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Method for the production of D,L-2-hydroxy-4-afkylthiobutyric acids
Description 5 The present invention relates to a process for preparing
compounds of the formula (I) 0 R'SOH (I) OH where R is C,- to Cs-alkyl.

10 The present invention, further relates,to.a process for preparin
AR R PR L R o e AT e
hydroxy analog are, besides L-glutamic acid and L-lysine, 15 among the
eesndpticcally most important amino acids. The economic importance of
methionine derives from the feedstuff-saving rearing of productive
lvestack, Methioninedsian Bsseniiabsuusrepataipingraminosasithuioosea (1
metabolically active form is S-adenosylmethionine (SAM). Methionine
(D,L-2-amino-4-methylthiopytyric acid) can, in contrast to all other amino
20 acids, be utilized fully even as racemate by the organism. The body is
able to conﬁefﬁmm%ﬁ;@gletely into e active L form. Thus, in an
industrial synthesis the gon- figuration of the a-amino group is immaterial
It is of interest that the d?éhnism is also able to utilize methioninehydroxy
araleg B, C+-2dPemiky-4-methylthiobutyric acid, MHA) as complete
substitute for methionine. The 25 amino group of methionine is replaced
in M HA DA ARV ARy P HtiS Sasecne. fegvessiondotipthedctivthe for-
(%&ranp f methionine-takes place irrthe-body. Thus, -indusfn- - -- - ally
manufactured racemic MHA also represents a complete substitute for
methionine. The prgcesses for preparing methionine and MHA in feedstuff
quality are 30 stantiglly on acrolein, methyl mercaptan and
hydrocyanic acid\as pyecursors: A process described in DE 1 906 405
starts in a first stage from acrolein.and mercap- tan, which are reacted to
give 3-methylmercaptopropionaldehyde (MMP). This is re- acted in a next
StRRAME YA RYARIG-A%Id RREO MmN URe, hisakenateue givaddhyean-§Sine,
t[%li?‘ alx%l %lgcs%gsg%{g%lgsgwg{g%g hyialkall dote-RORSHMIC importance of
Hwe-tg?ortﬂnlgrc]:igrie\i@s %I'oal-nl %ﬁé %% stu ~Ea§/h|%)g|‘r'e@r?r§8 '8{];5Q§dl%tive fivestock.
Methionine is an essential sulfur-containing amino acid whose matabolically ac;tive form
is S-adenosylmethionine (SAM). -
Methionine (D, L-2-aminc-4-methylthiobutyric acid) can, in contrast to all other amino
acids, be utilized fully even as racemate by the organism. The body is able to convert
the D form compietely into the active L form. Thus, in an industrial synthesis the con-
figuration of the a-amino group is immaterial.
ltis of interest that the organism is also able to utilize methioninehydroxy analog (DL~
2-hydroxy-4-methylthicbutyric acid, MHA) as compiete substitute for methionine. The
amino group of mathionine is replaced in MHA by a hydroxy! group. in this case toc,

LonversisHiAts the active L formr of methionine takes place-in the body-Thus; indusiri- -~

alty manufactured racemic MHA also represents a complete supstifute for methionine.

The processes for preparing methionine and MHA in feedstuif quality are based sub-
stantially on acrolein, methyl mercaptan and hydrocyanic acid as precursors.

A process described in DE 1 806 405 starts in a first stage from acrolein and msrcap-
tan, which are reacted to give a.methyimercaptopropionaldehyde (MMP). This is re-
acted in a next step with hydrocyanic acid and ammonium hicarbonate to give a hydan-
toin which is subsequently converted by alkall info potassium D,L-methionate. Acidifica-
tion affords D, L-methionine.
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Likewise starting from MMP, according to US 2 745 745 reaction with
hydrocyanic acid in the presence of sodium hydroxide at 35-40C results

in a cyanohydrin. Hydrolysis by strong,mineral acids such as sulfuric acid
affords the amide as intermediate, andzﬁnally MHA. Ammonium bisulfate
isiferrisedstasibyfrotdél® BEGA0DE6UisttEe 4D pracess T profiiagc acd
thioethescanbexyliodait sy dhitdniads-40tsustittt édd agtonagwinladydrsgsis by
havingarematicisadicalssychasRiihalides e saumasingebeiogleaterfinaly
MPE‘@'J@%%&&%I@Q@&S@% metalcompounds of mer- capto

compounds w comprise no unesterified carboxyl groups. The reaction
takes 10 place without addition of solvent, if appropriate with an excess of.
(R G8 BECBRRESE iW‘Eﬁ@SﬁFQ%QWc?é‘Eif‘ﬂw@r'f’%g]%ﬁ@%ﬁﬁ L Behematals
tohsehetibriebeatineE s BbjereayrgaHtneio MEtaitimyhatAaleadges or

lowendenicibeitg fiasten cott eftdotiet | mogesioeptepariaigcompounds of mer-

Rels2-Byelpxyndt- aliidinionuhginacitdhreto sl buRE SHRIEEYAD takes
:Bfé'c:lé't ﬁ?&%@ﬁiﬁgﬁ @@@%M\fa@ aﬁkﬁ‘gﬂﬁﬁt@%ﬁh%ﬁrg%@%@Qf&ﬁw@‘;al@é@{l?ent or
oxicity, to find a, cost-effective proce e formula -
('Irélx)ﬂba BEESS ﬁfépa !S[CS)?LV?E?S‘I%E' o%?é%%%%sr%’zgﬁ@c%{?g\%&d %gbording to
the invention by provision of a process for preparing compounds of the

