1 Production and use of nethionyl nethionine as feed additiv for fish and
crustaceans Introduction 5 The present invention relates to novel chem cal
synt heses of nethi onyl met hi oni ne, the di peptide of nethionine, and the
specific use thereof as feed additive alone or m xed wi th nethionine for
fish and crustacean nutrition. 10 Priorl art Essential am no acids (EAA)
such as nethionine, lysine or threonine are very inportant constituents as
feed additive in animal nutrition and play a significant part in-the
commercial rearing of productive aninmals such as, for 15 exanple,
chi ckens, pirgFuatdohuahdainks. oBupptRI®RY Bid i oofi neatisr Feefdr alldinisour ces
such as, for exanple, soybeﬁgs,fco n_and_ wheat gggh EAAs nmakes it possible
on the one hand for the ani st g?% FRERECTOF for milk production to
be hi gher in high-output dairy cows, but on the other hand 20 for the
~utilization of the feed to be nore efficient. This represents a very great
commerci al advantage. The markets for feed additives are of great
i ndustrialy é&gqﬁmpial i nportance. In addition, they are high-growth
mar kets, attributable not least to the increasing inportance of 25
countries such as, for exanple, China and India. L-Methionine
((S) - 25ani Te AR LRAVEBHLPE &edeiter Fepreteht @R rBPUNSHSEi ng ami no
acid for remnEREURI e oas neh)i ekengipdpekse dfirkeysi atichedl s@df or many
fish an shellfish species and therefore Bla .a ver shgnificant 30 part
in ani mal RSOt and58s PESFOhdFt T8 (ﬁ%@% 36 FERI°T "R CRgr . Food
Chem 195%ith ne@hitdGnandokovelsh, ahd RrudtadedmmnSoiitik881, 69,
4193-4200). However, in the 2 classical chem cal synthesis, nethionine
results as racemate, a 50:50 m xture of D- and L-nethionine. This racemc
DL- net hi oni ne can, however, be enployed directly 2 feed additive because
there is in some species under in 5 vivo conditions a transformation
mechah? smBatiiogh agdnverts the unnatural D enantioner of nethionine into the
natural L enantiomer. This entails firstly the D nethionine being
deam nat egJWidnit itihe aak o 0h cadeonsnasi Ei16h hoxialasetine - ket=aret bironi ne,
and subsequent|y bein% further 10 trgnsfornqg wi.th an&;-kfa@%@gtnase into
L- met hi oniwé SPBAREr 27D, EET¥n M "RBAF g hcFERS i HE R &% maTh ettt 8he
D Mell 0, JdnPakim@@dnhtriMbbnnghdr gléWka, s GAB finteeringdaonadn 18@4, 37-61).
The avai | abl. g 3mount 8L, blPLR! BRLBECE VL NE RS I @issaged thereby and
can then be avariabl 8 to tHe ’
15 example, chickens, pigs and ruminants. Supplementation of

natural protein sources such as, for example, soybeans,

corn and wheat with EaAs makes it possible on the one hand

for the animals to grow faster, or for milk production to

be higher in high-output dairy cows, but on the other hand

20 for the utilization of the feed to be more efficient. This

represents a very great commercial advantage. The markets

for feed additives are of great industrial and commercial

importance. In addition, they are high-growth markets,

attributable not least to the increasing importance of

25 countries such as, for example, China and India.

L-Methionine ({S)-2-amino-4-methylthicbutyric acid)
represents the first limiting amino acid for many species
such as chickens, ducks, turkeys and also for many fish am
shellfish species and therefore plays a very significant

320 part in animal nutrition and as feed additive {(Rosenberg e
al., J. Agr. Food Chem. 1957, 5, 694-700 and Lovell, T. R.
J. Anim. Sci. 1991, 69, 4193-4200). However, in the



15 animal for growh. The enzymatic transformation of D to L-nethionine
has been detected in chickens, pigs and cows, but especially also in
carni vorous and omivorous fish and also in shrinps and prawns. Thus, for
exanple, Sveier et al. (Aquacult. Nutr.z 2001, 7 (3), 169-181) and Ki m et
al . 20(Aquacul ture 1992, 101 (1-2), 95-103) were able to show that the
transformation of D- into L-nmethionine is possibl in carnivorous Atlantic
sal non and rai nbow trout. Robinson et al. (J. Nutr. 1978, 108 (12),

1932- 1936) war.z et Aquacul ture. 1998, 161 1-129) were able
to show th% %Fge &r‘?\i & Fi"sh™§ Q&Pﬁéhguﬁﬁé‘éég Sf3F exanpl e,
catfish anctka=amgte,l a éd)dlStOl on xtharestodr DandnBomi-nygthdoniMe| PAguacul t. Soc.
2006, 37 ( 74-48 I feed n,

ommi vor ousA% emﬂ Iﬁ ?& the g%g% gstﬂL ?’%%\egnaeguss\gla%ﬁglgfg(s a{@%%?#gt%i oni ne
has t he saﬁrmece@detbmmet peggusemstisirenilge iInTHeMAoEPEC peodeuedeévniin 2007 of

crystakling L dlﬁ{dlltq%%e a@@ah@%%%%ﬁbﬂﬂb@hﬁﬁi&h%f@h hygliexyr @nal og
(MHA, rac-2- hydroxy-4 t hyl t hi o) but anoi ¢ acid (HVB)) and solid cal cium

MHA was moTe fRERCPEE 10 oepanmpﬁlﬁrm% BgEEaSRIR| {NBS Eipltiedrat rect |y
as feed aCidletﬂa\tﬁhlfoaferrrom‘gg@ﬁehtala@l If&hcgtiyfﬁhéSD Iﬁ@l}ﬁh%ﬂi’fﬂéf Q:aeﬂ@j” try and
p1 gs. ta the ra I a evel o nt_o n crust acean
farmng i %%ﬁ dn&’gé;?‘rl g?l ?ggeﬁﬁuﬁcﬁf’?ﬁpgggge h° opt P as":'ealbchom cal and
ef ficient ormeruomatmzaowppl eaedt atibsrgophic@n hasnpetanthencr easi ngly

| mpor§ gnt prge) ff%%h%dUEhEﬂ' Le@ragﬁé\%%ﬁgge ﬂ@é‘rﬁdﬁé £aed, and, Agricul ture

Organt zation o nited Nat'i o I sherres partnment "State of
Wor | d Aqud@akedr eD28061n 2006noRefeds| Aref Al amaha Fovi-Fdtiay’ Resear ch

Instituten( IM%EBIO) JF@sb 2@3@ SupphYiagdoPenend) | Gnglng-Markgts, 2003,

Washi ngt on, ﬁ |n 10 contrast to Chl ckens and pjgs, various
probl ens &ééér 3 -Gdeé - o?hﬁef‘ﬁ%%f’lﬁée MRAUDE @8- WP s 9uate dddithse for
certain fpshyang Qhustaaﬁéantnafe]e;{n &ﬁd EHﬂSth&u%@}hﬁhdldiﬂté)ltaa (she Fi sh.

Res. 975 32 42 ofs an neal in
conj Uﬁgtl S‘HlmaflL %gl Fngf v E% s 1%%I B %rgzé?%? Olr_‘nr%a mhd %Ebedsnc i d not
|l ead to ahymenbneasael hagrbeth @éteataﬁomtmlmmkemﬂu Fdigt ald dBd.l .

Japan. %u]pl gtﬁpaagmylgﬁé%lglg,cgﬁivo%géz) r&nﬁh}ﬁcrysfﬂ] ta@ﬁ% dai l'y

feedlngo lets wt rates of supplenente I ne am no
acids in eaFp Fedshoimpeeand RFRFMA00FBES t heoX reemaiT W idY 188 ng

excreted ¥ha thguabhle. agdcki dngys, Be@wsel@j 1dg raam (iu%b&ﬁ;r Rtz on of
suppl ement ed ani no aci ds_sho cHy a%er ; 0# nt ake, re is._a very rapid

riseath tlﬁ%qﬁﬁf:m)t’éﬁ?dl%%%c § SFTE B U9 &89 (f ast
r esponse) thiowexer tramsfdmsaﬁicﬁfe @b mhe;.@ttds\ax iHierdcieds f pamdia nat ur al

protein spurces sua_as soybean neal are not ye .Dr esent in
t he pl asmi- posrslll%?y ‘Ilééa%ﬂnagn o aséaelnc%ronl cﬁal %f tktferoc%nc)l{j{rir:b

avai |l abi | etyadbf &l Xihter| rﬁﬁﬂ&anl@&rﬂli_b) acJ_,%BsZ 1%66 @Sl iSchvaerzeeft, part
of the hig 'y ﬁ%&%ﬁ@fé’ no 30 acifs i ranidlyexereted, o fapi diy
nmet abol i zei ) I's ‘used for exanp e as pure energy source. As
aresdt, S@F\‘érﬁoifsowwo@%?f igHh oyeefsl e hovwds S .n fgroweRI®Lle  upon use of

crystal | i ag. aiNoaAEi dsr@s ﬁ&%&@dﬂaﬂ Ves {AQs elnd@bomiBY (g .SeRr1Car p
Soc. Sci._Fish. 1970, 36, 407- 41?}%4} %%ﬁpl ementation_of crystalline am no
in

aci ds mayAFEad o 13 het®Hrobi e st4edifg e ?F?éeslté’wsfﬂé?é’dllﬁg
behavi or ﬂée@ﬂﬁg’g adHper iisdrace ais autivaseud ahreéxaplog, takr ispesiek t hE

speci es Lj enaeus Vannanei . | t ng t.o t e | residence tine of
the feed t SURTET VI stgbayt)ltt e}%éﬁ?é%l ) &t tl]@SI ?Igl%esﬁlfﬁeno aci ds being
di ssGIOvedam)ﬂ::u(iga&‘m rtgameﬂkea;uhmtga to eutrophication of the water and not

The world production in 2007 of crystalline DL-methionine
and racemic, liquid methionine hydroxy analog (MHA, rac-2-
hydroxy-4-(methylthio)butanocic acid (HMB)) and solid
calcium MHA was more than 700 000 t, which was successfull:
35 emploved directly as feed additive for monogastric animals

such as, for example, poultry and pigs. Owing to the rapid



to an increase in growh of the animals (Alamet al., Aquacul ture 2005,
248, 13-16). Efficiently supplying fish and crustaceans kept in

aquacul tures thus requires, for certain species and applications, a

speci fic nethionine product form suchszas, 10 for exanple, an
appropriately chemcally or physically protected nethionine. The ai m of
this is on the one hand that the product remains sufficiently stable in

t he aqueou environnent during feeding and is not dissolved out of the
feed. On the other d that the n%b n|n product 15 eventual |y taken in
by the anﬁﬁﬁwm%ﬁﬁiﬂe SRR S O e Fﬁsﬁ?ﬁﬁa%ff?fmﬁﬁ%y %n t he

ani mal body.gianyi refifsarrtis Tnaneel b@ﬁﬁc@&d&rﬁl hheopa$ma1p é&ﬁmﬁﬁﬁhaﬂﬂ t abl

f eed addltlv ticularl based on t hi onine, for.
L oo o e AU K PARE LD TR ORL IS SBE I A come  ana
tripepti damcaﬁafseemlafddﬂmw@aﬁl@r rieshseadd ecnushaseanse Mheregrmenti on of

this ig tQqdpnam&ed fd]h%n@r Bl%ﬂ%e%ﬁ:@%iza‘c@éﬁ‘ﬁvg{ D&t o pnd

trlpeptldes preferab in this Case were from nonessential and
therefore“@¢§@nndﬁﬁpﬁl?Fﬁ@ﬁﬁﬁﬁﬁ09§@ﬁ§§m§ﬂéh“ﬁ%at¢d®fé%@#bie gl yci ne 25

al ani ne amlu&@um@reﬂz@o@nl yz@etshl QBinBe @ﬁ@&f@l@tf@n&ﬂ FEQ%& des: descri bed
are DL-al anyl - DL- oni ne g néh &L %I%P wever, this
means thaFEEFF§€P|€@F§15HF? 5&?5? FF§% Bt anid % g3 ipr esent
in the di pephigdeg smdkehiss nusD3bewaah@ggtbﬁedDas fK)H&W@vahsaﬂyantageous
fron1i@e %%nggsgf gcgﬁggkgﬁs V982§¢§S67vg§§grlbggodpe enantloselectlve

S

synt hesi s an am no Su Cci'l as OI’
exanpl e, Fréti‘hpénmﬁéhagﬂﬁ-eed HHA| prves; Miates Bbed addic i fiqrsh and

crust aceaeértbanl $isAl Qn&%?@s@@éé&ﬁ' \eakpe@f& e%ﬂiﬁastﬁf ey YrRM h
t hereby. The described o goners are assenbl e enZyme- cat al yzed

reaction EﬁﬂoéﬁhlgltFasber ©Br 0Bd- d?%@rl%%?$(nﬁ%ﬁ 44 i FIsidt hs of the

i ndi vi duaknhati gnaense dhi soBkes HBL1 PLACESST WUnSEl BT ey s(i(?ﬁ_;tl' and
omsk descri bes

el abarate in ocedure. a urification i
D0 5608s88eBReS et Al i b S e L W B v o
pronDtlnglnbeegsemmh gfowahuafiraEMb@mJEromtltMUEaEaSEaﬂIhGBmﬂdportlOn of

t he peptlggé ahn the ?% era%? ﬁeeggggrmyéat PP)”?%%?@l g&%&x |ght The

synthetlcag ptides p y consist © es'sen Ilnltlng am no
aci ds Qér thahedayhy hbseding %ﬁcﬁﬂ%@n@h@#iz@dﬂbﬂngﬁLr@ﬁ@Sp@Eypeptldes

is very eé@%@l@sh@nt@@s&ys@mmﬁéfalﬁmcs Aﬁ@énmwéaﬂgp 1RE N gisi 1 @l
scale dition fectiveness of pol ypeptides of a single am no
aCId IS dF%%%t%%ﬁ pEchiiretree amino acids being excreted via the

gills and kidneys. Because of the rapid absorption of
supplemented amino acids shortly after feed intake, there
is a very rapid rise in the amino acid concentration in th
fish’s blood plasma (fast response). However, at this time
25 the other amino acids from the natural protein sources suci
as, for exampie, soybean meal are not yet present in the
plasma, possibly leading to asynchronicity of the
concurrent availability of all the important amino acids.
As a result thereof, part of the highly concentrated amino
30 acids is rapidly excreted or rapidly metabolized in the
body, and is used for example as pure energy source. As a
result, there is only a slight or no increase in growth of,
upon uge of crystalline amino acids as feed additives (Ace
et al., Bull. Jap. Carp Soc. Sci. Fish. 1970, 36, £07-413).
35 Supplementation of crystalline aminc acids may lead to
further problems in crustaceans. The slow feeding behavior

of certain crustaceans such as, for example, shrimps of the



15 these are often converted only very slowly or not at all under
physi ol ogi cal conditions into free am no acids. Thus for exanpl e, Baker et
al. (J. Nutr. 1982, 112, 1130-1132) describes the | ack of biological value
of poly-L-nethionin in chickens becausg of the absolute insolubility in
wat er, 20 since absorption by the body 1s inpossible. Besides the use of
novel chem cal nethionine derivatives such as, for exanple,

net hi oni ne- contai ning peptides and ol igonmers, there has also been
investigation of various physical protectlon possibilities such as, for
exanpl e, 2%PITHRT Nyt WRPANE | BTG ticsn 16 aRWaRPnECathE LANg ,
protecti Veré'@i[diézﬁ(ce Hhiugs JOrceXage unflaamweieal, . ifAgHacul t. Nutr. 2004,

10, 309-316 | t 200 8, 13-19 bl e_t t hat
coat ed net%ﬁ §ﬂ§L€%#”9%g§%¥7ﬁf ubaﬁ @BHPPag% ﬁ% ﬁﬁgﬁgfgﬂgsé gé@yogosltlve

30 i nf | uente=aorhitrieg ,grlcmtdlr@f tyoeng riophdra tshni opsthél vhvaghandenof a
Shoct 160 GRRUNG MBS AN 4.1 0, AURRY 83° LH1e AL 0Ly TELIL o1 e and

| ysi ne out of re are sone Serious dlsd%vahtages The
preparatldﬁﬁ@%ﬂﬂﬁéﬁ@b@ﬂoﬁg @i 8netlRi-dhilne usually represents a technically
conplicated 35 and el aborate process and is therefore costly. In addition

the surf ags fGeatdg yofsy E@Q bhirgahnenal telis6qabhNg ksp: 6i0asily damaged
by nmechani cal stress an ra5|on duri_ng feed processing, possibly |eading

to a di m AAPGH IS ESTyI e "PORS T6F -t hB*pRFEFEal PPBEERT i An additiona
factor is agpat dahe oment enfsp@lelf&bhméﬂhﬁlenh.ﬁer@ﬂ@@@dt :&mﬁn5 $1lns i1 en
beconfé u o%ogpnlcl by _a coatlﬁg or E gé nf%%lx subst an Besi des
the inventive Hover “us8 of PBECRELAIGNYI SDERBEH Te% ditive with
| ow | eachiprgtekaedc ethstindsef r @hef eéd pél teis amdomxthedatesarmhd an 10
optimal sypply .k E%Bheﬂ' %méﬁ?n&h@u?@%l&ﬂgﬁgg&éﬂ) e%‘; r?'&?éeacﬂee&}’age of

met hi onyl net hi oni ng, been possi op novel processes
for prepaﬁpﬁ@rﬁﬁﬁﬁpénﬁpﬁéﬂﬁléﬁ?ﬁénﬁhﬁ%ﬁ haveo refys sl ayds Wveihe he

preparati @geaalr DﬁngﬁedgﬁﬁékPEQn&nthﬁ'@ théem@wjl:&mh\@%r&iu@é the di pepth i de
synt es disclo in the.li ure use. cost protect roups suc

e o SURRE U3 LBc S ER LBUPEXLRRr BOMJI ) O7 22 B A5 R BAY
prot ecti vengdr etips hhghheﬁﬁyeléﬂﬂ@elﬁitheh@ﬂhmm&tb@ipppropr|ate am no acid
before the actual dipeptide synthesis, and subsequently 20 elim nated

again. | Nl Leeg,  8chLya! b0, Ofa bl AL g el 404 ddégﬁef 3%&% dpy usually

necessary I ony I onl ne can epare 1 ng
N- Boc et hﬁ@ﬁﬁn@d@ﬂth‘f@ﬁe PRYhytubar by ldsedton c;mtrfelq;m for fish

di cycl ohexyhcarhediioide. (B, dbe Graatidi Wm@ﬁ%&fcﬁ%em&
preparation process are the use, of costlg%grotectlve roug a very

el abdrtht e¥8§nPhedts &Ad E%%P?@t%@%ﬁlﬁ%gf a6l recycl ed,

such as, ¢efisexasphe, TEE. iAnehhesn abt eriad i Me tfd)rprtdi\r@tlend;%‘?et K xaalwt
synthesis ?f nethlon met.hi oni ne i de cribe |s[2 30

n DE22
met hy! t hi 9 e‘f%?nlzm EPi eI Tredi et b Rt 5@% L'DKP) is
. formed i netubkofedsin stiage d:)eysélem:rmgfztdm Tk SO st 1 2dlS teeid ahemetthireni ne’ and

5. S5 W EESIEREIAL I LNV RS, B 3, Sabighast gyl o o
alanine and serine. The only methionine-containing
dipeptides described are DL-alanyl-DL-methionine and
DL-methionyl-DL-glycine. However, this means that
effectivély only 50% of active gubstance (mcl/mol) are
present in the dipeptide, and this must be categorized as

30 vwvery disadvantageous from the aspect of economics.
WO02088667 describes the enantioselective.synthesis and us:
of oligomers of MHA and amino acids such as, for example,
methionine as feed additives, inter alia also for fish and
crustaceans. It is said to be possible to achieve faster

35 growth thereby. The described oligomers are assembled by a:



35 addition, the use of nethionine isopropyl ester as startinc material is
too costly and therefore uneconomc. 7 (Object of the invention One
general object was to provide a feedstuff or a feed ad ditive for

animal -nutrition based on a novel nethionine substitute which can be

enpl oyed al one or as m xture with 5 nmethionine especially in the sector of
industrial fish and crustacean faimng in aquacultures. It was intended at
the sane tinme to develop a sinple and cost-effective chem cal synthesis of
t his novel nethionine substltute In the light of the prior art

di sadvant afesMg tCatas aRd 1Rt ang ﬁé@ﬁgém arvebY previde a chemically
prot ect ed @B ORI e PoFduste fc.Qfal\ﬁarlle@@&h@rmEveh@u;smdh@i@ma/pr ous and

carni vorous. fish and r.ust acean eC|es whi ch ive in salt fresh water.
It was i ntemdERSTF partiTc eSS PRCE P odUE e ShoW T owr S8t 1hidi ¢ v

char act er i stdles-gHeedehithg) ﬁﬁc@elﬁlrtdwandoppkefécéeedn pétbéhlﬁftovmkjexétr udate in
wat er SSeSss a slow+r i i cont i nuous

rel easé ofg€re§*ﬁ%ibes ihe ungerogﬁéggglig%ca c%ﬁd? ons n addition, it

was al so ipamnded @lvatf eelde adolidgli viest Boonpbrope biue t targbev@npfoyed
advant agequsl i ;@S JMixkyLe Wt hdQ Dlangt hhgnb?@%oft{é&!{t&?rtwl ect was to

find a nethionine substitute as feedstuf additi ve which has

very hi gh BSEI6ISc 4 Ty &RGe CLHEP LA B oRes FPRTGAEHOR e Ry 14 Hahdl e and
storl and wawtgoq&éts%thleww@@@htﬂag peuabrgengi ddssofo 25 conpound

f eed ocessin spe I el leti.ng and_extrusion. |t was tended in
thie DR E e o 8RR, T B St (6 ACodfe WPPRH: £ drihav i Dtont
nethionineﬁS@mmmesybehedezedrp&t@bklaedtpehgpéptmm¢ma1WWHa¢ysource

exhi bits iy 30, 00ssi bl Stﬁgl Fgl'dsﬁq\ﬁ%ﬁ%s c&#\?ende flopducts to 0“'y a

reduced extent or not urt to develop a nove
fl exi bl e sydtiségiiealr sardef oﬁnnéltﬂﬁﬂémsmnet]h?oﬁﬁffféci(JDLeIrﬁéiﬂ”annyl 8

net hi oni ngﬁa DE@eW@&@BStBE 5yehﬁahepaﬁgﬂas%§daf@ @y@@éwt befcra@met he

i ndustria hi oni ne pI‘O uct1 aon process can used as starti ng
mat ert3l . tihtes\ﬁaérﬁdaﬁF?BnEPPVeFﬁﬁénaﬁﬁytEeﬁ%v%]r‘ﬁ’bl% it ﬁrl&cess f or

separ at i ngntiee paiEsolbgical conditions into free amino acids. Thus
for example, Baker et al. {(J. Nutr. 1982, 112, 1130-1132)
describes the lack of bioclogical value of poly-L-methionin
in chickens because of the absolute insolubility in water,

20 since absorption by the body is impossible.

Besides the use of novel chemical methionine derivatives
such as, for example, methionine-containing peptides and
oligomers, there has also been investigation of various
physical protection possibilities such as, for example,

25 coatings and the incorporation of an amino acid in a
protective matrix. Thus, for example, Alam et al.
(Agquacult. Nutr. 2004, 10, 309-316 and Agquaculture 2005,
248, 13-19) were able to show that coated methicnine and
lysine has, in contrast to uncoated, a very positive

30 influence on the growth of young kuruma shrimps. Although
use of a specific coating was able to suppress the leachin
of methionine and lysine out of the feed pellet, there are
some serious disadvantages. The preparation or the coating
of methionine usually represents a technically complicated

35 and elaborate process and is therefore costly. In addition

the surface cecating of the methionine after coating is



5 di astereoners DD/ LL- and DL/LD- net hi onyl met hi oni ne, so the an opti nal
and efficient use of only one pair of diastereoners (DL/LL-1 or DL/LD-1I)
is possible for specifi applications. 10 Description of the invention The
object is achieved by the use of DL-netghionyl-DLnethionine and salts
thereof as feed additive in feed m xtures for aninmals kept in

aquacul t ures. In a preferred manner, the feed m xture conprises from
0.0 15 to 5% by weight, and preferably conprises fromO0.05 to 0.5 by

wei ght of DL-pnethjonyl - DL- net hi onine.. The use of , .

