ES+): 317.4 (MH+)

Example 2: Preparation of 2-{2~-[{(2—~ammonio-2~-

carboxyethyl) thio] ~1H-imidazol-4-yl}-1-carboxy—-N, N, N-

trimethylethanaminium dichloride dihydrochloride (Herc—Cys,
25 2HC1l) - variation of the guantity of L-Cysteine

o)
OH
— /N‘f a®
No NH 7|
@
S NH3 Cl
OH



The sanme nethod as described in Exanple 1 is used, except that 3.12g (25
nol es, 5 equiv.) of L-Cysteine are addgd, seven mnutes after the end of
the addition of dibromne. After treatffent and purification on a DONEe
colum, 1.13 g 5(58% of the desired product are obtained after drying in
the formof yellow crystals. The 1H NVR (D20/DCl) analysis is identical to
that described in Exanple 1. 10 2- Preparati on of conpounds of forrrul a (1)
according,.to the inve nfromlnt dlat s of . fo rrula I Ie3
Preparat i g&f fsim%r@%@ﬁ?‘gngﬁngeﬁf avagré Foliet e - %y i’l(?i fj) + 15
1.67g (4. 4namoles)zof (Heremeyss, ZHCIe@ﬁievspl ubi LI—SQthmnéGalemadHedlyat er,
and 1.895 nL (2.29g 21 39 nnnles 5 equiv.) of 3-nmercaptopropionic acid
are addedSeTRe éfllé]alrtesslf%f&lﬁq y-heelarsi xiﬂlﬁ‘ eaq%l ébfp W8P MG i ng for

24h at 20 C. 1.895 f
ner cgpt Opr%%I eegaéﬁnlfq aé]dja(}ﬁ] afu%ecdaztja% The' hea"gé‘{hg :Jolslvu rffllm:jled $ or

48h. The r%@@stl QfE nixt uneshsee0drefide: 0Ge andtai wbit @ rpeeciditialge fror ms.
Af ter f||trat|on and rinsing of the 25 precipitate with 2x2 nL of cold

wat er, thébf forat ©f yasashedEtdiatB%x20 nl of di chl or onet hane and 5x20 niL

of ethyl agetate. fhe aﬂﬂ%?}g@lﬁahasgnggy@xggﬂ%g ods ynglef cypcuul aldhd he

resi due di'ssolved 1n 33 wat e 30 ammmoni a
sol uti on, dehermibdeaf ith&>selpitd dn i s adj usted to 6.

10 2- Preparation of compounds of formula (I) according to the

invention from intermediates of formula (II)

Example 3: Preparation of L-Ergothioneine by cleavage of

Herc-Cys, Z2HCL

o)
o
~ NH NMeg*
15 S
1.67g (4.4 mmoles) of Herc-Cys, 2HCl are solubilised in
16.7 mlL of water, and 1.8%5 mL (2.2%g, 21.3% mmoles, 5
equiv.) of 3-mercaptopropionic acid are added. The clear,
slightly vellow mixture is heated under stirring for 24h at
20 85°C. Then 1.895 mL (2.29g, 21.39 mmoles, 5 equiv.) of 3-
mercaptopropionic acid 1s again added, and the heating is
continued for 48h.
The reaction mixture 1is cooled to 0°C, and a white
precipitate forms. After filtration and rinsing of the
25 precipitate with 2x2 mL of cold water, the filtrate 1is
washed with 5x2C mL of dichloromethane and 5x20 mL of ethyl
acetate.
The aqgueous phase 1s evaporated under vacuum, and the
residue dissolved in 33 mL of water. By addition of a 20%

30 ammonia solution, the pH of the solution is adjusted to 6.



21 After |yophilisation,the powder obtained is hot solubilised in an

et hanol /water m xture (7/1). After add'{li on of activated charcoal (100 ng)
and hot filtration on Clarcel, the soldtion obtained is maintained cold
for 5 14h. After filtration and drying, 676 ng (69% of LErgothioneine is
obtained in the formof a white powder. The analytical data obtained are
identical to those obtained in the literature (J. Xu, J. C. Yadan, J. Og.
Chem 60, 96. - 6301.(.1995)).. 10 1H NWVR (p2Q, 400 : (PPm =3.20 (m
2H): 3.29 %@%H), yep %L(l&&?tljmi 11 B, Jggwgeﬁz, 3%51%?31 (55 1H)°t
UPLC- M5 (ESH)ibi23G:edt (M) 46 3=tRrgparabien ohicenpeunds; of) formtar (1)
according to the invention without isolation of internediates of fornula
(1) Béshplien clochtaprépararreal of LEDERgOt Rinhéidie Fridmapion

