Met hod for the production of

D, L- 2- hydr oxy-4-ai |l wi t hi.obutyr c¢ acids Description 5
The presént invention relates to a process for
preparing conpounds of the formula (1) O OH where

‘R isto Co-alkyl. 10 The present invention further

10

utmdiz @@ net hi oni nehydroxy. anal og (D, L-

r ehah@Siof Be Bropli@ee $5D.Larhypoepamaikpgiccoypoerts of t he
formula (11) Methionine and net hi oni ne hydroxy

anal og are, besides L-glutamc acid and L-1ysine, 15

a 'A% econonical |y nost inportant amino adds. The
econoni ¢ i nportance of nethionine derives fromthe

f cedstasbhtisaniongeleatd agoodss ferodretinoeompoyes b formula (i)
Met hi onine is an essential sul fur-containing am no

aci d .whose netabolical ly active formis

S- adenosy!l g%t hi oni ne {( SAM . Met hi oni ne |
(D, L- 2- ani et imbutyric @cid) can, in
contrast to all otRer amno 20 acids, be utilized

fully even as racefste by the organism The body is
aldterd @ isconyerdaiktine D form conpletely into the active

L form Thus, in-an industrial synthesis the- _
canfiguration,. of. the a-am LSod JHERbGEbdAks oflthe for-
i gﬂ%ﬁ’ Sﬁ%é?vgg?oqfﬁgt‘e?{%et&o% %%ﬁ%?n%@ al 50" abl FSe t o

2- hydr oxy4- met hyl t hi obutyric acid, MJA) as conplete
substi t ut g¢f or_set hi oni ne. The 25 am no group of

met hi oni ne is{repbaced (iIn MHA by a hydroxyl group. In
this case too, nversion into the adiveLform of

nmet hi oni ns -takes place-ih the-body. Thus;

~industrially manufactured racem c MHA al so represents:
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a \aRphied endubiatonie tedréxyranaie Beo esities L-glutamiqg@d and L-ysine,
pr $85e b AEmBLIERAYst Gofi@ i Bonitids.amed ebbddmimmportance of
| b el e ecmat bt
ol & SnAsqPg e CaRau i SO BaRSYeY Sotve o
StimBtagenasyimeftiordte SANye from acrol ein and nercap-

t ansthivhihe D, prerisastrethytitogiwie acid) can, in contrast to alt other amino
3-diRk Ny WTRECADNOREARE RRGhate by d® ddMBn. Tk b@éiisa&e to convert
Feaches ! d-3dl - ACHARIiGiaGh dyRRktis the con-
R SR LS et ap s o o

, ) ) .@gﬂve. ydan- 35 tom n which
i JicuiFBR iR e ROHOEE S4B "% kali into pot assiu

‘Diitimet infsoashthet thacrasnndealpvpPia oS PIRRV P BrATRES (O

2 i Jeeaily Sem SthpiHidonrid scd My as acopieidisnigptitute fuSnathipaise. The
74%&&?}?1’%;5 %n‘éﬂakﬂin@)&%&%ﬁﬂ QHAGYE Hyfroli gropp.as Bicesefoo,

S O g¥ ‘dgo”'g & “'\'iaI" g’ 54?3C e(&ﬁt? 'et‘%kés iz SYALIE d*ﬂu_@:i-ndusiri-
H PGS §1%Y° EEFE O AEIAT Aci ds Such. a s&%)url N
acilld M@ e el e Hé%f?ﬂ?%%ﬂwoaipiﬁie Aaltyte éﬂe&““’“m -
VHA. Ammoni um bisul fate is formed as byproduct 5 DE -
84ﬁ1e%9c§:egéé%rq%§§aﬁﬂg Ble0feeS dhaMHN ia theabiod quality are based sub-
{0l OELRELCAr ROy ARk Stan Thi §y ERLAIL SiuBSUBS T ed

Iasc*f?n s or 1 actone

as phthalides or o ) _
A process described in DE 19806 405 starts in 2 first stage from acrolein and mercap-

tan, which are reacted io give S-methy!mercaptopropionaidehyd_e (MMP). This is re-
acted in a next step with hydrocyanic acid and ammonium bicarbenate to give a hydan-
toin which is subsequently converted by alkali into potassium D,L-methionate. Acidifica-