DL- et hi onyAS Bk RAMIGHI M RESTFFGved S6T6ESpanti 8irart y-advahtdgeous in
t hi s connetéédphecaised, heceipaynd ssldows excel Beninheachi 6g

characteri sti tbe ause %Ot f the I.owlsol u?i i té of _the Crlngt urelof

DD/ LL/ DL/ LTHE 1 Shyl st fiToni e ARG “5F 1t RECBEFFoF - af4st8febhe?dl DL/ LD
met hi onyl nigtdticoniine @t tdyd conTeetcompoendibuithers shedscgdodapel | eti ng
and extrushn, %tfa%d el ot @lgle‘iz%ﬁgmﬁfz‘?dﬂ tb"BoaP%ﬁ%/‘%P'Qé‘g 5P 25
methionine I's stable In mXxtures wth conventional CTonponents and

f eedst uf f Snaucie #bstgncexanpl e, cereals (e.g. corn, wheat, triticale,
barley, mllet, inter alia), vegetable or animal protein sources (e.g.

lsoybeans( mi@éssw@bri@%n@{wer h@v@&?dg@t §f9ﬁlﬁiﬁ§thﬁi&§§%$ﬁml t h;er eozI , 30
egunes e. .PEAS, eans, _upl.ns, etc. | S ne , Inter alla) an In

conbi et | S PR 2o Ao e AOBA LARE! i LS BEraRingr ot ci ns. - meot) des,
car bohydr attesactietrdmitiss firoer dked palicandand| sxtr@ddtes s dntd tdrer

advant age . t . e r is_ s B

et hi %ﬁw oouhtd ﬁgg’@gﬁp@%eﬁ‘%ﬂﬁ%ﬂ? né?h?%%i gg%n%ﬁ?%g}% M B gh active

subst ance redeent cobarethi ofiyhathhpovinethepnkee of ik ubss anbs IBdm a

preferredgdse, vt he chead Bl XhUhEvERNBLbLSESs PE Ok & NStk £A{PONYr at es,
preferably based fish neal, soybean neal or _corn neal,” and may be

on tish r :
suppl emenfEFHPTY LB BAPP AR C AP hET B R YR, MPTRGt RATRALC3EPT i X A9 ani ns,
][riner al's, pﬁzébbﬁayﬂblﬁt ¢syibats asdcpibsd 10 ttltléiﬁitp@ia}]&lﬁ;é.ag’!dstpr@‘ erreld |
or t -met.hi onyl-DLnet hj onine.to be present. in the feed m xture solely
ne DO L/ PO RERLArE h RPPED o SBrr e nT b L Hrerar i iath each case
addi t i onakbgtihixedonethibk- gethponsneh psef Erabixampid, Bdil- netdrioni ne
content o 2015 i , i CLN f from1l
o 10% by WP SR paekE) o0 (2 PUeEy By RAERATH) Bt MR Aol
DL- net hi oWEchDLbaBehFoPai afsapreden? Blke 2PRY M- Ithisshyineticdoni ne pair

of enantipaerse 20e!AcBuPl CHLHESH: 8S €xyih B @ Ma 57 kePleddhaquacul tures
are fresh and salt water fish and, crustaceans selected fromth( group

consi<lt i n§LoPiRAFRT 2eRLR; FaIFORIEEARF i _RCLHRHIAR 99 &re SINGt ur geon,
tuna, eelscifiseas bgogbushed s, ukidlly ansepeeams, Nery, preferably for

silver car 5 opht hal m cht hys molitrix), grass.car enophar yngodol
el | ) - RO PR SIS T R R b G S RS SR ot hys
nobi | i s) , mednassius W astss usetthay asss tus) , ot atd téhi(cCatdea WEdtilga) , Roho | abeo
(kitggfgh; CBLE5d1 oA BH 1 EriB0: A R0 (S P! TR (RPN FanB N eer hynehus
25 this préparation process are the use of costly protective
groups, a very elaborate synthesis and cogtly coupling
reagentg which cannct be recycled, such ag, for example,
DCC. Another alternative for the industrial synthesis of
methiconylimethionine is described in DE2261926. 3,6-Bis[2-
30 methylthio)ethyll-2,5-piperazinedicne (methioninediketo-
piperazine, DKP) ig formed in the first stage by heating
the isopropyl ester of methionine and is then hydrolyzed te
methionylmethionine. Merely satisfactory yields of 62-65%
were possible for the hydrolysis step in this case. In
35 addition, the use of methionine isopropyl ester as startinc

material is too costly and therefore uneconomic.



30 rai nbow trout (Oncorhynchus nmy*iss), Anerican catfish (Ictalurus
punctatus), African catfish (Carias gariepinus), pangasius (Pangasius
bocourti and Pangasi us hypot hal amus), Nile tilapia (Oreochrom s
niloticus), mlkfish (Chanos), cobia (Rachycentron canadun), whiteleg 10
shrinp (Litopenaeus vannanei), black tiger shrinp (Penaew nonodon) and
giant river prawn (Macrobrachiumrosenbergii) According to the invention,
DL- et hi onyl - DL- met hi onine (1) (rmethionyl met hi onine or Met-Met for short)
or its alkali nmetal and al kaline earth netal salts such as, for exanple,

the slightPpIeet ubf FR&IIGVRRGO™I nc salt is used as addition in feed
m xtures as DD/ LL/DL/LD, DD/ LL or DL/LD diastereoner mnixture, alone or

m xed w t hodd -g@etdu Onidig.edy g@‘aﬁ R Yorlan abi ahf%asﬁﬁﬂgt@s@&@nﬁéeé(&) _
HVY-. % 7. 2. CO2 1) ,Foyr diff.erent stereoisoners i ast ereoners) exi st
of the 15 %‘ﬁ?ig@é rgﬂ%?@ﬂﬁwl-%l?ﬁw‘é?ﬁﬁgn%ea(?-S’Ye%ﬂ“?t 1978 and LD-1,
of whi ch onllystitmetehindriylr lcaneble empieyebl alpneésonads utiattusd lwidle ot her
three dip ides .L- et hi LD . ioni L : . .
D- net hsongﬁ%{}ﬁn%}%egﬁels%é%?é&}% lg;ﬁc%gﬁ %'gtgﬁf%n{)/?- J[%%%?ﬁloan]i nfel ?Ib[inlc) bei ng
unnat ur al qEELEacferming. inl BaMNCNHRLTeEH2ECOH:s intended at the

same time to develop a simple and cost-effective chemical

synthesis of this novel methionine substitute.

In the light of the prior art disadvantages, it was the

i0 ‘object in particular to provide a chemically protected
methionine product for various cmnivorous, herbivorous and
carnivorous fish and crustacean species which live in salt
or fresh water. It was intended in particular that this
ﬁroduct show low solubility characteristics (leaching) fro

15 the complete feed pellet or extrudate in water and possess
a slow-release mechanism, i.e. a slow and continuous
releage of free methionine under physiclogical conditions.
In addition, it was also intended that the novel methionin

product can be employed advantageously as mixture with

20 DlL-methicnine.

A further'object was to find a methionine substitute as
feedstuff or a feed additive which has very high biologica
"value and which was intended to be easy to handle and stor
and have good stability under the usual conditions of
25 compound feed processing, éspecially pelleting and

extrusion.

It was intended in this way to provide the fish and

crustaceans with a further efficient methionine source,

besides crystalline DL-methionine, which source exhibits i:
30 possible the disadvantages of the known products to only a

reduced exteni or not at all.

It was further intended to develop a novel, flexible

synthesis route for methionylmethionine (DL-methionyl-DL-



(LL-T) (DL -1)(LD -1) Scheme 1 10 In this connection, DD-1 and LL-1 are
related to one another as inage and mrror Stage, i.e. they are
enantioners and thus have the sane physical properties. Th sanme applies to
the DL-1 and LD-| pair. 15 The two pairs DD/ LL-1 and DL/LD-1 are by
contrast diastereoners of one another, “i.e. they have different physical
data. Thus, for exanple, the DD/ LL-I pair of diastereoners has a
solubility of 21.0 g/1 in water at roa tenperature, whereas the solubility
of the DL/LD-I pair of 20 diastereomers is 0.4 g/l. Besides the

devel opnermeiigovet) syntwistdlc thst Hows cedr prechirspysnenfi babneduthe
present i ny. i r the. o] as
Feodatuff oo DO L/ D LD B L of (LT [0 At or Soner rarire aticronth 25
promoter f&Febhritd VTl NG diardrdus Tand e ABEY 61608 L1 ¥ shr hpaded st aceans

I n aquaculddtegsp |4 Nasdhs pl:}.%%'és%oi%kb's%pra%h]ﬁ@/ tHéeﬁéii’@' yrthat

DL- et hi onyll - met hi oni_ne (Lf" %{31 eavg\d unger ]r? é%' ol ogi cal

condi t fons J@rf%erﬁﬁqﬁbef% R Al P&‘/{:‘Pu SO PG RRIEE afd ©

L- net hi oniare scherie a2d X ic(isee ab&OOéxamyESHQZp&DIZéf For th| S

pur pose, t d| ae i Iat ed fromcarp
. (omi vore)dl%t ?C(%ut ?r%g‘%m vo/% é!r\/\EL?Eﬁeg sﬁr épsglggng?v](‘sﬁe) l%Lecdlgreact ed .
wi t h DL- matomilom@tibp-svet hi onine in 5 optimized in vitro experinents under

physi ol ogi cal | y conparabl e conditions. The particular feature according tc
the invention of the cleavage of DL-nethionyl-DL-nmethionir (I) is that

all four possible di astereorrers both the natural LL-1, and the three
unnatg@ d| astereomar% Dg DL. and LD-I can be cl eaved under
physi bf ogPEEFTE¢BA T Bfis “Fhi %n?iﬁﬁFiL@g both to the use of the conplete

m xture of al diastereoners (DO LL/DL/LD-1), and in each case to the tw
pai rs of @hastbrecters BbBhikvedahd thélbsé ¢SeRLimgithport)l-DL—-

methionine and salts thereof as feed additive in feed

mixtures for animals kept in aguacultures.

In a preferred manner, the feed mixture comprises from 0.0
15 to 5% by weight, and preferably comprises from 0.05 to 0.5
by weight of DL-methionyl-DIL-methionine.

The use of DL-methionyl-DL-methicnine has proved to be
particularly advantageous in this connection because the
compound shows excellent leaching characteristics because
20 of the low sclubility of the mixture of DD/LL/DL/LD-
methionylmethionine and of the pair of diastereomers DL/LD

methionylmethionine (0.4 g/1).

The compound further shows good pelleting and extrusion
stability during feed production. DL-Methionyl-DL-

25 methionine is stable in mixtures with conventional
components and feedstuffs such as, for example, cereals
(e.g. corn, wheat, triticale, barley, millet, inter alia),
vegetable or animal protein sources (e.g. soybeans and
oilseed rape and the products of the processing thereof,

30 legumes (e.g. peasg, beang, lupinsg, etc.), fish meal, inter
alia) and in ccmbination with supplemented essential amino
acids, proteins, peptides, carbohydrates, wvitamins,

minerals, fats and oils.



Trans- am nation NH2 H 2 L-Methionine 15Schene 2 However, the cleavage of
the individual diastereoners of nethionylnethionine takes place at
different rates. This i illustrated by the diagrammatic representation of
the 20 enzymatic cl eavage of the individual diasteremers of 13

met hi onyl net hi onine with digestive enz?nes of fish and crustaceans in
figure 2. However, the del ayed cl eavage neans that the liberation of D
and L-nmethionine is |ikew se delayed too (see figure 3). This has the
great 5 advantage that there can be no fast-response absorption of free D
or L-net hibpihe furthe digestiagedusachaandchbusohe obneener at$ osapeak of

free met higning. I Lt he Vi a '
nethionyl&gt.?%#fﬂéhggM%%gSQQQ&%%?§Oﬁéhgngoﬁé?ﬁfgﬁwﬁgﬁs%ﬁ?%éf#%&¥%hs t hat
D -or L- metHitshitie den e iasédategubsterecheayteverofhe whol e di gesti on

peri od andnddiiSoifiorRedsnSHC onysby WibBrtheer el ease of other am no
acids derived fromnatural protein sources (slow release nechanism (see

figure53)'IﬁTQ£%nﬁg¥g¥£§d %Elfc%he feed mixture comprises proteins an
carbohydrates, preferably based on fish meal, soybean meal
or corn meal, and may be supplemented with essential amino
acids, proteins, peptides, vitamins, minerals,

carbohydrates, fats and oils.

10 . It is particularly preferred for the DL-methionyl-DL-
methionine to be present in the feed mixture solely as
DD/LL/LD/DL mixture, as DL/LD or DD/LL mixture, preferably
in each case additionally mixed with DL-methionine,
preferably with a DL-methionine content of from 0.01 to 20

15 by weight, particularly preferabiy of from 1 to 10% by
weight.

In a particularly preferred use, DL-methionyl-DL-methionin
is present as a DL/LD-methionylmethionine pair of

enantiomers.

20 In a preferred use, the animals kept in aquacultures are
| fresh and salt water fish and crustaceans selected from th«

group congisting of carp, trout, salmon, catfish, perch,
fiatfigh, sturgeon, tuna, eels, bream, cod, shrimps, krill
and prawns, very preferably for silver carp

25 (Hypophthalmichthys molitrix), grass carp (Ctenopharyngodo:
idella), common carp (Cyprinus carpio) and bighead carp
(Aristichthys nobilis), carassius {Carassius carassius),
catla (Catla Catla), Roho labeo (Labeo rohita), Pacific anc
Atlantic salmon (Salmon salar and Oncorhvnchus kisutch),

30 rainbow trout (Oncorhynchus mykiss), American catfish
(Ictalurus punctatus), African catfish {(Clarias
gariepinus), pangasius (Pangasius bocourti and Pangasius
hypothalamus), Nile tilapia (Oreochromis niloticus),

milkfish (Chanos), cobia (Rachyvcentron canadum), whiteleg



15 results in the sinultaneous availability of all the inportant and
essential amno acids in an ideal ratio in the blood plasma bei ng ensured,
as is absolutely necessary for an optinmal growth of the body. In the
enzymati c cl eavage of the DL-nethionyl 4 PL met hi onin 20 di peptide (1), the
unnatural D-nmethionine is also Ilberate in addition to the natural

L- met hi oni ne (see schene 2). Th fornmer can be enzymatically transam nated
bot h by carni vorous, ommivorous and herbivorous salt and fresh water fish
and crustaceans to give natural L- nethlonlne 25 was pOSSIb|e to show
this for tHer FRNPHE GEHY i RBEHF e @%acktt%%§rp%%§+%@e PEFethe aid
of an enzymencaakt aidd ofiagitgestiare padnl ((YRErePZYOBSut I 8% 6abHr-& 07 )
transform D into L-nethionine under physiologically correspondlng

condi tion re An_opt.i mal _su atural L-methionine to
t he body ﬁ%§§§?ﬁl gﬁreggoﬁjﬁﬂagaﬁ Di %%%ﬁo?ygtDﬂ AR AE] gg) The
pel | eti ng aretledrisietinionpas w&nM@thEh ﬁarIBhSIMiXQINIEB(ﬁlkall

DL- et ki o il (1 d r 0 Qﬁﬁﬁﬂg

sour ceg sg%éhtaa% éiﬁo%%%&%pe e)%%@l Fgﬁ%%%ﬂ@%ﬂ%@%}g %ée]an nmea ? m xed
with ot herthes sdrahdily o lakileo cadidsm srotzemssab@pw desed \A% ami ns,

mneral s, daditidnd 0l Feeashowclhirat Bs- ABYHL epY ) ril -t o ng, 4D 1S
absol utel y .stable durin and after the p rodﬁ&tlon process and no

degr adat i 6Tt 351 SHECBHBoET T BA “whA{ SBEVEF BLETT 'Y sePls BEWATE M) . In
order to mnwﬁ&kﬁgayefbhefheachndgc@hataeéeﬁsst|cs of tl diastereonmers of
nmet hi onyl net hi onine (1) from conpound fec pellets under water, the

ti me-fependence of the dissolvinc out of nethionyl nethionine was neasured
(see exanple 26). 10 For conpari son, tHe | eachi ng characteristics of

DL- et hi oni ne, MHA and cal ci um VHA ( - Ca). were investigated under
identical conditions. It emerged fmmh1th's that both the conpl ete mxture
of all the diastereoners (EIVLL/EL/ ﬁnd the pairs of 15 di astereoners
DD/ LL-1 and DL/ LD shom1disu$ ééaﬂéaCh'ng t han DL- net hi oni ne, MHA
and cal cium MEA (HA-Ca) (see |gure 5) ch | ess methionyl methionine is

t hus di ssol ved out of the feed pellegf)over time than with all other

met hi oni ne derivatives. Particularly'Tow |l eaching 20 rates are shown by
the DL/LD-I pair of diastereoners, a maxi numof only 5% of which was

di ssol vedFeur offidecteestpeedesgreven(diasrereqmegisdencs stti wé ¢he200 min
(see 1fy QUagS)e ide DLIxn@u%ﬂi - ﬁ@iﬂf&h@ézhmve%pby @Lpr%esantaor

preparlng 2 hi onyl -DL-et hi oni ne (1) w the formil a
DT, of whlch only L-methionyl-L- methlonlne (LL-TI) 1s nat

ural, all the othexr three dipeptides L-methionyl-D-

methionine (LD-I), D-methionyl-L-methionine (DL-I) and

D-methionyl-D-methionine (DD-I) being unnatural (see
20 scheme 1). '



NH2 CO2H (1) 30 by reacting a urea derivative of the general
where the radicals RL and R2 in the urea derivatives ha, 5 I|ib,
I1f and hg are defined as folloms whereha: Rl = COCH, R2

Il e,

NHCONH2 rib: RL = CONH2, R2 = NHCCNHZRikc RI CONH2, R2 = NH2
H Sl'

15

=a, 1ld,
111-R2 =
= =0, R2

-CONHCONH 10 Ile: RL = CN,
= Hto give DL-nethionyl-DL-nmethionine (1). In one enbo

Rl = CN R2 =

the process of the invention it is 15 noreover preferred for
net hi oni nehydantoin (I1d) to be us( as starting material or to b

as internediate product. ®n this process, DL-nethonyl-DL-nethio
synt hesi zed directly fro nethioni ehydant oi n andji ncl ude: . net ho
and 3 shown in scheneHs ‘For ha and fiN 0 Tor |

10
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25
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Scheme 1

In this connection, DD-I and LL-I are related to one
another as image and mirror'Lﬁage, i.e. they are
enantiomers and thus have the same physical properties.

same applies to the DL-I and LD-I pair.

The two pairs DD/LL-I and DL/LD-I are by contrast

diastereomers of one another, i.e. they have different

-physical data. Thus, for example, the DD/LL-I pair of

diagtereomers has a solubility of 21.0 g/l in water at

foLnula |1

[id:
NH2 hg: Rl
di rent of

e forned
nine is
ds G H,
| c :

Th

Yoo

temperature, whereas the solubility of the DL/LD-I pailr of

diastereomers 1s 0.4 g/l1.

Besides the development of novel synthetic methods for

methicnylmethionine, the present invention relates to the

use of DL-methionyl-DL-methionine as feedstuff ag

DD/LL/DL/LD, DD/LL or DL/LD diastereomer mixture as growth

promoter for omnivorous, carnivorous and herbivorous fish

and crustaceans in acuacultures. It has thus been possible

to show inventively that DL-methionyl-DL-methionine (I)

car

be cleaved under physioclogical conditions enzymatically by

fish and crustaceans to free D- and L-methionine {scheme 2|



Method C for Ile and IIf Method Dfor hg 1 a R2 (11) DD LL- 1 DL/ LD- 1
Scheibe 3 It is preferred in this connection for a solution conprising

met hi oni nehydantoin and water to be reacted wit 5 methi oni ne under basic
conditions. It is further preferred fo#zthe'pklof t he sol ution conprising
the urea derivative to be adjusted to from8 to 14, preferably to from 10
to 13. In a preferred manner, the reaction takes place at a 10 tenperature
of from50 to 200C, preferably at a tenperature of from80 to 170C and

particularlyY preferabl -at a tenperature of from 130 to 16QC.
(see also examples 22 to 24}. For this purpose, the

corresponding digestive enzymes have been isclated from
carp (omniVore), trout (carnivore} and whiteleg shrimp
(omnivore) and reacted with DL-methionyl-DL-methionine in
5 optimized in vitro experiments under physiclogically
comparable conditions. Thé particular feature according tc
the invention of the cleavage of DL-methionyl-DL-methionir
(I) is that all four possible diastereomers, both the
natural LL-I, and the three unnatural diastereomers DD-,
10 DL- and LD-I can be cleaved under physiological conditions
This applies both to the use of the complete mixture of al
diastereomers (DD/LL/DL/LD-I), and in each case to the twc
pairs of diastereomers DD/LL-I and DL/LD-I (see figure 1).

8]
O :
5. Digested NH
HN ™~ En‘g”l mes 3 ’ |
/A\V/EK y IL-Methioninea
NH :
. 2 F&O
5 COH
NH,
DD/ LL/DL/LD- (1) ~ Hﬁ\w/lx
- g COH

- D-Methionine

Trans-
amination
hH,
\SMCOEH

IL-Methiconine

15 Scheme 2

However, the cleavage of the individual diastereomers of
methionylmethionine takes place at different rates. This 1
illustrated by the diagrammatic representation of the

20 enzymatic cleavage of the individual diastereomers of



17 20 bar, particularly preferably under a pressure of fromE to 15 bar.
In a further preferred process, a solution conprising

nmet hi oni nehydant oi n and wat er has previously been folned 5 from one or
nore of the conpounds Ila, lib, Ilc, lid, Ile, I'lf and Ilg. In a further
preferred process, nethioninehydantoinl?s obt ai ned by reacting the
~conmpound lie or 11f with a nitrogen-containing base, NH4AHCO3, (NH4)2CGB,
NHAOH CO2 10 mi xture or carbamate salts. Reaction of the conpound Ile is
preferably carried out at tenperature of fromOC to 150C, preferably 0OCto
100C and parthiiculvdmeyrhpoefierabliyhf domes0CveoeZ@@netnch fisit herd preferred
process, t t hi.ani neh i i t aiped react conpound
[1f with é%ﬁ?ﬂ$¥ﬁ?§%p?§f§§§§§%1E-t Pééggghegggoﬁg¥%¥g?h%i%%g% ion to take
pl ac in t eEgReddide tbe aibgsetiprepér Bbl yrdel et ¢rom® tie group
conpri si ng ikBe KePBedt @LL akkeamiBES08) Sathssthesegfe Aldl i neta

and al kaline earth netal bases. 20 In a further preferred process,

met hi oni néRYEREGEN tRetob et feG2By PPeREt FAGL T AESRORPRHRFHE MiITh o cyani de
i on sour c&rard Da bas%—ﬁ@tﬁ@badnbr e the Qi@@@tﬁ@@pﬁfﬁiﬂgand fthél& nc -
ni t rogen-cont ai ni ng.bases, , a iumsalts in the pres e NH4 H

( NH) 2008 CRISABHF 08D O KT OAnd ™~ Sar BARAL 8 28° o5 { 51 THEOGL&IABR: i n thi s
case takesiphace at a tenperature of preferably -20C to 150C, preferably
-10C to 100C and particularly preferably fromOC to 70C. An alternative

embodi ment@f JkhenPLgcess akihBenkbEMEBhY ORe COIDE | $€S:d Ne doldomiig st eps:

30 a)_ reaction of the urea derivative of formulae ha, II1b, Ilc, lid, lie,
11 f ahd h§ toT§FRécRIBPKEPBEFBeifizFABS oF PR AP T of b ane g qine can

be liberated in the body over the whole digestion period
and thus proceeds synchronously with the release of other
amino acids derived from natural protein sources (slow-
release mechanism) {see figure 3). This special effect

15 results in the simultaneous availability of all the
important and essential amino acids in an ideal ratioc in
the blood plasma being ensured, as is absolutely necessary

for an optimal growth of the body.

In the enzymatic cleavage of the DL-methionyl-DL-methionin
20 dipeptide (I), the unnatural D-methionine is also liberate
in addition to the natural L-methionine (see scheme 2). Th
former can be enzymatically transaminated both by
carnivorous, omnivorous and herbivorous salt and fresh
water fish and crustaceans to give natural L-methionine. I
25 was possible to show this for the example of carp in
example 25. It was possible with the aid of an enzyme
cocktail of digestive and liver enzymes from carp to
transform D- into L-methionine under physiologically
corresponding conditions (see figure 4). An optimal supply
30 of natural L-methionine to the body is thus ensured on use

of DL-methionvl-DL-methionine (I).