Her cyni ne ification_af esal |ni Lan . S se-\W.th a
resin a) For Pr%%%%%g%? ?’E‘g ag u%?lﬁgr %B&ggh%goﬁ%guﬁﬁ f%?gﬁgﬁulcgﬁa(ﬁ%{%
19.72 § (O.4h.nokheéxeaf Hebtyatmen(\Vandl dReyhhpl d @&te alng, J5925 Mefl. hem

11, 258 (1968)) .are .dissolv i.n 200 of ter. 8.35 nL (0.1 nole) of
concent r ate€d OGS it é% Hrs &dﬂé&‘,e t tHe as&TSrUtTieo%xi‘”éd%'ol ed to
2C. Under ™HRI ¥inalytical data obtained are identical to those

obtained in the literature (J. Xu, J. C. Yadan, J. Org.
Chem. 60, 6296 — 6301 (1985)).

10
'H-NMR (D,C, 400 MHz): & (ppm) = 3.20 {(m, 2H):; 3.29 (s,
SH),; 3.90 {(dd, J = 11 Hz, J = 5 Hz, 1H}; 6.81 (s, 1H).
UPLC-MS (ES+): 230.6 (MH+)

15 3- Preparation of compounds of formula (I) according to the

invention without iscolation of intermediates of formula

(r1)

Example 4: One pot preparation of L-Ergothioneine from
20 Hercynine - purification after desalinisation of the
agueous phase with a resin

a) Formation ¢f the adduct Herc-Cys (compound of formula

I
19.72 g (0.1 mele) of Hercynine (V. N. Reinhold et al., J.
25 Med. Chem. 11, 258 (19268)) are dissclved in 200 mL of
water. B.35 mL (0.1 mole) of concentrated hydrochlcric acid
are added, then the solution is cooled to 2°C. Under very
strong stirring, 6.68 mL (20.77 g, 130 mmoleg, 1.3 equiv.)
of dibromine are added drop by drop without exceeding 3°C
30 (addition time 10 min). The reaction mixture turns yellow
and a reddish solid is formed. Seven minutes after the end
of the addition o©of the dibromine, €62.4 g (0.5 moles, 5

equiv.) of L~Cysteine are added, and the internal



strong stirring, 6.68 nL (20.77 g, 130 mmples, 1.3 equiv.) of dibromne

are added drop by drop w thout exceedigg 3C 30 (addition tinme 10 mn).
[

reaction mxture turns yellow and a re

after the end of the addition of the dibromne, 62.4 g (0.5 noles, 5

equiv.) of L-Cysteine are added, and the internal

The

ish solidis formed. Seven m nutes

22 tenperature rises to

3C. I'mmedi ately, the m xture loses it colour, and the reddi sh precipitate

di I t t [ t,. 0C f
of . sempl S 5 AR (020)° shovs. VRATTHEC Shauets merereys TeForned -

with a reagflicn

iy ,yi ghd ehH50eddheni gadeatdi Haxd eadyedl vaad ithesseaghion
mxture is left to stir for one hour. The internal tenperature rises to

10C. The PHEWI@S-obtained is not isolated fromthe 10 reaction medi um and

is used dlp{&%tfy %fr][‘ﬂ?i%f QL1 Qi gféfth D) 0y O%Solrg obsla Edsgﬁq‘ﬁrﬂgl agﬁd%d

Then,

m_ (1 g, equiv. 3 nércaptopr I'oni ¢~ aci

to

the m it utlé NHAd (DO} s sheated hiatderhst addgcst Herchr@yat i 80Cdone@2hitid5 An
anal ysis of a sanple hy D20) shows that the adduct Herc-Cys is
conpletelfi6t€§%é$qr%%?%éﬁiﬁﬁﬁémelne c) lIsolation of L-Ergothioneine

10

15

20

25

30

The ice bath is removed, and the reaction mixture is left
to stir for cne hour. The internal temperature rises to
10°C. The product obtained is not isolated from the
reaction medium and is used directly in the following step.

b} Formation of L-Ergothioneine

Then, 87.7 mL (106 g, 10 equiv.) of 3-mercaptopropionic
acid are added to the mixture, and it is heated under
strong stirring at 80°C for 22h.

An analysis of a sample by ‘H-NMR (D,0) shows that the
adduct Herc-Cys is completely cleaved into Ergothioneine.

c) Isclation of L-Ergothioneine

After «cooling to room temperature, the orange-brown
colouraed mixture is extracted with 4x400 mlL of ethyl
acetate.

