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 derivatives thereof. a-Keto acids
are important prod%%té%?d are used, 10 inter alia, for the supplementatjon of aming acids in the

_ treatment of chfon &? ffitire (Jungers et al., Blood Purificatioh I S%P %O 984514444 Clasen et
al., Med. Kiln. 1978, 73, 1403-1408). 15 The synthesis of a-keto acids has been described in various
ways in the literature, including by the reaction of a Grignard reagent with a dialkyl oxalate and
subsequent hydrolysis of the resulting ester to the free acid (Rambaud et al., Synthesis 1988, 564 and
20 Macritchie etestthddtrabedron: Resynireity:d99én3, 3895) kEhe adtitscatalyZzed bydrotysis of acyl
cyanides likewjge.affards.asketo acids .(Nozaki et al., Tetrahedron: Asymmetry 1993, 4, 2179). Eillek
reports the preparation of a series of a-keto acids. In this 25 preparation, alkylidenehydantoins are
hydrolyzed under basic reaction conditions (Eillek, Monath. Chem. 1961, 92, 343-352). a-Keto acids
can also Be prépareg-fregetite 30rcorresponding hidetyde andkcarbore tlioxidedsysan ufapolung

reaction. One meaps of subjecting the aldehyde todumpolung is,theformatipnof agyclic dithiane, from
which a carbaﬁiog“c%n be formed by ﬁprotopation with a strong base. This carbanion can

e
subsequently a ?5&%%%%@3{5% iXide. The cyclic dithiane is finally split under oxidative
conditions, for example with mercury salts, to give the desired a-keto acid. WO

2009/007193P& T P20080BT334{£H2) OSSR HRYG2u3t s and  are used,

10 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
et al., Med. Xlin. 1978, 73, 1402-1408). |

15 The synthesis of oa-keto acids hag been described in
varicus ways in the literature, including by the
reaction ©of a Crignard reagent with a dialkyl oxalate

and subseguent hvdrolysis of the resulting ester to the

free acid (Rambaud et al., Synthesis 1988, 564 and
20 Macritchie et al., Tetrahedron: Asymmetry 1997, 8,

3825) . The acidic catalyzed hydrolysis of acyl cvanides

likewige affords c-keto  acids (Nozaki et al.

Tetrahedron: Asymmetry 1893, 4, 2173). Billek resports
the preparation of a series of w-keto acids. In this

25 preparation, alkylidenehydantcins are hydrolyzed under
basic reaction conditions (Billek, Monath. Chem. 1961,
92, 343-352).

¢-Keto acids can also be prepared from the
30 corresponding aldehvde and carbon dioxide by an
umpolung reaction. One means of subjecting the aldehvyde
to umpelung is the formation of a cyclic dithiane, from
which a carbanion can be formed by deprotonation with a
strong base. This carkanion can gubsequently be reacted
35 with carbon dioxide. The cyclic dithiane 1s finally
split under oxidative conditions, for example with

mercury salts, to give the desired o-keto acid.



-2 (OH2),) CO2 S S base R1IXCO2H CO2H According to studies by Corey and Seebach [Corey
-et al., Angew. Chem. 1965, 77, 1134-1136 and Seebach et 5al., 0), Org. Chem. 1975, 40, 231-237],

ithi ically used . in order to synthesizecyclic dithioacetals (dithianes). This succeeds
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According to studies by Corey and Seebach [Corey et
al., Angew. Chem. 1965, 77, 1134-1136 and Seebzch et
al., J. Org. Chem. 1875, 40, 231-2371, dithiols are

mn

typicélly used | in order Lo synthegize cyclic
dithiocacetals ({(dithianes). This succeeds particularly
readily since the formation of cvelic dithianes
proceeds preferentially owing to the high thermodynamic
10 stability of the five- or six-membered ring formed. The
cyclization with dithiols 1 additionally preferrad
kinetically. Precigely this high stability, however, is
a serious disadvantage, since it complicates the
cleavage of the dithiane ring to an extreme degree, and
15 hence the release ©f the desired a-keto acid succeeds
onily under chemically severe conditions. The cleavage

£

©of the dithiane 1s normally brought about by an
oxidation process [Seebach, Synthesis 1969, 17-261.
Removal and reuse of the dithiol are thus no longer
20 possible, gince the sulfur, for the removal, ig
oxidized and then precipitated as a sparingly soluble
salt with mercury salts. Further disadvantages of this
process are the high costs of guitable dithiols, for
example, 1,2-ethanedithicl or 1,3-propanedithiol, and
25 the small amounts which would ©be available for
industrial scale use. Thege problems make the
industrial use of the above-described umpolung method

very unattractive.

30 The literature describes several examples for the
reaction of short-chain thiols, for example, methyl
mercaptan, with aldehydes to give the corresponding

thicacetals [Trofimov et al., J. Org. Chem. USSR 1972,



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 additionally
preferred kinetically. Préeﬂ)selﬁthis high stability, however, is a serigus zisadvan?ge since it
_complicates the ¢! aQ/ ge ot the dithiane ring to an extreme degree?gqﬁ B2 R085E t?:égr%ﬁease of the
desired a-keto .acid succeeds only under chemically severe conditions. The cleavage of the dithiane is
normally brought about by an oxidation process [Seebach, Synthesis 1969, 17-36]. Removal and

reuse of the dithiol &éthusFitlorte: PerFodsibrRE sinte the sUifurCfeithe réfoval li8 vidized and
then precipitated as . sparinglg sotulde salt with mescusy salise furtherdisadvatiages afithis process

are the high casfs,of siliable dilipls, for, pample. 1 2-ethancalitielgr b g brapengditiel, and 25 the

small amounts which wauld be available for industrial scale use. Thése problems make the industrial
use of the aboV&88¥Erfbed tHTEdTund fnefifotWers uritfactive. SOCFRE fieFauré HR%enses several
examplesFor théneeactioreof shat-chainthiolstfoi exampie, methys mercaptan, withnaldeliydes to give

the corresponding thieacetals [Typfimov-gf ak ). Qrg, Ghem, ISSR 197243 842036 apd Rothstein et

al., J. Chem. Soc. 1940, 1563]. In ad%itigqn, the use of these dit ioilcetals in umpolung reactions with
various electrophil8s is'krtwiT. FIGWEvEr thete s ofily’a Singlelitérature example 5 where an aromatic

thioacetal has been reacted successfully with CO2 in an umpolung reaction [Micetich et al.,

Heterocycles 198k 23285582} a-Ketemathiopineconstitytes an-exceptignal a-ketpacid, since it is

formed as.an intermediate in the organism.in the course of conversion of D-methioning.to
L-methichine. &-Ketémethionine |s“ob’ta|na%?e B‘y nuUMerous synfTﬁe§|s‘ foutes and Has beén described

in the literature> ¥ aBidiion 15everal SEHsTaRI 6theF ¥5 defiatmvese forlexaniple cRetometitionine esters,
are known from the: titefattite:<The procrssesnfor ipieparing a-ketwmetbioninerrinciple an be

divided into chgmical and bé'%pﬁ{gigggp@&g§%%s:&Q@)ggghggg%alggg&h@“%ggaMleglste“rhgnbtained the
lyze

sodium salt of a-ketomethionine in a yield of 77% by the oxidation, catalyzed by Lamiﬁoo‘xidases, of
methionine (Meistet 3 "8i6F Chenf 25766525 1987, 3085 B5eidre thaf Wielséhet alSShbied that the
aminooxidasesipreseat imvthe livef can ecrvert methioainetew:zketoimethiemne Waelsateet al., J. Am.

Chem. Soc. 193801, 2252). 30, Mogbach-gt al- dikewise describe thepreparation of akefomethionine
by the oxidation, %a%%l%zed by L-aminoagxidases, of methionine. In this preparation, immobilized

Providencia sp’ PCM 1588 telis #it& usad (MOSHESH Bt &1, EfdYme Micrdt: Tethriol. 1585, 4, 409).

chemical and biochemical proceszsges:
20 a) Biochemical syntheses:

Meigter obtained the sodium sgalt of o-ketomethionine in
a vield of 77% by the oxidation, catalyzed by IL-
amincoxidases, of methicnine (Meilster, J. Ricl. Chem.

25 1882, 187, 309). Before that, Waelsch et al., showed
that the aminooxidases present in the liver can convert
methionine to o-ketomethicnine (Waelsch et al., J. 2am.
Chem. Soc. 1538, 61, 225Z2).

30 Mosbach et al. likewlse describe the preparation of o-
ketomethionine by the oxidation, catalyzed by L-azmino-
oxidases, of methionine. In this preparation,
immobilized Providencia sp. PCM 1298 cells are used
(Mogbach et al. Enzyme Microb. Technol. 1982, 4, 409).

35
The disadvantages of the preparation of o~
ketomethionine or derivatives thereof with the aid of

biological systems, either using purified enzymes or



35 Thedisadvantagesofthepreparationofa- ketomethionine or derivatives thereof with the aid of

- biological systems, either using purified enzymes or - 4 - whole cells, are usually the relatively low
space-time yields and the technically complicated isolation and product purification. An_additional
_factor in the casd (?T%%ﬁ?fokﬁ&ﬁ%urity enzymes is that the developﬁ%llil{,gg %Pc? JivAH purification
of the enzymes is very expensive and complicated,sand the reuse of already used enzymes is usually
not possible. b)Chemical syntheses: 10 In 1957, Sakurai et al. published a first chemical synthesis
route for prepafing-c&kémethiofiie. ASHid k&y Step, meliifiively low space-time
a-methoxalyl-ysmhetligmeraaptaprepieratewas: hydrolyzegdwith silute hydeachiorieacighkb to
a-ketomethionine (Sakuraj et ak ;. Riochem., 1957, 44, 9,,557). Almast.at he same fime, Yamada et

al. published the same synthesis route after first attempts to repare 20 a-ketomethionine via an
a-oximo ester WhichHadBeeh Bhned astah iRteriiefate 2fforfed o reliRhPRAIFTiElds (Chibata et
al., Bull. Agr. GhemiuSod.cdapamiosy 2, 336) £ 25T hesgrocess disatasedby Sakurakand Yamada

has the great disadvaniage thatconsideraple ampunts of saltare formed, which make. ipdustrial scale

implementation ir’r;possible. In addition,"the,}synthe&s route is not atom-economic, since some of the
molecule is elifiiiated 30745 Earbon Hiokide in A8y ntissfs §tep-and is thus lost. An industrial scale

implementation of this synthesis route would therefore be too expensive and uneconomic. In the
patent application WQ-Q6nf2£h1 praparatinn:of o ‘

30
In 1957, Sakurai et al. publisgshed & first chemical
synthesis route for preparing ¢-ketomethionine. As the
key step, methyl a-methoxalyl-y-methylmercapto-
propionate was hydrolyzed with dilute hydrochloric acid
18 to a-ketomethionine (Sakurai et al., J. Biochem. 1957,

44, 9, 557).

Almost at the sgame time, Yamada et al. published the
same synthesis route after first attempts Lo prepars

20 o-ketomethiconine via an o-oximo ester which had been
formed as an intermediate afforded only relatively low
vields (Chibata et al., Bull. Agr. Chem. 8oc. Japan
1957, 21, 3367.

