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WO 2009/007193 PCT/EP2008/057334 Method for the production of
ketoacids and their derivatives 5 The present invention relates to a novel
process for preparing a-keto acids, especially a-ketomethionine, and
dwovativestherend 3a-Keto acids are important produgtsayErRe useds 1893 4
inter alia, for the supplementation of amino acids in the treatment of
chronic kidney failure (Jungers et al., Blood Purification 1988, 6, 299-314
and Clasen at al., Med. Klin. 1978, 73, 1403-1408). 15 The synthesis of

-keto a ids{asb n described in ,various ways in the literature, ,
?r%(?utgfﬁég by e re%qc-:‘t?on 5 g%"r?ggn%?& reé’ggevnt%\fv?t Oaaaﬁ%yl o%llgte %%8“
sessEgRSRt i arolysis of the resulting ester to the free acid (Rambaud et

al., Synthesis 1988, 564 and 20 Macritchie et al., Tetrahedron: Asymmetry

1997, 8, 3895), The acidic.catalyzed hydrolysis of acyl cyanides likewis
G e e A 88 Y R
2BRY7SF Billdigrepdriscitie prepsidtion BFRZEFiBS bY a-KetbdeRles M iis 252,
peephraton alkideaehydantoihs are hydrolyzed under basic reaction
conditions (Billek, Monath. Chem. 1961, 92, 343-352). a-Keto acids can
also be prepared from the 30 corresponding aldehyde and carbon dioxide

b & bmpdititg'feadtioh. OMBYNEARAS of sHBREHTY the &fdféhyd&sto used,
umpolungrisithe fofmmatiomef & upelicadithiarme; from whicima carbaniods in
capbe @f@i@@n@hqepsﬂo;?@%ﬂww ak§a9@gfba$%i1b§?caéh?%§@ et
subsequently be reacteq. ith carpon dioxige. cyclic dithiane |
fiﬁglry s%ﬁ%ﬁ%er%%:a i\l/é:%\éo,ﬁal ionlj::s?Ef‘oéri’exagn‘lple2 %ﬁgrlndlercalr%psaé,afgen
gie thé desifed a-Keteracid AW 2069/007 893 PETHIEP2008/057334

The synthesis of a-keto acids has been describsd in
various ways in the literature, including by the
reaction of a Grignard reagent with a dialkyl oxalate
and subseguent hydrolysis of the resulting ester to the
free acid (Rambaud et al., Synthesis 1988, 564 and
Macritchie et al., Tetrahedron: Asymmetry 1887, 8§,
3895). The acidic catalyzed hydrolysis of acyl cvanides
likewisge affords o-keto aclids (Nozaki et al.,
Tetrahedreon: Asymmetry 19593, 4, 2179). Rillek reports
the preparation o©f a series of a-keto acidg. In this
preparation, alkvlidenehydantoing are hydrolyzed under
basic reaction conditiong (Billek, Monath. Chem. 1961,
92, 343-352).

a-Xeto acids can also be prepared from the
correspondlng aldehyde and carbon dioxide by an
umpolung reaction. One means of subijecting the aldehyde
to umpolung is the formation of a cyclic dithiane, from
which a carbanion can be formed by deprotonation with a
strong base. This carbanion can subgeguently be reacted
with carbon dioxide. The cyclic dithiane 1is finally
split under oxidative conditions, for example with

mercury salts, to give the desired o-keto acid.
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According to studies by Corey and Seebach [Corey et al., Angew. Chem.
1965, 77, 1134-1136 and Seebach et 5 al., J. Org. Chem. 1975, 40,

230 -23A 2 dittdidlssare typically used in order to synthesize/apdic08 /057334
dithioacetals (dithianes) . This succgegs particularly readily since the
formation of cyclic dithianes proceeds preferentially owing to the high
thermodynamic 10 stability of the five- or six-membered ring formed. The
cyclization with dithiols is(agfitionally preferré@-Kinetically. Precisely this
high stabilfy, however, is sa seriouscdisadvantage, since it compl¢ates the
cleavage of the_dithiane fing® an-extrerne e, and-15*hence! the
releasef®f theédesired aﬁ{go%wid suoseeds 'onlymder chemiRally Sévgie
conditions. The cleavage of the dithiane is normallyzbrought about by an
oxidation process [Seebef&:f%%ynthesis 1969, 17-36]. Removal and reuse
of the dithiol are thus no longer 20 possible, since the sulfur, for the

removal, is oxidized and then precipitated as a sparingly soluble salt with

MERaRHdass. FortheFdidagdantageS ot this protedicareahd hifficcoss oft
sslitable dithiols, forrexample,sk 2-ethanedithial -or 1:3-peopanedithiel-and= -
the small unt ich be availa or, industrial. scale use.
'2I'agle's'e p?(;ble?n?sgmm(%eﬂﬁjir%%%él u?eﬁ of t ggb%gﬁdbscgrﬁbe%wfs are

Uripoitifig Method SFety unstractie? 8B The fRerattird 886 e severalic
exaniples fortthé sreatfibniof shest} chainlthiols sfor exadmple pmethytularly

readily since the formation of c¢yelic dithianes
proceeds preferentially owing to the high thermodynamic
stability of the five- or gix-membered ring formed. The
cyclization with dithicls is additionally preferred
kinetically. Precisely this high stability, however, igs
a serious disadvantage, since it complicatss the
cleavage of the dithiane ring to an extreme degree, and
hence the release of the degired o-keto acid succeeds
only under chemically severe cconditions. The cleavage
of the dithiane 1is normally Dbrought about by an
oxidation process [Seebach, Synthesis 1969, 17-351.
Remcval and reuse of the dithiol are thus no longer
possible, gince the sulfur, for the removal, is
oxidized and then precipitated as a sparingly soluble
salt with mercury salts. Further disadvantages of this
process are the high costs of sguitable dithiols, for
example, 1,2-ethanedithiocl or 1,3-propanedithiol, and
the small amounts which would be available for
industrial  scale use. These problems make the
industrial use of the above-described umpolung method

very unattraciive.

The literature describes several examples for the
reaction of short-chain thicls, for example, methyl
mercaptan, with aldehydes to give the corresponding
thicacetals {[Trofimov et al., J. Org. Chem. USSR 1972,
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mercaptan, with aldehydes to give the corresponding thioacetals

[Trofimov et al., J. Org. Chem. USSR 1972, WO 2009/007193
PCT/EP2008/057334 3 8, 2036 and Rothstein et al., J. Chem. Soc.

19202 A%83p oinLaddition, the use of these dithioacetasiry Epagalaig 57334
reactions with various electrophiles is known. However, there is only a
single literature example 5 where an aromatic thioacetal has been reacted
sgccessfolly WithsCOZin-an umpolurg rgaction Micetighnet aboe. 1940,
Helgiorycles 1985, 23, 585-590), & Ketomettigning congtiutes.an -
exceptional a-keto acid! since it is formed as'an mtérmediate in the
OFFBIISMNIA tHE BElSRTHT COhVErSIGH 6PDméthiomiieor Limethieniieown .
aHgetemethionine issobtainale by numerdug Bynthesis:teutes-anddiasnpie

bgen descriped i”a‘i@%ﬁg?krf‘é“re- Jh%f‘gggié’é‘aie"e@é alts and other 13 -+ g
ivati ample, ' C

derivatives, for_ex etomethionine esters, are known from the

ISR STRE rockssEs fobpraParity ‘4IRSt HidthiGifiAg it BRndiiecgint ch
betdivitled iktet elremical and biachemigal resesses] 20 a) Biochemical
syntheses: Meister obtained the sodium salt of a-ketomethionine in a

yield of 77% by the oxidation, catalyzed by L- aminooxidases, of

mEtRionME (Maistet™S. BiGiCeRent: P5°fo522197, 3665 B that, * - <&t
WaklSeh etaiyshowed that flvemminoexridases presemtrindhe tiger tan the

cg@\é@rﬁirg@thi@ﬂiﬂ@le)&o ad@i@@betks]iomagf\é&a@k 115@% %@Igalwﬁé%i%la%me to
c. 1938, 61, 2252). 30 Mosbach et al. likewise descri e, preparatio
iﬁéinﬁg%ﬁ?&ﬁ%%ine by th%eegﬁggﬁglnl,%%%ﬁ?zed by L-arr??ﬁ(%-a 6)%%?85, o?b
MBtRRAME 17 1S PRepdtaliont Rimobflizea Préfgends spriPom 1208 the
cells armusec: (Moshachseldl: Eazyme Mictoba Technol £1982: 4340Qt her

derivatives, for example, ketomethionine esgters, are
known from the literature. The processes for preparing
a-keteomethionine in principle can be divided into

chemical and biochemical processes:
a) Biochemical syntheses:

Meister obtained the sodium salt of a-ketomethicnine in
a yield o¢f 77% by the oxidation, catalyzed by L-
aminooxidasesg, of methionine (Meister, J. Ricl. Chemn.
1552, 187, 209). RBefcore that, Waelsch et al., sghowsad
that the amincoxidases present in the liver can convert
methicnine to ¢-ketomethionine {(Waelsch et al., J. Am,
Chem. Soc. 1938, &1, 2252).

Mosbach et al. likewise describe the preparation of o-
ketomethionine by the oxidation, catalyzed by L-amino-
oxidasges, of methionine, In this preparation,
immopilized Providencia sp. PCM 1298 cells are used
(Mogbach et al. Enzyme Microb. Technol. 1982, 4, 409).

The disadvantages of the preparation of o -
ketomethiconine or derivatives thereof with the aid of

biological systems, either using purified enzymes or
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35 The disadvantages of the preparation of a- ketomethionine or

derivatives thereof with the aid of biological systems, either using purified
enzymes or WO 2009/007193 PCT/EP2008/057334 4 whole cells, are
uwalbothe/redatively low space-time yields and the temtmjcedlyoos8/057334
complicated isolation and product purification. An additional factor in the
case of use of high-purity enzymes_isﬁihét the development, 5 production

apd pusification,of the-enzyumes is,very expensive-and complicated. and ; o
theireygg of al eagé us%d enzymes.is usua%got %ossgﬁle,. bg Chemical
s%tﬁeses: In 1957, Sakurai &t alr.ypulglcljs Hfirstehenti &Iagﬁﬁfﬁes?éld
réttedoEprepanng hdctomethidmingdas theokay sfeps pvethyin the case
ﬁdﬁetﬁl@éabﬂfy'lélﬁjﬁy'm@f@k apto=propiena (tggéaﬁmarolbﬁéda@tiéqiwﬁem,

r ic.acid 15 to a-ketamethianine urai et al., J. Biochem.
1%%%9&‘5!2{%0%57? dlm&%lé%ﬁecé‘gr%%%mg? Yal;r%}aeda gth aﬁyﬁﬁg’lishlesd the -7
SEfREtNEsisYotte BREPirst afethptsiBPrephife 2THd@tofiethiokifady
viasarl acoximaeasterswhiehdiad,beern farmedias an intermediate afforded
only relatively low yields (Chibata et al., Bull. Agr. Chem. Soc. Japan

1957, 21, 336). 25 The process disclosed by Sakurai and Yamada has the
ghdat di%&ﬁ}%‘fﬁde f5E CBRS@8rable amounts of salt are formed, which

make industrial scale implementation impossible. In addition, the

symthesis; routeds pgt-afomsecopemic$inee sqme ofthemoleculgrs : cay
e|slmrl{} teg J?SO as ¢ rle)or%dllqmdg Jn ar%yrpthestﬁ(:tgg ant is thus Iost.AAn h
industrial scale mpemen?ati&an Stthis s%tﬁ%ae methioning. AS €
key step, methyl a~methoxalyl-v-methylmercapto-
propicnate was hydrolyzed with dilute hydrochloric acid
to a-ketomethionine (Sakurai et al., J. Biochem. 1957,

44, 9, 557) .