The agueous phase 1s retained, and the pH is adjusted to
4.5 - 5 with a 20% aqueous ammonia solution (arcund 21 mL).
In order to trap the excess of L-cysteine present in the
medium, 50.8 mL (53.0 g, 5 equiv.] of benzaldehyde i1s added
(according to M. P. Schubert, J. Biol. Chem. 114, 341-350
(1936) or M. Seki et al. , J. QOrg. Chem. 67 (16), 5532
(2002} .

The mixture is stirred at room femperature for 15h, and 2-
phenylthiazelidine-4-carbexylic acid precipitates in the
form of a light yellow sclid. After filtration of the solid
and rinsing with 4x50 mL of water, the filltrate is
extracted with 2x200 mL of ethyl acetate.



After cooling to roomtenperature, the orange-brown coloured m xture is
extracted with 4x400 nL of ethyl 20 acghate. The aqueous phase is
retained, and the pHis adjusted to 4. . 5 with a 20% aqueous ammoni a
solution (around 21 nmL). In order to trap the excess of L-cysteine present
in the medium 50.8 m (53.0 g, 5 equiv.) of benzal dehyde is added 25
(according to M P. Schubert, J. Biol. Chem 114, 341-350 (1936) or M
Seki et aI : em f§7 (1 E}LSH%Z (2(%)02)f tge mxture i stl rred
at room t erpe R d He Ry & Sy '

pr eci pltamﬁ:ﬂﬁhtﬂ@%]ﬁﬂ formof a Ilght yel | ow SO|Id After filtration of

the solid and rinsi with 4x50 m_ of water, the filtrate is extracted
with 2x208 onit oGt 1t tﬁ*?FI &6& At'e/stl Bt 9T e onludt praEl i it i on

of the aq%%%%u@hag&y@tbeeaﬁ@dh idoqbagilhials the crystaslsatd o, of
the final product,” the aqueous phase retained Is desallinise TO do hi s,
it is 5 treaseddd of crxameing lwi thlﬂhbé\mihetréﬂtm ZLHB rﬂé:ﬂ nrésin henf ortm of
hydrogeno rbon ccordl to K. A Piez et Chem _ 194,
656 695 Tosd) P TSRt dulte Alalutee ot H raactioh T e and
it is sti Ue@lfoqr Aheat. 10DM tegpes At Ur £95A S riong 4 el ease: ofe gas 4:5%
observed, as 10 well as a progressive discoloration of the nedium

Mor eover , 2FREJH Dfthher rREELEPEBN MHHHIFCe alrcbpst t &S peitirgedAfioar 22h af

cont act tlg% t fil ter n %2 f ter,
the operati oﬁn |{&nrd(’aegﬁc%laﬂthef agjél tr?%t \%Ig e%fetfgjraﬁel ?gnt téLgl %elrr?eed\.;ap\cl)?at ed
to dr¥hesseldand dshe sol bt cgtrteaisriet | sdimycsztaattimsedow t ﬁr&quemmhanol ‘
8.21¢g (34 ﬁ of L- Er othl OR/I%Izn% are obt.ai ned |n the formof a white
powder . 28/PHERVRT( D6 6 (P L I YER IFprs3toghfls = gHy) ;
3.90 (dd Aiterll2ﬁt{nﬂ CoRtHét ltﬁme6 Qimisreéfﬂ JEPLgiwgng§+)}U%§gf6
(MH) [a]lp = +124.6 (c=1, H20) 25 Exarrp e 5: "One-pot” preparation of

L- Er got hi speisaact r‘@rﬁh—leﬁé?tﬂl e -churiptecat itdre abperatesal ilsi sapariaf t he

aqueous p'%%%?nb¥wei Lectr odi al ysi s

15 The filtrate is then evaporated toc dryness, and the solid
obtained 1s recrystallised with aqueous ethanol. 8.21g
(34.9%) of L-Ergothioneine are obtained in the form of a

white powder.

20 H-NMR (D0, 400 MHz): & {ppm) = 3.20 (m, 2H); 3.29 (s,
9H); 3.90 (dd, J = 11 Hz, J = 5 Hz, 1H); 6.81 (s, 1H).
UPLC-MS (ES+): 230.6 (MH+)

[alp = +124.6° (c=1, H0)

25 Example 5: “One-pot” preparation of L-Ergothioneine from
Hercynine - purification after desalinisation of the
agquecus phase by electrodialysis
a) Formation of the adduct Herc-Cys {compound of formula

(IT))