Hon affords D, L-methionine.

aving aromati'c radicals, such
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coumarins, being heated with alkali netal or alkaline
earth nmetal conpounds of nercapto conpounds which
conprise no unesterified carboxyl groups. The ,
reaction takes 10place w thput addition of solvent,

if appropriate with an excess of |actone as sol vent
Okewise dgidrngiroasideeambrding éo US040 SAT sagiut hitabydieryarinesid

hohdieBeney ef%&@n 'hpdmx;djdbt@@em REGH#s in & BRAGhyUSN, @{yﬁkﬂl)%%day

Ay P e S
Wcﬁ“’@@fﬁ‘ﬂﬁ?}@@ f@r@m%@s Wﬁ%ds of the forrrul a
(I1) 0 ~ with at |least one thiolate (RSM 20where R

basai % JRABLNWpaSask For hayaiihgthidelnercamebyhd addsaiiiakhtails

rﬁ%&%ﬁm‘ce%l[%ﬁ@neg G égﬁ[)x]ieg h@ﬁﬁ@%mn@ﬁc andio rsuc%rhs [ﬁﬂ@%idﬁs%r
S i it 2 el SRR ey

gehte connends wbigh 66 risE e YPeHaiied AEDPHIEBNH6 UFREE b ekes

dlé& wi tﬁtBLmaB@nc(nl df yolvark eisapplopdate byth an preosses wciahé ehisofvent or

éedfmeﬁ's@llvér)fs &RAEbhRGe iniBaHe Y @dcagt. one into
ounsoteforrrula(\/)o-\/\hereX|s _

halogen 30and converting the conpounds of the

WAL ey
;{1) %%tg[%:é;)a?%’r t%ﬁe' alQ mv)?d&sg ngcBEs for BRIpBANG Bt 18adt OAB@BAMBUNG of the
ormula ,

RI/S\/YJ\OH . (1)

OH
- where R is C4- fo Ce-alkyl,

"which comprises reacting compounds of the formula (1)
- O . ) .

0 {n

with at least one thiolate (RS).M,
where R has the meaning as in formula (1}, and
M is alkali metal, alkaline earth metal, Fe and/or Zn, and
nis 1if M is alkali metal,
n is 2 if M is alkaline earth metal and/or Zn,

nis 2 and/or 3if M is Fe
in which the conversion of y-butyrolactone into compounds of the formula (11)

takes place by a process which comprises initially convertlng y-butyrofactone into

compounds of the formula (V)
_ 0 .

xﬁ |
o (Vv

where X is halogen,
and converting the compounds of the formula (IV) in a subsequent substep info

compounds of the formula (11).
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The object was, starting fromstarting materials of
|l ower toxicity, to find a cost-effective process for
prepari ng D, L-2-hydroxy-4-al Rglth30butyric acid of
the fornula (1) O 0) .5 In particular, the object
was, starting fromstarting materials of |ower

: T%Q?ﬁ?@éth)és, &gl hsh Aarrastatefdiedtiowes i Bid papst-effective

reparing MIAof, LHiRokunad): a8d of théddmite(fpbj ect
pﬁ)gg sorgre’ﬁ%‘ﬂ? e%ezdﬁggocg{é%&ng to‘ntafhé1 di scl osur e by.

provi si on of atiprocess for preparing conpounds of the
C 1 é?imhichﬂponprises reacting

“of ftheFormula (11) with thiolates RSM 15
R means in tHHs connection according to the

di sclosure Cr to C6-al kyl 3  Exanples thereof are
met hyl , ethyl, n-propyl, 1-nmethylethyl, n-butyl. .
IS %‘F PR e a
PstREBLEVS prodedsAeHpRapatng MHA oPtheriatriipi(lit y1
3-rnethbeutyI,'Q,Z-dlnethylpropyf, tet hyl propyl,

1,1-clinethyl propgyl, 1,2-dinethylpropyl, n-hexyl,
o1- gg;ﬁyﬁ “pet hyl pent§d), ~ 3-net hyl pent yl |
4- yl pentyls 1, 1-dinethyl butyl, 1.2-

