Dipeptide as f@e@Stuff Au#d&s Introduction The presgnt invention relaieé.ltgamw 'ggi{pgﬁbound
non- 5 natural and natural dipeptides of essential, limiting amino acids such as lysine, threonine and
tryptophan, the sulphur-containing amino acids cysteine and cystine, and their synthesis and use as
feed additives for feeding useful animals such as chicken, pigs, ruminants, but also 10 in particular fish
and Crustacea in aquaculture. Prior art The essential amino acids (EAAs) methionine, lysine,
threonine, tryptophan, histidine, valine, leucine, 15 isoleucine, phenylalanine and arginine, and the two

sulphur-conitaining amino acids &/XERE 1 ARtk SHe vudtinfsiitint venstituents of animal feed

and play an important role in the economic rearing of useful animals such as chicken, pigs and
ruminants. In particular, optimum 20 distribution and sufficient supply of EAAs are decisive. As feed
from natural pfAtEFCEBFES™ . g. soya, maize and wheat, is generally deficient in certain EAAs,
special supplementation with synthetic EAAs, for example DLmethionine, L-lysine, L-threonine or
L-tryptophan ditthel2% eaa habdpwerinitsrfastei grovthtef the-anieals 05,9 higheLmilk yield from
high-yielding dairyuceyis, and e the-athegbhan ore-efficient utilization,of the total feed. This
offers a consi%eégglse %%)cq?ngg vanta%;e. g%%g%?(%lts&%r %egegdé]]é’aléJ iﬁ?/‘és grlem(%ftcl&%icfé?éﬁl%
industrial and 30 €conomic importance. T adtitioRtHEY afd Stréry BFcvethanarkees attributable not
least to the incTB&&IRE TmpBRAAES BrEoamties sach ds Chinaahddndiad karspany animal species

L-methionine (¢S} 2:aminorhemethydthipbudgicacidLtepresents ihﬁe@r%gfiﬂi@g%%mino acid of all the

EAAs and therefare ha e t important.roles in animal nutrition an as fedd additive
5(Rosenberg éfj[é z%lﬁ}]}i :%Erm gldgoig] Cﬁgﬁﬁ 139%7c£13“ 8553’0053. 1 the TiHEsiarEFemiar syntfesis,

however; TnetHiBniB4E t6iidd ad hhcendid w150 80anixiure wf Braritrmethionine. This racemic
DL-methionine can, however, be used directly as feed additive, because in some animal

Prior art

The essential amino acids (EAAs) methionine, lysine,
threonine, tryptophan, histidine, valine, leucine,

15 isocleucine, phenylalanine and arginine, and the two
sulphur-containing amino acids cysteine and cystine are
very important constituents of animal feed and play an
important reole in the economic rearing of useful animals
such as chicken, pigs and ruminants. In particular, optimum

20 distribution and sufficient supply of EAAs are decisive. Ag
feed from natural protein sources, e.g. sova, maize and
wheat, is generally deficient in certain EAAs, special
supplementation with synthetic EAAs, for example DL-
methionine, L-lysine, L-threonine or L-tryptophan on the

25 one hand permits faster growth of the animals or a higher
milk yield from high-yielding dairy cows, and on the other
hand also more efficient utilization of the total feed.
This offers a considerable economic advantage. The markets
for feed additives are of considerable industrial and

30 economic importance. In addition they are strong growth
markets, attributable not least to the increasing

importance of countries such as China and India.



10 species ungerigi jilons there is a conversipn mechanism that transforms the non-natural
D-enpantiomer of methb\ﬁqﬁ%gé@%tgo the natural L-enantioﬁer. The D-meth%ﬁﬁeﬁg%i?gtq{e%ﬁﬁﬁgt%d by
means of a honspecific D-oxidase to a-keto-methionine and then converted by an L-transaminase 15
to L-methionine (Baker, D.H. in "Amino acids in farm animal nutrition”, D'Mello, J.P.F. (ed.),
Wallingford (UK), CAB International, 1994, 37-61). As a result the available amount of L-methionine in
the body is increased, and can then be available to the animal for growth. The enzymatic 20

c_onversior) of Beto mangtfﬁﬁmmahwﬁwﬂégugd%gwggmrggs( (nggi wg%\_/vs E’Ut also in particular in.
fishes, Sh”mp&éﬁﬂfpf@ﬂﬂébﬁ%; qémglle ?}’e@é et al. (A%uacult. utr. 0%11 9?3 , 169-181) and Kim
et al. (Aquaculture 1992, 101 (1-%),i 5- %13 showed thatthe coRbefsiaivbf Bis Lipg neathionine is
possible in cafftfodd ABdAtE E&INTBHREndRsinbBR TR Ehdsamenras shewa bydgebinson et al. (J.

Nutr. 1978, 10&(@@);&@312-19&@5&%8@@&&@1&@1&:@@9@@%@&%@,g@&dl%é-ci#))]for omnivorous
J. Wor

. . . . 4
fish specigs, farexample catfish and carp. Furthermore, Farster 30and Domin deAquacuIt.
Soc. 2006, 37 (4), 474-480) were ablé to shoét? in rt%ea%g eStS wittf EVTTni\?oro%g‘éhﬁ%é of ¥e

species Litopen%%ug%/aaﬁﬁ PRt (RAEBL SRethiBtd RSéGuallyciesatfactiveatsilimethioning. In the year
2007, world-wigRrmer a7 00setonnes of cBGtaline Dkt 35dnethiening 95 racemic, liquid

methionine-hydeaxyianalague WM%Q@'&?@@B@%&@%@% hio butanog,;f?cid (HMB)) and solid
calcium-MHA were produced.and successfully ysed W0201 i) 3%%%P EB%8T0/083722 directly
as feed additive for monogas He a‘r%ma‘?é:f i} thy %\ndkb?ﬁé‘%ﬁ%ohﬂagpmnenﬁmme, with lysine,
threonink®and ¥/ fophaniRdEhcase oy twnbenantiemetsean be used b .as fegd,additives, as the
respective D-enantiamessot thesedhreesessantiak and lmiting.aming, agjds canpot be converted by the
body under physiological conditions, g the correspondin L-en,an%i%%er%. Thas, the WorldWharket for
L-lysine alone, the first-limiting amino acid for example PRYeStor thES/cRr peb R irmiover one
million tonnes.‘ForthE TthECRI RARRY dssehfaraminb acidebabrenniie and dxtryephan the world
M g e o b A B L e
L-tryptophan are 1yseg directly as feed additive. In contrast, su:b%?erﬁgﬁf%ﬁioﬁrbf fee R E®As such
as methionine’ ysihe" it78onind oFId6 MHATs Fot dffshtive fiieAkinafits: s fmast,is brgken down by

microbes in thénternaticnal, 1994, 37-61). As a result the available
amount of L-methionine in the body is increased, and can
then be available to the animal for growth. The enzymatic
20 conversion of D- to L-methionine hag been found in chicken,
pigs and cows, but also in particular in fishes, shrimps

and prawns. For example, Sveier et al. (Aquacult. Nutr

2001, 7 (3), 169-181) and Kim et al. (Aquaculture 1992, 101
(1-2), 95-103) showed that the conversion of D- to L-

25 wmethionine is possible in carnivorous Atlantic salmon and
rainbow trout. The same was shown by Robinson et al. (J.
Nutr., 1978, 108 (i2), 1532-1936) and Schwarz et al.
(Aquaculture 1998, 161, 121-129) for omnivorous fish
species, for example catfish and carp. Furthermore,

30 and Dominy (J. World Aquacult. Soc. 2006, 37 {4)

Forster

r 474-480)
were able to show, in feeding tests with omnivorous shrimps

of the species Litopenaeus vannamei, that DL-methionine is
equally as effective as L-methionine. In the year 2007,
world-wide more than 70000 tonnes of crystalline DIL-

35 methionine or racemic, liquid Eethionine—éydroxy—analogue
(MHA, rac—zwgydroxymé—(methylthio)gutanoic acid (QMB)} and
solid calcium-MHA were produced and successfully used



20 rumen of rupppanis, Ovwng o this degradation, only a fraction of the supplemented EAAs enters
the animal's small intestine, where absorption into the blood generally & 61588.1%%51@@ EAAS,
mainly methionine plays a decisive role in ruminants, as a high milk yield is only ensured 25 with
optimum supply. For methionine to be available to the ruminant at high efficiency, it is necessary to
use a rumen-resistant protected form. There are several possible ways of imparting these properties to
DL-methionine or racMHA. One possibility is to achieve high rumen resistance by 30 applying a
suitable protecive dayelwrdy diskduting the Retkigping]n a.profective matrix, As a result methionine
can pass thro%@gﬁ;n}ﬁ%r %ally without loss. Subsegg%ntﬁ%ﬁe %Irlo]trél%tll\?e' layePis then
removed e.g. in the abomasunt by acid hydrolysis and the methionine that is 35 released can then be
absorbed in thggmalgﬂigtestine of the ruminant. Commercially available products are e.g. Mepron(r)
from the company EVonik Deglssd"ahd Sohdismine? Hom tralewmpaiy Adisses. The production
and/or coatingofYiRstRkime are gendratiy seteohiigalhheomplicaied 8o laborigus (qu_%eéé and are
thereforg:- expe@siwemad@fa@a,it@g@gr@ge&g@tigg &; the. '@iéhﬁq I%ll%tg can easily be damaged by
mechanical str§ﬁ§%seagg ngrl sign durlggfroces,smg of the feed, w ich tah 85 %o PdUckiBR%r even
to complete loss of protection. Therétore it T alsdHot BT sife B8 proveie thprotected methionine
pellets into a I5FEVFikeiidat sdiftbhebauseimteriyain teoprotaatinglayer would he,brgken up by
the rpechanicad:t_nadehaga_&’ft_ﬁﬁﬂ@itﬁ ib@memrﬁ@gg prq@%s;. @@%h&g@i%si%gtykfor increasing rumen
stability is chemiga] derivatization, 6155@%@999&% MHA. In this, the functiona Ero P8 df the
molecule are derivatised with suitable protecting group&STE taR HCachiérad exphy lesteiification of
the carboxylic Be@Funcfidn Whh al&HoI€ %RS awasulg tegradetioniih thesumenrdssmicreerganisms
ietasmart. thesgacamioisg om et 0 ML B A Dot of ot LS EHTor HME i
ruminants Wasldij%cl% d In wW 0[2883§ The chemlcglgggriv%%zaﬁgﬁ of fietRidRine or MHA often has
the 25 disadvantage 0 poor‘:‘érrl ioja%ﬁaﬂﬁ}ﬁfaé‘hcﬁQ&ﬂpﬁrrati%l%/ﬁ@wt(ﬁmﬁémoof active substance. In
addition to the problems of ruminal degradation of supplemented EAAs such as methionine, lysine or
threonine in rubiin&e, FRFE cah dISEBEIAFBES probleassn fish@D @ﬁdlg;tfl}fgagg@irgigsi
supplemehtatiowohfder With dsi swing, tothe rapidrecengric, deyelopment of the breeding of fish

and Crustaceaaiﬁcpighlg%gﬂ%da%u%cgggr%imearﬁfor optimum, economic and etaent

supplementation of essential and limiting amino acids haverb n#@ﬁ%ré@é%ﬁ@l%"%-iniﬁbrtant in this
particular area (P68 Hhy AGHERLFE BrhaRielion bf frednitéd Natibas (EAQ) Risheries

methionine, lysine, threcnine or alsc MHA is not effective
for ruminants,

as most is broken down by microbes in the

20 rumen of ruminants. Owing to this degradation, only a
fraction of the supplemented Eals enters the animal's small
intestine, where absorption into the blood generally takesg
place. Among the EAAs, mainly methionine plays a decisive
role in ruminants, as a high milk yield is only ensured

25 with optimum supply. For methionine to be available to the

ruminant at high efficiency, it is necessary to use a

rumen-resistant protected form. There are several possible
ways of imparting these properties to DL-methionine or rac-
MHA. One possibility is to achieve high rumen resistance by
30 applying a suitable protective layer or by distributing the
methionine in a protective matrix. A8 a result methionine
can pass through the rumen practically without loss.
Subsequently, the protective layer is then removed e.qg.

the abomasum by acid hydrolysis and the methionine that
35 released can then be absorbed in the small

S a Ll

is
intestine of the



Department "StateoafdXotld fxaaculture 2006", 2006 ,Rome. Internatiopal Food Policy Research
Institute (IFPRI) "Fishdglozo: Supply and Demand in thanging Markets'?ﬁgég?ﬁ%ﬁnﬁm@.C.).
However, in contrast to chicken and 5 pigs, various problems may arise when using crystalline EAAs
as feed additive for certain varieties of fish and Crustacea. Thus, Rumsey and Ketola (J. Fish. Res,
Bd. Can. 1975, 32, 422-426), report that the use of soya flour in conjunction with individually
supplemented, crystalline 10 amino acids did not lead to any increase in growth in the case of rainbow
trout. Murai etahn{Budndaparenaee: Sth RIS 51884 Hh@d 1,195 () were able to show that the daily
feeding of fishgiefs with.hig gggft@ggnojf}gu}gglemented, crystalline amlnomaigds g tivd*result, in
15 carp, that more than 40% of the free amino acis are tEHFE 6 GRS ahakmdridys. Owing to
the rapid absofPtBREEUPisHiEMed Bifineradds Shomyaif@r foodintakendhere is a very rapid rise in
oworer- g et B el e T S e i he plasa
which can lead o async, rof%sm c%e simuItt'%llrrt?egl?‘s{ijs a%;c%%ﬁity opg%ﬁﬁb’&taﬁrt‘“arﬁﬁ%ja%idmﬁ\
proportion of the %ig%ff conCerftrited 3tind dcdts iR 2shreRspaidmdwrapiadly exeteted pequickly
metabolized irfHBASREY & utiitees.gapursty as aaeneigy sBuLe: Acardingly, in carp there is little

if any increasepincgrewii nhescrystallineamingacisls gg&usieeda%s 1f:eed additives (Aoe et al., Bull.

[o)

Japa. Soc. Sci. gi%})rrl}l?fgtéo fgg 40(7);f413%. In the case of Crustacéa tﬁg SUp PRI GY SR
crystalline EAAs can also lead'to other pl% UthS BEFusER RS Stow fedity békaviowrof certain
Crustaced, . ShRfifipoftfeipeerReq itdpennras vahndmet tha tengtimedhatibs feed Lepains
under water résﬂﬂgarleathmff@@&tf@am?n@&%ﬂié’@tgﬁgguggaﬁAAé which leads to
eutrophicationjof $ae- water instea ]gggn increase ir&growth of the animals Rfarﬁ) eTaF, Adtigtulture
2005, 248, W2010/1123656PCT/ER 010/0537%2 1 mechanical loading. This
imits the use of such products. Another possibility for
increasing rumen stability is chemical derivatization of

15 methionine or MHA. In this, the functional groups of the

molecule are derivatised with suitable protecting groups
This can be achieved e.g. by esterification of the

carboxylic acid function with alcchols. As a result

degradation in the rumen by microorganisms can be reduced

20 A commercially available product with chemical protection

1s for example Metasmart™, the racemic iso-propyl ester of

MEA {(HMB1). A bicavailability of at least 50% for HMBiL in

The chemical
derivatization of methionine or MHA often has the

ruminants was disclosed in W000/28835.,

25 disadvantage of poorer bicavailability and comparatively
low content of active gubstance.

In addition to the problems of ruminal degradation of
supplemented EAAs such as methionine,
in ruminants,

lysine or threonine
there can also be various problems in fish
30 and Crustacea in supplementation of feed with EAAs. Owing
to the rapid economic development of the breeding of fish
and Crustacea in highly industrialized agquaculture, meang
for cptimum, economic and efficient supplementation of
essential and limiting amino acids have become increasingly
35 important in this particular area (Food and Agriculture

Organization of the United Nations {FAO) Fisheries



13-16). Effectiwagopply fepfishsand Crustacea in aquaculture therefore requjres, for certain species
and applications, a speycial ;ff:(‘;guct form of EAAS, for gxample an approf)ﬁ @W%ﬂéﬁ\ﬁ%ﬁ?%ﬁz
physically protected form. 5 The aim is, firstly, that the product should remain sufficiently stable during
feeding in the aqueous environment and not be leached out of the feed; and secondly, that the amino
acid product finally taken in by the animal should be able to be utilized optimally and at 10 high
efficiency in the animal organism. In the past, much effort was expended in developing suitable feed
additives, espériglyrivasad-on fieesseitiakagiao ﬁ&@géﬁg@ﬂggn% 51Bg ,lys?%gfgr fish and Crustacea.
a

For example, WO89068494 ri the yse. of di- and 15 tripeptides as fee itivefdPFish and
Crustacea. The intentior%%v%%gt% [%l%sr%(?)téﬂiasrl&ﬁ% SRS AhTHalS EbveNEE préfFBAde WaS given to the

use of di- and fHpEplidESFRRY nBRLsLeRARchs e aanmisimitingamise acids ©,g. glycine, alanine
and serine, wHitterergiors than. adequately2:present M@@g&@rﬁ@rgﬁg'ﬁ%%urcegdomy

. . . . h IL. a ..
DL-alanylDLmethioningand,pi-methienyl-DL -glycine were described as methionine-containing
dipeptides. Th'%\?gags, l}owever%e}at the diwl%%é Jé%f%%ti\%%? OnlCdiiaing 5998 bt fivee substance
(mol/mol), which front the SCShoie stantipdifttis ZB1biieregardat as venfutifayaueable.
W002088667 §éstiirsahe chantosdeuthaysynttiesis wotlaiseof aliggmerg from MHA ééligl amino
acids, e.g. methéorine 2as feeghbadditives, farfish.ang Crustacea, among others. This ought to result in
faster growth. Iggﬁyg%@eé% de:si%ribe.d t%r,e gémed by%n %%gengfk%e?%atﬁﬁ}%%d%ﬁ%nléhd have a
very wide distribution o cjhaln Féngﬁ’n S e ihdviduRY ofiger RNkt s fosttthetmathidds
non-seletfive, BRpBAsitE HA8 IgBsTiG\REinledetution amgl puificatien Dabrewsit gt al, desgribe in
US_20030099(_589$Iae @ﬁeﬁﬁybﬂﬁetiggp@mideg@s&fgegt%a@qiti(\ﬁif r psomoting the growth of aquatic
animals. In thig-¢ase tq%ggptlci%s cplrﬂepr%?%n]t a r?lportlon by weight 6f6509% BPthe B! feed
formulation. T%e synthetic péptides preférably consist 6t BRAS TiRe ehamiddeiectivesydthisis of
these synthetic 6 éic}-n%dD olfpEBtidESES hewebeh iahy taborious, iexpensive and is difficult to 5 scale
up. In additionstiepdifertverdss ofpelypeptides a&aﬁm%&a@ma@deﬁgisﬁogg% .because often they
are only ponvesteefo freg amina-acids yery slowly, qr,not A all, under physiological contlitions. For
example, Baker et al. (J Nutr. 1982, 112, 1130-113%) show that BBtaHs& 382 0%6mpletely insoluble
in water, pon-L-metﬁlon]nér hids hoDbiSavdifiifftin-drerers asiviaandtche-albsarbpd by the body. As
well as the us@BFReRtchemied dervalives ot EAAsmieh @&:ﬁ@ﬁligﬂ@ﬂgptgi@g@rp%@ggs and
oligomers, varipusalephysieal dngans, of prafection, e.9..coatings or embedding an EAA in a protective
matrix, have bgﬁgli{g)veg.%il%gtedi Foggxaggﬁe Ifr%et %I}g%ula%uﬁgﬁuﬁ?%ﬁﬁ%f@,tWSfé and
Aquaculture 2005, 248, 13-10)'showsd that ¢ aRPTBEhiodinEkmdilisie (Peeontrast to uncoated
products® haver 5S8R 26 benbficibhibfutive ontthegrewth afyoungrldrumas shyimps.{though the
use of a specidlcoatingtwasabletepseveridhedeaching of methionine and lysine from the feed pellet,
it has some se{ilguglgéa\e@g% T%ﬁrgguction fnd Cfoatiﬁg of é?nglno acéi’ag’isagxé%e?é:fﬁ/ a?’fé%hnically
complicated and ’ can -ead to asynchronism of the

simultaneous availability of all important amino acids.

proportion of the highly concentrated amino acids is in
consequence rapidly excreted or quickly metabolized in the
body and utilized e.g. purely as an Energy source.

A

25

Accordingly, in carp there ig little if any increase in
growth When crystalline amino acids are used as feed
additives (Ace et al., Bull. Japa. Soc

. Sci. Fish. 1970,
30 36, 407-413).

In the case of Crustacea the supplementation
of crystalline EAAs can also lead to other problems

Because of the zslow feeding behaviour of certain Crustaces
e.g. shrimps of the species Litopenaeus vannamei
r

I

‘ the long
time that the feed remains under water results in leaching

35 of the supplemented, water-soluble EAAs
eutrophication of the water,

growth of the animals

;. which leads to
instead of an increase in

(Alam et al., Aquaculture 2005, 248,



25 laborious pggoes i refore expensive. In addition, the surface coating of the finished
coated amino acid 02%933%%6% damaged by mechanical stresses and 2BF{S673 eiufir§ sese 2
processing, which can lead to reduction or even to complete loss of physical protection. Furthermore,
a 30 coating or the use of a matrix substance lowers the content of amino acid so that it often
becomes uneconomic. The problem to be solved by the invention A general problem was to provide a
feed or a feed additive for animal nutrition based on a novel methionine-containing substitute, in which
methionine is hounds¢ovaleRily-to;; eggi?ﬁ' and limiting aminp acid, e.g. L-lysine, L- 5 threonine
and L-tryptophg ) 2@91 hich C%n% baééu]fe as@#ée%g%ﬁé\?e%s f%lﬁflge%?ﬁgg h8&kMahmnals such as
chicken, pigs, ruminan s,ll%ﬁgug T pariéGial 8B fGEand CrusisedR imaguacultese AAghinst the
background of2RE Hissivhatee stofhe phist 10:mtithe pfoblemaras: mmyggpr%ggﬁlsﬁgemically
protected prodamnt trpprihercovedenily hosnd-gombingtio -methionine plus EAA such as e.g.
L-lysine, %thr%@n%%Litgypt%%;:asnc [va i191u§ u%e%% a%?n%ggﬁg %sp&?c%e%‘f%(?gsfmruminams,
but also for many omnivoroys, 15 herbrorous and %Sr@§%B§Ep§E@§Hfiiéﬁnahii‘l(:rustacea, which
live in salt watSP& & Water. Akatdieaging iistibreali agourcetfanethienuing, said product should
also function asresouneetiallatierbAABeINpatELAr Said RIedyugtshould possess a "slow-release”
mechanism, agd 294hy$ preyide s%agglfggtigu%% rele%ise of free methiohine and EAAs under
physiological conditions. In addition, the chemicalfy pro?é:c(;? &?&n?bflﬁ?elﬁroﬁﬁléﬁébﬁéistm of
methionine and EARSHBEH FRRIEN Pasigtaht aha dershoiuld besditableifns all yuminants: For
applicatibf as fee28 Hiititierfoyfismandrastanea thederm gfithe product should have low
tendency to leaching from the total feed pellet or extrudate in water. Another problem was to find a

substitute for cIystatinegzivks agdeed eras afepd additie with, very '%f'%xhre@ bipavailability, which
bili

should have gged papslli operties. and storage capability and Stability under the usual conditions of
mixed feed processing, %Q%Er%lcgu e?rle (g%%elf\{zeaﬁi’on ana g}’(ﬁ&sﬁlgnhﬁstﬁ% Way FbEersmpletchigken, pigs,

runﬂnanB,ﬁSﬁ%H&D aclds methionine and lysine, for fish and Crustacea.
For example, W08906497 describes the use of di- and

15 tripeptides as feed additive for fish and Crustacea. The

intention was to promote growth of the animals. However
¥
preference was given to the use of gi- and tripeptides from
nen-egsential as well as non-limiting amino acids
f

e.g.
glycine, alanine and serine, which are

more than adequately
Only DL-alanyl-DL-

were degcribed ag

20  present in many plant protein sources.
methionine and DL-methionyl-DL-glycine
methionine-containing dipeptides. This means, however, that

the dipeptide effectively only contains 50%

substance (mol/mol)

active

» which from the economic standpoint ig

25 to be regarded as very unfavourable. WO02088667 describes
the enantioselective synthesis and use of oligomers from

MHA and amino acids, e.g. methionine, as feed additives

This ought to result
in faster growth. The oligomers described are formed by an
30  enzyme-catalysed reaction and have a very wide distribution
of chain length of the individual oligomers,
the method is

for fish and Crustacea, among others.

As a result
non-selective, expensive and laborious in
execution and purification. Dabrowski et al. describe in
US20030099689 the use of synthetic peptides as feed

35 additives for promoting the growth of aquatic animals. T
thisg case the

n
peptides can represent a proportion by weight



other efficientgon tcas/Aaf4 tial amino acids, as fay, as possible withqut the disadvantages of the
known products or onlg/qhgsﬁ%gthem to a reduced e>&a§ent. Furthermore,lf/%'ﬁ BEHQLEY ARPH&ble
synthesis routes 5 should be developed for dipeptides containing only one methionine residue, in
particular for L-EAA-DL-methionine (I) and DL-methionyl-L-EAA (lI). Typical precursors and
byproducts from the commercial DL-methionine production process should be used as starting
material for a synthetic 10 route. Description of the invention The problem is solved with feed additives
containing dipeptides oksals theseafowhere pag af@?ﬁ@f%rf&g}‘eljﬁ%O]csthet%iggggde 'S a
DL-methionyl %@q@ggdﬁ@gﬁgﬁ{ ingoancéckrs%sidl%e of the di%eptl e Is dn amino dcid in the
L-configuration selected from the grtc%% comprising R/sir%}‘ﬁﬁeo i]ﬁ%, fyptvphanchistdineevaline,
leucine, isoleUSITE; FhRHSIPniE e ginke (yatdife ahiaystina@oPisferabiy thesfeed additive
contains dipeptitleswoigenesatfommiabowasthinaybhHAA (zmRixtue §f Prmethionyl-L-EAA and
L-methionryl-L40and/QL- -Ddamethijgning, (= mixture, of L-EAA-D-methionine and
L-EAA-L-methiorﬁg,g%he%ﬁé%%@%mnﬂéeagg%ﬁ %%lﬁ%%ﬁﬁagur%ﬁoﬁ%@’%@&éé%%n@ﬁwe group
comprising lysiné threchifd tRptésih, Hstdird Wetife, Ibaeinesiokiicare, phenykatanine, arginine,
cysteine and cyalitie CPRe tvertioh durhererelatento adeers migure soRkaNNg said.feed additive.
additive in feed Tnixturggder W@x,ﬂg@,i@glin@gtﬁd@%gﬁ% !n E%rrticgg?r for. fish and Crustacea in
aquaculture. Prffereegly tﬂe feed mcpét re contains 0.01 to 5 wt.%, preferé%’f? %)?05 ReGWEd
L-EAA-DL-mefthionine and DE- 5 et i’on%/iL-E-'E&,&fg?ﬁé]c%@ of BEERADEIMSBMINe and is
DL-metHiBnyl-EERAS R oV a6 %3 B Jrarticulavy advantageous, hechuse these.dipeptides have good
leaching behalions-exingta theclpwssolubitityic df Futhermore, oynd displays good
pelletization apg extrusion stability in feed production. The d%e%%%gggl%o E%ﬁ?ﬁ_é-gn%t%}?nﬁ‘}éeand
DL-methionyl-L-EAA are stable in mixtures with the usual components and feeds e.g. cereals (e.g.
maize, wheat, tgti%%ﬁlb%réeyﬁﬂiII%t,Sgtc.)f plant ‘ .

ol new chemical derivatives of EAAg auch
as methionine-containing peptides and cligomers,

15 physical means of protection, e.g. coatings or embedding an
EAR in a protectis

tive matrix, have been investigated. For
example, Alam et al. (Aquacult. Nutr. 2004, 1o,
Aguaculture 2005,

various

309-316 and
248, 13-19) showed that coated methionine
and lysine, in contrast to uncoated productsg,

have a very
20 Dbeneficial influence on t

he growth of young kuruma shrimps.
Although the use of a special coating was able to prevent
the leaching of methionine and lysine from the feed pellet

it has some serious drawbacks. The production and coating

of amino acids is generally a technically complicated ang
25 laborious process, and ig therefore expensive. In addition,
the surface coating of the finished cecated amino acid can
easily be damaged by mechanical stresses and abrasion
during feed processing, which can lead to reduction or even
to complete loss of physical protection. Furthermore, a
30 coating or the use of a matrix substance lowers the content

of amino acid so that it often becomes uneconomie

The problem to be solved by the invention



15 or animal t i g. soya beans and rapg and products from their further processing,

- legumes (e.g?ﬁgg}ll?zgnfs%%h%ns, etc.), fish-meal, efg(.a) and in combindoR/AFR? 8d8diemenesy
essential amino acids, proteins, peptides, carbohydrates, vitamins, minerals, fats and oils. 20 A further
advantage is that because of the high proportion of active substance of L-EAA-DL-methionine and DL-
methionyl-L-EAA per kg of substance, compared with DLmethionine and L-EAA, one mole of water is
saved per mole of L-EAA-DL-methionine or DL-methionyl-L-EAA. 25 In a preferred use, the feed
mixture contains geateinsiand-carbohyd: r ly based on fish-meal, soya flour or maize flour,
and can be sup Igng%r}tt%g If%l;t% sse@tiaﬁes?ncg E%zggr%)tegingep%%tiggg,a Vit s2fftidranee
carbohydrates, fats and oils. 30 T4 particaldr™ f $5'pRite PbROIGR thE Bl bivettiivayldoEteiarithg
L-EAA-DL-metfiiififé §8 B8 présetia the fedthimixtdrealbae lasneibigybhBA, o an
L-methionyl-L-E.«zMeﬂ.t-EAIA-@ﬂaﬁtmimﬂ@i@rgL%(g-@gg@nigq S ar ixté{e gvoitihqne another or
also as a mixt I -methiqnyl-D-EAA, Lmethionyl-D-EAA, D-EAA-D-methionine or
D-EAA-Liﬂet%ﬁﬁ%%%ﬁeg;eégﬁy%n_gé%ﬁ Eé’E’erﬂgﬁditi%%%%Lﬁﬁm GRR Dhnéthfshine piefedably with a
proportion of Dt HibRme SForhar 613 905Dl prstérabhsiremd 1 e SO EMs @ SPeGialy.
preferably fromrantor8te 96 +prefefabinineachicasesadditionally {gipgegﬂgﬂ@q%gﬁ%Aé fo:l[ example
L-lysine, prefeganly withya, peoportion of L-EAA from 0.01 to 90 wt.%, preferably from .1hto 50 wt.%,
especially 10 preferably from 1 to 30 wt.%. In a preferred use, the animals kept in aquaculture are
fresh-water an et fishes and Crustaceg selected from the group comprising carp, trout,
salmon, catfisr%g;%%:%aéﬂatt%seh%ﬁﬁ g{g%%cﬁl,lﬂjgh a?a%eé?ﬁf)rél&rﬁ 200 ERiERSS, KFill WSearmkprawns, quite
especialPygsiIv@%m?h?p@ﬁﬁ%ﬁﬁicﬁﬁ@s%éﬁtﬁ}(),@ass:caﬁacf(@tenqpfmyaqu_gn idella), scaly carp
(Cyprinus carpiojcartbighepdaanp (Adstishtyssneliieh sriciap saIR(Garassius carassius), catla
(Cat/a catla), rgho Jaheg (Laheo r{;gfﬂg),BPﬁgificu%nd go Atlantic salmon (Salmo 3alar anal
Oncorhynchus kisutch), rainbow frout (Oncorﬁync%ussmyﬁkigs), %\"ﬁ?éfﬁ:h?\ecatﬁ%hﬁmmg@unctatus),
African catfish{Elarias gRIRRGY), barga@td avsngusiaBocoitiahe Rangasiss ByEatkalamus),
Nile tilapia (Oreéetsrormid rifotidus)n2s milidish {Changs hanes), eqbia«Baghycentron canadum),
whitelegshrimpdLitopenagus \é@imaég@g!img%ﬂgersgglcrg% S(ngaggs monodon) and giant river

rawn (Macrop[}achpnlrosenberqiD sh and Crustacea,
which live in B8alt water or fresh water. As well as itsg

function as a source of methionine, said product should

also function as a source of all other EAAs. In particular

said product should possess a "slow-releage" mechanism, and

20  thus provide slow and continucus release of free methionine
and EAAs under physiological conditions. In addition, th
chemically protected form of the product consisting of
methicnine and EAA should be rumen-resistant and so should

be suitable for all ruminants.

e

For application as feed
25 additive for fish and Crustacea the form of the product

should have low tendency to leaching from the total feed
pellet or extrudate in water.

