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WO 2008/061871 - 1 - PCT/EP2007/061908 Ketomethionine ketals and
their derivatives Introduction 5 The present invention relates to
ketomethionine ketals and hemiketals and derivatives thereof and also

preduetion/thereof-and use thereof asfeed additives, cinpartisdlas fordhe o
nutrition of ruminants. 10 Prior art Amino acids such as methionine, lysine

or threonine are, as feed additives, important components of animal

inton. dhhey:Toake possiple moke [apid growth;and 15 also more

efficient feed utilization. This usually represents an important economic
advantage. The markets for feed additives are of great industrial and
eoconondsdirportance. In addition, they are great growth markets which is
due, not least, to the increasing importance 20 of countries such as China

and India, for example. WO 2004008874 discloses, inter alia, that
HBERIGRIE & e ISETTIRG aRAR6 SeR foPmaRy SRTATSptes, ketals

iaelddind eurhitings. For mistance sy thetasecsf dair@basoivs, ford  also
examnlecetfisientmileprodugtionwith respectto the amaunt andiguakifys,
s greatly. dependent on a suficient supply of methioning, The methionine
requr?ement of high performance d%lry Cows cannot be - covered in this
case by the microbial protein formed in 30 the rumen or by protein from

the fead aetdegraded in the rumen (Graulet et al., J. Animal and Feed
Sciences (2004), 269). It is therefore advantageous to supplement

methionine to the feed to increase the economic efficiency of milk .
grBddctiort ant theHtidity 285 ofthe ik fifthe daSEGfmdnogddtigonine
aniraalsastich asgdfordskample s poultrpandapigs, costomrarily,sasfedinimal

nutrition. They make possible more rapid growth and
also more efficient feed utilization. This wusually
represents an important economic advantage. The markets
for feed additives are of great industrial and economic

importance. In addition, they are greatz

growth markets
which isg due, not least, to the increasing importance

of countries such as China and India, for example.

WO 2004008874 discloses, inter alia, that methionine is
the first limiting amino acid for many animal species,
including ruminantsg. For instance in the case of dairy
cowg, Ior example, efficient milk production with
respect to the amcunt and guality is greatly dependent
on a gufficient supply of methionine. The methionine
requirement of high performance dairy cows cannot be
covered in this case by the microbial protein formed in
the rumen or by protein from the feed not degraded in
the rumen (Graulet et al., J. Animal and Feed Sciences
(20045, 289) . It ig therefore advantageous to
supplement methionine to the feed o increage the
eccnomic efficiency of milk producticon and the quality
of the milk.

In the case of monogastric animals such ag, for

example, poultry and pigs, customarily, ag feed
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6 WO 2008/061871 - 2 - PCT/EP2007/061908 additive, use is made of
methionine and the Methionine Hydroxy Analogue (MHA), which is also
termed hydroxymethylthiobutyric acid (HMB). This increases the

%gg:gg{g Eiaér(%%lﬁtyf L-methionine in th26 body which C%ijég%%ﬁ? aé'o c1908

hé animal for growth. In contrast thereto, sugplementation ©
the feed with methionine is ineffective in ruminants, since the majority is
degraded by migrebessindhasumen of 40 ruminants, Qwingdo thishionine

degradation, t@%{s&%gu%n'y.ag@g@ent ofthe, methippine aﬁ%g']eeme@é%%ed

passes into the: small’intestine e animal, where generally
ABSOTEOR 6T mMEthichine 1Hitd ThE bisod proteEds: 15'We 99/e46apes the
_cmsarjb_es;ﬂhe lﬁmmfri\tiHAﬂo_Muminhmmiﬁmr&in itiaasserfed thiat MHA:an
is gnly ippartbroken down, in the tumen and therglore a1 least 20-40% of

the supplemented MHA, after absorption in the small intestine, can pass
in to metabolism. In numerous other 20 publications, in contrast, the mode
of actiomdEMEIA inlremsinants iswistessed-differantlyf-or instarees WO th

200028835 -for example; deseribes, that MHA car, oply, syccessiyllypasshe
throug@ the rumen a&d flzréaélgdntob the small intestine for %)?sorptlon when

MIGA [S TSyadminist.eree%l in veryllarée anﬁ”llglifncfs,%? 60-120 &ay/gﬁ%earf.
HoWavE S prétludes ecoromie Bffigiarey CirordeE i pathpnie1ly a
produgts such as t3Q Dilemetbionine erliasiMmA-aieaveilabledointo the
g%mé!las”t_s 1With high efficigncy, A form protected ggainst r %‘fﬁé‘ ally  the
egradation must be used. The c%allenge in this case is Ind a suﬁable

retRioTite Broduict WRICK gilés the' Hhéthighindatamentabiitycas high

as possible and 35 nevertheless ensures high and efficiency absorption of

WO 99/04647 describes the use of MHA for ruminants.
Therein it is asserted that MHA is only in part broken
down in the rumen and therefore at least 20-40% of the
supplemented MHA, after absorption in the small
intestine, can pass in to metabolism. In numerous other
publicationsg, in contrast, tThe mode of action of MHA in
ruminants ig discussed differently. For instance,
WO 200028835, for example, describes that MHA can only
successiully pass through the rumen and finally into
the small intestine for absorption when MHA ig
administered in very large amounts of
60-120 g/day/animal. However thig precludes economic

efficiency.

In order that methionine products such as
D,L-methionine or rac-MHA are availlable to ruminants
with high efficiency, a form protected against rTumen
degradation must be used. The challenge in this case is
to find a sultable methionine product which gives the
methionine a rumen stability asg high as possgible and
nevertheless ensures high and efificiency absorption of
the methionine in the gut. There 1g a plurality of
posgibilities in thig case of giving D,L-methionine or

rac-MHA these properties:
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the methionine in the gut. There is a plurality of possibilities in this case of

giving D,L-methionine or rac-MHA these properties: WO 2008/061871 - 3

- PCT/EP2007/061908 a) Physical protection: By application of a suitable
ratective | distribution of the methionine in a pr ive IX

5“ r%g%\émgs{tgéi]ﬁty can be achieved. As a result, th%%%%H@%a%g@ ¢

pass through the rumen virtually without loss. In its further course, the

protectiveayes=is then,ferexample, opened or removed by acid
hydrolysis in the abomasum and the methionine released 10 can then be

absorbed by the animal in the small intestine. The protective layer or
protechive® midtik ‘Gih consist df aTomiiRation 674 pRFAITDf stibstances”

stith asi fortexample, liplds, inetganic: imatetials angdcatkhahydratesathe x,
following, proguet, 15 forms;are commergially availables ) Met-Plus. fram, .|

Nisso America is_a lipid-protected methionine having a D,L-methionine

confenf6t 6598 The pfotBctivé fitatrix Consts of the cAIERTH 20 SaksBF-Y
long-chain fattyseids Suchiass fof wxameple, tauwicsaeid. As prepervative,ive
butylated ; Rydrexytolueng-isdiseds il-Mepran(rd M85 from Regussa AGHs ; 4
%C%bo drate- 25 pgr%tectekg methionin(;}%vhickrl\ has a cqre of 1 4
Y Smethionine, Starch and Stearic acid. As proteltive'iayer e retease
effiyicelldigse istgsed: Ter brsHuckhas E€ontent:8t85% I L-methiosine | 1
30-iSmastamingTM M from Adisseo issapelymer-pretectad: methieaing: x
The pellets, n additign to stearig, acid, contain agleast,70%, o130y of
D,L-methionine. The protective layer contains vinylpyridine-styrene
substances such as, for example, Tipids, inorganic
materials and carbohydrates. The following product

forms are commercially available:

i) Met-Plus™ from Nigsc America ig a lipid-protected
methionine having a D,L-methionine content of &5%.
The protective matrix congistg of the calcium
salts of long chain fatty acids such as, for
example, lauric acid. As preservative, butylated

hydroxytoluene ig used.

ii) Mepron® M85 from Degussa ACG is a carbohydrate-

protected methicnine which has a core of
D,L-methionine, starch and gtearic acid. Ag
protective layver, ethyicellulose is used. The

product has a content of 85% D, L-methionine.

1ii) Smartamine™ M from Adisseo 1g a polymer-protected

methionine. The pelletg, in additicn to stearic
acid, contain at least 70% D,L-methicnine. The
protective layer contains vinylpyridine-styrene

copolymer.

Although the physical protection prevents microbial

breakdown of methicnine in the rumen and asg a result
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copolymer. 35 Although the physical protection prevents microbial
breakdown of methionine in the rumen and as a result WO 2008/061871 -
4 - PCT/EP2007/061908 the supply and utilization of methionine in the

apjmal gan be incrpased. there are soe serious disagvaniages, The . o,

production ‘or coating of methionine is Usually a S technically éomplicatée
and laborious process and is therefore expensive. In addition the surface
caatingsef-the finisked pellets ean easityrberdamaged by mechanicalilgach1

and abyasion during fged processing., whigh.can lead fo rS‘i'lé%t&%%%%%é% ,

complete loss of 10 the protection. Therefore, it is also not possible to
process and repellet the protected methionine pellets to form a larger

compoundefbed:pellet, since;cas-a rrgsult; again theprotecting layenwboljd a
break-gyyinghto the. mechapical stress 4 This, greatly restricts, the.use J5:0f ; ¢

such products, since compound fegg elleting is a widely used method of
t

feed ProcRsSinG By Enérhical pro Y0 inéréas8d TiMER sty of °F
migtisionide caalipc additidn. e surely physicat pidtectivepossibiliies;dalsdy
be.achieyvedy magifying:the chemical structare.; for example By-ocessing
egietitying the cprbalic adid groyn, Currently, the following products are .
commerciaﬁy 25 available or are described in e literaturs: ﬁifethlonme
eStefs SUCh &S Torexanple rpiciett- bifylnicthibhife: The eftefshdde to
beentested and desonslrated tindy mederate: aidnen=siabiity: (Loershlang: s
30 OkersRumen Prolgcled Agina Agids i Rumipant utrlgain, oo 5
"Absorption and Utilization of Amino, Acids" Vol. 3, 1989, 187-200, CRC
P&y Bca%%ibﬂ,the protecting laver would break owing to
the mechanical stress. This greatly restricts the use
of such products, since compound feed pelleting is a

widely used method of feed processing.
k) Chemical »protection:

Increased rumen stability of methionine c¢an, in
addition to purely physical protective possibilities,
alsc be achieved by modifying the chemical structure,
for example by esterifying the carboxylic acid group.
Currently, the following products are commercially

avallable or are described in the literature:

i) Methicnine esters such ag, for example, D,L-tert-

butylmethiconine: The egters have been tested and

demonstrated only moderate rumen stability (Loerch and
Qke; “Rumen Protected Amino Acids in Ruminant
Nutrition” in  T“Absorption and Utilization of Amino
Aoids” Vol. 32, 1989, 187-200, CRC Press, Boca Raton,
Florida). For D,L-tert-butylmethionine, in contrast, in
WO 0028835, a biological value of 80% wag publighed.

i1) Metasmart™ from Adisseo ig the racemic isopropyl

ester of MHA (HMBi). This compound is alsc marketed

under the trademark “Sequent” by the American company
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Florida). For D,L- tert-butylmethionine, in contrast, in WO 0028835, a
biological value of 80% was published. 35 ii) Metasmart'M from Adisseo is
the racemic isopropyl ester of MHA (HMBI). This compound is also
marketed under the trademark "Sequent" by the American company WO
2008/61872 6 B7PCT/EP2007/061908 Novus. In WEF0@/28888,74 061908
biological value of at least 50% for HMBI in ruminants was published. In

this case, & eﬁ@"}ﬁotﬁfﬁﬁl{ er,isirgg'vbaa@i%é%%@ﬁ% fthe Jydrophobic. .
HMBI through the rumen wall plays a 5 decisive role. The ester can then

bé Hydrolysed B MHA URe Bidodanit: afferaxidatisn and Subsequent =<
trangaminalion, caniee converted tonb-methiening. lntthe:patentEPoE  the