10

15

5di met hyl but yIQH1, 3- di met hyl but.yl , 2, 2-di net hyf butyl ,
2, 3-di met hyl butyl, 3, 3-di nethyl butyl, 1-ethylbutyl,

ﬁ{eeélﬁ@qt lﬂﬁg )Séer]jécrﬁev%d'éﬁb@mﬁwbyb theogigdigsure by provision of a process for
- e '- y - -

net hyl propy. et hyl - 3- nmet hyl propyl and
me&@@%@%mﬁﬁ@P%%?ﬁﬁ%ﬁﬁ%PEgpca|s may al so conprise one
or nore stereocenters. ' o , - :

_ OH o
which comprises reacfing compounds of the formua (&)

3 - {1
with thiolates RSM. .

R means in this coﬁnection according to the disclosure Ci- to Ce-alkyl
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10R is preferably 01- to C4-al kyl. Exanpl es thereof

are nethyl, ethyl, n-propyl, 1-nethylethyl, n-butyl,

1- et hyl propyl, 2-methyl propyl, 1,1-dinethylethyl and

m xtures thereof. The radicals may conprise at | east

one stereo center. 15R is particularly preferably
methyl. In this case, the conpound of the formula (1)

i s EwRIRPleY theteef are melivh efhyla)-propylCiqmethylethyl, n-uityin-fgtyipropyl,

t hizehath@sofyRS) +anathgictth kabintpet-akihyiadiat-ayibay hmetnyaautyl
”Etzaidzmgﬁvip%f}yto'[ oy Cg?‘eﬂ!u’fﬁdl%ﬁwlpro% r @Qfdrmdﬁ{yﬁﬁjk

e ar Ekﬁétwe’gfy 2= m%%yipew&r? Sﬁexﬁn@en‘l{f/&% Qﬁ)&oeﬁ,{y& { J—otrﬁaetf'lyrbutyl 1,2-
t hEredtyibubb 'fmwefhww ARIEE SR DR RS- eyl >-timethylouty,
" \WeiindbulM, i2sstial dobdl.i 2 -siamethy proplla i -ethidnl -oeihdp bk t uetigyl-3-

t het=@®fproph drig reURk tHepec?. Where. M is Fe, is_equal

t O ge %Eﬂ%ﬁ g S%Q:Mﬂ seocgr}%foﬂn@ lger%%centm Kor a

n1xture n s preferably equal to 1. For
%lven M whi ch may be al kaline earth netal, Zn or-

Fe R i3 pieferabtii ©afosCRalkvh t he corresponding thi ol ate

( RE)x&hbiemifieraef drelerthyl alhyion-pebpfif ememyisth@SThitg) Binetsyipfopyl, -

t he_nfanp9 (%J:E%l (1 Ry dnéﬁﬁ&ur!&@ihe@& di fferent

be?@§%ﬁ%m3g~g%a%ﬁmm%$%a %%&%jilrent metal s M can

tAneous \ ferably -only one
th|_olate of theforrrula(RS),,Mls enployed. 4 In
al R iz prstidularipteheraiie methnlb iftgs easantie henrduna bl tbe formdie(l) is MHA
wawlind forfule @py esents an S or R configuration at the

~relevant carbongatom A formula conprising a wavy
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line pr ferabl y |represents any mxture, particularly.
pr ef gr ¢ nixtur@a) of the enantiomeric
forﬁs of the onpound Al ternatively, such a formula
may tepr esentCd particul ar enan- 5Homneric, form which
is not precisely speci. fi ed. A carbon atom having four:

T L R e

20 cofePf-gur ations of the correspondl ng rml ecul e are
possi bl e. The two non-superinposabie mrror-imge

f opmB; @Sy chng, ke cybea ap@rd Perberred to as
enant i orrers R and S enantioners are disti ngui shed

acgl?\glgrlere rth me apxs Beu SSCE? fSr %aa or'’s mlﬂgrglﬁgere?o?d Prel og.