Almost at the same time, Yamada et al. published the
same synthesis route after first attempts to prepare
o-ketomethiconine wvia an o-~oximo ester which had been
formed as an intermediate afforded only relatively low
yields (Chibata et al., Bull. Agr. Chem. Scc¢. Japan
1957, 21, 338).

The process disclosed by Sakuraili and Yamada has the
great disadvantage that considerable amounts of salt
are formed, which make industrial scale implementation
impogsible. In addition, the gynthesis route is not
atom-economic, gince some of the molecule is eliminated
as carbon dicoxide in a synthegis step and is thus lost.
An industrial scale implementation of this gynthesis

route would therefore be too expensive and uneconomic.

In the patent application WO 06-72711 preparation of
o-ketomethionine proceeding from butadiene was recently
published. In this preparation, butadiene is oxidized
selectively to the unsaturated moncepoxide and then

converted to the corresponding 1,2-dicl by an acid-
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route would therefore be too expensive and uneconomic. In the patent
application WO 06-72711 preparation of 35 a-ketomethionine proceeding
from butadiene was recently published. In this preparation, butadiene is
owinlizewb sgtextively to the unsaturated monoepoxide @/ thep co@\Estesls 4
to the corresponding 1,2-diol by an acid WO 2009/007193
PCT/EP2008/057334 5 catalyzed ring opening with water. The

subsequentsoxidation offherl 2-diolfq the a(3upsaturated a-ketgsagiden

and tlae gubse%l%er]ghl 4 ?dgigig[n 0 MteSHtllleads tg_a—ketometmonéne._
f%lpr%cégg has the %isadvan %‘@e thvat exp%ngﬁv BltaRienensT qﬁ?r o

a8 ¥hé resiefant it isprobaliectat thetprivedf butadierfe Wi Hgaikedsts  to

stgnificaptiy im the.years to come depending on the 10 price of crude oil. A

further disadvantage of the process described in WO 06-727211 is the

fact that none of the existing plants would be usable for methionine or

MEPA HrodikcioRsand fietefofd few Prodttivh piafts foRavery fidiaar e
pracessistep describedwiotdd have Ihto he-huilt sFhe syrthesis redteable
deggribed in, WO 06-/2711 alwaysleadsiq.le freg arsketomethippine, .,
which is unstable and very difficult to isolate. a-Ketomethionjrie and its

dBAFRIVESS ot eampble, td150 SHRIS eSters A partideifiy ifthotant the
compoandst sinceitiwey canstitufe alfermatiees talmsthionimesad toof  the

methienine hydrexy saalog(MidAhas animal feed; additives-25 {9 1042,
Rg)giol&[l\eetgl.irggggedt tthesso‘gllunf(fat of a%%imet ionine c%rr:lbe,

uSed as a replacement for B EméRioring andt iFat itacclerdtss tHe ™10
gfeWtMIEE ysURRYaks (Rudolpifletdle ve BroteChem. 194zugbion plants
for every individual process step described would have
To  be built. The  synthesiz route degeribed in
WC 06-72711 always leads to the free a-ketomethionine,

which is unstable and very difficult to isoclate.

o-Ketomethionine and its derivatives, for example, its
salts or esters, are particularly important compounds,
gince they constitute alternatives to methionine and to
methionine hydroxy analog (MHA) as animal feed

additives,.

In 1942, Rudolph et al. reported that the sodium sgalt
of o-ketomethionine can be used as a replacement for
D,L-methiconine, and that it accelerates the growth of
young rats (Rudolph et al., J. Bicl. Chem. 1542, 145,
210).

It has been shown several times that o-ketomethionine
can provide the sulfur recquired for the biocsynthesis of
L-methionine and L-cysteine (Sizer et al., Poultry Sci.
1964, 44, 673; Baker et al., Poultry Sci. 1975, 54, 584
and Raker, J. Nutr. 1976, 106, 1375).

In addition, Baker and Harter were able to ghow that

the calcium salt of o-ketomethicnine has a relative
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210). 30 It has been shown several times that a-ketomethionine can
provide the sulfur required for the biosynthesis of L-methionine and
L-cysteine (Sizer et al., Poultry Sci. 1964, 44, 673; Baker et al., Poultry

Swb 1935934,0584 B5 and Baker, J. Nutr. 1976, 106, 2376tz addition7334
Baker and Harter were able to shOV\Lth t the calcium salt of
a-ketomethionine has a relative WO 2009/007193 PCT/EP2008/057334 6

biglogical value with regayd te the.growth pf.chigkens, of 83% compared 1o,
L-r@etlgslgpme élOO%%gnd MHA (53%). (Baker and ay%er, Proceedings of |
the-Society for"EZpetimental Bidisgy a le\ﬁléjdic?r}@ 1977,3%8, 261). The* ™

5 rBRatiea biclogicalvalteof vaHoos arathionine @erivatives, Sestdding for
aseterpethionine (% compaied todqmethienine); waspublishagh by  The
B%léﬁr i ""IUtiIiz th{)&g Iirgé:dlfrsorgggr Ié-Amian Ac{pg;gn&age 369&%0 The

use of a-ketomethionime and of its salts and esters ‘and amides as an— - +7e
affitial feééd vaaitivelid deseiiBed iff ~WEr OB/2TIan 15 gdingfa compared
baekgrounehef thecdisadyantages ef thequrior 1amiatiis amgbjectefithe  in
Present invention to, proyide.an improved, mare,gnvironmentally friendly,

process realizable on an industrial scale for preparing keto acids,
eéﬁecially a-ketomethionine and its 20 derivatives, as alternatives to
methionine or MHA as animal feed additives. This object is achieved by

thg proggss gecqydingtodbeninvention. 233 of its salts and esters
and amides as an animal feed additive is described in
WO 06-72711.

Against a background of the disadvantages of the prior
art, it 1g an object of the present invention to
provide an improved, more environmentally friendly,
process realizable on an industrial scale for preparing
kete  acids, especially a-ketomethionine and its
derivativeg, as alternatives to methionine or MHA as

animal feed additives.

This object is achieved by the process according to the

invention.

The invention provides a procege for preparing a-keto
acids and derivatives thereof of the general formula
(I} or (II)
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The invention provides a process for preparing a-keto acids and
derivatives thereof of the general formula 1) or (Il) FR2 RIR2 0 RO O R3
() (1) 30 WO 2009/007193 PCT/EP2008/057334 7 in which R'is a
branched of atralgti-chain C,-C,8-alkyl, C5-C8- 5 cycleatiyk nvimyd sty 7 334
C6-C15-aryl-C,-C4-alkylene, preferably benzyl, or
C4-C9-heteroaryl-C,-C4-alkylene group, preferably 4-imidazolylmethylene
or 3- indolylmethylene, where R' is optionally substituted, 10 R2 is -OR™
or. anquhFl‘)c’ﬂn which R and R" may be the same or different and are each
ajhydrogen atom or a branched or straight-chain C,-C6-alkyl group, and
RIIl is a hydrogen atom, a branched or straight-chain C1-C8- alkyl,
C5-Cl-cyeloalkdnalhyd ar a berzyvt greihy; whese 45 alkyl,in-RL IR 1andiar- ¢, -
i y substituted, or R' is an alkaline metal-ion, alkaline,earth
Ece}ggli)%%%r@ai fnor?\g:rL %??iii/aleﬁﬁt}%éitiongﬁe%? iochj% 13 liasﬁlthu“é'lsgr%}é}%frene’

dRferEMEETIE a IFdHEYen atoft, a SotrareREa o Shaigi:ctiaina L ky lene
GC8:alkyl, allykefarbéndzyl groap,iwherezalkyllandlorenzyl is optonallys -

sybsiituted, o he e R3 fadicalstogetherare, £:2:6-8-alkanediyl andy

together form a ring, or the two R3 and H"" radicals together are part of a
C3-Ce 25 alkanetriyl group of the general formula -R3(CH-)R "' and
tdjether fopR’d bicyelic-§ioUp! Whefain *80. e aR aldehyd8 R'CiHeyisbe the
reacted with tworideptied! Obnd are each a hydrogen atom or a
branched or straight-chain ¢;-Cs-alkyl group, and R’’’
is a hydrogen atom, a branched or straight-chain Cy-C4i-
alkyl, Cs-Cs-cycloalkyl, allyl or a benzyl group, where
alkyl in R’, R’’ and/or R’’’ is optiocnally substituted,
or R’*" 1is an alkaline metal ion, alkaline earth metal

ion or a mono- or divalent btransition metal ion,

R* is the same or different and is a hydrogen atom, a
branched or straight-chain C;-Cg-alkyl, allyl or a
benzyl group, where alkyl and/or benzyl is optionally
substituted, or the two R’ radicals together are
C;-Cg-alkanediyl and together form a ring, or the two R
and R’’’ radicals together are part of a C3-C4-
alkanetriyl group of the general formula -R*(CH-)R’’’
and together form a bicyclic group,

whereilin

a) an aldehyde R'CHO is reacted with two identical or
different thiols of the formula R*-SE, in which Rr*
is a Dbranched or straight-chain, opticnally
substituted C;-Ce-alkyl, Cs-Ci-cycloalkyl, allyl or
benzyl group to give the corresponding
dithiocacetal,

b) the dithicacetal formed xeacts with carbonyl-

containing electrophiles such as carbon dioxide,
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different thiols of the formula R4-SH, in which R4 is a branched or
straight-chain, optionally substituted C,-C6-alkyl, C5-C8-cycloalkyl, allyl or
benzyl group to give the corresponding 35 dithioacetal, b) the dithioacetal
fortneDiEattWwith Tarbonyl- containing electrophiles sathy BBZaOBOI0573 34
dioxide, WO 2009/007193 PCT/EP20Q8/057334 - 8 phosgene,
chloroformic esters, orthoformic esters or dialkyl carbonate in the

presencgifsstreng base apdafier hydrolysisdo givedthe@®amic esters
(dithio)carbOéX\I/%%iﬂci%or gggv%tives th%re%fhog 5 the formula (gl) 0 R40R

RS SR (f Iﬁ ch SCmay%eag’ ﬁydlrogen StoRi 6 a branched alosotfrcmg

straight-ehém Clecelallkgf gedup anePthe R4 afid RP radidals ard 8sch ds -
defined above,iand-e)thea;ai(dithie)carbexylicacid-ar dedyativas ribereot £

of the fogfgglafgkl}n%rfaco&ﬁt)ed by 15 acid-catalyzed solvolysis in the
presence of at least 1 molar equivalent of water with release of thiols of

the formula R4SH to give the a-keto acid or derivatives thereof of the
general formula (I) or (I). 20 The radicals mentioned under R' may
optionally be substituted by -SHRiscH , -COON, -CONH2, -CHO,
guanidyl, -OH, -NR'R " " or -SS-CH2>¢(H ) -CO2H, where R' and R"
are each as defined above. 25 RS SR

(ITI)

in which R® may be a hydrogen atom or a branched
cr straight-chain C;-Cs-alkyl group and the R* and

R' radicals are each as defined above, and

o) the «o,0-{dithio)carboxylic acid or derivatives
thereof of the formula (III) are converted by
acid-catalyzed solvolysis in the presence of at
leagt 1 molar equivalent of water with releage of
thiols of the formula R‘SHE to give the w-keto acid
or derivatives thereof of the general formuia (I}
or {II).

The radicals mentioned under R' may optionally be
substituted by -5H, ~-5CHs, -COCH, ~CONH, ~CHO,
guanidyl, -0H, -NR'R’’ or -85-CH,-C{H)NH,-CO,H, where R’

and R’ are each ag defined above.

R* ig preferably vinyl or a branched or straight-chain,
opticnally substituted C;-Cs-alkyl, preferably vin?i, or
a Dbranched or straight-chain, optionally substituted
Ci1-Cs-alkyl such as methyl, ethyl, n-propyl, i-propyl,
n-butyl, sec-butyl and tert-butvyl.