25 The process discloged by 8Sakural and Yamada has the
great disadvantage that consgiderable amounts of salt
are formed, which meke industrial scale implementation
impossible. In addition, the synthesis route is not
atom-economic, since some of the molecule is eliminated

30 as carbon dioxide in a synthesis step and is thus lost.
An industrial gecale implementation of this synthesis

route would therefore be tooc expensive and unscconomic.

In the patent application WO 06-72711 preparation of
35 «-ketomethicnine proceeding Ifrem butadiene was recently
published. In this preparation, butadiene is oxidized
selectively to the unsaturated monoepoxide and then

converted Co the corresponding 1,2-diol by an acid-



35 a-ketomethionine proceeding from butadiene was recently published. In this preparation, butadiene
is oxidized selectively to the unsaturated monoepoxide and then converted to the corresponding
1,2-diol by an acid-_ - 5 - catalyzed ring opening with water. The subsequent oxidation of the 1,2-diol to
the a,-unsatur:ﬂgd %Q%atéoa?c? %ﬁd the subsequent 1,4 addition of MESERANE 84 Sletdmethionine. S
This process has the disadvantage that expensive Butadiene is required as the reactant. It is probable
that the price of butadiene will again rise significantly in the years to come depending on the 10 price
of crude oil. A fifhek isstivahtdte oftheptocessiddderibed rPWO 06727 X1akis 2l fact that none of
the existing plasits wotdd:be sisablefor methiopinerey MHA proguction andtherefgresaw production
plants for every indivi process sie ibed would,have 15 to be puilt,. The synthesis route
described in W%%%;?%%%Ll%%ﬁay%%%g%%% fﬁe’\(/a%a-ﬁgt%%eltﬁ%ni%, v%ﬁic is GRS gbl%%nd very
difficult to isolate: EKSTGThBHIGHIRE and its derivatives, for example, its 20 salts or esters, are
particularlg important compounds, since they constitute alternatives to methionine and to methionine

hydroxy analog-{MEA) ﬁ@é@ggl fegd additives. %?i'@aﬁ%%%@lpht%a%' rep %]ggglq; ethe sodium
salt of a-ketomethionine can be used as a replacement for D,L-methionine, and that it accelerates the
growth of youngtafétRtdolptt et 29 BRS. Cifent Mfo43S#45 10). 3071t A&s BE&R &RaWn several
times that a-ketdraéthiohime carpprowvide the sulforrezireddor thelBidsynthesishof Lamiethionine and
L-cysteine (Sizex gt ak; Rouktry. Sci; 1964,44,,673; Bake et.ahPoultySei; 1975,54, 584 35and
Baker, J-W%Utr-pl@fgé 10{?f 1359?1.618

process described in WO 06-727211 ig the fact that none

oil. A further disadvantage of the

of the existing plants would be usable for methionine
or MHA production, and therefore new production plants
for every individual process step described would have
15 to  be buillt. The synthesis route degcribed in
WO 06-72711 always leads to the free o-ketomethionine,

which 1s unstable and very difficult to isclate.

c-Ketomethionine and its derivatives, for example, its
20  salts or esters, are particularly important compounds,
since they constitute alternatives to methionine and to
methiconine  hydroxy analog (MHERZ) as animal fesad

additives.

25 In 1942, Rudolph et al. reported that the sodium salt
cf oa~ketomethionine can be used as a replacement for
D,L-methionine, and that it accelerates the growth of
young rats (Rudolph et al., J. Biecl. Chem. 1942, 145,
2107,

30
Iz has been shown several times that o-ketomethionine
can provide the sulfur reguired for the biosynthesis of
L-methionine and L-cysteine (Sizer et al., Poultry Sci.
1964, 44, 673; Baker et al., Poultry Sci. 1975, 54, 584

25 and Baker, 0. Nutr. 1976, 106, 1376).

In addition, Baker and Harter were zble to show that

the calcium salt of o-ketomethionine has a relative



biological value with regard to the growth of chickens of 83% compared to L-methionine (100%) and
MBA (53%) (Baker and Harter, Proceedings of the Society for Experimental Biology and Medicine
1977, 156, 201). The relative biological value of various methionine derivatives, including
a-ketomethionine (90% compared to L-methioning), &as published by Baker in "Utilization of

Precursors for L-Amino,Acids" on page 39, The use qf a-ketomethionine.and of its salts and esters and
mides a5 an ARSI RLAEAA RIS SBATbeh i WO 06y 271, ADAHEL  BACkUFLR oF the

disadvantages ©f th83Fioranpeisssh disfechomiegreséntinvehtien ko pradiddldh impdved, more
environmentally frigndly, pragessirealizable an-aa drdustdal scale fof peepaingikato acids: especially
a—ketomethionige aéllg.itsed rg@ti%%%fg altegnaéiv% ) (r%rj&eﬁr%oggg or I\/HT% as 5‘5‘& al f%% additives.
This object is acﬁ%ve%l%ynt e process ordtllng to the disclosure. In afirst'aspect, there Is provided a
process for prepafift§ Blketo &cig afd CRtivatiVés HereoPsf the’g&rieraFfornTif& {1y OR4ME -7- in which
Rl is a branchedlkaristegight=ehainiGleCliiakkyl, 26-28+bmychatkyl, vinyl (alyd, compared

26-210-ary|-21E%4-aIkﬂl_q{@tﬂigﬁgq@s t,)enlefag 24-%%@5@3@@-& 4-glkgggjggjgroug,lpreferably

4-imidazolylmethylene or 3- indolylmethylene, where R2 is optionally substituted, 10 R2 is -OR™ or
-NR'R", in which®RandFRE nitly belthd S&meicitifferéfittant B EaRh Ahydfogen™atdifi ¥t a branched
or straight-chaia221-C6-alkyl group, and R™ is a hydrogen atom, a branched or straight-chain 21-2s
-alkyl, 25-28-cycloalkyl, allyl or a benzyl group, where 15 alkyl in R', R" and/or R™ is optionally
substituted, or R™ is an alkaline metal ion,@l.kaline earthén%tfl ion or a mono- or_divalent transition

i tom,

metal ion, R3 is fHe SHifie %F difrerE ARt Jaoﬁﬂﬂfgggﬁl 4585 by &Feaa&dst%sf&ﬁ?c%ain
21-C3-alkyl, allgher eabeniss grosip arhera diigd addiod basdl Isiastiohallydsastiihed, okthe two R3
radicals togethgpargs22-28+alkanediyl and together form a ring, or the two R3 and R™ radicals
together are part of a 23-28- 25 alkanetriyi group of the general formula -R3(CH-)R™ and together form
a bicyclic group, :

Against a background of the disadvantages of the prior

art, it 1s an ocbiject of the present invention to
provide .an improved, more environmentally friendly,
process realizable on an industrial scale for preparing
keto acids, especially o-ketomethionine and its
derivatives, as alternatives to methionine or MHA as

animal feed additives.

This object is achieved by the process according to the

disclosgsure.

In a first aspect, there 1is provided a process foxr
preparing o-keto acids and derivatives thereof of the
general formula (I) or (IT)

1 1
R
RZ R R2
3
O RO OR®

(x) (z1)



wherein 30 a)an aldehyde 12121-10 is reacted with two identical or different thiols of the formula
R4-SH, in which R4 is a branched or straight-chain, optionally substituted 21-06-alkyl,

25-28-cycloalkyl, allyl or benz oup to give the corresponding 35dithioacetal, hosgene,
_chloroformic egfgrszlé) Fril/é'gésters or dialkyl carbonate in the p?@rﬁ:%%%?s’tpﬁ gse and after
hydrolysis to give the a,a(dlthlo)carboxyllc acid orderivatives thereof of 5the formula (lII) in
which Rs may be a hydrogen atom or a branched 10or straight-chain 01-Cs-alkyl group and the R4
and RI radicals are each as defined above, and c)the a,a-(dithio)carbOxylic acid or derivatives thereof
of the formula @H) ate:eenverted 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 gfsneral formula (1) orc(ill).
is & branched or straight-chain € -Cig-alkyl, Cg-Cy-

5 cycioalkyl, vinyl, allyl, Cg-Cigraryl-C;-Cyi-alkyliene,
preferably Dbenzyl, or ;-Cs-hetercaryl-C.-Cs-alkylene
group, preferably 4-imidazolyimethylene or 3-

indolylmethylene, where R* is optiocnally substituted,

10 R® is -OR’’’ or -NR’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;-Cs-alkyl group, and R’ ‘7
is a hydrogen atom, a branched or straight-chain C.-Cs-
alkyl, Cz-Cg-cycloalkyl, allyl or a benzyl group, where

15 alkyl in R, R’’ and/oxr R’‘’ is optionally substituted,
or R’’’ is an alkaline metal ion, alkaline earth metal

ion or a mono- or divalent transition metal ion,

R® is the same or different and is a hydrogen atom, &
20 branched or straight-chain C;-Cs-alkyl, allyl or a
benzyl group, where alkyl and/or benzyl is optionally
substituted, or the two R® radicals together are
Cy-Cg-alkanediyl and together form a ring, or the two R’
and R’’’ radicals together are part of a C3-Cg-
25 alkanetriyl group of the general formula -R*(CHE-)JR’’’

and together form a bicyclic group,
wherein

30 a) an aldehyde R'CHO is reacted with two identical or
different thiols of the formula R*-SH, in which &*
1s & Dbranched or straight-chain, cptiocnally

substituted C;-Ce-alkyl, Cz-Cg-cycloalkyl, allyl or

benzyl group to give the corresponding
35 dithicacetal,
b) the dithicacetal formed reacts with carbonyl-

containing electrophiles such as carbon dioxide,



20 The radicals mentioned under R1 may optionally be substituted by -SH, -SCH2, -COOH, -CONRZ2,
-OHO, guanidyi, -OH, -NRIR" or -SS-0H2-C(H)NE(2-CO2H, where R' and R" are each as defined
above. 25 R1 is preferably vinyl or a branched or straight-chain, optionally substituted C,-08-alkyl,
_preferably vinﬂc}érzaolg%?é%ay i straight-chain, optionally substitu?e%mé’f}i%ﬁqgl%loéﬂc?pés methyl,
ethyl, n-orooyl, i-propyl, 30 n-butyl, sec-butyl and-teet-butyl. - 9 - R2 is preferably -OR™ , in which R™ is
a hydrogen atom or a branched or straight-chain C1-C4-alkyl group. R3 is independently preferably a
hydrogen atom or a bp@ssHERn6r straightehiiT, optorkily substitaredrotozmalkylegoep;sespecially
i-propyl or i-butyl, or the twa R3+adicalsrtogathies amnC264-alkanadiyl ang-together-farm a ring, or
the two R3 and R™ ra%%;sals togg;%er ate part olfqa 36§6éalléanq_:[;1yl roup ofi@ﬁ%ger&erg[formula
-R3(CH-)R™ and toget ereform‘a icyclic grpup.}ﬁ IS reflerably‘r’net% of ethyl, espeéially methyl. In
the process according t- fHe- @isERSARA AGhcFElicditioadetal iEihitiaty forkreasaiepd)). The
dithioacetal obtained trha) iScdhentanyerad by an umpolung reaction with a carbonyl-containing
electrophile, for example, carbon dioxide, phosgene, chloroformic esters, orthoformic esters or dialkyl
carbonate (step b)) in the presence of a base to an a,a-(dithio)carboxylic acid or derivatives thereof.
The electrophile used is preferably carbon dioxiﬁde, ich can be used in the form of a gas, solid (e.g.
dry ice) or liquid (in supercritical form or as a s@lvent}.For the deprotonation which is effected first in
b), bases whose corresponding acid has a pK. valte of S0 are particularly suitable. Preferred bases
here are alkyllithium compounds, especially rB@utyII@rﬁum and tert-butyllithium, and also metal amides
and hydrides, especially sodium amide and sodiw&?x ride, and also metal hydroxides or carbonates
alone or in combination with chelating ligands, for example, crown ethers, preferably potassium
hydroxide or potassium carbonate with 18-crown-G. - 10 The deprotonation in b) with the
aforementioned bases is preferably performed in aprotic organic solvents or

in which R® may be a hyvdrogen atom or a branched

10 or straight-chain C;-Cg-alkyl group and the R* and

R* radicals are each as defined above, and

c) the @a,c-{dithio)carboxylic acid or derivatives
therecf of the formula (III) are converted by

15 acid-catalyzed solvolysis in the presence of at
ieast 1 melar eguivalent of water with release of

thiols of the formula R*SH to give the o-keto acid

-

or derivatives theresof of the general formula (I}

or (II).
20
The radicals mentioned under R' may optionally be
gubstituted by -SH, -5CH,, -COOH, -CONHz, ~-CHO,
guanidyl, -0OH, -NR'R’'’ or -88-CH,-C(H)NH,-CO.H, where R’
and R’' are each as defined above.
25

R* is preferably vinyl or a branched or straight-chain,

optionally substituted (;-Ce-alkyl, preferably vinyl, or

a branched or straight-chain, optionally substituted

Ci-Cs-alkyl such as methyl, ethyl, n-propyl, i-propvl,
30 n-butyl, sec-butyl and tert-butyl.