Where M is alkall metal, nis equalio 1.
Where M is alkaline earth matal, Zn or a mixiure thereof, n is equal fo 2.
-Where Mis Fe, n.is-equal fo.2.and/or.3, S - -

M is preferably Li, Na, Kor a mixture tbei_“eof, andnis breferabiy equal to 1.

For a given M which may b2 alkaline earth metal, Zn or Fa, the radicals Rin the coire-
sponding thiolats (RS),M may be identical or different.

Thiolates of the formuia (RS).M with identical or different radicals R and/or identical or
different metais M can be empioyed simultaneously.

Pfeferab!y only one thiota’té of the formula (RS)M is employad.



A mxture with equal proportions of the two
enantioners is called racemate or racem c m xture.

The nolar.ratio and the ratio by weight of the two
enantioners in the racemate are identical because the
enanti onmers have the sane nol ecul ar mass. 15 In the
context of this application, ref erence is made only

t o Ikhetemfligehatkindsoat anthereganso Ehe@ﬁa;ﬁﬁr@ bReddh AW R

or &ﬁﬁgﬁﬁaﬂgﬁ QUR: § 2538 ok Qtoq'?h%fmuﬁeco ?é r'ébeé wg\rey ling praferably

peci
one U RS B S, S Ul o oty B SR e R R s giomerc
ar doFPEE BRECBRPURNfCARATEEY. SREN 4 feayuin mee rapeserlacasinger enan-
& o tioheseiost ahienBnpspratiseiy sgehiiie®0st er eocherni stry. The
thi ol ates (RS)M-.can be enpl oyed as solutions. In this

Co%ﬁ?a‘?ﬁdn%%m M\Lﬁ] Cf @subts |t8é}h? sa ste%ao ceﬂpe %I g rgplg%ﬂlei/has

( R
é@yﬁm o 8?“?% Ti&lf i §°ﬂ§* %ﬂ%@%%l@%sao%uwewle
s oIaEFt ﬁ)féﬁf@iev(ﬁ hetiwg N%ﬁu@ﬁmp@aab@mlwr—m% yn2E sue gitleare are
10norgerarie besabliynO8% byd Behghibmers dﬂ@ﬂt@bnghi&hddsaccordmg to the
MOLQEVETE R 3ok Shdtr9egfp! Oy the thiolates (RS)ON4 1n

P Efd*e%%“%%%%“% 54 B <ARRPOR S8 v eracenc

B’Fs@ﬁé?q ¥ ﬁ?’ft?ra”tj RRIPOYTSGobTE e epriarereipdie raeemate
esﬁéﬁr*d@]ﬁeﬁh pedanse the coantpoerndevefhetame hodarulbamédsl ) i s
15retained in the preparation 30 of the conpounds of

t he, Fio sl @ofthi) o ;N%ﬁtﬂﬁ' 49Yereﬁ~@%&;= cﬁ%?‘t& g} ﬂf@fueatzoq at th the car-

e
 erebeus A eqsnounds, o HAe Lo (L Sl Bl
' nul”@rs( PfaUS?‘é eﬁ%@%‘%ﬁ% &F H‘i‘%ﬂ?ﬁ@@ﬂa" is Prﬁ“ﬂi Hethevaereo cen-
oné&rsre Pty omid ditaminttel herencizpawa i bese dtaements about the
201 osmoshefritr-ypr edom nat es, 35 then the conpound of the -
~ formula (1) obtained therefrom is likew se

p r %ﬁeomo%@g )ﬂi’g)lplunca}‘x %le %{n‘?’n gﬂgrﬂs frlﬁuis fFRpne ogf ES? pypentra- -

e nfs%‘?f%bﬂ?w‘aﬁas {R& ﬁ%@@ﬁ%ﬂv i H\/}»@artvv%wt ﬁ’réanérpr%fﬁ@b%ﬁﬁ% g
st WPigEics ooree itiscal$oparsitledo ehplay bglujsnediting natcentradh of50% by
- 25 Theeigitan tioYpriefCaleX 088 Sy Wsighedrnited nasmy@sver b@s]sla!e to employ

m@;@%uﬁi&é’ gis?,ll\ﬂ-m particLERks so@%gr? f?rntﬁé écgrle%bng{no El'hcﬁ {RS)H.