' fahmakiey) DR SRS RRH BBIRIRIESS RUHRYTNIPAIRGSBT tRESctve

foronels (1) POBDINYOT Y 2vhittr thricfasdiey B NILBOcReise ik fommgle (1)
connection according t the invention C,- to Cs-alkyl . 3

RS OH ()

td

OH

In particular, the object was, starting from siarting materials of lower toxicily, o find a
cost-effective process for preparing MHA of the formula (18}

ch/sv\g)j\w (1)

OH

The object has been achisved according to the invention by provision of a process for
preparing compounds of the formula (1)

which comprises reacting compounds of the formula (i)

_ O
| HO@\‘)‘[\O
P

with thiolates RSM,

o

R means in this connsaction accerding to the invention Ci- t0 Cealkyl .
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Examples thereof are methyl, ethyl, n-propyl, 1-methylethyl, n-butyl,
1-methylpropyl, 2-methylpropyl, 1,1-dimethylethyl, n-pentyl,

1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 2,2-dimethylpropyl,

1-ethylpropyl, 1,1-dimethylpropyl, 1,2-difnethylpropyl, n-hexyl,
1avatiydpentybo? amettuine nivly 3raethy pentgindrnsthylpentyl-methylpropy!,
12%%&1@% tyl’ljc‘h%étﬁ%b@@l Mlp VL SHREIIHRUB ethyibutyl, 3-methyloutyl

% t%%t ) ‘rgti erﬁ/ }gql.ﬁw!méﬁgt lté}/ yI Eexy
2 ? L e S el e

nﬂﬂ?@%?@ éeh?e?%ﬂei@%ibw p?e?e‘?%WP‘{U‘@WPTMB%@&H@?@&MWW,
aflesthgithiy| etrafhwigsopiil] 2-ieeiyidthysy n-betiyy-1-methyipeopy it -sthyl-3-
2maéthiplpropyhdyixdinethytetfyl and mixtures thereof. The radicals may

ComprisR-At IRASLNESIRFRRLCoNSS: 2R diRticilakly preferably methyl.
In this case, the compound of the formula (I) is MHA of the formula (1a)

e thiolates (RS), M is alkali metal, alkaline
%pr ?a?é&ae Z?lc%zr a Irp<|t>]}<1ture the- 20 reof. Alkali metal is Li, Na, K, Rb,

C!':sxafnﬁiﬁ?lﬁfﬁﬁoﬂ?é?éaﬁfmkﬂﬂ\é[ S vefalmetdsting, kit | g ironyl

mixtfeRereof. L. AsirEiee isaaik s rvezaltheiedqual to 1. Where M is

alkaineisaitimrenetainZiseraleaixtore iemsoentis.equalto 2. Where 30

M is preferably Li, Na, K or a mixture thereof, and n is preferably equal to

1@@%@%%@%@9 alkalinesarthmefabLn PrfRe %B%%Q'@E MHA
onding thiolate (RS)" M may be identical or different

Tﬁlolates og%]g%? rppla (RS)O,M with identical or different radicals R

and/or identical or djfferent metals M can be employed simultaneously.

Pref mgm%@%te of the forfalila (RS), M is employed. 4 In all

the¥formulae heréinbefore and hereinafter, the wavy line represents an S

orR conflguratl&'l‘ht the relevant carbon atom. A formula comprising a
Wavy line preferably represents any mlxture partlcularly preferably a

rqH: rm.x %é e,.ena i me S oft p un%. , )
Are%Pnat?veiy, suc 5]orrhsu §< arnaﬂy}erf—i}[f)resfft—:'r'?teae%artlcu ar %na por a mixture the

Alkali meial is Li, Na, K, Rb, Cs or a mixture thareof.
Alkaline earth metal is Be, Mg, C_a, Sr, Ba or a mixture thereof,

Where M is alkail metal, nis equalts 1,
Where M is alkaline sarth matal, Zn or a mixiure thereof, nis equal to 2.

- Where M.is Fe, n.is-equal to.2.and/or3. - .. o L

M is preferably Li, Na, K or a mixture thereof, and n is preferably equal to 1.

For a given M which may be alkaline earth metal, Zn or Fe, the radicals R in the corre-
sponding thiclate (RS}-M may be identica! or different.

