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wo 2008/061871- 1 -PCT/EP2007/061908 Ketomethionine ketals and their
derivatives Introduction 5 The present invention relates to ketomethion ne
ketals and hemiketals and derivatives thereof and also production thereof
and use thereof as feed additives, in particular for the nutrition of
ruminends./ & PeioAmino acids such as methionine, lysing or threonine: cos
are, as feed additives, important components of animal nutrition. They
make possible more rapid growth and 15 also more efficient feed

utilization. Jhis, ysuallysepresents:an pportant.ecpnomie advantage. The
markets for feed additives are of great industrial and economic

importance. In addition, they are great growth markets which is due, not
|gastrrerhetidefeasing importance 20 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 . . -
rﬁr%lflgna%fsf o%?nsfgir%%“lﬁjtﬁ‘e‘ cés“ef%?é dégiryté% é%)‘i/%s?r?gr"g%grﬁp%‘éf efficient °
nifEprodGatiorwith Fespéétto thecampantaifbqualitieisefpéatlyand also
dependentiam a sutficient supply efsaethiopines The methieding ds:i-ives,
"equizementohigh perfounance dair gaws sanngke, cavered in this

case by the microbial protein formed in 30 the rumen or by protein from
the feed not degraded in the rumen (Graulet et al., J. Animal and Feed
Stiencesz2004), 269). It is therefore advantageous to supplement
methionine to the feed to increase the economic efficiency of milk
production and the ql\éljajity 35 of the milk. additive, use is made of

Mathiohing ana the MethioRihe Hyaroxs ARsiogua{FHR), Whichi& afsg e
téfied kydréRirethyithiobitgfc aciiiFHVIBY Thisdnereases thecavaiables 1
amoauntof dnmethigpine insthe bedywhich-Calore rapid growth and
alsc more efficient feed utilization. This ususlly
represents an important economic advantage. The marksts
for feed additives are of great industrial and economic
impcrtance. In addition, they are greattgrowth markets
which 1s 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 amince acid for many animal species,
including ruminants. For instance in the case of dairy
cows, for example, efficient milk production with
respect to the amount and guality is greatly dependent
on a sufficient supply of methionine. The methionins

£

regulrement c¢f high performance dairy cows cannct he
covered 1n this case by the microbial protein formed in
the rumen or by protein ILfrom the feed not degraded in
the rumen (CSraulet et al., J. Animal and Feed Sciences
(20047}, 2897 . It ig therefore advantageous to
supplement methionine tc the feed to increase ths
economic efficlency of milk production and the gquality

of the milk.

In the case o©of monogastric animals such as, for

2

example, poultry and pigs, customarily, ag fes
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5 then be available to the animal for growth. In contrast thereto,
supplementation of the feed with methionine is ineffective in ruminants,

since the majority is degraded by microbes in the rumen of 10 ruminants.
Owing to this degradation, therefore, only a fragment of the methionine
stppleniented passes into the small-intestine of the anioalavhere7 /os1 908
generally the absorption of methionine into the blood proceeds. WO
99/04647 describes the use of MHA for ruminants. Therein it is asserted
et MIEAYE onlySiT part bGikeh Fowlintthe Tlimen afdthérefordat fease ine
20:40%:0f the Supplemented MHEA) after alisorption inthe smalbintestinemed
cappass imia-metaholism. 4n-pumesous;other29 publicatiopsincontiast, 1,
the Qjogg%(/)gaaction of MHAgnL@mi@ nts is discussed differently. For
instance: WO 200028835, for example- da&tibas that MR Tan Bafy-n <an
stiecassally?pass thfoughttherhmerramdfindlly inorthesmall intestine for
absorption when MHA is 25 administered in very large amounts of 60-120
o/day/animal. Howeyer this precludes economic. efficiency, . :
Ir%r?dé%tgi]%t?r%%?on%le%&‘éaaétsssﬁl&%s%eﬁ “mithionine of fac-MIA afe -7
aV5itabieTo Fdminafits Wil high éffitiancy, a fofiiTpratseted aga@ihstimente
degradation must belesed:dEhe challengednr this €aseis ta-fird a:suitahble o+
methionine: produgt,which gives.the methionine a jumen stability as high
as possible and 35 nevertheless ensures high and efficiency absorption gf“
the AtiBhingtin He gltE Therd g pRirkaity BFFoLSibilifeSTthis'clse df e
giving D, L-meéthionimesor rac-MHA thase propertiesie afPhysicalprafectionhe
Byrapplication oba switableprotective layer 0k distrbision.of the ¢ - |
methionine in a protective matrix, a high rumen stability can be achieved.

As a result, the methionine can pass through the rumen virtually without
I383. iPitd ffrther ctripss; the protéivelager isithéffifor ramplertpereds .
orremeved by acid hydealysisdn thesabamasumsanghthe methionine broken
relsgsed 10 can thenyhe, absorbed by the animal in the smallinjestine, .,

The protectlveé?g/er or protective matrix can consist of a combination of a

piitaRY Btebenc ch &&= féi'exampReTipids Cnorganic nidtérialsmall
andtcasbomedratesnT e following: proderct b5 farms. arercommercially cther
ayailablesMebRIUSTM, framy Nisso Ametica iz ylipid pratected msthigpige ; )

havinjg a D,L-methionirg%e content %f 65%. The protective matrix consists of

& BARRINT 20 salts of ToRG CRaM fatty acids SGEh &% - for exampleRfatfic s

the ca
adid. AsOpreSérvative; butytatedidroxytolgenesisusetdat MHA can only

successfully pass through the rumen and finally into
the small intestine for absorption when MHEA is
administerad in very large amounts of
60-120 g/day/animal. However this precludes economic

efficiency.

In order that methionins product such as
D, L-methionine or rac-MHA are available to ruminants
with high efficiency, a2 form protected against rumen
degradation must be used. The challenge in this case is

te find a sultable methionine product which gives <th

it

methionine a rumen stabllity as high as possible and
nevertheless ensures high and efficiency absorption of
the methionine in the gut. There isg a plurality of
possibilities in this case of giving D,L-methionine or

rac~MHA these propserties:
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i) Mepron(r) M85 from Degussa AG is a carbohydrate-protected

methionine which has a core of D,L-methionine, starch and stearic acid.

As protective layer, ethylcellulose is used. The product has a content of
85% D,L-methionine. 30 iSmartamineTM M from Adisseo is a
pélyraérprotectéd methionine. The pellets, in additiorptorstaatic atidy s 1 908
contain at least 70% D,L-methionine. The protective layer contains
vinylpyridine-styrene copolymer. 25 the supply and utilization of
rﬁgthienki)ﬁqéf it 6éﬁar}iglr'lﬁ(zjsl %gﬁ h&'increased, there are some serious
disadvantages. The production or coating of methionine is usually a

teghnically:complicated amd laborigus process apd.is therefore expeasive.. -
I dition the surface coating of the finished pellets can easily be »

d'g%f(r?ll1ge(g;}el Bl)j/e %noel%hg%?cgl 69&9 and “éBPa”ér!l(?n &urin‘é_ féed’ Bro“c“eggferlg% TiEh
can I to Fediction of bipto €ompfete [88s GfD tieastotebions result,
THeteforer it inalsogotpossiblede proness:and repelletthe-protectedual 1y
methionine peligts to fgrm ajlarger, compound feed pellet, since, asa ;.

result, again the protecting layer would break owing to the mechanica

SHREEITHIS grety) restfiéts T (e £5 oPBRHProdticts ke Borgou@t &
feedipelletingsis awidely usedrmethod ef.feediprocessing:b)Chemicatasead
pratection:-20 Increased;rumen stability of, methignine,can;in addition to, . ;
pur%lx &phi/sical protective CptossLbintigs, also be achieved by modifying the =
chémiGal stiticture - for Bxample By esteriying tha carboxyic acidtgrdtip: = -
CdFentlyCiHel@llowing préductsarecornmerciallyt25 avaitablererldrey of
desctibed in-theliteraturez 4 Met ionine-esters such as,fopexampleyrganis

D.L-tert: butylmethionine: The esters have been tested.and demonstrated
only moderate rumen stabi |t<§1( oerch and 30 J8)<"I?<e; '*ﬁu’m@ﬁﬁ%tec?e%pgdc“

AARTBEAGES irt RUATHAREN GRS & *AbSSrption and Utilization of Amino
Acids" Vol. 3, 1989, 187-200, CRC Press, Boca Raton, Florida). For
DL -tertshutylmethienine,jn centrast, in, WO 0028835, a biglagical value of,
8096 was published. . : o R
mechionine having a D,L-methionine content of 65%.
The protective matrix consists of the calcium
salts of long chain fatty acids such as, for
example, lauric acid. As preservative, butvlated

hydroxytoluene ig used.

ii) Mepron® M85 from Degussa AG iz a carbohydrate-

protected methionine  which has & core of
D, L-methionine, starch and stearic acid. Ag
protective layer, ethylcellulose is used. The

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

11z} Smartamine™ M from Adisseo 1s a polymer-protected

methionine. The pellets, in addition o grearic
acid, contain at least 70% DI,L-methionine. The
protective layer contains vinylpyridine-styrene

copolymern.

ARlthough the physical protection prevents microbial

breakdown o©f methionine in the rumen and as a result
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35 ii) MetasmartTM from Adisseo is the racemic isopropyl ester of MKPI
(HMBI). This compound is also marketed under the trademark "Sequent"
by the American company Novus, In WO 00/28835, a biological value of
at least SO% for HMBI in ruminants was published. In this case,
ewpecialtys the sarprisingly rapid absorption of the hydraphabic HiMBios 2 sos
through the rumen wall plays a 5 decisive role. The ester can then be
hydrolysed to MHA in the blood and, after oxidation and subsequent
trgﬂ§arﬁiwa?ﬁ&)ﬁ, b EorVerfiaieIL -MetHisine hthe patentBp animal
185880%; a comparable bidlegicalaratueforHMBrwas published:dn theges .
studies, HMBIi was 10 applied to a porous support. In a further publication,
the Eurgn%%g\r% Commission reported that, again, approximately 50% H¥MEi
is-aso 8 THEPunén WAIF(EUrEpedn CBMMisSion  Repért SFtHe -1y @
Seientific Committee i Aniaiad Nutkitioh oretherUse:of HMBEL 25150 | 1s
é@@%)f&jgéuéet @ﬁ@éﬁ@@%@iﬁdﬂﬁ Zﬁﬁéﬂ@ 1%39%@%9%%@@' @%%ﬂé%i%ﬂ of
cience (269), that better djffusion through the rumen wall is gnabled by
thtehl?popﬁiﬁg%grggértiesp oft él#ssopro%?/Pgroﬁﬁ %fulfinWBi.% Fo%ﬁwmg geCP by
prsdtiction of HMBPE fvo differefbpiotesses Giave heentputlishedc Thas ing
HMBIcanceither be Synthesized directly inpnestage fromriiezte loss of
correspanding. eyanohydsin, WO,00-59877). Estenfication to give the - , .,

isopropyl ester proceeds in this case in 25 situ, without needirg to isolate
MHR T 8dvaiice. Afidther frocedss inicontrast estefifies parelMrARRtH et s
isopropamel (WO 0458864 andiWOr@l-56980). ehdthcases; fardthe 2= a2
syathesis, use s mads of prussic-acid which,is.expensive,and.in addition .
is.a gre_rgg3 Bg_tﬁin]tulglam:?Ohagng. i) tho.meth|02mewz?mdltsqa,rkgpx{ty)llgacﬁl_d _ .
dErivatives: The [igs ofthis didss of Cotpotnds, i paficafat of S Cie use
kefomBtion B neeif, s fesd-additives@sund feed pelieting is =&
wasfirstdesasibedrecentyinapplication Wl e ssing .
2006-072711.There,atechnicalprocessfor
producingketomethionineandcarboxylicacid derivatives thereof was also
describéd Ketsiet RifiectLon:

Increased rumen stability of methionine can, in
addition teoc 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 degscribed in the literature:

i) Methionine esters such as, for exampls, D,L-tert-

butylmethionine: The esters have been tested and

demonstrated only moderate rumen gtability (Loesrch and
Oke; “Rumar Protected Amino Acids in Ruminant
Nutrition” in “Absorption and Utilization of Amino
Acidg” Vel. 2, 1989, 187-200, CRC Press, Boca Raton,
Florida). For D,L-tert-butvlmethionine, in contrast, in

WO 0028835, a biological value of 80% was published.

i1) Metasmart™ from Adisseo i1s the racemic isopropyl

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

under the trademark “Segquent” by the American company
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WO 2008/061871- 6 -PCT/EP2007/061908 is the direct precursor of
methionine and can readily be converted in the body to L-methionine in

one step by means of transamination. In comparison therewith, both MBA
and HMBI have the disadvantage that they require two or three steps for
cefiversion/tosl-avethionine in the bedy: For instance, HMEEmustfirst becog
hydrolysed to free MBA and subsequently oxidized to ketomethionine with
the aid of an oxidase. Not until then can in turn the ketomethlonme be
diFSEi7 reduBtivery Sihiratéd fo 10 give Limethihing fBdier; “Otilratids 86 ¢
Prééursors foMBE-Amino Acids' dmtAminesAcids int Barad Anitmal Nutritiont's <,

(RAiello, shR+F;, edi:1994,-37-64: CAB,Intl., Wallingtord, Qxon, UK].-15, 1
Free ketq,l %thlonl S a- ke%ocarboxyllg acid and its salts such as, for

mp%) he* sodlum or calciurm st are 8ompoulitE alred ¥noWhdom @
tﬁ%ﬁ liteFatiife fop HfongHimie aAd dave been pradueed hothrbibehemidally MHA
and chentically; Meister far, exaiple-obtainegsthesodium 20 saltQfecient
k hig ineinay of,77% by the | amlno oxidase- cata sed
2?«&3%%%%%? n%etﬁlonlne%% |ster JBiol. Chiem. 1952, E'119179 38@) pine.  In
Pré§iodsdy, SWaelsch et aP Sﬁﬂﬁmed%ha@%@aﬁﬁ%@x@?@&scﬁé%ﬁt invalue
lizer-cari¢phvertanethiohihe 4o adketomethionine 25:(Waelseh etahsC. was

@E@@) Sgc.1938,-61.2252). Mosbach et al. likewise desgribed the | -

%ﬁuctlon of ketomethionine by the L-amino oxidase- -catalysed OX|dat|on
ethioniie” ¥ tHis cas& IMBBHiZEd ProvidendisSp. PERF1298 cafigin,
v@émﬂﬁ(wmbtacﬁiéf’30a‘ﬂBEnzwneaM$@mbeﬁechn@I 1882, 4;469). Asl ]
afertherpassible:synthesis method zSakurai et algin 1957 published the -
fI&St chemlcaI S nthi&s route &or S n%heswlng a- kegomethlonln In this
cage as key 35 Step. matyl-a-methoxaiyley-methyh er%gptggro&%ﬁét’e 25
ﬁéé%ré%%éd witiPdiite Hydrdehléric a@@h}g%%tmtm@ﬁme in the
(Sakunai et als Cant Biochemistry 4957, 44, £, 657)( Yamadawgtal. betrcer
Rublished virtually, WQ 2008/061871- 7. P%T!EPZOO?/OGlQQ?e 4 by the

simultaneously the same synthesis route, a er first attempts at
synteRlying 5-KetGethiomne Via aa- XimBESter foFmBt s N FME -
intermediate gave only low yields. (Chibata et al,, Bull. Agr. Chem. Soc.

Japan 51957,21,6,336),.The P'Omté??' valye of the-sadium salf.of | .. ...

ahketo m thlonlnew determined f r th eflrst t|me in 1977 in feeding

experniments With rg thS Fhdpoult Bi can either be
synthesized directly in on stage from the
corresponding cyanohydrin (WO 00-59877). Esterification

tec give the isopropyl ester proceeds in this case in
gitu, without needing to isclate MHA in advance.
Another process, in contrast, esgterifies pure MHA with
isopropancol (WO 01-58864 and WO 01-56980). In both
cases, for the synthesis, use ig wmade of prussic acid

wnich 1s expensive and in addition is a great potential

hazard.

iii) Ketomethionine and ite carboxylic acid
derivatives: The use of this class of compounds, in
particular of ketomethionine itself, zs feed additrives
was first described recently in application
WO 2006-072711. There, a technical process for
producing ketomethionine and carboxylic acid

derivatives thereof was alsc described. Ketomerhionine
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10 significantly above that of MHA (Baker and Harter, Proceedings for the
Society for Experimental Biology and Medicine 1977, 156, 2001). In
ruminants, a-ketomethionine and salts thereof, however, are broken down
in the rumen and therefore offer no advantages over HMB 15
ovmethionirie Asfreea-ketocarboxylicacid,-a-ketomethiepinezimpadditians 1 s o s
has the further disadvantage that it dimerizes in a very short time and
subsequently irreversibly cyclizes and therefore is not stable as a .
nﬁqoi%b% of biofddicabValie aitf therefdrs 2B i€ avdited it diféct useas i1y
fered additive:t@bjectofithe ihvehtionAdainst the background ofithestep by
disadvantages ofthe 2o  prerayf, it was the.gbiectfoprovidea, s vy porn
rumen-stable, chemically protected methionine product for ruminants, in
particulaFfor Galiry cows’ which cah seive’ a8 eftiéfent Migthiorine sduree e
forthe animalstand whick dodsnot have thesdisadvantagesof theknawn in
products; 30 or has them te.adecreased extent. This.weuldhayethe, 1y 5=a
adyvantage %mil@%rog%ti%n and quality could b% there%lncre@%e_d, :
which would Iead f6'a significant mcrease in economic sfficiency- 35 A e
fitithet object wes 16 find'a fesd dnesa fedd additive of vegrhighbiclogicaln
value whichsheuldhave-goed handieabilily ancisterabilityangr@ls@ic=d to
stapylity under é:ﬁ% Sﬂ%@h@ar?{a%@@iiﬁ;"“S\‘°f+cm%?auf‘f§‘§edoﬁro%?ééi?&r 8re
e ou

i particular pellet nc. The product, in adeifion, she e useablein
ahfthal AUtAtORh tHe"mdst genBral PoEsibRe why d@5t-Poll adtifve, Animal
Summaryihvd firstfaspect, therelisgprovidedsaichemicat gompaunesaf theczr
genefal formula | (HEH2A Haxor, ux) .

Free ketomethionine ags «-ketocarboxyvlic acid and itce
salts such as, Ior example, the sodium or calcium saltb,
are compounds already known from the literature for a
long time and have been produced both bicochemically and
chemically. Meister, for example, obtained the =zodium
salt of a-ketomethionine in a vyield of 77% by the
L-amino oxidase-catalysed oxidation of methionine
(Meister, J. Biol. Chem. 1952, 197, 309%). Previously,
Waelsch et al., showed that the amino oxidases present
in liver can convert methionine to o-ketomethionine

.. J. Am. Chem. Soc. 1838, 61, 2252).

]

(Waeslsch et &

Mosbach et al., likewise described the production of
ketomethionine by the Li-amino oxidage-~catalysead
oxidation of methiconine. In this c¢ase I1mmcbilized

Providencia sp. PCM 1298 cells were used (Mosbach et

al., Enzyme Micrcb. Technol. 1982, 4, 409).

As a Ifurther possible synthesis method, Sakural et ali.
in 1857 published the first chemical sgynthesis route
for synthesising a-~ketomethionine. In this case, as key
step, methyl-c-methoxalyl-y-methylmercaptopropionate
was hydrolyzed with dilute hydrochleric acid to give
ketomethionine (Sakurai et al., J. of BRiochemistry

1857, 44, 9, 5%57). Yamada et al. published wvirtually



10

15

20

30

wherein A =0 (1) R10 0 R2 and R = OR',wherein RI, R2, R" are identical

or different and are in each case a branched or straight-chain CI-Ole-alkyl
or C3-Cle-cycloalkyl, allyl, benzyl, phenyl or 01-018-alkyloxymethyl,
preferably 02HeO0H2 02-06-hydroxyalkyl, preferably HO02H4-,
08:0e-dilydrexyalkyl, preferably (HO)2C3He-, or a C3:012sugacradical sos
in which one OH group of the sugar is replaced in each case by the

ketal-0_atom or bx the carboxyllc acid-0 atom -8a-orA= ) 4
gimultansougl he game synthesis route, after first

attempts at synthesizing oe-ketomethionine via an
o-oximo ester IZormed as an intermediate gave only low
vields. (Chibata et al., Bull. Agr. Chem. Soc. Japan
1957, 21, &, 336).

The biolcgical walue of the sodium s=salt of oa-keto-
methionine was determined for the first time in 1977 in
feeding experiments with rodents and poultry and is
significantly above <that of MHA (Baker and Harter,
Proceedings for the Society for Experimental Riology
and Medigcineg 1977, 156, 2001). In ruminants, o-keto-
methionine and salis thereof, howsver, are bhroken down
in the rumen and therefore offer no advantages over HMR
or methionine. As fres a-ketocarboxylic acid,
a-ketomethionine in addition has the further
disadvantage that it dimerizes in a very short time and
subseguently ilrreversibly cyolizes and therefore is not
stable as a monomer of biolegical wvalue and therefore

is avolded in direct use as feed additive,
Obiect of the invention

Against the background of the disadvantages of the
pricr art, 1t was the object to provide a rumen-stable,
chemically protected methionine product for ruminants,
in particular for dair cows, which can sgerve as
efficient methicnine socurce for the animals and which
does not have the disadvantages of the known products,
or has them to a decreased extent. This would have the
advantage that milk production and quality could be
thereby increased, which would lead to a significant

increase in ecconomic efficiency.