1398805, 13, cqmpanghie biological yglue ior HMBlwas pyblished Jinthese .

studies, HMBIi was 10r9pplied to a porous support. In a further publication
tHEEdrfopean Corfimissibn fepofted tiat, &G4, Eﬁp%&ﬁﬁ&%}?%%tlww
isiabsotbed vialthedumendvall £Eompean:Commission:eReporeobthecusnt
ggi%gatiﬁ%n@%mgge Orbé\ﬂimﬁl_eN%%a%QEé%? Wse ?i?’%é@!n?léiﬂglépglr
. Grauletetal. p ed.in in the Journal of Animal a e
SRS AT et ek AP SUBLRE foher 4 e oF dtiec By
thec fipolphitie properties b thelisepropyit grotis 8EHMBRQ D or tHE1B1  was
pegsivictien of HMBI twe-differentproeessas: haverbeen publishen: Jauson,
HMBI can_gj e syn ' jrectly i e e from, :
cgﬁ%spo%r%oe}é%ﬁoh dﬁﬁ%@fg %%)Sé%%?%%%&%ﬁ#gaﬁo? ItIl({%%i’ve thggam'
is%%ﬁ%é@%?%é’ce%&% if A cas® if D5l eitiout nee@ing oolate L
MHA irvaeance. Camothes process, imegantrast, esterifiesipure BiHfewiths ic
isepropanal AN Q01758864 ang WO, 01:56980Q). IpROthree  of mmMBT; 25
April 2003). Graulet et al. published in 2004 in the
Journal of Animal and Feed Science (26%), that better
diffusion through the rumen wall is enabled by the

lipophilic properties of the isopropyl group of HMBIL.

For the production of HMBIL, two different processes
have been published. Thus, HMBL can either be
synthesized directly in one stage from the
corresponding cyanchydrin (WO 0C0-%9877). Esterification
to gilve the iscopropyl ester proceeds 1in this case in
gsitu, without needing tc isclate MHA in advance.
Another process, 1n contrast, esterifies pure MHA with
igopropanocl (WG 01-58864 and WO 01-56280). 1In both
cageg, for the synthesgis, use is made of prussic acid
which ig expensive and in additicn iz a great potential

hazard.

1ii) Ketomethiconine and its carboxylic acid

derivatives: "The use of this class of compounds, in

particular of ketomethionine itself, as feed additives

was first described recently in application
WO 2006-072711. There, & technical DIOCEss for
producing ketomethiconine and carboxylic acid

derivatives thereof was also desgscribed. Ketomethionine
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cases, for the synthesis, use is made of prussic acid which is expensive
and in addition is a great potential 30 hazard. iii) Ketomethionine and its
carboxylic acid derivatives: The use of this class of compounds, in
particular of ketomethionine itself, as feed additives 35 was first described
ré€ently i Application WO 2006-072741- There, a te€kificaE B8 foF 208
producing ketomethionine and carboxylic acid derivatives thereof was

also described. Ketomethionine WQ 2008/061871 - 6 - s
P TIEB00 1051508k hetant Srecursor ol isinortis afd Barf =232
ré%dilyChE ebhertedtin-the Bdyro 12metiiGrine R ohe stép B SmBaRs ofY
transaminafion. darcomparisondherewith choth aMHAand HMBrhave, theoth

disgdvantageihat they [equirg S two.or dhree steps o, CONVELSION 10, 4. 4 re

L-methionine in the body. For instance, HMBJj must first be h%dr,olyse to

freéMHA and' SGbsequERty oxidizedTd Ketdmethionthe “witfi the ait' 6fan™ ®
okigdasexddot unfibthen candmturn tHgketomethiofiihedde directly drolysed

reductiyely aminatediosld.give Lemethjonine {Baker; tUtilizafignof i onine
Precursors for L;Ami[no Acids"ig "AmlngiAé:ids in FfrrpiﬁnimggnNuIritic%g;rﬁ
(Ifﬁi'f\/}:erﬁof:}?.%.lé.?%ds, 1992, 3764 CAB AL, Wfﬁﬁngfor‘f%xon, Uk?. 15
Frdecketoimetsibhineras g-ketocarbosyliclacid afd s Lealy'siphias el to
example,thesodium drcaldigaisalt; arereampeunds-already knewn fredrs

Vo gr 1 SR i ot s b
alketdrhettitnine iR a¥ielPof 7P%yfthe LEamino oXiddde-catdlyséd 2B
oXidation o alethionier {Meister; J. Biol..Chem. 1952, 197, 309).
Previously, Waelsch et al., showed that the amino oxidases present
Free ketomethionine as oa-ketocarboxylic acid and its
galts such asg, for example, the scodium or calcium salt,
are compoundsg already known from the literature for a
long time and have been produced both biochemically and
chemically. Meilster, for example, obtained the sodium
gsalt of o-ketomethionine 1in a vield of 77% by the
L-amino oxidage-catalysed oxidation of wmethionine
(Meister, J. Biol. Chem. 1552, 197, 309). Previously,
Waelach et al., showed that the amino oxidases present
in liver can convert methicnine to o-ketomethionine
{(Waelsch et al., J. Am. Chem. Soc. 1838, &1, 2252).
Mosbach et al., likewise described the production of
ketomethionine by the L-amino oxidase-catalysed
oxidation of methicnine. In this case Immobilized
Providencia sp. PCM 1298 cells were used (Mosbach et
al., Enzyme Micrcb. Technol. 1982, 4, 40%).

Rg a further possible synthesis method, Sakural et al.
in 1957 publighed the first chemical synthegis route
for synthesising a-ketomethionine. In this case, as key
step, methyl-a-methoxalyl-vy-methylmercaptopropionate
wag hydrelyzed with dilute hydrechloric acid to give
ketomethionine (Sakurai et al., J. of Bicochemigtry
1957, 44, 9, 557). Yamada et al. published virtually
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in liver can convert methionine to a-ketomethionine 25 (Waelsch et al., J.
Am. Chem. Soc. 1938, 61, 2252). Mosbach et all, likewise described the
production of ketomethionine by the L-amino oxidase-catalysed oxidation
of methionine. In this case immobilized Providencia sp. PCM 1298 cells

wWete USRH/(NBSBACh et 30 al., Enzyme Microb. Tec oF /1820 47486y 208

As a_further ppssible synt_hesis method, Sakurai et al. in 1957 published
the first chemical %m*&%‘és royte forsynthesising aketametbignine. 1p; o

this case, as ke step, _ . .
rﬁ‘éihﬁ%ﬁ?etho%%lyl-)?}ﬁ?eqﬂﬁﬁﬁ%gﬁopr%ﬁi%%téf)emwgsﬁfalr%ﬁ/ze&f with  °%
dilutexhydrochidricracid tongive séetomethiohie(Sakural epale). ofly low
Bjachemistry954:44, % 6541 Yamagdmet ahpublistedwvirtually WQ apan
298 /961§21 67 - 89 {EP2007/061908 simultaneously the same
synthesisroute, after first attempts at synthesizing a-ketomethionine via

an a-oximo ester formed as an intermediate gave only low vyields.

(Chibata et abgBulh 1AgChem. Soc. dapansbJA0od, 245 6; 336). Theketo-
biglogieal value of the sqdiym.salt of aketor mehioninewas, determined ,
for the first time Iin 1977 in feeding experiments with rodents and poultry
ahB5$'10SigRieaAty &Bove tator MFCEH@r ditfHatter Procedtffgs S
farithe Society farvExpérmentalBiologyt andiMediCiwe<:977 2156, 2001) e,

inruminants, a:ketos methigning-and salts theread,haweyern, ara braken gy
down in the rumen and therefare offer no advantages over HMB 15 o

BtHioNIiE /A& e A kblocarbbxyiic'aid. & keombtiioNIRE 15 addfidFe ="
has the further disadvamidge thheit dirieriZesviaeevery short firre<gnd down

subseguently irseversibly-eyclizes and drerelorg ds nak, stablgas aover HMB
moornom%quc}?:i%%giggl. Valuisand t?%reeéore o-ketocarboxylic acid,
a-ketomethionine in addition has the further
digadvantage that it dimerizes in a very short time and
subgeqgquently irreversibly cyclizes and therefore is not
stable as a moncmer of biocloglcal wvalue and therefore

is avoided in direct use ag feed additive.
Object of the invention

Againet the background of the disadvantages of the
prior art, it was the object to provide a rumen-stable,
chemically protected methionine product for ruminants,
in particular for dairy cows, which can serve as
efficient methionine gource for the animals and which
does not have the disadvantages of the known prcducts,
or hag them to a decreased extent. This would have the
advantage that wmilk production and quality could be
thereby increased, which would lead to a significant

increase in economic efficiency.

A further object was to find a feed and a feed additive
of wvery high bilological wvalue which should have good
handleability and storability and also stability under

the customary conditions of compound feed processing,
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20 is avoided in direct use as feed additive. Object of the invention

Against the background of the disadvantages of the 25 prior art, it was
the object to provide a rumen-stable, chemically protected methionine
product for ruminants, in particular for dairy cows, which can serve as

efficiertt tiéthforiine source for the anifals and whichP88é$ RaPRave fh® 08

disadvantages of the known products, 30 or has them to a decreased

extent, Lhis would pave the advantage:that ?M&gygt?OQ§nQaqi@iiEyipn,
could be_thereby increased, which would lead to a significant increase in

eBBRGMt effitientsE 3B furtfer BjetBas Tofind a'feBd arfd af86d ™St
additive20f very figh biolegicalvaluewhichdshouid: have good
handleability and storability and also stability under the customary
conditions of comggungfeed grocessing, WO 2008/061871 - 8 -

EBYBb7 U1 8t|nep§rﬁcﬁﬁFﬁ8ﬁeting. The product, in addition,
should be useable in animal nutrition in the most general possible way as

fead: additiye..5: Desgription, of:the ipveation Thisobject and-alse.gther-it+ 1y
objects not explicitly mentioned, but which.can readily be derived o
O o s For s Hi s ga Rarehy At ach Vi by the 1°dueed

kéteoprethionineXetals ot thel mveRtier and UEAVatives therdstaeordingt he
tocforptda: 1 dinparticulas usesthereof s feedy preferablyfod ruteinants: ives

Therehy,, pot aoé‘é%%%i%ad\&%”ta%%%ﬁe ‘physically pé%@@&%qﬁ lar use

methionine variants, such as, for example, Smartamine, 15 but also the

dida@vaRtagas of ﬂ?éj"fch%ﬁﬁé&lﬁﬁ}ﬁiléieéféﬁ" VartEitardith ddigsFPyY . not
exanple tHMBi] ase doxvenceme sThelpreseat inventionaelates tpectected”

chemicabeompoudd 0f nts, such as, for example, Smartamine,
but alsc the disadvantages of  the “chemically
protected” wvariants, such as, for example, HMBL, are

overcome.