Thiolates of the formuia (RS},M with identical or different radicals R and/or identical or
different metals M can be empiloyed simultansously,

Preferably only one thiolate of the formula (RS}.M is employed.
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5 tiomeric form which is not precisely specified. A carbon atom having four
different substituents is a stereo center. If a molecule has exactly one
stereo center, two different configurations of the corresponding molecule
are possible. The two non-superimposahie mirror-image forms of such a
molegyle %ﬁw%@é@f&%‘%é&% FOLOmEES Eﬁ,a“dvs FRAGIOMETR afes o
51d and Brefog &

dlstqu UJ?“,%Q és;[c[% tot e rules o A Fikt

with edual proporti ons ot %CQE\R%] &t é‘i@"i@ E%WQHEF%MM dipe preferably
raCERRE TR BPHHE rBitie Y aHly AR SE Wy IFaTgrits: afdhgenantiomeric
enaAtioMETS FATRE Hadelviateatiehidumical o suseiherasatiomerichavenan-
thtosmnefonoletidaimmassr<cs by theecifiatext of this application, reference

is made only to the configuration at the car- bon atom a to the acid or

e A 045 SR IR B S B Ry o
am%r@ S ] g&n?grsﬁvg d%re%ﬁzo[h:gurﬁév éj e?’?h e ygﬁég%d%ggtecule

cen- terS esent on the ra IC e no re‘1
BRI SO e 3 BT LBBRERN Gy T FUHRRS SBETR SR EaFplseule are

eTTOYEdRS SoRRTATESTH thriechrriiisin ereace Mg stioh astenging to the
thivkies GRS, NMde! tygsiedMieie0% by weight or more, preferably 20% by

weéigtixioreniinesduis aiseopssiblette empleyrsotuiens wiltiaeneea o mic
OfiRUrd) T Z5rieeie iRy anOtae Paafera iy 98%: BYaWRIOML BfiFMEE 1 182 racemate
mareRvarRpssilesoRIDIY bR hinlatas RSV M, inpadicy % [as

solution in the correspondlng thiol (RS)nH. One advantage o the

in et%ocrcl}l taﬁme ste eo somepsm of the hydroxy group a to the cyclic
ester group n the &Sip ?@ S Eh S ma tR PR R Arp i ghi@tion at the car-

r%%h?a%ﬁ t%@“&f%‘% ORI GHRIP T HESTORMRART) R SAEIRT, & i of fso-
miReli¥ed '4reTeRtp RY/BvEEE Corne, poanesreinterfarmoladl:) ) stithaterthecen-
cderespo ndisgil wiitsmedico Mpbends.ef the diaramdad thare alserasemitbut the
mixtteeshdhibeyever, one stereoisomeric form of the compound of the
formula (II) predominates, 35 then the compound of the formula (I)
0 | mlna stere0|s meric form.
f%@qsgﬁ%ﬁﬁgﬁ%ﬁékég e‘%% g as or er rFeferr %"%?%B&ﬂng%%?f&%mra

=) rese%?‘ln\a}eent t&htdp S Wtﬂg §t%¥%?%%’rm?ﬁrﬁéef8fﬁ%?ﬂ/ o by

prﬂﬁaﬁﬁw&f@fﬁdﬁﬁ R0 RosaTRIP ArARBIRYE B bRt Re @eaRtiBfinammE 50% by
eX(dda! of thy mikgirecohSOMdrs weiniployetbis. praferatiyvat lEast@Obempioy

the thiolates (RS).M in particular as solution in the corresponding thiol {RS)nH.

One advantage of the invention is that the stereoisomerism of the hydroxy group o to
the cyclic ester group in the compaunds of the formula {il) is retained in the preparation
of the compounds of the formula (1), Nermally, racemic mixtures are empioyed as com-

-pounds of the formuia (11}, so that the correspondingly obtained compounds of the for-

mula (1) are also racemic mixiures.

If, however, one stereoisomeric form of the compound of the formula (ily predominates,
then the compound of the formula (1) obtained therefrom is likewise predominantly in
this stereoisomeric form.

If a racemic mixture is not empioyed, a further preferred embodiment of the present
invention is for one of the stereoisomeric forms to clearly predominate.

in the case of a mixture of i [somers, the enantiomeric excass of the mzxture of isomers
employad is prererab!y at least 30%:
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The enantiomeric excess is defined as %ee = LR~ where [RI+Isll [R]:
Concentration of the R isomer; 5 [S]: Concentration of the S isomer. In a
further preferred embodiment, the compound of the formula (1l) is
employed in en- antiopure form. 10 Whe¥e mixtures of isomers of

campeturdsokihafearsia 4t iaadiich one of the enanti- omeric forms
predominates are employed, the process of the invention results in.com-

pounds of fO{ la (1) in which one of the enantiomeric forms likewise
preddiai A ‘ulfv(ameof the enantiomeric forms of the compound of
the formulj%%_f%msent exclu- sively, i.e. the corresponding compound
islBhArfSELFaT thech iR BssBhehe invention results in a compound of the
fdéhulargprititbnisiilkeviiiseoemantiopure. The process of the invention
preferably takes place in polar aprotic solvents. 20 The polarity of a
s%vaemreﬁe%a&gn%@ ¥Yiapkzmelecpiat dipole-mament whieh ig) qgem'af‘o?&?m en-
rm’aeq % opic permittivity. Thus, when the value of the permittivity
a so vent Is known it is possible to make statements about its polarity.
Values of permit- t|V|ty can be found for example in the Handbook of
ChERIRIRPERESHHRIEE Y STFEmAENGs 2 thedemRd ipievdlishenBethe enant-
ResicAogofapredivaintEtseraty haged vakiprofthe gidnmittinvityiof &Bts in com-
mane; g efeénabityr20i0(1) mavkicharticufatly preftiablyidR OfMRER & fredomi-
tefafgrature of 293.2 K. 30 Asolvent .is-referred to as aprotic if_it.is
unable or is-able only with difficulty to eliminate protons because either it