Another problem was to find a substitute for crystalline
EAAs as feed or as a feed additive with very high
30  Dbiocavailability, which should have good handling properties
and storage capability and stability under the usual
conditions of mixed feed pProcessing, in particular
pelletization and extrusion.

In this way, for example chicken, pigs, ruminants, fish and
35 Crustacea should be provided with crystalline EAAs and with



According to the i -EAA-DL-methionine (L-EAA-DL- 30 Met) (I) and DL-methionyl-L-EAA
(DL-Met-L-EAl)ﬂ%Iﬂ)r?/fgﬂgaﬁ}iggr?Edfz;Ikaline-earth salts théreof, e.g. the spafingKERAGBIR LRI FADr zinc
salts, are used as additive in feed mixtures as D-methionyl-L-EAA, L-methionyl-L-EAA,
L-EAA-Dmethionine or L-EAA-L-methionine or in the respective 35 diastereomeric mixtures, alone or
mixed with DL-methionine, alone or mixed with L-EAA preferably for poultry, pigs, ruminants, and
especially preferably for fish and Crustacea: (l) L-EAA-DL-methionine (I) has the two diastereomers

L-EAA-D- 10 M@ﬁép@mg%—m%g&-gf%@@ﬁt he, dipeptide DL-methionyl-L-EAA (1) has
the two different ste]n;)c}isor@er?tD-l\élet-f’_L-Ii% (DL-I) an L-%\?Z-L-%i O(Li?ﬁ;?%mﬁhef% as
diastereomers1-EAA> -eMef“ (N ang e MEL T 2ERA 1A arethatial inwve pthmtiwo 4 -BAA-D-Met
(LD-1) and D- EMetharing(hapatenen-nadwakbesxSeheme 1). In the above, the residue R of
EAA stands for: la or ha:R = 1-methylethyl-(valine) Ib or lib:R = 2-methylpropyl-(leucine) 5 Ic or lIcR =
(1S)-1-methylgtopyh@suieueine) trdrdigR adER)- labydrenethiEhreoningd s & routes
5 should be developed for dipeptides containing only one

methionine residue, in particular for L-EAA-DL-methionine

(I) and DL-methionyl-L-EAA (II). Typical precursors and by-
products from the commercial DL-methionine production

process should be used as starting material for a synthetic
10 route.

Degcription of the invention

The problem is solved with feed additives containing
dipeptides or salts thereof, where one amino acid resildue
15 of the dipeptide is a DL-methionyl residue and the other
amino acid residue of the dipeptide is an amino acid in the
L-configuration selected from the group comprising lysine,
threonine, tryptophan, histidine, valine, leucine,

iscleucine, phenylalanine, arginine, cysteine and cystine

20 Preferably the feed additive contains dipeptides of general

formula DL-methionyl-L-EAA (= mixture of D-methionyl-L-EAA

and L-methionyl-L-EAA) and/or L-EARA-DL-methionine (
mixture of L-EAA-D-methionine and L-EAA~L-methionine)
r

where L-EAA is an amino acid in the L-configuration
25 selected from the group comprising lysine, threonine
tryptophan, histidine, wvaline, leucine, isoleucine,

phenylalanine, arginine, cysteine and cystine.

The invention further relates to a feed mixture containing
said feed additive.

30 The feed additive containing L-EAA-DL-methionine and/or DL-
methionyl-L-EAA and salts thereof is suitable as feed



le or lleR = 4-3gni ie) If or IIfR = 3-((aminqQiminomethyl)-(arginine) aminolpropyl- 10 Ig or
hgR = benzy|-§g§rﬂ%%?%§%§e§li§h or IIhR = (1H-imida§'o -4-yl)methyl- (hiS§FNEFF B AfF053722
(1H-indo1-3-yl)methyl-(tryptophan) The stereoisomers L-EAA-D-methionine (LD-1), L-EAA-Lmethionine
(LL-I), D-methionyl-L-EAA (DL-II) and L- 15 methionyl-L-flA (LL-II) can be used as feed additive, alone
or mixed with one another, preferably for poultry, pigs, ruminants, fishes, Crustacea, as well as for
pets. In addition to the development of a novel synthesis route for the preparation of
L-EAA-DL-methirnirg (b and R0 Qnyl=l - -the main gbject of the present invention is
the use of | an gl as diastereomeric Wﬁgéﬁiﬁe&%ﬁ&hi%wfiEﬂ?ﬁ%% but
L-methionyl-LEAA (LL-M) ot front & mikudreof L EERASBInEhHHAE §2D IpanduaeaA dismethionine
(LL-I) or in each case as individual 25 diastereomer D-methionyl-L-EAA (DL-II), L-methionyl-L-EAA
(LL-IT), L-EAA-BERERiBRHE (ENS-1F 6eC- Enact rgtionine {bis-|pa® grawthmremater for poultry, pigs,
ruminants, butratsd: foradryivordls, carnivarous aadherhivomusydishand Crustacea in aquaculture.
Moreovergby MEMQLﬁgmethionine (I) or DL-methionyl-L-EAA (II) as feed additive, the milk
yield of high-yielding dairy cows can be increased. Thus, it was shown, as an inventive step, that
L-EAA-DLmethigni r.DL- ianyl-L-EAA (1), as a diastereomeric mix from a 50:50 mixture of
L-EAA-Dmeth%ﬁ%gg LID%ﬁ%&r%%ﬂéﬁt%ee%ﬁ’i% e L21-Or Rbntg SEese nkaka i has
D-methionyl-L X FELH &Rl Pardthoayrrirsedvaliterde@ach daseasdadividual diastereomer
can be cleave@ﬂépaymatieadIwwdegabyﬁiql@gmﬁ_ﬁ@n@jgg@s‘,wu@igm(gigcsd CoWs, S_i(satilﬂes such as
e.g. carp and tgQuit, | litquE(} by Crustacea such as for example

10 Furthermore, the compound displays good pelletization and
extrusion stability in feed production. The dipeptides L-
EAA-DL-methionine and DL-methionyl-L-EAA are stable in
mixtures with the usual components and feeds e.g. cereals

(e.g. maize, wheat, triticale, barley, millet, etc.)

15 or animal protein carriers

, plant
{e.g. soya beans and rape and
products from their further processing, legumes (e.g. peas,
beans, lupins, etc.), fish-meal, etc.} and in combination
with supplemented essential amino acids, proteins,

peptides, carbohydrates, vitaming, minerals, fats and oils

20 A further advantage is that because of the high proportien
of active substance of L-EAA-DL-methionine and DL~

methionyl-L-EAA per kg of substance, compared with DI-
methionine and L-EAA, one mole of water is saved per mole
of L-EAA-DL-methionine or DL-methionyl-L-Ean.

25 In a preferred use, the feed mixture contains proteins and

carbohydrates, preferably based on fish-meal, sova flour or

maize flour, and can be supplemented with essential amino
acids, proteins, peptides, vitaming, minerals,
carbohydrates, fats and oils.

30 In particular, it is preferable for the DL-methionyl-L~EAA
and L-EAA-DL-methionine to be present in the feed mixture
alone as D-methionyl-L-EAA, L-methionyl-L-EAA, L-EAA-D-

methionine or L-EAA-L-methionine, as a mixture with one



[ nae ' ieleg shrimp) and Macyrgbrachium rosenbergii (giant river prawn) to_free
EO lo;ti?riethiﬁ%%@éﬂr?m gggr% cage to L-EAA (see S{c%eme 2). For thi&fiﬁ‘e{ EBRBIASERG eRyestive
enzymes were isolated for example from chicken, omnivorous carp, carnl'vo‘rous.15 .trout and
omnivorous whiteleg shrimps (Litopenaeus vannam_el) and reacted in optl_mlzed in vitro tests under
physiologically comparable conditions with DL-methlon_yI-LEAA (I1) as a diastereomeric mix from_a _
50:50 mixture of Dmethionyl-L-EAA (DL-II) and L-methlony::L-i,:A (LL-{E_or_L;aszEﬁAo-rEi)rl;-énaitr?lcc);Slge
) from a 50:5Qp -EAL- thjoping,(LID-I HAAL-methionin 1) or cas
;g individual digazi?;{t;e&%;?}% -%rr?\é%..?ﬂ%%‘gl];L-gA:A SD%I)ﬁ%%etﬁo%eyE -II?RKiEEJ ?‘éﬁ&ﬂf;—t?ém?thl\ogmee
(LID-I) or LEART -miethidning &‘EAI) géﬁe@aﬂ@%ﬁ@_%&@@rm &E@@h@mhhmon  cleavag
of L-EAA-DL-rRERiHiné lly of DLemethionye-EAR () ds thiat yinageition.to thegyo natural |
diastereomersueEAfchiRethigniag flaiand L methio @ﬁ#%&%@@sﬁ_%‘gﬁgﬁg\%ﬁ der
diastereognerséfmpér?eghloglge‘&?;l) andeDf-énet. Ifnyﬁl;f: 30}-% 0 ﬁ]%ec sl
physiological conditions (see?:lgs. 110°17). RS o fB“t . ef m' tare o
D-methionyl-L E2R (B2 amrErethRony £ 1omA ILEH) Ahewnixtyremnf dFgretbiopyl k- EPA.(DL-IT)
L EAA Dot g6 ALIDs D08 i ), bt oo for tne tata ibrs of Al BaSiersomers, and i
L-EAA-D-methjQui LID- i . also for the IS,
each case for?r?éyi%%éjd%a%éd?ags%é:r%%#nﬁ%ggeea F?grsc.)]{ic%tﬂognf f3ks %‘5“. NT2ING . 1208 002H
L-methionine ~ScK&mé2 Preferably from 0.1 to 50 wt.%, especially

10 preferably from 1 to 30 wt.%.

In a preferred use, the animals kept in agquaculture are

fresh-water and seawater fishes and Crustacea selected from

the group comprising carp, trout, salmon, catfish, perch,

flatfish, sturgeon, tuna, eels, bream, cod, shrimps, krill
15 and prawns, quite especially silver carp

(Hypophthalmichthys molitrix), grass carp (Ctenopharyngodon

idella), scaly carp (Cyprinus carpio) and bighead carp

(Aristichthys nobilis), crucian carp (Carassius carassius),

catla (Catla catla), roho labeo (Labeo rohita), Pacific and
20  Atlantic salmon {(Salmc salar and Oncorhynchus kisutch),
rainbow trout (Oncorhynchus mykiss), American catfish

(Ictalurus punctatus), African catfish (Clarias

gariepinus), pangasius (Pangasius bocourti and Pangasius
hypothalamus), Nile tilapia (Oreochromis niloticus),
25 milkfish (Chanos chanos), cobia (Rachycentron canadum) ,

whiteleg shrimp (Litopenaeus vannamei), black tiger shrimp

(Penaeus monodon) and giant river prawn (Macrobrachium
rosenbergii) .

According to the invention, L-EAA-DL-methionine {(L-EAA-DL-

30 Met) (I) and DL-methionyl-L-EAA {DL-Met-L-EAR) (I1) or

alkali and alkaline-earth =alts thereof, e.g. the sparingly
soluble calcium or zinc salts, are used as additive in feed
mixtures as D-methionyl-L-EAA, L-methionyl-L-EAA, L-EAA-D-
methionine or L-EAA-L-methionine or in the respective

35 diastereomeric mixtures, alone or mixed with BDL-methionine,



carnivorous rajfayy gy, 05gRivorous mirror carp, ogyiivorous whitele\%shr'm s and chicken (see
CRISRRARL/ 185 Sradp

Table 1). Species Dipeptide Trout (carni- vorous) Mirror carp (omni -
(omni- vorous) Chicken (omnivorous) L-Met-L-Val(LL-lia) x x x

alone or mixed with L-EAA preferably for poultry, pigs
ruminants, and especially preferably for fish and

Crustacea:

NH
\ /\/i 2 2 NH
s CO,H R”SCOH

(%) (x1)

L~EAA-DL-methionine (I} has the two diastereomers L-EAA-D-
10 Met (LD-I) and L-EAA-L-Met (LL-I). Similarly, the dipeptide
DL-methionyl-L-EAA (II) has the two different stereoisomers
D-Met-L-EAA (DL-II) and L-Met-L-EAA (LL-II). Only the two
diastereomers L-EAA-L-Met (LL-I) and L-Met-L-EAA {LL-II)
are natural, but the other two L-EAA-D-Met (LD-I) and D-
15 Met-L-EAA (DL-II) are non-natural (see Scheme 1).

€I

=
A

o

L Tt

O
Hites

A

NH
\\ 2 z NH2
S CO,H \S/\/\COQH
(LD-1I) (LL-I)
20
O O
I NH ER
e 2 : NH2
R™ “COopH R” NCo,H
(DL-IT) (LL-TI)

25 Scheme 1



L-Met-L-Leu(Lwéini@(/ﬁllf%eé-L-lle(LL-llc) X X X L-IXIgt-L-Thr(LL-IId) X X X L-Met-L-Lys(LL-lie) x x
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In the above, the residue R of EaA stands for:

Ia or IXa:

R = l-methylethyl- (valine)
Tk or IIb: R = 2-methylpropyl- (leucine)
Ic or Ilc R = (lS)-l—methylpropyl— (isoleucine)
Id or 1Ird R = (1R)~l~hydroxyethy1« (threonine)
Ie or Ile R = 4-aminobutyl- (lysine)
If or IIE R = 3-[(aminoiminomethyl) - {arginine)

amino] propyl-

Ig or IlIg R = benzyl- (phenylalanine)
Ik or IIh R = (1H—imidazol-4—yl)methy1~ {histidine)
Ij or IIj R = (1H-indol-3-yl)methyl- (tryptophan)

The stereoisomers L-EAA-D-methionine (LD-I), L-EAA-L.-
methionine (LL-I), D-methionyl-L-EAA (DL-II) and L-
methionyl-L-EAA (LL-II) can be used as feed additive, alone

or mixed with one another, preferably for poultry, pigs,

ruminants, fishes, Crustacea, as well as for pets.

In addition to the development of a novel synthesis route
for the preparation of L-EAA-DL-methionine (I) and DL-
methionyl-L-EAA (II), the main object of the present
invention is the use of I and IT as diastereomeric mix from
a mixture of D-methionyl-L-EAA (DL-IX) and L-methionyl-I,-
EAA (LL-II) or from a mixture of L-EAA-D-methicnine (LD-1)
and L-EAA-L-methionine (LL-I) or in each case as individual
diasterecmer D-methionyl-L-EAn (DL~T1), L-methionyl-L-EaR
(LL-II), L-BEAA-D-methionine (LD-I} or L-EAA-L-methionine
(LL-I) as growth promoter for poultry, pigs, ruminants, but
also for omnivorous, carnivorous and herbivorous fish ang
Crustacea in agquaculture. Moreover, by using L-EAA-DL-
methionine (I) ox DL-methionyl-L-EAA (II) as feed additive,
the milk yield of high-yielding dairy cows can be
increased.



x L-Met-L-Argfbldiloy ¥z badet-L-Phe(LL-llg) x x {zMet-L-His(LL-lIN) xx x L-Met-L-Trp(LL-Ilj) x
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Thus, it was shown, as an inventive step, that L-BEAA-DI-
methionine (I) or DL-methionyl-L-EAA (IX) as a
diastereomeric mix from a 50:50 mixture of L-EAA-D-
methionine (LD-I} and L-BAA-L-methionine (LL-T)
50:50 mixture of D-methionyl-L-EAA {(DL-1T)

or from a

and L-methionyl-
L-EAA (LL-II) or in each case as individual diastereomer

can be cleaved enzymatically, under physiological
conditions, by chicken, pigs, cows, fishes such as e.g.
carp and trout, but also by Crustacea such as for example
Litopenaeus vannamei (whiteleg shrimp) and Macrobrachium
rosenbergii (giant river prawn) to free D-
and in each case to L-EAA (see Scheme 2).

or L-methionine

For this, the corresponding digestive enzymes were isoclated
for example from chicken, omnivorous carp, carnivorous

trout and omnivorous whiteleg shrimps (Litopenaeus
vannamei) and reacted in optimized in vitro tests under
physioclogically comparable conditions with DL-methionyl-L-
EAA (II) as a diastereomeric mix from a 50:50 mixture of p-
methionyl-L-EAA (DL-II) and L-methionyl-L-EAA (LL-II)
EAA-DL-methionine (I) from a 50:50 mixture of L-EAA-D-
methionine (ILD-I) and L-EAA-L-methionine (

or ILi-

LL-I}) or in each
case as individual diastereomer D-methionyl-L-EAA (DL~II},

L-methionyl-L~EAA (LL-II), L-EAA-D-methionine (LD-I)
EAA-L-methionine (LL-I).

or Li-
The special feature according to

the invention of the cleavage of L-EAAR-DL-methionine (I) or

DL-methionyl-L-EAA (II) is that, in addition to the two

natural diastereomers L-EAA-L-methionine (LL-I) and L-

methionyl-L-EAA (LL-II}, also the two non-natural
diastereomers L-EAA-D-methionine (LD-T)
EAad (DL-II)

and D-methionyl-I-
can be cleaved under physiological conditions
(see Fige. 1 to 17). This applies both to the use of the

mixture of D-methionyl-L-EAA (DL-II) and L-methionyl-L-EAA
(LL-II), the mixture of D-methionyl-L-EAA {(DL-II) and IL-

EAR-D-methionine (LD-I) {see Fig. 12) or the mixture of L~
methionyl-L-EAA (LL-II) and L-EAA-D-methionine {(Lb~-I) ¢{

Fig. 12), but also for the total mixture of all

zee



lle-L- ] _Thr-L-Met(LL-Id
xx L-val-L-Maikbda)u xadsbeu-L-Met(LL-Ib) x x x lslle-L-Met(LL-lc)x x LoThrl-Met(LLId)

diastereomers, and in each case for the indiwvidual
diastereomers (see Figs. 1 to 11 and 13 to 17).

] £
: T
HF,‘:]JH/\/ . HN .
i NH, NH
. 2
R™ oM o 3 COH
D-methionyl-L-EAd L-EAA-D-methionine
(DL-T%) {LD-T)
digestive |y o
BrZymEs ?
O frans- NH
amination 2
=
E—EDJJ\_;/ M‘“S/\/LCGEH
NH,
L~EAs D-methionine
N,
& :
5oy
L-methionine
4
H,0 | digestive
o BNZyImes o
| 5 )"\/F%
H?ﬂ/lk/\/ ~ HH :
i A, | or i MH
. 2
I-methionyl-L~EAA I~EAA~T-methionine
(LIL-IX) {LI~T}
Scheme 2

The natural dipeptides L-EAA-L-Met (LL-I) and L-Met-L-EAA

(LL-II) were digested with digestive enzymes from



XX X L-Lys-L-itei@-1lole) xo6% ¥ L-Arg-L-Met(LL-If) x Xg L-Phe-L-Met(LLE;!:gg X X X
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carnivorous rainbow trout, omnivorous mirror carp,

omnivorous whiteleg shrimps and chicken (see Table 1).

Mirror White- ‘
carp leg Chlckgn

shrimp {omni -

{omni~ | vorous)

vorousg)

Species Trout
(carni- ( _
Dipeptide vorous) omL . -
VOrous)

L-Met-L-Val (LL-IIa

"

L-Met-L-Leu (LL-IIb

L-Met-L-Thr (LL-IId
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Table 1

For this, the enzymes were separated from the digestive
tracts of the fishes and shrimps. The dipeptides L-EAA-I,-
Met (LL-I) and L-Met-L-EAA (LL-II) would then be digested
with the enzyme solutions cbtained. For better
comparability of the digestibilities of dipeptides of
different species, identical conditions were selected for
the in vitro digestion studies {37°C, pH 9).
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All natural dipeptides are cleaved by digestive enzymes of

the carnivorous rainbow trout (see Figs. 3 and 4), of the

omnivorous mirror carp (see Figs. 1 and 2}, of the

omnivorous whiteleg shrimps (see Figs. 5 and 6) and of the

5 chicken (see Fig. 16). Cleavages of I.-Met-L-~EAA (LL-II) as
a rule proceed more quickly than the cleavages of the
analogous L-EAA-L-Met (LL-I) dipeptides.,

In order to demonstrate the enzymatic cleavage of non-

natural dipeptides L-EAA-D-Met (LD-I) and D~Met-L-EAA (DL-

10 II) by digestive enzymes of various fish species as
comprehensively as possible, an experimental matrix was
investigated (see Table 2).

peptide | 2183818 |®]=lsl=]=]~
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Trout
{(carnivorous) x x x x = x X ®
Mirror carp
{omnivorous) * x x * x X *® *
Grass carp
n L X | x| x b'e x
(herbivorous) £ 0% X
Whiteleg shrimp
{(omnivorous) x ® * x * X X x
Tilapia
{omnivorous) * * X x
Chicken
(omnivorous) S x XL x X
Table 2

For this, the enzymes were isolated from the digestive
15 tracts of the fishes and shrimps. The chemically

synthesized dipeptides L-EAA-D-Met (LD-I) and D-Met-L-EAA
(DL-II} were then reacted with the enzyme solutions



All natural dipepitges ere cleawed by digestive enzy of the carnivorqus rainbow trout (see Figs. 3
and 4), of the omnivo{r}i‘j[us mirror carp (see Figs. 1 a:?%), of the omnhvor ﬁf%ﬁﬁt@féﬁ fiffps (see
Figs. 5 and 6) and of the 5 chicken (see Fig. 16). Cleavages of L-Met-L-EAA (LL-Il) as a rule proceed
more quickly than the cleavages of the analogous L-EAA-L-Met (LL-I) dipeptides. In order to
demonstrate the enzymatic cleavage of non-  natural dipeptides L-EAA-D-Met (LD-I) and
D-Met-L-EAA (DL-10 Il) by digestive enzymes of various fish species as comprehensively as possible,
an experimentabmainedas mae stigatas(sesrkables) 1 J\Pipeptid ecies (-ria)-;api- a8 D-Met-L-Thr
(DL-Nd) narl-rizapi;, g’&&a&%') @II‘}ralf fgl\{\é-cs% eagglérz-g [Slgél Ek%?p%%ﬁét{:&la% T 1f5-D-Met
(DL-Id) L-Lys-D-Met (DL-Ie o » ldentical conditlons were
selected for the in vitro digestion studieg (37°C, pH 9).

All non-natural dipeptides L-EAR-D-Met (LD-I) and D-Met -1~
5 EAA (DL-II) are c¢leaved by digestive enzymes of the
omnivorous mirror carp (see Fig. 7)

grass carp (see Fig. 8)

+ of the herbivorous
, of the carnivorous rainbow trout
(see Fig. 11), of the omnivorous whiteleg shrimp (see Fig

10) and of the chicken (see Fig. 17). The cleavages of D-

10  Met-L-EAA (DL-II) proceed somewhat more slowly than the
cleavages of the analogous L-EAA-D-Met (LD-I) dipeptides.
With digestive enzymes of the Tilapia (see Fig. 9), in
contrast, D-Met-L-EAA (DL-II) could bhe cleaved more quickly
than L-EAA-D-Met (LD-I) dipeptides.

15 Lys (DL-ITe} and L-Lys-D-Met (LD-TIe)

The dipeptides D-Met-I.-
are digested
particularly quickly. After just 5 hours, under in vitro
reaction conditions the bulk of the lysine-containing

dipeptides had been cleaved by all of the digestive enzymes
used.

20 It follows from the results obtained that each non-natural

dipeptide used (see Figs. 7 to 11 and 17) can be cleaved

with digestive enzymes of various fish species, shrimps and

chicken. By using enzymes from carnivorous rainbow trout,

omnivorous mirror carp, tilapias, whiteleg shrimps,

25 herbivorous grass carp, and chicken, it was demonstrated
that the non-natural dipeptides L-EAA-D-Met (LD-I) and D-
Met-L-EAA (DL-II) can be cleaved in vitro by all animals,
which have markedly different digestive systems.
L-EAA-D-Met (LD-I) and/or D-Met-L-EAA (DL-II) dipeptides to

30 the feed, it is thus possible to supply deficient eggential
amino acids (DL-Met and L-EAA) as required.

By adding

The cleavage of dipeptide mixtures of natural and non-
natural dipeptides was investigated for the example of
dipeptides from the amino acids L-tryptophan and DI.-

35 methionine. The diasterecomeric mis consisting of the two



L-Leu-D-Met (R{s-4) lg-}ie1 et (DL-Ic) L-Phe-D-MeEgDL-Ig) Trout (cargic}/ig/r%%z){é)é);xo S); 7x2>; >,
Mirror carp (omnivorous)

non-natural dipeptides L-Trp-D-Met (LD-I9) and D-Met-L-Txrp

just like the mixture
of the natural dipeptide L-Met-L-Trp (LL-II3)

natural dipeptide L-Trp-~D-Met (LD-I4) .

{(DL-IZ3) could be cleaved completely,

and the non-
The "slow-releasen
5 effect is much more pronocunced with the ID-T3/DL-IX3 mix

than with the LD-I3j/LL-ITj mix, i.e. the amino acids

tryptophan and methionine are released by enzymatic
digestion of the dipeptides more slowly relative to one
another and over a longer period.

10 The problem is in addition solved with a dipeptide or a

salt thereof of general formula DL-methionyl-DL-EAA or DL-

EAA-DL-methionine, where EAA is an amino acid, preferably

in the L-configuration selected from the group comprising
lysine, threonine, tryptophan, histidine, valine, leucine,

15 isoleucine, phenylalanine, arginine, cysteine and cystine.

The methionyl residue in the D- or L-configuration is
equally preferred. This includes the dipeptides Met-Lys,

Met-Thr, Met-Trp, Met-His, Met-Val, Met-Leu, Met-Ile, Met-

Phe, Met-Arg, Met-Cys and Met-cystine,
20 configurations DD, LD, DL and LL,

in each case in the
and Lys-Met, Thr-Met,
Trp-Met, His-Met, Val-Met, Leu-Met, ile-Met, Phe-Met, Arg-
Met, Cys-Met and cystine-Met, in each case in the

configurations DD, LD, DL and LL.

The problem is furthermore solved by a method of production
25 of a dipeptide containing only one methionyl residue
according to the formula DD/LL/DL/LD-T or DD/LL/DL/1LD-II;

O 0
S 1
S COH R” SCoH

30 (DD/DL/DL/LD-I) (DD/DL/LD/DL-IT)
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by reaction of an amino acid with a urea derivative of
general formula III to WV,

5 (III to V)

with R defined as follows:

Ia to Va:

R = l-methylethyl- (valine)
Ib to Vb: R = 2-methylpropyl- {leuvcine)
Ic to Ve: R = (18)-1l-methylpropyl- (isoleucine)}
10 Id to Vd: R = (1R)~1whydroxyethyl— (threonine)
Ie to Ve: R = 4-aminobutyl- {lysine)
If to VE: R = 3-[({aminoiminomethyl) - {arginine)
amino] propyl-
Ig to Vg: R = benzyl- {phenylalanine)
15 Ih to Vh: R = (1Hmimidazol~4—yl)mathyl~ (histidine)
I to Vi: R = (1H-indol-3-yl)methyl- {(tryptophan)
Ik to Vk: R = -CH,-8H (cysteine)
Im to Vm: R = -CH;-S5-5-CH,-CNH,-COOH (cystine)
IIIn to Vn: R = -CHy;-CHy-S-CH, (methionine)
20
with the residues R® and R’ in the urea derivatives 11T, IV
and V being defined as follows:
where IITa-n: R* = COOH, R’ = NHCONH,
25 IVa-n: R' = CONH,, R® = NHCONH,

Va-n: R'-R? = -CONHCONH-

and
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where R either denoteg a methionyl residue and the added
amino acid is selected from the group comprising lysine,
threonine, tryptophan, histidine, valine, leucine,
isoleucine, phenylalanine, arginine, cysteine,
or

or cystine;

the added amino acid is methionine and R is an amino acid
residue selected from the group comprising lysine,
threonine, tryptophan, histidine, valine, leucine,

isoleucine, phenylalanine, arginine, cysteine, or cystine.

In a preferred embodiment, methionine hydantoin or the
hydantoin of an amino acid selected from the group
comprising lysine, threonine, tryptophan, histidine,
valine, leucine, isoleucine, phenylalanine,
cysteine,

arginine,
cystine is used as starting product or is formed
a8 an intermediate.

In one embodiment of the method according to the invention
it is preferred for a solution containing methionine

hydantoin (Vn) and water to be reacted with the amino acid

under basic conditions, or a solution containing the

hydantoin of the amino acid selected from the group
comprising lysine, threonine, tryptophan, histidine,
valine, leucine, isoleucine, phenylalanine, arginine,

cysteine, cystine and water to be reacted with methionine

under basic conditions.

In another embodiment of the method according to the

invention it is preferable for methionine hydantoin (va) to

be used as starting product or to be formed as an

intermediate. The preferred production of DL-methionyl-I.-

EAA (II) directly from methionine hydantoin (Vmn), N

carbamoylmethionine (IIIn) or N-carbamoylmethioninamide

(IVn) is shown in Scheme 3 and comprises method A.