300 98.6 g (0.5 mole) of Hercynine are dissolved in 1.5 L of
water. The solution 1s transferred to a glass double
jacketed reactor with mechanical Stirring. 41.75 mlL (0.5

mole) of concentrated hydrochloric acid is added, then the



a) Formation of the adduct Herc-Cys (compound of formula (I1)) 30 98.6 g
(0.5 nole) of Hercynine are dissolved b 1.5 L of water. The solution is
transferred to a gl ass doubl e jacketed“reactor with nechanical stirring.
41.75 mL (0.5 nole) of concentrated hydrochloric acid is added, then the
24 solution is cooled to OC. Under very strong stirring, 34 nL (106 g,
0.66 nole, 1.3 equiv ) of dibronine are added drop by drop w thout

exceeding 2 additjon ti The reaction mxture turns yell ow,
and reddi stv Ui es Ja?ecgoggfi rgsézren ?fg‘ﬁﬁt B THf SEF P e Brid WP %rhe

addi tion ofr, t hepdli Brom ngs ﬂ@?e (1335 dpli88.) oAU ¥rimOhel RSt LENG ar e
added, and the internal terrperature ri ses to 4C. Immedi ately, the mxture

| oses its dosicolny, cBrmb twie: lreddi Segreoipid | el alidbbl vestime s@v@rrain .

m nut es sh 10 susp I’ISIO IS obt ed After ti.r OCfor

an anal ysﬁs\ggf}éaaés}%m e }fﬁ-eN I(T‘Szo\ﬁe S ?ﬂgt ﬁ&lgﬁd{}% rc- rCf/s |s
for medsw tdo ranefdracdam miedlﬂt@a% 56%r th&heneoold nglesxeeicemii@ sioppesd, and

the reaction m xture is 15 Ieft to stir for one hour. The internal
t enper at ured ¥iES w0 16€. ) (Fot mabiBh- of L2Brgbthi Bﬁe|1n§ys'?ﬁéﬁe44qrﬁ>n_(533

9,5 ol es L egui Va)}of 3ne  :1nPEELAP! ORIQRIQN G AC dr L os added tp-d he
m xture, and it is 20 heated under strong stirring at 80C for 24h An

anal ysi s dfmrfaicearqﬁflle/,bythLd-I-INM?{t@DQO)OshemttShaioltom,adnlm:bttl'tderm@ssm s
conpl et el ¥>rC| eav d |nto Er% ;hl onei.ne. # ojeatl on f L- Er got one| ne
After coof r?&ltpd‘ 56m tenperaltre, the T %G ite of 4 3% or Ange’
col oungi s sexipeactied wWd A xrd. of ethyl acetate.
After stirring at 0°C for 1h, an analysis of a sample by
'H-NMR (D;0) shows that the adduct Herc-Cys is formed with
a reaction yield of 56%.
The cooling system is stopped, and the reaction mixture is
15 left to stir for one hour. The internal temperature rises
to 10°C.

b) Formation of L-Ergothioneine

Then, 441  mlL (533 g, 5 moles, 10 eguiv.) of 3-

mercaptopropicnic acid are added to the mixture, and it is
20  heated under strong stirring at 80°C for 24h.

An analysis of a sample by *H-NMR (D,0) shows that the

adduct Herc-Cys is completely cleaved into Ergothioneine.

¢) Isolation of L-Ergothioneine

After ccoling to room temperature, the mixture of an
25 orange~brown colour 1is extracted with 4 x 2 L. of ethyl
acetate.
The aqgueous phase is retained, and the pH is adjusted to
4.5 - 5 with a 20% agueocus ammonia solution (arcund 110
mL). In order tc trap the excess of cysteine present in the
30 medium, 359 mL (375 g, 3.5 moles, 7 equiv.} of benzaldehyde
are added (according to M. P. Schubert, J. Biol. Chem. 114,
341-350 (1936) or M. Seki et al. , J. Org. Chem. 67 (16),
5532 (2002)).



The aqueous phase is retained, and the pH is adjusted to 4.5 - 5 with a
20% aqueous anmoni a sol ution (around 1%% In order to trap the excess
of cysteine present in the 30 nmedi um 9 nL (375 g, 3.5 noles, 7 equiv.)
of benzal dehyde are added (according to M P. Schubert, J. Biol. Chem
114, 341-350 (1936) or M Seki et al. , J. Org. Chem 67 (16), 5532
(2002)). 25 The mxture is stirred at roon1tenperature for 15h, and 2-

phenyl t hi azol i di ne-4-car bo i c.ac reC|p|tate int n1of i ght
Dol T ow sol 1 TRPGIEg (1% o L BREDt SEnEoeH A SIS rig anilciha 3000 ot of
wat er, theHddratieds idexraciahmghd xdkd br@tzlghlaxlceaceiﬁt eched)
Purlflcatlon after desalinisation of the aqueous phase by el ectrodial ysis