rises no h rogen atoms o] the h dro nds have
M g S e ﬁ%ra%ﬁg%%ésﬁrﬁﬁﬁa&éaw
froe e BEAAT S AARIRG SRR RIS el AFERPRWiEeHvention
uRtESLS HbfceREP DD ShisdoNBimAl Iy Trk iRdigatize deealiicucsyarithm of
the acid strength, the pKa, is indi- 35 cated. An aprotic solvent generally
hasamasy ofrtitbincasonirspitiblity-Ré Praienmwhish-past as sk be
eliminated, a lowest pKa of 20 or more, preferably of 22 or more, particu-

laﬂéfe%ﬁfeﬁr@@y c%c%éeﬂ{ ik rgnﬁte% Fﬁm&%ﬁ% %ig &Bglg rﬁo n?w"l%m% Con-

can m ure or
neck%edetc: tl% osco;%?c permljc%(v%y Thus, when the vaiue of the permittivity of a

solvent is known it is possible to make statements about its polarity. Values of permit-
tivity can be found for example in the Handbook of Chemistry and Physics, 76% edition,
18985, CRC Press, Inc., Boca Rator,

A polar solvent generally has a value of the permittivity of 10 or more, préferably 20 or
more, particularly preferably 40 or more, at a temperature of 293.2 K.

A solventis referred to as aprofic if it is unable or is_abie_only with difficuity to eliminate

protons because either it comprises no hydrogen atoms or the hydrogen bonds have a
high covalent character. One measure of the ability of protons to be eliminated from
compounds is the acid strength K,. This is determined in water, unless indicated oth-
erwise. Normally, the negative decadic logarithm of the acid strength, the pKa, is indi-
catad.

An aprotic solvent generally has a pKe or, in the case of a plurality of protons which can
possibly be eliminated, a lowest pK, of 20 or more, preferabiy of 22 or more, particu-
iarly preferably of 24 or more, at a temperature of 293.2 K.

Solvents can be employed pure or as mixture.
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into compounds cf the formul_a__(!__[).___ o

6 Polar aprotic solvents can be employed as mixture with other solvents,
e.g. polar protic solvents or apolar solvents. In this case, the proportion of
one or other of the solvents in the solvent mixture usually does not
exceed 10% by weight. 5 Solvents to b& preferably employed according to
the invention are for example dimethyl sulfoxide, N-methylpyrrolidone or

reixtargsiherenfoibedracass ab e avantion akestiasealremperabieprotc
Ma'uearﬁgavg 5!&9&%%5%% d0tionp r%%gaoﬁumeeﬁg Quickly. The soivents

%lao dlent usug? laé:gn%ti lem 3%”}% frorq1 OC to 200C The
compoun form( GY% employe hé’process of the invention

are known to the skilled worker. Concernlng these, see Beilsteins

Hemdpus oder rigEvcRien A Chetnieing peifeln asan A dririamjaddirethy!
Is\Wialtidee NeMEHY prR 860 ganzungswibekdhi. Volume 18, p. 3;
Erganzungswerk I, Volume 18, p. 3; Erganzungswerk Ill/IV, Volume 18,
E’ggeé %F&éégﬁﬁ?e@%%&w\{mﬁ/@kﬁ%%% By %ﬁg@mﬁgﬂmﬁ%ﬁg@@%ﬁ the reac-

| venti

JigET e T e e R B berarues
a rﬁﬂéﬁ 594 ge Guantities as part of the value chain of so-called Reppe
chemistry. y-Butyrolactone is obtained starting from acetylene and
forneatdephyulés vidithéofmeiardiempioy sit buthadiokebxiobiite iregivicanere known
114-hutenrpdiolo2s: Tarftsthier ensbodise B itheiproeessaftderioventiochen
f%wﬁwrm@m@@%dg@famn@wﬂ (Vdnghidesin precedingpracrEsverk I,

S%%'?“% ﬁﬂgo i %ﬁﬁg%mmmceag@%@s ?ﬁtﬁ% lag%ar{ae gv@rmarve Yoiume
IrSP rﬁﬁnzun swgh 4 dS‘\)/(())?J{H SR Xfrﬁj/ Y, _Et) dﬁ%‘:ﬁg erain.