X Tilapia mmﬁ&?&%ﬁ)ﬁﬁ%séx x  Chicken -

10

15

20

25

30

PCT/EP2010/053722
0
S\
s R Method A HN
- \\//\\g/ + L-EAA = ,jl\ NH
T R™ COH
(ILIn-Vn) (IZa-m)

Scheme 3

Furthermore it is preferable for the pH value of the
solution containing the urea derivative to be adjusted to 7

to 14, preferably to 8 to 13 and quite especially
preferably to ¢ to 12.

The reaction is preferably carried out at a temperature
from 30 to 200°C, preferably at a temperature from 80 to

170°C and especially preferably at a temperature from 120
to 160°C,

Furthermore, it is preferable for the reaction to be

carried out under pressure, preferably at a pressure from 2

to 100 bar, especially preferably at a Pressure from 4 to

60 bar, quite especially preferably at a pressure from & to
40 bar.

In another preferred method the solution containing
methionine hydantoin and water or the solution containing
hydantoin of the amino acid selected from the group
comprising lysine, threonine, tryptophan, histidine,
valine, leucine, isoleucine, phenylalianine, arginine,
cysteine, cystine and water was formed beforehand from one
or more of the compounds IIZa~-n, IVa-n and Va-n.
Alternatively the corresponding aminonitrile, cyanohydrin
or a mixture of the corresponding aldehyde, hydrocyanic
acid and ammonia or also a mixture of the corresponding
aldehyde, ammonium and cyanide salts can also be used as

hydantoin precursors.
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Another preferred embodiment of the method according to the
invention comprises the following steps:

a) Reaction of the urea derivative according to formulae
illa-n, IVa-n or Va-n with the amino acid to a
diketopiperazine VIa-m of formula,

with R as previously defined;

b) Reaction of the diketopiperazine VI to a mixture of

dipeptides with the formulae DD/LL/DL/LD-I and bD/LL/DL/LD-
Il:

O O
R
HN/JL\z/ HN,JL\E/’\\,/S\\
~ /“\v/i\- NH2 /i\ NH2
S COZH R COzH

(DD/LL/DL/LD-I) (DD/LL/DL/LD-IX)

with R as previously defined.

Reaction of the urea derivative according to formulae ITIIn
IVn and Vn to a diketopiperazine VIa-m and the further
reaction of the diketopiperazine to a diastereomeric

mixture with the preferred dipeptides L-EAA-DL-methionine
{I) and DLfmethionyluL—EAA (IT) is shown in Scheme 4.



synthesized diﬁgggqbﬁs &fﬁ%—g)-Met (LD-1) and D-Met-L-EAA (DL-11) were then reacted with the
enzyme solutions o éine "FOr better comparability%ﬁthe digestibilitieB ST dgxtitieg of various
species, identical conditions were selected for the in vitro digestion studies (37C, pH 9). All non-natural
dipeptides L-EAA-D-Met (LD-1) and D-Met-L- 5 EAA (DL-II) are cleaved by digestive enzymes of the
omnivorous mirror carp (see Fig. 7), of the herbivorous grass carp (see Fig. 8), of the carnivorous
rainbow trout (see Fig. 11), of the omnivorous whiteleg shrimp (see Fig. 10) and of the chicken (see
Fig. 17). The cleavages of D- 10 Met-L-EM. (DL-II) proceed somewhat more slowly than the cleavages
of the analogous L-EAA-D-Met (LID-I) dipeptides. With digestive enzymes of the Tilapia (see Fig. 9), in
contrast, D-Met-L-EAA (DL-11) could be cleaved more quickly than L-EAA-D-Met (LID-I) dipeptides.
The dipeptides fl-Met-L- 15 Lys (DL-lle) and L-Lys-D-Met (LID-le) are digésted particularly quickly.

After just 5 hours, unde i Rﬁtro reaction condittig e bulk of lysine-gQntaining dipeptides had
been cleaved by all of t digé"sﬁ\’/‘g%zymesused;—zeﬂi—ﬁellows from thie regliits obtained that each
non-natural dipeptide uged (see Figs. 7 to 11 and 17) can be cleaved igestive enzymes of

various fish species, shrimps and chicken. By using enzymes from carniv rousYrainbow trout,
omnivorous mirrGkXampy¥tlppias, whiteleg shrimps, 25 herbivorous grass €arp, and chicken, it was
demonstréted that the non-natural dipeptides L-EAA-D-Met (LID-I) andEx¥eiz}.-EAA (DL-II) can be
cleaved in vitro by all animals, which have markedly different digestive systems. By adding
L-EAA-D-Met (LID-I) and/or D-Met-L-EAA (DL-II) dipeptides to 30 the feed, it is thus possible to supply
deficient essential amino acids (DL-Met and L-EAA) as requireiethbgcleavagemidipeptide mixtures of
natural and non-natural dipeptides was investigated for the example of digeptides from the amino
acids L-tryptophan and DL- 35 methionine. The diastereomeric mix consisting of the two non-natural
dipeptides L-Trp-D-Met (LD-lj) and D-Met-L-Trp (DL-IIj) could becgleaved ompletely, just like the
mixture of the natural dipeptide L-Met-L-Trp (LL-Ilj) and the non-fjatural dipeptide L-Trp-D-Met (LD-Ij).

The "slow-release” 5 effect is much more pronounced with the\=D={/BT-1lj m thesL D-Ij/LL-1]
mix, i.e. the amino acids tryptophan and methionine are/re\leﬁﬁd bﬁﬁnzymatlp o
™~ 2 A >
Lo s coH  R” coH
(1) (IT)
Scheme 4

The reacticon of the diketopiperazine VIa-m te a mixture of
the preferred dipeptides L-EAA-DL-methionine (1)
15 methionyl-L-EAA (II).

and DL-

This method comprises the methods B,
C and D presented in Scheme 4. In these methods,
case diketopiperazine VIa

in each
- is formed as an intermediate.

The reaction of the urea derivative with the aminc acid to
the diketopiperazine is preferably carried out at a

20  temperature from 20°C to 200°C, preferably from 40°C to
180°C and especially preferably from 100°C to 170¢°cC.

In a preferred method, the reaction of the urea derivative

with the amino acid to the diketopiperazine takes place

under pressure, preferably at a pressure from 2 to 50 bar,
25 especially preferably at a pressure from 4 to 70 bar,

especially preferably at a pressure from 5 to 50 bar

gquite



digestion of th slowly relative to ong @another and over a longer period. 10 The
problem is in éﬁa%{?g?fﬁgg%ﬁh a dipeptide or a sa%%ereof of genera??&'rﬁ?iﬁﬁ"lo/oﬁ'mz
DL-methionyl-DL-EAA or DLEAA-DL-methionine, where EAA is an amino acid, preferably in the
L-configuration selected from the group comprising lysine, threonine, tryptophan, histidine, valine,

~ leucine, 15 isoleucine, phenylalanine, arginine, cysteine and cystine. The methionyl residue in the D-
or L-configuration is equally preferred. This includes the dipeptides Met-Lys, Met-Thr, Met-Trp,

Met-His, Met-aleMetd et Metdle, MatPhe.Merlrg, Met- é‘s an dlﬁ Cy%@%&‘;ﬁggﬁﬁtlmmazg
e-ivie

configuration ’\)J[%I% IaD D and LL and Lys-Me gee%hr Met, %@@

Phe-Met, ArgMét, Cys- ? Bng cy&izn]énﬁ/le'@ RS LA cBrfifiralions DD, 10 Sinard LL.
The problem iSfurth&afife sBRediRss miethpdof prethicgion 2beaftdipepse ©BtaiRig only one
methionyl residueaetertling 01 thedgenuledRPAlRLA L L DD/ EH%'C/J}D I 9{% &ﬁ Ct'on of an amino

acid with g urga.gey. |va fg ula lll to V, PR’ defined as
follows: Ig to Va: Ib’to t\%%?c ’[oe@ﬁ ql%?gaﬁ 039616 %ve: TREPIRIG o %jltlﬁrﬂﬁﬁdwﬁ ilj eV 1K to Vk:

Im to Vm: Inn fotff bpe-earth bases.

In another preferred method the reaction to the

diketopiperazine either takes place by reaction of the urea
derivative of formula,

10

{(IIT to V)

with R denoting a methionyl residue, with an amino acid
selected from the group comprising lysine,
15 tryptophan, histidine, valine, leucine, isoleucine

phenylalanine, arginine, cysteine or cystine

threonine,

or

by reaction of the urea derivative of formula,

20

(ITI to V)

where R is an amino acid residue selected from the group
comprising lysine, threonine, tryptophan, histidine,

valine, leucine, isocleucine, phenylalanine, arginine,
25 cysteine or cystine, with the amino acid methionine.

In the preferred method in which the reaction of the urea

derivative to the diketopiperazine takes place by reaction



R = 1-methylethyl- R :e(z-meth Ipropyl- R = (1S)-1-methylpropylR = (1R)-1-hydroxyethylR =
4-aminobutyl- 3%]{? ﬁ\mﬂﬁwomethyl)- amino]pro@f- R = benzyl- R 2¢TirprEdazold=shmethylR =
(1H-indo1-3-yl)methyl- R = -CH2-SH R = -CH2-S-S-CH2-CNH2-COOH R = -CH2-CH2-S-CH2 with
the residues Rl and R2 in the urea derivatives lll, IV and V being defined as follows: wherellla-n: R1 =
COOH, R2 = NHCONH2 25IVa-n: Rl = CONH2, R2 = NHCONH2 Va-n: RI-R2 = -CONHCONH- where
R either denotes a methionyl residue and the added amino acid is selected from the group comprising
lysine, threoniqve,gf}/pto%han, histidine, valine, leucine, isoleucine, phenylalanine, arginine, cysteine,
or cystine; 5 or the added aming Scid s hfthidnfte AHER idanisminbverit residui seleties from the
group comprisﬁ@q‘ysi?ae,lﬂﬁeémné,=@y§to@haﬁﬁ@ieﬁxﬁaé1¢alk_ﬂﬁemﬁmﬁi isoleucine, phenylalanine,
arginine, cysteine, or cystine. 10 In a preferred embodiment, methionine hydantoin or the hydantoin of

an amino acid Selevted frem thesgfoupegmprisirglysine, Hugepins, tryptophan, histidine, valine,
leucine, isoleugi | rgini : ;
, iR PREAYRIBNING, ArYIQING. 13 viure of dipeptides of formula T
5 and II takes place by acid hydrolysis, Preferably the
reacFloé of the diketopiperazine to a mixture of L-EAA-DIL-
methionine (I} and DL-methionyl-L-EAA (II)

takes place by
acid hydrolysis.

The acid hydrolysis is carried out in the presence of an
10 acid, which is preferably selected from the group
comprising the mineral acids, HCL, H3CO;, CO,/H,0, H,50,

phosphoric acids, carboxylic acids and hydroxycarboxylic
acids.

In another embodiment of the method according to the

15 invention the reaction of the diketopiperazine to a mixture
of dipeptides of formula (%) and (II) takes place by basic
hydrolysis. Preferably the reaction of the diketopiperazine
to a mixture of L-EAA-DL-methionine (I) and DL-methionyl-IL-
EAA (II) takes place by basic hydrolysis.

20 Basic hydrolysis is preferably carried out at a pH from 7
to 14, especially preferably at a PH from 8 to 13,
especially preferably at a pH from 9 to 12.

racemization may occur. Basic con

quite

Complete

’ ditions can be provided by
using a substance that ig preferably selected from the

25 group comprising nitrogen-containing bases, NH,HCO,,
(NH4) 2COs, NH,OH/CO, mixture, carbamate salts, KHCO,, KoCO,,
carbonates, alkali and aikaline-earth bases.

The acid or basic hydrolysis is breferably carried out at
temperatures from 50°C to 200°C, preferably from 80°C to
30 180°C and especially preferably from 90°C to l60°C.

In a preferred method the amino acid residue of the urea

derivative III to V is in the D- or L-configuration or in a

mixture of D- and L-configuration, preferably in a mixture



cysteine, cysti&%%)ﬁ?g S starting product or is formed 15 as an intermediate. In one embodiment of
the method according fivention it is preferred #F a solution contaitiftg Exethicnigshydantoin
(Vii) and water to be reacted with the amino acid under basic conditions, or a solution containing the
20 hydantoin of the amino acid selected from the group comprising lysine, threonine, tryptophan,
histidine, valine, leucine, isoleucine, phenylalanine, arginine, cysteine, cystine and water to be reacted
with methionine under basic conditions. 25 In another embodiment of the method according to the
invention it is preferable for methiopine hydantoin (\Vn) to be used as starting product or to be formed
as an interme igte%:g Thaté;nf)%e1l‘;é}r(r:é)ci1 ;’?r%%%@é%% 3P DLIMmetienyH T A ey idirgctiyeramn methionine
hydantoin (Vi)2RE StrcarbanribyRasimamiadi) or N-carbamoylmethioninamide (IVn) is shown in
Scheme 3 and comprises method A.  Method A + L-EA 5 (llin-Vu) Scheme 3 (lla-m)

In another preferred method the amino acid residue of the

urea derivative III to ¥ ig in the D

g in a mixture of D

- or L-configuration or
- and L-configuration, preferably in the
L-configuration, if the urea derivative is derived from an
amino acid selected from the group comprising lysine,
threonine, tryptophan, histidine, valine, leucine,

isoleucine, phenylalanine, arginine, cysteine, cystine

10 In another preferred method, dipeptides are obtained as a

mixture of LL, DL, LD and DD, preferably as a mixture of
LL, LD, DL.

In a preferred method the diketopiperazine is isolated
before the hydrolysis. It is preferable for the

15 diketopiperazine to be isolated by crystallization from the

reaction solution, preferably at a temperature from -30 to

120°C, especially preferably at a temperature from 10 to
70°C.

For isolation of the diastereomeric mixture of the
20  dipeptides of formula DD/LL/DL/LD- (I} and DD/LL/DL/LD- (IX),
preferably of the diastereomeric mixture of L-EAA-DL-
methionine (I) and DL-methionyl-L-EAA (II), from basic
reaction solutions, it is acidified and obtained by
crystallization or precipitation. A PH value from 2 to 10
25 is preferred, a pH value from 3 to 9 ig éspecially

preferred, and the corresponding iscelectric point of the
respective dipeptide of formula I and IT is quite
especially preferred. Acids preferably from the group
comprising the mineral acids, HCl, HyCO3, CO,/H,0, H,80,,

30 phosphoric acids, carboxylic acids and hydroxycarboxylic
acids can be used for the acidification.

For isolation of the diastereomeric mixture of the

dipeptides of formula DD/LL/DL/LD- (I) and DD/LL/DL/LD- (IX)



Furthermore 'Wéﬁiﬁﬂlﬁgg the pH value of the solution containing the urea derivative to be
adjusted to 7 o 14, preféerably to 8 to 13 and quit@ @specially 10 preRYEVRES ©Lo/ 05 Thezreaction
is preferably carried out at a temperature from 30 to 200C, preferably at a temperature from 80 to
170C and especially preferably at a temperature from 120 to 160C. 15 Furthermore, it is preferable for
the reaction to be carried out under pressure, preferably at a pressure from 2 to 100 bar, especially
preferably at a pressure from 4 to 60 bar, quite especially preferably at a pressure from 8 to 40 bar. 20

In another pr lution containing methionine hydantoin and water or the solution
containing hy an%%%&gdagfn%%%i(%S?Lealggt%}é%(r)orﬁ THE gPour-ERpRSing 17 Ae Rhreonine,
tryptophan, hi8ifthife TEHRe, Iehtirn R uanss iohatlalanifd Rargiine, F5 oystained cystine and
water was formed deforehantidratonse oifeere ofdhe compaungs.dlia, é\é@{h@‘%gdgg‘- Alternatively
|dehyde, R arocyanic

the correspongingupinpRitHie,gyanohydrinar.a mixiure of the corresponding a
acid and mmggia or.also a miX%ure of the c%)quréea‘gslg%)% |n(g:j}§0parlﬁgﬁ§&(§aat}ﬁ%nilfrn%\{ﬁd‘@ ARle salts

can also Be used s Ryd&ntoth prachicor e ARdther REferieliemBadimentos tise rrethod according to
the invention co?¥Bedseslite foliewing:steps: aayiRehetion et-hedsaa desivative aecrding to formulae
la-n, I\_/a—n op\j@r{twjm th@@%@ﬁg@tt%S@i@ggng@z&e ¥£6%51Wu9% fo%mgxllad OI/IS-%LSNH with R
as previously gl%flq:ed; g)pReactioln of the fdlketo(|%|pera2|ne VI to a mixturé o
ite especlally preferred. The bases used for
neutralization are preferably from the group comprising
10  NHHCO;, (NH,)CCs, nitrogen-containing bases, NH,0H,
carbamate salts, KHCO;, K,CO;, carbonates, alkali and
alkaline-earth bases.

Another alternative embodiment of the method according to
the invention comprises the synthesis of the non-natural

15 dipeptides L-EAA-D-methionine Ia-Ij or D-methionyl-L-EaAa
iIa-IIj using protecting group technology. Thus, for
gynthesis of the dipeptides L-EAA-D-methionine (LD~X) the
amino group of the free L-EAA was first protected with the
BOC protecting group (tert~b&toxycarbonyl—). Alternatively,

20 the Z protecting group (benzoxycarbonyl-) could also be
used successfully. D-methionine was esterified with
methancl, so that the acid function was protected. Then the
coupling reaction of the BOC- or Z-protected L-EAA with D-
methionine methyl ester was carried out using DCC

25 (dicyclohexylcarbodiimide) (see Scheme 5).



dipeptides with t&ef rmulae DD/LL/DL/LD-I and DD/LL/DL/LD10ll: (DD/LL/DL/LD-I)(DD/LL/DL/LD-1I)
15 with R as p‘rqg gﬂ?ﬁxf H&fin&d. Reaction of the ureaderivative accordihgTgEomodlag sz 1¥m and Vn
to a diketopiperazine Vla-m and the further reaction of the diketopiperazine to a diastereomeric
mixture with the preferred dipeptides L-EAA-DL-methionine 20(1) and DL-methionyl-L-EAA (1l) is
shown in Scheme 4: 1MethodB + LEAA R2 (llin-Vn) Scheme 4 The reaction of the diketopiperazine

Vla-m to a mixture of the preferred dipeptides L-EAA-DL-methionine (I) and DL-

O
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R = tert- buryl-, benzyl-

Scheme 5

5 After purification of BOC-L-EAA-D-methionine-oMe or Z-1.-
ERA-D-methionine-OMe, first the methyl ester was cleaved
under mild, basic conditions. Finally the BGC or 7
protecting group was cleaved acidically with HBr in glacial
acetic acid and the free dipeptide L-EAA-D-methionine (LD-

10

{see Scheme §).

I) was purified by reprecipitation and recrystallization



15 methionyl-L-EAA (II). This method comprises the methods B, C and D presented in Scheme 4. In
these methodéfri’ﬁ Q10K 528 %‘ertopiperazine Vla-m39formed as an intermesliate 1 §irg seaction of the
urea derivative with the amino acid to the diketopiperazine is preferably carried out at a 20
temperature from 20C to 200C, preferably from 40C to 180C and especially preferably from 100C to
170C In a preferred method, the with the amino acid to the under pressure, preferably 25 especially
preferably at a especially preferably at a reaction of the urea derivative diketopiperazine takes place
at a pressure from 2 to 90 bar, pressure fror&4 to 70 bar, quite pressure from 5 to 50 bar. The
reaction of the urea derivative with the aming acid to the diketopiperazine preferably takes place in the
presence of a base. The base is prefer jeiaot@’d from the@qu%p(ig@%ﬂitrogen-containing
bases, NHAHCO3, (NH4)2003, KHCO3, B2C0O3, NH40OH/CO2 mixture, carbamate salts, alkali and
alkaline-earth bases. In anothex. preferre eth'BH ﬁion to the diketopiperazine either takes

place by reaction of the urea derivative of forntdnbie &

NaCH {ag] HEr
MeOH CHaCOOH
0

0
HNJS\‘;/FQ HN)K{R
s c@mgj@f’:}\# m‘s/\/g\ N

CihMe

HEr
CH3CZ;;;\\\k }{///i;:(aQ)

0,
uN”ﬁ“wfR

Nk,

CleH

ID-I

Scheme &

Alternatively the BOC-protected dipeptide methyl ester BOC-

L-ERA-D-methionine-CMe could also first be reacted with HBr

in glacial acetic acid, thus removing the BOC protecting

group. After concentration by evaporation, the methyl ester

10 could then be cleaved by adding dilute hydrochlorie acid
solution. The free dipeptide L-EAA-D-methionine (LD-TI)
could once again be purified by reprecipitation and
recrystaliization (see Scheme §) .,

It was also possible to transfer the complete route for the
15 dipeptides L-EAA-D-methionine Ia-Ij. In this case the



10 withR de%fﬂ%ﬁ eltglﬁg | residue, with an amino acid, selected from the group comprising
lysine, threonine, 1 tr%‘top an, histidine, valine, Ieuéi?'ae, isoleucine, pR&GEA/ARADED ARfEne zcysteine
or cystine or by reaction of the urea derivative of formula, where R is an amino acid residue selected
from the group comprising lysine, threonine, tryptophan, histidine, valine, leucine, isoleucine,
phenylalanine, arginine, 25 cysteine or cystine, with the amino acid methionine. In the preferred
method in which the reaction of the urea derivative to the diketopiperazine takes place by reaction
with methioni 10 reg derivative to methianine from 1:100 to 1:0.5 is especially preferred. In
another prefeﬁ%%gggel%ho%g%%%a%go% Bsfh% gﬁégtg%i%graﬁﬁe %o Rmb&siesst dpastibdsstiformula | 5
and |l takes pl¥&& By 1c’aviif?;dhydrolysis. Preferably the reaction of the diketopiperazine to a mixture of
L-EAA-DLmethionine (1) and DL-methionyl-L-EAA (ll) takes place by acid hydrolysis. The acid
hydrolysis is caried©dit isEsd presemcbatianof the present invention are

preferably carried out in an agueous medium.

5 Furthermore, the methods of the present invention can be
carried out in batch methods or in continuous methods

which are known by a person skilled in the art.



10 acid, which_is preferably selected from the group comprising the mineral acids, HC1, H2CO3,
CO2/H20, H23E ,%ﬂj’é})%aﬁéﬁcids, carboxylic acids’@nd hydroxycarbamqti¢ meiris: try amathes
embodiment of the method according to the 15 invention the reaction of the diketopiperazine to a
mixture of dipeptides of formula (I) and (Il) takes place by basic hydrolysis. Preferably the reaction of
the diketopiperazine to a mixture of L-EAA-DL-methionine (I) and DL-methionyl-LEAA (II) takes place
by basic hydrolysis. 20 Basic hydrolysis is preferably carried out at a pH from 7 to 14, especially
preferably at amgg@r% %13:gquite especially preferably at a pH from 9 to 12. Complete
racemization may Occuf. Basic conditions can be provided by using a substance that is preferably
selected from the 25 group comprising nitrogen-containing bases, NHAHCO3, (NH4)2CO3,
NH40H/CO2 mikflre cAbafaté RaIts rerTes; 1iC O3 Fsrbonates, alkali Bndalialipesearth bases.
The acid or basitttydeslysinds praferabiy eawied-autat temperatures from 50C to 200C, preferably
from 80C to 30 180C and especially preferably from 90C to 160C. In a preferred method the amino
acid residue ofithe urga gerivative,ll to1\ s ndbe r_Lrconfi |0 in_a mixture of D- and
L-configurgtioqkpgefﬁeg%)zlﬁneg mixture of D%Qgtr?d ﬁ%}f%%?at#b%}lg%%hg %fr‘ég derigHRRRE Haded from
methioniné. In ancther préferred mathot the Hmind™atid residue of the urea derivative 11l to V is in the
D- or L-configuration gr 5.in a mixture of D- and L-configuration, preferably in the L-configuration, if the
urea derivative'is Gerived HOHT ahfinhbeiid seleefed rBMahe dretp comprisingilysipe itseonine,
tryptophan, histidirle, 9atnmdeudinepiseteisiney pheaylalanine, arginine, cysteine, cystine. 10 In
another preferred method, dipeptides are obtained as a mixture of LL, DL, LD and DD, preferably as a
mixture of LL, ERgDL4 Insapreferned methosthe dgfetgpﬁg@ziq%@s?ﬂq%g?f%e the hydrolysis. It is
preferable for the k5 gig%%%%ergzine tgfg]gésglat%d bﬁ crystallization from thée reactGrSoids ,

e fromi -30 to B

preferably at a temperature from ) e“ép t §preferably at a temperature from 10 to

10 Fig. 5 shows the cleavage of L-EAA-~L-Met (LL-T)

with enzymes from whiteleg shrimps.

dipeptides

Fig. 6 shows the cleavage of L-Met-L-EAA (LL-EII)

. dipeptides
with enzymes from whiteleg shrimps.

Fig. 7 shows the cleavage of L-EAA-D-Met {LD-I) and D-Met-
15 L-EAA (DL-II) dipeptides with enzymes from mirror carp

Fig. 8 shows the cleavage of L-EAA-D-Met (LD-I) and D-Met-

L-EAA (DL-II) dipeptides with enzymes from grass carp.

Fig. 9 shows the cleavage of L-EAA-D-Met (LD-I) and D-Met-

L-EAA (DL-II) dipeptides with enzymes from Tilapia.

20 Fig. 10 shows the cleavage of L-EAA-D-Met (LD-I)

and D-Met -
L-EAA (DL-II) dipeptides with enzymes from whiteleg
shrimps.
Fig. 11 shows the cleavage of L-EAA-D-Met {LD-I) and D-Met-

L-EAA (DL-II) dipeptides with enzymes from rainbow trout.

25 Fig. 12 shows the cleavage of mixtures of L-Txp-D-Met/D-
Met-L-Trp (LD-Ij/DL-IIj)} and L—Trp~D-M@t/L—Met—L—Trp (LD~
I3j/LL-IIj) with enzymes from mirror carp.



70C. For isolation of the diastereomeric mixture of the 20 dipeptides of formula DD/LL/DL/LD-(I) and
DD/LL/DL/LD-ﬁB?BFe%n%W@fSthe diastereomeric miture of L-EAA-DLrangthionine (hane 25
DL-methionyl-L-EAA (Il), from basic reaction solutions, it is acidified and obtained by crystallization or
precipitation. A pH value from 2 to 10 25 is preferred, a pH value from 3 to 9 is especially preferred,
and the corresponding isoelectric point of the respective dipeptide of formula | and Il is quite especially
preferred. Acids preferably from the group comprising the mineral acids, HC1, H2CO3, C0O2/1-120,
H2S04, 30 ph §%éhorécaaci S, carngylig acids and hydroxycarboxylic acids can be used for the
acidification. préterably of the diastsredfhefit ki Sr{BEAACHL £ hreethianimes(l) and e -L.-
DL-methionyl-MSAA HD; o acidlc-taictibn Sdkitions,-aftes neatradizationby gddinghases it is
obtained by crysigilizatien 0t prasipitation: APH val 210 10 is pr erre\?&a pH value from 3 to
9 is especially preferre Lﬁ%th@jggr sRo in% is%,ie&ﬁeaggi{cﬁg %gin]%o# &ee r%s?f[i%&i ]al’p%ﬁl}ld@’éf formula
| and Il is quite especially preferred. e bases l?stejodf‘?)? n@&ﬁ&iﬂa@i%n%ém@f@@myﬁmmthe group
comprisin@ 10 W%@%?NHQ§%03, nitrogen-containing bases, NH40H, carbamate salts, KHCO3,
1C2CO03, carbonates, alkali and alkaline-earth bases. Another alternative embodiment of the method
according to tHeliveAtiorsbomprises thimsynthesis of dae-aee-ngturah 5,dipeptiodes, my.. o _
L-EAA-D-methienring 1a;fl00\D-methianyl-L1EAR laqijf using Frotect %gtglrggr% technology. j:I'hus, for
synthesis of the dzi%(ragcg[idse‘as L-gAA-D-m thionine (LD-I) the amino Br u "L EAA was first
protected with the BOC pr(%'tlélcﬁ’r?élg? BR- Ky RaRbErRk) IafdmaBvig £20 te- Z droteeting group
(benzoxycarbdtiyl§ Boliu8igo bEIusEEBuctessiptiy. 2aethianine was:esferifiedwith methanol, so
that the acid funetinnmas-retecteg. Then the coupling reaction of the BOC- or Z-protected L-EAA with
Dmethionine methyl ester was carried out using DCC 25(dicyclohexylcarbodiimide) (see Scheme 5).

Fig. 15 shows the in vitro cleavage of the natural L-Lys-IL-

Met (LL-Ie) or L-Met-L-Lys (LL-ITe) dipeptides with 1%

enzyme solution and the non-natural L-Lys-D-Met (LD-Ie)

D-Met-L-Lys (DL-IIe) dipeptides with 10%
15 from mirror carp.

or
enzyme solution

Fig. 16 shows the cleavage of L-Met-L-EAA (LL-IT)

dipeptides with enzymes from chicken.

Fig. 17 shows the cleavage of L-EAA-D-Met (LD-I) and D-Met-

L-EAA (DL-II) dipeptides with enzymes from chicken.

20



W02010/1123 R2Q10/053722 0 NH2MeQHNH2 002HcHCI >SCQ2Me DOC  F= fed-
butyl-, be n zyﬁés%ci%?hyeﬁl 5 After purification of BOC%E-EAA-D-methiorﬁﬁgﬁﬁg%‘21@53722
EAA-D-methionine-OMe, first the methyl ester was cleaved under mild, basic conditions. Finally the
BOC or Z protecting group was cleaved acidically with HBr in glacial acetic acid and the free
dipeptide L-EAA-D-methionine (LD10 I) was purified by reprecipitation and recrystallization (see
Scheme 6). HNR3= ter t-butyl- benzyl- s., SCO2Me

Examples

Example 1:

General method for the synthesis of the non-natural
dipeptides L-EAA-D-methionine fa-Ij or D-methionyl-L-EAA
5 IIa-IIj using protecting group technology:

For synthesis of the dipeptides L-BEAA-D-methionine (LD-1I),
the amino group of the free L-EAA was first protected with
the BOC protecting group (tert—butoxycarbonyl—).
Alternatively, the Z protecting group (benzoxycarbonyl—)
10 could also be used successfully. D-methionine was
esterified with methanol, so that the acid function was
protected. Then the coupling reaction of the BOC- or Z-
protected L-EAA with D-methionine methyl ester was carried

out using DCC (dicyclohexylcarbodiimide) (see Scheme 5)

15



O H Sr OH 3000 H HN 4H2 --sCCk M e HN rH2 co2H LD-I Scheme 6 5 Alternatively the
BOO-protecte@QﬁS&&{djelr%éﬁﬁll ester BOCL-EAA-D3Rethionine-OMe eatiid edsmiisy be seacied with
HBr in glacial acetic acid, thus removing the BOO protecting group. After concentration by
evaporation, the methyl ester 10 could then be cleaved by adding dilute hydrochloric acid solution. The
free dipeptide L-EAA-D-methionine (LD-I) could once again be purified by reprecipitation and
recrvstallization (see Scheme 6).