To faC|I|ﬁ%ﬁ@‘FﬁéEtﬂyéﬁ&HﬁQ%%QWNﬁQﬁl@+mﬁﬁﬁ$ﬁﬂfkﬁ?ﬁﬁkﬁontm%1daﬂeﬁmbubhase
retained ig e§§% o thi (- 0 ex ni sed by
electrodlglfgls % ng quf%cP§5h|% yZF% %ﬁ%rSy EEE?%EE “of " PCcel
(Gbrnaﬁy)exﬂﬂdcﬁﬁﬂ@ﬁiﬁﬁ@l:Q@_ﬁmnwbﬁﬁeﬂhyﬁH&nEEaKQatlon exchange PC- SK,
ani on-exch The desal.ini sed solution is then evaporated

to drynes$y a 51 - “eorist At | FSBEd AWHERUSqUE BLRE
et hanol . @g;@gfgmg%@%byygﬂs-Ergothlone|ne are obtained in the formof a
whi t e powder. HNVR (D20, 400 MHz): 8 (ppm) - 3.20 (m 2H); 3:29 (s,

209H); 3. 9@ @@@,llltﬁtﬁl e rysBmIHdsaHen g81tis, Tl RGNS (BS:
230.6 (NHBEJS%J%'pﬂgéé'%e%gf%edH%%? desalinised. To do this, it is
10 for example desalinised by electrodialysis (Bench Scale
Electrocdialysis Pump System BED 1-3 of PCCell (Germany),
cell ED200-020, 20 pairs of membranes {(cation exchange PC-

SK, anion-exchange PC-8A), 10V).
The desalinised sclution is then evaporated to dryness, and
15 the solid obtained is recrystallised with aqueous ethanol.
47.68 g (41%) of L-Ergothioneine are obtained in the form

of a white powder.

'H-NMR (D,0, 400 MHz): & (ppm) = 3.20 (m, 2H); 3.29 (s,
20 9H); 3.90 (dd, J = 11 Hz, J = 5 Hz, 1H); 6.81 (s, 1H).
UPLC-MS (ES+: 230.6 (MH+)

[@]lp = +125.2° (c=1, Hy0)



26 CLAIMS 1. Method for synthesizing a derivative of following fornmula (I):
O 5 (1), or a physiologically accepta?%e salt thereof, a tautoner, a
stereoi somer or a mxture of stereoisorers in all proportions, in
particular a m xture of enantioners, and especially a racem c m xture
thereof, 10 for which: Rl and R2 represent, independently of each other,
a hydrogen atomor a (01-C4) al kyl group such as nethyl, at |east one of
the Rl and R2 groups representing a %é%&%%en atom and advant ageously each
representing a 15hydrogen atom and . R4 and R5 represent,

i ndependently of each other, a (Cl-C4) al kyl group such as nethyl,
conprising the fol |l owi ng successive steps: 20 (i) cleavage reaction of a
conmpound g]f betHHE% ygorof sSyeIthewing Moor Aul degivitige 29 following

formula (I):

O

RN °

>//NR2 NR,R,R;
S (1),
or a physiologically acceptable salt thereof, a tautomer, a
stereoisomer or a mixture of stereocisomers in all
proportions, in particular a mixture of enantiomers, and
especially a racemic mixture thereof,

10 for which;:

— Ry and R; represent, independently of each other, a
hydrogen atom or a (C;-C4) alkyl group such as methyl,
at least one of the R; and R; groups representing a
hydrogen atom, and advantageously each representing a

15 hydrogen atom, and

— Rz, Rs and Rs represent, independently of each other, a

(C1-C4) alkyl group such as methyl,

comprising the following successive steps:
20 (1) cleavage reaction of a compound of betaine type of
following formula (II):
0

b \ O
XT \‘, % -+
>/x,_, NR,R,R,
s  NHR,

OR

7



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

m xture of stereoisoners in all propor&%ons, in particular a m xture of
enantioners, and especially a racemc M xture thereof, 5 for which: NR 2
represents lor2 Rl, R2, R2, R4 and R5 are as defined above, R6
represents a hydrogen atomor a (01-04) al kyl or -00-

((C1-C4)al kyl) group, and in particular a hydrogen atom 10or a -000H3

group, and nore particul arl hydr ogen, at om R7 represents a
hydr ogen at'om‘or é?%%ﬁéiﬁ%l%ﬁ§%¥ g?%%%?t%n ®i Qt &%fﬁﬁ%ﬁ%@eﬁaatom

a
n parficﬁla

in the preseneeicionrt hi©F, preferabhyesolobl estdirdhesdbareactinon sol vent
whi ch could be water, at a tenperature above or equal to 6000, to give a
conpound GFEIRFGRHORS(| ) 1N aRd T {EHGY Sdepar FLFGHTST ¢ he SEEMOGRETSH fH%ul a

(1) obtai é?ﬁéhP§7%{%%%gdﬁksﬂfﬁ%dﬂé'gﬂ dfe reaction nmedium 20 2.