R S&Eﬂ%?é?&&ﬁl?ri?éi%{t%@‘t&%ﬁ@&@éﬁﬁm%RWF&&H&WB‘?@?&O”@

fdfmiteia(iil) is initially converted into compounds of the formula (IV), and
the compounds of the

o) (i)

v-Butyrolactone is avallable in large quantities as part of the value chain of so-calied
Reppe chemistry. yv-Butyrolactone is obtained starting from acetylene and formalde-
hyds via the intermediates 1.4-butyndiol, 1,4-butenediol and 1,4-butanadiol.

in a further embodiment, the process of the invention for preparing compounds of the
formula (1) inciudes a preceding process step in which y-butyrolactone are converted

For this purpose, preferably v-butyrolactone is convertad in a first step into compounds
of the formula (V).
o]

X
0 W%

The invention thus further relates to a process in which v-butyrolactone of the formula
(111} is initially converted into compounds of the formule (IV}, and the compounds of the
formula (V) are converted in a subseguent step into compounds of the formula (if). The
radical X Is in this connection according to the invention a halogen atom. lt is possible
according to the invention for a compound of the formuia (V) always to comprise the
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35 formula (IV) are converted in a subsequent step into compounds of the
formula (Il). The radical X is in this connection according to the invention a
halogen atom. It is possible according to the invention for a compound of
the formula (IV) always to comprise the’7 same radical X or different X
reghealadidalbgenifeeansaedaranditdie imeentaredludingne frehioriméipn fluc-
biesnigoand/erdedisan@blasingorbremisease pieteiredrditednerisrine is

pﬁg&&!gﬁ?@é@égg&d. 5 In a preferred embodiment of the process of the
invention for preparing compounds of the formula (1) by reacting

compounds of the formula (1) with thiolates QIE(SF%M, tpe compounds of

A GPREHES P 2 BERLR CCEBy SRRRRIG ComUBAITGy B BrALIB A B HECS o
feveniaranuia 1)) ipto sesisotRTeResR tsfoha (REMUND (lantte drvigRdRReM. the
compoundsdthkdoforiaull @N)dntalsebbeduisnly stepto T ofipppatiooe of the
thertanenuia ittd ok auBdemiaie sritaiagtonencaib beshtpineddyreacking the
bromine RA2 N\Qt&m%ér&'@fégmﬁo%@\%e&ué%%@ thenpreggnce of

phosphorus tribromide PBrs. The resulting bromo compound is isolated if

appropriate, but is preferably not isolated and. is immediately reacte -
R AR BT P A A Rt i Epreiactons
hgit At b%Ade 18 WemmRIRNeR I8 eaoé@fs%\{@ﬂte@éﬁgéfspﬂb%mw bromo
tribropoidtel is jsréstaabigronpliaiedoivi dEmoriately frensdlasPenhsidnmedisdey
preferebhyrfrembitadrmoldrokiaiedd give/sbupyrolaetengyrinaatpastiBatany hy-
PrRiRrie s eRmhadisnan, phaspheuus) tripramide is employed in an amount
of 10 mol% based on 20 y-butyrolactone. Phosphorus tribromide is
ordinarily added to the y-bu,tyroliactone at temperatqrres from -10 to %QQCf A
APSGERBRE- SO ATIE HIERERETRAH STORINES PETHETE SbRPRb Sovarpide, turtner
prestenabBricwifelos! gerribalyanes fise-utedlaston te i eratiire armreferied em-
+b6@mBro Rmapineds wisuatiide msloyeoat ansouat ofitfrd i 100 %obEsed on
mokay Rieterably from 110 to 140 mol%, based on y-butyrolactone. In a
particularly preferred embodiment, bromine is employed in an amount of
130 mol% based on y-butyrolactone. After addition fl e bromine tfée e
AR iR S B AP LA R RSt ] M e 5 e [P s g o
teri hisurd O Fhe efipeptoresiistrissedd areTsriarRy iR reRRgRR Sgventis
frorasBatGLH0C: Exeostly dhuinesisapikefe rilljeraokiesds dfer theto +16°C. Bro-
reaption .t iakesdgptace onexamplerdsy HidingINantBO Seddution from 110 o
a-(hl{gey- Bubyolacione ranhsebiainga R ehio HRatingNeRbBERIREIOPRMIne
W!%“é’&%&%?&'a in an amount of 130 mol% basead on y-butyrolactone. _
After addition of the bromine, the reaction mixture is ordinarily heated for a certain pe-
riod, e.g. for one to ten hours. The temperatures in this case are ordinarily in the range

from 80 to 150°C.

- ~Excess bromine ispreferably reduced afterthe reaction: This-takes place for example

by adding NaHSC3 solution.

a-Chioro-y-butyrolacione can be obtained by chiorinating y-butyrolactone without add-
ing a catalyst at elevated temperatures which are for example 100-200°C, -preferably
140-160°C. Byproducts which rnay be formed in this case are o, c-dichloro-y- '
butyrolactone and 2,4~dichlorobutyric acid.

The 2,4-dichlorobutyric acid is preferably not removed for further reaction, because the
cyclic form of a-hydroxy-y-butyrolactone is formed again in the alkaline hydrolysis. The
a,a-dichioro-v-butyrelactone can preferably be removed by distiliation.