R is most  preferably  vinyl, n-propyil or 2-
{methylthio)ethyl, especially 2- (methylthio)ethyl.
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R1 is preferably vinyl or a branched or straight-chain, optionally

substituted C,-C8-alkyl, preferably vinyl, or a branched or straight-chain,
optionally substituted C,-C4-alkyl such as methyl, ethyl, n-propyl, i-propyl,
30n-bO6A,/SEE7RWY| and tert-butyl. R1 is most preferaisly ¥EBA 00-praB/N 83 4
2- (methylthio)ethyl, especially 2-(methylthio)ethyl. WO 2009/007193
PCT/EP2008/057334 9 R2 is preferably -OR™, inwhich R " "is a

hydrogen atom or a branched or straight-chain C1-C4-alkyl group. 5 R3

is, independently preferably a hydrogen atam or a hranched, or
s?t{raiglh{c%gi%rggﬁ%égéﬁly sé stitufed 18&’%%@ ggroup, e:é?)e‘c?alli)} -%Fc?p%/?n
o F-BitityProre tHe il R3G ablic afs- totefieT 418 T2 Cr afkarfetdiyl arfg oup -

together form a ring, or the two R3 and R' " radicals 10 together are part of

aR@?"?@'a!L‘&?@QHk%ﬁ@él%%E}f the generahiormulapRI(CHAR "2a00 o 5

together form a " bicyclic group. R4 is preferably methyl or ethyl, especially
5

MERYC S N thE protbE& H8e6ramy i the irehtiBR3& ndncyehest 1 tuted
dithicacetakis initiatly formessfstap a)) L Theidithivanetal obtainetina) is or

thep copyerted: by am ;2 ympelypgygaction with & carhonyl-containing 4ng
electro&rglle, far example, carbon dioxide, phosgene, chloroformic eagters,

OrtRBTOFANC s 8‘}[smoradiaﬁ%ﬁgéarBSna?ig?stgﬁ" B))Eﬁ'u tH& BreSence BS?&S
6 afes ketditmivicaiioxyliccdcicorderiativesaheteot ytheRB slectedphilée

usedds-preferably.carhon dioxide; which - candigiusegipdhedorm et-a-gas, a
Zgligja(%gigry |}g%11 or liquid (in supercritical form or as a solvent). For the
eprotonatiormrw ich’is effected first in b) 30 bases whose corresponding
acid has a pKa value of > 20
R* is preferably methyl or ethyl, especially methyl.

In the process according to the invention, a noncyclic

dithicacetal ig initially formed (step a)).

The dithiocacetal obtained in a) is then converted by an
umpolung reaction with a carbonyl-containing
electrophile, for example, carbon dioxide, phosgene,
chioroformic esters, orthoformic esters oxr dialkyl
carbonate (step b}) in the pregence of a base to an
o,0-(dithio)carboxylic acid or derivatives therecof. The
electrophile used is preferably carbon dioxide, which
can be used in the form of a gas, sclid (e.g. dry ice)

or liguid {(in supercritical form or as a golvent).

For the deprotonation which is effected first in b),
bases whose corresponding acid has a pKy value of > 20
are particularly suitable. Preferred bases here are
alkyliithium compounds, especially n-butyllithium and
tert-butyllithium, and also metal amides and hydrides,
especially sodium amide and sodium hydride, and also
metal hydroxides or carbonates alcone or in combination
with chelating ligands, for example, crown ethers,
preferably potassium hydroxide or potassium carbonate

with 18-crown-6.
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are particularly suitable. Preferred bases here are alkyllithium

compounds, especially n-butyllithium and tert-butyllithium, and also metal
amides and hydrides, especially sodium amide and sodium hydride, and
sy 39 detaPAyidrdxides or carbonates alone or in cHABINBRBAORIAS7334
chelating ligands, for example, crown.gthers, preferably potassium
hydroxide or potassium carbonate with 18-crown-6. WO 2009/007193
PCT/EP2008/057334 10 The deprotonation in b) with the

aforementioned hases, is preferably, performed i%@B&O&ﬁe%%&ge%@'VgQgsas

or In liquid supercritical carbon dioxide or in liguid 5 ammonia. Particular
prEfeRITEESE G (BRI St 13 RtERTdfonaRaky stfoxXisREs °F
sich dsi BMSD, sanoenaticidonpdunds shichasdoluenéealiphatitrand. iquid

CX%%'KQUG%%@H%%@%X@%P@Pe@y@@h%a?ﬁ@é‘ﬂ %'J:‘}y'é%%%sss%@ch
as DMF. 10 A temperature of 8+0%§Cf 100? preferably of -30C to 25CMIS

AV antaeoUs Yo the Yealtion>THE hydFdl gig}fslgﬁgcteasﬁr%]flera%ﬁ/ TA
agenas 15 solgtiomincthe pHrangessf 1-tolpreferablydn tiveaahge ofnd

P Lk or pkh 8=k3e i ganeral.dbe hydielysisdakesplaspatdemperatureg g
ogi OCL; to 1g0C, %)ref%rgapéyf}%kg :[o 30C. 20 Thereatfter, in step c) , the

aci -Xat%erﬁsso \}locfy5|s of the a,a-(dithio)carboxylic acid or derivatives

thereof formed in b) is effected with release of thiols or salts thereof, and
the produetdepending in@poh 2pcasmwon thesseiventaised, amy: fareC to
example, jhe the free. acketoacid and;salts thereof, an a-keto ester, an a-

keto amide, a ketal derivative of the a-keto acid or a

The hydrolyeis ig effected preferably in agueocus
goluticons in the pH range of 1-14, preferably in the
range of pH 1-4 ox pH 9-13.

In general, the hydrolysis teakes place at temperatures
of -20°C to 100°C, preferably of 0 toc 30°C.

Thereafter, 1in step ¢}, the acid-catalyzed solvolysis
of the o,o-{dithio)carboxylic acid or derivatives
therecf formed in b) is effected with releage of thiocls
or salts thereof, and the preduct, depending in each
case on the solvent used, may, for example, be the free
a-keto acild and salts thereof, an oa-keto egter, an o-
keto amide, a ketal derivative of the a-keto acid or a

ketal derivative of the a-keto egter {(see also scheme).

Solvelysis is understood to mean the reaction of the
o, - (dithic)carboxylic acid with the solvent, for

example, hydrolysis {(with water).

The solvolysis is effected generally at temperatures of
20°C - 200°C, preferably at 50-150°C, under acidic
catalysis. Preferred catalysts are, for example, para-
toluenesulfonic acid, CF80:H, and also mineral acids

such as HCl or H,50,, or strong organic acids which are
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ketal derivative of the a-keto ester (see also scheme). 30 Solvolysis is
understood to mean the reaction of the a,a-(dithio)carboxylic acid with the
solvent, for example, hydrolysis (with water). The solvolysis is effected
geae0ly Bt d@mperatures of 35 20C - 200C, preferaliyay BOABDEY, TR 4
acidic catalysis. Preferred catalysts aye, for example, para-

toluenesulfonic acid, CF3SO3H, and also mineral acids such as HC1 or
H2504, aristeasigiarganic acids which are WO 2009/007193
PCT/EP2008/057334 - 11 non-nucleophilic. The thiols of the formula
R4SH formed may be removed from the reaction mixture by a vacuum,

by hiRrodiEMyS iRért GRS orisF others SrablesaptatiBRpritess SR ved
example; phase=separatiom crysiakizatipn acompiexifiormation:of roducing

Pregipitation .and re g%mwcsu&t&%ﬂge@%ﬁyg%&th rocess,
umpolungreaction./ R CO2R .. Y RY CO2H 0 RXCONF2R ' O RO OR3

O TREFHE E& CHARES TIRA P BONRRCRN R bagé ix B cosprplex
1iXRCO2H cOZR ROKOR.HOOR' ROOR3d0Oycled, and hence

subsequently reused in the umpolung reaction.

In one embodiment, water is used as the solvent in the
acid-catalyzed solvolysis in <), in which case the free
a-keto acid of the formula (I) in which R*® = OR’’’,
R’’’ ig a hydrogen atom and R' is as defined above, is

formed.

In an alternative embodiment, in the acid-catalyzed
solvolysis in ¢}, an alcohol R’ 7/CH in which R’'‘’ is a
branched or straight-chain C1-Cg-alkvyl, Ce-Cy-
cycloalkyl, allyl or benzyl group, and alkyl is
optionally substituted is used as the solvent, in which
case the o-keto ester of the formula (I) in which R? =
OR''' and R’’’ is as defined hereinabove and R' asg

specified above ig formed.
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In one embodiment, water is used as the solvent in the acid-catalyzed
solvolysis in c), in which case the free a-keto acid of the formula (1) in

which R2 = OR™, 15 R ' I | is a hydrogen atom and R' is as defined above,
iswforaterk /10 anldternative embodiment, in the acid-catatyzseh sob/obysIs 34
in ¢), an alcohol R" ' 'OH in which R™ i 20 branched or straight-chain
C1-C8-alkyl, CS-CB cycloalkyl, allyl of benzyl group, and alkyl is

optionally substituted is used as the solvent, in which case the a-keto

ester of thefg)rr ula (1) irH2 hich R2 = OR™ and R''is as defined

héreindbove an as srﬁ_le%'fff“evde abc‘?\r/nel:CJ RHoMned wo 5005/}3)%71@§id”

PCY/RPYE6d/057332 1175 4 a'fartiver alferskitive éffbadintéhtinahe alid-1s
catalyzechsolvalysisin e adightQ-R3rOH where R3Hs18 branehed eteq
straight-chaj iQnall tituted -C8-alkanediyl group is used as.

the' é%pfv%?ﬁ%n%ﬁmg%%a %yclj'lg kgﬁa %f fhe fgﬁrﬁulgéﬂl%ﬁn\%hiqﬁan :lICh
OR*5{hefe RIYSH R3%€ 58 Hefiféd HetginabovBvadd R\ ES spetified’nich
abdve i©formedwi8e afurther=alternative embsdigient riadheaeidi nabove

calalyzed salvalysis:in £)a tikpfihe formyla HOR(CHOR "OH in

which the R3 and R " ' radicals together are part of a branched or
straight-chain, optionally substituted C3-C3-alkanetriyl group of the 15
generak forina RRB(CH) R risatisedkas ¢héosolient; tin which cakse a acid-
bieyelic ketahestes 0f he formula { 1 1, inwhich 2 = QR " iR "' 89Fmu1 4
Raguseach,as defiped hereingboye and R1 are spegfied ppove s, .,
formed. 91 a further altérnative embodimen , In the acid-
together are part of a branched or straight-chain,
optionally substituted C:-Ci-alkanetriyl group of the
general formula -R’(CH-)R’’’, is used as the solvent,
in which case a bicyclic ketal ester of the formula
(£r), in which R* = OR’’’, R’’’ and R’ are each as
defined hereinabove and R' are specified above is

formed.

In a further alternative embodiment, in the acid-
catalyzed solvolysis in ¢}, an amine HNR'R’’, in which
R’ and R’’ may be the same or different and are each a
hydrogen atom or a branched or straight-chain
C,-Cg~alkyl group, where R’ and R’’ cannot both be a
hydrogen atom, is used as the golvent. In this case, an
amide of the formula (I), in which R® = NR'R’'’ and R’

and R'’ are each as defined hereinakbove iz formed.