R* is most preferably vinyl, on-propyl or @ 2-
1,

(methylthio)ethy egpecially 2- (methylthio)ethyl.



in liquid supercritical carbon dioxide or in liquid 5 ammonia. Particular preference is given to ethers

- such as tetrahydrofuran, alkyl sulfoxides, such as DMSO, aromatic compounds such as toluene,
aliphatic and cyclic alkanes such as n-hexane and cyclohexane, and alkylamides such as DMF. 10 A
temperature of -80C to 100C, preferably of -30C to 25C, is advantageous for the reaction. The

hydrolysis is effected prefergg%gfque%% 15 solutions Iiln, totl(]a pgl range of 1-141;1 g(rjeferably in the
Y

range of pH 1-§orjp1g—l RI3HR gene¥a|,'t e hydfOIyJSIHS takesplace at terﬁ“psera ureg of 20¢C to 100C,

preferably of 0 #-@0COR0 He¥eardreth StEpL) rhbHtid-chriyr et sélvoRie df tHEoup -

a,a-(dithio)carboxylic acid or derivatives thereof formed in b) is effected with release of thiols or salts

thereof, and the product,.depending. i ch e sol e ple, be the
free a-keto acid and Salts ?h%rgg#(l%’l%i%to éjs?tee%re}ggr?%lﬁgo %mi, ‘e% 5 %%%ﬂi%t\:/%v.e)%ﬂhé a-keto acid
or a ketal derivREFEERER a- 1o esteF tseE&Is6 3R AEme). 3B SENGLi¥ is (HHPSOEH t5thean the
reaction of the a;a-(dithip)sarboxybmacid aithdhe sblventifosexampleplydiolysis (ith water). The

solvolysis is effegied geperally qa{g%%turggé)é %@Cég@ogb p@teéggyxrgég%Sogander acidic

catalysis. Preferred catalysts are, for example, pars- toluenesulfonic acid, C.FSO3H, and also mineral
acids such as HEIHF 504 CaFstng TRganiCacidefhithardt ndEAudieophiliea i cals
together are part of a C;-Cg-alkanetriyl group of the

general formula -R3{(CH-}R" '’ and together form a

bicyclic group.
R* is preferably methyl or ethyl, especially methyl.

In the process according to the disclosure, a noncyclic

dithiocacetal is initially formed (step a)).

The dithioacetal obtained in a) is then converted by an
umpolung reaction with a carbonyl-containing
electrophile, for example, carbon dioxide, phosgene,
chleroformic esters, orthoformic esters or dialkyl
carbonate (step b))} in the presence of a base to an
o,e- (dithioc) carboxylic acid or derivatives therecf. The
electrophile used 1is preferably carbon dioxide, which
can be used in the form of a gas, solid (e.g. dry ice)

or liquid {in supercritical form or as a solvent).

For the deprotonation which is effected first in b},
bases whose corresponding acid has a pK, value of > 20
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 also
metal hydroxides or carbonates alone or in combination
with chelating 1ligands, for example, crown ethers,
preferably potassium hydroxide or potassium carbonate

with l8-crown-6.



The thiols of the formula R4SH formed may be removed from the reaction mixture by a vacuum, by
-introducing 5 inert gas or by another suitable separation process, for example, phase separation,
crystallization, comzplexf rmation or precipitation, and recycled, and hence subsequentl
“umpolung readldn” EOZR 01642 FASH RS, ,SR CO2 KS SR’ RH: @?ﬁ&fézﬁsﬁﬁﬁ
embodiment, water is used as the solvent in the-acidr-catalyzed solvolysis in c), in which case the free
a-keto acid of the formula (I) in which R2 = OR™, 15 R™ is a hydrogen atom and R1 is as defined
above, is formed.

53

1ic

1k

20

25

30

The deprotonation in b) with the aforementioned bases
is preferably performed in aprotic organic sclvents or
in liguid supercritical carbon dioxide or in liguid
ammonia. Particular preference ig given to ethers such
as tetrahydrofuran, alkyl sulloxides, such as DMSO,
arcmatic compcunds such as toluene, aliphatic and
cyclic alkanes such as n-hexane and cyclohexane, and

alkylamides such as DMF.

A temperature of -B809C to 100°C, preferably of -30°C to

25, is8 advantageous for the reaction.
g

The |hydrolysis is effected preferably in aqueous
solutions in the pH range of 1-14, prasferably in the

rangs of pH 1-4 or pH &-13.

in general, the hydrolysis takes place at temperatures
of ~20°C to 100°C, preferably of 0 to 30°C.

Thereafter, 1in step <), the acid-catalyzed solveolysis
of the @o,c-{dithio)carboxylic acid or derivatives
therecf formed in b) is effected with release of thiols
or salts thereof, and the product, depending in each
case on the solvent used, may, for example, be the free
o-keto acid and salts therecf, an a-ksto ester, an o-
keto amide, a ketal derivative of the o-keto acid or a

ketal derivative of the ¢-keto ester (see also scheme) .

Solvolysis is understood to mean the reaction of the
¢,0-(dithio)carboxylic acid with the solvent, for

example, hvdrolysis {with water) .,

The sclvolysis is efiected generally at temperatures of
20°C - 200°C, preferably at 50-150¢C, under acidic
catalysis. Preferred catalysts are, for example, para-
toluenesulfonic acid, CF.8C3H, and also mineral acids

such as HCl or H;80;, or strong organic acidsg which are

reused in the
10 In one



In an alternative embodiment, in the acid-catalyzed solvolysis in c), an alcohol R™OH in which R™ is a
.20 branched or straight-chain C1-08-alkyl, Cs-C8- cycloalkyl, allyl or benzyl group, and alkyl is
optionally substituted is used as the solvent, in which case the a-keto ester of the formula (1) in which
'R2 = OR" and 'Bt" £°45 48fifetf ereinabove and Rl as 25 specified GB6FFRBFARE7 232 - In a
further alternative embodiment, in the acid-catalyzeghsolvolysis in ¢), a diol HO-R3-0H where R3 is a
branched or straight-chain, optionally substituted C2-C8-alkanediyl group is used as the solvent, in
which case a cjéfic-ketal6P@efdarAula (I1) in which R2 = OR™ where R™ = H, R3 is as defined
hereinabove and RI as specified above is formed. In a further alternative embodiment, in the
acid-catalyzed olysis in ¢) a triol of the formula H HOHr)TR?'" H.in WCfIéch the R3 and R™ radicals
together are pa?%% af\{glrfacrg\%ée? c%rr s%%?ghetégﬁg}ﬁf 8‘pt%n%a y &ibstitited 03- f?alléaen%?ﬁgﬁ%roup of the
general formula TR3(CHIFR' LG4 Bsédas THe SoveNtlI WhichecaseTa bieycliéKeraldstamss the formula
(I), in which R2 =@R"', F'% antkRdare eachias-definad heteinabeye aad-Rh arerspesiied above is
formed. In a further alterpative 6@999@%@1@@1@9f&@,-%@ﬁ%ﬁﬂ%ﬁ%m Clghsrape INRRY in

which R' and R" may be the same or different and are each a rogen atom or a ed or
straight-chain CPEEakGTgrétip, Wiée R dritF R®Banndfothtse EhyRFogeABom: #i68ed as the
solvent. In this sabecarnantide of thesfermuta (Hien whichi R2e= ME.Rand.R' and R" are each as
defined hereinabove is formed. In the process according to the disclosure for preparing a-keto acids
and derivatives thereof, the dithioacetal fosmed in a) also functions as a protecting group which, after
the addition of carbon dioxide (b)), can be removed again ieéhgpresence of an acid by
solvolysis(c))under reduced pressure or by introducing ari'ineft gas, for example nitrogen. It is
advantageous that the thiol released c the,nobﬁ recycled and reused by means of a circulation
process. - 13 - In the case of a-ketomethighin& it may be advantageo% to prepare the dithioacetal in

a) either by reacting 3- (methylthio)proparal (= 3-methylnﬁercaptoproploﬂnyﬁ@%(MMP)) with
methylthiol (MeSH) or directly from acrolein bythe triple dddition of figthylthigt*3 MeSH MeS
i

o 4 4 4
o pgH RS R CO 4 4 1 .
S BB PSR T RS SR R congr
R H R H £>< \WT

basge R CDJ%

- / F \ R__com

R CO,R ; 3>< 3

> i RO" OR
HC  OR i
N COR
: 3
RO OR
10

In cne embodiment, water is used as the golvent in the
acid-catalyzed solvolysis in c), in which case the free
a-keto acid of the formula (I) in which R? = CR'‘‘,
15 R’’’ is a hydrogen atom and R' is as defined above, is

formed.

In an alternative embodiment, in the acid-catalyzed

solvolysis in <), an alcohol R'‘''CH in which R’’’ ig a
20  branched or straight-chain C1=Ce-alkyl, Cy-Cpg-
cycloalkyl, allyl or benzyl group, and alkyl is

opticnally substituted is used ag 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* as

25  gpecified above 1z formed.



2 MeSH Me 0 Me = methyl- Compared to the prior art, the process according to the disclosure allows
the preparation of a-keto acids or derivatives thereof in a higher yield,which constitutes a great
economic advantage. In addition, it is possible in the process according to the disclosure to continue to
use;hlehexlisting plants for preparing 3-(methylthio)grépanal, i.e. the plants for preparing acrolein and
methylthiol, in contrast tg the process_disclos d in WO 0 711, The rocess.according to the
disclosure is additiofall Wfb eﬁt%ﬁ;?ﬁlendjry, Since gr ﬂ‘gerence fs gplven t%%ﬁ%smgégar on dioxide as
a C-1 unit, andcherckyemiriinny wd ghrhatelsroection (Kyoté PiSoRoN Hh edtisst B tHeprocess
described in WO 06-22¢Hetor piepasngaketomeibionine proceedinglfjomsutiadienerth process

according to thg dIéC|O ure haglléélaflglgm% fl | gté/d&gge (?91@ tggf\)g;}g ac%ﬂg@j@}g also all
a [

derivatives, for éxarﬁp?e Stars eicrcan be prepared rectly In a second aspect, there is
provided an intéAfiediate &Yﬁéfd?md?&?l% of ‘the forRy¥es sHEY) 1o which

R? = OR' '’ where R''’' = H, R® is as defined hereinabove

and R’ as specified above is formed.