NH, WeOH BH,
b}
“‘\S/\J\C%H ‘-'\HCH:Q)} \8/\1(:@2&}19

o

Rat
. NH~ O s
° T

-

COMe |

R= ferf-buty-, benzy-

Scheme 5

5 After purification of BOC-L-EAA-D-methionine-OMe or Z-T.-
EAA-D-methionine-OMe first the methyl ester was cleaved
under mild, basic conditions. Finally the BOC or Z
protecting group was cleaved acidically with HBr in glacial
acetic acid and the free dipeptide L-EAA-D-methionine (LD-

I) was purified by reprecipitation and recrystallization
(see Scheme 6).

10



methyl esters of L-EAA and BOC- or Z-protected D-methionine were used. All the stated methods of
the present inVBRESEA &/ bPXERably carried out in an agueous medium. BdTyrhes 59 ghe asthods of
the present invention can be carried out in batch methods or in continuous methods, which are known
by a person skilled in the art. Illustrations Fig. 1 shows the cleavage of L-EAA-L-Met (LL-I) dipeptides
with enzymes from mirror carp.  Fig. 2 shows the cleavage of L-Met-L-EAA (LL-11) dipeptides 5 with
enzymes from mirror carp. Fig. 3 shows the cleavage of L-EAA-L-Met (LL-I) dipeptides with enzymes
from rainbow trout. Fig. 4 shows the cleavage of L-Met-L-EAA (LL-I1) dipeptides with enzymes from
rainbow trout. 10 Fig. 5 shows the cleavage of L-EAA-L-Met (LL-1) dipeptides with enzymes from
whiteleg shrimps. Fig. 6 shows the cleavage o -L-BAA (LL- II)F@p %%5’ IE;F zymes from

dl

whiteleg shrimps. Fig. 7 shows the cleavagesof L- EAA D- Met (LD ) an EAA (DL-11)
dipeptides with enzymes from mirror carp-Eig. hovi vage of L-EAA-D-Met (LID-1) and
D-Met- L-EAA (DL-Il) dipeptides with e@zymes front Grddéss arp ig. 9 shows the cleavage of

viith enzymes from Tilapia. 20 Fig. 10 shows
L-11) dif&ptides with enzymes from whiteleg
& DCMetL-EAA (DL-II) dipeptides with
mixtures of L-Trp-D-Met/D-

the cleavage of L-EA?-D-Met (LIDN
shrimps. Fig. 11 shows the cleavag

enzymes from rainbow trout. 25 Fig. 12 ghows the cleavage
@]

NH._ O :
R g
36;;;:\\\\ )////QZ; (ag)

m/\l NHz

COH

L-EAA-D-Met (LID-I) and D-MetL-EAA gDL II) dipeptides

ED-T

Schema &

5 Alternatively the BOC-protected dipeptide methyl ester ROC-

L-EAA-D-methionine-OMe could also be reacted first with HUBr
in glacial acetic acid, thus removing the BOC protecting
group. After concentration by evaporation, the methyl ester
could then be cleaved by adding dilute hydrochloric acid
solution. The free dipeptide L-EAA-D-methicnine (LD-I)

could then once again be purified by reprecipitation and
recrystallization (see Scheme §) .

i0

It was also possible to transfsyr the complete route for the

dipeptides L-EAA-D-methionine Ia-Ij. For this, the methyl



Met-L-Trp (LD:li/RI:1lj),and L-Trp-D-Met/L-Met-L-Trp (LDIj/LL-IIj) with enzymes from mirror carp. Fig.
13 shows the iﬁg\?lt% li(e?a%ag%f the natural L-lle-L- ®&t (LL-Ic) or L-M@ST-NBXE DA k) dlfmeptides with
1% enzyme solution and the non-natural L-lle-D-Met (LD-Ic) or D-Met-L-lle (DL-lIc) dipeptides with
10% enzyme solution 5 from mirror carp. Fig. 14 shows the in vitro cleavage of the natural L-Thr-L-
Met (LL-Id) or L-Met-L-Thr (LL-11d) dipeptides with 1% enzyme solution and the non-natural
L-Thr-D-Met (LD-Id) or D-Met-L-Thr (DL-I1d) dipeptides with 10% enzyme solution 10 from mirror carp.

Fig. 15 shows é@%@r\gtr lea of the ral L-Lys-L- Met (LL-le) or L-Met-L-Lys (LL-lle)
dipeptides with 1% enzygrf?e%éoiutlon%% tﬁ@&;’onq al%?ﬁﬁ?E?é’- 2fIe? (EB B enbaetetys (DL-lle)

dipeptides Witﬁlfﬁ%‘enzyme solution 15 from mirror carp. Fig. 16 shows the cleavage of L-Met-L-EAA
(LL-11) dipeptides with enzymes from chicken. Fig. 17 shows the cleavage of L-EAA-D-Met (LD-I) and
D-MetL-EAA (DL-II) dipeptides with enzymes from chicken. 20 Examples Example 1: General
method for the synthesis of the non-natural dipeptides L-EAA-D-methionine la-lj or D-methionyl-L-EAA
5 lla-1lj using preteetihg geeup technology: For synthesis of the dipeptides L-EAA-D-methionine (LD-I),
the amino group of the free L-EAA was first protected with the BOC protecting group

(tert-butowcar@pnyl-).@@g@i@ﬁigﬁzﬂgtm}ggyg (%%”@3%%{&?”3/") 10 could also be used

successfully. D-methionine was

30.0 g {(0.201 mol) of D-methionine and 42.4 g (0.4 mol) of

Na,CO; were put in 200 ml of water and cocled to 0°C on an

ice bath. Then 51.2 g (0.3 mol) of carboxybenzyloxychloride

{Cbz-Cl) was added slowly and the reaction mixture was
10 stirred for 3 hours at room temperature. Then it was

acidified with dilute hydrochioric acid and the reaction

solution was extracted three times with 50 ml MTBE each

time. The combined organic phases were dried over MgS80, and

concentrated in the rotary evaporator. The residue obtained

15 was recrystallized from diethyl ether/ethyl acetate and
dried under vacuum at 30°C. 36.4 g (64%) of
carboxybenzyloxy-D-methionine (Z-D-Met) was isolated as a

white crystalline solid.
b) General specification for synthegis of Z-L-EAA

20 50 mmol L-EAA and 10.6 g (100 mmol) of Na,C0; were put in

50 ml of water and cooled to 0°C on an ice bath. Then
12.8 g (7% mmcl) of carboxybenzyloxychloride (Cbz-Cl)} was
added slowly and the reaction mixture was stirred for 3
hours at room temperature. Then it was acidified with

25 dilute hydrochloric acid and the reaction solution was
extracted three times with 25 ml MTBE each time. The
combined organic phases were dried over MgS0O, and
concentrated in the rotary evaporator.

The residue obtained
was recrystallized and dried under vacuum at 30°C,

30



esterified with methanal, so that the acid function was protected. Then the coupling reaction of the
BOC- or Z-pro‘fré)c%g& ?_ZI%M%% D-methionine methyd &ster was carriedour/Espg VTG 53722
(dicyclohexylcarbodiimide) (see Scheme 5). 15 W02010/11236535PCT/EP2010/053722 HN F?11-1
CO2Me 0 Fferfbuts4 benzy4- Scheme 5 5 After purification of BOC-L-EAA-D-methionine-OMe or Z-L-
EAA-D-methionine-OMe first the methyl ester was cleaved under mild, basic conditions. Finally the
BOC or Z protecting group was cleaved acidically with HBr in glacial acetic acid and the free dipeptide
L-EAA-D-methignine ng 10 1) was purified by reprecipitation and recrystallization (see Scheme 6).
LD-I Scheme 6’5?’%?nativefy the BOC-protected dipeptide methyl ester BOCL-EAA-D-methionine-OMe
could also be reacted first with HBr in glacial acetic acid, thus removing the HOC protecting group.
After concentr3B6TT by EApbPRtiohe thesifreilig Bhfera® it tien-s8ieleavisd by adding dilute
hydrochloric acid 10 solution. The free dipeptide L-EAA-D-methionine (LD-I) could then once again be
purified by reppébipitatiotParid Fecrystalliedtioh (seeiSchdme 6)as suspended in 500 ml
metéanol and HCl gas was passed through at a moderate rate
5 until saturated. The methionine dissolved and the solution
heate? up to 55°C. Then the reaction mixture was stirred
overnight at room temperature. Next morning, the mixture
was concentrated to dryness in t+he rotary evaporator at
4?°C and the residue obtained was recrystallized twice from
10 diethyl ether. 47.1 g (86%) of D-methionine methyl ester
hydrochloride was isclated as a white crystalline solid.

Exanmple 4:

Ceneral specification for synthesis of L-EAA-OMe % HCL

0.3 mol L-EAA was suspended in 500 ml methanol and HCl gas

15 was passed through at a moderate rate until saturated. The
amino acid dissolved and the solution heated up to 50-60°cC.
The reaction mixture was stirred overnight at room

temperature. Next morning, the mixture was concentrated to

dryness in the rotary evaporator at 40°C and the residue

20 obtained was recrystallized twice from diethyl ether or
diethyl ether/methanol mixture.

Example 5

General specification for synthesis of compounds of the
group PG-D-Met-L-EAA-OMe (PG-DL-~II-OMe) (coupling reaction)
25 20.0 mmol L-BEAA-OMe hydrochloride was suspended in a
mixture of 30 ml chloroform and 5 ml methanol, 4.15 g
(30 mmol) of K,CO; was added and it was stirred for 1 hour
at room temperature. Then the salt was filtered off and
washed with a little chloroform. After concentration of the
30 filtrate by evaporation, the residue obtained was taken up

in 50 ml tetrahydrofuran, 4.37 g (21.0 mmol; 1.05 eg.) Dcc



esters of L-EAA and %20 ar Z-protected D-methionine were used. Example 2: 5 a)Specification for
synthesis of Z‘f)oaﬁr/‘lloe} ].&53(6501 mol) of D-methiontfe and 42.4 g (0.20MERENBEZOSswere put in
200 ml of water and cooled to OC on an ice bath. Then 51.2 g (0.3 mol) of carboxybenzyloxychloride
(Cbz-C1) was added slowly and the reaction mixture was 10 stirred for 3 hours at room temperature.
Then it was acidified with dilute hydrochloric acid and the reaction solution was extracted three times
with 50 ml MTBE each time. The combined organic phases were dried over MgSO4 and concentrated

in the rotary evaparatoe.el e residue phigined 5 qu_rgg&@i% ed from_diethyl ether/ethyl acetate
and dried under vacuum at 30C. 36.4 g (64%) of carboxybenzy &?%W&ﬁio%%@z-ﬁ?ﬁlef)was

isolated as a wift8 Fy3taline o0, BfGéhérhl SRmicrndorsynthesisiobZ-B-BAA 20 £9immol

L-EAA and 10.8qg: €100 axmal) ok Naze@wers pwdn,20 ml of water and cooled to 0C on an ice bath.
Then 12.8 g (75 mmol) %%carboi%yb nzyloxychloride (Cbz-C1) w;sa{&aa%élg glbvﬁ% LhERe F&Fction
mixture was stifred Tor 3 TOUrd™HE r&6G1H Bifpetitie tadiihias adifisd Withis- dilute hydrochloric
acid and the reactige sohdioplwas extraeted thrpedinegs yith 250l I\/k‘l;-ﬁﬁjgggg time. The combined

organic phase%were d'{ied over MgS04 and concentrated in the rotary evaporatc‘)ﬂr‘—.:l‘?he residue
[

obtained was recrystallized and tied thabP badiurs JRERs toxkampié 3rSpevitcatinhtfat synthesis of
D-Met-OMe x HCY'5010 (0. 33 mal afda-metkioning was suspended in 5999"%@%@3&8' and HC1
gas was pass%gatgr lf,%h ata modq:rarlelrate ,
n-recrystallized twice from chloroform/n-hexane and
dried under oil-pump vacuum.

10 PG: protecting group (2 or ROC protecting group)

5a) Z-D-Met-L-Val-OMe (Z-DL-IXa-OMe)

Q

D \
4<;§§
A
§

?ﬁ

Empirical formula: C;oH.sN,0sS (396.50 g/mol}

r Yield: 4.60 g
15 (58%), purity: 97%, white solid.

'"H-NMR of Z-D-Met-I,-Val-OMe (Z-DL-IIa-OMe) (500 MHz
CDCLl,) : &

0.88 (d, *J = 6.8 Hz, 3H, CHy); 0.93 (@, *J =
6.8 Hz, 3H, CH3); 1.90-2.20 (m, 3H, SCH:CHz, CH(CH;),); 2.10
(s, 3H, SCH;); 2.50-2.64 (m, 2H, SCH,); 3.73 (s, 3H, OCH;);

20 4.38-4.44 (m, 1H, CH); 4.48-4.54 (m, 1H, CH); 5.08-5.18 (m,

2H, OCHz); 5.49 ({(bs, 1H, NH}; 6.58 {bs, 1H, NEY; 7.24-7.38
{m, B5H, Ph)

13
C~NMR of Z-D-Met-L-Val-OMe (Z-DLi~IIa-OMe) (125 MHz
CDCl;): & = 15.26; 17.74; 19.01; 30.13; 31.16: 31 67;
F * 12



5 until saturated. The methionine dissolved and the solution heated up to 55C. Then the reaction
mixture was stf’l’%%i”d\%/rﬁi’g?ﬁ &® room temperature. Né% morning, the mbdurezwas topearraied to
dryness in the rotary evaporator at 40C and the residue obtained was recrystallized twice from 10
diethyl ether. 47.1 g (86%) of D-methionine methyl ester hydrochloride was isolated as a white
crystalline solid. Example 4: General specification for synthesis of L-EAA-OMe x HC1 0.3 mol L-EAA
was suspended in 500 ml methanol and HC1 gas 15 was passed through at a moderate rate until
saturated. The amino acid dissolved and the solution heated up to 50-60C. The reaction mixture was
stirred overnigRat4donreniferafife 2RéxtmBrrifg, thedmiiure Wds. 6@ncentmtad to dryness in the
rotary evaporafigr@t #9C and. tHe residuie. 26 obtained was recrystallized twice from diethyl ether or
diethyl ether/methanol mixture. Example 5: General specification for synthesis of compounds of the
group PG-D-Met-L-EAA-OMe (PG-DL-II-OMe) (coupling reaction) 25 20.0 mmol L-EAA-OMe
hydrochloride was suspended in a mixture of 30 ml chloroform and 5 ml methanol, 4.15 g (30 mmol) of
1C2CO3 was afidedzanyd favas stirsed fard oLt reQm. erature. Then the salt was filtered off
and washed with a little chloroform. After concentration of the 30 filtrate by evaporation, the residue
obtained was taken up in 50 ml tetrahydrofuran, 4.37 g (21.0 mmol; 1.05 eq.) DCC and 5.66 g (20.0
mmol) of Z-D-methionine were added and it was stirred for 16 h at room temperature. Then 3 ml
glacial acetic acid was added to the reaction mixture, stirred ﬁu\r\\:%\g[ginutes and the precipitated white
solid (N,N1- dicyclohexylurea) was filtered off. The filtrate2 was

OY
Empirical formula: C,H;oN,0:8 (410.52 g/mol),
5.40 g (66%), purity: 97%, white solid.

Ir=z

N

H

yield:

'"H-NMR of Z-D-Met-L-Leu-OMe (Z-DL-ITb-OMe) (500 MHz, d-

DM3O): 6 = 0.90-0.95 {m, 6H, CH{CH3)z); 1.50-1.72 (m, 3H,
10 CH.CH(CH3)2); 1.90-2.15 (m, 2H, SCH,CH,); 2.09 (s, 3H, SCH,):
2.48-2.64 (m, 2H, SCHp); 3.71 {s, 3H, OCH3}; 4.36-4.44 (m,
1H, CH); 4.56-4.62 (m, 1H, CH); 5.12 (s, 2H, OCH,) ; 5.56
(d, °J = 7.6 Hz, 1H, OC(=O)NH); 6.59 (bs, 1H, NH); 7.26-
7.36 (m, 5H, Ph)

15 *C-NMR of %-D-Met-L-Leu-OMe {Z-DL-IIb-OMe) (125 MHz, d,-
DMSO): & = 15.27; 21.86; 22.78; 24.95; 30.11; 31.62; 33.96:

41.35; 50.86; 52.33; 67.20; 128.09; 128.25; 128.57:
170.85; 173.01

156.97;

20 5¢} Z-D-Met-L-Ile-OMe (Z-DL-IIc¢-OMe)



concentrated i t rator and any precipitgted N,N'-dicyclohexylurea was filtered off. The
oily residue Wéﬂéé%%é%%r'g%%y%%g%ged twice from chloro#o%fm/n-hexane and GhdERR&P iR Bamdvacuum.
10 PG: protecting group (Z or BOO protecting group) 5a) Z-D-Met-L-Val-OMe (Z-DL-lla-OMe) o
Empirical formula: 019H28N2058 (396.50 g/mol), yield: 4.60 g 15(58%), purity: 97%, white solid.
1H-NMR of Z-D-Met-L-Val-OMe (Z-DL-lla-OMe) (500 MHz, CDC13): 8 = 0.88 (d, 3J = 6.8 Hz, 3H,
CH3); 0.93 (d, 3J = 6.8 Hz, 3H, CH3); 1.90-2.20 (m, 3H, SCH2CH2, CH(OH3) 2) ; 2.10 (s, 3H, SCH3);
2.50-2.64 (m, 2H, SCH2); 3.73 (s, 3H, 00H3); 204.38-4.44 (ro.1H, CH); 4.48-4.54 (m, 1H, CH);
5.08-5.18 (m, 2H, 00H2); 5.49 (bs, 1H, NH); 6.58 (bs, 1H, NH); &24-7.38<(m, 5H, Ph) 13C-NMR of
Z-D-Met-L-Val-OMe (Z-DL-lla-OMe) (125 MHz, CDC13)| 6 = 15.26; 17.74; 19.01; 30.13; 31.16; 31.67;
52.21; 57.24; 67.22; 128.16; 128.2};/1 .58; 16; 13; 17% 95 5b) Z-D-Met-L-Leu-OMe
(Z-DL-1lb-OMe) :

A 1IHT

I

<

o}

Empirvical formula: C,HoN,0:8 (410.53 g/mol)
(62%), purity: 97%, white s=solid.

, yield: 5.09 g

‘H-NMR of Z-D-Met-IL-Ile-OMe (Z-DL~IIc-OMe) {500 MHz,

5 CDCls): 8 = 0.86-0.94 {m, 6H, CH(CH3) CH;CH;) ; 1.10-1.45 (m,
2H, CH,CHz); 1.84-1.94 {(m, 1H, CH(CH:;); 1.94-2.1¢ (m, 2H,
SCHzCH3z) ; 2.10 {s, 3H, SCH3)}; 2.49-2.64 (m, 2H, SCH,); 3.72
(s, 3H, OCH3); 4.36-4.44 (m, 1H, CH); 4.52-4_5g (m

4
;s &Ii,

CH); 5.08-5.18 (m, 2H, OCHz); 5.46 (bs, 1H, NH); 6.58 (bs
10 1H, NH}; 7.28-7.38 (m, 5H, Ph)

PC-NMR of Z-D-Met-L-Ile-OMe (Z-DL-IIc-OMe) (125 MHz,
CDCls): & = 11.55; 15.26; 15.54; 25.19; 30.12; 31.70;
33.96; 37.79; 52.15; 45.07; 56.55; 67.18; 128.12; ’
128.56; 156.13; 170.92; 171.96

128.24;

15 5d) Z-D-Met-L-Thr-OMe (Z-DL-IId-OMe)

Z e
flEsn

!

O

Empirical formula: CigHeN,0.8 (398.47 g/mol}, yield: 2.14 g
(36%), purity: 95%, slightly vellowish solid.



Empirical formula; C20H30N2055 (410.53 g/mol), Yield: 5.40 g (66%), purity: 97%, white solid.
1H-NMR of Z-BMBLPA6t2éMe (Z-DL-1Ib-OMe) (508 ¥Hz, d6- DMSO)p 8T 895eQ. 9348k Bih
CH(CH3)2); 1.50-1.72 (m, 3H, 10CH2CH(CH3)2),, 1.90-2.15 (m, 2H, SCH2CH?2); 2.09 (s, 3H, SCH3);
2.48-2.64 (m, 2H, 5CH2); 3.71 (s, 3H, OCH3); 4.36-4.44 (M, 1H, CH); 4.56-4.62 (m, 1H, CH); 5.12 (s,
2H, OCH?2); 5.56 (d, 3J = 7.6 Hz, 1H, OC(=0)NH); 6.59 (bs, 1H, NH); 7.26- 7.36 (m, 5H, Ph) 15
13C-NMR of Z-D-Met-L-Leu-OMe (Z-DL-lIb-OMe) (125 MHz, (16- DMSO0): 8 = 15.27; 21.86; 22.78;
24.95; 30.11; 31.62; 33,96; 4135 50.86, 52.33: 67.20; 128.09; 128.25; 128.57; 156.97; 170.95;
173.01 00 Empirical formdia: &%ﬁ?@ﬁ%@%ﬁﬁo.%&%@%dﬁ@lﬂ@ﬁoggQ6E%;,,purity: 97%, white
solid. 1H-NMREHCAD-Mét-E-1fe-OMel(Z2BL{ie-OMe) (SB0RMHz, 5CHCH2): 8 <(Q.86,0:94 (M, 6H,
CH(CH3)CH2@HR)r11.h0- 1450, (&, GH2CH), 1.84,1.94 (@EH%H(%?‘; ]2.94-2;1’6 m, 2H,
SCH2CH2); 2.19 (5,31, gg%g); 2,49:2.64 (m, 2H, SCH2); 3.72 (s, 3H, OCH2); 436448 tm, 1H, CH);
4.52-458 (m, 1H ~ CH): 588%5.18 (m, 2817 0012) 0538 (bs? 180 NH) 6.584bS MO 1R, KH); 7.28-7.38
(m, 5H, PR) 13EINMR o Z-DaMeRE-IOOHS (ZDIZNcDNMe) (425 Mz NH) ; 7.03 (4, g

= 8.9 Hz, 1H, NE}); 7.28-7.38 (m, 5H, Ph)

13
C-NMR of Z-D-Met-L-Thr-OMe (Z-DL-IId-OMe) (125 MEz
CDCls): & = 15.15; 20.05; 30.10; 31.91; 52.66;

57.44; 67.23; 67.82; 128.17; 128.26; 128.57;
10 156.18; 171.25; 171.87

54 .37;
136.16;

5e} Z-D-Met-L-Lys(BOC)-OMe (Z*DL—IIe(BOC)mOM@)

Z e

Empirical formula: CusH3eN;30,8 (525.66 g/mol), yield: 10.86 g

(33%), purity: 95%, slightly yellowish solid.

15 'H-NMR of Z-D-Met-L-Lys (ROC) -OMe (Z-DL-ITIe (BOC)-OMe) (500
MHz, CDCl;): 8§ = 1.25-1.90 (m, 6H, 3 x CHp (Lys)); 1.43 (s,
9H, C(CHz)3); 1.92-2.16 (m, 2H, SCH,CH,); 2.09 (s, 3H,
SCH3) ; 2.48-2.62 (m, 2H, SCH,); 3.02-3.12 {m, 2H, NCH,);
3.72 (s, 3H, OCH;); 4.35-4.65 (m, 3H, 2 x CH, NH); 5.13 (s

20 2H, OCH:); 5.58 (d, *J = 7.5 Hz, 1H, NH)

NH) ; 7.28-7.36 (m, 5H, Ph)

r

i 6.75 (bs, 1H,

C-NMR of Z-D-Met-L-Lys (BOC) -OMe (Z-DL-IIe (BOC)-OMe) (

MHz, CDCl3): & = 15.31; 22.44; 28.45; 29.47, 30.12;

52.08; 52.45; 67.20; 79.15; 128.08; 128.25;
25 156.07; 176.97; 172.38

128
31.82;
128.34; 128.57;



CDC12): 8 = 13,55 ]gS %%5?34; 25.19; 30.12; 31.70; 33.96; 37.79; 52.15; 45.07; 56.55; 67.18;
128.12: 12824 £28 36125 33: 170.92: 171.96 15 589 Z-D-Met-L-Thr-SFR/ ERBO Lt OAGRE2 00
$errpeereen ooy, -NNOH N zH- = 1H-NMR of Z-D-Met-L-Thr-OMe (Z-DL-IId-OMe) (500 MHz,
CDC13): 6 = 1.10-1.25 (m, 3H, CHCH3); 1.95-2.20 (m, 2H, SCH2CH2); 2.09 (s, 3H, SCH3); 2.49 (bs,
1H, OH); 2.52-2.62 (m, 2H, 30H2): 3.74 (s, 3H, OCH3); 4.30-4.56 (m, 3H, 3 x 5CH); 5.12 (s, 2H,
OCH2); 5.70-5.78 (m, 1H, NH): 7.03 (d, 33- = 8.9 Hz, 1H, NH); 7.28-7.38 (m, 5H, Ph) 13C-NMR of
Z-D-Met-L-Thr-OMe (Z-DL-IId-OMe) (125 MHz, CDC12): 8 = 15.15; 20.05; 30.10; 31.91; 52.66; 54.37,
57.44; 67.23; 67.82; 128.17; 128.26; 128.57; 136.16; 10156.18; 171.25; 171.87

5f) Z-D-Met-L-Phe-OMe (2-DL-1Ig-0OMe)

\

= kst

-

O

Empirical formula: C,;H,aN.0s8 (444 .54 g/mol), yield:
5 3.73 g (42%), purity: 95% (HPLC), white solid.

'H-NMR of Z-D-Met-I-Phe-OMa (Z-DL-IIg-OMe) (500 MHz, d,-
DMSO/CDCl;): & = 1.72-1.94 (m, 2H, SCH:CHz) ; 2.01 (s, 3H,
SCH3) ; 2.30-2.38 {m, 2H, SCHy); 2.94-3.14 (m, 2H, CH,Ph) ;
3.70 (s, 3H, OCHs); 4.25-4.32 (m, 1H, CHCH,CH.S) ; 4.70-4.78
10 {m, 1H, CHCHyPh); 5.00-5.10 (bs, 2H, OCH,Ph): 6.60-6.70
1H, NH); 7.10-7.35 {(m, 10H, 2 x Ph);: 7.75-7.80 (bs,

(m,
14, NH)

5g) Z-D-Met-L-His-OMe (Z-DL-IIh-OMe)

Empirical formula: CuoHpeNsOs8 (434 .51 g/mol), yield:
15  2.35 g (27%), purity: 95% (HPLC), slightly vellowish solid.