In the process according to the invention for preparing
a-keto acids and derivatives thereof, the dithiocacetal
formed in a) also functions as a protecting group
which, after the addition of carbon dioxide (b)), can
be removed again in the presence of an acid by
solvolysis {c)) under reduced pressure or by
introducing an inert gas, for example nitrogen. It is
advantageous that the thicl released can then be

recycled and reusged by means of a circulation process.
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catalyzed solvolysis in c), an amine HNR'R", in which R'and R" may be
the same or different and are each a hydrogen atom or a branched or
straight-chain 25 C1-C6-alkyl group, where R' and R, cannot both be a
hyarogehsatd A, i9 Bised as the solvent. In this case, aRCaRR 6PA057 334
formula (1) , in which R2 = NR'R""and,R" and R" are each as defined
hereinabove is formed. 30 In the process according to the invention for
preparing a-keto acids and derivatives thereof, the dithioacetal formed in

I t h, aft d
ik by}, o B rembed So e pcres?nié%? oty g0

SEF?/OES’/%%@@)‘EUM@ r@éﬁé@@ﬁf*&%ﬁﬁe f}lnby?L t‘?dcht‘?ﬁ@ 2 wﬁaﬁ*ﬁ&és“?ﬁr 3-
eXaamp]ejmuﬂog@hpﬁo@aada/hntageaummyhenﬂfmiapb@&d;@ﬁ@z‘théd@]&yae
lﬁ&) Q}Sﬁ@f{fﬁc'f%ﬁé@ﬂ)pm%és WO, 2009007183 1y

T/ 2008/057334 13" In the case of a-ketomethionine, it may be
aﬁ&?&rﬂé@éf&u@%oﬁ?‘ép&ﬁ’&%@d|ﬁ1‘?63dc%3r§1f}n QA eRAEFEy Fé“a%c‘??wg 3-

(methylthio)propanal (= 3-methylmercaptopropionaldehyde 5 (MMP)) with
methylthiol (MeSH) or directly from acrolein by the triple addition of
methylthiol. 0 H 3 Mc8H Il | McSSMe MeS~ SMe 2 MeSH 0 10 Me =
methyl Compared to the prior art, the process according to the invention
allows the prepar ;on ofa-keto agigse@rderivatives thereof in a higher

yield, which
MeS\V/A\T/SMe
¢S et SMe
v\; 2 MeSH
0

Me = methyl-

Compared to the prior art, the process according to the
invention allows the preparation cf a-ketc acids or
derivatives thereof in a higher vield, which

constitutes a great economic advantage.

Irn addition, it ig possible in the process according to
the invention to continue to use the existing plants
for preparing 3-{(methylthio)propanal, i.e. the plants
for preparing acrolein and methylthicl, in contrast to
the procesg discloged in WO 06-72711.

The process according to the invention 1s additicnally
environmentally friendly, sgince preference is given to
using carbon dioxide ag a C-1 unit, and hence

contributes to climate protection (Kycto Protocol).

In contrast to the process described in WO 06-72711 for
preparing o-ketomethicnine proceeding from butadiene,

the procegss according to the inventicon has a high
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15 constitutes a great economic advantage. In addition, it is possible in

the process according to the invention to continue to use the existing
plants for preparing 3- (methylthio)propanal, i.e. the plants 20 for

PREP AP ASOTeia and methylthiol, in contrast to the PEGTESR2AISAIIET 3 4
WO 06-72711. The process according fo the invention is additionally
environmentally friendly, since preference is given to 25 using carbon
dipdde s A €+, usit,and henge eontributes te chimate protectipNAKyot] so
Pﬁ?c%ﬂﬁ&é’@i@éﬁﬁo tESPfOeC%%%‘?fé%b&%e'9:%"’99@%37%1 e can
préparing a-ketomethionine proceeding from butadiene, 30 the process

deBoRIfSd fo e MVERGSH Has a high WO 2009/007193
PCT/EP2008/057334 14 flexibility, since both the a-keto acid itself and

algQ. al| dedvatives, for.example, esters, ketals, o1 gan-heprepareds che

directly. 5 The_invention further provides the intermediate of the formula
(mﬁn%? Hé SR (IV) 10 in which R1 is a branched or straight-chain
Cl-C18-alkyl, C5-C8- cycloalkyl, vinyl, allyl, C6-Clo-aryl-C1-C4-alkylene,

preferably benzyl, or C4-C9-heteroaryl,C1-C4-alkylene 15 group,

preferably 4-imidazolylmethylene or 3- jndolylmethylene, where R1 is
optionally substituted, R2 is -ORR?@{%’Q&%R" , in which R"and R' ' may

be the same or different and arg‘g C drogen atom or a

(1v}

in which

R! iz a branched or atraight-chain C1-Cig-alkyl, Cs-Cg-
cycloalkyl, vinyl, allvl, Cs-Cig-aryl-Ci-Ch-alkylene,
preferably benzyl, or (C4-Csy-heterocaryl-Ci-Ci-alkylene
group, preferably 4-imidazelylmethylene or 3~

indolyimethylene, where R" is opticnally substituted,

R* is -OR’’' or -NR'R’’, in which R’ and R’’ may be the
game oy different and are each a hydrogen atom or a
branched or straight-chain (C;-Cg-alkyl group, and R’
is a hydrogen atom, a branched or straight-chain C;-Cg-
alkyl, Cys-Cg-cycleocalkyl, allyl or a benzyl group, where
alkyl in R’, R’/ and/or R’’’ is optionally substituted,

or R"'’ 18 an alkaline metal ion, alkaline earth metal

ion or a mono- or divalent trangition metal ion,

and R' is the same or different and may be a branched
or straight-chain, optionally substituted C;-C¢-alkyl,
Cy-Cy-cycloalkyl, allyl or benzyl group.

Preference i1s given to inventive intermediates of the

formula (IV), in which R' is optionally substituted
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20 branched or straight-chain C1-C6-alkyl group, and R-1 is a hydrogen
atom, a branched or straight-chain C1-C8- alkyl, C5-C8-cycloalkyl, allyl or
a benzyl group, where alkyl in R', R" and/or R " ' is optionally

D sHES,0 617 R®'3s an alkaline metal ion, alkaline e&fR fE@tab @%/i0A s 34
a mono- or divalent transition metal iqn, and R4 is the same or different
and may be a branched or straight-chain, optionally substituted
C,;CorakkykvC5-C8-eyeloalkyl; allyl, ochenzyl group. 30 Preference is

given to inventive intermediates of the formula (IV), in which R1 is
optionally substituted WO 2009/007193 PCT/EP2008/057334 15

Gt ?:4Jé}l¥)ﬂﬂé§§€élﬁl9@ﬁ§§CH§€V@%e fentiof fuitifer plovides forot
thé uselof a thiotmoflthe fRfrEHaIiR4- S where*R4lis a branchedate8 or
stralghtghein. gptionally sbstiuied 01-Ceraliol  CaSrcycloaliof Mgy,

benz | group for umgo un of _aliphafic and/or aromatic alde ydes

ampbl&y APBRaRple £ %bar%oﬁ%‘fliy} e %ﬁ&%mé%ltﬁf&%?&ﬁ%eOf
(Z}ﬁrpha&(crneathsil}ﬂmn)pmpanall(@) 45RJg8¢H .2 MeSH MeSSMe (1)~
SMe (1} (2) Me = methyl 3-(methylthio)propanal (1) (1.44 mol, 150 g)
\I%as 20_saturated at OC with HC1 (g) and then added dropwise directly to
% moI 300 g) at OC over a period of 30 minutes. The reaction
mixture was heated to 20C

Example 1:

Preparaticn of 1,1,3-tris{methylthio)propane (2) from
3- (methylthio)propanal (1)

MGSWH 2 MeSH MeSV\(SM@

© SMe
(1) (2)
Me = methyl
- {methylthio}propanal (1) (1.44 mol, 150 g) was

gaturated at 0°C with HC1 (g} and then added dropwise
directly to MeSH (6.25 mol, 300 g) at 0°C over a period
of 30 minutes. The reaction mixture was heated to 20°C
and stirred at 20°C for 24 h. After the excess MeSH had
been removed under reduced pressure, GC analysis showed
the following product distribution: 91% thicacetal (2)
and 8% 3-{methylthio)propanal (1) . For further
purification, this mixture was disgolved in diethyl
ether and washed with a 30% aquecus sodium pyrosulfite
(Na,8,04) =olution. After phase separation, the organic

phase was dried over Mgs0,;. After the solvent had been
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and stirred at 20C for 24 h. After the excess MeSH had been removed
under reduced pressure, GC analysis showed 25 the following product
distribution: 91% thioacetal (2) and 8% 3-(methylthio)propanal (1). For
f@eher0 parifiearions this mixture was dissolved in diethgIT ¢BEY @@l/ 057334
washed with a 30% aqueous sodium é/ro_sulfite (Na2S205) solution.

After phase separation, the organic 30 phase was dried over MgSO4.
Aft@ﬁcbkv@aolvem@ad;b@@a&/&@aaoowmL%SSPQJHEE;Z@@&O%%& l6ale-

d, the thioacetal (2) btained as a pale- yellp red oil (168 _
yle¥§ 62/0 Cgurltég é%tz/ 5 1 H KM ;do %% QQ&O x@ =

19f‘3trls(methylthlo)propane (2) (500 MHz, CDC13): S = 2.01-2.05 (m,
2H, CH2), 2.11 (s, 9H, 3 x SCH3), 2.71 (t, 3J = 7.3 Hz, 2H, CH2), 3.83 (t,

=\%8 Hze1H; CH);L i th iz,
(%5@&25 fc[%éCiLa‘3 %}]?29 gﬁizx Ch%)%%?g(%ggc%s)l 2%?3%%? b

2) 853 . - (SCHB) 2)Exarmple £785 Prepardtionof o1 3 X
EE,Bsﬁrls(metﬁylthlﬁ)proba’ne:(2YfrarrHacroIEﬁ) (3Y!M 3,MeSH iebtSMeJ =
SMe 3)(2), 20 Aerplein (3) (89 mmol, 5.0 g) was added dropwise at
-78C with stirring to MeSH (358 mmol, 17.2 g), which had been saturated

Wlth HC1 gas at OC, over a period of 15 minutes. This mixture was
hestet8lowly 18 2bC325 rhd theih RYkel fFonararRoT 1624 B.5He MHz,

CDCLl;: & = 12.6 (2 x BSCH;), 15.5 (SCH:), 32.0 (CHa),
33.9 (CHy), 53.0 (C(SCHa),)

Example 2:

Preparation of 1,1,3-tris{methylthioc)propane (2) from

H‘L 3 MeSH MeS ShMe
SMe

{3) (2}

acrolein (3)

Acrolein (3} {89 mmol, 5.0 g} was added dropwise at
-78°C with sgtirring to MeSH {358 mmol, 17.2 g, which
had been saturated with HCL gas at 0°C, over a period
of 15 minutes. This mixture was heated slowly to 20°C
and then stirred further at 20°C for 24 h. After
removal of the excess MeSH under reduced pregsure, this
mixture wag dissolved in diethyl ether and washed with
a 30% agueous sodium pyrosulfite golution. After phése
separation, the organic phase was dried over MgSO,.
After distillation (gg°l at 1.2 mbar), the pure
thiocacetal (2) was obtained as a pale-yvellow colored
oil (11.4 g, vield = 70%, GC purity = 98%). The NMR
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removal of the excess MeSH under reduced pressure, this mixture was
dissolved in diethyl ether and washed with a 30% aqueous sodium
pyrosulfite solution. After phase separation, the organic phase was dried
ower RMySOP.(B0LARer distillation (88C at 1.2 mbar), tHEEpUEP2ANOaCSEY 334
(2) was obtained as a pale-yellow c_olgr./ed_ oil (11.4 g, yield = 70%, GC
purity = 98%). The NMR WO 2009/007193 PCT/EP2008/057334 17
chatacierizatiop gaverthe same datasasin Bxamplesl.: Example; 351
Preparation of 2,2,4-tris(methylthio)butanoic acid (4) by umpolung
reaction of 1,1,3-tris(methylthio)propane (2) with dry ice (002) MeS\ /SMe
GRSt GO2H T n-BuL x We MeS SMe (2) (4) 10 In a three-neck
flask under a protective gas atmosphere, 1, 1, 3-tris (methylthio) propane