Met hod acco aim 1, characterised in that the thiol corresponds
to the5forfmd abR<8H, with R representing a |inear or branched al kyl chain

and preferably. lingar, conprising,from1l to 8 es ially 2 to 6, atons of
carbon, 25 subskit egepyeg@gt@rqﬁﬁLefa oups @ fromOH, SH, NH2 and

COOH. 3. Method according to claim?2, characterised in that the thiol is
chosen frem st BiNeRdi thi ettbr 8htote 2as defined above,

— Rg represents a hydrogen atom cr a {C1-C4) alkyl or -CO-
{(C1i—Cy)alkyl) group, and in particular a hydrogen atom
10 or a -COCH; group, and more particularly a hydrogen
atom, and
— Ry represents a hydrogen atom or a (Ci;—-C.) alkyl group,
and in particular a hydrogen atom,
in the preseﬂce cf a thicl, preferably scluble 1n the
15 reaction solvent which could be water, at a temperature
above or ecqual to 60°C, to give a compound of formula (I),
and
(ii) separation of the .compound of formula (I} obtained at
the preceding step (i) from the reaction medium.
20
2. Method according to claim 1, characterised in that the
thicl corresponds to the formula R-SH, with R representing
a linear or branched alkyl chain, and preferably linear,
comprising from 1 to 8, especially 2 to 6, atoms cof carbon,

25 substituted by one or more groups chosen from OH, SH, NH;

and CCOH.

3. Method according to claim 2, characterised in that the

thiol is chosen from cysteine, dithiothreitol, 2—
30 mercaptoethanol, 2-mercaptopropionic acid, 3-

mercaptopropionic acid, mercapiocacetic acid,



30 ner capt oet hanol , 2- ner capt opr opi oni caci d, 3-

mer capt opr opi oni caci d, mer capt oaceti cackgd, 28 nercaptohexanoic acid and

t hi ogl ycolic acid, and preferably is 3~nercapt opropi onic acid. 4. Met hod
according to claiml, characterised in that the 5 step (i) is carried out
at a tenperature rangi ng between 60 and 120C, especially between 80 and
100C. 5. Method according to any of clains 1 to 4, characterised in
that the conpound of far.mul a ) orr s to.ihe fo f.or mul a
(la): O PF pto ex%EO ysrog%grcaﬁtJi)gcg(taﬁféﬂga 1 B%fgk sty

taut oner, ia Sbﬁb@@aymagrdp1dmﬂn>§¢mﬁ.of st ereoi soners |n aII proportions
in particular a mxture of enantioners, _15 and especially a racemc

m xture thereof, for which R, R2, R2, R4 and R5 are as defined in claim
1. 6. It ho?] ECar %'c%%rgmqr%n%o()fcl%!lﬁ B Lo R Sharactelised iy, d hat

t he conpound o ornu ) 20 represents ‘ergot hi onei ne, and especial |y
L- er gof hi ettepndi) s Metrhog:cacedr ditng: ticergryr afurct afarsg ing do@ween 60
characteri.s dliﬁ° hat the .c Og)inf b |ne t f formula (fl) is
prepared FPOm&N &ci &SRS A At % extl usi on of the salt of
hydri odi c acid, of a conmpound of betarne type of followng formula (I11):

29
5. Method according to any of claims 1 to 4,

characterised in that the compound of formula (1)

10 corresponds to the following formula (Ia):

o)
~ ;
RN ©
>//NR2 NR,R,R
S

(Ia),
or to a physiolegically acceptable salt thereof, a
tautomer, a stereocisomer or a mixture of sterecisomers in
all proportions, in particular a mixture of enantiomers,
15 and especially a racemic mixture thereof,

for which Ry, Rz, Ri, R and Rs are as defined in claim 1.

G. Method according to any of claims 1 to 5,
characterised 4in that the compound of formula (1)

20 represents ergothicneine, and especially L-ergothioneine.

7. Method according to any of claims 1 to o,
characterised in that the compound of betaine type of
formula (II)" is prepared from an acid addition salt, with
25 the exclusion of the salt of hydriodic acid, of a compound

of betaine type of folleowing formula (ITII):



0 0 X2NR3R4R+6 (111), or a tautoner, a stereoisonmer or a m xture of
stereoisoners in all proportions, in p@Pti cular a m xture of enantioners,
and especially a racem c m xture theredf, 5 for which 1S=Z 2, R3, R4 and
R6 are as defined in claim1, by reaction successively with dibrom ne,
then with a cysteine derivative of followng formula (1V): NHR6 HSOR7
orvy, or a stereoisoner or a mxture of stereoisoners in all 10
proportions, in particular a m xture of, enantioners, and especially a
racem c mxture thereof, in which R6 afjd R7 are as defined in claim 1.