The present invention relates to a chemical compound of

the general formula I

,,S\C,CHQA (1)

HeTe

2

wherein A =

O

(1) R
RO OR?

and R = OH, CM, OR’, NH,, NHR’ or NR'R”", wherein
R', ®r*, R' and R” are identical or different and
are in each case a branched or straight-chain

Cl—Clg—aﬁikyl or

Cy-Cig-cycloalkyl,
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20 the general formula | H C~S~CCH2A (I) 3H 2 whereinA=0 (1} R
R10 O R2 25 and R = OH, CM, OR’, NH2, NHR' or NR'R", wherein R1,
R2, R"and R" are identical or different and are in each case a branched
or straight-chain C1-C18-alkyl or 30 C3-C18-cyc|oalkgll, WO 2008/061871
6. BETHEP50671661908 allyl, benzyl, 5 phenyl or FCT/EF2007/061908
C1-C18-alkyloxymethyl, preferably C2H50CH2 C2-C6-hydroxyalkyl,
pgqugéqbrly HOC2H4-, 10 C3-C6-dihydroxyalkyl, preferably (HO)2C3H5-,
or a C3-C12 sugar radical in which one OH group of the sugar is
replaced in each case by the ketal-O atom, by the carboxylic acid-O atom
ovdy ke carboxamide-N atom and 15 M is an alkali metal ion or alkaline
earth metal ion, preferably Na', K+, Mg2+ or Ca2+ or a monovalent or
di\ﬁael%rllftltr%nrsition metal ion, preferably Zn2+, Mn2+, Cu2+ or cr2+, 20 or

Ci1-Cig~alkyloxymethyl, preferably CHsOCTH,
U;-Ce~-hydroxyalkyl, preferably HOCH,-,

C3-Cs-dihydroxyalkyl, preferably [(HC),C:Hs-, or a C3-Ciz
sugar rvadical iIn which one OH group of the sugar is
replaced in each case by the ketzl-0 atom, by the

carboxylic acid-0 atom oxr by the carboxamide-N atom and

M is an alkali metal 1lon or alikaline earth metal ion,
preferably Na*, X', Mg”® or Ca* or a wonovalent or

divalent transition metal ion, preferably zn®", Mn®',

cut or Crdt,
or A =
O
o
2y O O
NS
R3S

and R = OH, OM, OR’, NH;, NHR' or NR'R”",

wherein R’ and R" are ldentical or different and are in

each case a branched or straight-chain C;-Cig-alkyl or

C3~-Cig-cycloalkyl,

allvyl,

benzyl,
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OR (2) 00R3 and R = OH, OM, OR’, NH2, NHR' or NR'R", 25 wherein
R'and R" are identical or different and are in each case a branched or
straight-chain C1-C18-alkyl or C3-C13-cycloalkyl, 30 allyl, benzyl, WO
2008/061871 - 10 - PCT/EP2007/061908 phenyl or
C'oc18HikyibRymethyl, preferably T2H50CH2 5 C2EEB-HYEIAG/AIKE L 908
preferably HOC2H4-, C3-C6-dihydroxyalkyl, preferably (HO)2C3H5-, or a
G364 sugar radical in which one OH group of the sugar is replaced by
the carboxylic acid-O atom or by the 10 carboxamide-N atom and M is an
alkali metal ion or alkaline earth metal ion, preferably Na', K', Mgt' or Ca
2%+0f-asmohovaleny o divalentirarisition metalid; Preferably Zn2+,
Mn2+, 15 Cu2+ or Cr2 °, and R3 is a C2-C4-alkylene bridge, preferably
C2H4, oy a .C3-C12 sugar radical in whic H groups of the sugar
a(r'zé _réﬂ I_ac%%%oyx%ae%t& ethl-0 gfﬁrﬁg%oq#@g"o "(3) HO 0--R4 and R4
is a C3-C6-alkylene radical which, if appropriate, is hydroxy substituted,
preferablyi barCHZ a T (CH3) e EbZa1and -CGHZ-C(GHZOH)2-CH2¢.0rC,
as%%fgilz ]_Sggff?_“étaaplc?tlkm M%O%QH&&OUQ%&B(E IygaLis, sugar is
replaced by the carboxylic acid-0 atom or by the

carboxamide-N atom and

M is an alkali metal ion or alksline earth metal ion,

 or Cca® or a monovalent or

preferably Na®, K', Mg
divalent transition metal don, preferably zn®", Mn?",

cu’t or Cr?t,

and R* is a (,;~Ci~alkylene bridge, preferably C,H,, or a
C3-Cyp sugar radical in which two OH groups of the sugar

are replaced by the two ketal-0 atoms,

or A =
O
3
{3) HO O“M-R4
and r* is a Cy;-Ce-alkylene radical which, if
appropriate, is hydroxy substituted, preferably
—CHZ—C(CH3)2'CH2"‘ and “CHz“C<CHQOH)g*CH2‘, cr a C3'—C12

sugar radical in which one OH group cf the sugar is
replaced by the ketal-0 atom and one is replaced by the

carboxylic acid-0O atom,

or A =
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replaced by the ketal-O atom and one is replaced by the carboxylic acid-O
atom,30orA=0 (4) O OR~ 0WO 2008/061871 11 -
PCT/EP200'7/061908 and R5 is a C3-C6-alkylene radical which, if
appropriate, is hydroxy substituted, preferably -CH2-CH (-) -CH2-, or a
csc Q%%é%iﬁ fical in which three 5-®H groups of tR€ 5(§ar AR’ /061908
replaced by both ketal-0 atoms and by the carboxylic acid-0 atom, or A =

0 noox O (5) ~R5"OH 10 and R5 is a C3-C6-alkylene radical which, if
appropriate, is hydroxy substituted, preferably -CH2-CH(-)-CH2-, or a ‘
C3°€12 dugar radicalin whieh s OF ¢r8iips of He'Siighr ardreplaced 1%
bytive twe ketat-O 15 atoms rartbwhigrein X Btor-Mta, M hastthgerably

megRingrgiven @hove. Breference-in thispaseis givento a,cqmpound gt-c«
tl‘b%{ fOérPglllap%,Zblg th‘ji‘?eh Rsﬁgggroé,yrlean%gp agezczH4b§ro ’goggzﬂeggllowo

atoms and by the carboxylic acid-0 atom,

or A =
O
H
%‘K{L
X
O
O\\
(5) R5
—OH
and R® is a C3-Cs-alkylene radical which, if
appropriate, is hydroxy gubstituted, preferably
-CH,-CH(-) -CHz-, or a 3-Ciz sugar radical in which two
OH groups of the sugar are replaced by the two ketal-0
atoms, and wherein X = H or M and M has the meaning

given above,

Preference in this case 1s given to a compound of the

formula I,2, in which R = hydroxyl and R® = C.Hs:

Qo O

L

Thig can readily Dbe produced by ketalization of
ketomethionine with stoichiometric amcunts of ethylene
glycel in the presence of acid catalyste or with super-
gtoichiometric amounts of ethylene glycel and
subsequent gsaponification of the ketomethionine
ethylene ketal ethylene glycol egter formed as an
intermediate with alkali and subsequent neutralization

(cf. Example 2).
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U This can readily be produced by ketalization of ketomethionine with
stoichiometric amounts of ethylene 25 glycol in the presence of acid
catalysts or with super- stoichiometric amounts of ethylene glycol and
subsequent saponification of the ketomethionine ethylene ketal ethylene
g@%ol%&@/ fdrnfetitas an intermediate?with alkali andSUbidEgtiRht /061908
neutralization 30 (cf. Example 2). WO 2008/061871 - 12 -

PET/ER2OOHO6E208 Further preferenceds given 10,8, compound, sing «o
a c:ordlnf?ltl formula 1,2, in which R = QR"and R' = C1-C13-alkyloi<¥ and

R3Z Thi cojrﬁlpo“ﬂmacébn%e:prggﬁcearb@ Bsterificationf == Y +OXY
ketoetRionire Withila-corfdspending®Cl-G13-aleshollin theopredened of by
aeighcatalystss andrnpreferaply-subsequent ketalization with-etbylengonding

glycol, Particular preference is given in this case to a 10 co und
oK Tl 1.5, Erh i B O A, Bt b, and
pEefereticals giverctd s egpdtind deebrding 8 formula’r 2hin whichyR ene
OR'andIR' = hydroxyethoxy 15 and R3 =C2H4: 0O /SO,,-,,~,OH U Still
more preference is given to a compound according to formula 1,3, in

which R4 is a C5H10 radical or a C5H1302 radical. 20 Particular
pr&télencBlig HiveriR RS EHsR to'd® comtpGiind ciaratelized Bythe © @

formuterd  according to formula I,2, in which R/ =
Ci-Cy-alkyioxy.
Further preference is given to a compound according to
formula I,2, in which R = OR’ and R' = hydroxyethoxy
and R3 = (yHy:
O
//S\V/ijfﬂ\O/ﬁ\”/OH
o O
Still more preference 1s given fo a compound according
to formula I,3, in which R* is a CgHy, radical or a
CeH1005 radical.
Particular preference 1is given in this case to a
compound characterized by the formula
o}
5 *
H,C” \/5(\&\50
- HO G
CH,
CH,
which can  be produced from  ketcomethicnine and
neopentylidene glycol in the pregsence of acid

catalysts.

Likewise preference is given to an analogous compound

of the formula
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.S 150 H3C5 HO O CH3 CH3 which can be produced from
ketomethionine and 25 neopentylidene glycol in the presence of acid
catalysts. Likewise preference is given to an analogous compound of the
formula WO 2008/061871 - 13 - PCT/EP2007/061908 0 H C'S~0 aHO O
ATEHZORE CH2BH! which can be proddced from ketohethioniie i@ 51208
penta- erythritol in the presence of acid catalysts. 5 Further preference is
given to a compound according to formula 1,4, in which R5 is a C3H5
radical. Particular preference is givendn this case to a compound

characterized by the formula§(1,2-keta 00~ S O 10 or the isomeric
formula (1,3-ketal) O Q@ 9
HO 4

CH,OH
CH,OH

which can be produced Ifrom ketomethionine and penta-

erythritel in the presence of acid catalysts.

Further preference 1is given to a compound acceording to

formula I,4, in which R® is a C;H: radical.

Particular preference is given in this case to a

compound characterized by the formula (1,2-ketal)

Both compounds, the 1,2-ketal and the 1,3-ketal, can be
preoduced from ketomethicnine and glycerol in  the
presence of acid catalyats, preferably under

dehydrating conditions.

a1l compounds of the general formuila I are
outetandingly suitasble according to the invention for
use 1in animal nutrition, preferably for nutrition of

farm animals.
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15 Both compounds, the 1,2-ketal and the 1,3-ketal, can be produced

from ketomethionine and glycerol in the presence of acid catalysts,
preferably under dehydrating conditions. 20 All compounds of the general
formula | are outstandingly suitable according to the invention for use in
animnal inkrition, préferably for nutritioh df -farm animals: WEP2008/06 £8 71 8
- 14 - PCT/EP2007/061908 Preference is given in this case to use for
nutrition of ruminants, .in particular dairy cows. For this purpose, the . .

O BOURaE ST s meinlen ot b & LaG 1 pratLL e Th i 07
cade, Egaiiprcferente iBYyIertoise for iFFBddeing feeds for ruminants.

10 Likewise, the present invention relates to feed preparations containing

a%'c%sﬁb%’le? 0#@1?;:8‘98@'@8@%%%%%88“% Qtthe Jnvention... can be
prefera or nutrition of ruminants. 15 Accordingly, mixtures of the
céﬁ%@uﬁy% oPHFiRveRfort SFtFconventional feeds can be produced.