A further object was to find a feged and a feed additive
cf wvery high biclogical wvalue which should have good

handleability and storability and also stability under

the customary conditions of compound feed processing,



(2)00\R3 and R =OR', wherein R' is in each case a branched or
straight-chain CI-C15-alkyl or C5-C15-cycloalkyl, allyl, benzyl, phenyl or
C5-Ca8-alkyloxymethyl, preferably €HSO0H2 02-05-hydroxyalkyl,
preferably HOC2H4-, 05-05-dihydroxyalkyl, preferably (H0)205H5-, or a
C5-C12 sugar radical in which one OH group of the sugar is replaced by
in pthe-carhoxylic acid-Oatony - 8brand R3dsiad2-04-atkyleneibhidge,
shoul Brefﬁéab'¥gé?§1 or a03-C12 sugar radical jp which two QH, groyps.of the

Sugar are replaced by the two ketal-Q atoms, or A=0
general possible way as feed additive.

Summary

In a first aspect, there 1is provided a chemical compound of the

general formula I

(1) iw%C/S\C,CHEA
H,
wherein A =
O
(1) R
'O QOR?
and R = OR’, wherein R*, R? R’ are identical

or different and are in each case a branched or

straight—-chain C;-Cig-alkyl ox
C3=Cig=-cycloalkyl,
allvyl,
benzyl,
phenyl or
Ci-Cig=-alkyloxymethyl, preferably C;H;0CH;
Co~Ce-hydroxyalkyl, preferably HOCH4-,
Ca-Ce¢—dihydroxyalkyl, preferably (HO)C3Hs-, or a
Cs~Cyi; sugar radical in which one OH group of the

sugar is replaced in each case by the ketal-0O atom

or by the carboxylic acid-0O atom



(3)HO 0---- R4 and R4 is a 03-06-alkylene radical which, if appropriate, is
hydroxy substituted, preferably -OH2-0(OH3)2-0H2- and
-01-12-0(CH20H)2-0H2-, or a 03-012 sugar radical in which one OH
group of the sugar is replaced by the ketal-0 atom and one is replaced by
the carboxylic acid-0 atom, or A= an8€R5 is a 03-06-alkylene radical
which, if appropriate, is hydroxy substituted, preferably -OH2-CH(-)-CH2-,
or a 03-C12 sugéar radical in which three OH groups of the sugar are
replaced by both ketal-0 atoms and by the carboxylic acid-0 atom. - 8c In
a second aspect, there is provided the ug§e of compounds as defined
above in animal nutrition. In a third-aspegt, there is provided the use of
compounds as defined above for pr ing feeds. In a fourth aspect,
there is provided a feed prepasatign’containing at least one compound as
defined above, preferably for nutritio%cj% ruminants. In a fifth aspect, there
is provided a process for producing carboxylic acid or ester compounds of
the general formula I, 1-4 as defined above, characterized in that
ketometRigRire is ré&éted withacorrespondingmonovalent,divalent,
trivalent alcohol or a C3-012 sugar in the presence

3 oo :
wherein R’ is in each case a branched or straight-

chain C;-Cig-alkyl or

Cs3-Cig—cycloalkyl,

allyl,

benzyl,

phenyl or

Cl—Cm—alkyloxymethyl, preferably CoH;OCH,
Co~Ce~hydroxyalkyl, preferably HOC,H,-,

Cs-Ce—dihydroxyalkyl, preferably (HO),C3Hs—, or

Cs-C:z sugar radical in which one OB group of the

sugar is replaced by the carboxylic acid-0 atom



of acid catalysts to give the ester product of the formulae 1-2, where R =

OR', or to give the ester product 3-4. In a sixth aspect, there is provided a
process for producing ester compounds of the general formula I, 1-2 as
defined above, where R = OR’, characterized in that an ester product I,

1-2,is converte:g into a corresponding ester product of the formula 1, 1-2

by transéstériffcatioh with@lkal metilalkoride MORS with1thé gravisy thatH.,
Rl'kin t_ze ester product 12 @@S@g Faust 0ot b@fﬁquﬁlﬂeﬁhec@r:@k Eg%h@gg of
alkoxide M'OR! . -8d- scription of the invention This gbject an
also othegyl o%%gt?%%t %xéjlicﬁﬁp r%%‘ﬁtel?)}n%a&f b ?vk%c%ocaﬁer%% Ty b8 =oms
derived or deduced from the contexts discussed herein are achieved by

the 10 ketomethXrine ketals of the invention and derivatives thereof
according to formula 1, in particular use tlggreof as feed, preferably for
ruminants. Thereby, not only the disadvantages of the "physically

protected" methionine variants, such mple, Smartamine, 15 but
also he disadvantages of the "chemieal prote\cted" variants, such as, for
example, HMEi, are ovércbme. Fhe @r‘eseminvention relates to a
chemical compound of 20 the general formula H3C ,S"CCH,A (1)

and R' is a Cs;~Ce-alkylene radical which, 4if
appropriate, 1s Thydroxy substituted, preferably
—CHz~C (CH3) ;—-CH;- and ~CH;~C (CH;0H) »~CH,-, or a C3~Cyo
sugar radical in which one OH group of the sugar
is replaced by the ketal-0 atom and one is

replaced by the carboxylic acid-0O atom,

or A =

O

(4) m)%k@
]

O\ \R5

and R° is a Ci-Ce—alkylene radical which, if
appropriate, i1s hydroxy substituted, preferably
—CHz=CH{~} ~-CHz~, or a C;-Ci» sugar radical in which
three OH groups of the sugar are replaced by both

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



H2 wherein A= R10 0 R2 and R = OH, OM, OR’, NE2, NER' or NR'R",
wherein RI, R2, R and R" are identical or different and are in each case a
branched or straight-chain Ci-Cia-alkyl or C3-018-cycloalkyl, WO
2008/061871- 9 -PCT/EP2007/061908 all benzyl, phenyl or
CI-C18-alkyloxymethyl, preferably CTH4SO0H2

In & second aspect, there is provided the use of compounds as

defined above in animal nutrition.

In a third aspect, there is provided the use of compounds as

defined above for producing feeds.

In a fourth aspect, there 1s provided a feed preparation
containing at least one compound as defined above, preferably for

nutrition of ruminants.

In a fifth aspect, there 1is provided a process for producing
carboxylic acid or ester compounds of the general formula I, 1-4
as defined above, characterized in that ketomethionine is reacted
with a corresponding monovalent, divalent,
trivalent alcohol cr a Ci;~Cji; sugar in the presence
of acid catalysts to give the ester product of the
formulae 1-2, where R = OR’, or to give the ester

product 3-4.

In a sixth aspect, there is provided a process for producing ester

compounds cf the general formula I, 1-2 as defined above, where

R = OR’, characterized in that an ester product I,
1-2, is «converted iIinte a corresponding ester
product of the formula I, i-2 by
transesterification with alkali metal alkoxide
M OR", with the proviso that R’ 1in the ester
product 1-2 used must not be egual to the radical

R’ in the alkoxide M’ OR’ used.



C2-C6 ydroxyalkyl, preferably HOC2H4-, 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-0 atom, by the carboxylic
acid-0 atom or by the carboxamide-N atom and M is an alkali metal ion or
5 aIkg%@&mﬂa{b@ntggfg@p&pﬁgﬁ, MELZ2 or Ca2 or a monovalent
or divalent transition metal ion, preferably Zn, Mn, Cu2. or or A = (2) 00
R3 and R = OH, OM, OR’', NH2, NHR' or NR'RIil, 25 wherein R" and R" are

idefticat or @lifferent anddre #leach casesa branchestor straight-chain : -3

[

(S

Cl«t8-alikytar b&B-QQ%Md@@}W'g@%@M,ybeﬂéylg_g\!—g»re dm%“-f”h educed

2008/9518710PCT/EP2007/061908 phenyl of CHCLE alkyloy _
preferably 02HSGOR2 5 02-Ch Yoy Al F preferabiHOERHAL=d by

the

10 cakes-aikydiasyaiian, greferalsly (H0)208145worai3od- and derivatives

thereo? according to formula I, in particular

thereof az feed, preferably for ruminants. Thereby,

£
eniy the disadvantages of the “physically protectad”

wse

noc

methionine variants, such as, for example, Smartamine,
15 bu: aiso the disadvantages of the “chemically
protected” wvariants, such as . for example, HMBL, are

overcoms .,

The present invention relates to a chemical compcound of

20 the general formula T

HCT e
B
2
whereln A =
QO
by
(1) R
R'O ORe
25
and R = OH, OM, OR', NH,, NHR’' or NR’'R”Y, wherein
Ry R°, R’ and R” are identical or ifferent and
are in each c¢ase a branched o~ straight-chain
C;‘Clg“alkyl o
30

C:-Cig-cvoloalkyl,
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'----12 sugar radical in which one OH group of the sugar is replaced by
the carboxylic acid-0 atom or by the 10 carboxam de-N atom and M is an
alkali metal ion or alkaline earth metal ion, preferably NaO, K", Mg2 or
Ca2' or a monovalent or divalent transition metal ion, preferably Zn2',
Mr2' 215Gu2 or and 123 is a 02-04-alkylene bridge, prefeyahiy 02HA o1 808
C3-C12 sugar radical in which two OH groups of the sugar are replaced
by the two ketal-0 atoms, 20 or A =0 (3 )HO 0-- R4 and
R#isaC3-C6-alkyleneradicalwhich, if
appropriate,ishydroxysubstituted,preferably 25-0142-C(OH3)2-0H2- and
-CE25G(CH20H)2-0142-,0r a C2-C12 sugar radical in which one OH
group of the sugar is replaced by the ketal-O atom and one is replaced by
the carboxylic acid-0 atom, 30 or A -
apldRsisaG3-CG-alkyleneradicalwhich,H

C;~Cig~alkyloxymethyl, preferably CyHs;OCH,
Co-Ce-nvdroxvalkyl, preferably HOC.H,-,

Cy-Cs-dihvdroxyalkyl, preferably (HC),CiHe-, or a C3-Cy
gugar radical in which one OH group of the sugar is
replaced 1in each case by the ketal-0 atom, by the

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

M ig an alkali metal ion or alkaline =arth metal ilon,
- . - 2 ~ ¢

preferably Na*, K', Mg® or Ca* or a wmonovalent or

divalent transition wmetal ion, preferably 2Zn*, Mn®",

Cu2+

or Cre',
or A =
|
R

VN /O

3

and R = 0OH, OM, OR’', NH;, NHR' or NR'R”",

wherein R’ and R7 are identical or different and are in

each case & branched or straight-chain C;-Cig-alkyl or
Cz-Crg-cycloalkyl,
allvl,

benzyl,
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appropriate,ishydroxysubstituted,preferably -OH2-CH(-)-CH2-, or a 03-C12
sugar radical in which three 5 OH groups of the sugar are replaced by
both ketal-0 atoms and by the carboxylic acid-0 atom, or A=0 10 and
Rsisa03-05-alkyleneradicalwhich,if
approptiate;ishydroxysubstituted, preferably -OH2-CH($<2162>;z00a /061308
C3-C-12 sugar radical in which two OH groups of the sugar are replaced
by the two ketal-0 15 atoms, and wherein X = H or M and M has the

%%W givén above. Preference in this case is given to a compound of
the formula 1,2, in which R = hydroxyl and R3 = 02H4: 20

Ci-Cig-alkyloxymethyl, preferably C.HOCH,
Co-Ce-hydroxyvalkyl, preferably HOC.H.-,