Se) Z-D-Met-L-L %BOE%-OMe éZ-DL-IIe(BOC)-OMe) Empirical formula: C25H39N3075 (525.66 g/mol),
yield: 10.86 g - BAit~ 888, slightly yellowish sdifl. 15 1H-NMR ofeZ:Ty-tetd 1 bys{396)HMe
(Z-DL-lle(30C)-0Me) (500 MHz, CDC13): 8 = 1.25-1.90 (m, 6H, 3 x OH2(Lys)); 1.43 (s, 9H, C(CH2)3);
1.92-2.16 (m, 2H, SCH2CH2); 2.09 (s, 3H, SCH3); 2.48-2.62 (m, 2H, SCH2); 3.02-3.12 (m, 2H,
NCH2); 3.72 (s, 3H, OCH3); 4.35-4.65 (m, 3H, 2 x CH, NH); 5.13 (s, 202H, OCH2); 5.58 (d, 3J = 7.5
Hz, 1H, NH); 6.75 (be, 1H, NH); 7.28-7.36 (m, 5H, Ph) C-NMR of Z-D-Met-L-Lys(BOC)-oMe
(Z-DL-lle(BOC):QI (12 , CDC13). 6 = 15.31; 22.44; 28.45; 29.47; 30.12; 31.82; 52.08;
52.45: 67.20: 75?1 %2558%5@.‘%%?1 8577 198%7{ 5595 bFh198eY: {50 Ba1ms),
Z-D-Met-L-Phé-Bfite (Z-BLAIGLORe)2 - LEmisivica Fornsiata, CR3H28N205S 4454 gipgl), yield: 53.73
g (42%), purity2 95%- (HREC)wyhisolisktH-NMR @S ZsDiMet}-Phg:OMe (Z:DL-i -Ozle (500 MHz,
6,6- DMSO/CDCLY): 87 1.72-1. % m,_2]?1,2%%2|2§H2g; 2.01 (s, 3H, SCH3)7: 23022384, 2H,
SCH2); 2.94-3:14 (m, 2H, CH2Pb. 13 50 Ts 31 ‘0 Ci2) s 28! : 3%m, €H) CHGA2EH2DS; 4.70-4.78
10(m, 1H, THCH2PHf! 5. 685110 (st 213, CBH21K6.60-6. 0L(n A1 12 INKT);77 4 0,35 (@, 10H, 2 X
Ph); 7.75-7.801BS, /14,.NH) Sk Z-Dabjetcts HisrOMe4Z:Aly Uh-OMg) PN Empirical frmula:
020H26N40584434 - S60/Molk YR (imidazolyl) ) ; 9.30 (bs, 1m, wm)

BC-NMR of Z-D-Met-L-His-OMe (Z-DL-IIh-OMe) (125 MHz,
CDCls): & = 15.27; 29.94; 31.81; 33.92; 52.46; 67.14;

10 116.88; 128.02; 128.12; 128.23; 128.49; 128.58;
135.20; 136.21; 156.97; 171.17; 171.57

133.23;

5h) Z-D-Met-L-Trp-OMe (Z-DL-II5-0OMe)

5 OQQE//O\\\
/S\/\\)j\ %
: N

Z [l

=
\
/

15 Empirical formula: CosHooN30s8 (483 .58 g/mol), vield:
5.71 g (59%), purity: 98% (HPLC), slightly yvellowish solid.

'H-NMR of Z-D-Met-L-Trp-OMe (Z-DL~ITj-OMe) (500 MHz, d-
DMSQ): & = 1.60-1.80 (m, 2H, SCH2CHz) ; 1.95 (s, 1H, SCH,);
2.25-2.35 (m, 2H, SCH:); 3.02-3.20 {m, 2H, CH,;-indolyl) ;

20 3.60 (s, 3H, OCHs); 4.10-4.16 (m, 1H, CH}); 4.50-4.60 (m,
1H, CH); 4.98-5.08 (m, 2H, OCH,): 6.94-7.50 (m, 12H,

tndolyl, Ph, OC(=O)NH); 8.25 (d, °J = 8.6 Mz, 1H, CONH-Trp)

i3
C-NMR of Z-D-Met-L-Trp-OMe (Z-DL-IIj-OMe) (125 MHz, ds-
DMSO): & = 14.42; 27.01; 29.40; 31.59; 51.75; 52.78; 53.60;
25 65.36; 109.16; 111.31; 117.84; 118.31; 120.86; 123.60;



1H-NMR of Z-D-Met-L-His-OMe (Z-DL-IIh-OMe) (500 MHz, CDC13): 8 = 1.88-2.14 (m, 2H,
SCH2CH2); 2.8898 1814 14€265; 2.44-2.56 (m, 2H, 5@R2); 3.06-3.14 (TR EDBimjcegelyd); 3.68 (s,
3H, 0013); 4.20-4.40 (m, 2H, NH, CH); 4.70-4.76 5 (m, 1H, CH); 5.11 (s, 2H, 00H2); 5.91 (d, 3J = 7.6
Hz, 1H, NH); 6.76 (bs, 1H, CH(imidazoly1); 7.26-7.45 (m, 5H, Ph); 7.73 (bs, 1H, CH(imidazoly1)); 9.30
(hs, 1H, NH) 13C-NMR of Z-D-Met-L-His-OMe (Z-DL-llh-OMe) (125 MHz, CDC13): 8 = 15.27; 29.94;
31.81; 33.92; 52.46; 67.14; 10116.88; 128.02; 128.12; 128.23; 128.49; 128.58; 133.23; 135.20;
136.21, 156.97;?%1 é?_; 721,,]57 gh) Z:D-Met-L-Trp-OMe (Z-DL-1I}-OMe) 15Empirical formula:
C25H29N305S (48358 ghfidl) *Yield 5/75 §i(5998); Pty 869PGPLAE shghtlyt g&lloaish solid.
1H-NMR of Z-BMetE-Trp-3MegZ-DL-1lj-0Me) (500 MHz, d6DM80): 8 = 1.60-1.80 (m, 2H,
SCH2CH2); 1.95 (s, 1H, SCH3); 2.25-2.35 (m, 2H, 50H2); 3.02-3.20 (m, 2H, OH2-indoly1); 203.60 (s,
3H, 00H2); 4.18x446Xm, dH, CH); 4.50-4.60 (m, 1H, CH); 4.98-5.08 (m, 2H, 00H2); 6.94-7.50 (m,
12H, indolyl, Ph, 0C(=0)NH); 8.25 (d, 3J = 8.6 Hz, 1H, CONH-TrP) 130-NMR of Z-D-Met-L-Trp-OMe
(Z-DL-1lj-OMe) ¢h2labit17, 41 AMEO) 81 5l 4edd 24,0k 4Q 3e52u2L:.05:,32.78; 53,60; 2565.36;
100.16: 141,34 117,84 18.34,,L20.86: 123,60 ;
e s -U-let-OMe (FG-LD-I-OMe) (coupling reaction)
3.9%9 g {(20.0 mmol) of D-methionine methyl ester
hydrochloride was suspended in a mixture of 30 ml
chloroform and 5 ml methanol, 4.15 g (30 mmol) of K,CO; was
added and it was stirred for 1 hour at room temperature.
10 Then the salt was filtered off and washed with a little
chloroform. After concentration of the fiitrate by
evaporation, the residue obtained was taken up in 50 ml
tetrahydrofuran, 4.37 g (21.0 mmol; 1.05 eg.) DCC and
20.0 mmol of the corresponding PG-L-~EAA (PG-L-amino acid)
15 were added and it was stirred for 16 h at rocm temperature
Then 3 ml of glacial acetic acid was added to the reaction
mixture, it was stirred for 30 minutes and the precipitated
white solid (N,N’ -dicyclohexylurea) was filtered off. The
filtrate was concentrated in the rotary evaporator and any
20 precipitated N,N’-dicyclohexylurea was filtered off. The
oily residue was then recrystallized twice from

chloroform/n-hexane and dried under cil-pump vacuum

PG: protecting group (Z or BOC protecting group)

25



126.90; 127. 59 127.68; 128.21; 136.02; 136.89; 155.81; 171.32; 172.06 Example 6: General
specification f %ﬁ&ﬁ did ot égmpounds of the 5 gro#ip PG-L-EAA-D-VetZ) ey PG D50 Me)
(coupling reaction) 3.99 g (20.0 mmol) of D-methionine methyl ester hydrochloride was suspended in a
mixture of 30 ml chloroform and 5 ml methanol, 4.15 g (30 mmol) of K2CO3 was added and it was
stirred for 1 hour at room temperature 10 Then the salt was filtered off and washed with a little
chloroform. After concentration of the fiItrate by evaporation, the residue obtained was taken up in 50

ml tetrahydroflér 7 1§ ).DCC and 20.0 mmol of the corresponding PG-L-EAP.
(PG-L-amino acig é%e%e%id rgrg f%uﬁ%a%& PE®iat room temperature. Then 3 ml of glacial

acetic acid was added to the reaction mlxture it wag stirred for 30 minutes and the precipitated white

Empirical formula: CioHusN,0:8 (396.50 g/mol

), vield: 3.01 g
(38%), purity: 95% (HPLC), white solid

5 'H-NMR of Z-L-Val-D-Met-OMe (Z-LD-Ia-OMe) (500 MHz, CDCl;):
6 =10.92 (d, °J = 6.9 Hz, 3H, CH;); 0.99 (d, *J = 6.9 Hz,
3H, CH:); 1.90-2.25 (m, 3H, SCHCH,, CH(CH:),): 2.07 (s, 3H,
SCHy); 2.44-2.54 (m, 2H, SCHy); 3.74 (s, 3H, OCH:); 4.04-
4.10 (m, 1H, CH); 4.67-4.74 (m, 1H, CH); 5.12 (s,

10 OCHz); 5.28 (bs, 1H, NH); 6.65 (d, *J = 7.5 Hz,
7.28-7.38 (m, S5H, Ph)

24,
1H, NH);

PC-NMR of Z-L-Val-D-Met-OMe (Z-LD-Ta-OMe) (125 MHz,

§ = 15.45; 17.46; 19.30; 29.96; 30.87; 31.40; 51.57;

60.37; 67.18; 128.08; 128.24; 128.57; 136.19; 156.38;
15 171.04; 172.04

CDC1;) :
52.55;

6b) Z-L-Leu-D-Met-OMe (Z-LD~Ib-0OMe)

O O




2-3C-NMR of Z-L-Val-D-Met-OMe (Z-LD-la-OMe) (125 MHz, CDC13): 8 = 15.45; 17.46; 19.30; 29.96;
30.87; 31.40; 31087187 5528637, 67.18; 128.08; 128424; 128.57; 136. 181 F6af 15134 943 172.04
6b) Z-L-Leu-D-Met-OMe (Z-LD-1b-OMe) Empirical formula: C201130N205S (410.53 g/mol), yield: 4.48
g (55%), purity: 96% (HPLC), white solid 5 10 1H-NMR of Z-L-Leu-D-Met-OMe(Z-LD-Ib-OMe)(500
MHz,CDC13): 8=0.94(d,3J =6.3Hz,6H,CH(CH3)2);1.48-1.72(m,3H, CH2CH(OH3)2);
1.90-2.20(m,2H,SCH2CH2):2.07(s,3h,SCHA; 2.42-2.52(m,2H,SCH2);3.73(s,3H,0CHA;4.20-4.30(m,
1H,CH);4.64-4}§H§%m 1H,?“HA%5.12 ,2H,0CH2):5.23 (d,3J =7.9Hz,1H,NH):6.84(d,3J =7.2Hz,1H,NH);
7.28-7.38(m 5 BH) TS NMR PR bRl BRe(2 1D 58-aMel125 Mz GNC13): 8 =15.47;
22.97;24.81;2%:9% 8194653 58;5285,6723; 498.0%028.06; 128153 136116;156.23;172.02;172.09 6¢)
Z-L-IIe-D-Met-(l)Me (Z-LD-Ic-OMe)

H-NMR of ZWL;LeumD—MetmOMe (ZwﬁD-IbnOMe) {500 MHz, CDC1,):

8 =0.24 (4, °J = 6.3 Hz, eH, CH(CH3)2); 1.48-1.72 (m, 3H,

> CHCR(CHs)z); 1.90-2.20 (m, 2H, SCH,CH,); 2.07 (s, 3h, SCH,);

2.42-2.52 (m, 2H, SCHz); 3.73 (s, 3H, OCHs); 4.20-4.30 (m,

12, SH); 4.64-4.72 (m, 1H, CH}; 5.12 (s, 2H, OCH,): 5.23

(d, °J = 7.9 Hz, 1H, NH); 6.84 (d, J = 7.2 Hz, 1H, NH)

7.28-7.38 {(m, 5H, Ph)

I

10 *C-NMR of Z—L-Leu-D-Met-OMe (Z-LD-Ib-OMe) (125 Mz

CDC13) :
§ = 15.47; 22.97; 24.81; 29.97; 31.46; 51.58; 52.85; 67.23;
* I
128.09; 128.26; 128.58; 136.16; 156.23; 172.02; 172.009
éc) Z-L-Ile-D-Met-OMe (Z-LD-Ic-OMe)
¢ Q
0 ™~
N S///
H
HN\(O
0
ib
Empirical formula: CooH3pN20:8 {410.53 g/mol), yield:
3.89 g (47%), purity: 97% (HPLC), white solid
1
H-NMR of Z-L-Ile~D-Met-OMe (Z~LD%IC~OME) {500 MHz, CDCl,):

6 =0.91 (t, 7 = 7.1 Hz, 3H, CH.CH:): 0.96 (@, *7 = 7.1 Hz;
20 3H, CH(CH;}; 1.08-1.16 {(m, 1H, CH'H''CHs}; 1.46-1.54 (m,

1H, CH'H'CH,); 1.88-2.20 (m, 3H, CH(CHs;), SCH,CH,): 2.07

(s, 3H, SCH3}; 2.44-2.52 (m, 2H, SCH,); 3.73 {s, 3H, OCH,);

4.08-4.16 (m, 1H, CH); 4.66-4.74 (m, 1H, CH); 5.11 (s, 2H,

OCHp) ; 5.34 (d, *J = 7.6 Hz, 1H; NH): 6.74 (d, *J = 8.0 Hz,
25 1H, NH); 7.28-7.38 (m, S5H, Ph)



Empirical formula: C201420N2058 (410.53 g/mol), yield: 3.89 g (47%), purity: 97% (HPLC), white solid
1H-NMR of Z-FIR2BMEEHME (Z-LD-Ic-OMe) (500 BiBiz, CDC13):  BeTpEr2@18) 653% #iz, 3H,
CH2CH3); 0.96 (d, 3J = 7.1 Hz; 203H, CH(CHA; 1.08-1.16 (m, 1H, CH'H"CHA; 1.46-1.54 (m, 1H,
CH'H"CHA; 1.88-2.20 (m, 3H, CH(CHA, SCH2CH2):; 2.07 (s, 3H, SCHA; 2.44-2.52 (m, 2H, SCH2);
3.73 (s, 3H, OCHA; 4.08-4.16 (m, 1H, CH); 4.66-4.74 (m, 1H, CH); 5.11 (s, 2H, = OCHZ2); 5.34 (d, 3J
= 7.6 Hz, 1H; NH); 6.74 (d, 3J = 8.0 Hz, 251H, NH); 7.28-7.38 (m, 5H, Ph) C-NMR of
Z-L-lle-D-Met-GMe -LD-Ic-O_%I_e} F'ﬁiwz,pocmg 8 = 11.54; 15.46; 15.68; 24.66; 29.96; 31.42;
37.36; 51.59: 52.57" £0.83: 67.10" 158 10" T8 J48134 5RD136 2oPlese G425 70100, 172085 5d)
Z-L-Thr-D-MeROMé {23D-1d-OME) i ERfpifiéal farkn@la; 0231-126N2068 £398.47g/mob) yield: 2.47 g
(31%), purity: 99%5(HPI56), sslightyr yeltowish $olich 101134 NME of Z5 ggrqc%et Me (Z-LD-1d-OMe)
(500 MHz, CDLA3)8 , 1,19(dy 3J = 6.4 gé, 3H, CH3): 1.94-220 (m, 2R’ SCHZEH2); 2.06 (s, 3H,
SCHB3); 2.45-2.55 (m, 2H, SCH?)' 3% (s, 3H, OCH3); 4.18 (bs, 1H, CH); 4.39 (bs, 1H; CH): 4.66- 4.74
(m, 1H, CH); 5.10-5.18 (m, 2H, OCH2); 5.85 (bs, 1H, 150C(.0)NH); 7.21 (bs, 1H, NH); 7.28-7.38 (m,
5H, Ph) 13C-NMR of Z-L-Thr-D-Met-OMe (Z-LD-1d-OMe) (125 MHz, cpc13): 8 = 15.43; 18.48; 30.10;

30.91; 51.80; 52.66; 59.16; 66.99;
6d) 2-L-Thr-D-Met-OMe (%-LD-Id-OMe)

///l\\T//JL\\E S//’
OYNH
O

Empirical formula: Ci3H,gN,0:8 (398 .47 g/mol), yield: 2.47 g
(31%), purity: 99% (HPLC), slightly yellowish solid

10 'H-NMR of Z-L-Thr-D-Met-OMe (Z2-LD-Id-OMe) (500 MHz, CDC1,)
0 = 1.19 (d, °J = 6.4 Hz, 3H, CHy); 1.94-2.20 (m, 2H,
SCH:CHp) ; 2.06 (s, 3H, SCHi); 2.45-2.55 (m, 2H, SCH;); 3.73
(s, 3H, OCHs;); 4.18 (bs, 1H, CH): 4.39 (bs, 1H; CH); 4.66-
4.74 (m, 1H, CH); 5.10-5.18 (m, 2H, OCH,); 5.85 (bs, 1H,

15 OC(=0)NH); 7.21 (bs, 1H, NH); 7.28-7.38 (m, SH, Ph)

%
-

13
C-NMR ©f Z-L-Thr-D-~Met-OMe (Z-LD-Id-OMe) (125 MHz, CDCI,):
8 = 15.43; 18.48; 30.10; 30.%1; 51.80; 52.66; 59.16; 66.99;

67.36; 128.04; 128.29; 128.59; 136.08; 156.94; 171.27:
I . H
172.25

20



67.36; 128.04; 128.29; 128 59; 136.08; 156.94; 171.27; 172.25 20 6e) BOC-L-Lys(130C)-D-Met-OMe
(BOC-LD- Ie(B(W@?BMQS R)géﬁplrlcal formula; C221481N307S (491.64girfab2yielsly b 2273 £53.1%),
purity: 97% (HPLC), white amorphous solid 5 1H-NMR of BOC-L-Lys(BOC)-D-Met-OMe
(BOC-LD-le(BOC)-0Me) (500 MHz, =213): 8 = 1.32-1.42 (m, 2H, CH2(Lys)); 1.44 (s, 9H, C(CH3)3);
1.45 (s, 9H, C(CH3)3); 1.46-1.56 (m, 2H, CH2(Lys)); 1.60-1.72 (m, 1H, CHCH'H"(Lys)); 1.82-1.92 (m,
1H, CHCH1CH"(Lys); 1.92- 2 03 (m lH SCH2CHH'H"); 2.09 10(s, 3H, SCH3); 2.12-2.22 (m, 1H,
SCH2CH'H"); %.5} %{ L 5 SCHZ) 3.08-3.16 (m, 2H, NCH2); 3.75 (s, 3H, OCH3);
4.02-4.12 (m. T8 3;' 1LY E ?F?FH £ 20 A(BRGMLBHIE(BOS 08MaN (m, 1H, NH); 6.81 (d,
3J =7.4 Hz, 1H, NH) 15 6f) Z-L-Phe-D- Met OMe (Z-LD-lg-OMe) Empirical formula: 023H2eN205S
(444.54 g/m01), yield: 3.51 g (40%), purity: 99% (HPLC), white soliff f Z-L-Phe-D-Met-OMe
(Z-LD-1g-OMe) (500 MHz, 0D013): 8 = 1.78-2.04 (m, 2H, SCHZ0H2); 2.02 (s, 3H, SCH3); 2.20- 52.30
(m, 2H, BCH2); 3.02-3.14 (g, 2H, CEiZPh) 3.71 (s, 34, 00H3) 44045 (m, 1H, CH); 4.60-4.66 (m,
1H, CH); 5.09 (s, 2H, 2); M6736(m
10H, 2 x Ph)

Empirical formula: C,.H:iN.0.8 (491 .64 g/mol), vield:
5.22 g (53.1%), purity: 97% (HPLC)}, white amorphous solid

1
5 H-NMR of BOC-L-Lys (BOC) -D-Met -OMe (BOC~LD-Ie(BOC) -OMe)

(500 MHz, CDCl;): 8 = 1.32-1.42 (m, 2H, CHy (Lys)); 1.44 (s
9H, C(CHs)s); 1.45 (s, 9H, C(CH3)3); 1.46-1.56 {m, 2H
CHz (Lys)); 1.60-1.72 (m, 1H, CHCH’H'’ (Lys)); 1.82-1.92 (m

1H, CHCH'CH’’ (Lys); 1.92-2.03 (m, 1H, SCH,CHH’H’ ') ; 2.09

10 (s, 3H, SCHi); 2.12-2.22 (m, 1H, SCHCH'HT ') ; 2.51 (v, *J =
7.4 Hz, 2H, SCHz); 3.08-3.16 (m, 2H, NCH,); 3.75 (s, 3H,
OCH;); 4.02-4.12 (m, 1H, CH); 4.54-4.62 {m, 1H, NH)
4.74 (m, 1H, CH): 5.06-4.14 (m, 1H, NH); 6.81 (a,
Hz, 1H, NH)

; A.6E6-
T = 7.4

15

6f) Z-L-Phe-D-Met-OMe (Z2-LD-Ig-OMe)

: "




13C-NMR 0Of Zzo :Met-OMe (Z-LD-Ig-OMe) (125 MHz, CDC13): 108 = 15.37; 29.67; 31.35;
38.63; 51.52;@?5@2%%‘?%%?5; 127.18; 128.06; 128.24: 128.57; 128R§FE ABRIG: 0136553, 2136.30;
155.90; 170.63; 171.88 6g) BOC-L-Phe-D-Met-OMe (BOC-LD-Ig-OMe) Empirical formula:
C201130N2058 (410.53 g/mol), yield: 4.03 g (49%), purity: 98% (HPLC), white solid 1H-NMR of
BOO-L-Phe-D-Met-OMe (BOC-LD-Ig-OMe) (500 MHz, CDC13): 8 = 1.42 (s, 9H, C(OH3)3); 1.80-2.08
(m, 2H, 20SCH2CH?2); 2.04 (s, 3H, SCH3); 2.24-2.34 (m, 2H, ECH2); 3.07 (d, 3J = 7.2 Hz, 2H,
CH2Ph); 3.73 {531, 100H?3); -4.42 H : 4,60-4.68 (m, 1H, CH); 4.90-5.02 (bs, 1H, NH);
6.44 (d,31=7 %ﬁ)fle, Nﬁf%&%? r%],}?ﬁ? Fﬁ% j(g-%\ﬁw%‘lof%/@élﬂph%%@lﬁét-éw@ g
(BOC-LD-Ig-O e?%fzs KHZ ' ¢Dcidf s'E15Hg; 2o ozl 51; 38.42; 51.47; 52.50; 56.00;
80.38; 127.07;,128.79; 129.27; 136.60; 156.42; 171.00; 171.94 5 6h) Z-L-His-D-Met-OMe
(Z-LD-Ih-OMe) EribificaiffofmtitE bR oPi 28R4 088 434 510/ AotoMésId:( 66 grik9%nmerity:, 95%
(HPLC), slightly yellowish solid (m, 2H, SCH,CH,); 2.02 (s, 3H, SCH;); 2.20-

5 2.30 (m, 2H, SCH,}; 3.02-3.14 (m, 2H, CH,Ph}; 3.71

(s, 3H,
OCH,;); 4.40-4.50 {m, 1H, CH); 4.60-4.66

(m, 1H, CH); 5.09
(s, 2H, OCHy): 5.31 (bs, 1H, OC(=O}NH): 6.42 4, 7= 7.8

Hz, 1H, NH); 7.16-7.36 (m, 10H, 2 x Ph)

13
C-NMR of Z-L~Phe-D-Met-OMe (Z-LD-Ig-OMe) (125 MHz

CDClg) .
10 8 = 15.37; 29.67; 31.35; 38.63; 51.52; 52.53; 56.36; 67.15:
127.18; 128.06; 128.24; 128.57; 128.83; 129.26; 136.13:

136.30; 155.90; 170.63; 171.88

6g) BOC-L-Phe-D-Met-OMe (BOC-LD-Ig-OMe)

~

is

Empirical formula: CypHsoN:058 (410.53 g/mol)

» Yield: 4.03 g
(49%), purity: 98% (HPLC), white solid

"H-NMR of BOC-L-Phe-D-Met-OMe (BOC-LD-Ig-OMe) (

500 MHE=z,
CDCl,) : &

1.42 (s, 9H, C(CHi)3); 1.80-2.08 (m, 2H,

20 SCHCHz); 2.04 (s, 3H, SCHi); 2.24-2.34 (m, 2H, SCHy}; 3.07
(d, *°J = 7.2 Hz, 2H, CH,Ph); 3.73 (s, 3H, OCH3;); 4.30-4.42
(m, 1H, CH); 4.60-4.68 (m, 1H, CH); 4.90-5.02 (bs, 1H, NH);
6.44 (d, *J = 7.9 Hz, 1H, NH); 7.18-7.34 (m, 5H, Ph)



10 1H-NMR of Z-L -His-D-Met-OMe (Z-LD-Ih-OMe) (500 MHz, d6- Dmso/cDc13): 8 = 1.82-1.98 (m, 2H,
SCH2CH2); 2899818418689 2.30-2.44 (m, 2H, SBW,): 2.76-2.94 (RCIHEEEIRL oyiitlazalyh; 3.63
(s, 3H, OCH3); 4.28-4.42 (m, 2H, 2 x CH); 5.01 (s, 2H, OCH2); 6.78 (bs, 1H, CH(imidazolyl)); 7.25-
157.37 (m, 6H, Ph, NH); 7.50 (bs, 1H, CH(imidazolyl)); 8.27 (bs, 1H, NH); 11.76 (bs, 1H,
NH(imidazolyl1)) 13C-NMR of Z-L-His-D-Met-OMe (Z-LD-Ih-OMe) (125 MHz, d5- DMSO/CDC13): 8 =
14.54; 29.40; 30.52; 50.78; 51.79; 54.61; 65.35; 127.47; 127.61; 128.20; 134.53; 136.92; 155.57;
20171.39; 171294 Gi).Z-L-TIP-N-Met-OMe (Z-LD-1j-ONe) Empirical formula: C25H29N205S (483.58
g/mol), yield: 5.5% ﬁ%ﬁ%e%ﬁ pgl?r%yl\ﬂbépfifz‘? “ﬁ&‘»}?gﬂ?@my GRS ISTicCY e H-NIAFS ofH z ,
Z-L-Trp-D-Mef-8 Z-L@-ﬁ-dﬁe?&&ﬂk&?@%@?&& =31.6811.92¢my 2H, 53CHACH2); 1.97 (s, 3H,
SCH2); 2.08- 224%m; 264 SCH2E B, 34-3.3%(Mo2H, €hR-indalyl)3.64 (s, %g ?%,‘HZ); 4.50-4.62 (m,
2H, 2 x CH); 51%(:54;[_4,171%—]2)1'%44% s, 1H, NH); 6.32 (bs, 1H; NH); 37 0-7.38, 1010H;
aromat.); 8.17 (bs, 1H, NH) 13C-NMR of Z-L-Trp-D-Met-OMe (Z-LD-li-OMe) (125 MHz, CDC12): 8 =
15.31; 29,48; 31.26; 33.97; 51.48; 52.45; 55.65; 67.10; 1101.37; 111.34; 118.77; 119.94; 122.44;
12&14;15132; 128.09; 128.22; 128.56; 136.20; 136.28; 155.99; 171.15; 15171.80

6h) Z-L-His-D-Met-OMe (Z~LD-Th-OMe)

o O

Empirical formula: CyoHpeN.0sS (434 .51 g/mol), vield: 1.65 g
(19%)}, purity: 95% (HPLC), slightly yvellowish solid

10 'H-NMR of Z-L-His-D-Met-OMe (Z-LD-Th-OMe) (500 MHz, d.-
DMSO/CDCl;) : & = 1.82-1.98 (m, 2H, SCH.CH,); 2.01 {s, 3H,
SCH:); 2.30-2.44 (m, 2H, SCHp); 2.76-2.94 (m, 2H, CH,-
imidazolyl); 3.63 (s, 3H, OCH:); 4.28-4.42 (m, 2H, 2 x CH);
5.01 (s, 2H, OCHz); 6.78 (bs, 1iH, CH{imidazolyl)); 7.25-

15 7.37 (m, 6H, Ph, NH); 7.50 (bs, 1H, CH({imidazolyl)); 8.27
(bs, 1H, NH); 11.76 (bs, 1H, NE(imidazolyl) )

i3 :
C-NMR of Z-L-His-D-Met-OMe (Z-LD-Ih-OMe) (125 MHz, dg~
DMSO/CDCls}: & = 14.54; 29.40; 30.52; 50.78; 51.79: 54.61;

65.35; 127.47; 127.61; 128.20; 134.53; 136.92; 155.57:
20 171.39; 171.94



WOZOlO/llZS%é%PgM P% /053722 6j) BOC-L-Trp-D-Met-OMe (BOC-LD-1j-OMe) O Empirical
formula: 022H32N31053 aﬂ 56 g/mol), yield: 5.91 g %%66%), purity: 99FFEHEEG ) Wihfe5stligizl H-NMR
of BOC-L-Trp-D-Met-OMe (Boc-LD-lj-ome) (500 MHz, CDC13): 8 = 1.42 (s, 8H, C(CH3)3); 1.70-1.98
(m, 2H, SCH2CH2); 1.99 (s, 3H, SCH3); 2.10-2.20 (m, 2H, SCH2); 3.14- 3.34 (m, 2H, CH2-indolyl);
3.66 (s, 3H, OCH3): 4.44-4.52 10(m, 1H, CH); 4.56-4.62 (m, 1H, CH); 5.12 (bs, 1H, NH); 6.39 (d, 3J =
8.0 Hz, 1H, NH); 7.04-7.38 (m, 5H, indolyl-CH); 8.17 (d, 3J = 7.9 Hz, 1H, NH) 13C-NMR of
BOC-L-Trp-D-ng;-Cy\Ag.(@Qg;b[)ﬂggll/@g{élzsfzwﬁ)z_, g[g%%é)gS = 15,28; 28.27; 29.43; 31.36; 33.93;
52.38; 1555.25; 80.19; 110.54; 111.25; 118.78; 119. 6; .31; 123.06; 127.40; 136.25; 155.40;
171.53; 171.85 Example 7:  General specification for syntgesis of gompounds of the 20 group
PG-L-EAA-D-Met (PG-14D-|yandRG-D-Met-L-EAA (RG-DL éthyhester cleavage)

e

Empirical formula: C;sH;sN30s8 (483 .58 g/mol), yield:
5.50 g (57%), purity: 99% (HPLC), slightly vellowish solid

1
5 H-NMR of Z-L-Trp-D-Met-OMe (Z-LD-Ij-OMe) (500 MHz, CDCl,):

6 = 1.68-1.92 (m, 2H, SCH,CH,); 1.97 (s, 3H, SCHs); 2.08-

2.14 (m, 2H, SCH;); 3.14-3.34 (m, 2H, CHy-indolyl}

;i 3.64
(s, 3H, OCH;); 4.50-4.62 (m, 2H, 2 x CH); 5.10 (g, 2H
OCH,); 5.44 {(bs, 1H, NH); 6.32 (b, 1H, NH}; 7.00-7.38

10 10H; aromat.); 8.17 (bs, 1H, NH)

13 .

C-NMR of Z-L-Trp-D-Met-OMe (Z-LD-Ij-0Me} (125 MHz, CDCl,):
& = 15.31; 29.48; 31.26; 33.97; 51.48; 52.45; 55.65; 67.10;
1101.37; 111.34; 118.77; 119.94; 122.44; 123.14; 127.32;

128.059; 128.22; 128.56; 136.20; 136.28; 155.99; 171.15:
15 171.80



10.0 mmol of PG-L-EAA-D-Met-OMe (PG-LD-I-OMe) or PG-D-Met- L-EAA-OMe (PG-DL-1I-OMe) was
suspended in TQ%%?‘(/H@PQ% 200 ml methanol areff1.2 eq. (12.0 mreaf} pEdNa@H (1258 F3lsLN
NaOH) was added. After stirring for 2 hours, 5 the homogeneous reaction solution was acidified with
dilute hydrochloric acid and the methanol was patrtially distilled in the rotary evaporator. The white solid
that crystallized out was filtered off, washed with 20 ml of water and recrystallized. 10 PG: protecting
group (Z or BOC protecting group) Example 8: General specification for synthesis of compounds of the

group L-EAA-R- etg’é -1) apd D-Met-L-E7 (DEE%N- 15 terminal Z protecting group cleavage) 5.0
mmol of Z-L-EA%D- gt -E@I)%Ar%ﬁfl\ﬂgﬁb (Z‘EDIJI‘)% dissolved in 50 ml of glacial acetic
acid, and 18.5 ml (15.6 g; 250 mmol; 50 eq.) of dimethylsulphide and 5.0 g (3.6 ml) of 33% HBr in
acetic acid (1.65 g; 4.0 eq.) 20 were added. On completion of reaction, the reaction solution was

concentrated in the rotary evaporator. The residue was dissolved in approx. 50 ml methanol and 3.5 g
(50 mmol; 10 eq.) of sodium mrethane thiolate was added. Rftgr stirdhg for 20 minutes, the solution

was neutralized 25 at roomy; a ated hyd ‘acid and the solution was
concentrated in the rotary e X g taken up in 40 ml of water and extracted three
times with 40 mi diethy! ethet.eagi/ime., The Atueows phasewas.coneehicatedin the rotary
evaporator: a voluminous 30 white solid fvas precipitated. The dipepfide wasSfemoved with suction,

HN s ¥

Empirical formula: C;HaN3;0:8 (449 .55 g/mol}

» yield: 5.91 g
5 (66%), purity: 99% (HPLC), white solid

'H-NMR of BOC-L-Trp-D-Met-OMe (BOC-LD-Ij-0Me) (500 MHz,
CDCls): & = 1.42 (s, 8H, C(CH3)3); 1.70-1.98 (m, 2H,
SCH:CHp}; 1.99 (s, 3H, SCH3); 2.10-2.20 (m, 2H, SCH,); 3.14-
3.34 (m, 2H, CH,-indolyl); 3.66 (s, 3H, OCH3) ; 4.44-4.52
10 (m, 1H, CH); 4.56-4.62 (m, 1H, CH); 5.12 {bs, 1H, NH); &
(d, 7 = 8.0 Hz, 1H, NH); 7.04-7.38 (m

8.17 (d, *J = 7.9 Hz, 1H, NH)

.38
» 5H, indolyl-CH) :

C-NMR of BOC-L-Trp-D-Met-OMe (BOC-LD-I1j-OMe) (125 MHz,
CDCls): & = 15.28; 28.27; 29.43; 31,36, 33.93; 52.38;

15 55.25; 80.19; 110.54; 111.25; 118.78; 119.80; 122,31;
123.06; 127.40; 136.25; 155.40; 171.53; 171.85

Bxample 7:

General specification for synthesis of compounds of the
20 group PG-L-EAA-D-Met (PG-LD-I) and PG-D-Met-L-EAA (PG-DL-
IT) (methyl ester cleavage)



Example 9: Gen§r | szecification for synthesis of compounds of the group L-EAA-D-Met (LD-I) and
D-Met-L-EAA ?%‘? &ARRAI BOC protecting grodf cleavage) 5 5.080MGEBDIA-4 /BAAD-Met
(BOC-LD-I) or BOC-D-Met-L-EAA (BOC-DL-II) was dissolved in 50 ml glacial acetic acid and 5.0 g (3.6
ml) of 33% HBr in acetic acid (1.65 g (4.0 eq.)) was added On completion of reaction, the reaction
solution was concentrated in a rotary evaporator. The residue was 10 taken up in 40 ml of water and
extracted three times with 40 ml diethyl ether each time. The aqueous phase was slowly neutralized
with 20% NaOH,solution, while ¢cqolin n{inyously on an ice bath. The solution was washed three
times with 40 m d?etﬂrﬁlgelthcé#eggﬁ |r_n%e£§ﬁ tﬁ%e&dﬁ)&?us(f@pﬁgs‘ém%eb)or@énﬁétdd-iwme rotary
evaporator, with' ffeeisitAtion ¥ 2Pioldmntdis) whites selicsteddigeptida waadrawn.aff-hy suction,
washed with aslittle aaterandhdties spdeayacuuD. Q09a) &M%'Lrﬁh%&')(')'?ﬁ'tgﬁ jeld: 860 mg (66%),
purity: 98% (H \% ' ite solid _- ud%DL-I (500 MHz, Hz, 3H, ; 0.90 (d, 3H,
SCH2CH?2, CH%%%Z%%E%?%‘%E ,gsqcﬁé?e “-Dzr*n%s%%ci‘izlé” B39 B9z 231402166-2.10 (m,
3.88-3.94 m,E e Homogeneous reaction solution was acidified with dilute

hydrochloric acid and the methanol was partially distilled

in the rotary evaporator. The white solid that crystallized
out was filtered off, washed with 20 ml of water and
recrystallized.