The pelleting and extrusion experiments with various
mixtures of DL-methionyl-DL-methionine {(I) and natural
protein .and carbohydrate sources such as, for example,

35 fish, corn and soybean meal, and mixed with other essential



NH HN 7 b) reaction of the diketopi perazine to give

DL- net hi onyl DL- net hi oni ne. This process includes nethods A B, C and E
shown in schenme 3. In this process, diketopiperazine (I11) is forned as
intermediate. 10 It is preferred in thjs connection for the reaction of
the urea derivatives to give the diketopi perazine to be carrie out at a
tenperature of from50C to 200C, preferably fro 100C to 180C and
particularly preferably from 140C to 170C. 15 In a preferred process, the
reaction of the urea derivativ to give the diketopiperazine takes place
under pres3MHRC Hiaier aBloraiider PEDpAdeSUr 16RNERgm Biner2bs bakats

particul ardyg prefer altay wider m,-Reessuhe10brirefhbohond5(Paris 20 The
reacti on of the urea derlvatlve to give the djketopi perazine preferably

takes pl ac®PINUTR st %lrrlalgbaglé afhETp5Ee PROTRFSLICRRIETTOR is

pr ef er abl yaiselrec R Haemiidae o3 depoboBl thogerhsosbara ng-hases|sNHAHCOS,
(NH4) 2 , KHCG?, %ﬁCCB, NHAOH CO2 m xture, carbamate salts, 25 alkal

nmet al in&%darth netal bases. In a further preferred process, the
reaction of the urea derivative to give the diketopiperazine takes place
by reacti om wintdemgphiiomeséigAteathe ébagheagdehivatieeistoics of st hi oni ne

of from 1: 400 49..1:0.5 b$ Rk %%mmeehwmnég Pn@@&h'@&n oukr b

further preferred process, the reaction of th ket ( pi perazine to give
DL- nethlcnﬂﬂlhﬂPswﬁpﬁﬁénWﬁéeﬁaké§epFé@@ ﬁ9péﬁﬁﬁ$%eh?%r%m%si%ﬁsoﬂﬁiﬂﬂn dic

hydrol ysi suts denmelths 06@1inc€Bi bhedeOlksi ek ber 81 88A6 Cofmate ad)d which is

prefeigblFor comparigon, the leaching characteristics of

7 DL-methionine, MHA and calcium-MHA (MHA-Ca) were

investigated under identical conditions. It emerged from

this that both the complete mixture of all the

diastereomers {DD/LL/DL/LD-I) and the pairs of

15 diastereomers DD/LL-I and DL/LD-I show distinctly less
leaching than DL-methionine, MHA and calcium-MHA (MHA-Ca)
(see figure 5). Much less methionylmethionine is thus
dissolved out of the feed pellets over time than with all
other methionine derivatives. Particularly low leaching

20 rates are shown by the DL/LD-I pair of diastereomers, a
maximum of only 5% of which was dissolved out of the feed
pellets even after a residence time of 200 min {see

figure 5).

The cobject is further achileved by a process for preparing

25 DL-methionyl-DL-methionine {I} with the formuila

30 Dby reacting a urea derivative of the general formula II



5 selected fromthe group of mneral acids, HCl, H2CO3, CO2/H20, H2SO4,
phosphoric acids, carboxylic acids and hydroxy carboxylic acids. In

anot her enbodi nent of the process of the invention, thE reaction of the

di ket opi perazine to give DL-nethionyl-DL- 10 nethi oni ne takes place by
basic hydrolysis. In this case, the ba§%c hydrolysis is preferably carried
out at a pHof from7 to 14, particularly preferably at a pH of from9 tc
12, very particularly preferably at a pH of from10 to 11, in order to

obt ai n DL- et hi onyl - DL- et hionine. It is 15 noreover possible for the
basic conditions to be adjusted by using a substance which is preferably
sel ected fromthe group of nitrogeg:caontai rRhg bases, NHAHCO3, (NH4) 2003,
NHAOH CC2 i xture, carbamate sal ts, , 1C2C03, carbonates, alkali

nmetal and al kaline earth nmetal bases. 20 glhe acidic or basic hydrolysis is
preferably carried out a tenperatures of Trom50C to 200C, .preferably from
80C t 180C and particularly preferablyfirom90C to 160C. In a further
enbodi ment, the reaction of the di ketopi'perazine to give

DL- et hi onyl - DL- met hi oni ne is,25 carried out by introducing CO2 into a
basi ¢ sol utheie Pref@dsials i oaadbdsi &0 drrriinah Kpdigritagcspdassi um

hydr oxizde Pfp SOekdmMvedr edede 158 Wriorrg HraacRrehenr 8d psoLess, the

di ket opiperazine is i sol ated before the hydrolysis. It is preferred in
this connection 30 for the diketopiperazine o i.sol ated by
crystal | i 22#9%h fromthe re§§?ﬁoﬁ's%l%??%n,Rpfegﬁpgﬁﬁyat a tenperature of
from-30 to 120C, particularly preferably at a tenperature of from10 to
70C. 20 To isolate the m xtmbe &f DDEOMHPDL/AD=nSECONFRY| et hi oni ne

di astereonmers from basic reaction solutions, they are acidified and the
net hi onyl met hi onine is obtaiiped Ry cryskal | iggatign or precipitation. It is
preferred in this 5 connection for the pkfto be from5 to 9, particularly
preferred for the pHto be from5,to,7, and very particularly preferred
for the pHto be about 5.6. T8 i & pBssi bIENH MR s connection to use acids
preferably fromthe group of mneral acids, HCl, H2CO3, CO2/H20, H2SO»4, 10
phosphoric acids, carboxyligraci & andvhyrf exyrcar boxylic acids for the
acidification.

ITE: R' = CON, R? = N,

=0, R* = H

Iig: rR!

il

to give DL-methionyl-DL-methionine (I).

In one'embodiment of the process of the invention it is
15 moreover preferred for methioninehydantoin (IId) to be use
as starting material or to be formed as intermediate
product. In this process, DL-methionyl-DL-methionine is
synthesized directly from methioninehydantoin and include:

methods 6, H, and J shown in scheme 3.



To isolate the m xture of DD/ LL/ DL/ LD et hi onyl met hi oni ne di ast ereoners
fromacidic reaction solutions, bases are added to neutralize, and the

met hi onyl net hionine is 15 obtai ned by crystallization or precipitation. It
is preferred in this connection for thg,pH to be from5 to 9, particularly
preferred for the pHto be from5 to 7, and very particularly preferred
for the pH to be about 5.6. Th bases used in this case for the
neutralization are 20 preferably fromthe group of NHAHCO3, (NH4)2CC3,

ni trogen- containing bases, NH4OH, carbamate salts, KHCO3, K2CGC3,
carbonates, alkali netal and, alkaline earth metal bases. The invention
further provides a process GfAf@ctionating the m xture of ‘

DD/ LL/ DL/ LD- et hi onyl et hi oni ne 25 di astereoners by $ractional
crystallization, thus obtainiMebodthe two pairs.of~enahti oners

DD/ LL- net hi onyl met hi oni ne and ™DIY LD- et hi onyl mét hi bni B€. In a preferred
enbodi ment of the précess of fracdional crystall izt g,e'l dification,
the procedure is as 80 foll gwsie aghs aci di fi cati on of i he

DD/ LL/ DL/ LD- et hi ony| et hi oni necont ai ni ng suspensi o until a clear
solution i s obtai ned/ and sté‘fﬁﬁﬁ%’% addition of a b&E®)to the acidic
solution 21 wuntil a preci pit?it% separates out results in

DL/ LDmet hi onyl netdi onj negtas preci pitate, b) DD LL- et hi onyl net hionine is
obtai ned from2 He Wbt hgr |iquor obtained in SMepdak.| BetpdiB particul arly
preferred in this connrétion for the acidification in step a) to take
place with an acid gpd fc a pH of from0.1 to 1.0, eferably a pH of
about 0.6, to be set, and for the resulting clear s% uti on subsequently to
be adjusted with a bpse to a pHof from5 to 6, 10 eferably to a pH of
about 5.6. It is possible tomdsei@as acid in this W%ermsm neral acids,
preferably phosphorilk aci diorkaultfasd lid aci d, hydr OChZ orizg, acid or carbonic
acid, or carbon diox ; C i gially the Cl-04
carboxylic acids formc aci dlMeﬁ%*‘li ¢ 15 acid, propioni*c acid, butyric acid
or isobutyric acid. Carboni®"alf#?8t carbon dimvirdeoisLmpanticul arly
preferably used. It is possiby&cknd this case for the carbonic acid or
carbon di oxide to be introducedtgnto the reaction m EAU{E}e lwder

at nospheri c pressure or under superatnospheric 20 prie $6HPL K The basic
conditions are adjusted in step a) preferably b } base sel ected
fromthe group of NH4AHCO3, (NH4)2003, nitrogen-containing bases, NHACOH,
carbamate salts, KHCO3, K2CO3, carbonates, alkali netal bases and al kal i ne
earth 25 netal bases. In a further preferred enbodi nent 6f the process of
fractional crystallization by basification, tbeLprobcedayepis as foll ows:

Scheme 3_

It is preferred in this connection for a solution
comprising methioninehydantoin and water to be reacted wit

5 methionine under basic conditions. It is further preferred_
for the pH of the solution comprising the urea derivative
to be adjusted to from 8 to 14, preferably to from 10 to
13.

In a preferred manner, the reaction takes place at a
10 temperature of from 50 to 200°C, preferably at a
temperature of from 80 to 170°C and particularly preferabl

at a temperature of from 130 to 160°C.

Tt is further preferred for the reaction to be carried out

under pressure, preferably under a pressure of from 3 to



a) basification of the DD/ LL/DL/LD- net hi onyl net hi oni ne- 30 contai ni ng
suspension until a clear solution is obtained, and stepw se addition of
an acid to the basic solution until a precipitate separates out results in
DL/ LDret hi onyl et hi oni ne as precipitat 22 b) DD/ LL- et hi onyl et hi oni ne
i s subsequently obtained fro] the nother |liquor obtained in step a). It
is particularly preferred in this connection for the basification in step
a) to take pI ace with a base and for 5 pHof from7.5 to 14, preferably a
pH of about to 13, tc be adjusted, and for the resulting clear solution
subsequent$¥y Ift’%f'b@aaﬁéﬁjt@%]@erw Erefead o HederpR BresFeRe O of gym ¢
preferabl y-4 0y ; 43 of about 5.6. Bases preferably used in this case are
bases fromthe group N114HCCB 10( NH4) 2CC3, nit rogen cont ai ni ng bases,

NHAOH, car arrat tj{ car bona:L al kali petal and
al kal i ne er‘F é’&oﬂﬁeéscoﬁdﬁf’ BhLOF SR )% e

pr ef er abl yn@td;nmleﬁehydamjmgl almdawacftefrr bast peegt ouplefbedmetatnati ds,

pref er 3bl e ko, RS RO AU v SULEHELGNAE! dra YHRCIAL L G ! dplT
carbonic acid or carbon dioxi de, Fom © group of "‘car’boX
aci ds, in I3 @nculTdg-the C1-C4 car boxyl i c aci ds foLm c acid, aceti c acid,

propionic acid, butyric acid and isobutyric acid. Carbonic acid or car bon

di oxi de | 20 Pawidhes! ey prehe %l:gsgseﬁlethwnﬁlmﬁa%&% gnbodi ment of
t he proces of fra%tlonal cry stge ization, it takes place at a tenperature

of from 0ENGIIEECLYprepstanly FBmBGEnQnHI%a‘P% 45 greferably from

10C to 406;t25g?éhecm$ahhuﬂg bBREk| - NEiHGC®NY | (Ve Niconi neR ATy Jmr eover be
race ed an% |rrét rO(%duce tQ th? separation process descri bed above, thus
separating the two paits o 3n5 F8mers DD/ LL- et hi onyl et hi oni ne and

DL/ LDnet hi onyl net hi oni ne from one another. 23 The processes of the
present i ReaAtien eanther chepaené BEecasrprdf owabln dadwilpst clutpracess

known to thepskhblied Wer keEmopeokNL §ONEH BHOUS, PFOCESSLHoFitQUn@Soc
and particularly preferably from 10°C to 70°C.

In a further preferred process, the methioninehydantoin is
15 obtained by reacting the compound IIf with CO,. It is
preferred in this connection for the reaction to take plac
in the presence of a base, preferably selected from the
group comprising KHCOs;, KpCO:;, tertiary amines or salts
thereof, alkall metal and alkaline earth metal bases.

20 In a further preferred process, methioninehydantoin is
obtained by readting the compound IIg with a cyanide ion
source and a base selected from the group comprising
nitrogen-containing bases, ammonium salts in the presence
of CO;, NH,HCO3, (NHy);CO:, NH4OH/CO, mixture and carbamate

25 salts. The reaction in this case takes place at a
temperature of preferably -20°C to 150°C, preferably -10°C
to 100°C and particularly preferably from 0°C to 70°C.

An zlternative embodiment of the procesgss of the invention

comprigses the following steps:

30 a) reaction of the urea derivative of formulae IIa, IIb,
Iic, IId, ITe, IIf and TIg to give a diketopiperazine of

the formula



5 Figure 1 shows a diagranmatic representation of the enzymatic cl eavage
of the nethi onyl net hi oni ne di astereoner m xtures DD/ LL-1, DL/LD-1 and

DD/ LL/DL/LD-1. Figure 2 shows a diagrammatic representation of the
enzymati c cl eavage of the four nethion¥gnethionine 10 di astereoners DD,
LL-1, DL-I and LIDI wth different rates of cleavage. Figure 3 shows a

di agrammatic representation of the enzymatic |iberation of nethionine (D
and L-Met together) fromthe four nethionyl nethionine diastereoners DD I,
LL-1 15 DL-1 and LD-1. Figure 4 shows the biotransformation of
D-nethionine to L-nethionine with an enzyne cocktail from common carp.
Figure 5 shows the | eaching characteristghcs of nethionyl nmethionine

di astereonmer m xtures DD/ LL-1, DL/LD-I and LL/ DD/ LD/ DL-1 conpared with
met hi oni ne, NBA and NBA- Ca FLgﬁﬁg/G\égggs ﬁhe in vitro digestion of four
di fferent nethionyl net hi oni ne di astereoners LL-1, LID 1, DL-1 and DD-]

wi th digestive enzynes of the comon p i e _+ shows the in vitro

di gestion of various 25 nethi onyl et hi onj ne di aster eomer mi xtures LL/DD-1,
DL/LD-1 and LL/DD/LD/DL-1 with digestiveenzynmes of the comon carp.
Figure 8 shows the in vitro digestion of four different -

met hi ogyl met hi oni ne di astereoners LL-lxzk}D-1, DL-1 and DD-I 30 with

di gestive enzynes of the rainbow trout. 4 Figure 9 shows the in vitro
digestionﬁﬁf t he neth%&n¥lnethionine di astereomer, m xtures LL/DD-1,
DL/LD-1 afd EEASHACE BE- FIG CAKECGRAPRYBZERS yhRsIHYS t e Tl HBSW kT out . 5
Figure 1P mhawshtibeine.virhte gdirgestiomneiufedrnddifides eend,t B, C andd}:

met hi ony ionin iLastereanmers.LL-1, LIDI..DL-1 and DD wt igestive -
enzymes o%%%ﬁé W i%gggags fi%ﬁsFE#FgBF%C?iSSH%VEEE?Rﬁg?F%ﬁ%Q%) ifdsti on of
vari ous méshifompedetli ontremddaster eomer m xtures LL/DD-1, DL/LD-1 10 and
LL/ DD/ LD/ DL-1 with digestive enzynes of the whiteleg shrinps. Exanples 15
A) Ovegvi ew of Lberbpdbdi dHalnskepsnand: 15t heds afe the Arosess qhd he

i nvention ) ) . . . .
urea derivatives to give the diketopiperazine to be carrie

out at a temperature of from 50°C to 200°C, preferably fro
100°C to 180°C and particularly preferably from 140°C to
170°C. | ' |

15 In a preferred process, the reaction of the urea derivativ
to give the diketopiperazine takes place under pressure,
preferably under a pressure of from 3 to 20 bar,
particularly preferably under a pressure of from 6 to
15 bar.

20 The reaction of the urea derivative to give the
diketopiperazine preferably takes place in the presence of
a base. The base in this connection is preferably selected
from the group of nitrogen-containing bases, NH.HCO;,
(NH,) 2CO3, KHCO;, KoCO3, NH;OH/CO; mixture, carbamate salts,

25 alkali metal and alkaline earth metal bases.

In a further preferred process, the reaction of the urea
derivative to give the diketopiperazine takes place by
reaction with methionine. A ratio of urea derivative to
methionine of from 1:100 to 1:0.5 is preferred in this

30 connection.



The process of the invention for preparing DL-nethionyl

-DL nethionine (1)

and the separation into the DD/LL-1 and DL/LD- | pairs of diastereoners are

descri bed i n detai

DL- et hi onyl - DLnet hi onine (I) starts f&§n1a conpound of the general

formul a |
NHCONH2 -
ON, R =

D therei n,pzb@rgﬁzﬁ@sp@r@wg ﬂml&ﬁé@ﬁ&ﬁna@m@ne(thhb}uh% i0xprodyged as

i nt er medi
pr oduced

| 1 25R2 whereha: R1 = COCH, = NHCONHZ2 11b: Rl = CONHZ,
25 Ilc: 12." = OONH2, R2 = NH2 R1-R2 = - CONHCONHI | e:

20 bel ow. The process of the invention for preparing

R2 =
R =

OHIIf: RL=0ON, R = NH2 5hg: RL = =0, RR = H This compound is
transforned by vari ous synthetlc met hods A H C D E F, G HandJ)
i nt o DL- netRi 8nyPr BLEEt P ohereed Igrqerss s RFLipn mét hodsdAkeB;

and J, hi oni ne hydant oi n

. synthetic neth d
a Y.ﬂ?é@%%ﬁéﬂ? CLAY-Fs 1 %@ﬁ%&%@é@f?w {fton this ca

C, and

i's

DL- net hi ongzdarﬂ_ecﬁremmom nehé Ipreddndes kseqguent Wiipasskbbeebyr-bbact i onal

crystalllzat

DDY LL- I

10

15

20

25

30

see SC
COg/Hﬁ) Hy80,, phosphoric acids, carboxylic acids and

hydroxy carboxylic acids.

In another embodiment of the process of the invention, the
reaction of the diketopiperazine to give DL-methionyl-DL~
methionine takes place by basic hydrolysis. In this case,
the basic hydrolysis is preferably carried out at a pH of
from 7 to 14, particulariy preferably at a pH of from 9 tc
12, very particularly preferably at a pH of from 10 to 11,
in order to obtain DL-methionyl-DL-methionine. It is
moreover possible for the basic conditions to be adjusted
by using a substance which is preferably selected from the
group of nitrogen-containing bases, NHﬁKKb, {(NH,) 2COs3,
NH,OH/CO,; mixture, carbamate salts, KHCO;, K,COs,
carbonates, alkali metal and alkaline earth metal bases.

The acidic or basic hydrolysis is preferably carried out a
temperatures of from 50°C to 200°C, preferably from 80°C t
180°C and particularly preferably from 90°C to 160°C.

In a further embodiment, the reaction of the
diketopiperazine to give DL-methionyl-DL-methionine is
carried out by introducing C0; into a basic solution,
preferably into a basic ammorium hydroxide, potassium

hydroxide or sodium hydroxide solution.

In a preferred process, the diketopiperazine is isolated
before the hydrolysis. It is preferred in this connection
for the diketopiperazine to be isclated by crystallization
from the reaction solution, preferably at a temperature of
from -30 to 120°C, particularly preferably at a temperature
of from 10 to 70°cC.

£§?E%§ fm%m é¥lKﬁ%%§%§) ?%é?éfgi aCldgalﬁélof astereoners 15



Met hod A for ha and Jib Method B fo

r lle Method C for Ile and I f Method D
for hg R 2 R2 (I1) DD/ LL-1 DL/ LD- |

20

To isolate the mixture of DD/LL/DL/LD-methionylmethionine
diastereomers from basic reaction solutions, they are
acidified and the methionylmethiconine is obtained by
crystallization or precipitation. It is preferred in this

5 connection for the pH to be from 5 to 9, particularly
preferred for the pH to be from 5 to 7, and very
particularly preferred for the pH to be about 5.6. It is
possible in this connection to use acids preferabily from
the group of mineral acids, HC1l, H;CO:, CO0:/H,0, H,50,,

10 phosphoric acids, carboxylic acids and hydroxy carboxylic

aclids for the_acidification.

To isolate the mixture of DD/LL/DL/LD-methionylmethionine
) diastéreomers from acidic reaction solutions, bases are
7 added to neutralize, and the methionylmethionine is

15 obtained by crystallization or precipitation. It is
preferred in this connection for the pH to be from 5 to 9,
particularly preferred for the pH to be from 5 to 7, and
very particularly preferred for the pH to be about 5.6. Th
bases used in this case for the neutralization are

20 preferably from the group of NH HCQ;, (NH;),CO3;, nitrogen-
containing bases, NH4O0H, carbamate salts, KHCO3, KaCO0s,

carbonates, alkali metal and alkaline earth metal bases.

The invention further provides a procegs for fractionating
the mixture of DD/LL/DL/LD-methionylmethionine
25 diastereomers by fractional crystallization, thus obtaining

the two pairs of enantiomers DD/LL-methionylmethionine and

DL/LD-methionylmethionine.

In a preferred embodiment of the process of fractional

crystallization by acidification, the procedure is as

30 follows:

a} acidification of the DD/LL/DL/LD-methionylmethionine-
containing suspension until a clear solution is obtained,

and stepwise addition of a base to the acidic solution



Scheme 3 27 Et) Synthesis exanples: Exanple 1: Synt hesi s of

3, 6-bi s[2-(nethylthio)ethyl]-2,5- piperazinedione (II1l)

(et hi oni nedi ket opi perazine, DEP) 5 from N-carbanoyl net hi oni ne (ha) by
method A 17.5 g (90.0 nmol,  purity: 999 of . N-carbanmoyl net hionine (lra)
were dissolved in 150 m of water and stirred in a 200 m Roth steel
autoclave with magnetic stirring at 160 for 6 hours. The pressure rises
during this. Fromtinme to 10 time, gas was repeatedly discharged until a
pressure of 7 bar was reached. After conpletion of the reaction, the

aut ocl ave Wit £ obIRGipidrticsparhtcrheufesaftlhgy suspPeflsion was then

filtered, ﬁ@ghﬂ&ﬂyjmégﬂyaﬁin%ogsdpm@@lﬁgggeg several tinmes with water and
dried in a drying oven 15 at 50C i n vacuo. The i sol at ed yleld was 8.1 g

(205,00, 0, S LA R el bl oo e (111

“1H NMR ofJ&;ﬁxhis&ﬁa@m&ﬁhyhthm@pehhyl] 2, 5- pi perazi nedi one 20(111) (500
MHz, D6-DMBSO): 6 = 1.85-2.05 (m 4H, X SCH2CH2) 2.049 (s, 6H, 2 x

SH) 2, 4 ém%ﬁ@c‘e i‘ﬂar%ffigﬁ%fﬁél o St s uar S ek Sl one
(| | ) ( 1258 A cabg-oBVED) st@p—a14t35t§@133>1aq@, WBt GHR)acizbzg1ch 3 ¢ CHR2S) ;

28. 68 (CH2Skm 3k $20aCH2¢H2S) 1.382. é%@é@k@@t?sa pPZO%H&H) 0 %2 96 (CH) ;
167.69 (C=0); 167.71 %g; %hE ement al anal SIS for C10H18N20282 (M = 262. 39

g/mol): CRCESreane eHTESEIEIRE 16168 Thutien EEREIYA; H
6.96; N 1@&b6dbe 9d34s38d with a base to a pH of from 5 to 6,

10 preferably to a pH of about 5.6. It is possible to use as
acid in this connection mineral acids, preferably
phosphorie acid, sulfuric acid, hydrochloric acid or
carbonic acid, or carbon dioxide, and/or carboxylic acids,
especially the C:-C, carboxylic acids formic acid, ‘acetic

15 acid, propionic acid, butyric acid or iscobutyric acid.
Carbonic acid or carbon dioxide is particularly preferabliy
used. It is possible in this case for the carbonic acid or
carbon dioxide to be intreduced into the reaction mixture
under atmospheric pressure or under superatmospheric

20  pressure.

The basic conditions are adjusted in step a) preferably by
using a base selected from the group of NHHCO:, {NHy),COs,
nitrogen-~containing bases, NH4OH, carbamate salts, KHCO;,

K,C0s, carbonates, alkalli metal bases and zlkaline earth

25 metal bases.

In a further preferred embodiment of the process of
fractional crystallization by basification, the procedure

is as follows:

&) basification of the Db/LL/DL/LDwmethionylmethionine—
30 containing suspension until a clear solution 1s obtained,

and stepwise addition of an acid to the basic solution

until a precipitate separates out results in DL/LD-

methionylmethionine as precipitate.