8. Met hod according to claim 7, chatacterised in that the 15 conpound of
formula (1) corresponds t ejormita (IQ&) as defined in claim5 and that
t he net hod conprises the foNLh/ ng s ﬁcﬁﬁi ve steps: (a2) reaction of
an acid addition salt, with the 2xclusfoh®f thersmlt of hydriodic acid,
of a compound of betaine 20 type of following formula (lIlla): O or a

t aut oner, °F st &rPdBiSHifer SorSE MG IS bf OBt e isbferat i H-Hf$0biSpoFt i ons,
in parti culAr 1 M eddig 10 LNa [LOIBY Sou AN £5P86H AN Yo 4 BGEM Sndi Xt Ure

N
ke

and especially a racemic mixture therecof,

. X=X . . .
5 for which 12 R,, R, and R; are as defired in claim 1,
by reaction successively with dibromine,
then with a cysteine derivative of following formula (IV):
NHR6

HS OR,

O (1V),

or a stereoisomer or a mixture of stereoisomers 1in all
10 propertions, in particular a mixture of enantiomers, and
especially & racemic mixture therect,

in which Rg and Ry are as defined in claim 1.

8. Method accerding to claim 7, characterised in that the
15 compound cf formula (I) corresponds to the formula (Ia) as

defined 1in c¢laim 5 and that the method comprises the

fellowing successive steps:

{(a?) reaction ¢f an acid addition salt, with the exclusion

of the salt of hydriodic acid, of a compound of betaine

20 type of following formula (IIIa):
0O

~ O

X1\‘;x2 NR,R,R:
3As (I1Ia),

or a tautomer, a stereolscmer or a mixture of stereocisomers
in all proportions, 1in particular a mixture of enantiomers,

and especially a racemic mixture thereof,



30 for which 12, R3, R4 and R5 are as defined in claim1, successively
with di bromne, then with a cysteine d%i vative of formula (1V) as defined
inclaim?7 or a stereoisoner or a mxture of stereoisonmers 5 in all
proportions, in particular a m xture of enantioners, and especially a
racem c mxture thereof, and in particular wth cysteine and especially
L-cysteine to give a conpound of betaine type of following formula (ha):
100(ha), or a physiaqlQgicglly acceptable salt, a tautonmer, a stereoi soner
or a m xt W Gfhidher€oNsoner,s f;n @ lareyr GROEKE0RS, dbfipant keukaria m xture
of enantioners, and especially a racem c mxture thereof, 15for which 1
--- 2 f REUREST e Hnd: REr@Eedefined in claim1, (b2) cleavage
reaction %e%w%%ousf 0L 1 hE! BEOS LY PG OL A Q1P A o Ny ohl Al diedd ply t he
preceding step (a i n {he presence of a thiol, at a tenperature above or
equal to 20600Qiirt 0/ ghwea astempoundmet bar rulel (tha)s Endsife?)oseparat | on
?Let P:gg?ggﬁ%g{rﬁcp%rr%o%é,l ai?n Opbé[raéinceu a?'rt ghrr?i {uej?eedépgensattr?ipio(n?ezgs,from

and especially & racemic mixture therecof, and in particular
with cysteine and especially L-cysteine

to give a compound of betaine type of Zfollowing formula

(IIa):

o)
“~ .
x4 ©
>;X2 l\ER3I?41?5

S NHR,
OR,
10 O (ITa),

or a physiologically acceptable salt, & tautcmer, a
stereoisomer or a mixture of sterecisomers in all
proportions, in particular a mixture of enantiomers, and

especially a racemic mixture thereof,

15 for which XHQQ9£X2, R3, R4, Rs, Rg and R; are as defined in
claim 1,
(b2) cleavage reaction of the compound of betaine type of
foermula (ITa) obtained at the preceding step (a2) in the
presence of a thiol, at a temperature above or equal to
20 60°C,
to give a compound of formula (Ta), and
(c2) separation of the compound of formula (Ia) obtained at

the preceding step (b2} from the resaction medium,.