In a further alternative embodiment, in the acid-
catalyzed sclvolysis in c¢) a triol of the formula
HOR (CHOH)R’ /7 OH in which the R’ and R'’’ radicals
together are part of a branched or straight-chain,
optionally substituted Cs;-Cg-alkanetriyl group of the
general formula -R*{CH-)R'’’, is used as the solvent,
in which case a bicyclic ketal ester of the formula
(II), in which R?® = OR'’7, R'’’ and R® are each as
defined hereinabove and R' are specified .above is

formed.

In a further alternative embediment, in the acid-
catalyzed solvolysis in c), an amine HNR/ R"7, in which
R* and R’ may be the same or different and are each a
hydrogen  atom  or a Dbranched or straight-chain
C,-Ce-alkyl group, where R’ and R’ cannot both be a
hydrogen atom, is used as the sclvent. In this case, an
amide of the formula (I), in which R? = NR'R’ and W

and R'’ are each as defined hereinabove is formed.

In the process according to the disclosure for preparing

a-ketc acids and derivatives thereof, the dithioacetal
formed in a) also functions as a protecting group
which, after the addition of carbon dioxide (b)), can
be removed again im 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 thiol released can then be

recycled and reused by means of a circulation process.



in which is a 2-(methylthio)ethyl group, R2 is -OR™ , and R™ is a hydrogen atom, a branched or
straight-chain C1-C8-alkyl, C5-C8- cycloalkyl, ally' or a benzyl group, or R™ is an alkaline metal ion,
alkaline earth metal ion or a mono- or divalent transition metal ion, and R4 is the same or different and
is a branched or straight-chain C1-05-alkyl, C5-C8-¢éycldalkyl, allyl or benzyl group. The disclosure

further provides the intermediate of the farmula (1V),_ .- 14a -.Rl is_a branc ight-¢hain

C1-C18-alkyl, §- si%?/cl%%ﬁ(?/l,%ﬁyﬁgﬁe%%?% 6-%%%%1—(%4%?&%&?%%%%%%%&%%&% or

C4-C9-heteroafyl DISREAKyIEHe GHotpieRESEBIY LinfazélyisthylBiie Fﬁ@ﬁﬁ@&ylgﬁ"ethylene,

where Rl is optiaraltysubistitieddpé iss DR =0r3 Nkt Ry imeshicipRoand R onayl Ge tlyeisame or

different and ar qa hydrogen %tﬁghgﬁ_ag%richeql@ég%?igh%@airhq:lfgg@!w groMp, and R™ is a
[ Ikyl, C5-

hydrogen atom, a branched or straight-chain C1-C8alkyl, C8-cycloalkyl, allyl or a benzyl group,
where alkyl in REIRL §AdHoP R 8% ptishRHFs Ottt a o PR T AR a8 metal ion, alkaline earth
metal ion or a mono- or divalent transition metal ion, and R4 is the same or different and may be a
branched or straight-chain, optionally substituted C1-C6-alkyl, C5-C8-cycloalkyl, allyl or benzyl group.
Preference is given to disclosed intérmediates of the formula (IV), in which Rl is optionally substituted
- 15 - C1-C4-alkyl, especially CH3SCH2CH?2. The disclosure further provides for the use of a thiol of
the formula R4-S-H, where R4 i la bratiched or-staigiht-chain,optionally substituted C1-C6-alkyl,

MeSWSMe
MeS ////jy éMe
\q 2 MeSH

O

Me = methyl-

Compared to the prior art, the process according to the
disclosure allows the preparation of a-keto acids or
derivatives thereof in a higher vield, which

constitutes a great economic advantage.

In addition, it is possible in the process according to
the disclosure t¢ continue to use the existing plants

for preparing 3- {(methylthio)propanal, 1.e. the plants
for preparing acrolein and methylthiol, in contrast to
the procesgs disclosed in WO 06-72711.

The process according to the disclosure is additionally
environmentally friendly, since preference is given to
using carbon dioxide as a C-1 unit, and hence

contributes to c¢limate protection (Kyoto Protocol).

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

the process according to the disclosure has a high



C5-C8-cycloalkyl, allyl or benzyl group for umpolung of aliphatic and/or aromatic aldehydes. Examples
Example 1: Preparation of 1,1,3-tris(methylthio)propane (2) from 3-(methylthio)propanal (1) 2 MeSH
0SMe (1)(2) Me = methyl 3-(methylthio)propanal(1)(1.44 mol,150 g)was saturated at 0C with HC1 (g)
and then added dropwise directly to MeSH (6.25méF 300 g) at OC over a period of 30 minutes. The

reaction mixture was heated to 20C and stirred at 2000 for 24 h. After the excess V%e had been
removed underg rle%%:%éip%%@urg} &%ear%%acf)?s?fsg Swed teet%llg‘v%f“ng 6?%382?3&% utglcl)l_lns:o91%

thioacetal (2) and189si8 ikhyHiR6)probahal CEREDY Surfhet Phfificatidh2this mkkte wédissolved in
diethyl ether anxkwashed vat a1 30%-agyeous sodium pyrosulfite (Na2S205) solution. After phase
separation, the organic phase was dried over MgSO4. After the solvent had been - 16 - removed, the
thioacetal (2) was obtained as a pale-yellow colored oil (168 g, yield = 64%, GC purity = 98%). SNMR
of 1,1,3-tris(metfylthiof5ipaRe BIRS6F MHAE0125 sRrov1de8s #l, A4 EEBs B 2E%s, oH, 3 x
SCHZ2), 2.71 (tc3) £He3 Hzr@idl SHAV 8.83 (t, 3J = 7.3 Hz, 1H, CH) 10C NMR of
1,1,3-tris(methylthio)propane (2) (125.8 MHz, CDC12: 8 =12.6 (2 x SOH,), 15.5 (SOH,), 32.0 (CH2),
33.9 (CH2) , 53.0 (C (SCH3)2) Example 2: 15

in which
R' is a 2-{methylthio)ethyl group,

R? 4is -OR''’, and R’'’ is a hydrogen atom, a
branched or straight-chain C:-Cs-alkyl, C5-Cg-
cycloalkyl, allyl or a benzyl group, or R’ is an
alkaline metal ion, alkaline earth metal ion ox a

mono- or divalent transition metal ion,

and R? is the same or different and is a branched
or straight-chain C;-Cs-alkyl, Cs-Cg-cycloalkyl,
allyl or benzyl group.

The disclosure further provides the intermediate of the
formula (IV),

O
R
2
4 AR
RS "SR
(1V)

in which



Preparation of 1,1,3-tris(methylthio)nropane (2) from acrolein (3) 3 MeSH SMe (3)(2) 20 Acrolein (3)
(89 mmol, 5.0 g) was added dropwise at -78C with ‘stirring to MeSH (358 mmol, 17.2 g), which had
been saturated with HC1 gas at OC, over a period of 15 minutes. This mixture was heated slowly to
20C 25 and then stirred further at 20C for 24 h. Aftérf@&moval 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 over MgSO4. 30 After
distillation (88CRat 1.2 mbabrtrecherd thivacetald2pias obtdinedas@ pate-yellow €slofed oil (11.4 g,
yield = 70%, GE purity T18800). The NMR - 1A 1 gharacterizationgave.the sgmerdataasdn Example 1.
Example 3: 5 Prfeﬁ) atio%ff 2,2.4-ris ethylthio)thQQoLc‘}laqu é@ %Erpgo_lléng rgja{ct'ion of
1,1,3-tris(methyl %;%%par?é (??;7 With dry ice (002) 4~ —° T EFEEeS 1TeTaLRyLene

group, preferably 4-imidazolylmethylene oxr 3-

indolylmethylene, where R® is optionally substituted,

R? is -OR' '’ or -NR'R'’, in which R and R’ may be the
gsame or different and are each a hydrogen atom or a
branched or straight-chain (;-Cg-alkyl group, and R 7’
is a hydrogen atom, a branched or straight-chain C;-Cs-
alkyl, Cs-Cg-cycleoalkyl, allyl or a benzyl group, where
alkyl in R, R’ and/or R''" 1is optionally substituted,
or R’’’ is an alkaline metal ion, alkaline earth metal

ion or a mono- or divalent transition metal ion,

and R* is the same or different and may be a branched or
straight-chain, optionally substituted C1-Cs-alkyl,
Cs;-Cy-cycloalkyl, aliyl or benzyl group.

Preference is given to disclosed intermediates of the
formula {IV), in which R* is optionally substituted



(2)(4) 10 In a three-neck flask under a protective gas atmosphere, 1,1,3-,s(methylthio)propane (2)
(3.65 g, 20 mmol)wasdissolvedin50 mlofabs. THF. Subsequently, at -20C, a butyllithium solution in 15
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 continuéd at this temperature for a further 2 h, anhydrous
dry ice (002, 10,9) which._had been washed befarehand.in 20 abs. THF was added in portions at -70C.
The reaction s&bfig\fffv%a%{ }%%weec? g%%v};‘ﬁg %0 aar%?gzﬁg% aqueous KOH solution (80 ml) was added.
After phase separation, the organic phase was washed with 10% aqueous KOH solution (2 x 50 ml)..
The combined RQE phaseswere 25 washediwith tirtbykrether $3 xu3mi¥aad ther adjusted
cautiously to pl(—)l tl WE gon%b@%&l\ghil%eggl_i@% qu&grloguck\;Na;sL gxtrgcte%\g%g%ﬁhyl ﬁher (3x50
n [

ml). The combined ether phases were subsequently dried over Na2S0O4 and, after filtration,
concentrated oft FotERY 3T BFpbratorP P 2Radhikthy RMBSbutanGie Acid () Wasddbtdihed as a
yellowish oil (4@ gryietsr =190k wihick tyglallizedistowty Whendeft tE standmpd BuritH WE

of2,2,4-tris(me@y!{tﬁ@£@gng&qa iQ(:A')aI@HQM'E'Z’a%ﬁ@&@s:. 2.12 (s, 6H, 2 x SCH3), 2.14 (s, 3H,
80H3), 2.22-2.26 (M, 2H, CH2), 2.67-2.70 (m, 2H, 50H2) n NMR of 2,2,4-tris(methylthio)butanoic

acid(4) (125.8 MHz, CDO13): 6 = 12.5(2 x SCH3),15.6(0-5), 29.7 (0-3), 34.6 (0-4), 63.5 (0-2), 175.3
(00214) 10 Examples

Example 1:

Preparation of 1,1,3-tris(methylthio)propane (2} £from
3- (methylthio) propanal (1)