Ci-Cy-dihydroxyalkyl, preferably (HO).C:Hs-, or a Ca-Cis
gugar radical in which one OH group of the sugar is
replaced by the carboxylic acid-C atom or by the

carboxamide~N atom and

M ig an alkall metal ion or alkaline earth metal ion,
preferably Na’, X', Mg®" or Ca°" or a monovalent or
divalent transition metal ion, preferably 2zn®*, wMn?,

cutt or Cr*t,

3 . . ~
and R 1s a (;-Ci-alkylene bridge, preferably C,H,, or a
C3-Ciz sugar radical In which two OH groups of the sugar

are replaced by the two ketal-0 atoms,

or A =
O
7,
3
{23 HO D“‘»Rg
and R* is a (3-Cz-alkylene radical which, if
appropriate, = hydroxy gubstituted, preferably
"CHQ"C(CH3)2“CH2“ and —CH2‘C(CHQO§)2”CH2-, or & Ca=Cqy

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

carboxylic scid-C atom,

or A =



10

15

20

30

This can readily be produced by ketalization of ketomethionine with
stoichiometric amounts of ethylene 25 glycol in the presence of acid
catalysts or with suberstoichiometricamountsofethyleneglycoland
subsequentsaponificationoftheketomethionine ethylene ketal ethylene
glyoobester formetias an intermediate with alkali and sglisequent 7 /061908
neutralization 30(cf. Example 2). WO 2008/061871- 12
-PCT/EP2007/061908 Further preference is given to a compound

according to formula 1,2, in which R = OR' and R' = C1-018-alkyloxy and
R3=02H4. Thiscompound cafi:be produced by estétifiedtion ehiich,  if

ketomethionine with a;corresponding.» Cl-Ciszalcoholiin the presepee of .1 .,

acid_catg ysts, and preferably subsequent ketal anon etqhy[ene lycol.
Péﬁ%u_l gﬂf r";fé ré(}?fc”ef isog‘ive% in‘this tasa48 a 10°compound a‘@%‘dﬁ%hg“%ree
férhhulArER PR which Rie Glucaalkpogy. - Fukthee preferencetis giveng -0

agompoungiaceerding te femala ;2 inwhichR= OR' and R' =
hydroxyethoxy 15and R3 = C2H4:

or A =
i
%
“OX
{j; O
\
(5) \“Rs
—0OH
and R® is a Cy-Cs-alkylene radical which, if
appropriate, is hydroxy subatituted, preferably
-CHy-CH (-} -CHE;-, or a Ci3-Ci; sugar radical in which two

OH groups of the sugar ars replaced by the two ketal-0
atoms, and wherein X = H or M and M has the meaning

giver above.

Preference in this case i1g given to a compound of the

formula I,2, in which R = hyvdroxyl and R® = C,H.:

This can readily be produced by ketalization of
ketomethionine with stoichiometric amounts of ethylene
glycol in the presence of acid catalysts or with super-
stoichicmetric amounts of ethylene glycol and
subsequent sapenification of the ketomethionine
ethylene ketal ethylene glvcol ester formed as an
intermediate with alkall and subsequent neutralization

(cf. Exampls 2).
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00 / Still more preference is En:yen to a compound according to formula

1,3, in which R4 is a 05H10 radical or a 05H1002 radical. 20 Particular
preference is given in this case to a compound characterized by the

formula CH3 which can be produced from ketomethionine and 25
n@opentylideriiglycol in the presencelof acid catalyst$.cW®rzc07/051908
2008/061871- 13 -PCT/EP2007/061908 0 )\--O H,C CH20OH CH20OH

which can be produced from ketomethionine and pentaerythritol in the
pﬁﬁ%ﬁ%@%ﬁ%%ﬁﬁ%ﬁ&@&%.ls given to a compound according to

formula I,2, in which R = OR’ and R’ = C;-Cig-alkyloxy
3 —~ rr L .

and R =  (5Ha. This compound can be produced by

esterification of ketomethionine with a corresponding

C;-Cig-alcohol in the presence of acid catalysts, and
preferably subseguernt ketalization with ethylene

lycol.

L8]

Particular preference 1is given in this case to a
compound  according to formula 1,2, in  which R =

O -Cy-alkyvioxy.

Further preference is given to a compound according to

formula I,2, in which R = OR’ and R’ = hydroxyethoxy

and RB = (o H,:
7
/SMGWOH

e D
(.
still more preference is given to a compound according

to formula I,3, in which R® is a CH,, radical or a

CgH1602 radical.

Particular preference i1g given in this case to a

compound characterized by the formula

which  can be produced from ketomethionine and
necpentylidense glycol in the pregerce ol acid

catalvsts.

likewlise preference is given to an analogous compound

of the formulsa
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5 Further preference is given to a compound according to formula 1,4, in
which R5 is a 03H5 radical. Particular preference is given in this case to a
compound characterized by the formula (1,2-ketal) 10 or the isomeric
formula (1,3-ketal) 15 Both compounds, the 1,2-ketal and the 1,3-ketal,

cdn beopraduced from ketomethioningland glycerol in#s presence of @cieh &
catalysts, preferably under dehydrating conditions. 20 Allcompoundsofthe
generalformulalare outstandingly suitable according to the invention for

use in animal nutrition, preferably for Butrltlon of farm animals. Preference
is given in this case to use for nutrition,of ruminants, in particular dairy
cows. For this purpos%@m% of the invention can be 5 used
for producing feeds. In this caseHagain preference is given to use for
producing feeds for ruminants. 10 leévm‘,e«tba present invention relates

to feed preparations containing at least oQ@ Qj‘qhe abovementioned
compounds of the invention, preferably for nutrition of ruminants. 15
Accordingly, mixtures of the compounds of the invention. conventional
fEBH<C Ean e préfucEd YRS, theebmpetrassh theinventisidrerenta-

mixgdinritol in the presence of acid catalysts.

Further prefersnce is given to a compound according to

formula I,4, in which R® is a C.He radical.

Particular preference ig given i1in this case to a

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

)
O
~,
sx/?@
om—/

or the lsomeric formula {(1,3-ketal)

O
\S’\ﬂ)— -
\g_/

Both compounds, the 1,2-ketal and the 1,2-ketal, can be
produced Ifrom ketomethionine and glycerel in  the
presence of acid catalysts, preferably undex

dehydrating conditions.

ALL compounds of the genseral formuls I

8]
H
@

outstandingly suitable according to the inventicn

h
O
I

use 1in animal nutrition, preferably for nutrition of

farm animals.
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20

suitable amounts into commercially conventional feed 20 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 equivalents in the form of the 25 compounds of the invention,
wihierein the’ prapoTtions are different depending on thevtypgrnffeed./Raine o s
compound feed is preferably mixed with ¢ 0.5% methionine equivalents,
mii)nergl feed with up to, 5% and organic feed in thhe range frgm 0.5to 3%,
preterably 5 fo 9. C)'Ghe mkthidnifie EGGivalEht inthiscottext s thit +on
pait byuweightistscompomad of thelinventiohrwhichyws 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
cugr%‘poﬁrrfdss of’ ﬂ;1](‘3,}““—%;%er’nee’ralbf%er:’mU’I%tni}';D f—éWﬁe?éinf“ “th CA38 of Toimfiia B¢
14S&5d 2 3He padidalasrot OMANIR2, NHR' or NR/R", characterized in

that ketomethionine is reacted with a corresponding monovalent, divalent,
trivalent alcohgl. or a 03-012 sugar in the presence of give the ester
p%%uc"t@f%he%aé)ﬁ", agi a&r%d t W %?3 R l:SOI-glg,%Vreﬁoc?‘ru%t 5\vhere °F
X pluCorrEs pdiitinty 16 saifl Bréfetfetiscompounds, in th s case 10 one
process is preferred in which, as alcohol, use is made of a branched or

straight;ehain C1:-¢18-alkylalcghol o C3-G19-cycloalkyl.aleghol, aliyl ¢,
alcohol, benzyl alcohol, phenyl alcohol, C2-C6-hydroxyalkyl alcohol :
pFETERIBNHOC HAOR E205 ity droialkyl &8st~ one  of  th

abovementioned compounds of the invention, preferably

)

for nutrition of ruminants.

Accordingly, mixtures of the compounds of the invention

with conventional feeds can be produced.

For thig, the compcunds of the invention are mixed in
suitable amounts into commercially 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 eguivalents 4in the form of the
compounds of the invention, wherein the proportions are
different depending on the type of fszed. Dalry compound
feed 1is preferably mixed with < 0.5% methionine
egquivalents, mineral feed with up to 5% and organic
feed 1In the range from 0.5 te 3%, preferably up to 1%.
One methionine egquivalent in this context is the part
by weilght of compound of the invention which is
equivalent to the same amount of methionine on a melar

hbasis.

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

I, and 2 the radical is not OM, NH,, NHR’ or NR'R”,
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15 alcohol, preferably glycerol or a C2-C12 sugar, preferably
glyceraldehyde, dihydroxyacetone, glucose, fructose or sucrose. In this
case, in particular by suitable selection of 20 the amount of mole

equivalents of the alcohol or sugar required for the ketalization, the
fartationof alse eesired product can besinfluenced. When trezrol7 /051508
equivalent of C1-C18-alkyl alcohol is used, the corresponding ester not
according to the invention is 25 preferentially formed, when two mol
VRS Are GSedt Thel &5 bosyic 40Tt ket o e Trmiuia L-Ewhere e =
=QH1¢s praferantiallyformed andwher ihreeansl eqoivalentsare used,ohol
the-casresponging.ester ketals-ofdhe farpuila 1, 1awhere Ri= OR'.are 30; + .
p&qfereng_ Iéy fgrsmgd. Cor(geshpcotndi(gmglyt%vher}one half mol equivalent of
Cziafi-hy' rox“yaIRylraIéjo%o?ls used, (suc% ds; (BHrUe”xaa“mp e,2Hyd‘rV Xy & R
edtiivalefis of acid ketal bR thed6itfidla 352Feformed! HOC2H4QH) e the
carresponpdinghy-twoithe corsespendmg carbaxylie 4, 2vwhese = Okkang-: g
%’ﬁj G2H4 WQ.2008/061871- 16 -CT/EP2007/061908 solvent. Suitable
solvents are, for example, aromatic hydrocarbons such as benzene or
toluene, and also chlorinated hydrocarbons, such as methylene chloride

of chtorsformdand alcohelsid preferred compounds, in this case

one process l1g preferred in which, as aloohol, uge is
made of a2 ranched or straight-chain C,-Ciyz-alkyl

alcohol or C;-Cig-cycloalkyl alcohol, allvyl alcohol,

benzyl  alcohol, phenyl alcohol, Cp-Ce~hydroxyvalkyl
alcohol, preferably HOC,H.OH, Cy;-Ce-dihydroxvalkyl
alcohol, preferably glycercl or a Ca-Cis sugaxr,

preferably glyceraldehyde, dihydroxyacetone, glucose,

fructose or sucrose.