10 PG: protecting group (Z or BOC protecting group)

Exanmple 8:

General specification for synthesis of compounds of the
group L~EAA-D-Met (LD-I) and D-Met-L-EAA (DL-II) (W

15 terminal Z protecting group cleavage)

5.0 mmol of Z-L-EAA-D-Met (Z-1D-I) or Z-D-Met-L-EAA (
II} was dissolved in 50 ml of glacial acetic acid

Z~TLD-
and
18.5 ml {15.6 g; 250 mmol; 50 eqg.) of dimethylsulphide and
5.0 g (3.6 ml) of 33% HBr in acetic acid (1.65 g; 4.0 &€g.)
20 were added. On completion of reaction, the reaction

solution was concentrated in the rotary evaporator. The

residue was dissolved in approx. 50 ml methanol and 3.5 g

(50 mmol; 10 eqg.} of sodium methane thiolate was added.

After stirring for 20 minutes, the solution was neutralized

25 at room temperature with concentrated hydrochloric acid and
the solution was concentrated in the rotary evaporator. The

residue was taken up in 40 ml of water and extracted three
times with 40 ml diethyl ether each time.

was concentrated in the rotary evaporator:

The agueous phase

a voluminous
30 white solid was precipitated. The dipeptide was removed

with suction, washed with a little water and dried under
vacuum.



CH); 4.22-4.3Q (Em, 1H, CH); 8.40-8.60 (m, 3H, NH3+); 8.95 (d, 3J = 8.3 Hz, 1H, NH) 13C-MMR of
D-Met-L-Leu (BPARH 5684462 d6-DMSO+HC1L) : 835  14.56; 21.16; BRI9%m4050;/A852L 3. 22;
50.66; 51.77; 5168.16; 173.50 HRMS (pESI): Calculated: 263.14294C111423N203S (MP() Found:
263.14224 109b) D-Met-L-lle (DL-lIc) Yield: 900 mg (69%), purity: 99% (HPLC), voluminous white
solid 1H-NMR of D-Met-L-lle (DL-lIc) (500 MHz, d6-DMS0+HC1): 8 = 150.82-0.90 (m, 6H, 2 x CH3);
1.16-1.44 (m, 2H, SCH2CH3); 1.80-1.90 (m, 1H, CH); 2.00-2.10 (m, 2H, CH2); 2.05 (s, 3H, SCH3);
2.46-2.54 (m, %Qaﬁgﬁz)-gg.gm.oz (m, 1H, CH): 4.24-4.30 (m, 1H, CH); 8.36-8.44 (m, 3H, NH3");
8.79 (d, 33. = 85 HZ, 1H,"NH) 20 13C-NMR of D-Met-L-lle (DL-lic) (500 MHz, d6-DMSO+HC1): 8
11.44; 14.86; 15.96; 24.95; 28.58; 31.71; 36.75; 52.00; 56.82; 168.64; 172.74 HRMS (pESI):
Calculated: 263FY0AC SRPANDRR MG+ for synthesis of compounds of the

group L-EAA-D-Met (LD-I) and D-Met-I,-EARA (DL-I1)} (W
terminal BOC protecting group cleavage)

5 5.0 mmol BOC-L-EAA-D-Met (BOC’-LD-I) or BOC-D-Met-L-EAA
(BOC-DL-II) was dissolved in 50 ml glacial acetic acid and

5.0 g (3.6 ml) of 33% HBr in acetic acid (1.65 g (4.0 eg.))

wags added On completion of reaction, the reaction golution

was concentrated in a rotary evaporator. The residue was

10 taken up in 40 ml of water and extracted three times with
40 ml diethyl ether each time. The agueous phase wag

. slowly
neutralized with 20% NaOH solution,

while cooling
continuously on an ice bath. The solution was washed three
times with 40 ml diethyl ether each time and the agueocus

15 phase was concentrated in the rotary evaporator, with
precipitation of a voluminous white solid. The dipeptide
was drawn off by suction, washed with a little water and

dried under vacuum.

20 9a) D-Met-L-Leu {(DL-IIb)

Yield: 860 mg (66%), purity: 98%
solid

(HPLC) , wvoluminous white

1
H-NMR of H-D-Met-L-Leu (DL-IIb) (500 MHz, ds-DMSO+HC1l): §

_ 3
25 = 10.85 (d, “J = 6.3 Hz, 3H, CH3;); 0.90 (d, %7 = 6.3 Hz, 3H,

CH3); 1.50-1.70 (m, 3H, SCH,CH,, CH(CH:),); 2.00-2.10 (m,

SH, SCH;, CH,CH}; 2.45-2.55 (m, 2H, SCHy); 3.88-3.94 (m, 1H



25 Found: 26%4%20]1?03%}[ D-Met-L-Thr (DL-IId) Yield: 640 mg (51%), purity: 98% (HPLC), voluminous
white solid H-NMR 61 B-MEEL-Thr (DL-11d) (500 MHz586-DMSO+HC1) 28:2/EB0 ¢d.030s §72 biz, 2.14
(m, 2H, SCH2CH2); (m, 4H, 2 x CH, CHOH) = 8.6 Hz, 1H, NH) 10C-NMR of D-Met-L-Thr (DL-I1d) (500
MHz, d6-DMSO0I-HC1): 8 = 15.14; 20.94; 28.74; 31.94; 52.44; 58.81; 66.97; 169.22; 172.20 HRMS
(PESI): Calculated: 251.10655C9H19N2043 (MH+) 15 Found: 251.10583 9d) D-Met-L-Lys x 2 MC1
(DL-lle-2HC1) OOH oNH 3cr RH2+0r Yield: 613 mg (49%), purity: 97% (HPLC), yellowish solid 20
214-NMR of DMet-L-Lys x 1 (DL-lle- HI—%% (500 MHz, DMS0): 5 = 1.32-1.42 (m, 2H, CH2(Lys);
1.52-1.62 (m, gﬁ?éyéz_ff;);%i%-l(‘. 0 (rﬁ{‘zz OH2 R 4 22062, 100¢m 381, NH;*) ; 8. 95

{(d, °J ="8.3 Hz, 1H, NH)

¥

13
C-NMR of D-Met-L-Leu (DL-IIb) (500 MHz, de-DMSO+HCl): & =
14.56; 21.16; 22.95; 24.50; 28.21; 31.22; 50.66; 51,77
5 168.16; 173.50

HRMS (pESI):
Calculated: 263.14294 C11H23N,0:8  {MHY)
Found: 263.14224

10 b} D-Met-L-Ile (DL-IIc)

OH

\
(

Z Hitine

I
X

Yield: 900 mg (69%), purity: 9$9% (HPLC), voluminous white
golid

'H-NMR of D-Met-L-Ile (DL~IIc) (500 MHz, d¢-DMSO+HCl): § =

15 0.82-0.90 (m, 6H, 2 x CHy); 1.16-1.44 (m, 2H, SCH,CH,) ;
1.80-1.90 (m, 1H, CH); 2.00-2.10 (m, 2H, CHz}; 2.05 (s, 3H,
SCH;) ; 2.46-2.54 (m, 2H, SCHz); 3.96-4.02 (m, 1H, CH);
4.24-4.30 (m, 1H, CH); 8.36-8.44 (m, 3H, NH,'); 8.79 (a, s
= 8.5 Hz, 1H, NH)

20 *C-NMR of D-Met-L-TIle (DL-IXc) (500 MHz, ds~-DMSO+HC1) : §

11.44; 14.86; 15.96; 24.95; 28.58; 31.71; 36.75; 52.00;
56.82; 168.64; 172.74

HRMS (pESI) :
Calculated: 283. 14294 C}_]_H23N2038 (MH+)
25 Found: 263.14215 |



SCH2CH2, SCHS;)' 2.46-2.56 (m, 211, SCH2); 2.70-2.82 (m, 211, NCH2); 3.92-4.00 (m, 11-1, CH);
4.16-4.24 (m, N428LH/3B236& 311, NH3+) ; 8.3 (be5B11, NH3), 8.92 L BlEpZ bz ok M)
5HRMS (pESI): Calculated: 278.15384C111424033 (Ma') Found: 278.15288 9¢e) D-Met-L-Phe
(DL-TIg) 10iRIN2 Yield: 930 mg (63%), purity: 98% (HPLC), voluminous white solid 1H-NMR of
D-Met-L-Phe (DL-Ilg) (500 MHz, c15-Dmso+Hc1): 8 1.64-1.82 (m, 211, SCH2CH2); 1.95 (s, 311,
SCH3): 2.10-2_26 15(m, 2H, 5012); 2.80-3.20 (m, 211, CH2Ph); 3.70 (t, 3J = 6.1 Hz, 111, CHCH2Ph);
4.42-4.50 (m, JBH§C ( %9’\??@{ 7.@-%28 m, 5H, Ph); 8.50-8.60 (bs, 111, NH) 13C-NMR of
D-Met-L-Phe ( ‘ing%%% Az, d6- & Cl1): 8 14.28; 28.08; 31.63; 37.03; 51.84; 53.78; 126.28;
127.97; 20129.08; 137.69; 168.90; 172.65 HRMS (pESI): Calculatedc:Jl_Z{97.12729C14H231\12033

(MH+) Found: 297.12643 0

/S\/\/J’L\ /YOH

N
H

=ittt

I
X

Yield: 640 mg (51%), purity: 98%
solid

(HPLC), voluminous white

5 'H-NMR of D-Met-L-Thr (DL-IId) (500 MHz, d¢-DMSO+HCL): & =
1.10 (&, °J = 6.2 Hz, 3H, CHCH;}; 2.06 (s, 3H, SCH,); 2.06-
2.14 (m, 2H, SCH:CH;); 2.48-2.60 (m, 2H, SCHy); 4.00-4.28
(m, 4H, 2 x CH, CHOH); 8.40-8.46 (m, 3H, NH3;) ; 8.77 (4,
= 8.6 Hz, 1H, NH)

7

13
10 C-NMR of D-Met-L-Thr (DL-IId) (500 MHz, d;-DMSC+HC1): §

15.14; 20.94; 28.74; 31.94; 52.44; 58.,81; 66.97; 169.22;
i72.20 ’

HRMS (pESI) :

Calculated: 251.10655 CoHi1sN2048 {ME")
i5 Found: 251.10583

9d) D-Met-L-Lys x 2 HC1 (DL-IXe-2HCL)

9] OH
0 \\Y
s :
e \\\///N\\w//JL\\N///\\\,//A\\\///\\\
é H NH 3+Cl‘
NHg*CIr

Yield: 613 mg (49%), purity: 97% (HPLC), yellowish solid

i

20 “H-NMR of D-Met-L-Lys x 2 HCl (DL-ITe-2HCL) (500 MHx
DMSO): & = 1.32-1.42 (m, 2H, CHx{Lys); 1.52-1.62 (m, 2H
CHz(Lys); 1.64-1.80 {(m, 2H, CHx (Lys); 2.00-2.10 (m, 5H



9f) D-Met-L-Trp (DL-Ilj) Yield: 1.38 g (82%), purity: 98% (HPLC), voluminous white solid 5 1H-NMR of
D-Met-L-Trp (@E’Rl‘f) &IMRISd5-DMSO+HC1): 8 139-1.80 (M, 2H, SEtLGH2) 1693 655 By SCH3);
2.30-2.40 (M, 2H, SCH2); 3.02-3.22 (m, 2H, CH2); 3.34-3.40 (m, 1H, SCH2CH2CH); 4.38-4.40 (m, 1H,
CH): 6.90-7.60 (m, 5H, indolyl); 8.05-8.15 (bs, 1H, CONH); 10.80 (bs, 1H, NH) 10 13C-NMR of
D-Met-L-Trb (DL-1Ij) (500 MHz, d6-DMS0+HC1): 8 14.37; 27.38; 29.12; 33.28; 53.00; 53.49; 110.26;
111.17; 118.07; 118.26; 120.64; 123.36; 127.52; 135.98; 171.87; 173.53 HRMS (pESI): 15Calculated:
336.13819C16 2&%303%6(MH1- ) Found: 336.13718 9q) L-Leu-D-Met (LD-Ib) 1H-NMR of
H-L-Leu-D-MeéEliL%- 3 /(500 MHz, 46 IMSPEHCETY: 2591518 = 524 Ho; BHE2 X(GH333L.62 (t, 3] =
6.8 Hz, 2H, CHEBRCHS)2R 14600 760(m LBH, CH(CHB)2)s 1488:2.0{m.12H, SEH2CH2); 2.04 (s, 3H,
SCI-3) ; 2.40-2154, (MR HNBOH2): 53378386 (1, LitCH); 4;324.40,(ma JH, CH); 8,36 (d, 3J = 4.0
Hz, 31-1, NH3+);9.03,(d, 3] = 7.8 Hz, 1H, NH) 13E-NMR'of H-LleuBimet (ED7ibY (35 MHz,
d6-DmS0+HCI): 8 = 14.56; 22.78; 23.33; 23.93; 29.89; 30.58; 41.03; 51.40; 51.56; 169.41; 173.03 10

HRMS (pESI): Calcul?ted: 263.14294C11H23N2035 (MH+) Found: 263.14218
5 "HRMS (pESI):

Calculated: 278.15384 C11H2403S (MH+)
Found: 278.15288

Se) D-Met-L-Phe (DL-IIg)

2 H

I
LY

10

Yield: 930 mg (63%), purity: 98% (HPLC), voluminous white
so0lid

"H-NMR of D-Met-L-Phe (DL-IIg) (500 MHz, dg-DMSO+HCl): & =
1.64-1.82 (m, 2H, SCH,CHp); 1.95 (s, 3H, SCH:); 2.10-2.26

15 (m, 2H, SCH,); 2.80-3.20 (m, 2H, CH.Ph): 3.70 (t, *7 = 6.1
Hz, 1H, CHCH.Ph); 4.42-4.50 (m, 1H, CHCH,CH.S); 7.16-7.28
(m, 5H, Ph); 8.50-8.60 (bs, 1H, NH)

i3
C-NMR of D-Met-L-Phe (DL-IIg) (500 MHz, d¢-DMSO+HCl): & =
14.28; 28.08; 31.63; 37.03; 51.84; 53.78; 126.28; 127.97.
20 129.08; 137.69; 168.90; 172.65

HRMS (pESI) :
Caleculated: 297.12%29 C14H31N,038  (MHY)
Found: 297.12643



9h) L-lle-D-Metgl2@4 o) 1:604+2 Yield: 790 mg (59%),=urity: 97% (HPL% luminous white solid
1H-NMR of L-lle-D-Met (LD-Ic) (500 MHz, d5-DMSO):5%8u: 0.82 (t, 31.7 = ??F\E?%?é%’ﬁﬁé); 0.86
(2,33 =6.6 Hz, 3H, 20 CH3CH); 1.02-1.12 (m, 1H, CH3CHIH"); 1.36-1.46 (m, 1H, CH3CH'H");
1.64-1.72 (m, 1H, CH3CH); 1.80-1.98 (m, 2H, SCH2CH?2); 2.00 (s, 3H, SCH3); 2.36-2.44 (m, 2H,
SCH2); 3.27 (d, 3J = 5.1 Hz, 1H, CH); 3.99 (t, 3J = 5.3 Hz; 1H, CH); 7.92 (bs, 1H, NH) 25 120-NMR of
L-lle-D-Met (LD-Ic) (500 MHz, d6-DMSO0): 8 = 11.57; 14.54; 15.60; 23.58; 29.69; 32.42; 37.90; 53.06;
58.79; 172.09;%123. B7 MAHD2010#K1 2866 -HRMS (pESI): Calculated: 263.14294 Found: 263.14224 591)
L-Thr-D-Met (LID-Id) OH NH2 Yield: 690 mg (55%), purity: 99% (HPLC), voluminous white solid
1H-NMR of L-Thr-D-Met (LD-Id) (500 MHz, d6-DMS©+CDC12) 8 101.08 (d, 3J = 6.6 Hz, 3H, CH2);
1.82-2.08 (m, 2H, SCH2CHZ2), 2.02 (s, 3H, SCHQ); 2.38-250 (m, 2H-58i12); 3.06 (d, 3j =

==

N

Ha

Yield: 1.38 g (82%), purity: 98%
solid

(HPLC) , voluminous white

5 'H-NMR of D-Met-L-Trp (DL-II3) (500 MHz, dg-DMSO+HCL): §
1.50-1.80 (m, 2H, SCH.CHz); 1.93 (s, 3H, SCH,); 2.30-2.40
(m, 2H, SCH;); 3.02-3.22 (m, 2H, CHz); 3.34-3.40 (m, 1H,
SCH,CH,CH) ; 4.38-4.40 (m, 1H, CH); 6.90-7.60 (m, 5H,
indolyl); 8.05-8.15 (bs, 1H, CONH); 10.80 (bs, 1H, NH)

13
10 C-NMR of D-Met-L-Trp (DL-IIj) (500 MHz, dg~DMSO+HCL} : § =
14.37; 27.38; 29.12; 33.28; 53.00; 53.49; 110.26; 111.17;

118.07; 118.26; 120.64; 123.36; 127.52; 135.98; 171.87;
173.53

HRMS (pESI) :
15 Calculated: 336.13819 C1eH2oN30:8  (MHY)
Found: 336.13718

9g) L-Leu-D-Met (LD-Ib)

Q OH

~

NH,

20  Yield: 710 wg (54%), purity: 99%
solid

(HPLC) , voluminous white



4.2 Hz, 1H, CH&#%-S.% (m, 1H, CH); 3.98-4.04 (m, 1H, CH); 7.91 (d, 3] = 7.3 Hz, 1H, NH)
13C-NMR of LA 8- M E#53d) (500 MHz, d5-DMSTRCDC12): 8 151857 287 SR BRAS:;
53.71; 60.22; 67.45; 172.58; 174.24 HRMS (DESI): Calculated: 251.10655C2H19N2045 (MH+)
Found: 251.10586 20 9j) L-Lys-D-Met x 2 HC1 (LD-le-2HC1) NHatt Yield: 676 mg (54%), purity:
96% (HPLC), colourless crystals 1H-NMR of L-Lys-D-Met x 2 HC1 (LD-le-2HC1) (500 MHz, d6-
DM80): 8, 1.30-1.44 (m, 2H, CH2(Lys)); 1.54-1.64 (m, 2H, 5CH2(Lys)); 1.72-1.84 (m, 1H, CH2(Lys));

1.90-2.04 (m, ZHL%%{?Z%-IA%LZZ‘;OS s, 3H, SCH3); 2.44-2.58 (m, 2H, SC-I2); 2.702,80 (m, 2H, NCH2);
3.82-3.90 (m, 1H, CH); 2344 SHRE 1R NG, YL 1D 3145 K328, 3db<IBSD-NH3H): 8DL(d, 3] =
7.9Hz, 1H,NH)-91 (&, °J = 5.4 Hz, 6H, 2 x CH,): 1.62 (t, °7 = 6.8 Hz
2H, CH.CH(CHs)2); 1.60-1.75 (m, 1H, CH(CHs),); 1.88-2.04 (m
2H, SCHCH>); 2.04 (s, 3H, SCH;); 2.40-2.54 (m, 2H, SCH,)
5 3.78-3.86 (m, lH; CH); 4-32“4.40 (m’ lH’ CH); 8.3§8 (d
4.0 Hz, 3H, NH;"); 9.03 (d, *J = 7.8 Hz, iH, Nm)

i

3J~=

13

C-NMR of H-L-Leu-D-Met (LD-Ib) (500 MHz, de-DMSO+HCL): §
14.56; 22.78; 23.33; 23.93; 29.89; 30.58; 41.03; 51.40:
51.56; 169.41; 172.03

10 HRMS (pESI):
Calculated: 263.14294 Ci1H23N,0,58 (MHE")
Found: 263.14218

Sh) L-Iie-D-Met (LD-Ic)

) OH

v

15 NH,

Yield: 790 mg (59%), purity: 97%
solid

(HPLC), voluminous white

i
H-NMR of L-Ile-D-Met (LD-Ic¢) (500 MHz, de-DMSO): § = o 82
(t, *J = 7.4 Hz, 3H, CH:CH,); 0.86 2, T = 6.6 Hz, 3H

(
20  CH3CH); 1.02-1.12 (m, 1H, CH;CH'H’ ') ; 1.36-1.46
)

7

(m, 1H,
CH;CH'H''); 1.64-1.72 (m, 1H, CH,CH); 1.80-1.98 (m, 2H
L r

SCH:CHz) ; 2.00 (s, 3H, SCH;); 2.36-2.44 (m, 2H, SCH,): 3.27

3 ' .
(d, °J = 5.1 Hz, 1H, CH); 3.99 (t, *J = 5.3 Hz; 1H, CH)
7.92 (bs, 1H, NH)

1

o
¥

25 “C-NMR of L-Ile-D-Met (LD-Ic) (500 MHz, d¢-DMSO): § =

o
M =

11.57; 14.54; 15.60; 23.58; 29.69; 32.42; 37.90; 53.06;
58.79; 172.09; 173.37



10 HRMS (pEﬁ%‘ g%rhc ated: 278.15384C11112 4 03 S (MH+ Found: 278.15290 9k) L-Phe-D-Met
(LD-lg) Yield"’ 3 gi(éa%g,spurity: 98% (HPLC), Voluminous white sbiith A8PRMR pb E$heD-Met
(LD-Ig) (500 MHz, d6-DMS0+D20): 8 1.60-2.02 (m, 4H, SCH2CH2); 2.05 (s, 3H, SCH3); 3.08-3.32
20(M, 2H, PbCH2): 4.12-4.16 (m, 1H, CH); 4.20-4.26 (m, 1H, CH); 7.30-7.50 (m, 5H, Ph) 13C-NMR of
L-Phe-D-Met (LD-Ig) (500 MHz, d6-DMS0+D20): 8 15.37; 30.72; 32.10; 38.09; 55.40; 55.96: 129.24:
130.50; 130.71; 136.55; 169.47; 178.42 HRMS (pESI): Calculated: 297.12729C14H21N2038 (MH+)

Found: 297.1%859@éé¥5p:-D-Met (LD-Ij)

Calculated: 263.14294 C11H23N203S (MH+)
Found: 263.14224

5 9i) L-Thr-D-Met (LD-Id)

OH Q

NH

Yield: 630 mg (55%), purity: 99% (HPLC), voluminous white
solid

10 1.08 (d, °J = 6.6 Hz, 3H, CH;); 1.82-2.08 (m, 2H, SCH,CH,),
2.02 (s, 3H, SCHi); 2.38-2.50 (m, 2H, SCH:}; 3.06 (d, 37 =
4.2 Hz, 1H, CH); 3.88-3.94 (m, 1H, CH); 3.98-4.04 (m, 1H,
CH); 7.91 (d, *J = 7.3 Hz, 1H, NH)

1.
H-NMR of L-Thr-D-Met (LD-Id) (500 MHz, de-DMSO+CDCLL) ¢ §

13
C-NMR of L-Thr-D-Met (LD-Id) (500 MHz, dg-DMSO+CDCLs): §
15 14.75; 19.70; 30.07; 32.45; 53.71; 60.22; 67.45; 172.58.
174 .24 ,

HRMS (pESI):
Calculated: 251.10855 CoH1eN2048  (MH')
Found: 251.10586

20

93) L-Lys-D-Met x 2 HCLl (LD-Ie-2HC1)

&) O

CTIHN

-~

I=
o

NHz*Cr



Yield: 1.40 g ( AUty (HPLC), voluminous white solid 1H-NMR of L-Trp-D-Met (LD-Ij) (500
MHz, d6-DMS?(§%%E?i@E%8X-21%§;§88 (m, 2H, SCH2CH2)¥1.94 (s, 3H, scﬁ§3?/£§35&,°fﬁ:53’7@91z, 2H,
SCH2); 2.80-2.88 (m, 1H, CH); 3.10-3.16 (m, 1H, CH); 3.70-3.76 (m, 1H, CH); 4.00-4.06 (m, 1H, CH);
6.90- 7.60 (m, 5H, indoly1); 8.10 (bs, 1H, NH); 10.90 (bs, 1H, NH) 15 13C-NMR of L-Trp-D-Met (LD-lj)
(500 MHz, d6-DMS0): 8 14.51; 29.56; 29.90; 32.09; 52.78; 54.59; 109.82; 111.26; 118.15; 118.30;
120.80; 123.82; 127.20; 136.16; 172.03; 173.02 HRMS (pESI): 20Calculated:

336.13819C16f1j4@2@,§1.@0%5&MH@@up%§§§ _72@6E%xa( e 0: Ch mic(?;%s%/nthesis of the

diastereomeri%%iggg?of Met-lle 25(lic) from 5-(2-(methylthio)et yll-czc,) ‘imidaZ5fdinedione
t

(methionine hy oin) (Vn) and L-isoleucine with KOH 11.8 g (0.09 mol) of L-isoleucine, 17.2 g (0.09
mol, purity: 91%) of 5-[2-(methylthio)ethy11-2,4- imidazolidinedione (Vn) and 11.9 g (0.8 mol) of 85%
KOH were dissoived n 150HnFsRvEIehdstifrddGh a(360 #-2HCL) (500 MHz, d-

DMSO): & = 1.30-1.44 (m, 2H, CH,(Lys)); 1.54-1.64 (m, 2H,

5 CHa(Lys)); 1.72-1.84 (m, 1H, CHy(Lys)); 1.90-2.04 (m, 2H,
SCHaCHz) i 2.05 (s, 3H, SCH:); 2.44-2.58 (m, 2, SCHz}; 2.70-
2.80 (m, 2H, NCH»); 3.82-3.90 (m, 1H, CH); 4.34-4 42 (ma,

1H, CH); 7.9 (bs, 3H, NHy"); 8.3 (bs, 3H, NH:*); 8.91 (d, 7
= 7.9 Hz, 1H, NH)

10 HRMS (pESI):

Calculated: 278.15384 C11H240:8 (MHY)
Fcund: 278.15290

Sk} L-Phe-D-Met (LD-Ig)
ij]::ii/“\\
) "

Yield: 880 mg (59%), purity: 98% (HPLC), voluminous white
solid

15

'H-NMR of L-Phe-D-Met (LD-Ig) (500 MHz, dg-DMSO+D,0): §
1.60-2.02 (m, 4H, SCH;CH:); 2.05 (s, 3H, SCH,); 3.08-3.32

20 (m, 2H, PhCH:); 4.12-4.16 (m, 1H, CH); 4.20-4.26¢ (m, 1H
CH); 7.30-7.50 {m, 5H, Ph)

!