For this, the compounds of the invention are mixed in suitable amounts

into, commercially conventional teed-20.lypes, such as miperalfeed,. £

organic feed (for example soybean meal) or dairy compound feed.
SHitEHIB ARSuntE &re generdily broportions of 0.1% to 5% of methionine

equivalents in the form of the 25 compounds of the invention, wherein the

propestipnseare differentdepending on-the type of feed.1Raiky compoundeeg
referablg mixed with.< 0.5% metgionirie quivalents, mine£al fe
I a =

fequS%r Q contalinil a e O &
with u% oagoo and organic feed inthe range from 0.5 to 3(3}01, preferably up

t I SUOHE AittRioNiABReRATentih thistonteas thiepart preferably

for nutrition of ruminants.

Accordingly, mixtures of the compounds of the invention

with conventional feeds can be produced.

For this, the compounds of the invention are mixed in
suitable amounts into cowmmercially conventional feed
types, such as mineral feed, organic feed {for example

soybean meal) or dairy compound feed.

Suitable amounts are generally proportions of 0.1% to
5% of methionine egquivalents in the form of the
compounds of the invention, wherein the proportions are
different depending on the type of feed. Dairy compound
feed 18 preferably mixed with <« 0.5% methionine
egquivalents, mineral feed with up to 5% and organic
feed in the range from 0.5 to 3%, preferably up to 1%.
One wmethionine eguivalent in this context is the part
by weight of compcocund of the invention which is
equivalent to the same amount of methicnine on a molar

basis.

The pregent invention further relates to a process for
producing carboxylic acid or ester compounds of the
general formula I, 1-5, wherein, in the case of formula
I,1 and 2 the radical 1s not OM, NH.,, NHR’ or NR'R”",
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by weight of compound of the invention which is equivalent to the same
amount of methionine on a molar basis. 35 The present invention further
relates to a process for producing carboxylic acid or ester compounds of

the general formula I, 1-5, wherein, in the case of formula 1,1 and 2 the
rdicalGE Hiot N NH2, NHR' or NR'R¥>WO 2008/06 B674AE 2 07/ 061908
PCT/EP2007/061908 characterized in that ketomethionine is reacted with

a-faresponding monovalent, divalent trivalent glcohol 0pa L3613 cn o

sugar in the presence of acid_catalysts to give the ester praoduct of the
FSTHUISE 55 Wikte REEOR® r'to ivEThé Bster protudt 5% or to Give©-
ther agid productsha@swhere R =R orogive thé asick prochuct 5ywtere to
X571k C&ﬁ@s%%&@;j@g ;wfa@iﬁcpfefglgefzi@@meey@@%ie tf%is %QS%%@E@% =
process is preferred_in which, as alcohol, use is of a branched or

S %ight-c rgirtf C1€18al &Iealggr%l%r%ﬁé?%ﬁfgycym(%glkﬁralc%%olgjamizll the
afcohdl, Weryralcohot, phehgid cdhol: C2IE6-droxyalkyivalcshist, acid
prefembly HOG2H40H; G3-€6-dihydroxyalkyl 15 alcohol, preferably
glycerol or a C3-C12 sugar, preferably glyceraldehyde, dihydroxyacetone,
glucose, fructose or sucrose. In this case, in particular by suitable
SERREHER BP 2Dk drioditist rﬁé]@%ﬁﬁ?ﬂerﬁ@%??ﬁ’é@ﬁ;ohé%r@tﬂg%r case
reguired-fortheketalizatiaf, dhe farmatiowiof tiie, desiresiprodutt, candee is

i%@gceqé A h%“to%%gt}%h%%éiv%ﬂ ﬁé CL:¢ _ﬁ@-!@le%ai‘%fﬂ}otis-tb&%ﬁda the
TG inerbiuo ol SaUVATENE Sre” usct, HE BArboxde Seid KEtAgIo
thesformula 141 wiherd R = OkkEigIpreferehtialyrformed aridswihenthreen L kvl
alcohol, preferably HOC,E.OH, C3~Cg-dihydroxyvalkyl
alcohol, preferably glycercl or a Cy-Can sugar,
preferably c¢lyceraldehyde, dihydroxyacetone, glucose,

fructose or sucrocse.

In this case, in particular by suitable selection of
the amount of mole eguivalents of the alcohol or sugar
regquired for the ketalization, the formation of the
desired product can be influenced. When one mol
equivalent of Ci-Cig-alkyl alcohol ig used, the
corregsponding ester not according to the invention is
preferentially formed, when two mol eguivalents are

used, the carboxylic acid ketal of the formula I,1

where R = OH is preferentially formed and when three
mol eguivalents are used, the corresponding ester
ketals of the formula I,1 where R = OR’ are

preferentially formed. Correspcndingly, when one half
mol eguivalent o©of C;-Cig-hydroxyvalkyl alcohol 1s used,
(such as, for example, HOCH,OH} correspondingly two
hydroxy eguivalents of the corresponding carboxylic
acid ketal of the formula I,2 where R = OH and R® = C,H,

are formed.

The production ¢f carboxylice acld or ester compounds

can advantageously be carried out in the presence of a
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mot equivalents are used, the corresponding ester ketals of the formula
1,1 where R = OR' are 30 preferentially formed. Correspondingly, when
one half mol equivalent of C2-C6-hydroxyalkyl alcohol is used, (such as,

for example, HOC2H40OH) correspondingly two hydroxy equivalents of
tHE corteSgoHdiRy tarboxylic acid ketdl of the formuld 9% wherd R'2OH 08

and R3 = C2H4 35 are formed. The production of carboxylic acid or ester

compounds can.advantagegysly he.carried ouf in the presence of 2 WQ. ;
2008/061871 - 16 - PCT/EP2007/061908 solvent. Suitablé solvents are,

fOPERempIEaFbmatit* fiydrécarboiis SHEKT as benzEfié oF toluengégnd 24 5°
alsol chlonmatet! hydiocardoonsysucteas metlylere ollbede orhloride or

chlorefermy,and algahols. Sk -the interest of a yield as high as possible of
desired condensation products, in this case preference is given to a

process in which water formed during the reaction is removed from the
efuilidrium. Thisscamsie 107achieveddoth Byedistiflationagreferasiybye  of

ugingia-solvent andios entraingr-sych as, for examplg, telueney Mise rence

adyaniageous,in this case when.the solvent simultancousy.acls 85, e
entraimer and, |Fappr8pr|ate, Jurther a8 reactant, Iso, in this case, {he

alcoholsi 15 used forBstérificatiohor ketaligstivh ddr BaditiohalhFbe asedee
assolvent andior-entrained When used @s, entsainee the splvent shetlds -

haye g. suitahle bolling pojng This should Q%')er@!béngk%%%@?egolﬁ&e .
Alcohols suitable for this purpose are, for example, G-C4-alkyl alcohols,

tHdt is 16 saf Hethahdf Btfandi™1- Bhé-%roﬁa?‘r?cﬁ and £ r 25utafior vent
isobutdricitertdsuitgnolcts as entrainer and, 1f appropriate,

further as reactant. Also, in this case, the alcchols
used for esterification or ketalization can

additionally be used as sclvent and/or entrainer.

When used as entrainer, the solvent should have =
suitable boiling point. This should generally not
excead 120°C., Alcohols suitable for this purposs are,
for example, C.-Ci-alkyl alcohols, that 1is to gay
methanol, ethanol, 1- or 2-propanol and 1- or

2-butancl, isgcbutanol, tert-butanol.

A further possibility for removing water is the use of
dehydrating agents, for example orthoesters, such as,
for example trimethyl or triethyl orthoacetate. The
methyl or ethyl acetate formed as coupling producis can
gubesequently 1readily be removed Ifrom the reaction

mixture by distillation and reused.

In this case the carboxyiic acids or carboxylic acid
galts of the general formula I,1-2 or 5, in which the
radical R = OH or OM and the radical X = H or M, can
preferably be produced by converting a carboxylic ester
product of the formula 1,1 or 2 where R = OR', or of
the formula I,4, into the corresponding carboxylic acid

salt of the formula I,1 or 2 where R = OM or of the
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25 A further possibility for removing water is the use of dehydrating

agents, for example orthoesters, such as, for example trimethyl or triethyl
orthoacetate. The methyl or ethyl acetate formed as coupling products

can subsequently readily be removed from the reaction 30 mixture by
di&illator 4Rd ¥8(sSed. In this casethéTarboxylic acids 8y Earboxyliccadié 08
salts of the general formula 1,1-2 or 5, in which the radical R = OH or OM

apd the yadical X = H ot M, c 5 preferab%be roduced.hy converti ‘
cgr SoXYIIC. eéte}v perggué% oftr?g o}/ml&j’laépl?%r jzcvé)ﬁér%nR S yﬁ or of Htrg?éﬁl

foiffuta 17 Fite the tofEsponting B&rbdRyiiciachs sailt JF ke fofattfa P @
on2riuheredR = QM of OF the WO 2008061874 - d€tal hydroxide and,

PCT/EPZ007/0-091308 formula & where, X = M, Qy, sapogificatiop with a1,

alkali metal hydroxide or alkaline earth metal hydroxide or a monovalent
of BVARRE transfioh mEEE h§droxide @ Tif Appropridte: ibeigtingt ¢ ©Ff a
threrefrom thedree. S garboxylie acidnehrerk Rz i0id of X < Hliwithrthe=aid of ,

a; ningral-acid, Suitable.mingral acids in this case arey inpaticwar g ang
sulphuric acid, hg/dr,o hloric acid and phosphoric acid. 10 The invention
a soor%ﬁjgfgéf 0a p%ce‘ss for producing carboxylic acid salts of the general

formula 1,1-2 or 5, wherein the radical R = OM or the radical X = M,
whigh is-eharacierizedin that anacid prosduet of the-dermula 1, 12-where ng
R = OH or.an acid pr ductthhe%SkrmulalSw ere X=His

1 1 1 -
ngﬁﬁaﬁ%gd? with an alka |am_etsal or al a?negeear%rr%qeta%gf a “Ignhgnol\{/éilen% or®

divalefibfraAsifior- AfetaF AYdfokidefor carBnate tot give B E6réspbnding’/
cathoxyliciacid:I20-kor-protunetion af thaabovementioned carhoxylicdcid he

S@@%Qﬁﬁgp%mﬁ@§bgﬂgf@uﬁmga@§hg@hﬁn acid product cf the
formula I,5 where X = H ig neutralized with an alkali
metal or alkaline earth metal or a monovalent or
divalent transgition metal hydroxide or carbonate to

give the corresponding carboxylic acid.

For production of the abovementioned carboxylic acid
salts by saponification or neutralizgation, in this
cage, asg hydroxides, use 18 preferably made of NaCH,
KOH, Mg(OH),, Ca(CH)z, 2Zn(0H), or Mn(OH), and, as
carbonates, Na (00, K,C0;, MgCO;, CaCO;, ZnCC; or MnCO;.

The invention alsc relates to a process for producing
carboxamides of the general formula I1,1-2 where R =
NH,, NEHR’, NR'R", characterized 1in that an ester
product of the formula I,1-2, where R = OR’, is=s
converted into the corresponding amide by reaction with

a nitrogenous base of the formula NH;, NH;R’ or NHR'R7.