In this case, in particular by suitable selection of
the amount of mole eguivalents cof the alcohol or sugar
reguired ZIor the ketalization, the formation of the
desired product <c¢an be infliluenced. When one mol
equivalent of C-Cyg-alkyl alcohol is used, the
corresponding ester not according to the invention is

preferentially formed, when two wmol equivalents ar

[ty

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

where R = COH is preferentially formed and when thres
mol eguivalents are used, the corresponding ester
ketals of the formuia I,1 where R = OR’ are

preferentially formed. Correspondingly, when one half
mol eguivalent of Cp-Cg-hydroxyalkyl alcchol is used,
{such as, for example, HOCH,O0H) correspondingly two
hydroxy equivalents of the corresponding carboxylic
acid ketal of the formula I,2 where R = CH and R° = C.H,

ars formed.

The production of carboxylic acid or ester compounds

can advantageously be carried out in the presence of a



20

25

30

In the desired is given reaction 10 achieved solvent It is interest of a yield
as high as possible of condensation products, in this case preference
simultaneously acts as entrainer and, if appropriate, further as reactant.
Also, in this case, the alcohols 15 usedforesterificationorketalizationcan
additibnally belused as solvent and/onentrainer. WheetsgaEsmemyainers o s
the solvent should have a suitable boiling point. This should generally not
é%%ceed 120QC. Alcohols su_-able for this purpose are, for example,

HAlkyl altohofs tiat R §ay Methdriol, etfdnof 12 Br 25propardia=ic
andcorZ-butamot isebutanolz tert-batameh25 Afurthieripassibilityfor  also

removingwates is-the.use-of dehydrating-agents, forgxample orthoesters, -
su%h as Eormexamaol%itrimeth)fl or triethyl orthoacetate. The methyl or ethyl
CI ol O IL Loonols., .
acetla e <?ormed as couﬁllng products can subsequently readily be
removed from the reaction 30 mixture by distillation and reused. In this

cage tha<carbaxylic-acids ©f catboxylic acid:salts,ofthe generabformula  of
1&&@5%5%'%%@5¥H@5ti0n products, in thisz case preferesnce
is gilven to a process in which water formed during the
reaction is removed Irom tThe eguilibrium. This can be
achieved both by distillation, preferably by using a
solvent and/or entrainer such as, for example, toluene.
It is advantageous 1n this case when the solvent
simultaneously acts as entrainer and, if appropriate,
further ag rsactant. Also, 1in this case, the alcohols
used for egterification or ketalization can

additionally be used asg scolvent and/cr entrainer.

When used ag entrainer, the solvent ghould have a
suitable Dbolling point. This should generally not
exceed 120°C. Alcohols suitable for this purpose are,
for example, C;-Cs-alkyl alcoheols, that i1s to say
methanol, ethanol, 1~ or Z2-propanol and 1- or

Z-butanocl, isobutancl, tert-butanol.

A further possibility for removing water is the use of
dehydrating agents, Ifor example orthoesters, such as,
for example trimethyl or triethyl orthoacetate. The
methyl or ethyl acetate formed as coupling products can
subsegquently readily be removed from the reaction
mixture by distillation and reused.

In this case the carboxylic acids or carboxylic acid
salts 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

Hh

product of the formula I,1 or 2 where R = OR’, or o
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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35

radical R = OH or ON and the radicalH or M, can 35 preferably be

produced by converting a carboxylic ester product of the formula 1,1 or 2

where R = OR', or of the formula 1,4, into the corresponding carboxylic

acid salt of the formula 1,1 or 2 where R = ON or of the WO

2008/961878¢1¢ 7RCT/EP2007/061908 formula 5 wheeerXsohhby: /051909

saponification with an alkali metal hydroxide or alkaline earth metal

hydroxide or a monovalent or divalent transition metal hydroxide and, if
approptiate, Jib¥rating therafrdmithe FeeS ddrboryliccacidwhreR =OkR11

cmé(\_eﬂi witirthe-aidof amirdrah acide Suitable rmfatefraia(}tg@trbthiﬁ@%@r a

are,.ja-particular sulphuric,acid, hydrochjaric.acid and phosphoric. acid. 1

The invention also relates to a %ocess for producmg carbo Fc acl “sa s

ot the g&FataFROTMalEL, 1-2 or BERRErESH the raldicd ﬁm‘@M orfife free
ragicalox =IN¢whichds characté@rizeddn that ah acid praduct ofthesformula =

1d-2vhere R OH o apacid prodyct-ahithe 15 farmula 1,5 where X =H. .

|s neutralized with an alkali metal or alkaline earth metal or a monovalent

ot divalent transificr m&tar Kyjdroxide BF tarbonafgd 16 givethe” acid and
chfrespbrding cagdekylic acid. 20 For production of the abovementioned
carboxylic acid salts by saponification or neutralization, in this case, as

roxides, use is pre rably,made of NaOH, KOH, M (_0111)2 Ca(QH)2
% H)%lgr Sﬁ 3 tfd? as carbonates, Na2§03, %Igéb‘fg Ating

&K?@QXZAGQS%?WG@C% 275 The |H@@nt@ﬁ%ﬁela¥@§wé$roce%s Foror
produeingrearhoxamides:afitbe general formutarl,t1i2=where R=zINH2, =,

Nm «NRR", characterized.in that an gster pgqgugaqf&h%%f&"ﬁ% 1de2, e

where R = OR’, is 30 converted into the corresponding amide_by reaction

V\ﬁfﬁrémﬁfltlaogengugbaY@éeofethé)formlﬂgI\ﬁ-k% RIF2RCOPNHRIUTHe o the
ifveirtiohaalso, relatés:toca proeess fosproducing esterdcompounds: ofthea 1 1

geaeral forpulazl -2 where & 735 ORswhich is-characigrized jn dhat an,,.
egter ap{odléct I 1a2ri iS ggg\ﬁert%% mtg a 1glorée%pon ing gster a{ggggaotfm o

give the corresponding carboxylic acid.

For production of the abovementioned carboxylic acid
salts by sgaponification or neutralization, in thisg
case, as hydroxides, use is preferably made of NaOH,
KOH, Mg(OH)., Ca (OH) 5, Zn(OH), or Mn{CH), and, as
carbonates, Na,CO;, KyC0;, MgCO;, CalCl;, Znl0; or MnCo,.

The invention also relates to a process for producing

carboxamides of the general formula I,1-2 where R =
NH,, NHR’', HNR'R", characterized 1n that an ester
procduct of the formula I,1-2, whers R = OR’, ig

converted into the corresponding amide by reaction with

a nitrogenous base of the formula NH,, NH,R’ or NHR/R® .

The invention also relates to a process for producing
egter compounds of the general formula I,1-2, where R =
CR’, which is characterized in that an ester product I,
1-2, is converted into a corresponding ester product of
the formula I, 1-2 by transegterification with an

alkali wmetal alkoxide M'OR’' (M’ = alkali), with the
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the formula 1, 1-2 by transesterification with an alkali metal alkoxide

M'OR' (M' - alkali), with the WO 2008/061871- 18 -PCT/EP2007/061908
proviso that R' in the ester product I, 1-2 used must not be equal to the
radical R" in the alkoxide M'OR' used. Ketomethionine ketal esters once
protluced £andnghis manner be very readily convertedvirito pthey Grdesireslo s
ketomethionine ketal esters. The ketomethionine ketals of the general
formula 1,1,2 or 5 vv_hgere, R = OH or OM respectjvelr;_/, X =H or M are polar
aRd WonSipopHific cdmpdtinds” Bwirig fothe kBft 16 protedtirg gtdtig, ™ust
these compeudnds arequrnen-stabifs. ard cannotibe microbidlkcdegraded.OR

Aseresult of theslioophobic-carbexylic agid.group, howeverdhey are.not 4,
atrigorbed via the rumen wall as with HME3i, but F?ass without breakdown

into the abomastims of the ruminant, 15 wHere t & Be-fiydrolysed owing &~
teltheistrohghe iR Eoriditiors. Thedkkterasthiohine released is then
subsequently absorbed in the small intestine. The ketometnionine ketal
egiols olibe qanerallonguia 2011 2yhere R < OR on ot fhe general ,
formula 1,4 are |popﬂ| ic and non-polar comp_ouﬁas. Owing toli_ etwo "
chémicalBidtectifig grotiPs HetatHarte8eesi®, tHese compsunds aFe M are
rgménsstablel Therabisosption, in contrastta:ketomethionine ketals,e ketal
pfﬁ%@éjé{%g'yﬁﬂéhér5hefé%“é§/§'yé/&%ﬁ9&ena‘%" smilady 1018 o g
,Bi.

mechanism of H e subsequent enzymatic cleavage to %lrye the free

kEfFMSthionife tRer proceetsiin the BIGSES theéftminant =56!The (e of ¢
ketanvathionine ketalscorKetomeathion peketal esterstirus, makes pessiblect
fardhe firstdime an agtive centrelof theyabserptiop:site of:the: "methiening, o
e‘g’gia\églggy'. %@ ;I'hg Ci(c__jetomelth;'cocging ketal%or ketomethiqcninqﬂléetqﬁl esters

and denvatives thereof have a plurality ot advantages over the = m+Rant,
C@%%é@h&@?ﬁbﬁﬁﬁhtﬁééﬁﬁﬁﬁﬁ?d owing to the strongly acidic

conditions. The ketomethionine released is then

subsequentliy absorbed in the small intestine.

The ketomethionine ketal esters of the general formul

0r

I,1,2 where R = OR’, or of the general formula I,4 are
lipophilic and non-pcolar compounds. Owing to tThe two
chemical protecting groups “ketal” and “ester”, these
compounds are rumen-siable. The absorption, in contrast
to ketomethionine ketals, procesds reapidly and
effectively wvia the rumen wall similarly to the
mechanism o HMBI1. The subsequent enzymatic cleavage to
give the free ketomethionine then proceeds in the blcod

of the ruminant.

The use of ketomethionine ketals or ketomethionine
ketal esters thus makes possible for the first time an
active control of the absorption site (o) the

“methionine eguivalent”.