13

C-NMR of L-Phe-D-Met (LD-Ig) (500 MHz, dg-DMSO+D,0): &
15.37; 30.72; 32.10; 38.09; 55.40; 55.96; 129.24:
130.71; 136.55; 169.47; 178.42

130.50;



5 Roth steel autoclave with magnetic stirrer for 5 hours at 150C, with increase in pressure to 8 bar. On
completion of B3edP Heladdelave was cooled, the peecipitated solid was fiigred 0ff /b washed
with a little water. A moderate CO2 stream was passed through the filtrate. The solid that 10 now
precipitated was drawn off once again, washed with a little cold water and dried under oil-pump
vacuum for several hours at 30C; final weight: 7.3 g (31% of theory) of white solid. 1H-NMR coincided
with the superimposed 1HNMR spectra of L-Met-L-lle (LL-lic) and D-Met-L-lle (DL- 15lIc) (see
Example 9b). Example 11: Chemical synthesis of the diastereomeric mixture of Met-lle (lic) from
N-carbamoylm}elwgnigg%ﬁlw and L-isoleucine 20 with KOH 11.8 g (0.09 mol) of L-isoleucine, 17.5 g
(0.09 moal, puri@@@g%%ﬁ%caﬂ:fwnawmhionim@nmm111\9:{@)(0.18 mol) of 85% KOH were
dissolved in 15684nhef.water anglstired in a 200 ml Roth steel autoclave with magnetic 25 stirrer for 5
hours at 150C, with increase in pressure to 7 bar. On completion of reaction the autoclave was cooled,
the precipitated solid was filtered off and washed with a little water. The filtrate was neutralized with
10% sulphuric acid and the solid that precipitated was drawn 30 off by suction, washed with a little cold
water and drie der gil-pump vacuuym for several hours at 30C; final weight: 6.4 g (27% of theory) of
white solid. 1H(-§I#I&Rﬁé'§iﬁ§i"a%]a Tith ¢ S"Jb"e?rimposed 1H-NMR spectra of L-Met-L- lle (LL-lIc) and
D-Met-L-lle (DL-lIc) (see Example 9b). W02010/11236565PCT/EP2010/053722 Example 12:
Chemical synthesis of the diagtéregmeric mixture of Mgt-lle e ot
2-[(aminocarbonyl)amino]-(methythio)butanoic 5 adid amide §N-carbamoylmethioninamide) (1Vn)
and Lisoleucine with KOH 1.8 g (0,29 mol) of L-isoleygine, 17.4 g (90 mmol, purity: 98.5%) of
2-[(aminocarbonyl)amino]-4-{m thio qutanoic-geid an Vnand-11°9.g (078 mol) of 85% KOH
were :

HN— NHz

Yield: 1.40 g (83%), purity: 98%
sclid

(HPLC), voluminous white

‘H-NMR of L-Trp-D-Met (LD-Ij} (500 MHz, ds-DMSO): & = 1.68-
10 1.88 (m, 2H, SCH;CHp); 1.94 (s, 3H, SCH,): 2.24 (@, *7 = 7.9

Hz, 2H, SCH:); 2.80-2.88 (m, 1H, CH); 3.10-3.16 (m, 1H,

CH); 3.70-3.76 (m, 1H, CH); 4.00-4.06 (m, 1H, CH); 6.90-

7.60 (m, 3H, indolyl); 8.10 (bs, 1H, NH); 10.90 (bs, 1H
NH)

13
15 C-NMR of L-Trp-D-Met (LD-I3) (500 MHz, dg-DMSQ): & =
14.51; 29.56; 29.90; 32.09; 52.78; 54.59; 109,82

118.15; 118.30; 120.80; 123.82; 127.20; 136.16;
173.02

111.2s6;
172.03;

HRMS (pESI):
20 Calculated: 336.1381¢9 C15H22N303S (MH+)
Found: 336.13724

Example 10:

Chemical synthesis of the diastereomeric mixture of Met-Ile
25  (IIc) from 5-{2- (methylthic)ethyl] -2
(methionine hydantoin)

rd-imidazolidinedione
{(Vn} and L-isocleucine with KOE



10 dissolved ingd%@ i pf yvpdgizand stirred in a 200 oth steel autoclave with magnetic stirrer for 5
hours at 150C, with increase in pressure to 7 bar. On completion of rea80 BR2AHBAA5S Hza cooled,
the precipitated solid was filtered off and washed with a little water. The 15 filtrate was neutralized with
semi-concentrated hydrochloric acid and the solid that precipitated was drawn off by suction, washed
with a little cold water and dried under oil-pump vacuum for several hours at 30C; final weight: 8.0 g
(34% of theory) of white solid. 1H-NMR 20 coincided with the superimposed 1H-NMR spectra of
L-Met-L- lle (Li-lckagd RrMsi-lalie (DLl0) (seg Example 9b mple 13: Chemical synthesis of
3-(2-(methylth@)l Q)%]-,G-é]l-;z;Sgﬁet xl?@ro él)-%,S-pi erazingldﬁ)r(?e Ef/iiflfrgﬂ] %‘.‘fé.r
(methylthio)ethyﬁ{Z, imidazolidinedioné (rmeti HiheHyhatdLviz) 4nd L-isoleucine 11.8 g (0.09
mol) of L-isoled@nE2ER 2ig doned kestepuifr) 9294 of 5-[2-(metiylthiaysthy H2,4530 kox
imidazolidinediened Vi) and 2@ (00 moi) /f(NHRGQ3 wera dissplved.in, 150 m) of water and
stirred in & 200t Roth steel gautoclave with magnetic stirrer for 5 hours at 155¢? with indease in
pressure. By releasing gas from time to tlmgej‘tﬁe pregsnlﬁgﬁfassl?éﬁlﬁ%ﬁsfé?ﬁ at stisarre@natompletion
of reaction the stfoctavé'wald cHBfetE 6 antite BEES Thessispedsiomabtainesumps thendiltesed, the
solid 5 filtered offavdsiwashéd severat-imes Mahwa&ﬂag@,dr@ggug%rcqi -Qgg}ge\@cggﬂfgr several
hours at 30C; final weighte 259 44270.0f4h690) OF VIS as aa‘f"ti':tt‘?f %%éd' SE-NMR of o
3-[2-(methylthig)eth % 1-(énech %rOc 1%—2,5- 10 piperazinetione™(VIEf (500 RHR d6-BMS0): 8 =
0.85 (t, 3J. = 7.4 Hz, 3H, CHZERA3RT:§6 (0, Srovehk HBheH CHCHBY 1. Thel501(ha 2bh SCH2CH?2);
1.80-1.96%m, HfPWCPIWP.QQl’&@@Eém, @ik CH2WR. MEE, Sk SGIRNK ©,4%:288.(N,2H1:SGH2); 3.64-
little cold water and dried under oil-pump vacuum for

several hours at 30°C; final weight: 7.3 g (31% of theory)

of white solid. 'H-NMR coincided with the superimposed 'H-
NMR spectra of L-Met-L-Tle (LL-IX¢) and D-Met-L-Tle
15 IIc) (see Example Sb).

(DL~

Example 11:

Chemical synthesis of the diastereomeric mixture of Met-Ile

(ITe) from N-carbamoylmethionine (ITIn) and L-isoleucine
20 with RKoOH

11.8 g (0.09 mol) of L-isoleucine, 17.5 g (0.09 mol,

purity: 99%) of N-carbamoylmethionine (ITIn) and 11.9 g
(0.18 mol) of 85% KOH were dissolved in 150 ml of water and
stirred in a 200 ml Roth steel autoclave with magnetic

25 stirrer for 5 hours at 150°C, with increase in pressure to
7 bar. On completion of reaction the autoclave wag cooled,
the precipitated solid was filtered off and washed with a
little water. The filtrate wag neutralized with 10%
sulphuric acid and the solid that precipitated was drawn

30 off by suction, washed with a little cold water and dried
under oil-pump vacuum for several hours at 30°C; final
weight: 6.4 g (27% of theory) of white solid. *H-NMR
coincided with the superimposed *H-NMR Spectra of L-Met-IL-

Ile {LL-IIec) and D-Met-L-Tle (DL-IIe) (see Example 9b)



3.68 (m, 1H, Gk, 1%4§ (g% 1H, CH); 8.08-8.16 (m, 2H, 15 2 x NH) 13C-NMR of
3-[2-(methylthio)et ylff -(1-(methyl)propyl)- 2,5-pip(§r%zinedione (VIc) RSO0 BA32 16/ DRESQ2HC1): 8
12.02; 14.55; 15.27; 24.61; 28.74; 32.15; 39.90; 52.92; 59.34; 167.90; 168.10 20 Example 14:
Chemical synthesis of 3-(2-(methylthio)ethy1]-6-(1- methyl)propyl)-2,5-piperazinedione (Vic) from
Ncarbamoylmethionine (Ilin) and L-isoleucine mol) of (NH4)HCO3 were dissolved in 150 ml of water
and stirred in a 200 ml Roth steel autoclave with magnetic stirrer for 5 hours at 150C, with increase in
pressure. By releasing gas from time to time the pressure was kept 5 constant at 8 bar. On completion
of reaction the autoclave was cooled on an ice bath. The suspension obtained was then filtered, the
solid filtered OEX%\&I%S?%G several times with water and dried under oil-pump vacuum for several
hours at 30C; final Weight: 9’1 g (41.3% of theory) of 10 compound Vic as a white solid. NMR
coincided with the NMR_from Example 13. Example 15: Chemical synthesis of

3-[2-(methylthio}STRYTES-(FY RS hsthil) Sroov 2 i piperatnaione (Mitk frome 20 f Met-T1e
[(@aminocarbonyhamindjxbgmathlltkic)butasslscasid paside G -carhamey %H@Q%%@QgggVn) and
L-isoleucipe 148ia (2 4aol) st Eé&@_%&?@mééﬁi%&%_o %‘Im%éliuf%( : 9%-15%) of - ©
2-[(am|nocarbgg¥&aer{ygol{4-(vr?net ylthio)butanoic 20 acid amide (IV R 7"?‘?‘% {69 mol) of
(NH4)HCO3 were dissolved if150 MPBf water and stirred in a 200 ml Roth steel autoclave with
magnetic stirrer for 5 hours at 150C, with increase in pressure. By releasing gas from time to time the
pressure was kepticshstéht®R g OrfcdmprabasSicireadtion the utockanevag,caaled on an ice

bath. The susensién obtaired was iher fitesdy hesghdfltered pif was ngg severa| times with
t

water and driegungesQilumeva u%@éo&ig\éer% haurs at 30C; finaslg\évgl%( P10 3G 75 of theory)
of white sglid Iyc. NMR coincided 30 with the NMR frorh Exa plef3 85% KOH were
issolved 1in 150 ml of water and stirred in a 200 ml Roth

steel autoclave with magnetic stirver for 5 hours at 150°¢C,

with increase in pressure to 7 bar. On completion of

reaction the autoclave wasg cocled, the precipitated solid
was filtered off and washed with a little water. The

15 filtrate was neutralized with semi-~concentrated
hydrochloric acid and the solid that precipitated was drawn
off by suction, washed with a little cold water and dried
under oil-pump vacuum for several hours at 30°C; final
weight: 8.0 g (34% of theory) of white solid. 'H-NMR

20 coincided with the superimposed ‘H-NMR spectra of L-Met-I.-

Ile (LL-IIec) and D-Met-L-Ile (DL-IIc) (see Example 9b)

Example 13:

Chemical synthesis of 3-1[2- (methylthio) ethyl] -6~ (1-

25 (methyl)propyl)»2,5npiperazine&ione (VIc) from 5-{2-
(methylthio)ethyl]~2,4—imidazolidinedione (methionine
hydantein) (Vn) and L-isoleucine

11.8 g (0.09 mol) of L-isoleucine, 17.2 g {0.09 mol,
purity: 91%) of 5-[2- (methylthio)ethyl] -2, 4-

30  imidazolidinedione (vm) and 7.1 g (0.9 mol) of (NHy )} HCO,
were dissolved in 150 ml of water and stirred in a 200 ml

Roth steel autoclave with magnetic stirrer for 5 hours at



Example 16: Synthesis, of the diastereomeric mixture of lle-Met (Ic) Met-lle (lic) from

3-[2-(methylthi ?&R%Wé%? riethyl)propy1)-2,5-pipdrizinedione (Vic) mith AEweent aiggawsisochloric
acid 24.4 g (100 mmol) of 3-[2-(methylthio)ethy1]-6-(1- methyl)propyl)-2,5-piperazinedione (VIc) was
suspended in 5 66 g water. While stirring, 11 g conc. hydrochloric acid was slowly added dropwise and
then heated carefully to reflux, stirring very vigorously. The reaction mixture was then heated under
reflux for 8 hours, so that all of the solid went into solution. During subsequent cooling, a 10 small
amount of unrg@g%diketg/@jperazine was precipitated, and was filtered off. The filtrate was then
adjusted to pH 5-6 with 329% amhionia watérint GESkE on &Y iceslahs Angixgae offimMet-DL-lle
(diastereomerit Hiiktue of Hef ahll® P He BluMetdiastereameta stixiure 45 of Ighwas giecipitated as
a voluminous white selid okhessolickwas dogdina drying.cabinet.at 40C under waterjet-pump vacuum;
yield: 21.5 g (82,0%). %%mgl%%g 20.S e Rl SHlifet €) and

ylthi )e?hyjl

nth,lggs.oft e diastereomeric mix
Met-lle (Ilc) from 3-[2-(meth (Tyé? - rﬁéf?ﬁl pmly-é%?pw5ﬂﬁééionéf(vlc§)¢i atkaline

conditions'witharhHidTig 1976 g (6 8 iof s 3-peiramiittiojetsy 16t +2F er and dried
methyl)propy13:2c=pipetdzipedipne {¢o)m2Z 4:mker25%ampepia sqlution and 160 mi of water were

heated in an aytoclave. ats150C for Z-howrs. After cooling, the unreacted dil efopipérazine was drawn
with suction. This could be use% again in a subsqugnt%fre%%%ti%ﬁ. h&Bptrdfelwas concentrated in

a rotary evaporator at a water temperature of 80C until the first crystals were precipitated. After cooling
and leaving to stand overnight,

S

~

NH

HN

¢

"H-NMR of 3-[2- (methylthio)ethyl] -6- (1- (methyl)propyl) -2, 5-
10 piperazinedione (VIc) (500 MHz, ds-DMSO) : 8 = 0.85 (t, 3J =
7.4 Hz, 3H, CH;CH;); 0.90 (d, °J = 7.4 Hz, 3H, CHCH)); 1.10-
1.50 (m, 2H, SCH,CHp); 1.80-1.90 (m, 1H, CH); 1.90-2.00 (m,
2H, CHz); 2.04 (s, 3H, SCH3); 2.42-2.58 (m, 2H, SCH;); 3.64-

3.68 (m, 1H, CH); 3.94-3.98 (m, 1H, CH); 8.08-8.1¢ (m, 2H
15 2 x NH) '

BCoNMR of 3—[2~(methylthio)ethy1}~6—(1~{methyl)propy1)_
2,5-piperazinedione (VIc) (500 MHz, ds-DMSO+HC1) : & =
12.02; 14.85; 15.27; 24.61; 28.74; 32.15; 39.90; 52.92,
59.34; 167.90; 168.10

20

Example 14:

Chemical synthesis of 3—[2-(methy1thio)ethy1}-sm(lm
methyl)propyl)-2,5-piperazinedione {(VIc) from N-
carbamoylmethionine (IIIn} and L-isoleucine

25 11.8 g {(0.09 mol) of L-isoleucine, 17.5 g {0.09 mol
purity: 99%) of N-carbamoylmethionine (IIIn) and 7.1 g (0



after filtration %g@/m%@ggure of DL-Met-DL-lle (diastereomeric mixture of lic) and DL-Ile-DL-Met
(diastereomeric mixture of Ic) was isolated as a volu fhous white solid BREIGER 21§ (BE9aY Bxample
18: 5 In vitro digestion tests on L-EAA-L-Met (LL-1) or L-Met-L- EAA (LL-1l) with digestive enzymes
from omnivorous carp a) Isolation of the digestive enzymes from mirror carp (Cyprinus carpio morpha
noblis) The digestive enzymes were isolated according to the method 10 of EID and MATTY
(Aquaculture 1989, 79, 111-119). For this, the intestines were removed from five one-year-old mirror

carp (Cyprinusn@grpiqj@om@a}q%s)m;&seedd\gi h water, cut open lengthwise and in each case the
intestinal mucosa vlygigcr,apéld off. This was co%ﬁsré\lﬁ%{ﬁéﬂ‘d i ile g8ﬁ1é¥ai’%e\}9itﬁ@l%shed ice. The

resulting suspesnstlone s'fPedted WitHian Rtidsctheabdatedishmrany tells thapwerestill intact. To
separate the c&ft torsttuénts &ndatrthessuspeasion was sentifugesdfor 30 minutes at 4C, the

homogenate wasi@ecanied 9 ane. sigrilizgo.wi e of 20 thiomersal. From 5 mirror caraf 296.3
ml of enzyme %%Igig%n ofgefinée;ginal mu%a%a?gg}%in% ” The Sofution Was sksteH in the dark at

4C. b) Procedure Tor the invitrd digestion staqER 1 Sfipt -PAAYE RGN o -EAA-biMet( L kpwas taken

up in 25 TRISHRSL BARéESolatioRBNd dee bAzyMeBotutionswas sdead ohs SORRArsQR apddq assess
the rate of purelyichersigal aibavagel ineach cased Riapk yas prgpared without %Qz%me solution (see
Table 3). A sam%ggge%frgmdg@g 0 Ltllzr&e and é‘i composition was detected an Jlfahtified by 30
means of a calibrated HPLC. The conversion was determitit 45 Hedudtient 8¢ wesredntent of
methionine and3H& Eoftert OF E:MELPEAXTLLMY or 2-EAA-LEMet (BLdf(serddigs.) 1 ard 2).
SampleBl@nk compound VIec as a white solid. NMR coincided with the NMR

from Example 13.

Example 15:

Chemical synthesis of 3-[2- (methylthio)ethyl]-6-(1-

15 methyl)propyl)-2,5-piperazinedione {(Vic) from 2-
E(aminocarbonyl)aminol«4~(methy1thic)butanoic acid amide
(N-carbamoylmethioninamide) (IVn) and L-isoleucine
11.8 g (0.09 mol) of L-isoleucine, 17.4 g (90 mmol, purity:
98.5%) of 2—[(aminocarbonyl}amino}—4m(methylthio)butanoic

20 acid amide (IVn) and 7.1 g (0.2 mol) of (NH;) HCO, were
dissolved in 150 ml of water and stirred in a 200 ml Roth
steel autoclave with magnetic stirrer for 5 hours at 150°C,
with increase in pressure. By releasing gas from time to
time the pressure was kept constant at bar. On completion

25 of reaction the autoclave was cooled on an ice bath. The
suspension obtained was then filtered, the solid filtered
off was washed several times with water and dried under
oil-pump vacuum for several hours at 30°C; final weight:
10.3 g (47% of theory) of white solid IVe. NMR coincided

30 with the NMR from Example 13.

Example 163

Synthesis of the diastereomeric mixture of Ile-Met (Ic)
Met-Ile (IIc¢) from 3w[zw(methylthio)ethyl}—6-(l~



ChargeSubstrate0.15 mmol0.15 mmol (LL-I or LL-1I) TRIS/HC1 buffer7.5 mi8.1 ml solution, pH 9.5
Start ofEnzme%ﬂ}t%j\%%%ﬁ Feaction(.4. 1.5% carpéblution) Reactior2r£87£2 iaping 60,2 ml of
reaction solution was taken up in the reaction9.8 ml of 10% H3PO4 solution. Table 3 Example 19: In
vitro digestion tests on L-EAA-D-Met (LD-I) or D-Met-L- RAk (DL-II) with digestive enzymes from
omnivorous carp 5 a) Isolation of the digestive enzymes from mirror carp (Cyprinus carpio morpha
noblis) The digestive enzymes were isolated according to the method of EID and NATTY (Aquaculture
1989, 79, 111}%%8% F}%r this, tlée) intestines were removed from five one-year-old mirror 10 carp
(Cyprinus carpio morphg FoBHeY arfa priviRe&d ainrdtapead iVEramplccbs dayRraseduredar the in
vitro digestion Biffeshloric acid

24.4 g (100 mmol) of 3—{2-(methylthie)ethyl]-6—(1-
methyl)propyl) -2, 5-piperazinedione (VIg)
5 66 g water. While stirring, 11 g conc.

was suspended in

hydrochloric acid
was slowly added dropwise and then heated carefully to

reflux, stirring very vigorously. The reaction mixture was

then heated under reflux for 8 hours, so that all of the

solid went into solution. During subsequent cooling, a

10  small amount of unreacted diketopiperazine was

precipitated, and was filtered off. The filtrate was then

adjusted to pH 5-6 with 32% ammonia water in a beaker on an

ice bath. A mixture of DL-Met-DL-Ile (
mixture of IIe)} and DL-Ile-DL-Met (

diastereomeric

diastereomeric mixture

15 of Ie¢) was precipitated as a voluminous white solid. The
solid was dried in a drying cabinet at 40°C under water-

jet-pump vacuum; yield: 21.5 g (82.0%).

Example 17:

20 Synthesis of the diastereomeric mixture of Ile-Met (Ic) and
Met~Ile (IIc} from 3«[2~(methylthio)ethyl]-Gm(l—

methyl) propyl) -2, 5-piperazinedione (VIc) in alkaline
conditions with ammonia

19.6 g (0.8 mol) of 3-[2- (methylthio)ethyl]-6-(1-
25 methyl)propyl)-2,5-piperazinedione (VIe), 22.4 ml of 25%
ammonia solution and 160 ml of water were heated in an

autoclave at 150°C for 2 hours. After cooling, the

unreacted diketopiperazine was drawn with suction. This
could be used again in a subsequent preparation. The

30 filtrate was concentrated in a rotary evaporator at a water
temperature of 80°C until the first crystals were
precipitated. After cooling and leaving to stand overnight,

after filtration and drying, a mixture of DL-Met-DiL-~Ile
(diastereomeric mixture of IIc) and DL-Ile-DL-Met



D-Met-L-EAA %—gl%&d&diél%éAg}Met (LD-I) was taken up in 15 TRIS/HC1 buffer solution and the

enzyme solution was S comparison and to a8ess the rate of RS BPRAdical CEaarage, a

blank without enzyme solution was prepared in each case (see Table 4). A sample was taken from
time to time and its composition was detected and quantified by means of a calibrated HPLC. The
conversion was determined 5 as the quotient of the area of methionine and the area of D-Met-L-EAA
(DL-II) or L-EAA-D-Met (LD-I) (see Fig. 7). SampleBlank ChargeSubstrate0.15 mmol0.15 mmol (LD-I

or DL-II) TRIS/HGL buffers . lution, 9.5 Start ofEnzyme solution5.89 ml reaction(1
15% carp soluttl-c!%) React%&r?é%%%%é%%c?&ﬁﬁg 8%.§%I SFPEactiBEiGlorfad tRdmus hete

reaction9.8 mI'Bt 1686 ERPE4 sYikmdA: TaBled 9 (58%) .

Example 18:

5 In vitro digestion tests on L-EAA-L-Met {LL-I) or L-Met-IL-

EAR (LL-II) with digestive enzymes from omnivorous carp

a) Isolation of the digestive enzymes from mirror carp
{Cyprinus carpio morpha noblis)

The digestive enzymes were isolated according to the method

10 of EID and MATTY {Aquaculture 1989, 79, 111-119). For thisg,
the intestines were removed from five one-year-old mirror
carp (Cyprinus carpio morpha noblis), rinsed with water,
cut open lengthwise and in each case the intestinal mucosa

was scraped off. This was comminuted in a mixer together

15 with crushed ice. The resulting suspension was treated with

an ultrasound rod, to disrupt any cells that were still

intact. To separate the cell constituents and fat, the

suspension was centrifuged for 30 minutes at 4°C, the

homogenate was decanted off and sterilized with a trace of
20 thiomersal. From 5 mirror carp, 296.3 ml of enzyme solution
of the intestinal mucosa was obtained. The solution was
stored in the dark at 4°cC,

b) Procedure for the in vitro digestion studies

L-Met-L-EAA (LL-II) or L-EAA-L-Met (LL-I) was taken up in

25 TRIS/HCLl buffer solution and the enzyme solution was added.
As comparison and to assess the rate of purely chemical
cleavage, in each case a blank was prepared without enzyme
golution {see Table 3). A sample was taken from time to
time and its composition was detected and quantified by

30 means of a calibrated HPLC. The conversion was determined
as the quotient of the content of methionine and the

content of L-Met-L-EAA (LL-II) or L-EAA~-L-Met (LL-I) (see
Figs. 1 and 2).



Example 20: Jv(q)olga/i%o igestion tests on L-E.A.A-L-Met (LL-I) or L-Met-LEAA (LL-Il) with digestive
enzymes from Ccarnivofro St a) Isolation of the digetive enzymes frefmAHEM.UPUE3 722
(Oncorhynchus mykiss)  The digestive enzymes were isolated according to the method 15 of EID
and NATTY (Aquaculture 1989, 79, 111-119). For this, the intestines were removed from six
one-year-old rainbow trout (Oncorhynchus mykiss) and processed as described in Example 18. b)
Procedure for the in vitro digestion studies The in vitro investigations were carried out similarly to
Example 18 (see Table 5, Figs. 3 and 4). SampleBlank ChargeSubstrate0.15 mmol0.15 mmol (LL-I or
LL-II) TRIS/HC1 buffer7.5 ml7.9 ml solution, pH 9.5 Start ofEn%?F‘?’%]s%lution42511iﬁnéaction1.O% trout
solution) Reactlﬁnd 7C37C
Charge

Substrate 0.15 mmol
(LL-I or LL-IT)

0.15 mmol

TRIS/HCI buffer 7.5 ml 8.1 ml
solution,
pH 9.5

Start of Enzyme solution 589 ul
reaction (£ 1.5% carp

solution!

Reaction 37°C 37¢e(

Stopping of 0.2 ml of reaction solution was taken up in

the reaction 9.8 ml of 10% H;PO, solution.

Table 3

Example 19:

In vitro digestion tests on L-BAA-D-Met (LD-I) or D-Met-IL-
EAR (DL-IX} with digestive enzymes {rom omnivorous carp
5 a) Igolation of the digestive enzymes from mirror carp

(Cyprinus carpio morpha noblig)

The digestive enzymes were isclated according to the method

of EID and MATTY (Aquaculture 1889, 79, 111-119). For this

the intestines were removed from five oﬁe—yearwold mirror

10 carp (Cyprinus carpio morpha noblis) and pProcessed asg
described in Example 18.

b} Procedure for the in vitro digestion studies

D-Met-L-EAA (DL-II) or L-EAA-D-Met (LD-I) was taken up in

15 TRIS/HCL buffer solution and the enzyme solution was added

As comparison and to assess the rate of purely chemical



Stopping of0. I i lution was taken up in the reaction9.8 ml of 10% H3PO4 solution.
Table 5 ExamZE;ZI%J‘]ZZ‘alf::L (I?girlfrgoegﬁgestion tests on L-EAA-D-Met (LID-1) or BRISEERAA(DA 5H)Aizh
digestive enzymes from carnivorous trout 10 a) Isolation of the digestive enzymes from rainbow trout
(Oncorhynchus mykiss) The digestive enzymes were isolated according to the method of EID and
MATTY (Aquaculture 1989, 79, 111-119). For this, the intestines were removed from six one-year-old
rainbow 15 trout (Oncorhynchus mykiss) and processed as described in Example 18. b) Procedure for
the in vitro digestion,siydies.The in.yitrg i igations were carried out similarly to Example 19 (see
Table 6, Fig. 11 .Cfs?amt‘g%BIanE%%%% §§L§t\§§%t§r%%e Eﬁmrlﬁimgpg}i%?ﬂm%?ﬁ_[&? BPEEEd (41 mg)(40.1
mg) TRIS/HCT Bitters>7 fig 35FI ?&gﬁﬁﬁn,“dH ofs SBIFPSfENTHmetsdiatiorfa@mlitreastiangd 10% trout

time and its composition was detected and quantified by
means of a calibrated HPLC. The conversion was determinad

5 as the quotient of the area of methionine and the area of

D-Met-L-EAA (DL-II) or L-EAA-D-Met (LD~I) (see Fig. 7)

Sample Blank
Charge Substrate 0.15 mmol 0.15 mmol
(LD-I or DL-II)
TRIS/HCl buffer 7.5 ml 13.4 ml
solution,
pPH 9.5
Start of Enzyme solution 5.89 ml -———
reaction (£ 15% carp
solution)
Reaction 37°C 37°C

Stopping of 0.2 ml of reaction solution was taken up in

the reaction 2.8 ml of 10% H;PO, solution.

Table 4

Example 20:

10 In vitro digestion tests on L-EAR-L-Met (LL-TI) or L—Mét-L-

EAA (LL-II) with digestive enzymes from carnivorous trout

a) Isolation of the digestive enzymes from rainbow trout
(Oncorhynchus mykiss)

The digestive enzymes were isolated according to the method

15 of EID and MATTY (Aquaculture 19289, 79, 111-119). For this

the intestines were removed from six ocne-year-old rainbow



solution) Reaction37C37C Stopping of0.2 ml of reaction solution was taken up in the reaction9.8 ml of
10% H3PO4 sBRA8AAdia+es Example 22: In vitro di§estion tests on BENAED2NI20 1455 pp 4 -Met-L-
EAA (LL-11) with digestive enzymes from omnivorous shrimps a) Isolation of the digestive enzymes
from whiteleg shrimps (Litopenaeus vannamei) 10 The digestive enzymes were isolated according to
the method of Ezquerra and Garcia-Carreno (J. Food Biochem. 1999, 23, 59-74). For this, the
hepatopancreas was removed from five kilograms of whiteleg shrimps (Litopenaeus vannamei) and
comminuted inta E)nz‘ll er(tg%etgeéwithhcrushe%ice. urther 15 processing was carried out similarly to
Example 18. b) Procedura for e i vitro BgesiicH sfiifb P TRETH TR mveStgatiohsaderércarried out
similarly to Exa%rﬁﬁﬁpllse(s%%Table 7, Figs. 5 and 6). SampleBlank ChargeSubstrate0.15 mmol0.15
mmol (LL-1 or LL-1I) TRIS/HC1 buffer7.5 ml7.8 ml

b} Procedure for the in vitro digestion studies

The in vitro investigations were carried out similarly to
5 Example 18 (see Table 5, Figs. 3 and 4.

Sample Blank

Charge Substrate 0.15 mmol 0.15 mmol

(LL-I or LL-ITI)

TRIS/HC1 buffer 7.5 ml 7.9 ml

solution,

PH 9.5
Start of Enzyme sclution 424 1l -
reaction (£ 1.0% trout

soluticn)
Reaction 37°C 37°C
Stopping of 0.2 ml of reaction solution was taken up in
the reaction 9.8 ml of 10% H;PO, solution.

Table §

Example 21:

In vitro digestion tests on L-EAA-D-Mst (LD-I}) or D-Met-I-

Eaa (DL-II) with digestive enzymes f£rom carnivorous trout
10 a) Isolation of the digestive enzymes from rainbow trout
(Oncorhynchus mykiss)

The digestive enzymes were igolated according to the method

of EID and MATTY (Aquaculture 1989, 79, 111-119). For thisg

the intestines were removed from six one-year-old rainbow

15 trout (Oncorhynchus mykiss) and processed as described in
Example 18,



solution, pH 9&&@%(?&;&15 solution258 pl reaction2 shrimps) Reaction37C37C Stopping 0f0.2 ml
of reaction solution wastakén tp in the reaction9.8 nflf 10% H3PO4 FAMTitER Table/ D Exapwle 23: 5
In vitro digestion tests on L-EAA-D-Met (LD-I) or D-Met-LEAA (DL-1l) with digestive enzymes from
omnivorous shrimps a) Isolation of the digestive enzymes from whiteleg shrimps (Litopenaeus
vannamei) The digestive enzymes were isolated according to the method 10 of Ezquerra and
Garcia-Carreno (J. Food Biochem, 1999, 23, 59-74). For this, the hepatopancreas was removed from
five kilograms ] Qﬁmi Litopenaeus vannamei) and comminuted in a mixer together with
crushed ice. ngtnlgr{tggcessi%@v%és g%ieﬁ%u‘f%wﬁﬁ’ar%%rﬁﬁie%@@@) Procedure for the in
vitro digestionlslgludies The in vityo investigations were carried out similarly to Example 19 (see Table
8,F©,10)Eknnﬁ%§%n¥1tro investigations were carried out similarly to

Example 19 (see Table 6, Fig. 11).