The invention also relates to a process for producing
egter compounds of the general formula I,1-2, where R =
OR’, which is characterized in that an ester product I,
1-2, 1s converted into a corresponding ester product of
the formula I, 1-2 Dby transesterification with an
alkali metal alkexide M/'OR’ (M’ = alkali), with the
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case, as hydroxides, use is preferably made of NaOH, KOH, Mg(OH)2,
Ca(OH)2, Zn(OH)2 or Mn(OH)2 and, as carbonates, Na2CO3, K2CO3,
MgCO3, CaCO03, ZnCO3 or MnC03. 25 The invention also relates to a

process for producing carboxamides of the general formula 1,1-2 where
Re RA28NHRSNR'R", characterized i that an esteF Prodact bt tHe 6108
formula 1,1-2, where R = OR', is 30 converted into the corresponding

ide by reagtion with a.nitcggenaus base of the formula NH3, NH2R'ar

R'R". The invention also relates to a process for roducing ester o
cBfMipotiidsSoithe gérerdltiermiitad +322, wherelR = %OR%W&I‘?% M7 OR
charatterizeddndhatiamester prodactt ledk=2ris convertedrimfiaed can in

cerresponding esterproduct of, the.formula I, 1-2.by-transesterfication : ye

with an alkali metal alkoxide M'OR’ (V\g' = alkali), with the WO
28680618712 1B P E TR 5077661908 S5rGviso that R’ in the ester

product I, 1-2 used must not be equal to the radical R' in the alkoxide

MQR' sedrKetormethianine-ketalkesters:anece produced capdnuthis 11,2
manner l%%ge%/ readily ¢ nverte(glﬁlnto aother 5.desired Ig?tomqglrlionin
e k)

ketal Bsters. etomethiorine etgfessgfetﬁglg%%é?za’l formula f,ﬁ §€r 5r¢

whieté R 20H 6COM fgspeifively, )Xermeridre Polrandhohlpopkiliel
compodbds iawingtodhe ketab0 pratpetingigroupethesecamposinds aeend
rymen;stable angd .cannot be-micrabially degraded, As a gesultaf thee o
lipophobic carboxylic acid group, however, they are not absorbed via the
rUmBRRVAIPAS With FNIEBY, biif pass withdtitBredkdbfrihto thesy are not
abhbmasbms ofrtte rurhimantiiswhereltheyeare mjdrolysgtBowindgtatheass
strongly-acidic-conditigns. ihe-ketomethioninereleased isthen ruminant,
su se%uengé absorbed in thelsmal intestine. ; o
where they are hydrolysed owing to the strongly acidic
conditiong. The ketomethionine released is then

gubgequently absorbed in the small intestine.

The ketomethicnine ketal esters of the general formula
1,1,2 where R = OR', or of the general formula I,4 arxe
lipophiiic and non-polar compounds. Owing to the two
chemical protecting groups “ketal” and “ester”, these
compounds are rumen-stable. The absorption, in contrast
to ketomethionine ketals, proceeds rapidly and
effectively wvia the rumen wall similarly to the
mechanigm of HMBLi. The subsequent enzvymatic cleavage to
give the free ketomethiocnine then proceeds in the blocd

of the ruminant.

The wuse of ketomethionine ketals or ketomethionine
ketal esters thus makes posgssgible for the first time an
active control of the abgorption site of the

“methicnine eqguivalent”.

The ketomethionine ketals or ketomethionine ketal
esterg and derivatives thereof have a plurality of

advantages over the compounds known in the prior art:
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The ketomethionine ketal esters of the general formula 20 1,1,2 where R
= OR', or of the general formula 1,4 are lipophilic and non-polar
compounds. Owing to the two chemical protecting groups "ketal" and
"ester”, these compounds are rumen-stable. The absorption, in contrast

o RetiMSthitRe ketals, proceeds rapidly and 25 eff8etively vilihéet 61208

rumen wall similarly to the mechanism of HMBI. The subsequent

epzymalic cleavage fo, giye.the free ketomethigning then proceeds infhe,

blood 10f the ruminant. 30 The use of ketomethionine ketals or o
kéforethionifé KETA BLters thiis midkedpos&diefor the it GRfe-an omine
active. kontrdl efthe abserpliohsitensf the Simethiochateséquivaldnt:. 85 Thee

ketanaethionine-ketals or ketomethigning ketal sesters.and derivalives« <o
tf%]iereof have a plurall% gf advaqta%%% over the com%ounds lg'lotwn in th%
priof5H- 70 Y008/081871 -G - PETIER2007/6619688 SnContrast o free”™
ketomiethioring, ketemetifiohineskétais! ketbéthicrine ketal esters,
ketomethionine hemiketal esters and ketomethionine ketal amides of the

general formya '%%é@&%%a"x ?tatb_r'},%""%%:ﬁ%%paeft tPo%r%’!{?S” .t.'\gre‘ and.
CyC|I28.tI0n, a precondition for storage and transport as eed additives.

Usecof #hé e8fMpEaRAY 6fthe hehefal fRIPFRIEPEPSIMItS LiHe active Bentrsbdy
of:the abiserptietsitedmthe borly 10:6fithe rumisant. lnbis casethehilic

hydrophulic ketomethignine ketals.of the formula, 1, L2 wherg R 5 O, ¢

OM, or of the formula 1,5 where X = H, M are absorbed in'the small
irtBstin€®afterHydrolysis ifthé ABBmAsur, andthe @bsdrption B thd! 27
lipophilicd8 ketorhethicniae. ketahesters oethefgenerahfomilasis1i2 the
Wherg RmiOR', oipf thegeneralforamla 1dn of  the  lipophilic
ketomethionine ketal esters of the general formula
I,1,2 where R = OR’, or of the general formula 1,4

proceeds directly via the rumen wall.

In the case of wuse of certain dicls such a=, for
example ethylene glycol, or sgelected triols such as,
for example, glycerol, or sugars such as, fLor example,
glucoge, as bullding blocks for ketal or ester
formation with ketomethicnine to give the corresponding
compounds of the general formula I, these additicnally
have a nutritive action, owing tc the sugar or alcohol
buiiding blocks which can be released again in the
body.

Ketomethionine ketals and ketomethicnine ketal esters
have a wvery high biological wvalue, since they can be
hydrelysed  in vivo to give d-ketomethionine. The
biclogical wvalue of ketomethionine in this case ig
significantly higher than that of MHA, gince, in
contrast thereto, it can be converted to L-methionine
in the body in only one stage. In contrast, MHA

requires two stages and HMB1 even three stages.
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proceeds directly via the rumen wall. In the case of use of certain diols
such as, for 20 example ethylene glycol, or selected triols such as, for
example, glycerol, or sugars such as, for example, glucose, as building
blocks for ketal or ester formation with ketomethionine tl}glve the

cHfte3P8HiAG “opounds of the gerérarformula I, tRese Baditionallp25 08

have a nutritive action, owing to the sugar or alcohol building blocks

which can e releasea again.n the. bady. Ketamethjonine ketals and, 4

ketomethignine ketal"esters. 30 have a very high bjological value, since
R R bE TRy set infviva B Give a-kEtomethisHing. lﬂ‘?éltblo(f’c‘fgﬁgéim c
valtrezof ketemethionine i t¥s Lasel is@igrificantlyshiglkerthandhat of

MHA, since, in contrast thereto, it can be converted to L-methionine 35 in
the body in onlyo e sta n contrast, MHA requires two stages .an
HMBIEVeR three™s agé‘sg g 6]%91 %%B%T /I§§‘§O 515%8
THéthigh ibioldgical valtienf ketormethicnine ketals aad keometHivine by

ketal estess is arsigniisant economigs advaniage, sinsetass, feed eddhtjyen
s)_[r quw d S On. -account of the chemlc%l rotect| n, the product an itk

it e rumen protectlon @ah not be ¢ damaged by Eh))glca(f orcés Such as
forexahiple Mriction mThéFé%Bfea fiy cdfipafsotwith a%%?c%ﬂ?%oteéfédl s
methionine=form, such as, foeexample Smartamineh itds:ilhpossibledorals,

pellet kelomethionine ketals, ketomethionine ketal egters, ketomethiopine,

hemiketal esters and ketomethionine ketal amides of the general formula
|.SFhié st &ﬁra%%ﬁ%“&d\%ﬁﬁe k&cadse 5 brsad bﬁuﬂ?m general
cémpound féed Frodaction and fimat 15 proctessing isittherslypensuredause

a broad usability in compound feed production and final

processing 1s thereby ensured.

In additicn, the said compounds of the general formula
I can generally be used as feed additives in farm
animal husbandry, that is to say alsgso in the nutrition

of poultry or pigs.

In particular, ketomethionine ketals and ketomethionine
ketal egters can be produced in a sgimpler mannexr, and
thus generally at lower production costs, than

phyvsically protected methionine forms.

The symmetrical ketomethicnine ketals of the general
formula I are achiral in contrast +to MHA, HMBL or
D, L-methionine. Natural L-methionine is formed directly
from these achiral precursors in the animal Dbody.
Conversion of the unnatural enantiomer 1is omitted
thereby. The examples hereinafter show possibilities
for producing the compounds according to the inventicon

without acting in a limiting manner in this case.
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In addition, the said compounds of the general formula | can generally be
used as feed additives in farm animal husbandry, that is to say also in the
nutrition 20 of poultry or pigs. In particular, ketomethionine ketals and
ketomethionine ketal esters can be produced in a simpler manner, and
thlis gérietaliy afibiver production costs, than 25 phySicallf proteéiet 1 908
methionine forms. The symmetrical ketomethionine ketals of the general
fosmula | gk achiral in contrast to MHA, HMBi or D,L-methionine. Natural
L-methionine is formed directly 30 from these achiral precursors in the
animal body. Conversion of the unnatural enantiomer is omitted thereby.
THuasrah®led heédaftg shovi possibitties hoppioducifigdhe ddrmpoands s
ageQyding-testhe inyention: dthogt-astingima limiting manner in this case.
35 WO 2008/061871 - 21 - PCT/EP2007/061908 Examples: Example 1:
Release of ketomethionine from its salts (not according to the invention):

5 [sco2] HCi 24SCOzN QH2Q 0 To ﬁauspension of 43.3 g of calcium
ketomethioninaté (N/:E%AZZ Imol, 98% pusity, 219 fitin
the dry mass)in 120 ml af H2Ojand 320'P of diethyl ether, 10 a 10%

strength aqueous hydrochloric acfd solution was added slowly dropwise

aLyC X"it@,&(%%%%éﬁ”ie% Y “.ti‘egj% as.5 pe Alter I;%Q%%%%%%%@H%ate
the aqueous phase was washed three times, each with 120 mi

(M = 334.42 g/mol, 98% purity, 21% water content in the
dry magg) in 120 ml of H;0 and 320 ml of diethyl ether,
a 10% etrength agueous hydrochloric acid sclution was
added slowly dropwise at 0°C with wvigorous stirring
until the pH was < 2. After phage separation, the
agqueous phase was washed three times, esch with 120 ml
of diethyl ether. Subsequently, the combined organic
phages were dried over Na;30;. After filtration of the
degiccant, the diethyl ether was distilled off on a
rotary evaporator at 30°C and slight wvacuum. The last
gsolvent residues were removed in high wvacuum. There
remained 29.1 g of a slightly vellowish oil of free
ketomethionine (yield = 98%, M = 148.18 g/mol).

"M-NMR of calcium ketomethioninate 500 MHz, DMS0O-46) :

& = 2.04 (s, 3H, CHy), 2.62 (t, *J = 7.3 Hz, 2H, CH),
2.82 {(t, *J = 7.3 Hz, 2H, CH,).

‘H-NMR of ketomethionine (500 MHz, DMSO-d&):

§ = 2.06 (s, 3H, CHy), 2.66 {t, 37 = 7.2 Hz, 2H, CH),
2.09 (&, 0 = 7.2 Hz, 2H, CH,).