Hot barium hydroxide solution can be used to convert a~chloro-y-butyrolactone and

2 4-dichlorobutyric acid into a~-hydroxy-y-butyrolactone.
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35 ing a catalyst at elevated temperatures which are for example

100-200C, preferably 140-160C. Byproducts which may be formed in this
case are a,a-dichloro-y butyrolactone and 2,4-dichlorobutyric acid. The
2,4-dichlorobutyric acid is preferably no® removed for further reaction,
begatise theseslisFereyf nydieey o ftyroactons isdotmedagainiam 110
t@@ﬁlgﬁq&eﬁh%%@!}’%@ Bbﬁ/rﬁ&%dl'ﬁ@%@i%ﬁwrﬁﬂ%%@e@%dlment chlo- -
Piteieblychs cemoyed by datliaton, ol barki hydidagglution can

be Gsed RAvert a-chioro- y-butyro actone an robutyric acid

into a-hydroxy-y-butyrolactone. 8 Chlorine is usually employed in

ambliFE ST RO POBNBUBSDHTORAT Biaterably HoAe1® PRFIE mots,

basedighistibutysrstdniakns algeatiodriry/rpeeraratesmbo dimemreif@n abso-

ripeisressployéd mnan amadnirefctdt\nuol¥ébdsedqan y-leaty noldctaaey brefera-

Payyifieatipndeyritiogeadiushingangios wiashiagnwivwatends passiblgiate.

g@g&%ﬁg Alion,Realsahly @EE@%%I#%‘H&‘?% ;&ge&ﬁgf Qgﬁb%%mfwm de are
mdp eggatgg?ﬁc% EF%Er%fér ronﬂﬂ/hndgpﬁc rr{neli)?;?recg:}r e%g%rﬁ?

product Is distilled more than once if appropriate. The reaction conditions

forltteatingrasebdorbiyebutynbtactenesnithrisaricuh dmydrixid e aies beichwise, se-

apmlegmsteithesefortealing &-bramesy dhutyrotactane vathrbdrtamin discon-

hme&dﬁoééls@e% preresses @hhe iInventioncaRdeFaRIad QUlPRNANIgYRG to

scales d%%gaéﬁw%ﬁe dgs@zécemmuegéweggaewqﬂxugr%%emetﬁ o % 1000

pro uct can be N- tINUOUS processe mounts,of fr
: (107606 tord P BN pHaTuHBly 100 R b 0 10 Y6Re- S e o
IBUBHAN TSRS P16 ‘%sé"f%.ﬁﬁﬁrdﬁgﬁﬁﬁ@‘af’fffoﬁhaactd“féﬁﬁg%w scale.
pé”r brsaRV e fIRIsEE R4 0B REA S aBta FspR 0N B FerFigted conditions info 2
emiffetienzmisiace afverkstratosyescate r4batpitopplivet srakenglietpi otguibot it
sealerydriher piotieatinerscaleprdnrhatchtiseiresce sses, tbearstaftingd into other
matesials-are-fad-ynder therstateshsrnditionsieaaritahlerconianeranthere.
repaithele 1?9&@% LJ'tmgs%%g%é%nawafmmﬂ% UAD @RS into
furth er purifie there | darggcgep#ﬁiéeré eerltjatl\/f |t ccfln be transfe %ao 1] t% .
oth&y' gg?actﬁg% RISNRFEEUEh A8 “for Bxample > distirtion cofumns an
fulRthey Bl e g EBWfﬁ%BE%Db?B‘E%?seS the starting materials are
feSanmgeritiestapeer etiditoms TRt A BIHAMS ST REAYEaMICFEas RigPs-
there. The resulting product is removed from the reac- tor during this and
fughempuefiedif-appropeaiec2sSarmioontioyexsIRCRSSERLomMpLsSef glass,
C%@W%m@@%@amﬁcﬁ%%@@ﬁ%péagﬁal@ eqptainatsdrdheormally
StaC%JI §§s Smyage JJ%FD%%@ &8‘8 'ﬂ}?rﬁzm % n%%sﬁjr g%%ﬁ'!p% magnetic

e.ca apriaté. The containers are
e2nor anc or syrrer. fdesu’e he CBR{ai ars can & hes e in a suitehte manner
nSHASIIS

- fOr exampie by-oil baths-or heatmg jackets-operated electrically-or by steam: The-con- -

tainers are chosen so that they withstand the temperature and pressure conditions pre- '
vailing during the reaction.

Purification can take place in a known manner, for example by distiliation. If appropri-
ate, unreacted starting material is returned to the process at a suitable point.

The present invention offers a simple way of obtaining D,L-2-hydroxy-4-alkyithiobutyric
acids such as MHA, one of the most economically important amino acids. It is more-
over possible 1o erhploy v-butyrolactone as low-cost, easily available and non-toxic
starting material which is converted into the desired final product in a few process
steps.