%)r(%pc 9¢ 20migel) was dissolved in.2q, i %E‘BS} bﬂ'ﬂﬁncﬁl@s%ﬁmy

a butyllithium solution in 15 n-hexane (1 (14 M) was slowly

a @feduﬁ%ﬁgixh?eqwﬁﬁe@ﬁﬁlhﬁnln e coutee ofthis® {I‘T@%m%mﬁ’ﬁrﬁoﬁ’aqe
bright yelldw.After stiring"Rad been continued at this temperature for a
further 2 h, anhydrous dry ice (COZ2, 10 g) which had been washed
beforehand in 20 abs. THF was added in portions at -70C. The reaction

solutigrwas thawed stgudy to 20%@1d a 10% aqueous KOH solution (80
ml) was am phase separatidn,_the ordﬁﬂ&W@@ghed
with 10% aqueous8 H solutiom{@ .50 ml). The combined’kKOH phases

were 25 washed with diethyl ether (3 x 30 ml) and ther‘Mﬁ:ﬁUste@Me

(2) | . (4)

In a three-neck flask under a protective cas
atmosphere, 1,1,3-tris(methylthic)propane (2} {3.65 g,
20 mmol) was dissolved in 50 ml of abs. THF.
Subsequently, at -20°C, a butyllithium solution in
n-hexane (14 ml, 1.6 M) was slowly added dropwise with
stirring. In the course of this, the sgolution turned
bright vellow. After stirring had been continued at
this temperature for a further 2 h, anhydrous dry ice
(CO4, 10 g which had been washed beforehand in
aps. THF was added in portions at -70°C. The reaction
solution was thawed slowly to 20°C and a 10% agueous
KOH scolution (80 ml) was added. After phase separation,
the organic phase was washed with 10% agueous
KCOH solution (2 x 50 ml). The combined XOH phases were
washed with diethyl ether (3 x 30 ml} and then adjusted
cautiocusly to pH 1 with conc. HCl while cooling. The
product was extracted with diethyl ether (3 x 50 ml).
The combined ether phases were subsequently dried over
Na,80, and, after filtration, concentrated on a rotary
evaporator. 2,2,4-trig(methylthic)butancic acid (4) was
obtained as a vellowish o0il {4.3 g, vield = 95%), which
crystallized slowly when left to stand.
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cautiously to pH 1 with conc. HC1 while cooling. The product was
extracted with diethyl ether (3 x 50 ml). The combined ether phases were
subsequently dried over Na2S04 and, after filtration, concentrated on a
r@tar280 2Xapadreicr. 2,2,4-tris(methylthio)butanoic acid4ERas Oahtasess 4
as a yellowish oil (4.3 g, yield = 95%), which crystallized slowly when left
to stand. WO 2009/007193 PCT/EPZ%gl 8/057334 18 1H NMR of
2,2 ,4-tris(methylthio)butanoic acid (4) (500 MHz, CDCI3) : 8 = 2.12 (s, 6H,
2% 3), 244 ( SCH3 CH2 267270(m
2H, SSL\(TE@HZ) %gc I\?zl\/ﬂ%l_(') 2% %HS met i0 %ﬁ%’lﬂmc Ca?%ld 4) 6112 .8 (4)
M2 CHE48) B 5 (9 xwSEHBS, 16596 (cﬁé) 29.7 (EF¥:84.64C44), ¢
6315, (Cs2)H:175.3(C02H). 2@ Exampled; Preparatiop of zalcium  (m, 2H,
2@{4 tris(methylthio)butanoate (5) from the corresponding
a,a- Zdlalkylthlo)carboxyllc 15 acids (4) Ca(OAc)2 NteS CO2H CMeS C02
MeS Ca H20l1lacetone MeS SMe 2 (4) (5) 16.6 g of

224 WiEmeth§ithi® batathoitracid 4y 126178 mimdlpwere dissatved in &4 )

)ityge Qf %4Q ml e H2Q and 35 mbofacetone, Subgequenty; assolution)
cium acet te (93%) and Z%fml of H2Q was Iowl added

dropW|sé at %)C Vith © Vig (Fo& Stlﬁ%g A FerQa sh&r?ﬁm% %@solld
precipitated out which 25 was filtered off after 30 minutes. The resulting
whitemsolid was washed twice with 200 ml of H20 each time,

Preparation of calcium 2,2,4-tris(methylthio)}butanoate
{5) from the corresponding o,a-{dialkylthio)carboxylic
acids (4)

Ve cop  CaOAe),

MeS  SMe H,Of acetone

MaS cO

MeS She

(4) (5}

16.6 g of 2,2,4-trig(methylthic)butancic acid {4)
(73.3 mmol) were dissolved in a mixture of 140 ml of
H.O and 35 ml of acetone. Subseguently, a sclution of
6.2 g of calcium acetate {93%) and 22 ml of H,C was
slowly added dropwise at 20°C with vigorous stirring.
After a short time a white scolid precipitated out which
wag filtered off after 30 minutes. The resulting white
solilid was washed twice with 200 ml of H,0 each time,
then with 200 ml of acetone and 200 ml of diethyl
ether, and dried in a drying cabinet. A total of 17.7 g
of calcium 2,2,4-tris(methylthio) butanocate {5)
(M = 490.8 g/mol, vield = 98%) were isolated.

H NMR of calcium 2,2,4-tris{methylthio)butanoate (5)
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then with 200 ml of acetone and 200 ml of diethyl ether, and dried in a
drying cabinet. A total of 17.7 g of calcium 2,2,4-tris(methylthio)butanoate
(5) 30 (M =490.8 g/mol, yield = 98%) were isolated. 1H NMR of calcium
Y04 2A9Eréthytisida)butanoate (5) WO 2009/007193 PCT/EP200&/083334 4
- 19 (500 MHz, DMSO-D6) : 6 = 1.93 (s, 6H, 2 SCH3) , 1.95-1.99 (m, 2H,
CH2) , 2.05 (s, 3H, SCH3), 2.52-2.55 (m, 2H, CH2) Example 5: 5
Preparatign of 2)zs4-tiis(metbylthio)bitaneic aeid (4 byaimpolungos -1 99

reaction,of 1,.1,,3 -trjs (methylthig) pr ( ith gaseous CO2 Me
SNIG CO2 MESED B 5 oW nB WS S () 1) To hem heeibok
flask under a protective gas atmosphere, 1, 1, 3-tris (methylthio) propane
(2368 g, 20 mmol) was dissolved in 50 ml of abs. THF. 15
Subsequently, at -20C, a butyllithium solution in n-hexane (14 ml, 1.6 M)
was slowly added dropwise with stirring. In the course of this, the solution
tdrhEH3BAgHJeIG. Attet stiririg fad DEBH toRtifu&tr af MRS ferfifdfatufé’
far2 hygaseons dry €02 was passed 20 throughsviaatfritrativ06 overrane
petiodpf 30 minwtessThereaction solution was thawed slowly until a
temperature of 20C was attained, at which a 10% aqueous KOH solution
(80 ml) was added. After phase separation, the organic phase was

washed with 10% 25 aqueous KOH solution (2 x 50 ml). The combined
KOHE"tﬂ%sg&\ﬂ‘iengJ wéﬁ@j with diefyl ether (3 ml) and .
n-Buli

SMe MeS™ "SMe

{2} (4)

In a three-neck flask under a ©protective gas
atmosphere, 1,1,3-tris(methylthio)propane (2) (3.65 g,
20 mmol) was dissoclved in 50 ml of abs. THF.
Subsequently, at -20°C, a butyllithium sclution in
n-hexane (14 ml, 1.6 M) was slowly added dropwise with
stirring. In the course of this, the solution turned
bright yellow. After stirring had been continued at
thig temperature for 2 h, gaseous dry (0, was passed
through wvia a frit at -70°C over a period of
30 minutes. The reaction solution was thawed slowly
until a temperature of 20°C wag attained, at which a
10% agqueous KOH solution (80 ml) was added. After phase
separation, the organic phase wag washed with 10%
agqueous KOH scolution (2 x 50 ml}. The combined KOH
phases were washed with diethyl ether (3 x 30 wml) and
then adjusted cautiously to pH 1 with conc. HC1 while
cooling. The product was extracted with diethyl ether
(3 x 50 ml). The combined ether prhases were
subseguently dried over Na,S0, and, after filtration,
concentrated o1 a rotary evaporator.

2,2,4-trig{methylthic)butancic acid (4) was obtained as
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then adjusted cautiously to pH 1 with conc. HC1 while cooling. The

product was extracted with diethyl ether (3 x 50 ml). The combined ether
phases were 30 subsequently dried over Na2S04 and, after filtration,
cHAcERPRél Bhid Potary evaporator. 2,2,4-tris(methyRER)BEEADR/AGA 334
(4) was obtained as WO 2009/007193 PCT/EP2008/057334 - 20 a
yellowish oil (4.1 g, yield = 900), which crystallized slowly when left to
stand. Thae NMR seharacterization gaye ¢he same data as poExgmple 3ndch

.‘Ei%%ﬁﬁi P E%Qiara‘é%%ﬁ@oqft%%?m@%PSproapcé/' esfer, (&) by E%{QOV"‘I\'%MR

from 2,2,4-tris(meth butanoic acid (4) in the presence o

FATSTAPO T MEB GOH RPMESTE MES 3MEH2D, BFAOHE @) (6)
0.1 mol of 2,2,4-tris(methylthio)butanoic acid (4) (22.6 g) was dissolved in
agnixtre of 200 ml of 15 toluene and 200 ml of isopropanol.
Subsequently, 2.0 eq of H20 (3.6 ml) and one spatula-tip of
p-toluenesulfonic acid monohydrate were added. The overall mixture was
tiarebeatetl torboifidy thriperatbire antrstirédgomdepieflneforSch. After by
ceeling; 150 20 afpuater et addedand the mixture wasextraetet i o) -
three fimes with, 100 pl eagh,time of dietfyl ether. The, compined ether
phases were sul%seq ently was edto neutrgﬁty with & diute sodium
hydrogencarbonate solution, and dried over magnesium sulfate. After 25
filtration, all of the solvent was drawn off with a

0
MeS CO,H WY ks J\
\/>< , & : o
MeS SMe  H,0O, /-PrOH i
(6)

(4) '

0.1 mol of 2,2,4-trisg{methylthio)butancic acid {(4)
(22.6 g} was dissolved in a mixture of 200 ml of
toluene and 200 ml of isopropancl. Subseguently, 2.0 eg
of H,O (3.6 ml} and one spatula-tip of
p-toluenesulfconic acid wmonohydrate were added. The
overall mixture was then heated to beoiling temperature
and stirred under reflux for 3 h. After cooling, 150 ml
of water were added and the mixture was extracted three
times with 100 ml each time of diethyl ether. The
combined ether phages were subsequently washed to
neutrality with a dilute scodium hydrogencarbonate
golution, and dried over magnegium sgulfate. After
filtration, all of the solvent was drawn off with a
rotary evaporator. Ketomethionine isopropyl ester (6)
(14.5 g, vield = 76%) was obtained as a pale vellowish

oil.