2t 1 Exanple 2: Synthesis of 3,6-his[2-(methylthio)ethyl]-2,5-

pi perazi nedione (111) (nethioninedi ket opi perazine, DRP) from

2- [ (am nocar bonyl ) am no] - 4- (et hyl t hi o) but anoam de

(N- car banoyl net hi oni nam de) (11b) by hod A 17.4 g (90.0 mol, purity:
98.5% of 2-[(am nocarbonyl)- aninoj-4-%nethy|thio)butanoanide (I'r'b) were
di ssolved in 150 m of water and stirred in a 200 mMl Roth steel autoclave
with magnetic stirring at 160C for 7 hours. The 10 pressure rises during

this. Fromtime to tinme, gas was repeatedly discharged until a pressure of
7 bar was hleddhddmsrhsonsomsitétionnnef ish6ubeaerEBhLYt betained! Bve was

cool ed in @k inke-at N.i oThe: retuliticng isuspepskLen was then filtered, and the
filtered solid was washed several 15 tinmes with water and dried in a

dryi ng ov at 50C i.n % i sol at ed %leld was 9, 2 (35..1 mmol )
(78% of ?hﬂ:s[l’f Aty ”;i :31 eBRyIErEes. pipbrasi ﬁ@ﬂ?‘aﬁ‘él?fﬁlﬁﬁf %% | owi sh
white crysteadisicpuriiony in 8% HI?L‘E); take pIheen’ﬁiLthn@ Ipméltar&mdfdﬂﬂe NVR
data agre 0se of 2 exanp l.e_1. .Exa nt SIS

g \Mﬁlkro % ?4 ferabiynegg 8§(??¥ thf

3, 6- bi s[ 2- nethylt o)eth V1 plperaz
(nethlonlﬁ@d@@ep@ﬁﬁ@erazdnéorDKPP freml§if@- c28ar solution

(met hyl t hisg)et méht%ﬁtb%@aéalj?glteadweﬁe&h'9&1& c%ca B yﬂ%}&m n) by

met hod A and su uent _reuse 0 | 1 quor reaction)
First bat&R: ©. PRedGEpEREI 58 8f PE3CE gbputod.- ol Fagss mqﬁemh%ef 17.2 g

-30( 0. 09 Makedptri n:ms%%seo&rgebals@al BEBMd@Hé%ﬁox(ﬁ‘z'I@m@GQ 150 g of water
wer e 200 Rot h stee 29 aut ocl ave th magneti c

ﬁtrgﬂ ceq%lnto é
stirr s 5%y et Foggﬁtﬁ?BFaﬁnﬁﬁﬁr ASqur i WpShhi CRTPREA5Pessure i ses
to 15 bar saFtem KHEO: t &0, chheonadt es| axekabs miacao]rrmrmsﬁe_ckanmd t he

pressure gﬁ£££e§e§ labggggtant 10 bar. The autoclave was 5 then cooled in
an ice bat e resulfing suspension was filtered and the solid was

washed with 75 m of water. Finally, the solid was dried in a vacuum
dryi ng ovEReaRCEBES oveRfi Ghons Bia[ ot ¢pet hyd i pyekenatily Blpispedazi ne-
dione (I1hyingsahsotatietras vet!l oMbeh Yhihenorystaliss, 1QredRsaqHent

bath§§ phosphoric acid, sulfuric acid, hydrochloric acid, or
carbonic acid or carbon dioxide, and/or from the group of
carboxylic acids, in particular the C;-C; carboxylic acids
formic acid, acetic acid, propionic acid, butyric acid and
isobutyric acid. Carbonic acid or carbon dioxide is

20 particularly preferably used.

In a preferred embodiment of the process of fraétional
crystallization, it takes place at a temperature of from
0°C to 100°C, preferably 5°C to 60°C and partlculariy
preferably from 10°C to 40°C.

25 The resulting DD/LL-methionylmethionine can moreover be
racemized and introduced into the separation process
described above, thus separating the two pairs of
enantiomers DD/LL—methionylmethionine and DL/LD-

methionylmethionine from one another.

30 All the processegs of the present invention which have been

mentioned are preferably carried out in an aqueous medium.



The washing water and the nother liquor fromthe preceding batch were
conbi ned and concentrated to 90 ml in a rotary evaporator at 50C. 17.2 ¢
(0.09 nol, purity: 919% of nethioninehydantoin (lid) were taken up with
the 15 concentrated nother |iquor and ggde up to 150 g of solutio with
water. The resulting solution was introduced into a 200 m Roth steel
autoclave with magnetic stirring and stirred at 160C for 6 hours, during
whi ch the pressure rises to 15 bar. Fromtinme to tinme, the autoclave was
20 deconpressed until the pressure remai ned constant at 10 bar. Further
wor ki ng upTtecke pieases wiatdicogy ssenthéniensiohateh. fExsnpieode 125

SynLnesi s ol & biS{ 2:( RRINI ko) eBYLL- 2501 per agined ongs (111)

(et hi oni nedi ket opi perazi ne, om 2- am no. (et hyl't but anoam de
(et hi oni MARRRY M 1) QSFtﬁ@Fﬁﬁﬁ P5O6E§SED - 09 nDI) of

2- am no- 4- (et hyl t hi 0) but anoam de 30 hydrochloride (llc) and 8.7 g (0.09
nmol ) of ( @ were dissolved in 150 g of water and stirred in a 200 n

Rot h steel autoclave with nagnétic stirring at 160C for 6 hours. The

aut ocl gve Aden 4 %Ieg dla%aa g h The 30 r esul suspensi on was

then filtere and %%e friter mégpﬁ%§$F%Fsed%ra. EI s with water

and drledqnimwam@¢|néeevegeapf5®EE|mGVchmylﬂémhlqnmnﬂeﬁhqﬂuﬂnbommz 6.5 c

(24,8 Mok (55%. o6/bLSE? (PLAVE! Bh8) sbiydlaR. p. Pl per azi nedi one
(111), yellow sh white crystals, purity > 98/5%HPLC The nelting point

and the N\VR data_agreed with those fromexanple 1. 10 Exanple 5: Synthesis
of 3, 6- b|§F§u6ﬁe?h§PPWFo?e@ﬁ@@fa@metbFp%%%&%%ﬁﬂﬁ%ﬁﬂpq|qﬁ)the
(nEthlonl@@d&%ﬁh@ﬁlﬁﬁéaﬁa@é oE*E%eff@ﬂI methlonylmethlonlne

Cyanohyr CheRBLGHYSCP 1) B 55 het ReoT 6 SOT A vk oGt %5 S5 0. 232 ol )

of 2-hydr oxyes- @ﬁethyav@ge)butanenltrlIe (lie) and 360 g of water was
slowy added dropwi se at RT to a suspension of 22.4 g (0.283 nol 1.22 eq.)

of NH4HCO@ibﬁrgo3gsH$w¥Bée&ié@?aﬁﬁéﬁ{@dréﬁﬁeééﬂkation of the

enzymatic liberation of methionine {D- and L-Met together)
from the four methionylmethionine diastereomers DD-I, LL-T

15 DL-TI and LD-I.

Figure 4 shows the biotransformation of D-methionine to

L-methionine with an enzyme cocktail from common carp.

Figure 5 shows the leaching characteristics of
methionylmethionine diastereomer mixtures DD/LL-I, DL/LD-I
20 and LL/DD/LD/DL~I compared with methionine, MHA and MHA~-Ca

Figure 6 chows the in vitro digestion of four different
methionylmethionine diasterecmers LL-I, LD-I, DL-I and DD-]

with digestive enzymes of the common carp.

Figure 7 shows the in vitro digestion of various
25 methionylmethionine diastereomer mixtures LL/DD-I, DL/LD-I
and LL/DD/LD/DL-I with digestive enzymes of the common

carp.

Figure 8 shows the in vitro digestion of four different
methionylmethionine diagtereomers LL-I, LD-¥, DL-I and DD-1

30 with digestive enzymes of the rainbow trout.



20 The NH4HCO3 di ssol ved during this. The resulting solution was
subsequently stirred at 50C for 7 h and then at roomtenperature
overnight. The reaction m xture was then transferred into a 500 m steel
-aut ocl ave, heated to 160C and stirred 2% this tenperature for 6 hours. The
aut ocl ave 25 was then cooled in an ice Dat the resulting suspension was
filtered, and the solid was washed with 50 n1 of water. Finally, the pale
solid was dried in a vacuum dryi ng oven at 50C overnight. The isol ated
yield was 17.8 g (67.8 mml) (58% of bis[2-(nethylthio)ethyl]-2,5- 30

pi per azi né?:nw @ I1shpwsy Ehieoviins Wivict 81ee§51 ah sOT plr® ty > 98% (HPLC). The

- gE|gln?hkaanT l%ﬂ%hwwglg@t?ﬁ@?%%@goﬁhkhmiﬁg§§eirEEUﬁ@EﬁW1?L/EI)6FT??D|e
: ynt hesi s 0 s net byl t hi o) et hy pi per.azi nedi.one
% E?%%F ﬁ%ﬁﬁmﬁs %ﬁ

(et hi oni REd Ret/OB p&Y Bei fe Wipkpyi 7 (G aneni tril e

(et hi oni neudg.ile) (11f) by 5 nmethod C A nDderate stream of CO2 was
passed into a solution of 26.2 g (0.201 nol) of

2- anlng 4Fg E@ylbh;ﬁ. %t enltrll %lfél ngﬁ? q%géfand%#h n% peri od

of 3 hours,  durin era ur é ose H'settled at
8 10 St|rmﬁﬁ@iwaglmhehleomnendedsaeregmﬁrseh@mﬁfumﬁfixnnaﬂﬁ @m@.rmhe next

morni ng, Ay %ﬁg%%‘%%g‘béﬁ%{;@e%&tEg@%ﬁi% %;”éh@m%@;ﬂ m steel

aut ocl ave, hea stirred at t enperature for 6 hours. The
aut ocl ave _was then coole in an ice bath, the resulting suspension was
filtered, FARYTe51Lnehewr| HRadngihEn M IRSEP™ OHIVaRBIS and dried in a
vacuum dr mlelﬂglaﬁﬁmmé'th5@1@1ﬂéeﬁﬂhghéreﬁﬁh@rIIﬁibktaiﬁls mle/h:cb 28 DJ;BLTJ g (59.7

mol ). (59% .o i - thylthio eth e (

yel | shé%ﬁi£89kﬁgépgﬁg,9pﬁﬁgb él%%/%%Yﬁifﬂ %ﬁﬁtlr% %ﬁ nt "and the
NVR dat a aprésdswi th those from exanple 1. Exanple 7. Synthesls of

3, 6-bi s[ 2- (net hyl t hi 0) et hyl] -2, 5- pi perazi ne- 25 dione (I11)

(et hi oni nedi ket opi perazi ne, DKP) from 3-(nethylthio)propanal dehyde

(3- (et hyl nmer capt o) pr opi onal dehyde, MW) (hg) by nethod D 66.0 g (0.68
mol ) of (NH4)2CO2 were introduced into 100 g of water and cooled to
5Cin an ice bath. Then, over the 30 course of 25 mnutes, 16.6 g (0.61
nol) of freshly distilled hydrocyanic acid were added dropmnse during

whi ch t heekampreat ure of the suspension was kept in the

15 A) Overview of the individual steps and methods of the

process of the invention

The process of the invention for preparing DL-methionyl-DL-
methionine (I} and the separation into the DD/LL-I and
DI./LD-T pairs of diastereomers are described in detail

20 below.

The process of the invention for preparing DL-methionyl-DL-
methionine (X) starts from a compound of the general

formila IT

25 ' R
(II)
where ITa: R' = COOH, R® = NHCONH,
ITb: R’ = CONH,, R?® = NHCONH,



32 range from5 to 10C. Addition of 860 g of water was followed by

dropw se addition, at 10C, of 60.3 g (0.58 nol) of

3- (net hyl t hi 0) propi onal dehyde (hg) over a period of 80 min. The pH

remai ned constant in the range 5 from? 5to 9 during this. The reaction
m xture was then heated to 50C and sti Fed at ‘this tenperature for 7 hour
After conpletion of the reaction, the reaction mxture wa: cooled to 5C in
an ice bath and stored in a refrigerator overnight. The next norning, the
m xture was transferred 10 into a 21 st eel autoclave heated to 160C and
stirred at this tenperaturelIfer B houE@VHTh& autl¥& ave was then cool E in
an ice bath, the resulting suspension was filtered and washed with 150 m
of water, and the solid was rehi. eI iR & aerrodiyi ng oven at 50C
overnight. The isolated yield 15 was 48.6 g (185.2 mmol) (64% of

bi s[ 2- (nmet hyl t hi 0) et hyl]- 2 5 pi R@ram nedione %I 1), yellow sh white
crystals, punt > 98%(HPLC) Ihe rreTt(FI\ﬁ'g 0| “nfHand the NMVR data agr eed
with those from exanple 1. 20 Exanple 8: Synthesis of

DY LL/ DL/ LD- et hi onyl et hi onie &)= faroms, 6- NH,

bi s[ 2- (nmet hyl t hi 0) et hy1] - 2, 5- pi per azi nedi one (I11)

(et hi gni nedi ket opi per azi ney ?KP%J.VM tj% cenj;rated 25 hydrochloric acid

- by nethod E 655.9 g (2.50 m)f |(s:i?2 (et hyl t hi o) et hyl] - 2, 5-

pi perazinedione (111) (DKP) were suspended in 1661 g of water. whi | e
stirring, 278 CYLsiindone. Chparsenr6E bYavpdiwes esyiie sl o st eided

dropwi se amn tehere,cayt EQuel, yeheat eda3@) \/\/‘J_hlﬁovﬁi.ymé/ttlgﬁr&h@—]§ﬂi rring, to

reflux. Sev e f ani occur during this. reaction m xture was
heaton o TFIFTEEID: 85 thegs Sohefts 0t SO JEHADGR | e dof 140 B net he
subsequentt:har@unng th&ncea@éeﬂoﬁ)&E’nQI Bixepoptpprdaied (BBrand was filtered

of f. IS in_fo ro s.gnlat
reacti gns p%hé{t% t ra e vva%sﬁggﬁgggadj Iﬁs%%%{lé&ﬁ 1%&-'9}] %ggfasﬁs %Cgl?gr in an
i ce bath weth3d2wiser ergehtagjuedaspantoned. aA DDZ@M@L:J&@ &d is

met hi onyl @h@ﬂs@@'zﬁz%d( leé@@@{ﬂ'ﬂﬁ%ooﬂﬁ @8t 81 b CHoiBRS 1Bl oLk étgﬁﬂ) and
50:50 m xture of the two pairs of diastereoners (DL/LD Met-Met) (DL/DL-1)

and (DD/LI_ItI\/é‘LS FEPsesRrLEly) Padfihget By stractivea} israratplddizat iion a dryi ng
oven at 66 methadul. t¥i ebfar£0d. Ohe (Woldai®t )of &b aerechdrs

?HPt g)L/ HDB_/EEt gl &I BEF/EbO [ ne él géhgrlnleg?} ly yellow sh solid, purity 98%



1H NMR of DD/ LL/ DL/ LD- net hi onyl net hionine (1) (500 MHz, 1)5- DWVMBO+HCl): S
= 1.86-2.16 (m 4H, 2 x SCH2CH2); 2.050 (s, 3H SCH3); 2.060 (s, 3H,
SCH3); 2.44-2.64 (m 4H, 2 x SCH2) 152.90-4,00 (m 1H, CH); 4.32-4.42 (m
1H, CH); 8.45 (bs, 3H NH3); 8.98-9.08 ég} 1H, 2 x NH) 13C NMOR of

DD/ LL/ DL/ LD- net hi onyl net hi onine (1) (125.8 MHz, D6-DWVSO+HCl): 5 = 14.33
(CH3); 14.38 (CH3); 27.74; 27.94; 29.51; 30.04; 30.13; 30.89; 30.95;
51.00; 51.29; 51.54 (CH 20CH2); 168.05 (CONH); 168.19 (CONH); 172.55
(COOH); 172.62 (COOH) El enental analysis for C20H23N20332 (M = 280. 41
g/mol): Calculated:C 42.83; H 7.19; N 9.99; S 22.87 Found: C 42.61; H 7.19;
- N 10.06; S 22.72 25 Exanpl e Methadfdustri al synt hesis of

DDY LL/ DL/ LD- et hi onyl met hi &#illaéng IIbf r om

3, 6-bi s[ 2- (et hyl t hi 0) et hy1] - 2 5 B\Mperazi nedi one (111
(met hi oni nedi ket opi per azi.ne, M th concentr&te 0 drochloric acid
by nmethod E 500 1 of water wef%"Fntroduced into a 500l mel ed tank with
stirrer, 32 1 of cdncentrate rochlorlc acid and HR4 78,6 of.

3, 6- bi s[2 (et hyl tHi o) et hyl E’? (ﬂnperam nedior (I11) (PKP) Wwer & added,
and the apparatus jas cl osel {'f g It was then heateg at 110C while

0

stirring for Method D {III)
. , : for tig
- S R1
2 \/\{ Method E | Method F
RZ
(II)
O
Method G S\
for lia, llb and Iid /\/i
- ~
Method H CO H

for He, He and Hif
' DD/LL/DL/LD- (I}

Method J

fer llig
Method K

|

DD/LL-I DL/LD-I

Scheme 3



2 hours, during which the pressure rose to 2.5 bar and thE 5 DKP (I111)
virtually conpletely dissolved. After the reaction was conplete, the

m xture was cooled to 20C, and the unreacted DKP was spun down in a
centrifuge. The solid was. washed vvitha%_p 1 of water. The filtrate and
washi ng water were then collected in 800 1 container and 10
subsequently introduced into a 500 1 tank with stirrer again. Addition of
2 kg of activated carbon was followed h stirring at 20C for 30 min. The
suspension was then filtered through a filter press into a further 500 1
tank with B} iSymihesAlsogxap®lessf concentrated amoni a solution 15 were
then added to precipitate at pH 6 the DD/ LL/ DL/ LD nethi onyl net hi oni ne
(1). Duringddhe tthere is initial preferential precipitation of the |ess
"sol ubl e racem c pai of diastereoners DL/LD-nethionyl nethionine (DL/LD-1).
Thi s was un .down ar%d t he_not her was concentrated 20 together with

washi ng y@thFﬁlﬁnQ qdaPréisde- t‘ﬁ@tBYEEFﬁSPeWHmZ‘I% vapor punp vacuum
at an int @m@@lrarz&mqealiaharemmn emeenﬂoﬁgnéﬂﬂ:ewiméﬂrﬁa, tokee y1or e

sol ubl g racem er SoMEr 3 onyl met hi oni ne (DD/ LL-1)
cryst a?l i ze%“% gvgg:?ﬁ ?‘ J’%‘ramuanD‘ L#ytlﬁeeh%? tly 25 sol uble
DL/LD-1. Conpletion of the dlstlllatlon Wasfollowed by cooling to 20C -and

centrifugdt/i-ong THE - Sepapdt edunbtiier 995 huof Nk wlerstuyigratdtion wer e

di scar ded.(1Bq WEF:@CH&QQ§1W@89 Arigd hn yacpoeat LQC.sdiAnfaly 4t was
possi ble to obt ain 64. 8% of DD/LL/DL/LD-. 30 nethionyl rret i oni ne

(1) as ni*04r&l o%’\%ha%‘f@?goﬂ’é]:@d?’ﬂ%twlglQB@)Q'IEWL@)S.’:W%W A 4Foi nt and

the NVR d&ba ggheedsw metbeégsuf@r&ﬁg@gmm@rﬁag 235 EXamhe i®ie SNt hesi s
met hi onyl met hj

bi [ 2 { e ERJFC HPOFclRo s SOt AbRr doT ot OFb W71 2 pressure of

(et hi oni Mebaketapi peaazede, ADKEY a;mmteleiaidnalcme:rﬁe candittiicons,.the g. with

by F I th thyl] - 2, 5-
Smpéil neal OEEQ??IY€§( }&97?%&9 % %gﬁ;)t}?r en e{ h amT:)tE%g slo%tel o% Lnd
500 ml of SkEPershpe VWeat baeat f1boered, @ﬂ%mfétlfahﬂé:a‘r@d Zchadr svasAfter
cooling, {hAenuareagtesh D&%gg(ma k620 c—Ehd.‘ @Aéa%lﬂ $ fdlrlytl?l 2Lf with

suction. This_can, be enpl oyed again in_a subsequent batch e f||trate

was cdohceRfrafed ih T ar Prevaioratest wiekd wasers defhdPit Qré‘m@fl 80- 90C
until the(69%5tofriyss at-s(mepay hiledh aadhy W 185 -gagldmgiardibeavi ng to stand

Overnlght(iilya'yellow1sh white crystals, purity > 98% (HPLCO),
melting point 234-236°C.

'"H-NMR of 3,6-bis[2-(methylthio)ethyl]-2,5-piperazinedione
20  (III) (500 MHz, De-DMSO): & = 1.85-2.05 (m, 4H, 2 x

SCH,CH;); 2.049 (s, 6H, 2 x SCH3); 2.46-2.60 (m, 4H, 2 x

SCH); 3.92-3.99 (m, 2H, 2 x CH); 8.213 (s, 2H, 2 x NH)

BC_NMR of 3,6-bis[2- (methylthio)ethyl]-2,5-piperazinedione
(IIT) (125.8 MHz, Ds-DMSO): & = 14.35 (CH3); 14.38 (CH;3);

25 28.50 (CH,S); 28.68 (CHS); 31.92 (CH,CH:S); 32.33 (CH,CH,S) .
52.92 (CH); 52.96 (CH); 167.69 (C=0); 167.71 (C=0)

Elemental analysis for  CioHigN2035; (M = 262.39 g/mol):
Calculated: C 45.77; H 6.91; N 20.68; 5 24.44
Found: C 45.%94; H 6.96; N 10.64; 5 24.38

30



15 possible to isolate after filtration and drying in total 49.3 g (70.3%
of DD/ LL/ DL/ LD- net hi onyl net hionine (1) as 50:50 m xture of the two pairs
of diastereoners DL/DL-1 an DD/ LL-1 as a white solid. Purity 98% (HPLC).
The melting point and the NVR data agr%gd with those from 20 exanple 8.
Exanpl e 11: Purification of DD/ LL/DL/LD- nethionylnmethionine (1) 500 g of
DD/ LL/ DL/ LD- net hi onyl net hi onine (1) were suspende 25 in 7800 g of

dei oni zed water (pH 5.3). At 26C, the pH was adjusted to 1.0 with 346.6 g
of 50% by wei ght sul furic acid. The nethi onyl met hi oni ne di ssol ved

conpl et el yEX¥Ep1®|%rification, 18 g of activated carbon were added to the
yel l owi sh turbid solution and stirred for 60 mnutes. The 30 activated

car gog V\IaSSF11fri2ﬂ2Hﬁ1@jfcﬁg g&ﬂﬂdﬂmh(%{eﬁﬁﬁrl%ﬁheﬂéEﬁy"lPOiyrii on Yvas adj ustefl ]Eo
P W t 0 0 | ni.,a soj utlon e, sol ution was eft
P siand dvsamreasdan, S 5nt et Bien RaRtketor P racines (BFEH orf with
sucti or arﬁrcm|2ec[Gammoda;db@glyd.\bemmb]5@€(metm1:tmo)%xe&ethoa@ﬁ[8£ (92% of

DD/ LL/ g)L/ L%Wlﬁ%ﬁ:ﬂ s Qs @ﬁrr{_lld)et)hg&%# thdhite solid, purity > 99%

(HPLC) . ta agr sed exanp e 8. Exarrpl e 12:
Synt hesi's of DD/ LL/ DL/ LD- et hi onyl met hi onine (1) from
N- car hamoylét I di0n@ {mpd) andiby=nEfhPdhi e I t A@ dsyrimyist-hod G 13. 4

g (0.09 malm;ef] -BL-(Fethi Qlﬂh@% b&aéogmi@eo%ﬂp)l wltd | d¥s s F94qg ofy
N—carbarm%1 met hionine (ha) and 11.9 g.(0.18 nol) of 85% pure KOH were

di ssol ved5i*Y 180 9. "8t Shafer é’tﬁ&rgﬁﬁr tBd2af 04 50 BeFhy SXel Roth st eel

aut ocl av hﬁthulavﬁagmehl ma@hlelt&bngtﬁehﬁg hatirss 0 durfdg Wheir 4 . henpr essure
rose {0 6 After reaction W%% cor’rp ete,, the autocl ave was cool ed, and
% yFt hi O

FEACEE 3 65 BP ST 9T L fef T8¢ W11 545 55erRA W& one (111)

the preci State
(et hi oni wediek&edpypéiachaegebDkPhtnasafpressed: off Zadh2@asashed with a

i1t e walekonlhe WABhLNGoMBYEE ;BR00ENERIDLARI: { iU ek eto%a hed and

concentrated to a vo?uma 0 in arotary evaporator, A
noder at e ¥PFe&RPéeICER WasithehaphssBhe| reettHag @g{ﬁmwgog}oma on until a

pH of 6. 4tWéﬁ Feachediangha whbt ei$ebi-dd pEeti Piva! §hshBEH S eMRra125
flltej%fdg washed wthallﬁgtle cold ter and drledlnavacuumdrylng
566765

oven ePhFghfacghe e ofhi 8 We"f‘ WS LAY A4E06 Gl ) (459 of
DDY LL/ DL/ izBaebhi Dhy| hed hitond ngi é1¢, wadi 3 £2 spl (3. Iputnidly X 788% oHPLC) . The

MAR data ggresd MLLA, 10058 LEQM $X8MPLE; 8razinedione (TIT),

vellowish white crystals, purity > 98% {HPLC).

The melting point and the NMR data égreed with those of
20 example 1.