The ketomsthionine ketals or ketomethioninse ketral

esters and derivatives therecof have a plurality o

e

advantages over the compounds known in the prior art:
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WO 2008/061871- 19 -PCT/EP2007/051908 In contrast to free
ketomethionine, ketomethionine ketals, ketomethionine ketal esters,
ketomethionine hemiketal esters and ketomethionine ketal amides of the
general formula | are chemically stable with respect to dimerization and
cyclization/a precandition for storageiand-transport ag feetkadditives 44sen &
of the compounds of the general formula | permits the active control of the
absorption site in the body 10 of the ruminant, In s case the hydrophilic

ketbmEROMAE ketalof the $6rmuita 018 WhietE B OH, BMCBR of hen i ne
foraila 4.5 whereXes B Mareeabsorbed in thetsmall intéstinerafteniconine

hydrolysis in the-abomasiyg, and the-absorption ofthelipophiligdsS 7 1.

ketomethionine ketal esters of the genergl.formula 1,1,2 where R = OR},
of of the genéral tormuta T4 procedds-directly Vid the rufen wali SiGhe =°
caseof uge of eertaifehibls stich-dsz #oriz0iexanmple athylenadycobror for
selesteditrials sueh-as «for example; ghcesel ok sugars such as, for
example, glucose, as building blocks for ketal or ester formation with
ketomethionine to give the corresponding compounds of the general
formiul& 1, thege S88WIBHAIRE25 Have e n Gt dctiohCsWihkito thesagart
orlatcohokhuilding-bloeks which car bereleased agais it theihodyhe body

Ketomethioning ketals and ketpmethignine ketal esters 30 haye avery . ; ;

high biolo%c;al value, since 1they can be hydrolysed in vivo to give
kStoMethionine T hé biotogicaPvallid s ketoriiEthionihelin thidE88& is ®
sighificaitly highercthan:that of dMiHA L since, i cehtrast thereto, iEcanbe ars

converied o kxmethionine. imthe hody.in galy-one-stagein.cantrast, MHA, .
re%uires two stagais and‘“HhMEi even é@rg@iséages. WO 28Q8/ 61871- 20
_BCTIESY007/06T908 The high Bidiogical vaiue of ketofiethionine Ketats- *

ARAIETIGRelfoAme ketallestersss bssignifieant édomonsieagvantageprmula
since, lesswfredadditive isarquired-5 On aecountefithe ghenisahuia 1,2

%@Sgggﬁghgi@gggﬁgﬂ%\g{iﬂgj{éh%w@gﬁn Jprotection can not be -

amaged by physical forces such as, for example, friction. Therefore, in
comparison with a physically protected methionine form, such as, for
examplessSmartaminefitisise of certain dicls such ag, for

example ethylene glycol, or selected tricls such as,
for example, glvcercl, or sugars such as, for example,
glucose, as buillding Dblocks for ketal or ester
formation with ketomethionine to give the corresponding
compounds of the general formuia I, these additionally
have a nutritive action, owing to the sugar or alcchol
building blocks which can be released again in the
body.

Ketomethionine ketals and ketomethionine ketal esters
have a very high biolcogical wvalue, since they can be
hydrolysed In vivo to give oa-ketomethionine. The
biclegical walue of ketomethicnine in this case 1is
gsignificantly higher than that of MHA, since, in
contrast thereto, it can bDe converted te L-methionine
in the body 1in only one stage. In contrast, MHA

regquires two stages and HMBI even three stages.
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10 possible to pellet ketomethionine ketals, ketomethionine ketal esters,
ketomethionine hemiketal esters and ketomethionine ketal amides of the
general formula I. This is an extraordinary advantage, because a broad
usability in compound feed production and final 15 processing is thereby
ensurenlo Y addition, the said compounds-of the generad forpriad TAns 1 908
generally be used as feed additives in farm animal husbandry, that is to
say also in the nutrition 20 of poultry or i%s. In particular, ketomethignine
keths And RetOnfethioniie ketdl 8sters tar be Prodicsd i Esifptér- s and
nrarinencdnd thusigenerallylat lwerprodustion costsithan 25physicatymi ¢
pretested-methienine forms; Jhe-symmetrical ketomethionine ketals of the
general formula | are achiral in contrast to MHA, HMEi or N,L-methionine.
Natural L-methionine is formed directly 30 from these achiral precursors in
e afiffaP body CCorivetsichoftHeadn nzatgrak efastiomertis omittst ot and
thereby. The examples-bereipaftershowspossibilitiesfor pseduging=thes oy
componnds according fo the fnyention withoyt acting In 2 imiting magner, .
in this case. Examples:
Therefore, Iin comparison with a physically protected
methionine form, such as, for example Smartamine, it is
possible to pellet ketomethionine ketals,
ketomethionine ketal esters, kestomethionine hemiketal
esters and ketomethionine ketal amides of the general

formula I. This 1is an extracrdinary advantage, becaus

D

a broad usability in compound feed production and final

processing is thereby ensured.

In addition, the said compounds of the general formula
I can generally be used as feed additives in farm
animal huskandry, that 1s to say also in the nutrition

of poultry or pigs.

In particular, ketomethionine ketals and ketomethicnine
ketal esters can be produced in a simpler manner, and
thus generally at lower production costs, than

physically protected methionine forms.

The symmetrical ketomethionine ketals of the general
formula I are achiral in contrast to MHA, HMBL or
D,L-methionine. Natural L-methionine ig formed directly
from these achiral precursors in the animal body.
Conversion o©f the umnatural enantiomer 1s omitted
thereby. 7The examples hereinafter show possibilities
for producing the compounds according to the invention

without acting in a limiting manner in this case.
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Example 1: Release of ketomethionine from its salts (not according to the
invention): HCI Ca2 H20 20 To a suspension of 43.3 g of calcium
ketomethioninate (M = 334.42 g/mol, 98% purity, 21% water content in the
dry mass) in 120 ml of H20 and 320 ml of diethyl ether, 10 a 10% strength
agueausoisydrechloric acid solution wasiadded slowly dropwise ab 0Cowiths o 5
vigorous stirring until the pH was c 2. After phase separation, the aqueous
phase was washed three times, each with 120 ml of diethyl ether.

iy, the combined organic 15 phases were dried over Na2S04.
After filtration of the desiccant, the diethyl ether was distilled off on a

raiankevaporator at.3QG and slightyacyym. [The last solvent residues . -

w rg}&emoved %gg?h vacuum. There remained 29.1 g of a slightly

[
yeliSWish B UF frea2 0 Retoffethiohiie (iid £ 98%, M = 148.18 g/mol).
1H-NMR of calcium ketomethioninate 500 MHz, DMSO-d6): 6 - 2.04 (s,
3H, CH3), 2.623J = 7.3 Hz, 2H,-CH2), 252.82 (t, 3] = 7.3 Hz, 2H, CH2).
H-NMR of ket I—éz DMS8G!d6): = 6= 2.06 (s,3H, CH3),
2.66 (t, 33 = 7|2 Hz, 2H, GH2), 30309 (, 3% = 7.2 Hz, 2H, CH2). C-NMR
of ketomethionine (125.8 MHz, BMSO-d6): 6 = 14.7 NO 2008/061871- 22
-PCT/EP2007/061908 :

To a suspension of 43.3 g of calcium ketomethioninate
(M = 334.42 g/mol, 98% purity, 21% water content in the
dry mass) in 120 ml of H;0 and 320 ml of diethyl ether,
a 10% strength agueous nydrochloric acid solution was
added slowly dropwise at 0°C with vigorous stirring
unti the pH was < 2. After phase separation, the
agqueous phase wasg washed three times, each with 120 ml
of diethyl ether. Subseguently, the combined organic
phases were dried over Nas50,. After filtration of the
desiccant, the diethyl ether was distilled off on a
rotary evaporator at 30°C and slight wvacuum. The last
solvent residues were removed in high wvacuum. There
remained 2%.1 g of a slightly vellowish oil of free

ketomethionine (yield = 98%, M = 148.18 g/mol).
'H-NMR of calcium ketomethioninate 500 MHz, DMSC-ds) :

8 = 2.04 {s, 3H, CHy), 2.82 (t, *J = 7.3 Hz, 2H, CH,),
2,82 (t, J = 7.3 Hz, 2H, CH,).

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

6 = 2.06 (s, 3H, CHs), 2.66 (t, °J = 7.2 Hz, 2H, CH,),
3.09 (£, *J = 7.2 Hz, 2H, CH,).

PO-NME of ketomethionine (125.8 MHz, DMSO-d6): & = 14.7
(CHs), 26.7 (CH), 38.5 (CH,), 162.2 (COOH), 194.9% (CO).
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Example 2: Production of ketomethionine ketals of the formula 1,2
exemplified by the reaction of ketomethionine and ethylene glycol: 5

(1,2) (1,2 where R3 - C2E4 and R = 002H40H or R = OH)
Asolutionofketomethionine(174 mmol, 10 148.18 g/mol) in toluene (100
niowas added dsopwise over the course of 2 h to a sabatiotEebL g (7361908
mol%) of p-toluenesulphonic acid as catalyst and ethylene glycol (335

mmol, M 62.07 g/mol).in toluene (250 ml) and the reaction was kept under

(SHERTRIT nG iofd 28 WHER Bepafatdif 6 Ae i st d iRdter Sepafatdrbe
(dpproxinmately 2-1¥). Suleseguehtlytkeitolueme was:taken offamciet on of

vaeliumand;the srude product was-adnaixed with methanol (200 ml) and,
after addition of an aqueous solution of 2M sodium hydroxide (200 ml)

saponified 20 under alkaline conditions for approximately 2 h. The

reaction solution was subsequently extracted by shaking with diethyl ether

and the aqueous phas ,\%ﬁ ridified with @Iute hydfochlorlc acid. The
atp

produqt was exéractéﬁi9 wg;th diethyl et Iie:\atganlc 25 pha?ﬁ

washéd‘vﬁ'hyﬁa?ér dried over NaZS 4 dnd thre s . ved o o
rotary evaporator. The 0|iy product (1, 2)_mas subs% ently recrystalll d
from methylene chloride/n-hexane and was obtained as white crystaliin

solid. (24.6 g, yield = 74%, M 30192.23 g/mol, melting point: 74C(1 2)
methylene chlo de/n- hexane) ’

1H-NMR Z%Z%E%Tﬁyﬁ“oﬁﬂﬁﬁﬁ‘l%riﬁo%olané?%ﬁmh or R = OH)

A solution of ketomethionine {174 mmol, M =
148.18 g/mel) in teluene (100 ml) was added dropwise
over the course of 2 h to a solution of 1 g (~3 mol%)
of p-toluenesulphonic acid as catalyst and ethylene
gilycol (335 mmol, M 62.07 g/mol) in toluene (250 ml)
and the reaction was kept under reflux until no more
water geparated off at the attached water separator
{approximately 2 h). Subsequently the toluene was taken
off under vacuum and the crude product was admixed with
methancl (200 ml) and, after addition of an aqueous
solution of 2M sodium hydroxide (200 ml) saponified
under alkaline conditicns for approximately 2 h. The
reaction sclution was subseguently extracted by shaking
with diethyl ether and the agueous phase was acidified
with dilute hydrochloric acid. The  product wag
extracted at pH 1-2 with diethyl ether, the organic
phase washed with water, dried over Na,80, and the
solvent removed on a rotary evaporator. The oily
product (I,2) was subsequently recrystallized from

methylene chloride/n-hexane and was obtained as white

crystalline solid. (24.6 g, vield =  74%, M =
182.23 g/mel, melting point: 74°C methylene chloride/n-
hexane} .