H NMR of ketomethionine isopropyl ester (6) (500 MHz,
CDCls): & = 1.35 (d, 3J = 6.3 Hz, 6H, 2 CH), 2.14 (s,
3H, SCHi;), 2.79 (t, T = 7.2 Hz, 2H, CHy), 3.15 (t, 7 =
7.2 Hz, 2H, CH;), 5.15 (quint, *J = 6.3 Hz, 1H, CH)
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rotary evaporator. Ketomethionine isopropyl ester (6) (14.5 g, yield =

76%) was obtained as a pale yellowish oil. 30 1H NMR of ketomethionine
isopropyl ester (6) (500 MHz, CDC13) 6 =1.35(d, 3J =6.3 Hz, 6H, 2
OMB)2R209/(30 BH,3SCH3), 2.79 (t, 3] = 7.2 Hz, 2H, CM2)/BAB0Q,(DSE7334
7.2 Hz, 2H, CH2), 5.15 (quint, 3J :_6.?£—Iz_, 1H, CH) WO 2009/007193
PCT/EP2008/057334 - 21 Elemental analysis for CBH1403S (6) (M =
190.26 g/mol) C 50.50; H 7.43; S 16.85 found: C 50.66; H 7.57; S 16.52
5.Example 7 Dir reparati tomethionjne ethyle lycol ketal - .
(7) by Ererr%\%ngé{%%gﬁof%oa%gi;?flﬁ?iégg%(mpeé&yltﬁo)ﬁu%%gibgagci ?Xﬂ%} '
the presefice of ethyfehe glycolMeS? CERHH S CO21F HOGH Me&- 57
SMeLs% %4) (7) 15 0.1 mol of 2,2,4-tris(methylthio)butanoic acid (4) (22.6
g) was dissolved in 200 ml of ethylene glycol (1, 2 -ethanediol) .
Subsequently, 1.1 eq of H20 (1.8 ml) and a spatula-tip of

pBRIEReSulfonic acid monohydrate were added. The overall mixture was
then heated to SOC 20 and a constant nitrogen stream was passed
thﬁ@%la&hefp%gg%y@o%frihéﬂ%&aq@wgegi%miéwgzl\@%% addedco1
tq{S(f):O fwl o] ( ter algld extracted three tlrggs with %OO mi e%%h time of )
dle?hﬁ ether. The co%binerc?%?ﬁféﬁl%ases Were arlé(?%)ver 9%4. Aftér *
filfeation 25 yd btk \Was-dmwiroffavitifa rofary évaperstorpresence  of

ethylene glycol

H-l»
MeS CO,H 8 CO,H
MeS  SMe HO O P 0" O
(4} (7)

0.1 mol of 2,2,4-tris{methylthio)butancic acid {4)
(22.6 g) was dissolved in 200 ml of ethylene glycol
{1,2-ethanediol). Subsequently, 1.1 eg o¢f H;O0 (1.8 ml)
and a spatula-tip of p-toluenesulfonic acid monchydrate
were added. The overall mixture was then heated to 50°C
and a constant nitrogen stream was passed through the
golution wvia a frit. Afgter 4 h, the reaction mixture
was added to 300 ml of water and extracted three times
with 100 ml each time of diethyl ether. The combined
ether phases were dried over MgS0O,. After filtraticn,
the ether was drawn off with a zrotary evaporator.
Subsequently, 100 ml of methanol and 100 ml of 2 M NaOH
solution were added to the ester, protected as the
ketal, and the mixture was stirred at 20°C for 2 h.
Thereafter, the solution was acidified te pH = 1 with
conc. HCl and extracted three times with 100 ml each
time of diethyl ether. The combined ether phases were
subgequently dried over MgSC,. After filtration, the
ether was drawn off and the crude product was crystal-

lized from a mixture of methylene chloride and
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Subsequently, 100 ml of methanol and 100 ml of 2 M NaOH solution were
added to the ester, protected as the ketal, and the mixture was stirred at
20C for 2 h. Thereafter, the solution was acidified to pH = 1 with 30 conc.
HEGY abd et three times with 100 ml each time BEdietirg Ealse0 Tha3 4
combined ether phases were subseqilently dried over MgSO4. After
filtration, the ether was drawn off and the crude product was crystal- lized

franha mixtire obmethylerte ehlonde-and- W 2009/0071831:d  (7) were

ngégf{)gggg/osﬁ%l £2 n- heggge 1309 o{gzwqme]z é%r)/stallllne sollg (7}1

were obtained 68%, M = 192.2 g/mol; me point

(&9atafized from hidthylene eRloHEBALRERShe)). 5 FFRIVR of methylene
242 i(methyrhio ety )& )3-dioxolane-2- carboxylic acid (7) (500 MHz,
CDC13):S=2.11 (s, 3H, SCH3), 2.24-2.28 (m, 2H, CH2) 2.58-2.61 (m,
2l;| CH2) 4.07-4.14 (m, 4H, OCH2CH20) 10 '3C NMR

BthylthiSfethyl) 4”3 AiokeTare. %téaﬂ)b%/ﬁ&’éé.a](?)'i gz -2-
CWI&XSBQS 5(SCHG), 27AN(CTHZY; 34 B(CH2), 66.15(220CH2),<10531,
(@eitd 1 4CO0N1S E'emﬁnt@'}ﬁnab’m% for £7622048,(7) (M =492.24
gqn%l%g z % 8fo nd: C 43.80; H 6.25; 8166120
Example 8: 6|r & prepar |on2 %{F(e omethionine ketal ester (8a)/(8b) by
removal of the thiol from the a,a- (dialkylthio)carboxylic acid (4) in the

ptéesenomof 2%glycergh (z- (methyithio)ethyl) -1, 3-dioxolane-2-
carboxylic acid (7) (125.8 MHz, CDCli): & = 15.5 (SCHa),
27.1 {CH;), 34.% (CHy), 66.1 (2 OCH,), 105.9 (C), 174.1
(CO0)

Elemental analysis for CH.;20:8 (7) (M = 192.24 g/mol)
C 43.74; H 6.29; S 16.68 found: C 42.80; H 6.25;
5 16.61

Example §:
Direct preparation of ketomethionine ketal ester

(8a)/ (8b) by removal of the thicl from the o,c-
(dialkylthio}carboxylic acid ({4) in the pregsence of

glycerol
. OH e} O
HQ\)\/OH O
/S\/><COZH \-‘s © + \3’\/@
MeS  3SMe <p-TeOH= C
1,3~-ketal \ 1,2-ketal
{4) {8a} : {8b)

0.1 mol of 2,2,4-tris{methylthic)butancic acid (4)
(22.6 g} was dissolved in 100 ml of glycerol (1,2,3-
prepanetricl) . Subsequently, 1.1 eg of H 0 (1.8 ml) and

a spatula-tip of p-toluenesulfonic acid monohydrate
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OHOO vxa$S MeS sme <p-TsOH>0 00 1,3-ketal 1,2-ketal (4) (8a)

(8b) 0.1 mol of 2,2,4-tris(methylthio)butanoic acid (4) 30 (22.6 g) was
dissolved in 100 ml of glycerol (1,2,3- propanetriol). Subsequently, 1.1 eq
oWH 2200198 dily aAd a spatula-tip of p-toluenesulfonicrarid mraroahg/HoEe3 3 4
WO 2009/007193 PCT/EP2008/057334 - 23 were added. The overall
mixture was then heated to 70C and a vacuum of 750 mbar was applied.

Afier5.5bidbe . reaction-raixiure W@@@dl : Q@mi@ocmlégf \%}é&@i@@dto 700C
extracted thr etlmes with. 100.ml each time of.diethy ther

cé%%mged%f%er Hhases%v%e%re dk?led over I\ﬂa‘g%%i fte?‘fg Fra%: ion, t%e ethet%he
WERFEdved 6145%@% Ega&poratisteshd e oifyPErude pr@aucwe(gay(sw-)m
raticc 7220:30) was egystaltizad fraraia murelof methyleAge of diethyl

chioride/n- ﬁ@@n@om%@@n&m@%};ﬂﬁg}sg@%gg £d 40,0 inthe fogmf -
colorless needles (9.2 g, yield = 459 g/mol, melting point'=
S treliy5Hi om ﬁ@hy@%‘?&hlo‘f’ﬁéln ﬁ%‘%ﬁﬁ@ﬁ 1FPNMIR BPTaTY

A<(2(prathyithio)atisy1)t2;5, Setiibxakicyde I5a@i2octatedonegBa) (5901

MHz, CBE13)ia3 = 21348130 .86 H3) 02 1 4220y, 2H, GH2)e oy Jene
-268(m, 2H, CH2), 4.12-4.13 (m, 4H, 2 76 (s, 1H, CH)

4
of 4 Fm&%yﬁﬁo)ethy =2, glgltﬁox%ﬁf% EI%C)ZO(F?Q 2]85@’&?1@]0?1%‘2@‘&
(321258 MiH2, CDCIB): = 1834 (SIGHS), 26:9¢CHR), 33.22(GH2),665.
(2QL442), 70.91 (CH)0 92:05(Q),/ 2662 (COQéﬂ@mgntal apalysis fors o 5o¢
§H12&4%%%6}_)1(z ro%stg @8}1%%& 4 o’ru?e?z é’}?éiloe%ur] d:C

H NMR  of 4-(2-{methylthic)ethyl)-2,5,8-trioxabicyclo
[2.2.2]octan-3-one {(8a) (500 MHz, CDCl:): 8 = 2.13 (g,
3H, SCH;), 2.17-2.20 (m, 2H, CHy), 2.65-2.68 (m, 2H,
CHz), 4.12-4.13 (m, 4H, 2 CHz}, 4.76 (s, 1H, CH)

PC NMR  of 4-{2- (methylthio)ethyl)-2,5,8-trioxabicyclo
i2.2.21octan-3-cne  (8a) (125.8 MHz, CDCls): & = 15.4
(SCH;), 26.9 (CHz), 33.2 (CHy), 66.5 (2 OCH.), 70.%
(CH), 92.9 (C), 186.2 (COO)

Elemental analysis for CgH:;,0,5 (8a) (M = 204.25 g/mol):
C 47.04; H 5.%z2; & 15.70 found: C 47.21; H 5.93;
S 15.6%

Example 9:

Preparation of 1,l-bis(methylthio)butane (10)

WH 2 MéSH WSME

O _ ' 4



10

15

20

25

30

S 15.69 Example 9: 30 Preparation of 1,1-bis(methylthio)butane (10) H 2
MeSH SMe 0 SMe (9) (10) WO 2009/007193 PCT/EP2008/057334 - 24
10.0 g of butanal (9) (139 mmol) were saturated with HC1 (g) at 0OC and
thsh 38d&d arspWAse directly to MeSH (624 mmol, 3®O0TY)ER DD 8VErT 334
period of 25 minutes. 5 The reaction mjxture was heated to 20C and
stirred at 20C for 17 h. For further purification, this mixture was dissolved
in diethyl ether and washed with a 300 aqueous sodium pyrosulfite
S ROnATSE e, separalon, 1o RN pNARENES AIEIELS wic
Na2S04. 10 After the solvent had been removed, the thioacetal 103i was
obtaind@as Acléarcaioifess GiN(1FXIgY yRIGRE5%; BERGiy:088). THSH
NMR dataragreedwithh thosesfromethe diteratuee. d&Examplé 105 minutes.
Preparation. of Lipis(methylthiglpenianaic.acid £11)o by ugypelung: reaction,
of 1, 1-bis (methylthio) butane (10) with dry ice (CO2) 20 SMe Gz CO 2H
She hi-BLP Me S/ AsMECEL0§ (EL 5 mBioT of 1 G2bistHeth{itHic)blitne
(1B)(1 26xpmeredinitiallyccharged ine2hiemt ofedry THESederalmitrogen30%
25 atmosphere aad grolegd 10 530¢ ¢ Stbsequenthy ;b mmoket LB M phaze
n-Bull soluton in mshexane 7,0 mb were_added dropyise a1 :20C Quer,
pariod of 5 inttes, Snd° =2 puase  was € Azt
After the solvent had been removed, the thicacetal (10)

was obtained as a clear colorless oil {(17.3 g,
vield = 83%; GC purity 98%). The HNMR data agree with
thoge from the literature.

Example 10
Preparation of 1,l1-bis{methylthio)pentancic acid (11}

by umpolung reaction of 1,1-bis{methylthio)butans (10)
with dry ice (CO;)

co
VYSMe 2 . \/XCQZH
| SMe n-Bul] ves” SMe
(10) (11)

16 mmol of 1,1-bis(methylthio)butane (10) {1.26 g} were
initially charged in 25 ml of dry THF under a nitrogen
atmosphere and cooled to -20°C. Subseguently, 11 mmol
of 1.6 M n-Bulil sclution in n-hexane (7.0 ml) were
added dropwise at -20°C over a period of 5 minutes, and
the mixture was stirred for 2 h. The clear, pale yellow
reaction solution was added dropwise to 15 g of dry ice
at -78°C and stirred for 36 h, in the course of which
the temperature rose to 20°C overnight. Subsequently,

the reaction mixture was admixed with 40 ml of 10% KOH
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the mixture was stirred for 2 h. The clear, pale yellow reaction solution
was added dropwise to 15 g of dry ice 30 at -78C and stirred for 36 h, in
the course of which the temperature rose to 20C overnight.