Br-NMR of ketomethionine (125.8 MHz, DMSO-86): & = 14.7
{(CHs}, 26.7 (CH,), 28.5 (CHy), 162.2 {(COOH), 1%94.%9 (CO).
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of diethyl ether. Subsequently, the combined organic 15 phases were
dried over Na2S0O4. After filtration of the desiccant, the diethyl ether was
distilled off on a rotary evaporator at 30C and slight vacuum. The last
solvent residues were removed in high vacuum. There remained 29.1 g of

a"Shightly §EIfGHi&R il of free 20 ketortethionine (yield SFggv2 M= 44811 8
g/mol). 1H-NMR of calcium ketomethioninate 500 MHz, DMSO-d6): 6 =

g D0F ChHo% R o rotaime o os (200 Nk oM SDe 8 =206
, 2H, . H- of ketomethjonjne z -d6): 6 = 2.
(o Seh (1 SYEPENL AN T, 30 S (. FFBSDF, onof
CHY oBeE- MR bf Retrde thidnide {2538 WieZ, :DMSO-d6): 6 = 14.7

(CH3), 26.7 (CH2) , 38.5 (CH2) , 162.2 (COOH), 194.9 (CO). WO
2008/061871 - 22 - PCT/EP2007/061908 Example 2: Production of
ketomethionine ketals of the farmula 1,2 exemplified by the reaction of
ketomethionine and gtpylené'glycol: ~.,OH® TfO CO2H HO - /5\0~ ¢
NaOHsU Me©H 00 OH_HCI, l, ﬁﬁe/ge = C2H:

and R = OCZH40H oiRiswéH) A solution of k?t;é%e hieming (174 |2
M = 10 148.98 g/mol) in toluene (100 r‘r\ﬁfwas added dropwise over the
course of 2 h to a solution of 1 g (-3 mol%) of p-toluenesulphonic acid as
catalyst and ethylene glycol (335 mmol, M 62.07 g/mol) in toluet (250

mi) and the seagtionwas keptunderrefiux untknamare.r » - ox)

A solution of ketomethionine (174 mmel, M =
148.18 g/mol) in toluene (100 ml) was added dropwise
over the coursge of 2 h to a goluticen cf 1 g (~3 mol%)
of p-toluenesulphonic acid as catalyst and ethylene
glyecol (335 mmol, M 62.07 g/mol) in toluene (250 ml)
and the reaction was kept under reflux until no more
water separated off at the attached water separator
(approximately 2 h). Subseguently the toluene was taken
off under vacuum and the crude product was admixed with
methanol (200 ml}) and, after addition of an agqueous
gsolution of 2M sodium hydroxide (200 ml} saponified
under alkaline conditions for approximately 2 h. The
reaction solution was subsgseguently extracted by shaking
with diethyl ether and the aguecus phase was acidified
with dilute Thydrochloric acid. The product  wasg
extracted at pH 1-2 with diethyl ether, the organic
phase waghed with water, dried over Na,80, and the
golvent removed on a rotary evaporator. The oily
product (I,2) was subsequently recryastallized from

methylene chleoride/n-hexane and was obtained as white

cryagtalline solid. (24.6 o, yvield = T4%, M =
192.23 g/mol, melting point: 74°C methylene chloride/n-
hexane) .

TH-NMR of 2-{2-{methylthio}ethyl)-1,3-dioxclane-2-

carboxylic acid {I,2) (500 MHz, CDCl;): & = 2.11 (g, 2H,
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15 water separated off at the attached water separator (approximately 2
h). Subsequently the toluene was taken off under vacuum and the crude
product was admixed with methanol (200 ml) and, after addition of an
agueous solution of 2M sodium hydroxide (200 ml) saponified 20 under

diicaling toneiftiohd ¥or approximately 2. The reactiotf-Soliticr was061908

subsequently extracted by shaking with diethyl ether and the aqueous

phase wasacidified ,with, dilute hydreghloric acid, Theprodyctwas o )
extracted at%H 1-2 with diethyl ether, the organic 25 phase washed with
watdr! dtied VEF NaZS0 4 ahe e 'solvent removed on a rotary

evaporator. The oily product (1,2) was subsequently recrystallized from

(2465 yield = 74% 11— 30 15538 g mol. meltiy point. 4G methyione.
.6.qg, yield = 0, M = : mal, melting point: ethylene
cﬁ%%%?yﬁfﬂh]e&an%?.l‘glw MR de 2-(21-?%eﬁ1ylt%%3éthycf)@f %3}1 i:oxno%anE-Z-1 29
cafsdkylic aéid (2) (B0 MHZ €DC137E:+ 2.134s,13H; W28608/06197L 9
- 28)- PGT/EPR20074061908 SCH3), 2.24-2.28 (m, 2H, CH2), 2.58-2.61

(m, 2H, CH2), 4.07-4.14 (m, 4H, OCH2CH20). 13C-NMR of
2-(2-(methylthio)ethyl)-1,3-dioxolane-2- 5 carboxylic acid (1,2) (125.8 MHz,
dBeIsie = 1552 (SeH3) 1 (GHRP:84.9YCHR), b%21 {2 cgHg).) : C
105.974C) 172 ¢CO0O)1 Elernemntalanalysisqfor. ETHIR04S2(M =5192524 1. .
g/mol): C 10 43.74; H 6.29; S 16.68 found: C 43.80; H 6.25; S 16.61.
Example 3: Productign of the calcium salt of ketomethionine ketal hy

netERZtion: F 2 RACBSHEROARN 75852 cE£FPwm  sart  of

ketomethionine ketal by neutralization:

-
2 //S\m//\ijcoﬁi Ca(0Ac), 8 CQo, s
O ¢ o 0

! 2
(1,2) |

To a solution of 1.0 g (5.20 mmol) of 4-{methylthic)-2-
ketobutyric acid ethvlene ketal in 2.0 wml of water and
2.0 ml of acetone was added slowly dropwise at RT an
agquecus solution of 0.44 g of calcium acetate (93%
strength} in 2 ml of water.

Subsequently 3 ml of acetone were added and the mixture
was stirred overnight at RT. The white solid formed was
filtered off by sucticon and washed thoroughly with
100 ml of a 1:10 water/acetone mixture. The product was
gubsequently dried in a drying cabinet and in high
vacuum. {(0.9%6 g, vield = 82%, £.3% water content by
K.F. method) .

Y-NMR of calcium 2-(2- (methylthic)ethyl)-1,3-
dioxclane-2-carboxylate {I,2) (500 MHz, DM8O-D6)
§ = 1.98-2.00 (m, 2H, CHy), 2.03 (s, 3H, SCH)),
2.44-2.47 {m, 2H, CHzl 3.81-3.84 {m, ZH, CHz) ,

3.95-4.060 {m, 2H, CHz}.
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2 (1,2) 15 To a solution of 1.0 g (5.20 mmol) of 4-(methylthio)-2-
ketobutyric acid ethylene ketal in 2.0 ml of water and 3.0 ml of acetone
was added slowly dropwise at RT an aqueous solution of 0.44 g of

calcium acetate (93% 20 strength) in 2 ml of water. Subsequently 3 ml of
atetoreféretadted and the mixture Adas stirred ovefightata f 7R 1 908
white solid formed was filtered off by suction and washed thoroughly with

100.mhof a 1:1Q water/acetons mixture, TAe Qroduct Was 25 %%2?3'}‘/’9 ently, _

dried in a drying cabinet and in high vacuum. 0.96&,,yleld =8 3%
WREPEOtBRTBy GCEPRTBIMGD= 1HINMR ofcatcifmH2, DMSO-DE/DCL) :
28(2-<¢methylthio)ethih)},3- 30 dioxolare:2-carboxylate’l; 2) (560 MHz, 6.0
DMSER6):, 6:52.98-200 (m,2H,.CH212,03 (s, 3H, SCH3), 2.44-2.47
(m, 2H, CH2), 3.81-3.84 (m, 2H, CH2), 3.95-4.00 (m, 2H, CH2). WO
2008/061871 - 24 - PCT/E92007/061908 130-NMR of calcium
2Eammathylthic) ethf BodgcdibolaneD-cakisdxahme L 2nirps 8 iyl ketal
DMEEr26 /DG 5 =ebbedfDCFIBA27.0%5H2), BR2 (CHA2627066.0 of
(2 0CH2),.105.6,(C), 171.0,(C00) .5 Example 4: Production of . .

R A 25bre T B o B T hata o
ketomethionine and 2,2-dimethyl-l,3-propanediol: 0 S, CO2H Ko ON, S0

H O CHC130 o
/8\/\”/002!4 et s 20
- HO
0 CHCl, O\%
<p-TsOH> '

{I,3 where R® = -CH,C(CH;),CH,-)

To a seolutlon of 11.1 g of ketomethionine (75 mmol, M =
148.18 g/mol) in 200 ml of abpsolute ethanoli-free
chloroform were added 8.9 g of 2,2-dimethyl-1,3-
propanediol {85 mmol, M = 104.15 g/mel) and 0.8 g
{~5 mocl%) of p-toluenesulphonic acid as catalyst and
the mixture was kept under reflux until water no longer
separated off (approximately 3.5 h}) at the attached
water separator. After cooling, the solution was washed
with half-saturated NaHCO; sgolution, the aguecus phage
wag further rewashed with chlorcform and the combined
organic phageg dried over Na,50,. After filtration, the
solvent was removed on a rotary evaporator and the oily
crude product was crystallized from methylene
chloride/n-hexane. The product (I,3) wag obtained as
white crystalline solid (10.8 g, vyield = 62%, M =
234,32 g/mol, melting  point = 109°C {methylene

chloride/n-hexane) ),



10

15

20

25

30

<p-TsOH> (I,3) 10 (1,3 where R4 = -CH2C (CH3) 2CH2-) To a solution

of 11.1 g of ketomethionine (75 mmol, M = 148.18 g/mol) in 200 ml of
absolute ethanol-free 15 chloroform were added 8.9 g of 2,2-dimethyl-1,3
propanedlol (85 mmol, M = 104.15 g/mol) and 0.8 g \%5 mol%) of
JHOIGEHES U fgHdhic-acid as catalyst ahd the mixture was kBRE ARdeeHaR &

until water no longer separated off (approximately 3.5 h) at the attached

Z@{V\@tﬁ{ sepafggtor A@%&QP"@!@E%%@JQEQW d’%%‘%ﬂ?% ith_ {methyl -
s tur qﬁ aHCO3 solution, the a% g Was further
me& ‘organi

rewas chiorststiTRnd ﬁlec E5M sé}? dried %%%%3
I\@a%S©4 SAftersfilration, te ) solVeritvassremicved G é rotary évapdratofm,

and the:z@gly 25cryde m@dugtzwa%@%talliz;edwom methylene1s, scmm),
exape. T a!fﬁg ,3) bt meda. white, cryst Illne
so[%?eé 870, ylerél %4 3\g ?rgolatméltlng:?pomteEi 1%9
(Riethylene chforide/n- heTxaneF) 80 Wo 2bBg/08¢87 - 25-.72 (4,
PCT/AEP2007/065908 ClH-MMR of 4.30 (4, *J = 10.4 Hz, 1H,

r%%édgjp[ methyl-Z-hydroxy7- (% {methyl- thio)ethyl)-6-oxacaprolactone
(1,3) (503 MHz, CDglé) 2 (s, 3H, CH3), 0.99 (s, 3H, CH3) ,

2.04-2.19 (m, 2H, CH2), 2 08 (s 3H, SCH3) , 2.47-2.52 (m, 1H, SCHH) ,
5" 2:6192:66 (MyAH, SCHED42 92320 =/8.0HE i cOCHH), B3:25:¢d 2d. -

ﬁ@dﬁéa@l@%ﬂ)ﬁg (e 2 JQe4 bz, 3K, CODCHH);4,30 (@27 .
4 Hz, 1H, CHH), 45% (s, 1H, OH 10 13C-NMR of
7

c-4, 4%dime meth dro>?y1 2- (r%%thyI ﬁlo) é%ﬁi/l’) & 8xgcayg%iéctoné7 7
(1@313(125 gaﬁu-pz C@@glg 70.9 (OCH,), ©9&.5 (COH), 172.5

(COO;} .