10

15

20

25

equipped with an appropriate possibility for stirring, such as, for example,
magnetic 30 stirrer or anchor stirrer. If desired, the containers can be

heated in a suitable manner forexample by oil baths-or-heating
jacketsoperated electrically-or by stean, The-con- tainers are chosen so

taé they=witbStanthibeatitenipexateire @irdpresdsens! coirdifioins/jpoeexailrigs. The
duting thereastion. Puilicaiiomsantakeplaee HeeckpOWMTIRSANE 0L restrict-
examp ip;g%ils‘kjg?_tion. If appropri- 35 ate, unreacted starting material is
returned to the process at a suitable point. The present invention offers a
simple way of obtaining D,L-2-hydroxy-4-alkylthiobutyric acids such as

VR SRS B Gy SRR IRAEGER AL Beics. It is more.

ovéty Brasibtedsre ke WLbpiat HaE A i SE easiNpavaiaBiEehato
ritinrioxi G elGestariadgamateriatdvirete s atomy estetidntertrerdasireuifatdd in table
pregiushin:-aifey: REOACES astRPSint) Thapeaag, ohsheinrentiendsoved and the
explainedkin.pare detainithefalQuing S¥am Bles-cheyeXamRIe SR A0S .-

case implement the claims an ripti riberawithout restrict- i
e B T e o
(VSR a-Hydroxy-y-butyrolactone and sodium methyithiolate NaSCH3
ViSRRI HRIEYER 2280 HBTSoRRAR (SR EaRRAE PEMiP REAREALINHRRIe 1
réaetioriderapeetauménativaiod wmeialbies. 1T herrufiiealing ofdivghsvaeattiprsd by
tirAreNter cooling, the solvent was removed and the residue was taken
up in 1 N HCI. The solution was extracted with methyl tert-butyl e 10 ther,
apg the coAmbined organic phases were dried over MgSO4 and

evaporated-to-dry=ress—Amounts-emptloyed:rreaction times —solvents —
%i %rl'ére& %@éog und i%ot%% 1. Oév)%% é WasIFT{j de Lé(rjrrr]ﬂnedE %%/C nal MFA vield
fhing Y HEBERRPoMRE ioduct was analy28by i H{NTiE A8 Fable
Experit a-Hydroxy-y-88@fm Solvent Reaction Reaction MHA yield | [%]
ment butyrfddctoes] methytrtiid temperature thiolgte [g (mmdif[g
mmol)] [[{G](14175 (1467 @47140REMSO 16 12678 2 1.5(24.7) 0,7 78
124V DM iU 99 7 (14.7) [ DMSO 30 120 98
3 1.0(9.8) | 0.5(10) |Methano! 10 65 11
4 15(14.7) | 0.7 {(14.7) | Methanol 20 55 30
5 1.0{9.8) 0.5 (10} | Acetoniirile/ 20 85 34
:  methanol
(1/5)9 | |
5 1.0(9.8) | 0.5(10) |DMSO 3 189 100
7 10(9.8) | 0.5(10) |DMF 3 153 100
"Y' Ratio by volume

DMSO: Dimethyl-sulfoxide — - - = oo
DMF: Dimethyiformamide

B} Synthesis of a-hydroxy-y-butyrolactone

Experiment 8 (according to the invention):

9.5 g {0.035 mel) of PBr; were slowly added to 30 g (0.348 moi) of y-butyrolactone at

0°C. Then, over a period of 3 1, 71.9 g (0.450 mol) of Brawere siowly added dropwise.
fter fhe solution had been heated at 88°C for 8 h, H,0 was added and the bromine

residues were reduced with a little NaMSCs sciution. Thereafter 220 g (0.7 mol) of

Ba(OH)."8M.0 were added and the solution was heated at 100°C for 15 h. The barium
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31.0(9.8) 0.5 (10) Methanol 10 65 11 4 1.5 (14.7) J 0.7 (14.7) Methanol
2065 30 51.0(9.8) 0.5 (10) Acetonitrile/ 20 65 34 methanol (1/5)1) 6
1.0 (9.8) 0.5 (10) DMSO 3189 100 7 1.0 (9.8) 0.5(10) DMF 3 153 100 1)
Ratio by volume DMSO: Dimethyl sulfoldde - Dimethylformamide 20 B)

Sypthesis.atadwdrsmy-butolactons: fxpermentddaceudind.fadheand the
man_tlon\)éigt.S é;&g%.OB tm l) of PBrs we{e slowtl aqlded totSO % (0.348

Ol BT Y GREERE BTEBE. TFetr VTS %‘é%é%?é 31719y nsolubles
(Ovdas0renuly f. Bravifdisiawseadded airofwisemsftey toédsehstidatitadat 110°C

beemheated aliAGiRLs dinidaRd wasadded apd-he bromine residues
were reduced with a little NaHSO3 solution. Thereafter 220 géO.? me[) of

BAB R ENIT R oG Sl uriAERA IV ES PRk S 4 0P fopl1geld:
Ir23PhecbaiugnhiOronas-puectpdated with conc. H2S04, the precipitate was
filtered off with suction, and the solution was evaporated to dryness. The
solid was taken up in ethanol and insolubles were removed. The EtOH
was removed and the remaining solid was distilled at 110C (610-3 mbar),
witkpariarkedeehriomsiiantotwateedecurring. 5 The resulting colorless ol

was distilted ance AgaIMLI-1eS4 e84 8:(08 Mok iela28% LRl then & slow
D,L-a—hydrog-, bu?t%rolactone. Experiment 9 (accor(:fl{%to the invention):