Bxample 3:

Synthesis of 3,6—bis[2—(methylthio)ethyl}—2,5—piperazine—

dione (III) (methioninediketopiperazine, DRP) from 5-[2-
25 {(methylthio)ethyl] -2,4-imidazolidinedione (IId)

(methioninehydantoin) by method A and subsequent reuse of

the mother liquor (cascade reaction)
First batch:

A suspension of 13.4 g (0.09 mol) of methionine, 17.2 g
30 (0.09 mol, purity: 91%) of methioninehydantoin (IId) and

i50 g of water were introduced into a 200 ml Roth steel



30 Exanple 13: 37 Synthesis of DD/ LL/DL/LD- nethionyl nethionine (1) from
5-[: (mathylthio)ethyl]-2,4-imdazolidinedione (lid) (nethioninehydantoin)
and DL-net hionine with KOH by nethoc 13.4 g (0.09 nol) of DL-n®ethionine,
17.2 g (0.09 nol, purity: 91% of nethiogoni nehydantoin (lid) and 8.9 g
(0.135 ol ) of 85% pure KOH were di ssoPded in 150 nl of water and stirred
at 150C in a 200 M Roth steel autoclai, with magnetic stirring for 5
hours, during which the 10 pressure rises to 8 bar. After the reaction was
conpl ete, the autoclave was cool ed, the resulting suspension was filtered
and the prectepti:lmedﬂﬂtlﬁ-rmma:i(mtrﬁ;ﬁﬁﬂﬂg))aeidmlt]lﬁea- aitp%az'(:nedirone

(rrr) (retpi di v svm'tha
little watgrﬁ § @%%@ﬂaﬁ W?%': S%%ﬂme/av?@%%%er%g) gonlﬁ)l Fhed; “8Rd the
resul ting %@P%tt‘r@ chdﬁc%rﬁwtaftceleﬁvt% V@S\/@'iamtmlp@f%s}s@ﬁ mhtih aheot ary
evapor al Orpals 406  Jhe Reneanty aldaiam caul kgus! ynpeubiabized yLih

concentr at ed hydrochl oric acid. A white solid precipitated on stirring at
room t enperfre ARt & Ft &Iqeofb"’@hB GVEY hGhE SSTAFdNgoPREPHRSIPRI t er ed

of f, washeehav i1 eddd tdret G:Qied mtl@r wanrd w@rsh@a WAta vacHum dryhpgr-oven at

50C over ni The i.sol a e wa (62

DD/ LL/ DL/ L%Dr%]tjﬁ‘f oSt %F)l %Wr % Jaepun éﬁww g @%O/A%FHPLC) 25
The NWVR ddifH’CagI\wdmgl’tth ma—f(mm&mahpbeeShywSzExapj);beré.ﬁlnéynt hesi s
of DD/ LL/ )0 QR I (oTsaNoTH WIS

(et hylth%lg et hyl] ?fé‘.sm %%%ﬂqu Fi‘%’d oef%%gﬁgﬁ)w?lt Shi kS dant oi n) and
DL-nethionine with 1C2CCB by 5 rrethod G 13.4 g (0.09 m)l) of

DL- netfi ofiuREe@erE datehes nol, purity: 91% of methioni nehydantoin (i d)
and 12.4 g (0.0S nol) of K2003 were dissolved in 150 ml of water and

stirre( atrhkb@@shing 28Qem aRat Anst pekhavt ochaye Wbk PRINGEECeding

batch were combined and concentrated to 90 ml in a rotary
evaporator at 50°C. 17.2 g (0.09 mol,lpurity: 91%) of
methioninehydantoin (IId) were taken up with the

15 concentrated mother liguor and made up to 150 g of solutio
with water. The resulting solution was introduced into a
200 ml Roth steel autoclave with magnetic stirring and
stirred at 160°C for 6 hours, during which the pressure
rises to 15 bar. From time to time, the autoclave was

20 decompressed until the pressure remained constant at 10
bar. Further working up took place in analogy to the first
batch.

Example 4:

25 Synthesis of 3,6-bis[2-(methylthio)ethyl]-2,5-piperazine-
dione (III) (methioninediketopiperazine, DKP) from 2-amino
4- (methylthio)butanocamide (methioninamide) (IIc) by method
B

16.6 g (0.09 mol) of 2-amino-4-(methylthio)butancamide

30 hydrochloride (IIe¢) and 8.7 g (0.09 mol) of (NHi),CO; were
dissolved in 150 g of water and stirred in a 200 ml Roth
steel autoclave with magnetic stirring at 160°C for

6 hours. The autoclave was then cooled in an ice bath. The



10 stirring for 5 hours, during which the pressure rises to 12 bar. After
the reaction was conpl ete, the autoclave was cool ed, and the precipitated
3, 6-bi s[ 2- (net hyl t hi o) et hyl] - 2, 5-pi perazi nedi one (111)

(et hi oni nedi ket opi perazi ne, D KE was flltered of f and washed with a
little water. The 15 washi ng water and: 3Yhe not her | i quor were conbi ned and
concentrated to a volume of 135 m in a rotary evaporator at 40C. A
noderate stream of CO2 was then passed into the resulting solution until a
pH of 6.8 was reached and a white solid precipitated. This was filtered
of f, washete20l vindh sudbartdiorcolad wateer fdddedrdedand sheatiulinededi ng oven

t 50C twag A16Q.iGhe 1 n ri
Ry DL/ DL Lty osn;/"%lnsgjterﬁl 2t & El % , % Wekggﬁgt@ro%r? 5% (BPLO) . The

NMR dat a &Y i oS G em dramel-e T8 250 Eaapl elabd Wymtthesis of

DD/ l_h/ DH]L(E})AJT? hmmy)l 2@5*%! Oan%lgsl[)Z—gﬁl@ml?i[:glo) ethyl]-2,5-

(met hyLt hi_g) e im i di ion

(met hi %nl r]i)ell‘?fdT FOR ¢ %%?[ﬁet F{ie OWéL %IWJH R‘%—(C%Y*ob'ifﬂf%%' Rl & 13.4 g
(0. 09 nol )o85f Eﬁimsthlonlne, 17.2 g (0.09 nol, purity: 91% of

met hi oni nehydantoin (lid) and 9.1 g (0.09 39 nol) of KHCO3 were dissol ved

in 150 m 9f wat r a 5 0 st.eel . autoclave with
magneti c sti r\rﬁ%% Pg;nggihlguégd g&%l ﬁg%ﬁ?% %)%e %ér:{g“élgcul} eehrl selétlfogl 12 bar.
After thes¥@g@ticon -was conpl ete, the autoclave wa: 5 cooled, and the
precipitated 3, 6-bis[2-(nethylthio)ethyl]- 2,5-piperazinedione (ren)

(et hi oni nedi ket opi perazine, DKI was filtered off and washed with a little
wat er. The washi ng water and the nother |iquor were conbi ned and
concgﬂgraked ti]a volunme of 120 ml in a rotary evaporator 10 at 40C. A
moderat e StrSRMTof ‘CR was t hen passed into the resulting solution until a
pH of 6.3 was reached and a white solid precipitated. This was filtered
of f, wash&ymbhenig bPFt B} e~ bb#ﬁZMmmethzﬁmhtb]thﬂli%2\ﬂﬂnmmmnmzﬁhmg over at

50C over niggbhe Yi®k ﬂlétﬂ Sniéédéké‘%%i éﬁ&? Hf pk»
DD LL/ DL/ LD rrgt \r<| onij ( |%)n| ne ? solid pur)l ty < 99% (HPLC) .
~hydroxy- (methylthlo)butanenltrlle (3 (methyl-

mercapto)propionaldehyde cyanohydrin, MMP-CH) (IIe) by
15 method C

A solution of 30.5 g (0.232 mol) of 2-hydroxy-4- (methyl-
thio)butanenitrile (IIe) and 360 g of water was slowly
added dropwise at RT to a suspension of 22.4 g {(0.283 mol
1.22 eq.) of NHHCO; in 20 g of water and stirred for 2 h.

20 The NH4HCO; dissolved during this. The resulting solution
was subsequently stirred at 50°C for 7 h and then at room
temperature overnight. The reaction mixture was then
transferred into a 500 ml steel autoclave, heated to 160°C
and stirred at this temperature for 6 hours. The autoclave

25 was then cooled in an ice bath, the resulting suspension
was filtered, and the solid was washed with 50 ml of water.
Finally, the pale solid was dried in a vacuum drying oven
at 50°C overnight. The isolated yield was 17.8 g
(67.8 mmol) (58%) of bis[2-{methylthio)ethyl]-2,5-

30 piperazinedione (IXII), yellowish white crystals, purity >
98% (HPLC).

The melting point and the NMR data agreed with those from

example 1.



The NMWVR data agreed with those fromexanple 8. Exanple 16: 20 Synthesis of
DD/ LL/ DL/ LD- net hi onyl net hi onine (1) from 2-am no-4- (et hyl t hi o) but anoam de
(I'hc) (nethioninam de) and DL-rnet hionine with (NB4)2CO3 by nmethod H 8.3 g
(0.045 nol) of 2-am no-4-(methylthio)bytanoam de (11c) hydrochloride, 6.7
g (0.045 nol) of nethionine, 4.3 (25(0.045 nol) of (NH4)2CO3 and 3.0 g
(0.045 nol) of 85% pure KOH were dissolved in 75 g of water and stirred at
160Ci] a 200 M Roth steel autoclave with magnetic stirring for 6 hours.
The autocl ave was then cooled in an ice bath, the resulting suspension was
filtered difamedifd &:he precipitate( 30 _

3, 6-bi s[2-(methyl thi o)ethyl] -2, 5-pi perazi nedione (I111)

(et hi oni rdidirisaRi RET azlsn%lsQIéP)(mmay%ﬁ%ﬁeﬁh&ﬂ] az] LhlSeMd Ble- The

washi ng V\%r ar}d t he uQr were conbined and corcentrated to a
vol une of L r(B"fa on 9\3‘555PBFB?’:3¥126C DEP hobfe?mt 2~ dtdicam of
C2 was tHer(nmsasedhunnbutlaaem:asuh.uengmsahubnmeum;rﬂ@) PHE) Gy3 was
reache ?j‘ White solid precipitated. This was filtered off, washed with
alittle coI water and dried in a vacuur 5 drying oven at SOC over ni ght .
Yield: 7.8 g (27.8 mmol) (62% of DD/ LL/DL/LD- nethi onyl nethionine (1),

whit e sol Admogarpty stgges( HIPLCY: e INMR athtiatagreew wittilont bdse from

exanpl e 8610 EXQUDbglll%oﬁyeFEhQSbﬁ k- PD/M(»{ %i—% (mt%ﬂ%ﬂl@tﬂ Qonine (1)

from 2- hy%roxg 4- (et h |o)butanen|trll
mer capt o) Propi ohﬁl aéﬁyﬂeogy%[ﬁéﬁ?dwﬂr W%O%rﬂf Eﬁ.r’?ﬁ#ﬁ»”&nld’@wq h NH4HCO3

by net hodwhidh ﬁﬁeztgmﬁgréiﬁrﬁnk%s@ftg hyet oxya deddreiinyddidtiQ)buytaneni tri |

(li e):jqe st:sLI](_gwln% adde OF ge at _RT to a suspension of 11.1 % (0.141
A p < AR PGB 2 ek R SRR S f TN CThe

NH4HCCB dfssoherd zdurnxuggt htse Tasnotil&o rglxﬁumtvﬁs w&ﬁﬁ&@dﬁﬂﬁﬂ he

resul ting,s tion f r.0om errperature
aSghHLON, 20c Y, BLELLSY, %?%9%6@% J[e)d% e aand &

overni ght. The next norni gp Hioni
(0. 116 nok}isf teBusPrEer KGEPENG Iaommtrf@lqsmgacdfawmsm a:@@éé and

the reacti@nami f@@r@aws thansésniethd r’é&ﬁeﬂsﬁoﬁtﬁ% AYtclavepeated to
160C._an 25 sti rﬁébj his tenperature f hours. The autoclave was then

cool &d i n“BR FebkharRe W?@?%s‘ﬂ&’f@n@o é@sﬁé@é’i%ﬁawd dried in a

vacuum drying oven at 50°C overnight. The isolated yield
was 15.7 g (59.7 mmol) (59%) of bis[2- (methylthio)ethyl]-
2,5-piperazinedione (IXI), yellowish white crystals, purit
> 98% (HPLC).

20 The melting point and the NMR data agreed with those from
example 1.

Example 7:

Synthesis of 3,6-bis[2-(methylthio)ethyl]~2,5-piperazine-
25 diome (III) (methioninediketopiperazine, DKP) from

3~ (methylthioc)propanaldehyde (3-(methylmercapto)propion-

aldehyde, MMP) (IIg) by method D

66.0 g (0.68 mol) of (NH;)3C0: were introduced into 100 g

of water and cooled to 5°C in an ice bath. Then, over the
30 course of 25 minutes, 16.6 g (0.62 mol) of freshly

distilled hydrocyanic acid were added dropwise, during

which the temperature of the suspension was kept in the



filtered, and the precipitated 3, 6-bis[2-(nethylthio)-

et hyl] - 2, 5- pi perazi nedione (I111) (nethioninedi ketopi perazi ne, DKP) was
washed with 100 ml of water. Mther 30 |iquor and washi ng water were
conbi ned, and the resulting soluti on'v?% concentrated to a volunme of 160
m in a rotar: evaporator at 40C. The ncentrate was cautiously
neutralized with 50% strength sulfuric acid. A white solid 41
precipitated on stirring at roomtenperature and at a pH c 5.4 overnight.
This solid was filtered off, washed with a little cold water and dried in
a vacuum d¥#ngg oven attb0d Blredmidghtionyiogl 86018, @f gw{Bdr 2wawol ) (479 of

DD/ LL/ DL/ LEs7 Byt hiomd -hi_oni G L) itgosol id, spugity > 99% ( HPLC).
The NMR data agreed l/\(/)vl t k?%t()gsée)%fd;&gr?]lg?én%ﬁe&g éExg?rp?@ iiBé Synt hesi s of
DDY LL/ DL/ LEY met Ay | He thi (@ithe 1R of pepipignaldehyde (IIg) over'a

2- am no- 4-gemtdry|dhign) Rutaname b ectkibla( PBLBLLAL NeRi tKkd | nth CO2 and
DL- net |02¢ ne b%gret h%d H A noderate ﬁl}er eam of 002 was passed into a :
sol utidn of* 9.2 Y (0 21 TA509) t6fS2- ARLnESACERRE YT EHIGS BYRBNEMRrile (1)
in 330 g dieatatder:co¥@rcaaper isedrebd3ahouhss dambagadibravhieh 1 heours

t enper at ur 0 ¢ and.the pH settled 8 Stirring was then

cont i nued Agfttre(rg%(;%n@ltrrp&%érogt Gfe t%?e?ﬁ?ﬁtﬁ%énThgﬁ%elfﬁa%Wﬁ %@1\,\}@5 = r'83Hct i on

m xt ure waEPotisdedoni>t’ 30. engice. kothneh§l sfored himm neefandy<b®tog (0. 201
mol ) of 8PWIGHEOHTARILEEANRESREAG, | PR fidrdrSt 20" heat ed
to 160C and stil(r%r ed at tlﬁ' s tenperature forl6tho(t§JrV§$g Tﬁgrﬁ%\é ead\l/e was
then %ol éd5n 2ar ic&tBathautrelpBsul RrAageduspehal ¥h amd Filteaddt and t he

Fr etcihpi t _attelg__si ,t?n@!e%hzuég\?ﬁfby:jﬁgh@m@g hﬂ%%@t&ﬁ@&@ﬁéﬁeﬁﬁﬁg c(ddtlle) "
met hi oni nedi_ket,opi per azi pg, was washed wj alittle wat er . e
Sehi ng wifer and2: RaChot RGP FPGUbF s SLRaHRr U it st Ak 10
vol une of w28berd wiihhalE0tal: of ewaper at andathd €1 48 nederdgatiedstiream of 002
was t hen ' ' h syl ti S ' ntJ Hof 6.0 reached
and a whi oot Gpral SrEar . S SSuEh P e S e wi th
littl¥% coldswaBeP endl8piedmpplh Vathune 8ryi s ottt B0 ) edrdilght .

Yield: 3227500634661 L5 f et bt heanine. (1,
it sol idsggﬁiﬁfiﬂgg%/g(ﬁpfgfp RO L4 Dlf LBt hiqnylnet higgpisne (1)

The melting point and the NMR data agreed with those from

example 1.
20
Example 8:

Synthesis of DD/LL/DL/LD-methionylmethionine (I) from 3,6-
bis[2~-(methylthio)ethyl]-2,5-piperazinedione (IXII)
(methioninediketopiperazine, DKP) with concentrated

25 hydrochloric acid by method E -

655.9 g (2.50 mol) of 3,6-bis[2- (methyithio)ethyl]-2,5~
piperazinedione (III) (DKP) were suspended in 1661 g of
‘water. While stirring, 271.0 g of conc. hydrochloric acid
waere very slowly added dropwise and then cautiously heated
30 with very vigorous stirring, to reflux. Severe foaming may
occur during this. The reaction mixture was heated to
reflux for 5.5 hours, thus dissolwving all the solid. Durin

the subsequent cooling, unreacted DKP (III} precipitated



42 The NVR data agreed with those from exanple 8. Exanple 19: Synthesis of
DD/ LL/ DL/ LD- net hi onyl net hi onine (1) from5 3-(nethylthio)propanal dehyde
(hg) (MP) with hydrocyani c acid, amoni um carbonate and DL- et hi oni ne by
method J 66.0 g (0.68 nol) of (NH4)2a)3 were introduced into 100 g ¢ water
and cooled to 5Cin an ice bath. Then 48.55 g (0.612 nol) of freshly
distilled hydrocyanic acid were 10 added dropw se over the course of 25
mn, during which the tenperature of the suspension was kept at 5 to 10C
After 500 g of water had been added, 60.3 g (0.58 nol) of

3- (nethylt¢md»wa&uﬁuﬂtﬂné@hyﬁﬁf(PmﬁlsMﬂK? addetedeopibgedabgd OC Dyer a

period of t{ﬁ]e ry&‘}taﬂgse | ”%%t%%“%t ’&Elﬁﬂswwaﬂfl%‘ f%gg%térom 8.5 to 9

during this. XtUre was eat d irred at
this tenpéﬂﬁﬂhﬁébﬁ@tﬁdh@@r§Hi&fu@rat@éaﬁ@a©Eﬁbﬁrmas gonptetleath heitr eacti on

mi xture wasoalhedd® BGuidduan ahﬁ%nlléthAaﬁg/ﬁﬁ.?f)E¢Lbn a refrigerator
overni ght. The next norning, 86.

2-amn 4%%%%%%?58?&??& dIde&P@ﬁéFﬁFoﬁPﬁe‘?s 3etBigk (MRS58 $bl ) of 85%
pure KOH (cﬁ‘yﬁs&arll%])an@n9035bufri15&hr53@fgtﬂf—z ¥Rbepaes ecadded. The mi xture

t f d t | t to.160C d st d at
this tompdP AELrEFBP=8 Kb/ Lo 1RS Horoon BueTHas (Heh COoI B 1o 26%5n | ce
bat h, the (PE5Wl-Ingdsuspenshas . .was ikt émadllancﬂhriehd pneca pciuiﬁtmgj

3, 6- bi s 2 SR X 6Bb8) g dkug, DvRLpAtaghich! ones (11 o

(et hionin etopi perazin Ie wat er CThe

was hi hg Wé%DélLLa{ﬁ@/@Hemﬁﬁhh@ﬁtxfﬂrﬂéﬁbﬁﬂmn@ ¢Bhbi ﬁbtlglathhf cﬁ(ﬁﬂcjemlr%h ed to a
vol ume of 5880 4m 30,k Bya08t Affpreyaporator at 40C. A noderate stream of CO2
was t hen passed Into the resulting solution until a pH of 6.0 was reached

and a whit preci pj.tated. Thi tered off, washed with a
Tt e ol R e E e r e T S e T Srer Tt (08 Bder nPeht
Yi el d: 85DMSQ+HE3) : (H.30L n®é)2 (5% mpf 41D/ 2 I+ R, Dupet Wi ored net hi oni ne

('), whiteg,so pwi > 98%. ( HPLC) .. The NV ta agreed,w t ose from
O ol £ 820kl PULIddh (S8%: M) [ The IV 881 305820, Y 1Bk
15  2.90- 4 00 {(m, 1H, CH); 4.32-4.42 (m, 1H, CH); 8.45 (bs, 3H

NH3'); 8.98-9.08 {(m, 1H, 2 x NH)

Bo-NMR of DD/LL/DL/ID-methionylmethionine (I) (125.8 MHz,
De-DMSO+HCL) : § = 14.33 (CHz); 14.38 (CH3); 27.74; 27.94;
29.51; 30.04; 30.13; 30.89; 30.95; 51.00; 51.29; 51.54 (CH

20 CHy); 168.05 (CONH); 168.19 (CONH); 172.55 (COOQH); 172.62
(COOH)

Elemental analysis for Ci;pHzpN203S; (M = 280.41 g/mol):

Calculated: C 42.83; H 7.19; N 9.99; S 22.87

Found: C 42.61; H 7.19; N 10.06; 8§ 22.72
25

Example 9:

Industrial synthegis of DD/LL/DL/LD-methionylmethionine (I
from 3,6-big[2-(methylthio)ethyl]-2,5-piperazinedione (III
(methioninediketopiperazine, DKP) with concentrated

30  hydrochloric acid by method E

500 1 of water were introduced into a 500 1 enameled tank

with stirrer, 32 1 of concentrated hydrochloric acid and



Separation of the two pairs of diastereoners DD LLnet hi onyl net hi oni ne

(DD LL-1) and DL/ LD- net hi onyl net hionin (DL/LD-1) by fracti onal
crystallization from DY LL/ DL/ LDnet hi onyl net hionine (1) by method K 10 a)
DL/ LD- Met hi onyl et hi oni ne (DL/LD-1): 290.4 g of

DD/ LL/ DL/ LD- net hi onyl net hi oni ne (1) (5%)450 m xture of DD/ LL-1 and DL/La-1)
were suspended in 2614 g o deionized water and adjusted to pH 0.6 with
381.7 g of 50% by weight sulfuric acid. The clear colorless solution was
15 adjusted to pH 5.6 with 265.9 g of 32% by wei ght anmoni a sol uti on, and
t he resul t78196v%dtceﬁ p?,eicﬂ:piet[at—e{rrmﬁyﬂithuen edhoff - EhpspetdomédBr. 9 g

i st t 50C. Th
Jeld vas TORD &R0 S GPUBLY LB el A 0RO ReERLorTES TLITTD: 1), 20 whi te
solid, pur‘ilt@ht>1398%f{ I*PLSC)ther’-TieﬂlEﬁﬁgdr afigé103g- eB8L: (setonny . fan NVR of

DL/LD- . L 1 ro I 12
DL m&*tS &%Zﬂ?t ;&gg‘l @ewﬁu@% Prb) i&é@@ Mez -, DB- %/59%4@9 ajfgc@gc%ts ( m(m

S
" 4H, 2 X SCH 1)5197 Vlfe?@aééY( ﬁPm?ﬁe ety da5§@1‘4€@8 Zél?ﬁelilir—hm 8.429 (d,
3H, 3J 4. 4ﬁ&acﬂﬂd®;wd% Q%ﬁpﬂ@telchéerxguﬁéEwagw&oéigarﬂﬂ?ZﬁOC and
DL/ LD- et ihonyg]rret hit%gii % ( DL/ LDI% (125.8 Mz, DB- DVSOHHC 14 57 (CH3);
14. 62 ( < PRIFGCSY §6528PU3199W0 £7 SeCeErpiiuge 74 alifgg. 29
(CONH) ; 17@s86/acBOGH1 t44 1b) 1DBE Livadet hi thy| fet tifone nend BR(dHi-dd : The

col orl ess IRhet,lauaL,f £ 8l ues, £ongents 2l edln, 8, Lotary evaporator

35C under wat er punp vacuum sUspensi on was obtained. The white
sol i dlEonpode¢wrns Lanibhirafneaflf 2neo @e@@@lul—:-st@ik Dry/ iD=t igmkrt ar get

conpound wasihheRdhikt ehedrobfxyi bh suetiife@ndy ded ed,dd AGUQ, AL §500 The
three solids were separated by suspending the m xture in deionized water

and stirri®gTTFRE BhdrSstl ¥l B/ PER| RS FRTREITSPHMESVE®sucti on, and
t he not hefil@ekkequanrvaghcancenteateteto abotta one dHdt koon 1a t=etary

evapor at or, C under apet u acuum After. prol onge standin
DD LL- net hf%{r'll ?WEFHI Bni Hg® ED%EELfF?gc"F%‘f%?HaZ%%i tléltjflllg&‘ It was
finally fwleufer éldenf ﬁddﬁﬁhtewcmmp:amt@rafecbﬂ ré a:h/amfmldma/n@—oven at

50C. Th MBS, r y i v
(DD/LLI;a Mﬁﬁ%l? e”% %éhzén%%% %Iﬁ-fDLC) 9‘1? ?ﬂﬁ}];wrtg%rleé‘zfzé‘*&%%hmﬂ i oni ne

( deconposPERARYerEIal INVREBRL BV 19 st Hitemyl Rt Hicdnibde EBBRMLCI Pai500 Mz,

D5- DVBO+HEE) a1 ds B8drdeiddr§ L Ath- ﬁbﬁhﬁ%ﬁﬁi&é@hig?%%%g7@?JL@?&)ZOTQH%) 2.046
m

43300 4?‘“’%%1 Séﬁsﬁﬁvgz%églz@? d“o%*)fi?rsgl_iz CgULPIEJII*FEIS NGBS g 2665 ?;) 1H 3J =
7. 5HZ0 NHrogether with washing water to one guarter of the original
volume in vapor pump vacuum at an internal temperature not
exceeding 40°C. During this, the more soluble racemic pair
of diastereomers DD/LL-methionylmethionine (DD/LL-I)
crystallized together with small amounts of the slightly
25 soluble DL/LD-I. Completion of the disﬁillation wasg
followed by cooling to 20°C and centrifugation. The
Separated mother ligquor and washing water were discarded.
Both fractions were dried in wvacuo at 70°C. In total, it
was possible to obtain 64.2 kg (78%) of DD/LL/DL/LD-
30 methionylmethionine (I) as mixture of diastereomers. Purit:
> 98% (HPLC).