Elemental analysis for C;oH:e0.8 (M = 234.32 g/mol}: C
51.26; H 7.74; 8 13.68 found: C 50.82; H 7.73; & 13.52.

Example 5: Production of ketomethionine ketal esters

I,4 as exemplified by the reaction of ketomethicnine

and glycerol:

HO
/S\/\1/COQH 9
|
o toluene

<p-TsOH>

1,3-ketal 1,2-ketal

(T,4 where R°= C3Hs)

To a golution of 12.0 g of ketomethionine (81 mmcl, M =
148.18 g/mol) in 120 ml of absolute toluene were added
7.8 g of glycercl (1,2,3-propanetriol) (85 mmol, M =
92.09 g/mol) and 0.8 g (~5 mol%) of p-toluene-gulphonic
acid as catalyst and the mixture was kept under reflux
until ne more water separated off (approximately 2.5 h)
at the attached water separator. After cocling, the

aolution was wasghed with half-saturated NaHCO,
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S =15.7 (SCH3), 21.9, 21.3 (2 CH3), 27.7 (CH2), 37.7 (CHZ), 66.0
(OCH2), 70.9 (OCH2), 96.5 (COH), 172.5 (COO). 15 Elemental analysis
for CIOH1804S (M = 234.32 g/mol) : C 51.26; H 7.74; S 13.68 found: C
50.82; H 7.73; S 13.52. Example 5: Production of ketomethionine ketal
edters 2081 A%Lexemplified by the redetion of ketom&thigriRe ‘dnd 061908
glycerol: HO O HO OH s CO2H S~ O, toluene 00 O + SO <p-TsOH> O
L3sketal 3,2-ketgl. (L4 where R55 C3HS) To asolution of 120 6.0fy i cn

ketomethionine (81 mmol, M = 25 148.18 g/mol) in 120 ml of absolute

t6liefe WeteRdded 7°8'g of GIyEerdt 1,2 395Bpanetrial; (85 Mot ME-ed
92v@9rg/ialy and (B8 g5 mols) ef-p<toluendisulphdnierdcidvas catatysted
apd thg mixture.was keptunderdeflux,untikng-mase water separated offuct

(approximately 2.5 0 at
anpre h) 08t ih

e attached water segarator.g,g_e poling,
the" %Sofiition was Washed W '%agg}é%% ed NaMCO3 W Ojfi)§/061871w-as

26N ROTIERZO07661908ds61tioR, the bieedus phasewas further This
rewashed with -chloreferm-ang-the-cambineed organicphasesrwererdrieds i n
over Na2S04., After filtration, the solvent was removed on a rota
e%g§?r%%§r g oS e e ity 3 a2 5B, ©F
ws! eRforgdgrapRed {dthyl BRErn-fexar: LAY Fhis Separddithésne
twa tompbrindsHromoae andthes. Fhe majine1d = 53%, M =
204.25 g/mol, melting  point = 39.5°C (methylene

chloride/n-hexane)) .

H-NMR of 4-(2- (methylthic)ethyl)-2,5,8-trioxa-
bicyelo[2.2.2]octan-3-one (1,3-ketal) (500 MHz, CDCl,):
6 = 2.13 (g, 3H, SCH3), 2.17-2.20 {m, 2H, CHa) ,
2.65-2.68 (m, 2H, CHy), 4.12-4.13 (m, 4H, 2 CH.),

4.7¢ (g, 1H, CH).

C-NMR of 4-(2- (methylthio)ethyl)-2,5,8-trioxa-
bicyclo[2.2.2]cctan-3-one (1,3-ketal) {(125.8 MHzZ,
CDCLls): & = 15.4 (SCH;), 26.9, (CHy), 23.2 (CHy), 66.5 (2
OCH,), 70.% (CE), 92.9 (C), 166.2 (C0OO).

Elemental analysis for CgH;:0.8 (M = 204.25 g/mol): C
47.04; H 5,92; & 15.70 found: C 47.21; H 5.83; 8 15.69.

Example 6: Production of ketcomethionine ketal salts of
the formula I,5 as exemplified by saponification of
1,2-ketal or 1,3-ketal from Example 5:

OH
Q
N 0 KOH
8 0. 0
N MeOH, H,0 \S&)ﬂfg*‘;
s!
1,3-ketal
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10

product (1,3-ketal) crystallized in the form of colourless needles from a
mixture of methylene 10 chloride/n-hexane (8.8 g, yield = 53%, M =
204.25 g/mol, melting point = 39.5C (methylene chloride/n-hexane)).
"H-NMR of 4-(2-(methylthio)ethyl)-2,5,8-trioxa- 15
By cfdts 2/ 8o iant3-one (1,3-ketal) BO0MHz, CDCESIT/ BE2 907 &5 Bgf 8
SCH3), 2.17-2.20 (m, 2H, CH2), 2.65-2.68 (m, 2H, CH2), 4.12-4.13 (m,
4H, 2 CH2), 4.76 (s, 1H, CH). 20 13C-NMR of
4-(2-(methylthio)ethyl)-2,5,8-trioxa- bicyclo[2.2.2]octan-3-one (1,3-ketal
(155.6 MEZPEDELE) : 8= fé?ﬂ%c:r%)? 6?5,“‘(@ 2)0,933%?0—3'2)3,' 5L
(ZrOCHZiFOE €CH), 9120 (€),0166.2 (COO)c25 EterhentaldandlySistfior of
GRHI12045:(M =:204:25 a/molLC A7.04icH 5:92;:8 15,70 founts C:47 2kion
FL%'Q%;»? J€5.69. gr%(gm@rlle 6:SPﬁogygg(r)ln 81;ketgrpethi% in get% 8all%s_; %f af
the 1grmuta &%as exempﬁfiedcby saponiflca%ion of 30 2 etalor "
173:REtal Fom Es@mple 5: GHPH SBROR D @0 MEGH, HZOOTK S04
Qit;drketal (15 WO 2008/0618% he 26 rPGI/EP2004/06H9C8 rTgia 25 a
S Si 0 Q.24 ).of the 1,3-ketal from Example 5in 1.0
rrﬁ%%%r%e%%ﬁgﬁéng%g r%l %P%g%éve?"e]%%&zd 15 mg of potassium
hydroxide at room 5 temperature and the solution was stirred for 30 min at
'H-NMR of potassium 5-hydroxy-2-(2-{(methylthic)ethyl) -

1,3-dioxane-2-carboxylate (500 MHz, D,0/T8PE) :
d = 1.96-2.02 (m 2H, CH,}), 2.10 (t, 3H, CH;), 2.51-2.54
{m, 2H, CH,), 3.48-3.52 {m, 2H, CH;), 3.81-3.87 {(m, 1H,
CH), 3.98-4.01 {m, 2H, CH,).
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room temperature. After removal of the solvent and drying under vacuum,
the product was obtained as a white solid. (0.60 g, yield = 96%). 10
1H-NMR of potassium 5-hydroxy-2-(2-(methylthio)ethyl) -
|,3-dioxane-2-carboxylate (500 MHz, D20O/TSP): 8 = 1.96-2.02 (m 2H,
Cif2)2 26 {6 ki €H3) , 2.51-2.54 {f, 2H, CH2), 348II EZAL D 61908
CH2), 3.81-3.87 (m, 1H, CH), 3.98-4.01 (m, 2H, CH2). WO 2008/061871
- 284:RCT/EP2007/061908 Claims: 1. Chemical compound of the general
formulal (z) H C~S~CVCH2A 3 H2 5wherein A=0 (1) )LR RIOOR2
10 and R = OH, OM, OR', NH2, NHR' or NR'R", wherein R1, R2, R' and
R are idérticator differentiand afe iheactecasea branohedor!
straight-chain CI-C18-alkyl or 15 C3-C18-cycloalkyl, allyl, benzyl, 20
phenyl or C1-C18-alkyloxymethyl, preferably C2H50CH2 25
C2-C6-hydroxyalkyl, preferably C&/Zﬁﬁc/&:@%-dihydroxyalkyl,
preferably (HO)2C3H5-, or a C3-€C12 sugar radical in which one OH
group of the sugar is replaced in each case by the ketal-O 30 atom, by
the carboxylic acid-O atom or by the

wherein A =

O
(1) R
R'O ORz
and R = 0OH, oM, OR’, NH,, NHR' or NR'RY,

wherein RY, R, R’ and R” are identical or
different and are in each cass a branched or
gtraight-chain C,-Cig-alkyvl or
Ci-Cig-cycloalkyl,
allyl,
benzyl,
phenyl or
C1-Cig-alkyloxymethyl, preferably C:H;0CH;
C,-Cs-hydroxyalkyl, preferably HOC.H;-,
Cy-Cs-dihvdroxyalkyl, preferably (HO).CiHz-, or a
C3-Cy» sugar radical in which one OH group of the
gugar 1is replaced in each case by the Lketal-C

atom, by the carboxylic acid-0 atom or Dby the

carboxamide-N atom and
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carboxamide-N atom and WO 2008/061871 - 29 - PCT/EP2007/061908

M is an alkali metal ion or alkaline earth metal ion, preferably Na', K+, Mg
2+ or Cat' or a monovalent or divalent transition metal ion, preferably
Zn21, Mn2+, Cu2+ or Cr2+,50rA=0R (2) 00 and R = OH, OM, OR/,
N2, AHIRY GENRR", 10 wherein R' ahd R" are identi€ai ot ifferent 4A4d 208

are in each case a branched or straight-chain C1-C18-alkyl or

C3-C18ieycloalkyl, 15allyl, henzyh 20.phenyl orgl:¢18alkyloxymethyl,, |
preferably C2H50CH2 C2-C6-hydroxyalkyl, preferably HOC2H4-, 25

C3-C6-difydroxyHikyi Spreferably ﬁO)zchs-, Ot 312 Sttyar radical &
in whichroneo@ group ofthe suyadisireplacetby iie carboxylivedcid-Oon,
atom or by the-carbexanpmide-N.gtom aner Myis an-atkali metal 30 ion or
alkaline earth metal ion, preferably Na+, K+, Mg2+ or Cat' or a

monovalent or divalent transition metal ion, preferably Zn2+, Mn2+, Cu2+
or Cr2+, WO20087061871 - 30 - PCT/EP2007/061908 and R3 is a
C2-C4-alkylene bridge, preferably C2H4€1),

S

~
3

and R = CH, OM, OR’, NH,, NHR’ or NR'R",

wherein R’ and R” are identical or different and
are 1in each case a branched or gtraight-chain
Cy-Cig-alkyl or

Cay-Cig-cyvoloalkyl,

allyl,

benzyl,

phenyl or

Ci-Cig-alkyloxymethyl, preferably CHsOCH,
Up-Ce-hydroxyvalkyl, preferably HOCH:-,

Cy-Cg-dihydroxyvalkyl, preferably (HO),CiHsz~, or a
C3-Cyp sugar radical in which one OH group of the
sgugar is replaced by the carboxylic acid-0 atom cr
by the carboxamide-N atom and M is an alkali metal
ion or alkaline earth metal ion, preferably Na',