'H-NMR of 2-{2-(methylthio)ethyl)-1,3-dioxolane-2-

carboxylic acid (I,2) (500 MHz, CDCls): & = 2.11 (s, 2H,
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WO 2008/061871- 23 -P /EP2007/061908 SCH3), 2.24-2.28 (m, 2H,

CH2), 2,58-2.61 (m, 2H, CH2), 4.07-4,14 (m, 4H, 00H20H20) .
'30-MRof2-(2-(methylthio)ethyl)-1,3-dioxolane-2- carboxylic acid

(1,2)(125.8 MHz, 02013): 6 = 15.5 (80H3),27.1(CH2),34.9(CH2),66.1(2
OOH2 05,9 4Cy 174.1 (000). Elemtental analysis fariQz#22045 (M08
192.24 g/mol) : C 1043.74; H 6.29; S 16.68 found: C 43.80; H 6.25; S

16.62 Examéjle 3: Productlon of the calcium salt of ketomethionine ketal

b@cﬁ%ﬁral&a n22?28<:a“t12f g Gl Z.58-2.61 (m, 2H, CHi),
4.07-4.14 {m, 4H, OCH.CH,O) .

o oNMR of 2-(2-{methylthic)ethyl)-1,3-dioxolane~2-
carboxylic acid (I,2) {125.8 MHz, CDCls): & = 15.5

{SCHy), 27.1 {CH.), 34.9 (CH,}, 66.1 {2 OCH,), 105.9
(Cy, 174.1 (COO).

Elemental analysis for CH0.8 (M = 1%82.24 g/mol): C
43.74; H 6.29; S 16.68 found: C 43.80; H 6.25; 5§ 16.61.

Example 3: Production of the calceium salt of

ketomethionine ketal by neutralization:

COH r
2 /S\/§< 2" CalOAc), /SWCOE .
o 0

To a scluticn of 1.0 g (5.2C mmol) of 4-{methyithic)-2-
ketcbutyric acid ethylene ketal in 2.0 ml of water and
3.0 ml of acetone was added slowly dropwise at RT an
agueous scoluticon of 0.44 ¢ of calcium acetate (93%
strength) in 2 wml of water.

Subseguently 3 mi of acetone were added and the mixturs
was stirred overnight at RT. The white solid formed was
filtered off by suction and washed thoroughly with
100 ml of a 1:10 watexr/acetone mixture. The product was
subseguently dried in a drying cabinet and in high
vacuum. (0.96 g, vyield = 82%, 6.3% water content by
K.F. method) .

TH-NMR of calcium 2-({2-{methylthic)echyl)-1,3-
dioxolane-2-carboxylate (I,2) (500 MHz, DMEO-D&) :
6 = 1.98-2.00 (m, 2H, CH,) , 2.03 (g, 3E, SCHy) ,
2.44-2 .47 (ma, 2H, CH,) , 3.81-3.84 {m, 2H, CHa) ,

3.95-4.00 (m, 2H, CHz).
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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 PT an agueous solution of 0.44 g of calcium acetate (93% 20
strength) in 2 ml of water. Subsequently 3 ml of acetone were added and
the nigtute WasSstitred overnight at RT4 The white solkCfofMmeE0ES 061908
filtered off by suction and washed thoroughly with 100 ml of a 1:10
water/acetone mixture. The product was subsequently dried in ryin
caéiﬁe ‘and in Righ vacut r%%&@G g, y%e_lj %:”SLQ%%F%.%%%: %ﬁ?érec%h aéLr?t“be’g3 )
K Forffethod) -PH-MNVIRBftaleium 2L 2- fmethylifo etz 3DMSC- 56 /DCL)
30diexolaner2-carbaxylate(i; 2){(500MHz, PM56-D6): &5.,) , 5.7, &6.0

1,98-2.00(m,2H,CH2),2.03(s,3H,50H

2?%4-%%%,2&8@)@. 1’-3?%2&(&23,}&9@);3.95-4.00 (m, 2H, CH2). WO
2008/061871- 24 -PCT/EP2007/061908
CahivtiRdfealcium2-@=cniethyltbio) ety )- 113= choxofarie-2icasboXydaie ke tal

(329 £125.8 MHz, DMSQDG/DGL). 8 = 15,1 (80H3).27.0(CH2)4130.2 ¢
(CH2), 65.7, 66.0 (2 OCH2), 105.6 (c%&l?l.o (COO) . Example 4:

P8 aaaRT oPReBMedfionine HemikEtal Esters 1 FPERRABRLLADY the

reaction of ketomethionine and 2,2-dimethy1-1,3-propanediol:

o
\
i |
J HOG

CHCY,
<p-TsOH>

{r.3)

(1,3 where R* = -CH,C{(CH;) 1CH,-)

To a solution of 11.1 g of ketomethicnine {75 mmel, M =
i48.18 g/mol) in 200 ml of absolute ethanol-free
chloroform were added 8.9 g of 2,2-dimethyl-1,3-
propanediol (85 mmol, M = 104.15 g/wmol) and 0.8 ¢
(~5 mol%) of p-toluenesulphonic acid as catalyst and
the mixture was kept under reflux until water no longer
geparated off (approximately 3.% h) at the attached
water separator. After cooling, the solution was washed
with half-saturated NaHCO: solution, the agueous phase
was Iurther rewashed with chlorofcorm and the combined
organlc phases dried over Na,30,. 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) was obtained as
white crystalline sclid (10.8 g, vield = 62%, M =
234.32 g/mol, melting  point = 109°C (methylene

chloride/n-hexane} ) .
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(1,3 where= -CH2C(OH3)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-dimethy1-1,3-

propanediol (85 mmol, M = 104.15 g/mol) and 0.8 g (-5 mol%) of

pHtoluenesiphbaiclacid as catalyst-and the mixture wasképrander/reflug o8

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

20 water separator. After coollng the solution was washed with

half-8attrated MaHCOF Soliition qh@%ﬁﬂgéug pH¥SE WS fhrther (methyl-

réwashed-with ‘chioroforaeand rectombinedlorganicl phdsesidried Vefl:) :

Na2S Q@4 sAfterdiltration, the, solventwas gemwgd @nyayrotayy @vaporador (v,
the.gily 25.cr roduct wa stalli om m thylene

aﬁ% %Q £ ld%rhg E}N Ss ;X\;j d from me 5 SCHH)

rlde/n éxane pro uc‘t (1, aso talne as white crysfalll

ol {16.84%F yiéld = 65%, MPSH84.32 3/%@l, iélting Point =£109CHZ, 11,
(methylenezchiaridedn-héxane)s .\ WQ12008/061873#25, z.72 (d, 27 =

ggTéEPgQOWO%lQ%COO CHE) L{ 10.4 Hz, 1H,
1H-NMRofrac-4,4-dimethy1-7- h droxy 7 -(2- (methy

thiG Y&tV -6-Gxatapidlactone (@2@) {500 MHz, CDC12): 6 = 0,92 (s, 38,
CH2), 0.99 (s, 316, CH3), 2.04-2.19 (m, 2H, CH2), 2.08 (s, 3H, 80162),

AR e A T e TR
Z

S By e P2 b . CodOL iy 5.8 oy

1012C NMRofl&c-4A4- dlni’e‘th)‘?l 7-hydroxy-7- (Z}emethy:x:/ 7 <<:H2>, 37.7

thiojethy!)-G-oxacaprolagtone (3.3) {1258z, 0DOA2): 8 A&7 (80H2); . 5
2%5% 1.3 (2 CH2), 27.7 (CH2), 37.7 (CH2), 66.0 (00H2), 70.9 (00112),
OH), 172.5 (000). 15 Elemental analysis for 0101618049 (M =
234.32 g/mol) : C 51.26; H 7.74; 8 13.68 found: C 50.82; H 7.73; S 13.52.
Elemental analveils for CioH:e0:8 (M = 234.32 g/mol): C

51.26; H 7.74; § 13.68 found: C 50.82; H 7.73; 5§ 13.52,

Examplie 5: Production of ketomethionine ketal esters
I,4 as exemplified by the reaction of ketomethionine

and glycerol:

Ok O G
- %m\/i\/oH N A o N '>’O
(l.') foluene e \O
o}
<p-Ts0OH>
1,3-ketal 1,2-ketal

(I,4 whers R°= CyHs)

To a solution of 12.0 g of ketomethionine (81 mmol, M =
148.18 g/mel} in 120 ml of absolute toluene were added
7.8 g of glycercl (1,2,3-propanetricl) {85 mmol, M =
92.08% g/mol) and 0.8 g (~3 mol%) of p-toluene-sulphonic
acid as catalyst and the mixture was kept under reflux
until no more water separated off (approximately 2.5 h)
at the attached water separator. After cooling, the

solution was waszhed with half-saturated NaHCO,
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Example 5: Production of ketomethionine ketal esters 20 1,4 as

exemplified by the reaction of ketomethionine and glycerol: OH HO
toluene 0 <p-TsOH> 1,3*enall,2-ketal (1,4 where E5= 03165) To a
solution of 12.0 g of ketomethionine (81 mmol, M = 25 148.18 g/mol) in

120 ni ©f absolute toluene were added 7.8 g of glyceretT/5r2007/061.908
(1,2,3-propanetriol) (85 mmol, m = 92.09 g/mol) and 0.8 g (-5 mol%) of
p-toluene-sulphonic acid as catalyst and the mixture was kept under reflux

Rt e hole whtsr sE8FAATtE ot (ApProxitagtely 955 RF 30 AEHRSBEhEE LD
waterseparator. After coglingahbined corganic phases were dried
over Na,50,. After filtration, the solvent was removed
on  a rotary evaporator and the oily crude product
{ratio (1,3-ketal:1,2-ketal == 70:30) was
chromatographed (diethyl ether/n-hexane 1:1). This
separated the two compounds from one another. The main
product {1,3-ketal) crystallized in  the form of
colourlezs needles from a mixture of methylene
chloride/n-hexane (8.8 g, vield = 53%, M =
204.25 g/mol, melting point =  39.,35°C (methylene

chloride/n-hexane)) .

YH-NMR of 4~ (2-(methylthic)ethyl)-2,5,8-trioxa-
bicyclol[2.2.2]octan-3~one (1,3-ketal) (500 MHz, CDCLl.):
6 = 2.13 (s, 3H, S8SCHy), 2.17-2.20 (m, 2H, CH,,

2.65-2.68 {(m, 2H, CHy}, 4.12-4.13 (m, 4H, 2 CH,),
4.7¢6 (s, 1H, CH).

PCoNMR of 4- (2~ {methylthio)ethyl)-2,5,8-trioxa-
bicycloi2.2.2]octan-3-one {1,3-ketal) {125.8 MHz,
CDCla) : & = 15.4 (SCH:), 26.9, (CH.), 33.2 (CHp), 66.5 (2
OCHz), 70.9 (CH), 92.9 (), 165.2 (COO).

Elemental analysis for CgH,.0,5 (M = 204.25 g/mol): C
47 .04; H 5,92; 5 15.70 found: C 47.21; H 5.93; 8§ 15.69.