MGSWH 2 MeSH Mes\/\/smé

O SMe
(1) (23
Me = methyl
3- (methylthio)propanal (1) (1.44 mol, 150 g) wasg

saturated at 0°C with HCI (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 dissclved in diethyl
ether and washed with a 30% agueous sodium pyrosulfite
(Na,S$,0s) solution. After phase separation, the organic

phase was dried over MgS80.. After the solvent had been



Example 4: Preparation of calcium 2,2,4-tTis(methylthio)butanoate (5) from the corresponding
a,a-(dialkylthio)carboxylic 15acids (4) [HSCO2 MeS 2 (4)(5) 16.6 g
of2,2,4-tris(meth Ithio(?butanoicacid(4) 20 (73.3 mmol) were dissolved in a mixture of 140 ml of H20
and 35 ml of allGtohR? &(B8EdFehtly, a solution of 6.2 g of calcium BEEHEEF99R] BRADD4mI of H20
~was slowly added dropwise at 20C with vigorous stiting. After a short time a white solid precipitated
out which 25 was filtered off after 30 minutes. The resulting white solid was washed twice with 200 ml
of H20 each tirengherrwitht260 nilofaretorrel and200walof dibtiwd etver, and drigokiha-drying
cabinet. A total,efi 164 g-of caleium 2:214-tistpethylthiobutanaate £5) 30GM :ﬁl@pﬁglmgl, yield =
98%) were iso gq. WO 2009/007193PCT/EP2008/057334 - 19 - (500 MHz, DMSO-D6): 8 = 1.93 (s,
6H, 2 5CH3), 1.95°1.99 (m, 2H, CH2), 2.05 (s, 3H, SCH3), 2.52-2.55 (m, 2H, CH2) Example 5:
Preparation of 2,2,4-tris(methylthio)butanoic acid (4) by umpoluna reaction of
1,1,3-tris(methittio)jpropane (2)1with gasequs €Q2 thic) propane  (2) (500 MHz,

ChCls): 6 = 2.01-2.05 (m, 2H, CH,), 2.11 (s, O9H, 3 x

SCH:), 2.71 (¢, *J = 7.3 Hz, 2H, CHy), 3.83 (f, 37 =

7.3 Hz, 1H, CH)

10 YC NMR of 1,1,3~tris{methylthic)propane (2) (125.8 MHz,
CDCls: 8 = 12.6 (2 x 8CHy), 15.5 (SCHy), 32.0 (CH.) ,

33.9 (CH,}, 53.0 (C({SCHsz)z2)

Example 2:

15
Preparation of 1,1,3~tris(methylthio)preopane (2) from
acrolein (3)
1
3 MeSH MaS SMe
: " R \\//\\T/
| She
(3) (2)
20
Acrolein (3) (8% mmel, 5.0 g) was added dropwise at

-78°C with stirring te MeSH (258 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
25 and then stirred further at 20°C for 24 h. After
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
separaticn, the organic phase was dried over MgSC,.
30 After distillation (88°C at 1.2 mbar), the pure
thicacetal (2) was obtained as a pale-yellow colored

oil (11.4 g, vield = 70%, GC purity = 98%). The XNMR



002H MeS SMe (4) In a three-neck flask under a protective gas atmosphere,

- 1,1,3-tris(methylthio)propane (2) (3.65 g, 20 mmol) was dissolved in 50 ml of abs. TH7. 75
Subsequently, at -20C bu,tyllit_hium solution in n-hexane (14 ml, 1.6 M) was slowly added dropwise

~ with stirring. In‘%ﬂe%%%??eogf 1%1?53 the solution turned bright yellow. %?%4 ﬁ?rﬂ%sl'{gggééﬁ continued at
this temperature for 2 h, gaseous dry CO2 was passed-20 through via a frit at -70C over a period of 30
minutes. The reaction solution was thawed slowly until a temperature of 20C was attained, at which a
10% aqueous REFE 36kA6R 180 MIFwWaE Hddelds AfRFphase separatibnEfEBrganic-phase was
washed with 10% 25 aqueous ROE solution (2 x 50 ml). The combined ROE phases were washed
with diethyl ether (3 .30 ml) and then adjusted cautiously to pH 1 with conc. HC1 while cooling. The
product was extracted with diethyl ether (3 x 50 m1). The combined ether phases were 30

~ subsequently dried over Na2504 and, after filtration, concentrated on a rotary evaporator.

2,2, A-tris(methyiteip¥outanoic acid (4),was obtairechashv2@ hayellowishoii(4. 1agryield £90%),which
crystallized sloyly %@@T}g stand-fhe NMR-characterizafion gave the.same 9@@33%@ Example 3.
5 Example 6: Pfreé)aratlﬂ n o# etomgth-oni e isopropyl ester (6) by removal of thé thiol from

2.2, 4-tris(methyhio)-outafGié ajc?a”(4é%9 the presence of isobropanol 10

MES\/YSMQ CQ, MeS COH
T

h-Bubi
She : MeS  SMe

10
In a three-neck flask under a protective gas
atmosphere, 1,1,3-tftris(methylthioc)propane (2) |
20 mmol) was dissolved in 50 ml of abs. TH

Subseguently, at -20°C, a butyllithium solution in

)
[543

n-hexane (14 ml, 1.6 M} was slowly added dropwise with
stirring. In the course of this, the solution turned
bright vellow. After stirring had been continued at
this temperature for a further 2 h, anhydrous dry ice
(COs, 10 g) which had been washed bheforehand in
20 abg. THY was added in portiong at -70°C. The reaction
solution was thawed slowly to 20°C and a 10% agueous
KOH soluticn (80 ml) was added. After phase separation,
the organic phase was washed with 10% agueous
KOH solution (2 x 50 ml). The combined KOH phases were
25 washed with diethyl ether (3 x 30 ml) and then adjusted
cautiously to pH 1 with cenc. HC1 while cooling. The
product was extracted with diethyl ether (3 x 50 ml).
The combined ether phases were subsequently dried over
NapS8C, and, after Ifiltration, concentrated on a rotary
30 evaporator. 2,2,4-tris(methylthio)butancic acid (4] was
cbtained as a vellowish ocil (4.3 g, vield = 95%}), which

crystallized slowly when left to stand.



MeS MeS SMe H20, rOH (4) (6) 0.1 mol of 2,2,4-tris(methylthio)butanoic acid (4) (22.6 g) was
- dissolved in a mixture of 200 ml of 15 toluene and 200 ml of isoprobanol. Subsequently, 2.0 eq of H20
(3.6 ml) and ong spat %a i -toluenesulfonic acid monohydrate wer a(ged. he overall mixture
~was then heat%%)t(?%gi |A§[§é?r%g%rature and stirred under reflux for 3 ? fest Lt |887]?§§ ml 20 of
water were added and the mixture was extracted thrée times with 100 ml each time of diethyl ether.
The combined ether phases were subsequently washed to neutrality with a dilute sodium
hydrogencarbonate solution, and dried over magnesium sulfate. After 25 filtration, all of the solvent
was drawn off V#iti@ kotary £vapbraiot. Ketbmeétisiohinksisdpropykeste (6) (145 g, yields 76%) was
obtained as a palg yellwish&il- 30, 1H NMR-of ketomethignine isopr%hegeré@)l@o MHz, CDC,): 3
=1.35(d, 3,7 = 6.3 Hz, 61, 2 CH2), 2.14 (s, 3H, SOH,J, 2.79 (t,33- = 7.2 M1z, 7H, CH%, 3.3147.2
Hz, 2H, CH2), 8115 (GUint) 30 £6°A2, 79, CHY - 2f* Elekental anailsk o CIMPt 24855 (6) (M =
190.26 g/mol): @150.50; H 7.43; S 16.85 found: C 50.66; H 7.57; S 16.52 5 Example 7:

PO NMR  of  2,2,4-tris{methylthioc)butancic acid  {4)
{125.8 MHz, (CDCl;): & = 12.5 (2 x 8CH;), 15.8 (C-53},
2%9.7 (C-3), 34.6 (C-4), 63.5 {C-2), 175.3 {(CO.H}

Example 4:
Preparation of calcium 2,2,4-tris(methylthioc)butancate

{5) from the corresponding «,c-{(dialkyithio}carboxylic
15 acids (4} '

| Ca(0Ag), '
MeS\»/f\><TCO§% — MeS\M//\><jCOZ ca
MeS  SiMe H, O/ acetone Mes  “SMe
2
(4) (5

16.6 g of 2,2,4-tris{methylthio)butanoic acid (4)
20 (73.3 mmol) were dissclved in a mixture of 140 wml of
H,O and 35 ml of acetone. Subseguently, a golution of
£.2 g of calcium acetate (93%) and 22 ml of H;0 was
slowly added dropwise at 20°C with vigorous stirring.
After a short time a white solid precipitated cut which
25 was filtered off after 30 minutes. The resulting white
solld was washed twice with 200 ml of H,0 each time,
then with 200 ml of acetone and 200 wml of diethyl
ether, and dried in a drying cabinet. 2 total of 17.7 ¢
of calcium 2,2,4-trig(methylthio) butanocate (5)
30 (M = 490.8 g/mol, vield = 98%) were isolated.

*H NMR of calecium 2,2,4-tris(methylthioc}butancate (5)



Direct preparation of ketomethionine ethylene glycol ketal(7Yby removingthethiolfrom 2,2,4- 10
- tris(methylthio)butanoic acid (4) in the presence of ethylene glycol (4)(7) 150.1 mol of

2,2,4-tris(meth hig@ggg&ﬁﬁé@) (22.6 g) was dissolved in ZOOFrHJrg%%tgzélgg%%é%o# 4

~ (1,2-ethanediol). S 1 eq of H20 (1.8 ml) and a spatula-ti oluenesulfonic acid
monohydrate were added. The overall mixture waslthen heated to 50C 20 and a constant nitrogen
stream was passed through the solution via a frit. After 4 h, the reaction mixture was added to 300 ml

of water and extrdtelfhreciHiEs With:100 i tadh tiffe of diethyl etrel: 'Thelconfibihed 2ther phases

were dried ovefMgS04. Bfter filteatioh, (s, 3H, SCHz), 2.52-2.55 (m, 2H, CH,)
Example 5:
Preparation of 2,2,4-tris{methylthio)butancic acid (4)

by umpolung reaction of 1,1,3-tris(methyithio)propane

(2) with gaseous CO,

MeS\/\/SMe Co, Mes _ 'COH
e
2
n-Buli T

SMe MeS  SMe

(2) (&)

In a three-neck flask wunder a protective  gas
atmosphere, 1,1,3-tris(methylthio)propane (2} (3.65 g,
20 mmol) was dissolved in 50 ml of abs. THF.
15  Subsequently, at -20°C, a butyllithium solution in
n-hexane (14 mi, 1.6 M) was slowly added dropwise with
stirring. In the course of this, the soclution turned
bright yelliow. After stirring had been continued at
this temperature for 2 h, gasecus dry CC; was passed
20  through wvia a frit at -70°C over a pericd of
30 minutes. The reaction solution was thawed slowly
until a temperature of 20°C was attained, at which a
10% aquecus KOE solution (80 ml} was added. After phase
separation, the organic phase was washed with 10%
25 agueous KOH scluticn (2 x 50 ml). The combined KOH
phagses were washed with diethvl ether (3 x 30 ml) and
then adjusted cautiously to pHE 1 with conc. HCl1 while
cooling. The product was extracted with diethyl ether
{3 »x 50 ml). The combinead ether phases were
30 subseguently dried over Naz.80; and, after filtration,
concentrated on a rotary evaporator.