Sample Blank
Charge Substrate 0.143 mmol 0.143 mmol
(LD-I or DL-II) {40.1 mg) (40.1 mg)
TRIS/HC1 buffer 5.7 ml 9.9 ml
solution,
PH 2.5
Start of Enzyme solution 4.2 ml -
reaction (2 10% trout
solution)
Reaction 370C 37¢eC

Stopping of 0.2 ml of reaction solution was taken up in

the reaction 9.8 ml of 10% H:;PO, solution.

Table 6

5 Example 22:

In vitro digestion tests on L-EAA-L-Met (LL-I) or L-Met-L-

EAA (LL-II) with digestive enzymesg from omnivoroug shrimps

a} Isolation of the digestive enzymes from whiteleg shrimps
{(Litopenaeus vannamei)

10 The digestive enzymes were isolated according to the method

of Ezquerra and Garcia-Carreno (J. Food Biochem. 1999

23,
59-74}.

For this, the hepatopancreas was removed from five

kilograms of whiteleg shrimps (Litopenaeus vannamei) and

comminuted in a mixer together with crushed ice. Further
15 processing was carried ocut similarly to Example 18

b} Procedure for the in vitro digestion studies



ChargeSubstr | 143 mmol (LD-I or DL;1J)(40.1 mg)(40.1 mg) TRIS/HC1 buffer5.7 ml7.9
ml solution, p%%ﬁﬁ%?én%me solution2.2 ml re;?c ion8 shrimps) RBEGHEIREISY 8&HAng 0f0.2
ml of reaction solution was taken up in the reaction9.8 ml of 10% H3PO4 solution. Table 8 Example
24: 5 In vitro digestion tests on L-EAA-L-Met (LL-I) or L-Met-LEAA (LL-II) with digestive enzymes from
chicken a) Isolation of the digestive enzymes from chicken The digestive enzymes were isolated
according to the method of EID and MATTY (Aquaculture 1989, 79, 111-119). For this, 10 the

intestines Wer@m@ngﬁeqrgr@%am{%@@ig%g%gbwggefec open lengthwise and in each case the
intestinal MUC&%%\{&S i%aqtesd gff lglfew§s comminutedLglﬁL arr%?xger%ggetﬁéwﬂv}tﬁ’%]réfsﬁ& ice. The
resulting suspensioh was trea 2d Wiﬁll an uItrdso%ﬁgsfod;Stoad"erufﬁ cells that were 15 still intact. To
separate cell constituents and fat, the suspension was centrifuged for 30 minutes at 4C, the

homogenate was decanted and sterilized with a trace of Sample Blank

Charge Substrate 0.15 mmol
{(LL-I or LL-II)

0.15 mmol

TRIS/HC1 buffer 7.5 ml 7.8 ml

golution,

pH 9.5
Start of Enzyme solution 258 ul -~
reaction (£ 2 shrimps)
Reaction 37°C 37°C
Stopping of 0.2 ml of reaction solution was taken up in
the reaction 9.8 ml of 10% H;PO, solution.

Table 7

BExample 23:

5 In vitro digestion tests on L-EAA-D-Met (LD-I} or D-Met-I-

EAA (DL-II) with digestive enzymes from omnivorous shrimpe

a) Isolation of the digestive enzymes from whiteleg shrimps
(Litopenaeus vannamei)

The digestive enzymes were isolated accoxrding to the method

10 of Ezquerra and Garcia-Carreno (J. Food Biochem. 1999, 23

59-74). For this, the hepatopancreas was removed from five

kilograms of whiteleg shrimps (Litopenaeus vannamel) and

comminuted in a mixer Cogether with crushed ice. Further
processing was carried out similarly to Example 18

15 b) Procedure for the in vitro digestion studies



WOZO10/1123%%%%5?{;[/EP2010/053722 thiomersal. From one chicken, 118.9 ml of enzyme solution
from the intestina c?s%z\ﬁgsr’ obtained:; the solutior! Was stored in theRIZFK B 4C1 6,40) Frogadure for
the in vitro digestion studies L-Met-L-EAA (LL-II) or L-EAA-L-Met (LL-I) was taken up in TRIS/HC1
buffer solution and the enzyme solution was added. As comparison and to assess the rate of purely
chemical cleavage, a blank without enzyme solution was prepared in 10 each case. A sample was
taken from time to time and its composition was detected and quantified by means of a calibrated

HPLC The co si% V\‘/fastdeteg“mineg as the, %uotient of the content of methionine and of the content
of L-Met-L-EA%?LL- ﬁ or L-ERAIE TSP T 1S THEED, 43ER 98) osamplediaak 1y to
ChargeSubstr&&8H5 fmtd10. 452 AnTorpEe | &r LFig) TRISY1-IC1 buffer11.3 mI12.5 ml solution, pH 9.5
Start ofEnzyme solution1.19 ml reaction1.0% chicken solution) Reaction37C37C Stopping of0.2 ml of
reaction solution was taken up in Sample Blank
Charge Substrate 0.143 mmol 0.143 mmol
(LD-I or DL-II) (40.1 mg) (40.1 mg)
TRIS/HCLl buffer 5.7 ml 7.9 ml
solution,
pH 9.5
Staxt of Enzyme solution 2.2 ml ———
reaction (£ 8 shrimps)
Reaction 3700 3700

Stopping of 0.2 ml of reaction solution was taken up in

the reaction 9.8 ml of 10% H.PO, solution.

Table 8

Example 24:

5 In vitro digestion tests on L-EAA-L-Met (LL-I) or L-Met-L-
EAA (LL-II} with digestive enzymes from chicken

a) Isolation of the digestive enzymes from chicken

The digestive enzymes were isolated according to the method

of EID and MATTY (Aquaculture 1989, 79, 111-119). For this,
10 the intestines were removed from a chicken, rinsed in
water, cut open lengthwise and in each case the intestinal

mucosa was scraped off. This was comminuted in a mixer

together with crushed ice. The resulting suspension was

treated with an ultrasound rod, to disrupt cells that were
15 still intact. To separate cell constituents and fat, the
suspension was centrifuged for 30 minutes at 4°C, the

homogenate was decanted and sterilized with a trace of



the reactiong.%,gg §){&%%%/FI$%§4 solution. Table 9 Example 25: In vitro digestion tests on
-1) or D-Met-

L-EAA-D-Met AA (DL-I1) with digesfife enzymes fromBstici&rRA)LISSALEAN BE the
digestive enzymes from chicken 5 The digestive enzymes were isolated according to the method of
EID and MATTY (Aquaculture 1989, 79, 111-119). For this, the intestines were removed from a
chicken and processed as described in Example 24. b) Procedure for the in vitro digestion studies 10
D-Met-L-EAA (DL-Il) or L-EAA-D-Met (LD-I) was taken up in TRIS/HC1 buffer solution and the enzyme
solution was a pagison and to assess the rate of purely chemical cleavage, a blank
without enzymgﬁs%%{%%gv%gs‘ ?)?gggf}e i e(z%' %%%Iel.’Ajs%aﬁm?e Whsbkenmonetigelotibmand its 15
composition wa& FBtddted bRbSiafdd BygRsangaiata chliratestiH Pt K THEICOMVEFSIQR Was
determined asshexgdtient aftthe dsed ohmethionine and the area of D-Met-LEAA (DL-II) or
L-EAA-D-Met (LD-I) (see Table 10, Fig. 17). SampleBlank ChargeSubstrate0.15 mmol 0.15 mmol
(LID-1 or DL-II) TRIS/HC1 buffer11.3 ml12.5 ml solution, pH 9.5 Start ofEnzyme solution1.19 mi
reaction(%l%ﬁpicggn solution

oce ure)for the in vitro digestion studies
L-Met-L-EAA (LL-II) or L-BEAA-L-Met (LL-I) was taken up in
TRIS/HC1 buffer solution and the enzyme solution was added.
As comparison and to assess the rate of purely chemical
cleavage, a blank without enzyme solution was prepared in
10 each case. A sample was taken from time to time and its
composition was detected and quantified by means of a
calibrated HPLC. The conversion was determined as the
quotient of the content of methionine and of the content of
L-Met-L-EAA (LL-II) or L-EAA-L-Met (LL-X)

(see Table 9,
15 Fig. 16).

Sample Blank
Charge Substrate 0.15 mmol 0.15 mmol
(LL-I or LL-II)
TRIS/HCl buffer 11.3 ml 12.5 ml
sclution,
PH 9.5
Start of Enzyme solution 1.19 ml -
“reaction (£ 1.0% chicken
solution)
Reaction 37°C 37

Stopping of 0.2 ml of reaction solution was taken up in

the reaction 9.8 ml of 10% H;PO, solution.

Table ©



Reaction37C3§Zgzl§%>‘ipﬁ%%g%O 2 ml of reaction solution was taken up in the reaction 9.8 ml of 10%
H3PO4 solution. Ta atsent claims 1.Feed addftive containing difRPEAEE 20 Bats Hicreof,
characterized in that one amino acid residue of the dipeptide is a DL-methionyl residue and the other
amino acid residue of the dipeptide is an amino acid in the L-configuration selected from the group
comprising lysine, threonine, tryptophan, histidine, valine, leucine, isoleucine, phenylalanine, arginine,
cysteine and cystine. 10 2.Feed additive according to Claim 1 containing dipeptides of general formula
DL-methionyl-sEAA BRdier L-EAA-DL-methionine, characterized in that LEAA is an amino acid in the
L-configuration selected from the group comprising lysine, threonine, 15tryptophan, histidine, valine,
leucine, isoleug‘igevg) egylglanine, .ar%nine, cysteine and cystine. 3. Feed mixture containing a feed
additive according o Claim 19612- 4 eb8THf iR dthding 1éetain8 -dontaminy Bet - L -
20methionyl-LERAA Eiel/ 321 -ENiA- D | Shmesibhive aomgas D-feethiamAtxEAA, L-methionyl-L-EAA,
L-EAA-D-methionine or L-EAA-L-methionine, as a mixture with one another or also as a mixture with
D-methionyl-DaEARs binsthianybD-EAS, BiLAADRvaetbionine.ar P:EAAN:25methionine, preferably
in each case additionally mixed

5 The digestive enzymes were isolated according to the method
of EID and MATTY (Aquaculture 1989, 79

' ; 111-119). For this,
the intestines were removed from a chicken and processed as
described in Example 24.

b) Procedure for the in vitro digestion studies

10 D-Met-L-EAA (DL-II) or L-EAA-D-Met (LD-I) wag taken up in
TRIS/HC1 buffer solution and the enzyme solution was added.
As comparison and to assess the rate of purely chemical
cleavage, a blank without enzyme solution was prepared in
each case. A sample was taken from time to time and its

15 composition was detected and quantified by means of a
calibrated HPLC. The conversion was determined as the
quotient of the area of methionine and the area of D-Met-L-

EAA (DL-II) or L-EARA-D-Met (LD-I) (see Table 10, Fig. 17).

Sample Blank
Charge Substrate 0.15 mmol 0.15 mmol
(LD-I or DL-II)

TRIS/HCL buffer 11.3 ml 12.5 ml

“solution, pH 9.5
Start of Enzyme solution 1.19 ml ———
reaction (£ 1% chicken solution)
Reaction 37eC 37eC

Stopping of 0.2 ml of reaction solution was taken up in
the reaction 9.8 ml of 10% H3PO, solution.

Table 10
20



with DL-methi%legr,eH@% with a proportion of DL-methionine from 0.01 to 90 wt.%, preferably
from 0.1 to SO wt.%, especially preferably from 1 to 38 wt.%, preferablf &38R 8a9¢ addiviaaally
mixed 30with an L-EAA such as for example L-lysine, preferably with a proportion of L-EAA from 0.01
to 90 wt.%, preferably from 0.1 to 50 wt.%, especially preferably from 1 to 30 wt.%. 5.Dipeptide or a .
salt thereof of general formula DL- methionyl-DL-EAA or DL-EAA-DL-methionine, 5characterized in
that EAA is an amino acid, preferably in the L-configuration selected from the group comprising lysine,
threonine, tryptophan, histidine, valine, leucine, isoleucine, phenylalanine, arginine, cysteine and
cystine. 10 6.Aawihed @i piegiiction of a dipeptide containing only one methionyl residue according to
the formula DD/LL/DL/LD-I or DD/LL/DL/LD-II: O Il HNHN---Nr.-'S NH2NH2 15SCO2HRCO2H
(DD/LL/DL/LD-I)(DD/LL/DL/LD-II)

1. Feed additive containing dipeptides or salts thereof,
characterized in that one amino acid residue of the
dipeptide is a DL-methionyl residue and the other

5 amino acid residue of the dipeptide is an aminc acid
in the L-configuration selected from the group
comprising lysine, threonine, txryptophan, histidine,
valine, leucine, isoleucine, phenylalanine,
cysteine and cystine.

arginine,

i0 2. Feed additive according to Claim 1 containing

dipeptides of general formula DL-methionyl-L-EAA

and/or L-EAA-DL-methionine, characterized in that IL-
EAA is an amino acid in the L-configuration selected
from the group comprising lysine, threonine,
15 tryptophan, histidine, wvaline, leucine, isoleucine,
phenylalanine, arginine, cysteine and cystine.

3. Feed mixture containing a feed additive according to
Claim 1 or 2.

4. Feed mixture according to Claim 3, containing DIL-

20 methionyl-L~EAA and/or L-EAA-DL-methionine alone as D-
methionyl-L-EAA, L-methionyl-L-EaA, L-EAA-D-methionine
or L-EAA-L-methionine, as a mixture with one another
or also as a mixture with D-methionyl-D-ERA, I~
methionyl-D-EAA, D-EAA-D-methionine or D-EAA-I.~

25 methionine, preferably in each case additionally mixed

with DL-methionine, preferably with a proportion of

DL-methionine from 0.01 to 90 wt.%, preferably from

0.1 to 50 wt.%, especially preferably from 1 to

30 wt.%, preferably in each casge additionally mixed

30 with an L-ERA such as for example L-lysine, preferably

with a proportion of L-EAA from 0.01 to 90 wt.%

I



by reacting an_ami |d with a urea derivative of general formula Il to V, where R is defined as
follows: la to \}gc%blf -}r:r%t éFe%hyl(valine) Ib to Vb:R ZS’Z-methylpropyl(I@tﬂi?ti‘l‘l?i@)?z010/053'722
(1S)-1-methylpropyl(isoleucine) Id (1R)-1-hydroxyethyl1-(threonine) 4-aminobutyl-(lysine)
3-[(aminoiminomethyl)-(arginine) amino]propyl- R = benzyl(phenylalanine) R =
(1H-imidazol-4-yl)methyl-(histidine) R = (1H-indo1-3-yl)methyl(tryptophan) R = -CH2-SH(cysteine) R=
-Cl2-S-S-CH2-CNH2-COOH(cystine) CH2-CH2-S-CH3(methionine)

preferably from 0.1 to 50 wt.$,

especially preferably
from 1 to 30 wt.%.

5. Dipeptide or a salt thereof of general formula DL~
methionyl-DL-EAA or DL-EAA-DL-methionine,

5 characterized in that EAA is an amino acid, preferably
in the L-configuration selected from the group
comprising lysine, threonine, tryptophan, histidine
valine, leucine, isoleucine, phenylalanine, argininé,
cysteine and cystine.

10 6.

A method of production of a dipeptide containing only
one methionyl residue according to the formula
DD/LL/DL/LD-I ox DD/LL/DL/LD-II:

i i
HN/H\‘f R HN)\{\/S\
15 \s/\/g\coljj i Rj\cofs i
{DD/LL/DL/LD-I) (bD/LL/DL/LD-IT)

by reacting an amino acid with a urea derivative of
general formula III to v,

20

(ITI to W)

where R is defined as follows:

Ia to Va: R
Ik to Vb: R

i-methylethyl-
2-methylpropyl -

(valine)

(leucine)



with the residues R2 and R2 in the urea derivatives lll, IV and V being defined as follows: wherellla-n:
121 = COOH, E%?Qikﬁ—? 15IVa-n: Rl = CONHZ{R2 = NHOONH>XUEAEHRI4IR2 653722
-CONHCONH- and where R either denotes a methionyl residue and the added amino acid is
selected from the group comprising 20lysine, threonine, tryptophan, histidine, valine, leucine,
isoleucine, phenylalanine, arginine, cysteine and cystine Or  the added amino acid is methionine
and R is an amino 25acid residue selected from the group comprising lysine, threonine, tryptophan,
histidine, vaIinECIeggin@ isoleucine, Eh?nyl lanine, arginine, cysteine and cystine. 7.Method according
to Claim 6, charactefized in that 3Bmethidni e HydahIBM BF 88 Rydantoin bf s@leminbreeld sdlected
from the grouptébrﬁﬁrising lysine, Bareortibi) -tiyptopshamshistidide; valine, (euchag,iselgyicine,
phenylalanine Targiin@ecysteine, Rystine- isdiseskas-starting product or is rrrls%dn% an intermediate.
8. Method accerging tq;&laim 6 orR7,=ch§_r_aIc(tgrized in Sthat a solution contanYing methionine hydantoin

- minoiminomethyl) - (arginine)
aminol propyl -
Ig to Vg: R = benzyl- (phenylalanine)
Ih to Vh: R = (1H>imidazolﬁ4—y1)m@thylw(histidine)
Ij to vi: R = (1H-indol-3-yl)methyl- (tryptophan)
Ik to Vk: R = ~CH,-SHE (cysteine)
10 Im to Vm: R = -CH;~S-S~-CH,~CNH,-COOH (cystine)
IIIn to Vn: R = -CH,-CH;-S-CH,4 (methionine)

with the residues R' and R? in the urea derivativesg
III, IV and V being defined as follows:

where ITTa-n: R* = COOH, R? = NHCONH,
15 IVa-ui: R* = CONH,, R? = NHCONH,
Va~n: R'-R? = -CONHCONH-
and

where R either denotes a methionyl residue and the
added amino acid is selected from the group comprising

20 lysine, threonine, tryptophan, histidine, valine,
leucine, isoleucine, pPhenylalanine, arginine,
and cystine

cysteine

or

the added amince acid is methionine and B is an amino
25 acid residue selected from the group comprising

lysine, threonine, tryptophan, histidine, valine,

leucine, isoleucine, phenylalanine, arginine,

cysteine
and cystine.
7. Method according to Claim 6, characterized in that
30 methionine hydantoin or the hydantoin of an amino acid

selected from the group comprising lysine, threonine,



water is react [ inq acid under basic conditions, or a solution containing the hydantoin of
the amino aciawggggtgﬁ?(?r?%%e group comprising Iyséle, threonine, tryptdEiRRe Mtibies Vakne,
10leucine, isoleucine, phenylalanine, arginine, cysteine, cystine and water is reacted with methionine
under basic conditions. 9. Method according to one of Claims 6 to 8, characterized in that the pH value
of the solution 15containing the urea derivative is adjusted to 7 to 14 and/or the reaction is carried out
at a temperature of 30 to 200C and/or the reaction is carried out at a pressure of 2 to 100 bar. 10
Method according to apy@ne{falaimsg 8195 20ch ized4in that the splution containing
methionine hydantoir})%rétle1 V\ﬁtltira or.the solut%fgdntgirﬁlig% t 'e.hly%%%éllﬁ ‘of & Ao 4€id selected
from the group comp |S|ng}fysme,ntﬁrrlée’dni%é:,gt%%aﬁww vafiié tleneines isatexdines
25phenylalanine, argfife; cyteing cdistihe aindiwatto wasdorsed heforeband from gne or more of
the compounds Ill, IV and V. a) Reaction of the urea derivative according to formulae IlI, IV or V with

the amino acid to a diketopiperazine VI of formula, 0 NH

8. Method according to Claim 6 or 7, characterized in
that a solution containing methionine hydantoin and
water is reacted with the amino acid under basic

conditions,

5

or a solution containing the hydantoin of
the amino acid selected from the group comprising
lysine, threonine, tryptophan, histidine, valine,

10 leucine, iscleucine, phenylalanine, arginine,

cysteine, cystine and water is reacted with methionine

under basic conditions.

9. Method according to one of Claims & to 8,
characterized in that the PH value of the solution
15 containing the urea derivative ig adjusted to 7 to 14
and/or the reaction is carried out at a temperature of

30 to 200°C and/or the reaction is carried out at a
pressure of 2 to 100 bar.

10. Method according to any one of Claims 6 to 9
20 characterized in that the solution containing

methionine hydantoin and water or the golution

containing the hydantoin of the amino acid selected

from the group comprising lysine, threonine,

tryptophan, histidine, valine, leucine, igoleucine
!

25 phenylalanine, arginine, cysteine, cystine and water

was formed beforehand from one or more of the
compounds III, IV and V.

11. Method accoxding to Claim 6, comprising the following

steps:



(V1) where R i%%fg‘i ﬁ%&%aim 6. b) Reaction of the diketopiperazine VI to a mixture of dipeptides
with the formulae DO/ | and DD/LL/DL/LD-I1?2 where R is defii€8A8Ha @89 63722Method
according to Claim 11, characterized in that 15the reaction of the urea derivative with the amino acid to
the diketopiperazine takes place at a temperature from 20C to 200C and/or under pressure, preferably
at a pressure from 2 to 90 bar. 13. Method according to any one of Claims 11 to 12, 20characterized in
that the reaction of the urea derivative with the amino acid to the diketopiperazine takes place in the
presence of a Qase, I S I d from the group comprising nitrogen- containing bases,
N1-14HCO3, (Qﬁlﬁ%%%é’? Eggo%q,%\m%ﬁfﬁé W%ﬁ&}%’&’r%éﬁ%té%aﬁ@,@kﬁl%d
alkaline-earth bases. 5'14. M&tHdH éréc%f(t}ihgt?:@%n?%ﬁé%f@éiﬂr@@laodﬂgeha@amiz@giiﬁéhat the
reaction to the VI of formula,

O
S
-~ NH
HN
R
G
(VI)
5 where R is defined as in Claim §.
b) Reaction of the diketopiperazine VI to a mixture of

dipeptides with the formulae DD/LL/DL/LD-I and
DD/LL/DL/LD-IX:

o O

R
10 HNJ\; HNMS\
\s”\i NH, i NH,

CO,H R” “SCoH

(DD/LL/DL/LD—I) (DD/LL/DL/LD&II)
where R is defined as in Claim 6.

i2. Method according to Claim 11, characterized in that

the reaction of the urea derivative with the amino
acid to the diketopiperazine takes place at a
temperature from 20°C to 200°C and/or under pressure,
preferably at a pressure from 2 to 90 bar.

15

13. Methed according to any one of Claims 11 to 12
r
20 characterized in that the reaction of the urea

derivative with the amino acid to the diketopiperazine

takes place in the presence of a base, preferably a



diketopiperazi%aéaoliegﬂ%%%either by reaction of the urea derivative of formula, 10 42 (lll to V) where
R denotes a methionytl re %ijwith an amino acid sélécted from the grBUp AoPeerisinmlysing:
threonine, tryptophan, histidine, valine, leucine, 15isoleucine, phenylalanine, arginine, cysteine or cyst
me, or by reaction of the urea derivative of formula, (lll to V) where R is an amino acid residue
selected from the group comprising lysine, threonine, tryptophan, histidine, valine, leucine,
isoleucine, phenylalanine, 25arginine, cysteine or cystine, with the amino acid methionine.

base selected from the group comprising nitrogen-
containing bases, NH4HCO;, (NH,),COs, KHCO;3, KpCOa,

NH,OH/CO, mixture, carbamate salts, alkali and
alkaline-earth bases.

5 14 Method according to any one of Claims 11 to 13
characterized in that the reaction to the
diketopiperazine takes place either by reaction of the
urea derivative of formula,

1
R\\CH/R
10
R2
(III to V)
where R denotes a methionyl residue, with an amino
acid selected from the group comprising lysine
threonine, tryptophan, histidine, valine, leucine,
15 isoleucine, phenylalanine, arginine, cysteine or
cystine,
or
by reaction of the urea derivative of formula
1
R\\ _R
CH
20
2
R
(III to V)
where R is an amino acid residue selected from the
group comprising lysine, threonine, tryptophan,
histidine, wvaline, leucine, iscleucine, phenylalanine
25 I

arginine, cysteine or cystine, with the amino acid
methionine.



15. Method ac&g%%nﬁ?% gge of Claims 11 to 14, characterized in that the reaction of the
diketopiperazine to a mixiure of dipeptides of formulaBftand Il takes placed¥y/ &&id Hydlyalpsg areferably
in 5the presence of an acid selected from the group comprising the mineral acids, HC1, H2CO3,
C02/1120, H2S04, phosphoric acids, carboxylic acids and hydroxycarboxylic acids. 16. Method
according to any one of Claims 11 to 14, 10characterized in that the reaction of the diketopiperazine to
a mixture of dipeptides of formula | and Il takes place by basic hydrolysis, preferably at a pH from 7 to
14, and preferahly is ﬁgg}ﬁgdog ing,a base from the group comprising nitrogen- 15containing bases,
NH4HCO3, (NH4)2CO3, NH4oﬁ%%(§lnﬁl&tutr8, Earbantiate ShltSerr® 3l k203 4carbonates, alkali
and alkaline-earth baSB& 27 i&taachcEBrdiRg to Bhg oneafClaim6 ta 16, characterized in that the
L configuration, preferabicn exmbe! Aps bsomiart Atom. i bren oA & B ced from
methionin (IIIr; toV Q" characterized in tﬁat thelﬁrea %éria\l;l tf%% 485 \Pis ﬁ?ﬁ?ﬁé’ﬂ@%ﬁnﬁ@uraﬁon,
in the L-configuration or In& MiGHEofD- 4fd Rdshfigidiohe Breferably retheroapnfiguration, if the
urea derivative Il to F¢5g@dived ffotrhan ainesatidseldcied from thg@@gyp@@zrpggéing lysine,
threonine, tryptopham;g@gql%ggwgﬁ&e%gés’olgg%gnglﬁnglaalgglge, arginine, cysteine,

- s’ an
cystine. hydroxycarboxylic acids.

16. Method according to any one of Claims 11 to 14
10 characterized in that the reaction of the

diketopiperazine to a mixture of dipeptides of formula

I and II takes place by bagic hydrolysis, preferably

at a pH from 7 to 14, and preferably is carried out
using a base from the group comprising nitrogen-

15 containing bases, NHHCO,, (NH,) 5COs,, NH;OH/CO, mixture,
carbamate salts, KHCO,, K.COz, carbonates,
alkaline-earth bases.

alkali and

17. Method according to any one of Claims 6 to 16
characterized in that the urea derivative III to V is

20 in the D-configuration, in the L-configuration or in a

mixture of D- and L-configuration, preferably in a

mixture of D- and L-configuration, if the urea

derivative is derived from methionine (IIIn te V), or
n),

characterized in that the urea derivative III to V is

25 in the D-configuration, in the L-configuration or in a

mixture of D- and L-configuration, preferably in the
L-configuration, if the urea derivative ITI to V is
derived from an amino acid selected from the group
comprising lysine, threonine, tryptophan, histidine,
30 valine, leucine, isoleucine, phenylalanine, arginine,
cysteine, cystine. '



18. Method of.} i iastereomeric mixture_of the dipeptides of formula | and Il by
crystalIization‘?‘};Ecj)(yrr[’l51 %gazgr%%egtgion solutions that weré 8btained accordiff§- % ERAMLIG, pEsfaeably in that
the solution 5is adjusted with an acid to a pH value from 2 to 10, especially preferably to a pH value
from 3 to 9, quite especially preferably to the corresponding isoelectric point of the respective dipeptide
of formula I or Il, and the adjustment of pH preferably takes place with 10an acid selected from the
group comprising the mineral acids, HC1, H2CO3, CO2/H20, H2SO4, phosphoric acids, carboxylic

acids and hydgexycag@xylig agils; of dsolation of the diastereomeric mixture of the
dipeptides of formula k%ng%ll by crilét%}ll\l%%%(%? f%%n%%%ic% reAetiGh SONFHLS tRdthesomEined
r

according to Claim 15" BréteROR- iRt fHe SA6HoH & ddjasdd By ddding astasel tozapHasmlue from 2
to 10, especially preferalyte aipH velietfiom 3stal drquitesespesiallyqreferghly tn the corresponding

20isoelectric point ofifhedesRestivedipaptide efformula-Lor I, characterized in that the base is
preferably. selected from t i . 4ﬁCO??, @52&63?%ﬁ‘fogtekh‘?cc?’l‘&éﬁﬁ?r?g38ases,

e grqup.comprising NHZ
NH40H, carbamate égltsaf%%llgé%)%%l K‘ﬁt%S,aEerSﬁgteg?alﬁaﬁ’%né@lminéWﬁeérthd»ams. 20. Use of
the compounds | ancARE@dRIIAY teCrimreadfeed additite fanusefghanimals,preferaply far poultry,

pigs, ruminants, fresbayatel o1 seavyaier dishes Crustagra YRELs. ipeptide as_feedstuff additives
Abstract The inventi%;&ﬁ@teggog%%dstuff aggjiti.vgs comprising dipse § %%rl alt§ o 38f?ﬁﬁf'érein an
t

amino acid residue of the dipeptide is a DEFie rllio%y reRIESR StRENHEAING aeid régidue of the
dipeptide is an amin82gid-R&ha FisoHimeRticvEsaBcedeifom ahd graupklysing] eogipentryptophan,
histidinel aline, leucne asdléueiat =10 phepyiataning, @g@ﬁp,gg&%g@ﬁgy {ine. The invention

d

. . . . e miners
further relates to fee iX S cgmpyisin dditjves and to a meth or roéucm he
d|pept|de ggygé‘? %E [} Cﬁ2 2y gcﬁ?926 ) ﬂ2§%4 s P Osphorlc acpids R g

carboxylic acids and hydroxycarboxylic acids.

19. Method of isolation of the diastereomeric mixture of
the dipeptides of formula I and IT by crystallization
15 from acidic reaction solutions that were obtained
according to Claim 15, preferably in that the solution
is adjusted by adding a base to a PH value from 2 to
10, especially preferably to a PH value from 3 to 9
quite especially preferably to the corresponding ,
20 isoelectric point of the respective dipeptide of
formula I or II, characterized in that the base is
preferably selected from the group comprising NH.HCO,,
(NH;) ,CO1, nitrogen—containing bases, NH,OH, carbamate
salts, KHCO,;, K,CO0,, carbonates, alkali and alkaline-
25 earth bases.

20. Use of the compounds I and IT accoxding to Claim 6 ags
feed additive for useful animals, preferably for

poultry, pigs, ruminants, fresh-water Oy seawater
fishes, Crustacea or pets.
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Dipeptide as feadstuff additives

Abstract

The invention relates to feedstuff additives comprising
dipeptice or salts therecf, wherein an amino acid residue
0of the dipeptide 1s a DL methionyl residue and the other
amino acid residue cof the dipeptide i1s an amino acid in the
L configuration selected from the group lysine, threonine,
tryptophan, histidine, valine, leucine, isoleucine,
phenvialanine, arginine, cystein and cystine. The invention
further relates to feedstuff mixtures comprising said

additives and to a method for producing the dipeptide.