ShseeRienfyY,7 #ifBreaction mixture was admixed witR ALY P 8P 8BYPIRDBE 4
WO 2009/007193 PCT/EP2008/057334 - 25 solution and the phases
were separated. The organic phase was washed twice with 25 ml each
tind of 16% KOH selutionpanddbe cambineddtQH:phates Wese washedi ¢

theee, imesawith, 29 o e@&*ﬂé@%ﬁt’iﬁ‘eﬂy' fert-hutyl ether 3 (MTBE) 5 TR%H

OH phase was then acidified (pH 1) with conc. HC1 (aq) and extracted

féﬁ#ﬁmég%lthaé?nﬁléﬁcﬁgﬁiﬁéfb?%f@@ %é&ﬁ\b‘ﬂ%ﬁeor‘ﬁ%ﬁﬁ%a%%@e
vﬁzeneecmemWengm4 aaditoncentratdd witht Avrotabeevaporator. Fheer

o VeId = 51 5% moling. point= 85 (raetystalized flom prsE ol
ie 0, meltin pom = recrystallized from a mixjure o

c%%/ Siotorm; ]Jme(tﬁgr)]ol ar%tij SEBtic ac‘ﬁ)r)1 Iﬁ}llkﬁ\/l il sach
szﬂéln@ﬂwyﬂﬁ”ﬁﬁoen%m%@@émdlﬁm@wHz,@@@ﬁg) wgEee) ghrted
3@"\]‘\2%4@@5"" i8I 3)ddeA B fa 2 H; 1G4H2), 1:88-4:94 (gva%b‘&%rator

2),2.10 $.1H, G100 C NMR

g% dlr%e%}yt%r?pen an%%lgz J&(fré% @chéJMHzl_Qélg %)S O% aZlglEd
(2% SCGH3)"I4.63C-55°35% (C &) 639 (C-3),%64%6 (C2); £76.3 (@eﬂ)tmg
Example-l 18 25(Prepératianyafethyl 2-exovaléraie (12)xby rermovingsthe of
thiot fiom2 2-(dimethylihio)pentangic.acid (LD ja e presence of water

and ethanol O CO H H+ MeS SMe HZO, EtOH O 11) (12) 30

M ONMR of 2,2-{dimethylthio) pentanoic acid (11}
(500 MHz, CDCls): & = 0.96 (t, *J = 7.4 Hz, 3H, C°H,),
1.50-1.60 (m, 2H, C'H,), 1.88-1.94 {(m, 2H, CH,), 2.10
(s, 6H, 2 x SCHs), 11.5 (bs, 1H, C'CCH)

¥e  NMR  of  2,2-{dimethylthio)pentancic acid (11)
(125.8 MHz, CDCl,): & = 12.5 (2 x SCH:), 14.0 (C-5),
15.1 (C-4), 36.9 (C-3), 64.6 (C-2), 176.3 (C-1}

Example 11:
Preparation of ethyl 2-oxovalerate (12) by removing the

thicel from 2,2- (dimethylthio)pentancic acid (11) in the

presence of water and ethancl

O
CO,H H+ .
\/X O/\
MeS™ 'SMe  H,0, EtOH l
O
(1%) . {12)
0.1 mol of 2,2-(dimethylthio) pentancic acid {11)

{19.4 g) was dissolved in 150 ml of toluene and admixed
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0.1 mot of 2,2-(dimethylthio)pentanoic acid (11) (19.4 g) was dissolved in
150 ml of toluene and admixed WO 2009/007193 PCT/EP2008/057334 -
26 with 2.0 eq of H20 (3.6 ml) and a spatula-tip of p-toluenesulfonic acid
mhoh§eIPate 0 BLB3equently, the mixture was heatedRETHGHHRPEBGIND &AG 34
a nitrogen stream was passed througfthe solution via a frit. 5 After 3 h
under reflux, the reaction mixture was cooled to 80C and admixed with
2001l ofethasel antFa further spatuladip of pntoluenessifeniclacid iy  of

ﬂgorp&ygé@tssﬁt%atwthsm undgr e ?lﬁea@@ Mixre was.cooled to,

200 ml of water were added mixture was extracted three

{iRES W 10671 S5CH i) e&PdlereHﬁ“é% TPRICImMbRA etherphaseger
were sabsegaently avasheéd toneutcdlity with ashliite- sodiumia a frit.

hydragengarbonate. solutien apd dried quer /pagnesivmsylfate, After., .1 . 4

filtration, all of the solv%;tt 15 as drawn off with a rotary evaporator. The

ety 5 Oxovafitate g, i&1d = 7196)Was Bbtaified 4 pafed @
yélowishwil. Hmwdfaethym oxovélerate>(12) (6604442, T©DECA 3): 206.d

:nga%ttg:&%atz 3gﬁf35rc$3\ﬁtﬂr§¥zéﬁf 3J§— 1 -3H@e3H, Qggt%gw) ‘the
1.67 (sext, 3 =7 t, 305 7. H, C3H

(qr{} 5é3 P Z?Pé(?é; ?@5%‘3 I@/II-'\;nofeCt yl“éélgxova‘f'eratg (?Lc%%
(E2538 MMz, TFCI3)E 6 ¥2Es, e{eet-mds)tfme(c@tﬁfe.m(@t@ 499 ml
(€s3)h 62 BrOCH2GHB); 161 .4, 19417=(Cdnxaraple d2na30 phases
Preparation.of %8%8\5%'9“%%%%%3) Dy remoying {he Jhiol fEOr[“ a dilute

2, 2 é |methylth|o)pentan0|c acid gll in the presence of water
ium “hydrogencarbonate’ sclution and dried over

magnesium sulfate. After filtration, all of the solvent
was drawn off with a rotary evaporator. The ethyl
2-cxovalerate (12) (10.2 g, vyield = 71%) was obtained

as a pale yvellowish oil.

"H NMR of ethyl 2-oxovalerate (12) (500 MHz, CDCls):
§ = 0.87 (t, *J = 7.3 Hz, 3H, C%H:), 1.37 ({(t, T =
7.3 Hz, 3H, OCH,CH;), 1.67 (sext, *J = 7.3 Hz, 2H, C4H,),
2.81 {t, *J = 7.3 Hz, 2H, CH), 4.32 (g, *J = 7.3 Hz,
2H, OCH,CH;)

BC NMR of ethyl 2-oxovalerate (12) ({125.8 MHz, CDCl,):
8 = 13.5 (OCH2CH:), 14.0 (C-5), 16.6 (C-4), 41.2 (C-3),
62.3 (OCH,CH;), 161.4 (C-1), 1%4.7 (C-2)

Example 12:
Preparation of 2-oxovaleric acid (13) by removing the

thiol from 2,2-{dimethylthioc)pentancic acid (11) in the

presence of water
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5me H20 O (11) (13) 10.0 mmol of 2,2-(dimethylthio)pentanoic acid (11)
(1.94 g) were suspended in 30 ml of fuming hydrochloric 5 acid (370) and
PN RED MthOF $B3tula-tip of p- toluenesulfonic acid BEHOERALRE/ 057334
Subsequently, the mixture was heategd,to_boiling temperature and stirred
for 5 h. A vacuum of 750 mbar was applied. After the reaction, the

mixture was diluted with 100 ml of water 10 and extracted ¢lree times with

80 ml each.timeaf di %ﬁther. TH@&*combined organic phases were
washed tm 00 mT'&ach timeé of seditim ro @@@arbonate
solution. The bgSbine8ldgueous phiasts were subseqllently acidified to
pH = 1 with concentrated 15 hydrochloric acid and extr&tted three times
with 100 ml each time of diethyl ether. The combined ether phases were
dried over Mg©@4 and filtered, and the filtrate was congeptrated to
dryness under.reduced pressure at room temperature. 2-oxovaleric acid
(13) was obtained 20 as a colorless oil (0.72 g, yield = 62%). 1H NMR of
2-oxovaleric acid (13) (500 MHz, DMSO-D6) 6 =0.88 (t, 3J = 7.4 Hz, 3H,
CSH3), B8 (sext; 3J 2, ZA(HZ2p2HhCAHR) o 11860t a3b=d .4 HziZ2H, (11)

C8HI), @5@%@%&%&@9&) 13CHMR of2-oxoyaleric Acid 3 ori
(12%MH(Z SO DG% W%‘S .64 CSZf 16,37 (C-4), 4 56 C-3),

13358 (C41)*96.931C-2) /009163 PCRHEPSBGE S #3234 P  ©f
p-toluenesulfonic acid monohydrate. Subsequently, the
mixture was heated to boiling temperature and stirred
for 5 h. A vacuum of 750 mbar wasg applied. After the
reaction, the mixture was diluted with 100 ml of water
and extracted three times with 80 ml each time of
diethyl ether. The combined organic phases were washed
three times with 100 ml each time of sodium
hydrogencarbonate scolution. The combined agueocus phases
were subsequently acidified to pH = 1 with concentrated
hydrochloric acid and extracted three times with 100 ml
each time of diethyl ether. The combined ether phases
were dried over MgS50, and filtered, and the filtrate
was concentrated to dryness under reduced pressure at
room temperature. 2-oxovaleric acid (13) was obtained

ag a colorless oil (0.72 g, vield = 62%).

W NMR of 2-oxovaleric acid (13) (500 MHz, DMSO-D&):
& = 0.88 (£, *J = 7.4 Hz, 3H, C°Hy), 1.53 (sext, °*J =
7.4 Hz, 2H, C'%H), 1.96 (t, °J = 7.4 Hz, 2H, C°H;), 13.5
(bg, 1H, COOH)

30 NMR of 2-oxovaleric acid (13) (125.8 MHz, DMSO-D&):
O = 13.64 (C-5), 16.37 (C-4), 40.5%56 (C-3}), 163.28
(C-1), 186.93 (C-2)
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- 28 Claims 1. Process for preparing a-keto acids and derivatives thereof
of the general formula (I) or (I R 2 RIR 2 (r) RCJ OR3 (I) (Il) in which

R1 is a branched or straight-chain C1-C18-alkyl, 05- 10 C8-cycloalkyl,

Vifigl, 20919 CB3C103aryl-C1-C4- alkylene or PCT/EP2008/057334
C4-C9-heteroaryl-C1-C4-alkylene groyp, ‘where R1 is optionally
substituted, R2 is -OR'''or -NR'R"' ', In which R'and R' ' are 15 the
samegikgifferent and are each a hydrogen atom or a branched or
straight-chain C,-C6-alkyl group, and R™ is a hydrogen atom, a branched
or straight-chain C1-C8-alkyl, C5-C8-cycloalkyl, allyl or a benzyl group,
where alk§PFER®S REGRARF DR HES Sptithafly 3GbstiuRdCoFRY Rl ves
alkaline ntetakiof, alkatihe earthametal Orrord andrio- arxdivalent

transition metal ion, R3 is the same or different and is a hydrogen 25

atom, a branched or straight-chain C1-C8-alkyl, allyl or a benzyl group,
where alkyl and/or benzyl  is optionally substituted, or the two R3 radicals