2,2,4-crigimethylthio)butancic acid (4) was obtained as



~ 25 the ether was drawn off with a rotary 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 20C

for 2 h. Thereafter, ' as acidified to pH = 1 with 30 cong, él:p;{)bdn (é hree times
~with 100 ml eggﬁ ti#neegcgj? %ﬁ]@?%ther. The combined ether phasesgv%g?e su se%ﬁé%ct@ filed over
MgSO4. After filtration, the ether was drawn off and the-crude product was crystal- lized from a mixture
of methylene chloride and - 22 - n-hexane. 13.0 g of a white crystalline solid (7) were obtained.(Yield
= 68%, M = 192.23 giindl Melfiflg poifit: 74C (cristailifdiromfiethflerie thitride/n-Fxara)). 1H
NMRof2-(2-(methykhim)ethyb< ,3-dioxelgne-2Hhen left to stand. The NMR

characterization gave the same data ag in Example 3.
5 Example €:
Preparation of ketomethionine isopropyl ester (&) by

removal of the thiol from 2,2,4-tris(methylthio)-

butancic acid (4) in the presence of isopropanol

9
MeS co,H e | |
MeS SMe  H,0, /-PrOH )

10

-

0.1 mel of 2,2,4-trisg(methylthio)butancic acid (

f1.-9

Fho~

{22.86 g} wae dissclved din a mixture of 200 ml o

15 toluene and 200 ml of isopropancl. Subsequently, 2.0 e

o Q

of HO (3.6 ml) and one spatula-tip o
p~teluenesulfonic acid wonohydrate were added. The
overall mixture was then heated to boiling temperature
and stirred under reflux for 2 h. Rfter cooling, 150 ml
20 of water were added and the mixture was extracted three
times with 100 mi each time of diethyl ether. The
comblned ether phases were sgubsequently washed to
neutralicty with a dilute sodium hydrogencarbonate
soluticn, and dried over magnesium sulfate. After
25 filtration, all of the solvent was drawn off with a
rotary evaporator. Ketomethionine isopropyl ester (6)
(14.5 g, vyield = 76%) was cbtained as a pale yellowish

oil.

30 'H NMR of ketomethionine isopropyl ester (&) (500 Mz,
CoCls): & = 1.35 (4, °J = 6.3 Hz, 6H, 2 CHy), 2.14 (s,
3H, 8CHs;), 2.79% (t, *J = 7.2 Hz, 2H, CHy), 3.15 (t
7.2 Hz, 2H, CHy), 5.15 (guint, *J = 6.3 Hz, 1H, CH)

rBJ:



carboxylic acid (7) (500 MHz, CDC13): = 2.11 (s, 3H, SCH2), 2.24-2.28 (m, 2H, CH2), 2.58-2.61 (m,
.2H, CH2), 4.07-4.14 (m, 4H, OCH2CH20) 13C NMRof2-(2-(methylthio)ethyl)-1,3-dioxolane-2-
carboxylic acid (7) (1 5%_?%!% %DOlS): 8 =15.5 (SCH2), 27.1 (CHPZ 4.9 <?C}—é28b6g.l (2 OCH2),
1105.9 (C), 1741 %3 ISERtAl analysis for 071.11204S (7) (M =192 33 4080 ¢ 2 %4: H 6.29; S
16.68 found: C 43.80; H 6.25; S 16.61 20Exampile 81Direct preparation of ketomethionine ketal ester
(8a)/(8b) by removal of the thiol from the a,a(dialkylthio)carboxylic acid (4) in the presence of 25
glycerol 1,3-ketall,2-ketal (4)(8a)(8b) 0.1 mol of 2,2,4-tris(methylthio)butanoic acid(4) 30 (22.6 g)
was dissolved ki &0@:nid of glycelor£1l 2, Eqropabeiinly. Sthsequently,1 b4 erpoitH2(1.8 ml) and a
spatula-tip of pctogjde_ngwlfo@c agid _mon@yd{%t_eggzs syete added. Thegverall:mixture was then
heated to 7000 and a vacuum of 750 mbar was applied. After 5.5 h, the reaction mixture was added to
300 ml of water andl extracted three times with 100 ml each time of diethyl ether. The combined ether
phases wére dried over MgSO4. After filtration, the ether was removed on a rotary evaporator and the
oily crude prodigt, ((8a)k(8p) ratio = 70:30) was crystallized from a mixture of methylene
chloride/n-hexane. The main product (8a) crystallized

Direct preparaticn of ketomethionine ethylene glycol
ketal {7y by removing the thiol from 2,2,4-
16 tris{methylthio)butanoic acid (4} 1in the presence of

ethylene glycol

MeS coH M /S\/><802H
MeS  ‘Sme MR _ M O\ O
(4) (7

15 0.1 mol of 2,2,4-tris(methylthio)butancic acid {4)
{(22.6 g} was dissolved 1in 200 ml of ethylene glycol
{(1,2-ethanedicl). Subseguently, 1.1 =g of H,0 (1.8 ml)
and a spatula-tip of p-toluenesulfonic acid monchydrats
were added. The overall mixture was then heated to 50°C

20 and a constant nitrogen stream was passed through the
solution via a frit. After 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 Mg8Q0,. After filtration,

25  the ether was drawn off with & rotary evaporator.
Subsequently, 100 ml of methanol and 100 ml of 2 M NaCH
solution were added to the ester, protected as the
ketal, and the mixture wasg stirred at 20°C for 2 h.
Thereafter, the solution was acidified to pH = 1 with

30 conc. HCL and extracted three times with 100 ml each
time of diethyl ether. The ccmbined ether phases wsare
subgeguently dried over MgS80,. After filtration, the
ether was drawn off and the crude prcduct was crystal-

=

lized from a mixture of methylene chloride and



10 out in the form of colorless needles (9.2 g, yield = 45%, M = 204.25 g/mol, melting point = 39.5C
. (recrystallized from methylene chloride/n-hexane)). IH NMR of

4-(2-(methylthiQ)ethyl)- Arigxabicyclo 15 [2.2.2]octan-3-one (8 éﬁ% . Q%g : 8 =2.13 (s,
- 3H, SCH2), 2.17-2. 0})(%1)1%§Hﬁg§|2) 2.65-2.68 (m, 2H, CH2), 4.122-3%. r%\élgélai ,Ii.76 (s, .1H,
CH) C NMR of 4-(2-(methylthio)ethyl)-2,5,8-trié%abicyclo 20[2.2.2]octan-3-one(8a)(125.8
MHz,CDC12):6 = 15.4 (SCHf?%ZG.g(CHg),33.2(CH2),66.5 (2 0CH2),70.9 (CH), 92.9 (C), 166.2 (000)

Elemental analysirorB21112045 Bay tME J0U-55 gffdiF P5C 470499 5i60: S 15, 70566nd:C 47.21;
H 5.93; 15.69 Ekample=8:.30 Ri&patation-of 16bis(methyk o)sutane (40 MeSH8SMed9)(10) - 24 -
10.0 g of butarpg, {9)-(139 mmpl}were satp&tggﬁlgjm HCIA(0) at 0€.and then @g@e;g@@pgvise directly

to MeSH chloride/n-hexane)) .

1]

B ONMR cf 2~ (2~ (methylthio)ethyl)~-1,3-dioxolane-2-
carboxylic acid (7) (500 MHz, CbBCli): & = 2.11 (s, 3H,
8CH;), 2.24-2.28 (m, 2H, CHp), 2.58-2.51 {(m, 2H, CH.),
4.07~4.14 (m, 4K, OCH,CH.0)

10
20 NMR of 2-(2- (methylthic}ethyl)-1,3-dioxolane-2-
carboxylic acid {7) (125.8 MHz, CDCl,;): & = 15.5% (8CH,),
27.% (CH.), 34.9% (CH;), &6.1 (2 OCH,;), 105.9 (), 174.1
(CO0) |

i5

BElemental analysis for CH0,5 (7) (M = 182.24 g/mol):
C 43.74; H 6.22; & 16.68 found: C 42.80; H 6£.25;
g le.61

20 Example 8:

Direct preparation of ketomethionine ketal ester
(Ba)/(8b) by removal of the thiocl from the o,c-
(dialkylthiojcarboxylic acid (4} in the pregence of

25  glvyecsrol

_ o o) e
. o HO\“/L\/OH o \ o O
/’\¢/§x: 2 s - s 0
Mes” S <p-TsOH> o} \o
5 _

1,3-ketal 1,2-ketcal
{4) {8a) (8b)
0.1 mol of 2,2,4ﬁtris(methylthio)butanoic acid (4)

30 (22.6 g)] was dissolved in 100 ml of glycerol (1,2,3-
propanetriol) . Subseguently, 1.1 eg of HyO (1.8 ml) and

a spatula-tip of p-toluenesulfonic acid wonchydrate



(624 mmol, 30.0 g) at OC over a period of 25 minutes. 5 The reaction mixture 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 30% aqueo z: rosulfite solution. After phase separation, the organic phase was dried
over Na2804.H{% ﬁ@% %@o%e%t had been removed, the thioacet%??f@%&sogﬁ%fe@és a clear

colorless QOil (17.3 g, yield = 83%; GC purity 98%). Zhe-NMR data agree with those from the literature.
15 Example 10 Preparation of 1,1-bis(methylthio)pentanoic acid (11) by umpolung reaction of
1,1-bis(methyff3BuBHESE0) R Y 70D 2) 2B BME CEORES Mefie SSMe 0 21)700 fmol of
1,1-bis(methyltiia) batanedtQ)(126 gawertinitialy eharged:ie@5 mlofdry T HF undefianitrogen 25
atmosphere angd.cogled to -%Qgt§ygseggg§ntl)éd]ée@mgloof aM ﬂ'lBUIéifsc’lHrtaiﬁn in n-hexane (7.0 ml)

were added dropwise at -20C over a period of 5 minutes, and the mixture was §tﬁ’?ed for2 h. The
clear, pale yell5iTeach56A sot6H was BSifle drbpwide 18145 3G dny idee3(Pat -¥5etdnd stirred for 36

h, in the cbursetfigthicitie combined ether phases were dried over MgSO,.
After filltration, the ether was removed on a rotary
evaporator and the oily crude preduct ({8a):(8b} ratio
= 70:30) was crystallized from a mixture of methylene
chloride/n-hexane. The main product (8a) crystallized

10 out in the form of colorless needles (9.2 g, vield
= 45%, M = 204.25 g/mol, melting point = 29.5°C
(recrystallized from methylene chloride/n-hexane)).

"H NMR  of 4-(2- (methylthio)ethyl)-2,5,8-trioxabicyclo

15 [2.2.2]octan-2-one (8a) (500 MHz, CDCli): & = 2.13 (g,
3H, B8CH:;), 2.17-2.20 (m, 2H, CH;), 2.65-2.68 (m, 2H,
CHz), 4.12-4.13 {(m, 4H, 2 CH,), 4.76 (s, 1H, CH)

BC MR of  4-{2- (methylthio)ethyl)-2,5,8-trioxabicyclo

20 {2.2.2)octan-3-one {Ba) (125.8 MEBz, CDCl.): & = 15.4
(SCH;}, 26.9 (CHu), 32.2 (CHp), 66.5% (2 OCH.), 70.9
(CH), 92.9 (C), 166.2 (CQO)

Elemental analysis for CeH:;20,5 (8a) (M = 204.25 g¢/mol):
25 C 47.04; H 5.82; S 15.70 found: C 47.21; H 5.93;
S 15.68

Example 9:

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

H .