25 9. Method according to &@ny of claims 7 and 8,

characterised in that the cysteine derivative is used in



excess, at the rate of 2 to 10, advantageously 3 to 7 nolar equival ents of
cysteine derivative conpared to the cogRound of betaine type of formula
(rrr)y. 5 10. Method according to any of ‘clains 7 to 9, characterised in
that dibromne is used at the rate of 1 to 1.5 nolar equival ents conpared
to the conmpound of betaine type of formula (I11). 10 11. Method according
to any of clains 7 to 10, characterised in that the preparation of the

conmpound (1) fromthe .co und (I1J1)_ is,carried out in a single reactor

wi t hout i gegl)ca S%n ot qi}heer?aﬁfteerorfédél at%oe ]fs:%’rrpao%‘ﬁ%“iarﬁc.’usl 1§.t%o7re;p% 4" of

bet ai ne t g iofa fcald oW NG fordita ddddvativd(ddnpasd aaphysd A agheahdy
acceptable salt, a tautoner, a stereoisomer or a m xture of stereoisoners
in all profortatardie iHYnearal di@e nikre of enantiomers, and 20
especially a racemic m xture thereof, for which: zX -2 represents NNR or2
, and - R2, R2, R3, R4, R5, R6 and R7 are as defined in claiml, with the
excl uspon 1d6f. t Metdenpouadcbodingi ch2zo any of c¢laims 7 to 9,

characterised in that dibromine is used at the rate of 1 to
1.5 molar egquivalents compared to the compound of betaine

type of formula (III).

i0 11. Method ° according to any of «c¢laims 7 to 10,
characterised in that the preparation of the compound (I}
from the compound (III) is carried out in a single reactor,

without isolation cof the intermediate compound (II}.

15 12. Compound of betaine type of following formula (II):

O
e -
X‘i “\ . O+
>*'/X2 NR,R,R;
S NHR,
OR,
© (11),
or a physiolegically acceptable salt, a tautomer, a

stereoisomer or a mixture of sterecisomers in all

proportions, 1in particular a mixture of enantiomers, and
20 especially a racemic mixture thereof,

for which:

X

X N
- ™2 pepresents

RN~ or NQQ//NRZ, and

- Ri, Rz, Ris, Rs, Rs, Rg and Ry are as defined in claim 1,

with the exclusion of the compound for which NN

HNVN or NVNH ’

25 represents Rs3, R: and Rs each



HNNNNH 25 representsOr, R3, R4 and R5 each 32 represent a nethyl group

and R6 and R7 each represent a hydrogeg, at om 13. Method for preparing

a conmpound of betaine type of 5 following formula (11): (I1), or a

physi ol ogi cal ly acceptable salt, a tautoner, a stereoisomer or a mxture

of stereoisoners in all proportions, in particular a m xture of

eganti oners, and 10 especi aIIy a racemc mxture thereof, for which: RN
-2' 2 repre entsorN R R re, as

defi ned i ACErarm 1, m?’gagtl oip&fp a%héichz%ﬁ ad%?lt fﬂ%on%gaa%ﬁr\%? B%ﬂé =

excl usi Onhqf:lrbigjehhatsyﬁllt of hydriodic acid, of a conpound of betaine type

of fornmula (111) as defined in claim7, with dibromne, then with a

cysteine derivative of formula (I1V) as defined in claim7, and in

parti cul an swi t h.cushei As- and e3ReciAl LY dorfpst@l N6 2Rtaine type of

5 following formula (II):

@]
~ o}
X; By N
. X2 NR,R,R;
S NHR
OR

7

O (11},

or a physiologically acceptable salt, a tautomer, a

sterecisomer or a mixture of stereoisomers 1in all

proportions, in particular a mixture of enantiomers, and
10  especially a racemic mixture thereof,

for which:

N N

RN N __ N NR,

= K K represents , and
— Ry, R2, R3, R, Rg, Rg¢ and Ry are as defined in claim 1,
by reaction of an acid addition salt, with the exclusion of

15 the salt of hydriodic acid, of a compound of betaine type
of formula (III) as defined in c¢laim 7, with dibromine,
then with a cysteine derivative of formula (IV) as defined
in claim 7, and in particular with cysteine and especially
L-cysteine.

20
14. Method according to claim 13, characterised in that

dibromine is used at the rate of 1 to 1.5 molar eguivalents

compared to the compound of betaine type of formula (III}).

25 15. Method according te any of c¢laims 13 and 14,

characterised in that the cysteine derivative 1is used 1in



14. Method according to claim 13" characterised in that dibromne is used
at the rate of 1 to 1.5 nol ar equivalegés conpared to the conpound of
betai ne type of forrmula (I11). 33 excess, at the rate of 2 to 10,

advant ageously 3 to 7 nol ar equival ents of cysteine derivative conpared to

t he conpound of betaine type of formula (I111).

excess, at the rate of 2 to 10, advantagecusly 3 to 7 molar
equivalents of cysteine derivative compared to the compound

of betaine type of formula (III).