Example 6: Production of ketomethionine ketal salts of
the formula I,5 as exemplified by saponification of
l.2-ketal or 1,3-ketal from Example 3:
?H
\ (\
N © KOH |
5 5 e
MeOH, H,0 g OK
o s
G

1,3-ketal

(I,5)
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was further rewashed with chloroform and the combined organic phases
were dried over Na2504. After filtration, the solvent was removed on a
rotary evaporator and the oily crude product (ratio (1,3-ketal:1,2-ketal =
TEB@)0was ehoimatographed (diethylzther/n-hexane det)/ Thisoseparatesl 8
the two compounds from one another. The main product (1,3-ketal)
crystallized in the form of colourless needles from a mixture of methylene
10chloride/n-hexane(8.8 g,yield-53%,M 204.25 g/mol,melting
point39.5Canethylerie chloridé/nthexdfiep2 mmol) of the 1,3-ketal
-NMROf4=(2-(pethylthio)athyl)-2,5 8 trioxa- 15bicyclol2.2.2Joctan-30ope o=
(1,ﬂ3;keta|%zlg5po MH@@%DQ%S{%: 5 . - . nvdroxide at
:‘f&rfrfé’s TSEH%S% 5 220 n%zﬁ’tl_%,_ass ium hydroxide at room
X 6BRBBANZE9, EMD) AR-£2B0HR UMI2@HS), 4776 ed HEOH)2 0 min at
2012€-NMReoH-@-(me withiglethy )-258-tioXa-of the sclvent and
i 2. -3- (1,3-ketal) (125.8.MHz, CD 13%: S=15.4
%%%5 26%%%%?423)‘7,83@54?6H%@6.5p é%oﬁélfe”zx %% ERy5c)*® @
18612 fCO&DY 35EIedttalanalysid for0gi 4204S (M = 204.25 g/mol): C
47.04; H5,92; S 15.70 found: C 47.21; H 5.93; S 15.69. Example 6:
Prodggtion.of ketomethionine %Qtﬁya@l@?fiae formyla L3 s exsmplified )
e

by spnonification of 301, 2-ketal o 1.5t from Exappple’s

D,0/TSP) :
& = 1.96-2.02 {(m 2H, CH.), 2.10 (t, 3H, CHi), 2.51-2.54
{m, 2H, CHp), 2.48-3.52 (m, 24, CHs), 3.81-3.87 {(m, 1H,

CH}, 3.88-4.01 (m, 2H, CHy).



(1,5) WO 2008/061871- 27 -PCT/EP2007/061908 To a suspension of 50
mg (0.24 mmol) of the 1,3-ketal from Example 5 in 1.0 ml of methanol and
1.5 ml of water were added 15 mg of potassium hydroxide at room 5
temperature and the solution was stirregl for 30 min at room temperature.
After removal of the solvent and drying under vacuum, the product was
dbtaik®a as a white solid. (0.60 g, yield = 96%). 10 rH-NMR of potassium
5-hydroxy-2-(2-(methylt. o)ethyl)- 1,3-dioxane-2-carboxylate (500 MHz,

241, Cho) SR 4 52 (AL Ebi3) S BE 28 (D CH) 654 01 (.

2H CH2) - 28 - Claims: 1.Chemical compound of the general formula |

(I) H3C-C _ 8. _CH.A
(1) M. C 2
3 H

2

wherein A =

G

(1) %J\R
RO OR?

and R = OR’, wherein R, R%?, R’ are identical
or different and are in each case a branched or
straight-chain Cy=Cig=~alkyl or
Cy=Crg=cyvclioalkyl,
allvyl,
benzyl,
phenvyl or
Ci=Cig~alkyloxymethyl, preferably C:H«OCH»
Co-Ce—hvydroxvalkyl, preferably HCC;H,.-,
Cy=Cg~dihydroxyalkyl, preferably {(HO);C3Hs-, or a
C3=~C:z sugar radical in which one CH group of the

sugar 1s replaced in each case by the ketal-0 atom

or by the carboxylic acid-0 atom



H2 wherein A= R100 R2 and R = OR',wherein R1, R2, R' are identical
or different and are in each case a branched or straight-chain
C1-C19-alkyl or C3-Cle-cycloalkyl,-allyE benzyl, phenyl or
C1-C18-alkyloxymethyl, preferably C2H50CH2 C2-C6-hydroxyalkyl,
preferably HOC2H4-, C3-C6-dihydroxyalkyl, preferably (H0)2C3H5-, or a
C3-C12 sugar radical in which one OH. group of the sugar is replaced in
each case b?/?h@’ ketal-0 atom or by the carboxylic acid-0 atom

Zz,XlL

H

2y QO
B3

and R = OR',

wherein R’ is in each case a branched or straight-

chain C;-Cig-alkyl or

Cy—Cig—cycloalkyl,

allyl,

benzyl,

phenyl oxr

Ci-Cig—alkyloxymethyl, preferably C,H;OCH
Cz-Cgs—hydroxyalkyl, preferably HOCH;-,
Cy~Cg-dihydroxyalkyl, preferably (HO),C3Hs-, or =&

C3~Ci2 sugar radical in which one OH group of the

sugar is replaced by the carboxylic acid-0 atom



-29-or A= (2)0\/0 R3 and R = OR’, wherein R is in each case a
branched or straight-chain CI-CH-alkyl or C3-018-cycloalkyl, ally', benzyl,
phenyl or C1-018-alkyloxyme Yi, prefefabty C2H5OCH2
C2-05-hydroxyalkyl, preferably HOC2H4-, C3-05-dihydroxyalkyl,

preferably (HR)2G3HS:, or 8 C3:C12 sugar radicg Q,W%%@@%%igf%ﬁm,

of the sugar is replaced by the carboxylic acid-0 atom -30-and R3isa  _
C2-Ca-8kyRné& bridgeS pfEtérabi e SR, ofa E3:612 stigartadigarines ©F
which two ©H greupsokthesugarare repladed bythektwosketal-G atomss,

or A =
&
!
1, #M{i
{3) HO O‘“-R4
and R' is a {3~Ce~alkylene radical which, if

appropriate, i1s hydroxy substituted, preferably
~CHp=C{CH3} 2~CHy~ and -CHs~C({CHpCH) »-CHs~, or a C3-Cyp
sugar radical in which one OH group of the sugar
iz replaced by the ketal-0 atom and one is

replaced by the carboxylic acid-0O atom,

or A =
O
{4) o
o
T~ Rs
and R° is a C3-Ce~alkylene radical which, if

appropriate, 1s hydroxy substituted, preferably
-CH,-CH{-)-CHy-, or a (C3-Cy;; 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= and H4 is a C3-C6-alkylene radical which, if appropriate, is

hydroxy substituted, preferably -CH2-C (CH3) 2-CH2- and -OH2-C

(CH20H) 2-CH2-, or a C3-C12 sugar radical in which one OH group of the
sugar is replaced by the ketal-0 atom and one is replaced by the
carboxylic-agid:0 atom, ar.A.%,; apd H3 is.a %%04aa'ky%%%éa%%a§ﬂhé%}" in

if appropriate, is hydroxy substituted, preferably -OH2-C ,Or &

C3-C12 Slighr radicat’in whith three O groaps bf e suigat e fepracedis -
by both ketal-0 atoms and by the carboxylic acid-0 atom. - 31 - 2.

CompoungdagserdingtoClaimlcharacterizedin. 2, characterized in
that R’ = C;-Cy-alkyloxy.

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

that R* is a CsHig radical or a CsHipds radical.

G. Compound according to Claim 5, characterized by

HSC \/ﬁ)L
HO()
CH,

the formula:



that R = OR'and R= CI-Cis-alkyloxy and R3 - C2H4.
CompoundaccordingtoClaim2,characterizedin that R= C1-C4-alkyloxy. 4
CompoundaccordingtoClaiml,charactetized that R = OR'and R=
hydroxyethoxy and R3 =in 5.

Coempoun

a C5H1002 I%%CI}(‘;&. in 8.” Compothdaccor

ccordingtoClaim1 charac;erizgthat R4 is a C5H13radical or
Al B CoribauhdsseerAgCame S acerzed sy im

the formbiat R is a CiHs radical.

8.

10.

11.

12.

13.

14.

15.

Compound according to Claim 7, characterized by the
formula:
O,WO
\m/gog
[ -

Compound according to Claim 7, characterized by the

formula:

Use of compounds according to Claim 1-9 in animal

nutrition.

Use according to Claim 10 for the nutrition of

ruminants,

Use of compounds according to Claim 1-9 for

producing feeds.

Use according to Claim 12 for producing feeds for

ruminants.

Feed preparation containing at least one cempound
according to Claim 1-9, preferably for nutrition

of ruminants.

Process for producing carboxylic acid or ester
compounds o©f the general formula I, 1-4 according
to Claim 1,



or by the formula: - 32 - 7. Compound according to Claim 1,
characterized that R5 is a C3H5 radical. 8. Compound according to Claim.
7, characterized by the formula: 9. Eotpound according to Claim 7,
characterized by the formula: 10. Use of compounds according to Claim

1-9 in anl itior Use according,to Claim 10 for.the nutrition of
ruminan%s?%.g%tgé%gfZc%?hpcij%ndgtcgggtordll{n%tt%n@%%rﬁ 1-gfor producin cted
feeds. 19:U8e acCordingt6 I8y 12 ¥58prodiicing fédds o rumindms lent,

14. Feed prieparation edntainirig atleastoneccorapound according f0-csence
Claim 1-9; preferably-for putrition,of Wnnants, . cster product of the
formuiae 1-2, where R = OR’, or to give the ester

product 3-4.

16. Process according to Claim 15, characterized in
that, as alcchol, use is made of a branched or
straight-chain C;-Cig-alkyl alcohol or Cs-Cig-cyclo-
alky]l alcohol, allvl alcohol, benzyl alcohol,
phenvyl alcohol, Co=Ce~hydroxyalkyl alcohol,
preferably HOC.H,OQH, Ci-Cg~dihydroxyalkyl alcohol,
preferably glycerol, or a C3-Ci» sugar, preferably
glyceraldehyde, dihydroxyacetone, gluccse,

fructose or sucrose.

17, Process according TOo one of Cilaims 15-16,
characterized 1in that water formed during the

reactlion is removed.



15. Process for producing carboxylic acid or ester compounds of the
general formula I, 1-4 according to Claim 1, - 33 - characterized in that
ketomethionine is reacted with a correSgonding monovalent, divalent,
trivalent alcohol or a 03-012 sugar in the presence of acid catalysts to give

the;ester; praduct of the formul -2, where R - OR', or to give the ester
product 3-4. 16. Process a(’%%%ﬁi#g% %Iair%sl%e,ﬂ%harca%t@?%%ﬁﬁ thz-?[,ttas the
alcohol, ¥%85< iade G & branthed of sti&igREEHAIR 04cC £3-aikyl lcokdle re
or C3-Ck8-eycipalkykalechal allyi ateohoh benzyl aleohebter product T,

phenylalcohol,02-C6-hydroxyalkylalc preferahl 40H,
C3-C6-diiydr0)égslkyl alcohol, preferggi?d%%gérmEgg%%g%@%'&g%n ester

preferably glyceraldehydé, dihydrakyacetorie-glicdse, fruttose or’sirose. P¥
17. Processraeeoiding fol oné of Claims1b-16z¢haracterized il that wateri de
formed during the reaetion s, k.emgved.; = 34 -48, Progess fqr progucing, . . ..
ester compounds of tt ene alnlzgrsmulgclj,%l- according to Claim 1, where

R = OR® characterized in that an ester product|, 193¢ cofverted ifto % 21
correspbnding este? pradiict ol thdfdrmulazE a2 by transesterification with
alkali metal alkoxide M'OR’, with the proviso that R' in the ester product

1-2 used must not be equal to the radical R' in the alkoxide M'OR' used.