O
- ShMe

—

Lte]
—
[
L&
et



the temperature rose to 20C overnight. Subsequently, the reaction mixture was admixed with 40 ml of
10% KOH - 25 - solution and the phases were separated. The organic phase was washed twice with

25 ml each ti”}?o();z]ocbo/%@?z%_sé%u“m’ and the combined KOH phaégéwt%%\}/é%z}%?ﬁgé e times with

~ 25 ml each time of me utyl ether 5 (MTBE). The KOH phase was pH 1) with
conc. HC1 (aq) and extracted four times with 25-mEeach time of MTBE. The combined organic phases
were dried over MgSO4 and concentrated with a rotary evaporator. The 2,2-(dimethylthio)pentanoic
acid (11) was obtained 10as a white solid(1.0 g,yield - 51.5%,melting point - 85C(recrystallizedfrom a
mixtureof chlofcforin amethanol:aattateticdacid)) 39 NMRDI2, 2+@dimethyithioyperntianeicacid(11) 15

(500 MHz, 0D@43) : 8,5 0,96 (1» 837 d -4 HiZn 3t 8aH3)1-20-1.80 ﬁ@_m%'ét@?"_'@& $488+1.94 (m, 2H,
03H2), 2.10 (s,(gH 2 X %&:HS%, 11.5 t%s, 1H, E?DlOOH‘)r C NMR of 2,2- dlmethxthlo) entanoic acid(11)
20(125.8 MHz, 080138 = 1252 ¥5CH3), T4-0(0%57, 15.176:49)°36.6103), B4.61E2); 176.3-1)
Example £1: 25'Rrepargioht ety 2vaxoviietatesa 2e By remaeMifi§ thehict fronred  at
2,2-(dimethylthiopentappic aeich (11 iy the presence pf watarand ethanelhi s mixture

wag dissclved 1n diethyl ether and washed with a 30%

aqueous  sodium pyrosulfite solution. After phase

gseparation, the organic phase was dried over Na,80,.

10 After the solvent had been removed, the thicacetal (10)

was obtained &as a clear colorless oill (17.3 g,

vield = 83%; GC purity 9$8%;. The NMR data agree with

those from the literature.

-]
i

Example 10

Preparation of 1,l-bis{methvlthioc)pentancic acid (11)
by umpolung reaction of 1,l-bis{methylthioc}butane (10)

with dry ice ({(CO.)

20
CcC
WSMe 2 . \/XCGZH
- I
SMe n-Buli MeS  SMe
(10) (11}

10 mmel of 1,1-bis{methylthio)butane (10) {(1.26 g) were
initially charged in 25 ml of dry THF under a nitrogen
25 atmosphere and coocled to -20°C. Subsgeguently, 11 mmol
of 1.6 M n-Bul.i 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 vellow
reaction solution was added dropwise to 15 g of dry ice
30  at -78°C and stirred for 326 h, in the course of which
the temperature rose to 20°C overnight. Subseguently,

the reaction mixture was admixed with 40 ml of 10% KOH



(12) - 26 - with 2.0 eq of H20 (3.6 ml) and a spatula-tip of p-toluenesulfonic acid monohydrate.
- Subsequently, the mixture was heated to boiling point and a nitrogen stream was passed through the

solution via a fw& 52% gr/% M@c&er reflux, the reaction mixture Wa?gpﬁjﬁg)g%%g d}?ﬁq{nixed with
id monohydraté.

~ 200 ml of ethanol and a further spatula-tip of p-toluenesulfonic aci era further 3 h
under reflux, the mixture was cooled to 20C, 200 ni of water were added 10 and the mixture was
extracted three times with 100 ml each time of diethyl ether. The combined ether phases were

subsequently WasHEd i netftaliny ith & ARG SodiGrthy §iFuRhaftionate Solufidi¥ard dried over
magnesium suifates After filtrationecdll ofthessolvant 18 wasldraashoftwith aadtary evajgdtator. The

ethyl 2-oxovaleyate, (k{1026 Weld =-44¥) Mas qbtaingd asa paleyeliguisheeil. 11,1 NMR of ethyl
2-oxovalerate %2 500 N tha%l?c&?,): 20 1§ =0.97 (t, 2] = 7&%}25’ 3H, C5H3), 1.37 (t, 3J = 7.3 Hz, 3H,
OCH2CH3), 1.67 (86xt"352 7°3 Hz, 263C4H2): 5817, 332 15 HZ, 21, CoE): 432 20 = 7.3 Hz,
2H, OCHZCH3)MEABC. NWiReof Bth/| 2lexsralerate (TRR(L258INMHZL €6DCIBYE & £ 18.54OCH2CH3),

14.0 (C-5), 16.646c4), #4312 (G3), 62:3 (O8H2CH2) 163u4-(GAeE04,7E-D:Exampla d2: 30
Preparation of 2,grovalerigagid (13 remeNingthe thiglfram 2:(imethylthigipentangic acid (11)
in the presence of water
over MgSC, and concentrated with a rotary evaporator.
The 2,2-(dimethylthic)pentancic acid (1l) was ocbtained
10 as a white solid (1.0 g, vyield = 51.5%, melting
point = 8&°C (recrystallized from a mixture of

chicroform, methancl and acetic acid)).

'H NMR  of  2,2-{dimethylthioc)pentancic acid (11)
15 (500 MHz, CDCls): & = 0.96 (t, *J = 7.4 Hz, 3H, C°Hy),
1.50~1.60 {m, 2H, C%H,), 1.88-1.94 (wm, 2H, C%H,), 2.10
(s, 6H, 2 x 8CH;), 11.5 {(bs, 1H, C'O0H)
B NMR of 2,2- (dimethylthio)pentancic acid {11}
20 {125.8 MHz, CDCls}: & = 12.3 (2 x 8CHi), 14.0 (C-3),
15.2 {C-4), 26.9 (C-3), 64.6 (C~-2), 176.3 {(C-1)

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

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

pregence of water and ethancl

2
CO,H H+ |
R PN
MeS” "SMe  H,0O, EtOH 3
o

(11 (12)
30
0.1 mol of 2,2-(dimethyithioc)pentanoic acid (11)
{12.4 g) was dissgolved in 150 ml of toluene and admixed



WO 2009/007193PCT/EP2008/057334 - 27 - (13) 10.0 mmol of 2,2-(dimethylthio)pentanoic acid(11)
(1.94 g) were suspended in 30 ml of fuming hydrochloric 5 acid (37%) and admixed with a spatula-tip

of p-toluenesuléQEi%@Egj/r@WQ%] drate. Subsequently, the mixture \ggfs@hﬁg%eéjotg@%%aemperature

~and stirred for vacuum of 750 mbar was applied. After the reac the mixture wWas diluted with
100 ml of water 10 and extracted three times with 8¢mt each time of diethyl ether. The combined
organic phases were washed three times with 100 ml each time of sodium g_yldrogencarbonate

solution. The cBitbined afu&8us Phas&sWerd subsBduentiF&cidified ¥ pH= & Witk cofdentrated
hydrochloric agid ‘andwexteasted three times witmdd@midashdime Sildiethylsethér Thecbembined ether

phases were diied-over Mgg04 aad filtered, and the fillyate g@&ppncc%@&ratsd tp drypess,under
reduced pressure at room temperature, 2-oxovaleric acid (13) was obtained 20as a colorless oil (0.72
i £13 (500 Wtz DI
50

g, yield = 629%)° THERMR'St2-0keualeric acid (15 &zs §5°D6)“62 088 (t°3 = 7.4 Hz, 3H,
051-12), 1553 (Béxte 8= 4z eH 3AH2: 1.967@, T 74 H2zo2HMEBHRY,E1 378 25¢ys; Id2COOH) C
NMR of 2-oxovederiaeid (13) 4128 8&MdZaDMSOrD6Yc 02871 ClaimSetnancl  and &
further spatula-tip of p~toluenesulfonic acid
monchydrate. After a further 3 h under refliux, the
mixture was c¢ooled to 20°C, 200 ml of water were added
10 and the mixture was extracted three fimes with 100 ml
ezch time of diethyl ether. The combined ether phases
were subsequently washed to neutrality with a dilute
sodium hydrogencarbonate golutiocn and dried over
magnesium sulfate. After filtration, all of the =zolvent
15 was drawn off with a rotary evaporator. The ethyl
2-~oxovalerate {12) (10.2 g, vield = 71%) was obtained

as a pale yellowish oil.

'H NMR of ethyl 2-oxovalerate (12) (500 MHz, CDCl:):

200 & = 0.97 {(t, *J = 7.3 Hz, 3H, C°Hy), 1.37 (t, 7 =
7.3 Hz, 3H, OCH,CHi), 1.67 (sext, °J = 7.3 Hz, 2H, C'H)),
2.81 (¢, *J7 = 7.3 Hz, 2H, CH)), 4.32 (g, °J = 7.3 Hz,
2E, OCH,CH,)

\
/
Ha)

25 *C NMR of ethyl 2-oxovalerate (12) (125.8 MHz, CDCls):
8 = 12.5 (OCHE,CHs), 14.0 (C-5), 16.6 {(C-4), 41.2 (C-3),
6€2.3 (OCH,CH;), 161.4 {C-1), 194.7 (C-2)

Example 12:

30
Preparation of 2Z-oxovaleric acid (13) by removing the
thiol from 2,2-(dimethylthioco)pentancic acid (11) in the

presence of water



1Process for preparing a-keto acids and derivatives thereof of the general formula (1) or (1I) (1) in

- which Rl is a branched or straight-chain C1-019-alkyl, C5- 10 Cs-cycloalkyl, vinyl, allyl,
C5-C10-aryl-G1-C4- C4-C9-heteroaryl-C1-C4-alkylene I@ I 6% is.optionally

- substituted, R%J?s %Igg%kr?&l\ﬁﬁ%rﬁ in which R and R" are 15 the sapar(fﬁgl}o%%\% e%re tgnd3 i%e each a

hydrogen atom or a branched or straight-chain €1-056-alkyl group, and R™ is a hydrogen atom, a

branched or straight-chain ClI-Cs-alkyl, Cs-Cs-cycloalkyl, ally' or a benzyl group, where alkyl in R', R"

and/or 20 R,,, is optionally substituted, or R' / / isfq_rij alkaline metal ion, atkaline earth metal ion or a

nd isia hydrogen .25 atom, a

mono- or divalent transiﬁau,a‘fét?{’oﬁ,%b{ is the same or differen
branched or straight-chain &Ig -a @f\lli allyl or a henzyl group, WhergTalkyl &hd/or benzyl is optionally
substituted, or the two R3 radicals togee%her are Cf-C8-aIkanediy1 am together form a ring, or the two

R3 and R™ radicals together are 30part of a C3-05-alkanetriyl group of the general formula

-123(CH-)R™ and together form a bicyclic
(11) ‘ (13)

10.0 mmoel of 2,2-{(dimethyvlthio)pentancic acid {11}
(1.94 g} were suspended in 20 ml of fuming hydrochloric
g  acid (27%) and admixed with a spatula-tip of
p-toluenesulfonic acid monohydrate. Subseguently, the
mixture was heated to bolling temperature and sgtirred
fer 5 h. A wvacuum of 750 mbar was applied. After the
reaction, the mixture was diluted with 100 ml of water
10 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 sclution. The combined agueous phases
were subseguently acidified to pH = 1 with concentrated
15  hydrochloric acid and extracted three times with 100 ml
each time of diethyl ether. The combined ether phases
were dried over MgS0, and filtered, and the filtrate
was concentrated to dryness under reduced pressure at
room temperature. 2-oxovaleric acid (13) was obtained

20 as a colorless oill (0.72 g, vield = 62%).