The melting point and the NMR data agreed with thosge from

example 8.



13C- NVR of DD/ LL- et hi onyl net hi onine (DD/ LL-1) (125.8 M1z, D5- DMSO+HCL) :
14.56 (CH3); 14.57 (CH3),; 27.97; 29.73; 30.35 2531.11; 51.22 (CH);

(CH; 168.41 (CONH); 172.83 (COOH Solubility (water, 200 : 21.0 g/1

51. 50

Exanpl e 21: Racem zation of the two pairs of diastereoners DD LL- 30
met hi onyl net hi oni ne (DD/ LL-1) and DL/ LBPnet hi onyl met hi onin( (DL/LD-1)

under basic conditions
(DL/LD-1)

12.6 g (45.0 nmol) of the pair of diastereoners

45 a) Racem zation of DL/ LD nethi onyl net hi oni ne

DL/ LDnet hi onyl net hi onine (DL/LD-1) were dissolved together wit} 3.1 g
(22.5 mol Exafpl¢2003 in 75 M of water in a 200 M 5 Roth |aboratory
reactor and heated to 160C while stirrinc The pressure rose to 7 bar

during Nl syndildefs Gof i Afprl v ol R HIREAE 1 bAERGUY 27! 2XE V8Se c00! ed

in an ice bath. The resulting suspension was n

ered, an e solid

was filterkets bdt (mefduredisoniiyl idrds Diperagdnediand 6FIE 10 in a drying
oven in vaghiforbiHed e dpi@ladlfdnd, elpitpyasnbe? S1kZfige ol ) (55% of

bi s[ 2- Cnet hyl t hi,0) et hyl]-2,5- piperazinedione (ILI1), yellow sh white
cr ysta&s, ‘b%?‘#’t'i}%‘%8%'%l"ﬁtﬂ?g a%l‘ﬂoﬁtlaZgX- pe5BCdgF ast er eomer ratio: 52: 48
(DD LL-111 : meso-111). The washing water and the nother 15 |iquor were

conbi ned a&td &£ancentasated ()t @fa 3vel-wie [af (2ethly1tnia) eohal y-2vapor at or at

40C. A noder r f en-passed:i pto the resulting sol ution
until thep r%a%heegae?”% et A ) i g‘iprggc?%f’t%‘%re%ﬁg AL er e
of f, washet wittilpra anict 5108 08l @ twaeéerandedhratefina201 20 Yacuummdr yi ng oven

DD/ LL/ DL/ LDnet hi onyl net hi oni ne (1) ite so

at 50C Ov%ﬁﬂth%véTQ%rjQOE%hEQ.y%ﬁkgﬁﬁ@?oéiE?PdQQ%'&hfggééeééﬁg¥ of
“NVR dhfa ddriddd WictR Ehaseé s Adh égafprEesedost §) wiak eTH S HG DN

urity > 98 i
18

DL/ LD- et kizenWameiilopicae aGBRALENl b 22b8efubdb. Barem] )rid filtrate

DD/ LL- net hi_onyl net hi oni ng SDD/ LL-1) were dissolved together with 4.
(45.0 mol"f ol REEES PR SF5 M 2of ©

F&r SVAPRT2B9" nf - Rot" t<bor at or y

PLC). The

59
react or

and heat edetpet@@Crehblfe 88t+POPCNgntIhethressuse cogerdls wdiamra3G:dand,
after 6 hours thi mer r he _aut o cogl.ed .in i ce bath
DS ALl %Ogﬁ%sg%ﬁeﬁe?wﬁgrgé,%n t%@éﬁﬁ@etr ec? Wal%n

The resul ting suspension

sol d

was

washetb sepepalbilents wephakat aftandfdt Fedtian sand ydng neyém itwbgdcuo at
50C. ThE 49.3 g (70.3%) of DD/LL/DL/LD-methionvlmethionine (I) as

20

25

30

50:50 mixture of the two pairs of diastereomers DL/DL-I an
DD/LL-T as a white solid. Purity 98% (HPLC).

The melting point and the NMR data agreed with those from

example 8.

Example 11:
Purification of DD/LL/DL/LD-methionylmethionine (I)

500 g of DD/LL/DL/LD—methionylmethionine (I} were suspende
in 7800 g of deionized water (pH 5.3). At 26°C, the pH was
adjusted to 1.0 with 346.6 g of 50% by weight sulfuric
acid. The methionylmethionine dissolved completely. For
clarification, 18 g of activated carbon were added to the
vellowish turbid solution and stirred for 60 minutes. The

activated carbon was filtered off, and the clear colorless

solution was adjusted to pH 5.6 with 228 g of 32% by weigh

~ammoniia solution. The scolution was left to stand overnight



46 isolated yield was 6.0 g (22.9 mmol) (51% of bis[2-

(met hyl t hi o) et hyl1- 2, 5- pi perazi nedione (Il11), yellow sh white crystals,
purity > 98% (HPLC), nelting point 233236c¢c; diastereoner ratio: 54:46

(DD LL-111 : meso-111). 5 The washing water and the nother |iquor were
conbi ned and concentrated to a volume % 25 ml in a rot ary evaporator a
40C. A noderate stream of CO2 was then passed into the resulting solution
until the pH reached 6.0 and a white solid precipitated. This was filtered
off, washed with a 10 little cold water and dried in a vacuum dryi ng oven
at 50 overThghtrecihe tHeseldatwéd tyd elod iviawas. 5igteE@A60AHDI) t1f 4499 - 0fr

DD/ LL/ DL/ i onyl_met hj_qni ne , Lthe~solid unt_ > % ). The
" NMVR dat a Ig’%{g&ﬁvﬁﬁwﬁj‘o?ﬂlﬁg‘mﬁ?ﬁnﬁwgg CléﬂE‘i%ﬁ%) & %Jf]?%h 4/?%43#55

di gesti on €3dFer iafe My Lo DD/ Liatisitbaphybngehhpohnae (T}) Wwihltimgestive
enzynmes frgMmQmidiqlous,carR, » gggd)pybgehation of the digestive enzymes
from common carp 20(Cyprinus carpi norpha noblis) The method for isolating
t he di gestive enzynmes was based 02 that of EID and. MATTY ( Aquacul ture
1989, 79, A MFofate,rorgics FatPosBOSENETPRE BERIRESOF - i ve one-year ol d
common carp (Cyprinus carpio norpha noblis) was exposed, rinsed 25 with
wat er and cut open longitudinally, and in each case the intestinal nucosa
was scraped off. This was conm nuted together with crushed ice using a

m xer. Th%}{ragl%lilet hAg suspension was treated with an ultrasonic probe in
order tc pt- cel'l s which were still intact. The cell 30 constituents
and fat were separated by centrifuging the suspension at 4C for 30

m nutes, &S¥AtEREIFoAREGBRALE/REL{LBreaRebenvinetnirning (Izdfomth a trace
of thiner gsekrbdRByTmEth0bneARY MBISP! akhd OFL IR NS A WASIH Al Bycosa were
47 ob gi ned &ram 5 comon carp, and the solution was stored j the dark at
4C. b# Pr3€&R8Fe®f or the in vitro di gestion investigations 5

DL- Met hi onyl - DL-nmet hi onine (1) and the correspondi ng pairs of

di ast ereoiBrg¢ PDLLLOS mod) Dbf LDEhreweh ot aken Up. 5 g TR .SHGb 1huf f er

sol ution .y, xe | t h-the I an. Kk e up in each
case wt hggt(£l lg%iy?nga%so EtI?oﬁgﬁ%@%%ﬁ%%%naéﬁd&@esaﬁﬁn&ggt e purely
chem ca 100cl8awage ?&t85% AogaapkeH vieere akieredvmd timd Slomli wé, and t he
conposi ti pacthesgaf smas &gt ect ey and: quantqd igd wdh stt%%la'aqt%gav
calibrated, HPLC. The, conversjion was determ ne_ as the quotient of the area
for. net hi BhFRemagetHe 2% E57#89 nkthi DAyTHE hiBEiRY Whlchsédefigure 6 and

7). bressure rose to & bar. After reacticon was complete, the
autoclave)was cooled, and the precipitated 3,6-bis[2-
(methylthic)ethyl]~2,5~piperazinedione (III)
(methioninediketopiperazine, DKP) was filtered off and

20 washed with a little water. The washing water and the
mother ligquor were combined and concentrated to a volume o
130 m@I in a rotary evaporator at 40°C. A moderate stream o
'CO; was then passed into the resulting solution until a pH
of 6.4 was reached and a white solid precipitated. This was

25 filtered off, washed with a little cold water and dried in
a vacuum drying oven at 50°C overnight. The isolated yield
was 11.4 g (40.6 mmol) {45%) of DD/LL/DL/LD-
methionylmethionine (I}, white solid, purity > 98% (HPLC).

The NMR data agreed with those from example 8.
30

Example 13:



15 Tabl e 1 Sanpl eBl eak PrechargeSubstrate0. 143 mml 0.143 mmol Met - Met
(1)(40.1 nmg)(40.1 ng) TRIS/HC1 buffer5.7 mM8.3 mM solution, pH 9.5
Reaction start Enzyme solution2.6 m 5% calLp solution) Reaction37C37C 48
Exanmple 23: In vitro digestion experinent on DL-mnethionyl-DL-nethionil (I)
with digestive enzymes from carni voroud?trout a) lIsolation of the

di gestive enzynmes fromrai nbow trout 5(Oncorhynchus ny*iss) The nethod for
i solating the digestive enzynes was based ¢ that of EID and MATTY

(Aquacul ture 1989, 79, 111-119). Fox this purpose, the intestine of six
one-year o$¥ntlkesibovwd mMDALI/AAIOIvyethionylketh}ondse expbsedomnsl- pr ocessed

as 10 descri Dot | ih RAMNA 2%, 4-1mi¥add19GHYAEEE" (10, I vitro digestion

i nvesti gations
(methioninehydantoin) and DL-methionine with KOH by methoc

G

5 13.4 g (0.09 mol) of Di-methionine, 17.2 g (0.09 mol,

purity: 91%) of methioninehydantoin (IId) and 8.9 g
(0.135 mol) of 85% pure KOH were dissolved in 150 ml of
water and stirred at 150°C in a 200 ml Roth steel autoclav
with magnetic stirring for 5 hours, during which the

10 pressure rises to 8 bar. After the reaction was complete,
the autoclave was cooled, the resulting suspension was
filtered and the precipitated 3,6-bis[2-(methylthio)ethyl]
2,5-piperazinedione (III) (methioninediketopiperazine, DXE
was washed several times with a little water. Mother liguo’

15 and washing water were combined, and the resulting solutio
was concentrated to a volume of 125 ml in a rotary
evaporator at 40°C. The concentrate was cautiously
neutralized with concentrated hydrochloric acid. A white
solid precipitated on stirring at room temperature and at

20 pH of 5.8 overnight. This solid was filtered off, washed
with a little cold water and dried in a vacuum drying oven
at 50°C overnight. The isolated yield was 17.5 g
(62.4 mmol) (69%) of DD/LL/DL/LD-methionylmethionine (I),

white solid, purity > 98% (HPLC).

25 The NMR data agreed with those from example 8.



The in vitro investigations were carried out in analogy tc exanple 22 (see
figure 8 and 9). 15 Table 2 Sanpl eBl ank PrechargeSubstrate0. 143 mmol 0. 143
mol Met-Met (1)(40.1 ng)(40.1 ng) TRIS/HCL buffer5.7 mM 9.8 m solution, pH
9.5 Reaction start Enzyne solutiond4.2 ml, (A 10%trout solution)

Reacti on37C37C 49 Exanple 24: In vitréadigestion experinments on

DL- net hi onyl -DL- nethionine (1) wth digestive enzynes from omi vor ous
shrinps 5 a) Isolation of the digestive enzynmes fromwhitel eg shrinr

(Li t openaeus Vannanei) The nethod for isolating the digestive enzynes was
based c¢ thBrawpl&zbferra and Garcia-Carreno (J. Food Bi ochem 1999 23,
59-74). For this purpose, the hepatopancreas was 10 renoved fromfive

ki | ograms gfnwhed£d &gk T /o A s SRANALES 1MRRBARRE heaR§) CRITLNYL ¢d

together with crushe ice using a mxer. The further processing was carried

out in anaf%Eﬁh¥%FQ%&%ﬁﬂh§ﬂdZ:,4—inddazolidinedione (LI1d)

(methioninehydantoin) and DL-methionine with K,CO; by

5 method G

13.4 g (0.09 mol) of DL-methionine, 17.2 g (0.09 mol,
purity: 91%) of methioninehydantoin (IId) and 12.4 g (0.0¢
mol) of KyCO; were dissolved in 150 ml of water and stirre
at 150°C in a 200 ml Roth steel autoclave with magnetic

10 stirring for 5 hours, during which the pressure rises to
12 bar. After the reaction was complete, the autoclave was
cooled, and the precipitated 3,6-bis[2-(methylthio)ethyl]-
2,5-piperazinedione (III} (methioninediketopiperazine, DKF
was filtered off and washed with a little water. The

15 washing water and the mother liguor were combined and
concentrated to a volume of 135 ml in a rotary evaporator
at 40°C. A moderate stream of CO, was then passed into the
resulting solution until a pH of 6.8 was reached and a
white solid precipitated. This was filtered off, washed

20 with a little cold water and dried in a vacuum drying oven
at 50°C overnight. Yield: 14.3 g (60.0 mmol) {57%) of
DD/LL/DL/LD-methionylmethionine (I), white solid, purity >
99% (HPLC}.

The NMR data agreed with those from example 8.

25

Example 15:

Synthesis of DD/LL/DL/LD—methionylhethionine (I} from 5-[2
(methylthio)ethyl]-2,4-imidazolidinedione (IId)
(methioninehydantoin) and DL-methionine with KHCO; by

30 method G '

13.4 g (0.09 mol) of DL-methionine, 17.2 g (0.09 mol,
_purity: 91%) of methioninehydantoin (IId) and 9.1 g (0.09



b) Procedure for the in vitro digestion investigations 15 The in vitro
I nvestigations were carried out in analogy to exanple 22 (see figure 10

and 11).

Tabl e 3 Sanpl eBl ank Prechar geSubstrate0. 143 mml 0.143 mol

Met-Met (1)(40.1 ng)(40.1 ng) TRIS/HCL buffer5.7 mM7.9 m solution

Reaction start Enzyne solution2.2 m (=

Reaction stop 0.2 ml of reaction solution was taken up i. 9.8 m of
strength H3PO4 sol ution. Exanple 25: Biotransformation of D to

L-nmethionine with enzynmes fromintestine,

pH 9.5

2 shrinps) Reaction37 C37 C 50

10%

i ver and pancreas of conmon

carp 5 a) msbl af oG theedddestivedennyire8 hi ond comron acat i@ i nus
car pi o morphey fipkt i 5) Mheygrebhod ot dsal atingi e di gestlyeenzynes was
e , 19, 1- ? or this

based o that of EID and NATTY (Aquacul tur . (
purpose, tfeiftiqe DM Unre ofe-peaihslcd EbmmpResuEarpi{@yprd nus

car pi 0 norpheNnoblid e Mah E£%RE%8d ANthas complete, the autoclave was

5

10

15

20

25

30

cooled, and the precipitated 3,6-bis[2- (methylthio)ethyl]-
2,5-piperazinedione (III) (methioninediketopiperazine, DK!
was filtered off and washed with a little water. The
washing water and the mother licuor were combined and

concentrated to a volume of 120 ml in a rotary evaporator

at 40°C. A moderate stream of CO, was then passed into the -

resulting solution until a pH of 6.3 was reached and =
white solid precipitated. This was filtered off,uwashed
with a little cold water and dried iﬂ a vacuum drying oven
at 50°C overnight. Yield: 16.0 g (57.1 mmol) (63%) of
DD/LL/DL/LD—methionylmethionine (I}, white solid, purity >
99% (HPLC).

The NMR data agreed with those from example 8.

Example 16:

Synthesis of DD/LL/DL/LD-methionylmethionine (I) from
2-amino-4-(methylthio)butancamide (IIc) (methioninamide)

and DL-methionine with (NH,),C0; by method H

8.3 g (0.045 mol) of 2-amino-4- (methylthio)butanocamide
(ITe) hydrochloride, 6.7 g (0.045 mol) of methionine, 4.3 «
(0.045 mol) of (NHy),C0z; and 3.0 g (0.045 mol) of 85% pure
KOH were dissolved in 75 g of water and stirred at 160°C i)

a 200 ml Roth steel autoclave with magnetic stirring for

. 6 hours. The autoclave was then cooled in an ice bath, the

resulting suspension was filtered cff, and the precipitatec
3,6-bis[2-(methylthio)ethyl]-2,5~piperazinedione (III)
(methioninediketopiperazine, DKP) was washed with a little
water. The washing water and the mother liquor were

corbined and concentrated to a volume of 70 ml in a rotary



processed as described in exanple 22. To isolate |iver enzynmes, the livers
were isol ated, honpbgeni zed and treated in analogy to the processing of the
i ntestinal enzynes in exanple 22. The procedure for enzyne isolation from
the 15 pancreas was al so anal ogous therﬁ_ b) Procedure for the in vitro
bi otransfomation of D- to L-nethioni ne*B Met hi oni ne was taken up in buffer
solution, and the enzyne sol ution was added. A blank w thout enzyne
solution 20 was nade up in each case as conparison and for estimating the
purely chem cal transformation rate. After 24 hours, a sanple was taken
and the cofpasttder: vis dEttectfedraaind aquramtivkirad ol €A twies attbrof cal i brat ed

HPLC. The gonves sion, was delg/ s égi&ﬂy%nqﬁﬁkkﬁnE Bﬁ bhegagegfor
L-net hionine 25 and the area for met hionine (see figure 4). 51 Table 4

Sanpl eBl arieFEcha e Sulstita @648 PRE1PG LeAsdmBliD WeE hf bht AEE21. 3
nmg) (21. 3 mg?)f Bufd e s Qi anlLlLtEl@ %%1/& %tB@aéhﬁ06r§é@rinE§12V§@uum

cocktail 11,7 .M 5% car I t on ct|0n3 eac n.sto 2 m of

reactidn s% Y% P KES ta%g)n uﬁ’v Y&F %s r%nyfﬂ ?—lﬂ-’gﬁﬁ 150l uti on.
{62%) of DD/LL/DL/LD- methlonylmethlonlne (I), white solid,
purity > 98% (HPLC).

The NMR data agreed with those from example 8.

10 Example 17:

Synthesis of DD/LL/DL/LD-methionylmethionine (I) from
2-hydroxy-4- (methylthioc)butanenitrile (IIe) (3-(methyl-
mercapto)propiocnaldehyde cyanohydrin, MMP-CH) and DL~
methionine with NH,HCO, by method H

15 15.2 g (0.116 mol) of 2-hydroxy-4-{methylthio)butanenitril
{ITe) were slowly added dropwise at RT to a suspension of
11,1 g (0.141 mol = 1.22 eqg.) of NH;HCO; in 10 g of water
and stirred for 2 h. The NH;HCO; dissolved during this.
Then 180 g of water were added and the resulting solution
20 was stirred at 50°C for 7 h and at room temperature
overnight. The next morning, 17.3 g (0.116 mol) of
methionine, 7.7 g (0.116 mol) of 85% pure KOH and a furthe
180 g of water were added, and the reaction mixture was
transferred into a 1 1 steel autoclave, heated to 160°C an
25 stirred at this temperature for 6 hours. The autoclave was
then cooled in an ice bath, the resulting suspension was
filtered, and the precipitated 3,6-bis[2~-{methylthio)-
ethyl]-2,5-piperazinedione {(III) (methioninediketo-
piperazine, DKP}) was washed with 100 ml of water. Mother
30 liquor and washing water were combined, and the resulting
solution was concentrated to a volume of 160 ml in a rotar
evaporator at 40°C. The concentrate was cautiously

neutralized with 50% strength sulfuric acid. A white solid



Buffer solutions: Ctrate buffer:pH 5, pH 6 and pH 7 5 Phosphate buffer:
pH 8 TRI S/HCL buffer:pH 9 Enzyne cocktail conposed of intestinal, hepatic
and pancreatic enzynmes5% carp sol ution): 2.6 m of enzyne sol ution
fromintestinal mucosa 10 3.5 nml of enzyne solution fromliver 5.6 m of
enzyme sol ution from pancreas Exanpl e 96: Leaching characteristics of the
m xtures of 15 nethi onyl net hi oni ne di astereoners LL/ DD LD/ DL-1, DD/ LL-I

and DL/LD-I fromfeed pellets conpared with DL-nethionine, MBA and cal ci um
WMHA 52 Feed mixture: The feed matrix used was a net hi oni ne-defi ci ent

f eed m xt usseoipicemeentdronsd i trigiceditericems iehpasatfioe exanpt ex HoOybean

|, il. .carnstarch, t nmeal, fish 5.peal, cellul ase
g?sst aISF%/ﬁi%;scgvleerﬁnll chta’m' Fadi“ sl%iﬁ"&sm%ﬁ%FSFSQaﬁﬁggi V%ﬁl‘:ﬁé "éjstqbréem xes.
Thi's mi xt ukiet twees acieh wsupspt emghtded ddat.chwi secimm28rkindatedresat rb®ach case
with the nethionine ﬁ@ﬂzﬂt 1669 S Rtadal Bbap! ea9s) WL Iod & A op.
sul . an 0

suppl enent ationrate (based on f'ur equival ents), nogeni zed
and thén petiteceylfathisréan t(Feat mBAte ASlé@npartsen il (HPLC) .
met hi onyl nethionine (1), a pelleting experinment was carried out in each

case W t h mle npihicenianEoMdbd ethi enbre hyehoxy=mpaLog) and cal ci um MHA
In addition, a control experinent was carried out by pelletir 15 w thout

addition of a nethionine derivative (see table 5). Table 5 No. Met hionine
derivative- '

Example 18:

Synthesis of DD/LL/DL/LD-methionylmethionine (I) from
10 2-amino-4- (methylthioc)butanenitrile (IIf) (methionine-
nitrile) with CO, and DL-methionine by method H

A moderate stream of CO; was passed into a solution of
26.2 g (D.201 mol} of 2-amino-4-(methylthio)butanenitrile
(ITIf) in 330 g of water over a period of 3 hours, during
15 which the temperature rose to 45°C and the pH settled at 8
Stirring was then continued at room temperature overnight.
The next morning, the reaction mixture was mixed with
30.0 g (0.201 mol) of methionine and 13.3 g {0.201 mol) of
85% pure KOH and transferred into a 1 1 steel autoclave,
20  heated to 160°C and stirred at this temperature for o
6 hours. The autoclave was then cooled in an ice bath, the
resulting suspension was filtered, and the precipitated
3,6-bis[2- (methylthio)ethyl]-2,5-piperazinedione (III)
(methioninediketopiperazine, DXP) was washed with a little
25 water. The washing water and the mother liquor were
combined and concentrated to a volume of 280 ml in a rotar
evaporator at 40°C. A moderate stream of CO; was then
passed into the resulting solution until a pH of 6.0 was
reached and a white golid precipitated. This was filtered
30 off, washed with a little cold water and dried in a vacuum
drying oven at 50°C overnight. Yield: 32.7 g (116.6 mmol)
(58%) of DD/LL/DL/LD-methionylmethionine (I}, white solid,
purity > 98% (HPLC).



Purity (wt% Mol ecular mass (nmononer) Initial weight 1 No additive ---
0.00 g 2 DL-Methionine 99.0% 149.21 50.61 g 3 MHA 88. 0%

42

The NMR data agreed with those from example 8.