K', Mg®* or Ca* or a wmonovalent or divalent

transition metal ion, preferably zn’', Mn*", cu’’ or

Z4
Cr=",
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or a C3-C12 sugar radical in which two OH groups of the sugar are
replaced by the two ketal-0 atoms, 50or A=0 h,J~0 (3) HONO---R4 and
R4 is a C3-C6-alkylene radical which, if appropriate, is hydroxy

substituted, preferably 10 -CH2-C(CH3)2-CH2- and

R (CHIOMZ-CF12-, or a C3-C12 Sugar radical i WhEH GRS G190
group of the sugar is replaced by the ketal-O atom and one is replaced

by the carboxylic acid-0 atom, 150rA=0 (4)xlln0 O\l R and R5is a
C3-CG-aIk3QZeng radical which, if ropriate, is hydroxy substituted,
preforably’ 20~ CHE.CH():CH2S bt & C3 C LD SUGAT (adiEal T I thide
OH groups ¢f the Stigarage replacedby both ketal-O stomsandibytive of
carboxyfic: acig-Qatoak OrA 71 Qck % ©18) ERs QB 20 WO toms,
2008/061871 - 31 - PCT/EP2007/061908 and R5 is a C3-C6-alkylene
radical which, if

or A =
O
1
{3) HO OMRdI
and R* dis a Ci;-Cg-alkylene radical which, if

appropriate, 1s hydroxy substituted, preferably
~CHy~C (CHy) 2-CHp- and -CHp;-C{(CH0H) ;-CHz-, or a C3-Cqy
sugar radical in which one OH group of the sugar
ig replaced by the ketal-0O atom and one 1is

replaced by the carboxylic acid-0 atom,

or A =
O
(4) ﬂ7<iu\c}
0. R
S~ RS
and R® is a (3-Cs-alkylene radical which, if

appropriate, is hydroxy substituted, preferably
~CH,-CH(-) -CHy-, or a C3-C;y; sugar radical in which
three OH groups of the sugar are replaced by both

ketal-0 atoms and by the carboxylic acid-0 atom,

or A =
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appropriate, is hydroxy substituted, preferably -CH2-CH(-)-CH2-, or a

C3-C1_2 sugar radical in which two OH groups of the sugar are replaced

by the two 5 ketal-O atoms, and wherein X = H or M. 2. Compound

according to Claim 1, characterized in that R = hydroxyl and R3 = CZH4.

16%. CEMpEGRE Aécording to Claim T characterized ?r%%g'?@@@ﬁ] ahd©?®

R' = C1-C18-alkyloxy and R3 = C2H4. 4. Compound according to Claim

3, charagterizegtin that R; = G1-G4-alkyloxy. 15 5. Gompound acearding ; -

to Claim 1, characterized in that R = OR" and R' = hydroxyethoxy and R3

- Cona" R CORpoUITT accdidiny (-CTalm £ EHaracterised in 50 dt A ¥

is a C5H IO radiddl-or-& €5H1002 radicat C1. Congroundattording to which

8CIegm 6. charactedzed by %a f@ngl@ﬁ&alH Q_i%gra%‘@c%@ﬂs’?f Czohlz% 2040
. Compound. according to Clai characterized by the formula:

H3C'S g“%l’%b 4 gHQz H &ﬁ%@lfoéé/ﬁafg?f -%2 -

PCT/EP2007/061908 9. Compound according to Claim 1, characterized

ire . Compound according to Claim 1, characterized in

that R = hydroxyl and R® = C,H..

3. Compound according to Claim 1, characterized in
that R = OR’ and R’ = C-Cis-alkyloxy and R® = CH,.

4., Compound according to Claim 3, characterized in
that R’ = Ci-Cy-alkyloxy.

5. Compcund according to Claim 1, characterized in
that R = OR’ and R’ = hydroxyethoxy and R® = C,H,.

6. Compound according to Claim 1, characterized in

that R* iz a Cl,, radical or a CsH1305 radical.

7. Compound according to Claim 6, characterized by

the formula:

8. Compound according toe Claim 6, characterized by

the formula:

e

H C/S\/)»)\\O
v " \/%

o
GH,OH
CH,0H
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that R5 is a C3H5 radical. 10. Compound according to Claim 9,
characterized by 5 the formula: 0 y O \VXV p 0- 11. Compound
according to Claim 9, characterized by the formula: O S O- 10 12. Use of

compound?Oaccordlng to Claim 1-11 in_animal nutrltlon.{lz%%éo%sp/o £1908

a‘égor%%ge PElairh'12 for the nutrition’sf ruminants. T4:

compounds according to Claim 1-13 for producing feeds. 20 15. Use
agcording:tg-Glaim 14 dor-preddeing feeds foryuminantsz 16.dregd zeq  in
preparation containing at east one compound 25 according to Claim

1-15, prtége%gbl% fo%%uiariti%)% ‘of ruminants. 17. Process for producing
carboxylic acid or ester compounds of the general formula I, 1-5
accardimprdtorGlainctoxdenetn, indthe-caserof formulazh-and ¥W@zed by
2008/06&@;1503_;’?“MEQ:T/E.P20(.)7/061908 2 thg ra.dica.ll R is not OM, NH2,
NHR' or NR'R", characterized in that ketomethionine is reacted with a
corresponding monovalent, divalentb trivalent alcohol or a C3-C12 sugar

in the presence

O
A
O_..

11. Compound according te Claim 9, characterized by

the formula:

. G
S
o]
O_
12. Use of compounds according to Claim 1-11 in animal
nutrition.
13. Use according to Claim 12 for the nutrition of
ruminants.

14. Use of compounds according to Claim 1-13 for

producing feeds.

15. Use according to Claim 14 for producing feeds for

ruminants.

16. Feed preparation containing at least one compound
according to Claim 1-15, preferably for nutrition

of ruminants.

17. Process for producing carboxviic acid or esterx
compounds of the general formula I, 1-5 accerding

to Claim 1, wherein, in the case of formula 1 and
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5 of acid catalysts to give the ester product of the formulae 1-2, where R

= OR/, or to give the ester product 3-4 or to give the acid product 1-2,
where R = OH, or to give the acid product 5 where X = H. 10 18. Process
according to Claim 17, characterized in that, as alcohol, use is made of a
bF&hcHEdParC &tright-chain C,-C18-alkyl alcohol or CEEAAERKIS- Ik 08
alcohol, allyl alcohol, benzyl alcohol, phenyl alcohol, C2-C6-hydroxyalkyl
alcohol, 15 preferably:HOC2H4QH, G3:Coxfiydraxyalkytaleohol, g s,
preferably glycerol, or a C3-C12 sugar, preferably. glyceraldehyde,
dihydroxXyacetore ghicose, Fucto %%r%fctf‘ggé? 018 Process eacted
according.tdone of Claims 1Zst8;nchiaracterived dry thet water fofmedlent,
duréng tf&%g@@@é«&@ﬁ ifa@&(?*@?' 2;%- E’arogt;s&g)lrfa@r@g%cilma f@;t@g&@seme
acids or carbpxylic acid salts of the general formula I, 1-2 or
coord 1 i . G BTG fad et A L O OF OM BAATHS Faditar 0
= H or Miceharazterized in tHat 8h &Ster product OF thee fofitfa e 2ester

where Ryz&3R ¢ or of-thedfermulacfi 3@ iseenverted byrsaponification withere

an allall, metg) Ry axids fgﬁl‘éa'@ﬁee%mgeé%wé%@e Blde x = =
monovalent or divalent transition metal hydroxide into the corresponding
carboxylic acid salt of the formula 1 or 2 where R = OM or of the 35

fareula BrwheresX = Moamnd ifrappropriaté shesfree? carboeytieacid whede R n
= OH or.X = H islibergted. therefrom uising a miperalacid, W-ancned  or
2008/061871 - 34 - PCT/EP2007/061908 21. Proces fo%producmg

carboxyfic Bt SIS Tr e geheraFfotmuia 1, 155 BP8 ackording e Cant © -
1, alkyl alcohol, allyl alcohol, benzyl alcohol,
phenyl alcohol, Cy-Ce~-hydroxyvalkyl alcohol,

preferably HOC;H,OH, C3-Cgi-dihydroxyalkyl alcchol,
preferably glycercl, or a C3-Ci; sugar, preferably
glyceraldehyde, dihydroxvacetone, glucose,

fructose Or sucrose.

1%. Prccess according to one of Claims 17-18,
characterized in that water formed during the

reaction i1s removed.

20. Process for producing carboxylic acids or
carboxylic acid salts of the general formula I,
1-2 or 5 according to Claim 1, wherein the radical
R = OH or OM and the radical X = H or M,
characterized in that an ester product of the
formula 1 or 2 where R = OR', or of the formula 4
is converted Dby saponification with an alkali
metal hydroxide or alkaline earth metal hydroxide
or a monovalent or divalent transition metal
hydroxide into the corresponding carboxylic acid
galt of the formula 1 or 2 where R = OM or of the
formula 5 where X = M and if appropriate the free
carboxylic acid where R = OH or X = H is liberated

therefrom using a mineral acid.
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formula l, 1-

wherein the radical R = OM or the radical X = M, characterized in that an
acid product of the 5 formula I, 1-2 where R = OH or an acid product of
the formula I, S where X = H is neutralized with an alkali metal or alkaline
earth metal or a monovalent or divalent transition metal hydroxide or

caiBoRARE0YGiVE THe corresponding cafboxylic 10 ackE PAEPGEEE061908

according to Claim 20 or 21, characterized in that, as hydroxide, use is

made of NaQHKOH, - Mg{QH)Z, Ca(QH)2, 2002 o Mn(QE)2.19.23.. 1,

Process according '59 Clalrﬁ 20 or 21, characterized in that, as carbonate,
use is mAAE F Na2cBFK3CO3, MyCO3, CaCOS A3 orMricos™ -
20 24. Pracessifor prloducing taroxBmidesiof the gereratafdrowmla K12 M,
accordingrg Glain 1:where R+ leigaﬂ\thBh NBBi'dch%r;@&&ﬁ[LZ@d(jaﬁhatthe
an ester _product of the formula I, 1-2, where R = OR', is_converted into

the conrcab iy dmi By rEathon 56 with NS, RHRC QP NEIR 35 ©F
Process f6eprédieingester cBmpdaids of the Generalfonhtkaligegl with
accordingrto Glaim 1l whereaR = OR', ghatacterized:-inthat apester or a
product 1-24 is conyerted. i rre ding ester product of.the .
thg)%) b%lgg%seé%eriﬁég%n%vlﬁh a%& ?nlet%lgglk&%] 5y ql\/l d,rvcx)/ft(ﬁde

the provied thRARIRIE edter Protict B2 JLRHHRBBCHGT e il B tHE- 1C
radical 3&:R&Ein the alkoxide M'OR' used.

22. Progess according to Claim 20 or 21, characterized
in that, as hydroxide, use is made of NaCH, KOCH,
Mg {COH};, Ca(CH)., Zn{OH), or Mni{OH),.

23. Process according to Claim 20 or 21, characterized
in that, as carbonate, use 1is made of Na,CC,,
K;CO4, Mg003 ' CaCO;, . ZHCO3 or MnCO;.

24. Process for producing carboxamides of the general
formula I, 1-2 according to Claim 1 where R = NH.,
NHR', NER'R", characterized in that an ester
product of the formula I, 1-2, where R = CR’, 1is
converted into the corresponding amide by reaction
with NH:;, NHR’ or NHR'R”.

25. Process for preducing ester compounds of the
general formula I, 1-2 according to Claim 1, where
R = OR’, characterized in that an ester product I,
1-2, is converted into a corresponding ester
product of the formila I, 1-2 by
transesterification with alkali wmetal alkoxide
M'OR’, with the provigo that R’ in the ester
product 1-2 used must not be equal to the radical
R’ in the alkoxide M’'OR‘ used.