(T) | (xI)

in which

R' is a branched or straight-chain C;-Cig-alkyl, Cs-
Ce~cycloalkyl, vinyl, allivyl, Ce-Cip-aryl-Cy-Cy-
alkylene oxr C4-Cs-heterocaryl-Ci-Ci-alkylene group,

where R' is optionally substituted,

R* is -OR’’'’ or -NR’R'‘, in which R’ and R'’ are
the same or different and are each a hydrogen atom
or a branched or straight-chain C.-Cs-alkyl group,
and R’’’ 1is a hydrogen atom, a branched or
. straight-chain C;-Cg-alkyl, Cs-Cys-cycloalkyl, allyl
or a benzyl group, where alkyl in R’, R’' and/or
R’’’ is optionally substituted, or R’’’ 1is an
alkaline metal ion, alkaline earth metal ion or a

mono- or divalent transition metal ilon,

R* is the same or different and is a hydrogen
atom, a Dbranched or straight-chain C;-Ce-alkyl,
allyl or a benzyl group, where alkyl and/or benzyl
is optionally substituted, or the two R° radicals
together are (;-Cyi-alkanediyl and together form a
ring, or the two R® and R’’’ radicals together are
part of a C;-Cg-alkanetriyl group of the general

formula -R*(CH-)R’'’’ and together form a bicyelic
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5 a) an aldehyde R1CHO is reacted with identical or different thiols of the
formula R4-S-H, in which R4 is a branched or straight-chain, optionally
substituted C1-C6-alkyl, C5-CB-cycloalkyl, allyl or benzyl group to 10
gWe the &/ &epdading dithioacetal, b) the dithioacetap forreRGa8IOWIE 3 4
a carbonyl-containing electrophile in gbe presence of a strong base and
after 15 hydrolysis to give the a,a-(dithio)carboxylic acid or derivatives
thereof efthadormula (111) 0 R 4 OR$ RS SR (Ill) 20 in which R5is a
hydrogen atom or a branched or straight-chain C1-C6-alkyl group and the
R4 and R'radicals are each as defined above, and 25 c) the
a,a-(dithi6)eafexylic acid or derivatives thereof of the formula (1Il) are
converted by acid-catalyzed solvolysis in the presence of at least 1 molar

equivaleny of 3Q.water il rlease-offhiols OEQ‘&JQ%U'%%SWH%HE’EM}

the a-keto acid or derivatives thereof of thCFgenera formula (1) oy (I1). W

2009/007193 PET/EPYH0EHE733490 52 Froldss 46HHiLG t@Cl%urﬁfi in
characterized inhthzit th& Strarsg base luseddbredepratonatioreind)t - chain,

measured on itsgoregsponding acid, bas &Pkt e Cy-Ce-alkyl,
Cg-Ca-cycloalkyl, &allyl or benzyl group to

give the corresponding dithicacetal,

b) the dithioacetal formed reacts with a
carbonyl~containing electrophile in the
presence of a strong  base and after
hydrolysis to give the o,a- {(dithio)carboxylic
acid or derivatives thereof of the formula
(ITI)

O

RT%S
4 sOR

RS S8R
(TII)

in which R° is a hydrogen atom or a branched
or straight-chain C1-Cs-alkyl group and the R*
and R' radicals are each as defined above,

and

c) the o,o- (dithio)carboxylic acid or
derivatives thereof of the formula {(III) are
converted by acid-catalyzed solvolysis in the
presence of at least 1 molar equivalent of
water with release of thiols of the formula
R*SE to give the o-keto acid or derivatives
thereof of the general formula (I} or {II).
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5 value of > 20. 3. Process according to Claim 1 or 2, characterized in

that the deprotonation in b) is performed in aprotic organic solvents or in
liquid 10 supercritical carbon dioxide or in liquid ammonia. 4. Process
agCordlirPttodrie. 88 more of Claims 1-3, characterizeBQm (FERAI06¢$57334
step b) is effected at a temperature of ;80C to 100C. 15 5. Process
according to one or more of Claims 1-4, characterized in that the thiol of
the formula R4SH released in c) is removed from the reaction mixture,

then recycl reu in.a). 20 6. Progess according.to Claim 5 .
C éracwc%%%%e%qsiha%?h&eg ﬁﬁéflgf th’%forr%%l%ﬁh H is %g%E?éETaﬁI%ﬁ%ﬁiol o

which istréftovedsroth fré fe 2 3idh Hibetrellsy a VaRLGYCBTy L passiy £ -
inert gase2sthredgh o Process aceording tolone or aaare,of Glaimsd-6px,
characteyized.in that the thiol used in a) is methylthiol. 30 8. Process
according to one or more of Claims 1-7, characterized in that the
acid-catalyzed solvolysis in c) is effected with water as the solvent. 35 9.
P¥ocessPaceordiag tocone o mipre of Glamisnl¥, characterzed-mthatthe=d

acid-catalyzed, splvelysis ing)is«eftected withian aleohob WLy £ ormed  in
2009/007193 PCT/EP2008/057334 - % R "OH as tgg solv%rlgt, in Wﬂcc?ui a

v rori Organic golvents
H''is a Branched J
supercritical carbon dicxide or in liguid ammonia.

4. Process according to one or more of (laimg 1-3,
characterized in that process step b) is effected
at a temperature of -80°C to 100°C.

5. Process according to one or more of Claimsg 1-4,
characterized in that the thiocl of the formula
R*SH releaged in ¢) is removed from the reaction

mixture, then recycled and reused in a).

6. Process according to C(Claim 5, c¢haracierized in
that the thiol of the formula R*SHE is a
C1-Cg-alkylthiol which is removed from The reaction
mixture by a wvacuum or by passing inert gas

through.

7. Process according to one or more of Claims 1-6,

characterized in that the thiocl used in a) 1is

methylthiol.
8. Proccess according to cone or more of Claims 1-7,
characterized in that the acid~catalyzed

solvolysis 1in ¢} is effected with water as the

solvent.
9. Process according to one or more of Claimg 1-7,
characterized in that the acid-catalyzed

gsolvolysis in ¢} is effected with an alcochol



10

15

20

25

30

25

or straight-chain C1-C8-alkyl, C5-C8-cycloalkyl, alkyl or a benzyl group,
and alkyl is optionally substituted. 5 10. Process according to one or more
of Claims 1-7, characterized in that the acid-catalyzed solvolysis in c) is
effectzalogitd aielRHO-R3-OH as the solvent, wherelRT (ER Ddriches 73 4
10 straight-chain, optionally substituted C2-C8- alkanediyl group. 11.
Process according to one or more of Claims 1-7, characterized in that the
acid-catalyzed:15 solvalysisimedis effeetegmithra triol HQR3(ECHREMR hed
"OH as the scgg%gt.wﬁhrgc@g%?; and R... 8rhz_aLgI{icgls. together are part of.a
branched or Straight-chain, optionally substitutéd ' C3-C8-afkarietriyl grodp ’
of the géneraifofthuld JFIRS {CHIRUP12. Pracessiattorting® loHeeri 1Y
more of&ilakms t:#; echaracterized in that the acid-catalyzed solvolysis in

c) is effected with an amine HNR'R " 25 as the solvent, in whichR'and R '
"may be the same or different and are each a hydrogen atom or a
bréched 6t @ Riightchan e T 6 kyPgouls bul" R andR" Earfhidtbott 7 -
be a hydrogenatem:.38d.3. Process acceiding tolone or moie of Elamgzed
1-12, chayacierizeddn that an aldehyde RICHD inwhichRE g Vinyhok> _ox
CH3SCH2CH2-Is used.in a). 14. Process according to one or more o
Claims £13, 35¢haractén &d in M&ﬁﬁ% a-Keto atid ofthe b&eaﬁé?gle or
formula I} ¥eadkeforabthionine apEt dervatives therebs LiltaredRll is C2-Cs-
CH3SCH2EH2: andianyaddghyde R'CHO in which R1 = CH3SCH2CH2- is
reacted WO 2009/007193 PCT/EP2008/057334

11. Procesg according to one or more of Claims 1-7,
characterized in that the acid-catalyzed
golvolysis in o) is effected with a tricl
HOR® (CHCH)R’'’OH as the solvent where the R’ and
R’’’ radicals together are part of a branched or
straight-chain, opticnally substituted
Cy-Cg-alkanetriyl group of the general formula
-R*(CH-)R’ " 7.

12. Procesg according toe cone or more of Claims 1-7,
characterized in that the acid-catalvzed

golvolysisg in ¢) ig effected with an amine HNR'R’’
as the sclvent, in which R’ and R’’’ may be the
game or different and are each a hydrogen atom or
a branched or straight-chain C-Cg¢-alkyl group, but

R’ and R’’ cannot beth be a hydrogen atom.

13. Procegs according to one or more of Claims 1-12,
characterized in that an aldehyde R'CHO in which R*

ig vinyl or CH3SCHy;CH,- 1s used in aj.

14. Process according te one or more of Claims 1-13,
characterized 1in that the a-keto acid of the
general formula (I is  o-ketomethionine and
derivatives thereof, where R' is CHySCH.CH,, and an
zldehyde R'CHO in which R' = CHiSCH.CH.- is reacted
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- 32 with methylthiol in step a). 15. Process according to one or more of
Claims 1-13, characterized in that the a-keto acid of the 5 general

formula (1) is (x-ketomethionine and derivatives thereof, where R' is vinyl,
and theé oiphenaddition of methylthiol to acrolein takespptatrrr ey ak 1034
16. Intermediate of the formula (IV) 2R 44 RS SR (IV) in which 15
R1 is a branched or straight-chain CI-C18-alkyl, C5- C8-cycloalkyl, vinyl,
allyl, C6;G18-andr@1-G4ralkylene o G4-€9-heteroaryl-C1-C4-alkylene
group, where R1 is optionally substituted, 20 R2is -OR'''or -NR'R"" , in
which R and R" are the same or different and are each a hydrogen atom

of & -braREREE BF stfGitehad CLC6aky| GFoups HEnd " isehyisroger 2
atom, a dranchetkeriZezatraight-chai:C1tGl-alkyl 14e5-€8-gyclaalkylf  the
ally1 ccahenzy orqupmpiare aliglin Ko ' @l cod3 pHiggally o
substituted, or R™ is an alkaline metal jon, alkaljne earth metal'ion or a
mono- drHvalEhtiFsTsitibR FrEaEF ion "3thaRd R4 isitfie ¥&meor difféfentthe
and is athrapékedaddstraight-chainneptighallyisubstituted GG alkylakes

C5-C8-cycloalkyl allyl or benzyl group.

16, Intermediate of the formula (IV)

O
9
R 2
) .>8J\4R
RS “sR

in which

R* is a branched or straight-chain Cy-Cig-alkyl, Cs-
Cg-oyeloalkyl, vinyl, allyl, Cs~Cig-aryl-Cy-Cy-
alkylene or C;-Cs-hetercaryl-C;-Ci-alkylene group,
where R* is cpticnally substituted,

R* ig -OR’’’ ox -NR'R’’, in which R’ and R’’ are
the same or different and are each a hydrogen atom
or a branched or straight-chain C-Cs-alkyl group,
and R’’’ is a hydrogen atom, a branched or
straight~chain C;-Cg-alkyl, Cs-Cs-cycloalkyl, allyl
or a benzyl group, where alkyl in R/, R’'’ and/or
R’ 18 optionally substituted, or R’’’ 1is an
alkaline metal ion, alkaline earth metal ion or a

mono~- or divalent transition metal ion,

and R* is the same or different and is a branched
or straight-chain, optionally substituted Ci-Cg-
alkyl, Cs-Cyg-cycloalkyl, allyl or benzyl group.



WO 2009/007193 PCT/EP2008/057334 - 33 17. Use of a thiol of the
formula R4-S-H, where R4 is a branched or straight-chain, optionally
substituted C1-C6-alkyl, CS-CB-cycloalkyl, allyl or benzyl 5 group for
urip i P aliRdic and/or aromatic aldehydes. PCT/EP2008/057334

- 33 -

17. Use of a thiol of the formula R*-5-H, where R? ig a
branched or straight-chain, optiocnally substituted
C-Ce-alkyl, Cs-Cg-cycloalkyl, allyl or benzyl
group for umpcolung of aliphatic and/or aromatic
aldehydes.