Example 19:

Synthesis of DD/LL/DL/LD-methionylmethionine (I) from
5 3- (methylthio)propanaldehyde (Ilg) (MMP) with hydrocyanic
acid, ammonium carbonate and Di.-methionine by method J

66.0 g (0.68 mol) of (NH,),CO; were introduced into 100 g ¢
water and cooled to 5°C in an ice bath. Then 16.55 g
(0.612 mol) of freshly distilled hydrocyanic acid were
10 added dropwise over the course of 25 min, during which the
temperature of the suspension was kept at 5 to 10°C. After
500 g of water had been added, 60.3 g {0.58 mol) of
3-(methylthio)propionaldehyde (IIg) were added dropwise at
10°C over a period of 80 min. -The pH remained constant in
15 the range from 8.5 to 9 during this. The reaction mixture
was then heated to 50°C and stirred at this temperature fo
7 hoursp After the reaction was complete, the reaction
mixture was cooled to 5°C in an ice bath and stored in a
refrigerator overnight. The next morning, 86.5 g (0.58 mol
20 2-amino-4-(methylthio)butanoic acid (methionine), 38.3 g
(0.58 mol) of 85% pure KOH (0.58 mol)}, and a further 530 g
of water were added. The mixture was transferred into a 2
steel autoclave, heated to 160°C and stirred at this
temperature for 6 hours. The autoclave was then cooled in
25 an ice bath,.the resulting suépension was filtered, and th
precipitated 3, 6-bis[2-(methylthio)ethyl]-2,5-piperazine-
dione (ITT) (methioninediketopiperazine, DKP) was washed
with a little water. The washing water and the mother
liquor were combined and concentrated to a volume of 8007m1
30 in a rotary evaporator at 40°C. A moderate stream of CO,
was then passed into the resulting solution until a pH of
6.0 was reached and a white zo0lid precipitated. This was
filtered off, washed with a little cold water and dried in

a vacuum drying oven at 50°C overnight. Yield: 85.1 g



150.19 57.14 g Calcium MBA (MBA-Ca) 93.3% 169.22 60.77 g 5 DD/ LL/ DL/ LD
met hi onyl - nmethionine (1) 99.7% 140.20 47.13 ¢ Al'l the diastereoners of
met hi onyl net hionine (1) renmai ned 20 stabl e throughout the pelleting
process and steamtreatnen (see table 63. 53 Table 6 Sanpl e

Par anmet er Unsuppl enent ed 4

(0.30 mol) (52%) of DD/LL/DL/LD-methionylmethionine (I),
white solid, purity > 98% (HPLC).

The NMR data agreed with those from example 8.

5 Example 20:

Separation of the two pairs of diastereomers DD/LL-
methionylmethionine (DD/LL-I) and DL/LD-methionylmethionin
{DL/LD~XI) by fractiomal crystallization from DD/LL/DL/LD-
methionylmethionine (I) by method K

10 a) DL/LD-Methionylmethionine (DL/LD-I):

290.4 g of DD/LL/DL/LD-methionylmethionine (T} (50:50
mixture of DD/LL-I and DL/LD-I) were suspended-in 2614 g o
deionized water and adjusted to pH 0.6 with 381.7 g of 50%
by weight sulfuric acid. The clear colorless solution was

15 adjusted to pHd 5.6 with 265.9 g of 32% by weight armonia
solution, and the resulting white precipitate was filtered
off with suction (580.9 g moist). The solid was finally
dried in a drying oven in vacuo at 50°C. The yield was
126.2 g (86.9%) of DL/LD-methionylmethionine (DL/LD-TI),

20 white solid, purity > 98% (HPLC), melting range 232-233°C

(decomp.). .

lH-NMR of DL/LD-methionylmethionine (DL/LD-~I) (500 MHz,
De-DMSO+HC1) : 1.88-2.12 {m, 4H, 2 x SCH,CH;); 2.031 (s, 3H,
CHi); 2.041 (s, 3H, CH3); 2.48-2.56 (m, 4H, 2 x SCH,); 3.87-

25 3.95 (m, 1H, CH); 4.30-4.38 (m, 1H, CH); 8.429 (d, 3H, 3J =
4.4Hz, NH;"); 9.034 (d, 1H, °J = 8.0Hz, NH)

Be-NMR of DL/LD-methionylmethionine (DL/LD-I) (125.8 Miz,
Ds-DMSO+HC1) : 14.57 (CHi); 14.62 (CHa); 28.19; 29.75; 30.28;
31.19; 51.25 (CH); 51.79 {(CH); 168.2% (CONH); 172.80 (COOH)

30 Solubility (water, 20°C): 0.4 g/l



feed m xture Feed m xture supplenmented with Met-Met(l) Feed pellets
suppl enented with Met-Met(l) CP 18.64 18.88 18.45 DM 85.58 86.58 NET %

0. 28
44

b) DD/LL-Methionylmethionine (DD/LL-I):

The colorless mother liguor from a) was concentrated in a
rotary evaporator at 35°C under water pump vacuum. A white
suspension was obtained. The white solid composed of
5 ammonium sulfate, residues of DL/LD-I and target compound

was then filtered off with suction and dried in wvacuo at
50°C. The three solids were separated by suspending the
mixture in deionized water and stirring. The undissolved
DL/LD-I was filtered off with suction, and the mother

10 liguor was concentrated to about one fifth in a rotary
evaporator at 50°C under water pump vacuum. After prolonge
standing, DD/LL-methionylmethionine (DD/LL-I} crystallized
as a white golid. It was finally filtered off with suction
and dried in a vacuum drying oven at 50°C. The yvield was

15 78.2 g {(53.9%) based on DD/LL-methionylmethionine (DD/LL-
I), white solid, > 96% (HPLC), melting range 226-227°C

{decomposition) .

"H-NMR of DD/LL-methionylmethionine (DD/LL-I) (500 MHz,

Dg-DMSO+HCL) : 1.84-2.12 (m, 4H, 2 x SCH.CH:); 2.044 (s, 3H,
20 CHi); 2.046 (s, 3H, CH3); 2.48-2.62 (m, 4H, 2 x SCHz); 3.89

3.97 (m, 1H, CH); 4.33-4.40 (m, 1H, CH); 8.422 {(d, 3H, 37 :

4_0Hz, NH;"); 9.065 (d, 1H, *J = 7.5Hz, NH)

BC-NMR of DD/LL~methionylmethionine (DD/LL-I) {125.8 M=z,
Dg-DMSO+HCL) : 14.56 {(CHa); 14.57 (CHi); 27.97; 29.73: 30.35
25 31.1%; 51.22 (CH); 51.50 (CH); 168.41 (CONH); 172.83 (COCH

Solubility (watexr, 20°C): 21.0 g/l

Example 21:

Racemization of the two pairs of diasterecomers DD/LL-
30 methionylmethionine (DD/LL-I) and DL/LD-methionylmethionin

(DL/LD-I) under basic conditions



0.47 0.51 CYS 0.32 0.32 0.30 MET+CYS % 0.59 0.79 0.81 LYS % 1. 00 0.99
0.98 THR % 0. 67

45

a) Racemization of DL/LD-methionylmethionine (DL/LD-I)

12.6 g (45.0 mmol) of the pair of diastereomers DL/LD—
methionylmethionine (DL/LD—I)‘were dissolved together witl
3.1 g (22.5 mmol) of KyCO; in 75 ml of water in a 200 ml
5 FRoth laboratory reactor and heated to 160°C while stirring

The pfessure rose to 7 bar during this. After & hours at
this temperature, the autoclave was cooled in an ice bath.
The resulting suspension was then filtered, and the solid
wag filtered off, washed several times with water and drie

10 in a drying oven in vacuo at 50°C. The isolated vyield was
6.5 g (24.8 mmol) (55%)'of bis[ZM(methylthio)ethyl}—Z,5—
piperazinedione (III}, vellowish white crystals, purity >
98%, melting point 234-236°C; diastereomer ratio: 52:48
(DD/LL-IIT : meso-III}. The washing water and the mother

15 ligquor were combined and concentrated to a volume of 25 ml
in a rotary evaporator at 40°C. A moderate stream of CO,
was then passed into the resulting solution until the pH
reached 6.0 and a white solid precipitated. This was
filtered off, washed with a little cold water and dried in

20  a vacuum drying oven at 50°C overnight. The isolated yield
was 5.7 g (20.3 mmol) (45%) of DD/LL/DL/LD- 7
methionylmethionine (I}, white solid, purity > $8% (HPLC).

The NMR data agreed with those from example 8.

25 a) Racemization of DL/LD-methicnylmethionine (DD/LL-I)

12.6 g {45.0 mmol) of DD/LL-methionylmethionine (DD/LL-I)
were dissolved together with 4.5 g {45.0 mmol) of KHCO; in
75 mi of water in a 200 ml Roth laboratory reactor and
heated to 160°C while stirring. The pressure rose to 7 bar
30 and, after 6 hours at this temperature, the autoclave was
' cooled in an ice bath. The resulting suspension was then
filtered, and the filtered solid was washed several times

with water and dried in a drying oven in wvacuo at 50°C. The



0.70 0.67 ARG % 1.16 1.19 1.17 ILE %0.75 0.79 0.74 LEU % 1.54 1.60 1.51
VAL % 0. 88
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isolated yield was 6.0 g (22.9 mmol) (51%) of bisgi2-

(methylthio)ethyli-2,5-piperazinedione (III), vellowish
white crystals, purity > 98% (HPLC), melting peint 233-
2365C; diastereomer ratio: 54:46 (DD/LL-III : mesc-III).

5 The washing water and the mother liquor were combined and
cencentrated to a volume of 25 ml in a rotary evaporator &
40°C. A moderate stream of CO; was then passed into the
resulting solution until the pH reached 6.0 and a white
solid precipitated. This was filtered off, washed with a

10 little cold water and dried in a vacuum drying oven at 50°
overnight. The isolated vield was 5.5 g (19.6 mmol) (44%)
of DD/LL/DL/LD-methionylmethionine (I}, white solid, purit

> 98% (HPLC).

The NMR data agreed with those from example 8.

15
Example 22:
In vitro digestion experiments on DL-methionvl-DI-
methionine (I) with digestive enzymes from omnivorous carp
a) Isolation of the digestive enzymes from common carp

20 {(Cyvprinus carpioc morpha noblis)

The method for isolating the digestive enzymes was based o:
that of EID and MATTY (Aguaculture 1989, 75, 111-119). For
this purpose, the intestine of five one~year old common
carp (Cyprinus carpio morpha noblis) was exposed, rinsed

25 with water and cut open longitudinally, and in each case
ﬁhe intestinal mucosa was scraped off. This was comminuted
together with crushed ice using a mixer. The resulting ' A
suspension was treated with an ultrasonic probe in order tc
disrupt cells which were still intact. The cell

30 constituents and fat were separated by centrifuging the
suspension at 4°C for 30 minutes, and the homogenate was
decanted off and sterilized with a trace of thimerosal.

260.7 ml of enzyme solution from the intestinal mucosa were



0.90 0.85 H'S %0.47 0.51 0.48 PHE % 0.91 0.92 0.88 GY %0.78 0.81 0.77
SER 0. 89

47

obtained from 5 common carp, and the solution was stored i

the dark at 4°C.

b} Procedure for the in vitro digestion investigations

5 . DL-Methionyl-DL-methionine (I) and the corresponding pairs
of diastereomeré DD/LL~X and DL/LD-X were taken up in
TRIS/HCLl buffer solution and mixed with the enzvme
solution. A blank was made up in each case without enzyme
solution for comparison and to estimate the purely chemica

10 cleavage rate. A gsample was taken from time to time, and
the composition thereof was detected and gquantified with
the aid of a calibrated HPLC. The conversion was determine
as the quotient of the area for methionine and the area fo

methionylmethionine (I) {see figure 6 and 7).

15
Table 1
Sample Blank

Precharge Subsgtrate 0.143 mmol 0.143 mmol
Met-Met (I) (40.1 mg) (40.1 mg)
TRIS/HC1l buffer 5.7 ml 8.3 ml
solution, '
PH 9.5

Reaction start Enzyme solution 2.6 mi -
(£ 5% carp
solution)

Reaction 37°9C 37°C

Reaction stop 0.2 ml of reaction solution was taken up in

9.8 ml of 10% strength H3;P04 solution.



0.94 0.90 ALA 0.89 0.93 0.89 ASP 1.74 1.75 1.70 GLU 3.62 3.79 3.58
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Example 23:

In vitro digestion experiment on DL-methionyl-DL-methionir

(I) with digestive enzymes from carnivorous trout

a) Isolation of the digestive enzymes from rainbow trout

5 {Oncorhynchus mykiss)

The method for isolating the digestive enzymes was based ¢
that of EID and MATTY (Aquaculture 1989, 79, 111-119). For
this purpose, the intestine of six ocne-year old rainbow '
trout (Oncorhynchus mykiss) was exposed and processed as

10 described in example 22.

b) Procedure for the in vitro digestion investigations

The in vitro investigations were carried out in analogy tc

example 22 (see figure 8 and 9).

15 Table 2

Sample Blank

Precharge Substrate 0.143 mmol 0.143 mmol
Met-Met (I) - {40.1 mg) (40.1 mg)
TRIS/HC]1 buffer 5.7 ml 9.8 ml
solution,
pH 9.5

Reaction start Enzyme solution 4.2 ml -
(& 10% trout
solutieon)

Reaction 37°C 37°C

Reaction stop 0.2 ml of reaction solution was taken up in
9.8 ml of 10% strength H3;PO, solution.



0. 156 0-153 MET Ex 0.017 0.022 LYS Ex 0.092 0.104 Ex: soluble
constituents) In this case, the am no acid detenination was based on EU
met hod 98/ 64/ EC. After extraction of the free am no acids 5 and

met hi onyl nethi onine (1), these were subsequently deteindned with the aid
of an amino acid anal yzer by post-col Uffh derivatization with ninhydrin

(see table 6). 54

Fxample 24:

In vitro digestion experiments on DL-methionyl-DL-
methionine (I) with digestive enzymes from omnivorous

shrimps

5 a) Iselation of the digestive enzymes from whiteleg shrimg

(Litopenaeus Vannamei)

The method for iscolating the digestive enzymes wasgs based ¢
that of Ezquerra and Garcia-Carreno (J. Food Biochem. 1999
23, 59-74). For this purpose, the hepatopancreas was

10 removed from five kilograms.of whiteleg shrimps 7
({Litopenaecus Vannamei) and comminuted together with crushe
ice using a mixer. The further processing was carried out

in analogy to example 22.
b} Procedure for the in vitro digestion investigations

15 The in vitro investigations were carried out in analogy to

example 22 (see figure 10 and 11}.

Table 3
Sample Blank
Precharge Substrate 0.143 mmol 0.143 mmol
Met-Met (I) {40.1 mg) (40.1 mg)
TRIS/HCL buffer 5.7 ml 7.9 ml
solution,
pH 9.5
Reaction start Enzyme solution 2.2 ml ——

A

(£ 2 shrimps)

Reaction 37 °C 37 °oC




The | eaching characteristics of the diastereoners of nethionyl nethionine
(I') fromthe feed pellets was then investigated under water. In this case,
t he di ssol ving out of nethionyl methionine under water as a function of
time, 5 tenperature, water composition 6salt or fresh water) was

determ ned. For this purpose, 20.0 g A%t he feed pellets were placed in a
cl ose-nesh sieve bag and conpletely imersed in 200 g of water in an

Erl enmeyer flask. Al thE Erl enneyer flask was subsequently agitated

continuo \ of 20C
Then, at defdatedrt istep nterdahs, ol senplierofsolatepnwas sr erbeadupnieach

case and the content of t | pdi vi dusal | f hi |,met hi oni ne
di astereoners in the maté?gaéﬂgé¥%rn1%e ﬁézﬁ%LEB §b§gﬂ§%$§m7). 15 Table 7
Time Methionine MHA M A-Ca LL/DD-| DL/LD-1 LL/DDLDDL-1 O 4.0% 6.0% 8. 6%

2. 7%

Example 25:

Biotransformation of D- to L-methionine with enzymes from

intestine, liver and pancreas of common carp

5 a) Isolation of the digestive enzymes from common carp

(Cyprinus carpio morpha nohlis)

The method for isolating the digestive enzymes was based o
that of EID and MATTY (Aguaculture 1689, 79, 111-119). For
this purpose, the intestine of five one-year old common

10 carp (Cyprinus carpio morpha noblis) was exposed and
processed as described in example 22. To isclate liver
enzymes, the livers were isolated, homogenized and treated
in analogy to the processing of the intestinal enzymes in
example 22. The procedure for enzyme isolation from the

15 pancreas was also analogous thereto.

b) Procedure for the in vitro biotransformation of D- to

L-methionine

D-Methionine wag taken up in buffer solution, and the
enzyme solution was added. A blank without enzyme solution
20 was made up in each case as comparison and for estimating
the purely chemical transformation rate. After 24 hours, a
sample was taken and the composition was detected and
guantified with the aid of calibrated HPL{. The conversion
was determined as the qudtient of the area for L-methionine

25 and the area for D-methionine {see figure 4).



0.6%1.5%5 12. 0% 12. 8% 16. 5% 3. 7% 0. 7% 2. 0% 10 16. 0% 20. 8% 28. 2% 6. 5%
0.9% 3. 2% 15 24. 0% 28. 8% 39. 4%
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Table 4.
Sample Blank

Precharge Substrate 0.143 mmol 0.143 mmol

D-Methionine (21.3 mg) (21.3 mg)

Buffer solution 12.7 mi 23.4 ml
Reaction start Enzyme cocktail 11.7 ml —

(£ 5% carp

solution)
Reaction 37°C 37°cC

Reaction stop 0.2 ml of reaction solution was taken up i
9.8 ml of 10% strength H;PO, solution.

Buffer solutions:

Citrate buffer: PH 5, pH 6 and pH 7
5 Phosphate buffer: pH 8

TRIS/HC1 buyffer: rH 8

Enzyme cocktail composed of intestinal, hepatic and
pancreatic enzymes (£ 5% carp solution) :
2.6 ml of enzyme solution from intestinal mucosa

10 3.5 ml of enzyme solution from liver

5.6 mi of enzyme solution from pancreas

Example 26:

Leaching characteristics of the mixtures of
15 methionylmethionine diastereomers LL/DD/LD/DL-I, DD/LL-I
and DL/LD-I from feed pellets compared with DL-methionine,

MHA and calcium MHA



7.7%0.6% 3. 6% 30 39. 9% 50. 5% 61. 7% 12. 1% 0. 6% 5. 4% 60 59. 9% 75. 4% 82. 4%
20.6% 1. 7% 9. 5% 120 79. 8% 94. 1%
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Feed mixture:

The feed matrix used was a methionine-deficient feed
mixture of conventional ingredients.such as, for example,
soybean meal, soybean o0il, cornstarch, wheat meal, fish
5 meal, cellulose, crystalline essential amino acids and

minerals and vitamins as premixes. This mixture was then
supplemented batchwise in 20 kg batches in each case with
the methionine derivatives stated in table 5, with a 0.25%
supplementation rate (based on sulfur egquivalents), and we

10 homogenized and then pelleted with steam treatment. As
comparison with methionylmethionine (I), a pelleting
experiment wag carried out in each case with DL-methionine
MHA (methionine hydroxy analog) and calcium MHA. Tn
addition, a control experiment wasg carried out by pelletir

15 without addition of a methionine derivative (see table 5).

Table 5

- ) . . . . Purity Molecular Initial

No. Methionine derivative mnass .
(wt%) weight

(monomer}
1 No additive S - - O:QD o
2 DL-Methionine 99.0% 145.21 50.61 g
3 MHA 88.0% 150.19 57.14 g
.4 Calcium MHA {(MHA-Ca) 93.3% 169.22 60.77 g
5 DD/LL/DL{LD.methlonyl— 99 7% 140.20 47.13 g
methionine (IX) .

All the diastereomers of methionylmethionine (I) remained
20 stable throughout the pelleting process and steam treatmen

{see table 6&).



94.1% 27. 4% 1. 7% 12. 3% 210 87. 8% 99. 9% 97. 0% 35. 9% 3. 8% 17. 0% For
conparison, in each case the feed pellets supplenmented with DL-net hionine,
MBA or cal cium VHA were investigated 20 under the same conditions and thus
their | eaching characteristics under er determ ned under the respectiVvE
conditions (see figure 5 and table 7).77 55 Cains 1. The use of

DL- net hi onyl - DL- et hi oni ne and salts thereof as feed additive in feed

m xtures for animls kept in aquacultures. 5 2. The use as clained in claim
1 as salt preferably -

Table 6
Sample ‘ Feed mixture Feed pellets
Unsupplemented
supplemented with supplemented with

Parameter fa:_:eq mixture Met-Met (I) Met-Met ({I)
CPp % i3.64 i8.88 18.45
DM % 85.58 86.58
MET % 0.28 0.47 0.51
CYs % 0.32 0.32 .30

MET+CYS % 0.59 0.79 0.81
LYs % 1.00 0.99 0.98
THR % 0.67 0.70 0.67
ARG % 1.16 1.19 1.17
ILE % 0.75 G.79 0.74
LEU % 1.54 1.60 1.51
VAL % 0.88 0.90 0.85
HIS % 0.47 0.5% G.48
PHE % 0.91 0.92 ' 0.88
GLY % 0.78 0.81 .77
SER % 0.89 0.84 0.9G
ALA % 0.89 0.93 0.89
ASP % 1.74 1.75 1.70
GLUJ % 3.62 3.79 .3.58

T | 0.156 0.153
MET Ex 0.017 0.022
LY¥YS Ex 0.092 0.104

(Ex: soluble constituents)

In this case,

the amino acid determination was based on EU

method $8/64/EC. After extraction of the free aminc acids
5 and methionylmethionine (I), these were subsequently

determined with the aid of an amino acid analyzer by post-

column derivatization with ninhydrin

(see table 6).



cations fromthe group of alkali metals and al kaline earth netals, and
ammoni um Cu2t, Zn2+ and Co24. 3. The use as clainmed in claim1l or 2,
where the feed m xture conprises fromO0.01 to 5% by wei ght, 10preferably
0.05 to 0.5% by weight, ‘of DL-nethionyl;DL nethionine. 4. The use as
claimed in any of clains 1 to 3, where the feed nixture conprises protein
and car bohydrates, preferably based on fish neal, soybean neal or corn
15neal , and may be suppl enmented with essential am no acids, proteins,
peptides, vitamns, mnerals, carbohydrates, fats and oils. 5. The use as
cl ai med i nTky! Acluing mharaad- o4 ismicse oD Lhet ALaAYEr OMI@es Ponine is
present al Q& MnyAsntdl i 20a DY) LIdh Bhemexbdr ge1 88t PLLAD OfeDD/ LL

m xture, preferably in each case additionally m xed with DL-nethionine,

pr ef er abl y* R ¢ H DRI 77 SContl@nltieF FREf 000 To520%6 1L wRi'ght
parti cul ardy mrefiersirethrionihd anke% hyteei ght a 2onét The dse-iase cl ai ned
in any_of clains 1 to 5,_ where DL-nethionyl-DL-nethiaonine is present as a
DL/ LSt hi GIRHTRAE0i HEEd FoBPOSHEnBPOREPLe GAnE: Bl HAE S ol 1 any
of cl ai ns detteomnaghefert tvis purpose, afi fegsokephei featjuaclildin es are
salt and f I fis _crust ac S r r ted fromthe

WaIh ﬁa%tg%czcgi%’ Lshqand _Grust agean ??ghﬂge@&tm #l%&% oh

group consi st1ng trout, sal non, cat
st ur geon, g segelis, 280eanpicwgtersgn an Erlenmeyer flask. All the

Erlemmeyer flagsk was subsequently agitated continuously
10 with a laboratory shaker at a constant temperature of 20°C
Then, at defined time intervals,'a sample of water was
removed in each case and the content of the individual
pairs of methionylmethionine diastereomers in the water wa

determined by HPLC (see table 7).

15
Table 7
Time Methionine MHA MiIA-Ca ! LL/DD-I | DL/LD-I | LL/DD/LD/DL-I
0 4.0% 6.0% 8.6% | 2.7% 0.6% 1.5%
5 12.0% 12.8% 16.5% 3.7% 0.7% | 2.0%
10 16.0% 20.8% 28.2% | 6.5% 0.9% 3.2%
15 -24.0% 28.8% 33.4% 7.7% 0.6% 3.6%
30 | 39.9% 50.5% 61.7% 12.1% 0.6% 5.4%
60 59.9% 75.4% 82.4% 20.6% 1.7% 9.5%
120 79.8% | 94.1% | 94.1% 27.4% 1.7% 12.3%
210 87.8% .99.9% 97.0% 35.9% 3.8% 17.0%

For comparison, in each case the feed pellets supplemented

with DL-methionine, MHA or calcium MHA were investigated
20 under the game conditionsg and thus their leaching

characteristics under water determined under the respective

conditions (see figure 5 and table 7).



shrinps, krill and prawns, very preferably for silver carp

(Hypopht hal m chthys nolitrix), grass carp (Ctenopharyngodon idella),

comon carp (Cyprinus carpio) and bighead carp (Aristichthys nobilis),

5carassius (Carassius carassius), catla_ (Catla Catla), Roho | abeo (Labeo

rohita), Pacific and Atlantic salm (SaPnon sal ar and Oncor hynchus

ki sutch), rainbow trou (Oncorhynchus nykiss), Anmerican catfish (lctalurus

punctatus), African catfish (Carias gariepinus), 10pangasi us (Pangasius

bocourti and Pangasi us hypot hal amus), Nile tilapia (Oreochrom s

ni | oti cus)Glamnskfi sh (Chanos chanos), cobia (Rachycentron canadum,

whitel eg shrinp (Li t openaeus vannanei), black tiger shrinp (Penaeus

nonodon) and gi ri_v p gropr r 8. A process

for pr epa?il ng 5% St hi g% %ED’:}% &Mgnl %2 %%Qh%%{ﬁ)% é}ﬁ)&;r% %SO NH2 20CO2H

(1) by reacti n@h@rﬁfpéaaéeﬁﬁﬁét a@éléﬁwhéngéﬁ@@amx‘@rmﬁ aforsaniherles t he

radicals R 1 anpgd Igzlhnagﬂ}gcu&garggrl vatives ha, lib, Ilc, lid, Ile, IIf

and hg are deflned as fol ovvs whereha: 111 = COOH, R2 = NHCONH2 |ib: RI

LR B NN ek SR P NE NI 4. 802 5 - coveo
cations from the group of alkali metals and alkaline

2+

earth metals, and ammonium, Cu?', Zn®" and Co*’

3. The use as claimed in claim 1 or 2, where the feed

mixture comprises from 0.01 to 5% by weight,

10 preferably 0.05 to 0.5% by weight, of DL-methionyl-DIL
methionine.
4. The use as claimed in any of claims 1 to 3, where the

feed mixture comprises protein and carbohydrates,

preferably based on fish meal, soybean meal or corn
15 meal, and may be supplemented with essential amino

acids, proteins, peptideg, vitamins, minerals,

carbohydrates, fats and oils.