H NMR of 2-oxovaleric acid (13} (500 MHz, DMSO-D&):

§ = 0.88 (¢, *J = 7.4 Hz, 3H, CH;), 1.53 (sext, °J =

7.4 Hz, 2H, C'H,), 1.96 (t, *J = 7.4 Hz, 2H, C°Hy), 12.5
25 {bs, 1H, COOH)

Ho NMR of 2-oxovaleric acid (313) (125.8 MHz, DMSQC-D&):
o = 13.64 (C-57, 16.37 {C-4), 40.56 (C-37, 163.28
(C-13), 196.93 (C-2)



- 29 - group, wherein a) an aldehyde R101-10 is reacted with identical or different thiols of the formula
- R4-S-H, in which R4 is a branched or straight-chain, optionallysubstituted01-C6-alkyl,
05-08-cycloalkyl, ally' o%)enz | group to 10give the corresponding dithipacetal, b) the dithioacetal
formed reacts thzz;{ & %%agggntainingelectrobhiIeinthe presencg &F %?r%ﬂaar/a%ya?h%ﬁaﬁer 15

- hydrolysis to give the a,a-(dithio)carboxylic acid -or glerivatives thereof of the formula (Ill) 20 in which
R5 is a hydrogen atom or a branched or straight-chain Ca-C4-alkyl group and the R4 and R1 radicals
are each as défit@Hbove, and 25 c)thea,a-(dithio)carboxylicacidor

1. Process for preparing o-keto acids and derivatives

thereof of the general formula (I) or (II)

in which

R* is a branched or straight-chain Ci-Cis-alkyl, Ce-
10 Cg-cvecloalkyl, vinyl, ailvl, Ce-Cip-axryl-Cy-Cy-
alkylene or (;-CUs-hetercaryl-C,;-Ci-alkylene group,

where R' is optionally substituted,

R® is -OR'’’ or -NR'R’’, in which R’ and R’’ are
15 the same or different and are each a hydrogen atow
or a branched or straight-chain C;-Ci-alkyl group,
and R’’’ 1is a Thydrogen atom, a ranched or
straight-chain C;-Cg-alkyl, Cs-Cs-cyveloalkyl, allyl
or a benzyl group, where alkyl in R’, R’ and/or
20 R’ is opticnally substituted, or R’’’ ig an
alkaline metal ion, alkaline earth metal icn or a

monc- or divalent transition metal ion,

R> ig the same or different and is a hydrogen
25 atom, a Dbranched or straight-chain C-Cs-alkyl,
allyl or a benzyl group, where alkyl and/or benzyl
is optionally substituted, or the two R® radicals
together are (;-Cy-alkanedivl and together form a
ring, or the two R’ and R’’’ radicals together are
30 part of a C;-Cg-alkanetriyl group of the general

formula -R*(CH-)R'’’ and together form a bicyclic



derivatives thereof of the formula (Ill) are converted by acid-catalyzed solvolysis in the presence of at
_least 1 molar equivalent of 30 water with release of thiols of the formula R4SH to give the a-keto acid
or derivatives thereof of the general formula (I) or (II). - 30 - Process according to Claim 1,
characterized &P e/ &P r?g{3 Base used for deprotonation in b), %%%ﬁ?e%o&%ﬁg %Z)Frééponding acid,
" has a pKa value of > 20. Process according to Glaing 1-or 2, characterized in that the deprotonation in
b) is performed in aprotic organic solvents or in liquid supercritical carbon dioxide or in liquid ammonia.
Process according tos3rfe“gr-more of Claims 1-3, characterized in that process step b) is effected at a
temperature of -80C to 100C. Process according to one or more of Claims 1-4, characterized in that
the thiol of the formulg 4& le_eleased in ¢) is removed from the reaction mixture, then recycled and
reused in a). Process accor&iﬁg to Claim 5, characterized in that the thiol of the formula 124SH is a
CI-CG-alkylthiol which is removed from the reaction mixture by a vacuum or by passing inert gas
through. Process accarding 4o onel denpie ofiCtains 16, charactetizedi inrthatdhe thieklsed in a) is
methylthiol. Process according tg ope qr.more. of Claims }-7, characterized in4hat g?re acid-catalyzed

solvolysis in c) is effected with water ag the solvent. Process according to one or more of Claims 1-7,

characterized in that the acidfatalyz&d sotvoly&is iRTIFCEFECted WitlF BhatESHol CRgE 2 -

cpticnally substituted C1-Ce-alkyl,
Cs-Cg-cycloalkyl, allyl or benzyl group to

10 give the corresgponding dithicacetal,
D) The dithicacetal formed reacts with a
carbonvl-containing electrophile in the

presence of a strong  base and after
15 hydrolysis to give the o,o-{(dithic)carboxylic
acid or derivatives thereof of the Iformula

(ZII)

20
in which R° is a hydrogen atom or a branched
or straight-chain C;-Cs-alkyl group and the R*
and R radicals are each as defined above,

and

cl the ¢,a-{dithio)carboxylic acid or
derivatives thereof of the formula (III) are

converted by acid-catalyzed solvolysis in the

presence ¢f at least 1 wmolar eqgquivalent of

30 water with release of thicls of the formula
R*SH to give the o-keto acid or derivatives

therecof of the general formula (I} or (II).



R™OH as the solvent, in which R™ is a branched or straight-chain C1-C8-alkyl, Cs CB-cycloalkyl, allyl
~or a benzyl group, and alkyl is optionally substituted. 10. Process according to one or more of Claims
1-7, characteri%ed%%ag:?beaa,?'icegcgatalyzed solvolysis in c) is effected W“Z a ggjol é—@-RS-OH as the
solvent, where R31s A Hranéhed or 10straight-chain,optionallysubs%ﬁﬁ dc (9 ! I%ﬁe?éiyl group. 11.
- Process according to one or more of Claims 1-7; characterizedinthattheacid-catalyzed 15solvolysis in
c) is effected with a triol HO23(CHOH)R™OH as the solvent where the R3 and Pi" radicals
together are part of a branched or straight-chain, optionally substituted C3-C8-alkanetriyl group of the
general formula -23(CGileR's Proeesscactordingtto one arnmote of Claimsc=Zretharacterized in that the
acid-catalyzed solvolysjs.in ¢} is ecﬁ@_%qggwgggg amine Iélgg'%‘eqﬁrglgo%\ﬁ%ini\ﬁhi@ ,P" and R"

may be the same or different and are each a hydrogen atom or a branched or straight-chain
Cs-Cs-alkyl group, bRRSHFR" cBRnotb6th HEEIRHETEN B m 2PridtessHordingR&-one or more
of Claimsf-12, characténizedoin thatdn aldehyde RICH in which 21 is vinyl or CH3SCH2CH2- is used
in a). Process according to one or more of Claims 1-13, characterized in that the a-keto acid of the

general formula (1) isg-ketomethionine nd derivatix%s ther§of, where 21 is CH3SCH2CH2, and an
aldehyde R1CHO in Whith R = éﬁ%gﬁ%ﬁ@Hf—Ols fertdd 322 with methijithiol i Step°S). 15. Process
according to one or nidre bhEfaini$ - 18cearaeterizedrin that the aketorasid oftirtgereral formula

(1) is a-ketomethioning@anst derivativesdhereef, wheeg 13k 4s:vinyl,and the tiple agdditienof methylthiol

toac“ﬂ%nﬁakeSpkuéugé%erg'ical carbon dioxide or in liguid ammonia.

4, Process according to one or more of Claims 1-3,
characterized in that prcocesgz gtep b) is effected

at a temperature of -80°C to 100°C.

15

5. Process accerding to one or more of Claims 1-4,
characterized 1in that the thiol of the formula
R*SH released in c) is removed from the reaction
mixture, then recycled and reused in a).

20

. Process according to Claim 5, characterized in
that the thiol of the formula R'SH  is =
C:-Cg-alkylithiol which is removed from the reaction
mixture by a wvacuum or by pagsing inert gas

25 through.

7. Process according to one or more of Claims 1-6,
characterized in that the thicl used in a) 1is
methylthiol.

30

8. Procesg according to cne or more of Claims 1-7,
characterized in that the acid-catalyzed
gsolveolysig in ¢) is effected with water as the
golvent.

35

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

characterized in that the acid-catalvzed

gsolvolysis in ¢ is effected with an alcohol



1016. Intermediate of the formula (1V) (IV) in which. 15Rl is a 2-(methylthio)ethyl group, R2 is -OR™,
~and R" is a hydrogen atom, a branched or straight-chain C1-C8-alkyl,C5-C8- cycloalkyl, allyl or a

benzyl group, or R™ is an 20alkaline metal ion, alkaline earth metal ion or a mono- or divalent transition
metal ion, and ¥ R4RE /2788 different and is a branched or strR§IR/GRAP08/ 057334
"~ C1-C6-alkyl,C5-C8-cycloalkyl, 25ally' or benzyl group. -

R’7’'0OH ag the sclvent, in which R’’’ is a branched
or straight-chain C;-Cy-alkyl, Cs-Cg-cycloalkyl,
allyl or a benzyl group, and alkyl is cptionally

substituted.
5
10. Process according to one or more of Claims 1-7,
characterized in that the acid~catalyzed

solvolysis in ¢) is effected with a diol HO-R*-QH
as the solvent, where R° is a Dbranched or

10 straight-chain, optionally substituted Co~Cg-
alkanediyl group.

[
[

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

characterized in that the acid-catalyzed

et
wm

seivolysis in  c) ig effected with a tricl
HOR® (CHOH}R'''OH as the solvent where the & and
R’ radicals together are part of a branched or
straight-chain, cptionally substituted
C;-Cg-alkanetriyl group of the general formula
20 -R*(CH-)R" "' .

12. Process according to one or wmore of Claims 1-7,
characterized in that the acid-catalyzed
solvelysis in ¢} is effected with an amine HNR'R'’

25 as the solvent, in which R’ and R’ may be the
same or different and are each a hydrogen atom or
a branched or straight-chain C;-Cs-alkyl group, but

R’ and R’’' cannct both be a hydrogen atom.

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

is vinyl or CH3SCH,CH,- is used in a).

14. Process according to one or more of Claims 1-13,

35 characterized 1in that the a-keto acid of the
general formula (I) is o-ketomethionine and
derivatives thereof, where R' is CHiSCH,CH., and an

azldehyde R'CHO in which R® = CH.SCH.CH.- is reacted



{1

10

15

20

30

15.

le.

—32-

with methylthiol in step aj.

Process according to 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 vinyl, and the
triple addition of methylthiol to acrolein takes

place in step aj.

Intermediate of the formula (IV)

o)
R )
rs” SR

in which

Rl

is a 2-{(methylthiolethyl group,

R is ~OR’’’, and R'’" is a hydrogen atom, a
branched or straight-chain Ci;~Cg~alkyl, Ce—Cg~
cycloalkyl, allyl or a benzyl group, or R’’’ 1s an
alkaline metal ion, alkaline esarth metal ion or a

mono~ or divalent transition metal ion,

and RY is the same or different and is a branched
or straight-chain Ci-Cg-alkyl, Cs—Cg—cycloalkyl,
allyl or benzyl dgroup.