1675878 RO°S5THEIF o YA RGSRELIBIb et mrdAbcec b ARG Kb Rl chic-
aridethet fzeshosvidsticam MWE@&S}M& passetidieoigbradrta o408 the
AR 239 (Pi3d-eb0hablosHRghad berr added: iNe aRRALBMAMES and dis-
flushed with nitrogén in order. to drive out the remaining chlorine gas.
Af'ﬂé:‘?dcooling, the crude product was washed with H20 and dis- tilled. 15
Theeresulting e-citocobiytyletantomewasconue ied it MiHAcydined described
meshaddassribedio dhe example Jos e preparaten.of

a-bromobutyrolactone. The resulting colorless oil was redistilled to result
in' PELBSHIIOT SAGNSE DL VESrgieRlipd to resultin 7.1 g (0.07 mol) of D,L-a-hydroxy-
y-butyrolactone (vield: 22%). :



y-butyrolactone (yield: 22%). 11 We claim: 1. A process for preparing at
least one compound of the formula (1) O CSOHR (I) 5 OH where Ris C
1- to Cs-alkyl, which comprises reacting compounds of the formula (li) O
HOnN O (11} 10 with at least one thiolate!(RS),M, where R has the meaning
agvindigsmula (1), and M is alkali metal, alkaline earth metal, Fe and/or Zn,
and nis 1if M is alkali metal, nis 2 if M is alkaline earth metal and/or Zn,
Ay R §rF £ 1cL 0PRSS AGCOAING 49 Glaimy 1, where R
is Cl- to I%yl cess according to claim 2, where R is methyl.
20 4. The process accordln to one or more of the preceding clalms
where M is Li, Na and/or K. [5 The process according to one or more of
the precedi WM Na. 25 6. Tlhe process according to one
or more of t precedlngé:lalms where the com- pounds of the formula
(11) are employed as en&htiomeric mixtures or enantiopure. 7. The
process acGgrdigia aetomsikg of the preceding claims, where the com-
30 poupdisipfdhpdeuntiakilais-pmpieyed as rasemigimixtures. 8. The
process according to one or more of the preceding claims, where the
reac- tion takes plagg in polar aprotic solvents. 35 9. The process
according to claim 8}where dimethyl suffoxide, N-methylpyrrolidone or

© mixtures th loyed atﬁ solvents. 12
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with at least one thiolate (RS)M,
where R has the meaning as in formuia (1), and
M is alkall metal, alkaline sarth metal, Fe and/or Zn, and
nis 1if M is alkali metal,
nis 2 if M is alkaline earth metal and/or Zn,
nis 2 andior 3ifMis Fe.

2. The process according to ciaim 1, whare R is G- to Ca-alkyl.

3.  The process according to claim 2, where R is methyl,

4. The process according to one or more of the preceding claims, where M is Li, Na

and/or K.

5. The process according to one or more of the preceding claims, where M is Na.

"B, TheproBess according to Bne or more of the prégeding claims, wherethe com-~
pounds of the formula (11} are employed as enantiomeric mixtures or enantiopure.

7.  The process according to ons or more of the preceding claims, where the com-
pounds of the formula (/) are empioyed as racemic mixtures.

8.  The process according to one or more of the preceding claims, where the reac-
tion takes piace in polar aprotic solvents.

9.  The process according to claim 8, where dimethy! sulfoxide, N-methylpyrrolidons

or mixtures thereof are empioyed as soivents.
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10. The process according to one or more of the preceding claims
including a pre ceding process step in which y-butyrolactone is converted
into compounds of the formula (Il). 5 11. A process for preparing
compounds of the formula (I1), which cdi@prises initially converting
y-butyrolactone into compounds of the formula (IV) O \~jO (IV) where X

is halogen .10 and,converting Jhe compoungs. %ﬁé@@atﬁa@amm;mg 2 pre-
I

subseqbuent subste to. compounds of the formulav(‘lal éégﬁtgggnprggeégoﬁhe

|
acoord Gt BATR LT Harai DU olSEtne B Lh e
compolMid¥€'dithe formula (IV) 0 X O (IV) 15 where X is halogen, and the
compounds of the formula (IV) are converted in a subsequent substep in-
toldompquotis oftherdpamgag¢MpRodsioThe frovésd hcediatingrpdtaminitially
12 or 1&wherg Xbst@bidGohetprasessuaceasting ftoraléan\L0, in which

the conversion of ¥butyrolactone into compounds of the formula (Il) takes
place by a p;&(j\eﬁbccording to one or more of claims 11 to 14.

\___/o (V)

where X is halogen,
and converting the compounds of the formula (V) in a subseguent substep into
compounds of the formula ().

12. The process according to claim 11, wherein y-butyrolactone is initially converted
into compounds of the formula (IV)
0

X,
0 (V)

where X is halogen,
and the compounds of the formula (V) are converted in a subsequent subsiep in-
to compounds of the formuia {il).

14. The process according fo claim 12 or 13, whers Xis Cl,
16.  The process according to claim 10, in which the conversion of y-butyrolactone

into compounds of the formula (I) takes place by a process according to one or
more of claims 11 to 14.