5. The use as claimed in any of claims 1 to 4, where
& DL-methionyl-DL-mechiconine is present alone or as sal
20 as DD/LL/LD/DL mixture, as DL/LD or DD/LL mixture,
preferably in each case additionally mixed with
DL-methionine, preferably with a DL-methionine content
of from 0.01 to 20% by weight, particularly preferabl:
from 1 to 10% by weight.

25 6. The uge as claimed in any of claims 1 to 5, where
DL-methionyl-DL-methionine is present as a DL/LD-

methionylmethionine pair of enantiomers.

7. The use as ciaimed in any of claims 1 to 6, where the
animals kept in aguacultures are salt and fresh water
30 fish and crustaceans, preferably selected from the
group consisting of carp, trout, salmon, catfish,
perch, flatfish, sturgeon, tuna, eels, bream, cod,



10hg: 121 = =0 R2 = H to give DL-netnionyl-DL-nethionine. 9. The process as
claimed in claim8, where nethionine- hydantoin is used as starting
material or is formed a intel nediate. 15 10. The process as clained in
claim8 or 9, where a solution conprising methioninehydantoin and water is
reacted wi th nethionine under basic cotditions. 11. The process as cl ai ned
in any of clainms 8 to 10, wherl the pH of the solution conprising the urea
derivative 20i's adjusted to from8 to 14, preferably to from10 to 13.

12. The process as clainmed in any of clainms 8 to 11, when the reaction

t akes pl ace at sartiemper atulé ehdf peawbs, t ve290Q e Preileabfyr atilaver

tenperature of fr. m r at a

t enper at ure of g) %%%h%%%é%QC%ggyg éhgt‘i’ﬂ{res uar%e§o?ab#§r/om 3 to 20
bar, particul ar Icﬁe@p@ﬁérmwdaﬁdéﬂ%lm es@@iﬁéo@fcdlfmrﬁ@/@%ﬂ%‘? bar. 14. The
process as cl aidzeghiih éﬂ&:’i Bﬁ_gﬁleali”@agpt @A}:?stﬂﬁ@éh}as s@bii 1060 conpri sing

nmet hi on| nehydant oi n and wat er previ ousl %/ been folLmed fromone or nore
of the> conpoun&érfilséluﬁl tﬁcalrla(?SlPchaFF‘ES“F? Frf4a gicasia it iflocess as

clainmed i n anyrehochabas 8Ltage3>3rom/ﬂe1a pebdd DA eiydant1eidt i ehfai ned by
reacting the c [Lf with a

10NHAHCOS, (qu%?y”g%o%g REUERACABC ﬂﬁ%m&ét%r Jﬁ%ﬁ%@ﬂaﬁ ;fr]as%g%og“astﬁu The
process as cl ai(medoirhyvotaum &Fkivher eAtdeicaactatofish (Ictalurus :
punctatus), African catfish (Clarias gariepinus),

10 ‘pangasius (Pangasius bocourti and Pangasius
byvpothalamus), Nile tilapia {Oreochromis niloticus),
milikfish (Chanos chanos), cobia (Rachycentron
canadum) , Whiteleg shrimp (Litopenaeus vannamel),
black tiger shrimp (Penaeus monodon) and giant river

15 prawn (Macrobrachium rosenbergii).

8. A process for preparing DL-methionyl-DL-methionine (I

-with the formulsa

/\j\ N
20 s COH

by reacting a urea derivative of the general feormula
I

25 ' 1



of the compound lie is carried out at a tenperature o fromOC
to 150C, preferably OC to 100C and 15particularly preferably from10C to
70C. 17. The process as clainmed in any of clains 8 to 13, wher

met hi oni nehydantoin i s obtained by reacting the conmpound Ilf with CO2. 18.
The process as clained in claim17, wh2fe the reactio 20takes place in the
presence of a base, preferably selected fromthe group conprising KHCGCS,
K2CO3, tertiary amnes or salts thereof, alkali metal and al kaline earth
metal bases. 19. The process as clainmed in any of clains 8 to 13, when
25net hi oni nehydanrtxei nhes rakt.abned rRby=arnéart iing theeueeapdantvhgiweth a

cyani de ion so e a se | e d e 0 C I ] Si

ni t rogen- cont ai%nﬁri g[?g’és,ﬂgl’m%%ﬁﬂm&ggl'tg&?rqg%ﬁelp e%?é%ceé%ﬂ%og% NH4 HCOs,
(NH4) 2C8, NHAD1dO#smi xture and carbamate salts. 59 150C, preferably
-10C to 100C and particularly preferably fromOC to 70C. 21. The process

as clainmed in ¢hai@ 8, conpiigi ngt thednt | g nosteps, 5Sreaction of the

urea derivative of fornmulae ha, lib, Ilc, 1ld, Ire, TIE and hg to give a
di ketogi perazine (111) of the foryula 0O_NH 10RN 0
IIb: R* = CONH,, R" = NHCON;

IIc: R' = CONH;, R? = NE,

ITd: R*-R? = -CONHCONH-

ITe: R' = CN, R® = OH

IIf: R' = CN, R® = NH
10 IIg: R' = =0, R® = H
to give DL-methionyl-DL-methionine.

9. The process as claimed in claim 8, where methionine-
hydantoin is used as starting material or is formed a

intermediate.

15 10. The process as claimed in claim 8 br 9, where a
solution comprising methioninehydanteoin and water is

reacted with methionine under basic conditions.

11. The process as claimed in any of claims 8 to 10, wher

the pH of the solution comprising the urea derivative

20 is adjusted to from 8 to 14, preferably to from 10 to
13.

12. The process as claimed in any of claims 8 to 11, whert
the reaction takes place at a temperature of from 50
to 200°C, preferably at a temperature of from 80 to
25 ~1709C and particularly preferably at a temperature of
from 130 to 160°C.

13. The process ag claimed in any of claimg 8 to 12, where

the reaction ig carried out under presgsure, preferabl:



b)reaction of the diketopiperazine (l111) to give

DL- net hi onyl -DL-nmet hionine (l1). 15 22. The process as clainmed in claim21l,
where the reactia of the urea derivative to give the diketopi perazine
carried out at a tenperature of from5QC to 200C, preferably from 100C to
180C and particularly preferably from280C to 170C. 20 23. The process as
claimed in claim?21 or 22, where the reaction of the urea derivative to

gi ve the di ketopiperazine is carried out under pressure, preferably under
a pressure of from3 to 20 bar, particularly preferably under a pressure
of from6 to 2huriedar pradisulize ofr deess 3asockai hed, | paanycofaclai ns 21 to

23, where the re%ﬂglgﬂ)of il ure r%%%b¥%t|§ fggﬁggvgotfg géketoplpera2|ne
5

takes place in e pres nce o ase rocess as clainmed in
claim 24, where the base iz selected fromthe group of nitrogen-containing

bases, NFMPK{BTN¥$HM¥@@@@ RISCCE 8 1KREO3N REZ ORI CoRaniixt 8ir'ee Lar bemert e
salts, alkali @t@l&&%nab%%{ﬁr&%l%%r hRcABLA SPRFESnt 4bn JE PEOLLSS as

claimed in any of clains where the reaction of the urea
derivaPive to éFVbFFﬁ@18U§eEbBPS€réfFﬁedt§K%§ PRacer FrFesetiditwith

met hi oni ne. 10 hpclih€spraeessIns alrai, medd nteay off cded szl to 26, where
the reaction of the diketopiperazine to give DL- nethionyl DL- net hi oni ne

t akes pla by .aci di_.c _hydr ql Lys, 2 The_proces in.claim27,
wher e the%gbldl el?ﬁﬁ&?é?y5|s Fg%esépﬁace ? f fa % ngﬁBanlééid whi ch
is selected froﬁtmhengnehpdahtnunenaloatadeedFﬁn r&m@tﬁmgcnmikao H2SO4,
phosphori c aC'@% g%ﬁﬁ90i¥E'o§Ck9§ @Qghh¥d£9§¥o%éEQ%ﬁﬂé£hfﬂﬂ(Eh s£9. The

process as clainmed in an cl ai s where the reaction of the
di ket &pi per azi NE:EOy; v(é“/PBLSCFr%at hiBhOE/ B2 feipHivss 9 CaREE™BIc&ce by basi c
hydrol ysis. 30gs1he _process as clained in claim?29, where the basic
hydrolysis is carried out at a pH of fron17 to 14, 25particularly
preferab|{6qt %thp%Lchgngg E?alméd 1n clalm 15, where the reactio

of the compound IXe is carried out at a temperature o

from 0°C to 150°C, preferably 0°C. to 100°C and

15 particularly preferably from 10°C to 70°C.

17. The process as claimed in any of claims 8 to 13, whex
methioninehydantoin is obtained by reacting the -

compound IIf with CO;.

18. The process as élaimed in claim 17, where the reactio
20 ‘ takes place in the presence of a base, preferably
selected from the group comprising KHCO;, K,COs,
tertiary amines or salts thereof, alkali metal and

alkaline earth metal bases.

19. The process as claimed in any of eclaims 8 to 13, wher
25 methioninehydantoin ig obtained by reacting the
compound IIg with a c¢yvanide icn source and a base
selected from the group comprising nitrogen-containine
baseg, ammonium salts in the presence of C0O,, NH.HCO;,
(NH4)ﬁKh, NH,0H/CO; mixture and carbamate salts.

30 20. The process as claimed in claim 19, where the reactior

is carried cut at a temperature of from -20°C to



particularly preferably at a pH of from10 to 11, in order to obtain

DL- et hi onyl - DL- met hi oni ne. 31. The process as clained in claim?29 or 30,
where the basic conditions are adjusted by using a substance 30sel ected
fromthe group of nitrogen-containing bases, NHAHCO3, (NH4)2CO3, NH4AOH CO2
m xture, carbamate salts, KHCO3, K2CO3?2carbonates, alkali netal bases and
al kaline earth netal bases. 61 32. The process as clainmed in any of
claims .27 to 31, where the reaction is carried out at a tenperature of
from50C to 200C, preferably 80C to 180C and particularly preferably from
90C to 160C. 5 133.°ocThereiresassyas1okai medibncanyn@foSt@idm 200 26, where

the reaction of_t di ket qpi perazi ne i ve DL-met hi onyl - DL- net hi oni ne

t akes pl ace byﬁFﬁggﬁﬁgﬁVn%%@%QoiﬁtBoagﬁggrc solution, preferably into a
basi ¢ anmoni um hydr oxi de, potassi um hydroxi de or sodi um 10hydr oxi de

sol ution. 234. The process as claimed in ahyiof8clameriZlirto t3% where the

di ket opi per azi hS, 1 sol before the hydrolysis. 35. The process as
claimed in cIa?%&%%Whaﬁegkggﬁé 15 di ket opi perazine is isolated by
crystallization fromthe reaction solution, preferably at a tenperature of
from-30 to 126¢, vEE§CHaPRi efil BReyupref ePabY&t ke £i dpserdes €18 from 10
to 70C. 36. A procegsbf orTbsorad) ngréhervE xisd erf HPDikdDls/ LD-

20mnet hi onyl met hi oni ne, dj ast er eoner s crystallization frombasic reaction
sol uti ons which havalB%EﬂpbB?ﬁ?ﬁén%sP%Fﬁ{n%% ?b?eﬁ%Fmﬁiaclains 8 to 20 and
29 to 35. 37. The process as clainmed in claim36, where the solutio. is
adjusted with an acid to a pHof from5 to 9,

S
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(ITI)

D) reaction of the diketopiperazine (III) to give

DL-methionyl-DL-methionine {(I}.

15 22. The process as claimed in claim 21, where the reactio
of the urea derivative to give the diketopiperazine i
carried cut at a temperature of from 50°C to 200°C,
preferably from 100°C to 180°C and particularly
preferably from 140°C to 170°C. N

20 23. The process as claimed in claim 21 or 22; where the
reaction of the urea derivative to give the
diketopiperazine is carried out under pressure,
preferably under a pressgure of from 3 to 20 bhar,
particularly preferably under a pressure of from 6 to

25 15 bar.

24. The process as claimed in any of claims 21 to 23,
where the reaction of the urea derivative to give the
diketopiperazine takes place in the presence of a

base.



25preferably to a pH of from5 to 7, preferably to a pH of about 5.6. 38.
The process as clainmed in claim36 or 37, where the crystallization takes
pl ace in the presence of an acic selected fromthe group of m neral acids,
HC1, H2CO2, 30CQ2/ H20, H2SOM4, phosphorg aci ds, carboxylic acids, hydroxy
carboxylic acids. 62 39. A process for isolating the m xture of

DD/ LL/ DL/ LDret hi onyl net hi oni ne di astereoners by crystallization from
acidic reaction solutions obtained as claimed it clains 27 or 28. 5 40.
The process as clainmed in claim39, where the solutic is adjusted with a
base to a $H ofTHy gnosess 95 grefloeabiy céaampk of whebm Bhe coFse nor e

preferably to addfecalkout, 2ne 4bupThe RLOEESSnASHELA ABLy B &dai m 39 or
40, where the 1l0base is selected fromthe group of NHAHCO3, (NH4) 2C103,

ni t r ogen- cont aitieRgCras@lie) pdoH Fiibhafet e s e/ Kpca = tPereos,
carbonates, al kakibaietal sandsal kakkne sackh akdahl babise &t fuwcess for
fractignating %pe m xture of 15DD/ LL/ DL/ LD- et hi onyl net hi oni ne

di ast ePeomers BYSffactional crystallization, where the two pairs of

enanti omers DD/ LL- net hi onyl net hi oni ne and DL/ LDnet hi onyl net hi oni ne are

obt ai ned. 243. The process as claimed in shui of 42lawhersl 20a)2fci di fication

of the DOYLL/ DbhbDe WRENLGAXLTBLNbENEAE- GOL GO N SURPANSI N, JINUYd  cl ear
solution is obtained, and stepw se additio/ of a base to the acidic

sol ution until dakgtepiprracensepakacelatt PestFISEIMN DIVUD

25met hi onyl et hienipgiAas. precipitate, and b) DD/ LL- et hi onyl net hi onine is

obtained fromthe
10 27. The process as claimed in any of claims 21 to 26,
where the reaction of the diketopiperazine to giwve

DL-methionyl-DL-methionine takes place by acidic

hydrolysis.

28. The process as claimed in claim 27, where the acidic
15 hydrolysis takes place in the presence of an acid
which is selected from the group of mineral acids,

HC1l, H,CO;, CO/Hp0, HyS0,, phosphoric acids, carboxyli

acids and hydroxy carboxylic acids.

29. The process as claimed in any of claims 21 to 26,
20 where the reaction of the diketopiperazine to give
DmeethionylmDmeethionine takes place by basic
hydrolysis.

30. The prodess-as claimed in claim 29, where the basic
hydrolvsis 1s carried out at a pH of from 7 to 14,
25 particularly preferably at a pH of from 9 to 12, very
particularly preferably at a pH of from 10 to 11, in

order to obtain DL-methionyl-DL-methionine.

31. The process as claimed in claim 2% or 30, where the
. basic conditions are adjusted by using a substance
30 _ selected from the group cof nitrogen-containing bases,
NH HCO3, (NH4},C03;, NH.OH/CO, mixture, carbamate salts,
KHCOsz, X3;C0:, carbonates, alkali metal bases and

alkaline earth metal bases.



not her |iquor obtained in step a). 44. The process as clainmed in claim43,
where the acidification in step a) takes place with an acid and 30a pH of
fromO0.1 to 1.0, preferably a pH of about 0.6, is set, and the resulting
clear solution is 63 subsequently adjggted with a base to a pH of fromb5
t 6, preferably to a pH of about 5.6. The process as clained in claim
43 or 44, where mneral acids, preferably phosphoric acid, sulfuric 5acid,
hydrochl oric acid or carbonic acid or carbon dioxide, particularly
preferably carbonic acid or carbon dioxide, and/or carboxylic acids are
enpl oyed a§2a0|?hezE¥OQQﬁﬁ;ﬁ%ﬂﬂiﬁﬁmﬁﬁ-GMaﬁ@HdOinCéEamﬁ1ZB or 24, where the

10base is sel eghigd-£ riam the, group of CM@%Hg@BouQ gtmézg%gpera%xiﬁ oi

ni t rogen-contai ni ng bases, NE4OH, carbamate salts

carbonates, al Kal9m mt°s thd 0%l ireteaPPRYmBPAL bask80°G7andhe process
as clained in gaitmd.arhensdRakthgsiskbgabpon e 1hge®D/ LL/ DL/ LD-

nmet hi onyl net hi oni ne- cont ai ni ng suspension until a clear solution is
obt ai ned, d wi se additio n.acid to.the basicg, sol on until a
preC|p%tat%?se§§¥£té% SR s\ qﬁ&“ﬁ B/ BB ﬁénﬁﬁﬂ?%ﬁ Trethiohi ne as
precipitate, anddne Dm@Lu%ﬁE&hm@nwﬁnehhldmk390p$pebaaammmkdrgmnéhe not her
| i quor obtalnegﬂ!%é%ﬂy%z@B Eggggpgéggeﬁgﬁgg %iggge%% ﬂh&%%i”‘47 wher e

the basification in step-a from
7.5 to 14, preﬁ@habﬁ?oaapbﬁéica%@h@tEDQC)Hﬁﬁfeﬁﬁhﬁﬂ ustted a @ﬁ@lthe

resulting cl eabn%@h%&rpwd%éa%qugeagglaﬁl @&ﬁ&mé hanagi g, to a pH of
fron1§0to 6, p%_ferably to_a pH of about 5.

vdroxlide solution.
34. The process as claimed in any of claims 21 to 33,
where the diketopiperazine is isolated before the

hydrolysis.

35. The process as claimed in claim 34, where the
15 diketopiperazine 1s igolated by crystallization from
the reaction solution, preferably at a temperature of
from -30 to 120°C, wvery parﬁicularly preferably at a

temperature of from 10 to 70°C.

_ 36. A process for isolating the mixture of DD/LL/DL/LD-
290 methionylmethionine diastereomers by crystallization
from basic reaction solutions which have been obtaine

as claimed in any of claims 8 to 20 and 2% to 35.

37. The process as claimed in claim 36, where the solutio
is adjusted with an acid to a pH of from 5 to 9,
25 © preferably to a pH of from 5 to 7, preferably to a pH
of about 5.6.

38. The process as claimed in claim 36 or 37, where the
crystallization takes place in the presence of an aci
selected from the group of mineral acids, HC1, H,;COs;,

30 CO4/H,0, Hy80,, phosphoric acids, carboxylic acids,

hydroxy carboxylic acids.



49. The process as clainmed in claim47 or 48, where the 30base is selected
fromthe group of NH4HCO3, ( NELO2COB, nitrogen-containing bases, NH4CH,
carbamate salts, 64 KHCO3, K2CO3, carbonates, alkali netal and al kaline
earth nmetal bases. 50. The process as g#alned in claim47 or 48, where

m neral acids, preferably phosphoric a , sulfuric 5acid, hydrochloric
aci d or carbonic acid or carbon dioxide, particularly preferably carbonic
acid or carbon dioxide, and/or carboxylic acids are enployed as acid.

51. The process as clainmed in any of clains 42 to 50, 10which is carried
out at a té&hperfatanecasts fiaamiGO ltad i1@0Chepmafkerabl yf 50Dt bL ADL/ hind

particularly pﬁﬁ&éﬂfﬁﬂﬁiﬂ@ﬂﬁ?d“%ﬁé(ai%ggeré%melgebﬁrQfﬁféaﬁﬁlgééigfd in any

of clains 42 to 51, where the resulting DD/ LL-nethion fonine is
15r aceni zed, arﬁqﬂh@qwcpéfel%tépneﬁ&ﬁﬁtéﬁ@ﬁsOJDDPEEedn@% h¢bayhet Hi oni ne

and DL/LD-WEthkgﬁMh&EQhI@&lQ@_are separated from one another. 53. The
process as clainmed in any of clains 8 to 52, when the process is carried

out in aniﬁﬂue%ﬁizgg%cess as claimed in claim 38, where the solutic
is adjusted with a base to a pH of from 5 to 9,
preferably to a pH of from 5 to 7, more preferably to
a pHE of about 5.6.

41. The process as claimed in claim 39 or 40, where the

10 base is selected from the group of NH4HCO;, (NHa):COs,
nitrogen-containing bases, NH;OH, carbamate salts,
KHCO3, KyCO3, carbonates, alkali metal and alkaline

earth metal bases.

42. A process for fractionating the mixture of
15 DD/LL/DL/LD-methionylmethionine diastereomers by
fractional crystallization, where the two pairs of
enantiomers DD/LL-methionylmethionine and DL/LD-

methionylmethionine are obtained.
43. The process as claimed in claim 42, where

20 aj acidification of the DD/LL/DL/LD-
methionylmethionine-containing sugpension until :
clear solution is obtained, and stepwise additio:
of a base to the acidic solution until a
precipitate separates out results in DL/LD-

25 methiconylmethionine as precipitate, and

b) DD/LL-methionyvimethionine is cbtained from the

mother ligquor cbtained in step a).

44. The process as claimed in claim 43, where the
acidification in step a) takes place with an acid and
30 a pH of from 0.1 to 1.0, preferably a pH of about 0.6,

is set, and the resulting clear solution is
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subsequently adjusted with a base to a pH of from 5 t
6, preferably to a pH of about 5.6.

The process as claimed in claim 43 or 44, where
mineral acids, preferably phosphoric acid, sulfuric
acid, hydrochloric aéid or carbonic acid or carbon
dioxide, particularly preferably carbonic acid or

carbon dioxide, and/or carboxylic acids are employed

as acid.

The process as claimed in claim 43 or 44, where the
base is selected from the group of NH4HCO;, (NHQ2C03,
nitrogen-containing bases, NH;0H, carbamate salts,
KHCO3, KoC0:;, carbonates, alkali metal ana alkaline

earth metal bases..
The process as claimed in claim 42, where

&) basification of the DD/LL/DL/LD-
methionylmethionine-containing suspension until a
clear solution is obtained, and stepwise addition
of an acid to the basic solution until a
precipitate separates out results in DL/LD-

methionylmethionine as precipitate, and

b} DD/LL-methionylmethionine is obtained from the

mother liguor obtained in step a).

The process as ciaimed in claim 47, where the
basification in step a} takes place with a base and a
pH of from 7.5 to 14, preferably a pH of about 9 to
13, is adjusted, and the resulting clear solution is
subsequently adjusted with an acid to a pH of from 5
to 6,.preferably to a pH of about 5.6.

The process as claimed in claim 47 or 48, where the
base is selected from the group of NHHCO;, (NHg),CO,,

nitrogen-containing bases, NH,0H, carbamate salts,



1

Ry

0

ut

50.

51.

52.

53.

64

" KHCO3, K,CO3, carbonates, alkali metal and alkaline

earth metal bases.

The process as claimed in claim 47 or 48, where
mineral acids, preferably phosphoric acid, sulfuric
acid, hydrochloric acid or carbonic acid or carbon
dioxide, particularly preferably carbonic acid or

carbon dioxide, and/or carboxylic acids are emplovyed

as acid.

The process as claimed in any of c¢laims 42 to 50,
which is carried out at a temperature of from 0°C to
100°C, preferably 5°C to 60°C and particularly
preferably from 10°C to 40°C.

The process ag claimed in any of claims 42 to 51,
where the resulting DD/LL-methionylmethionine is
racemized, and the two pairs of enantiomers DD/LL-
methionylmethionine and DL/LD-methionylmethionine are

separated from one another.

The process as claimed in any of claims 8 to 52, wher

the process i1s carried out in an agueous medium.