i soner; Concentrati on I'soner

furt her pr ef erred enbodi ment, the corpound of the

f o RuPdYaipys ofitae BNEY idnd eHAREFURAIER of B Mydraxy group o to

Whige evaiit setemassupof tHesonpogndsfof the lipouiadgs) iofsilee if B prébaration
30 ( | di)trd sdrwbUds P B fenul\®. RAaRNY, PARFIGN QNS - employed as com-

&%ﬁfgﬁ%?ﬂ Irmﬁlt}g%% m"rggp gg:gﬁﬁg&?t%%ﬁ}mgozﬁ%s of the for:
R UORE A Pr???g'%ﬁ'g‘ﬂ{r‘rsorrerl c-forns |ikew se

predom nates, 15.1f one of the enantioneric forns of
t hé hoeegeound Smfedssbmef ofartlobthé Lbhpdusd pries erbula (I predominates,
35 exBériSb ¥ehyount o?thetf&?fﬁiu%c{f STl I aTe Tl elyg sTa iAo }eﬁom:ranﬁy in
enantjonur %e?é ﬁmprocess of the invention reg I'n
e

a conpoun formula (1) which is IlkeMAse
enant i opure. The processof the-invention )
prled @cablynitigkdsngilenepyen afotar pafred pobsirharé ot the p2Bant
~ Theveptidras for yneodt the siolevbhericFotnsan tishiygtedbnfhad. S

40 nol ecul ar di pol e nonent mhlch is connected to the

SCOo ern1tt|V|t when the val ue of the

N e e PSSOt
nﬁ%@”@?ﬁFéﬁ%ﬁ?%Wé%@ﬁ?f$%s polarity. Values of -
permttivity can be found for exanple in the :
Handbook. of Chemi stry and Physics, 7Sh edition, 25
1995, CRC Press, Inc., Boca Raton. A polar sol vent
-generally has a value of the permttivity of 10 or
nore, preferably 20 or nore, particularly preferably
-40 or nore, at a tenperature of 293.2 K
30A.s.olventis referred to as__aprotic if it is

unable or is able oniy with_difficulty to.elirninate



35 cated. An aprotic solvent generally has a plC or,
in the case of a plurality of protons which can
possi bly be elimnated, a | owest plc of 20 or nore,
preferably of 22 or nore, particularly preferably of
24 or nore, at a tenperature gf 2912 K. 40 Sol vents
can_be enpl oyed pure or as mxture. 6 Polar aprotic
sol ernantieRRTpHexcarhis 856¢ as ni xture with ot her
solvents, e.g polar protic solvents or apol ar
solvents.[k_ig Is case, the proportion of one or

ot her°/@f3=i[ L wegres i n-the sol vent mixture usually
does_not e 10% by weight. 5 Solvents to be .

pr eFeramePrEipProyed '#6r ding to the invention are
X orfSk&%ammphieatidn pEbdGlisosekf oxi de, N-net hYl pyrrol i done

or m xtures thereof. The process of the invention

ta'f@énf?éh g {
TR I R o

re&C1T ediently takes place at tenperatures from

50Cto ZOOC The conpounds of the formula (11)
10emVreyedidurestdi sopreees ssnefinddw trierfme‘rmtai (ONin&heh kRO WIthE Bnanti- -

th %m‘éké o rb@iiedtes eg’@ RESlP:d) thel ARS8 of%%‘%n\%%org‘rreﬁhtg% com-
Q‘H@ %f tqg ?orr%l% ?151 @%ﬁm% f ?{'F Shan?grag s\{%ewzseg predomi-

anzungsmerk
ungsvverk Il, Volune 18, p. 3; Ergartzungsvverk
III Vol ume 18, p. 3; Erganzungswerk 111/1V, Vol une
1518 jf ope of3he EfpEMALHITSMRICK Y coMpbuna®: th8 forPula 3hadshetddexclyu-

: |n Eﬁéiftiwtﬁe EWSBQ{Q@@ Jo’?;ﬁ?tﬁl'd erlzff p'ijgethgga @§ssof%=- B\Qz%hon '
" K500 6F seranit el b atindeih P s e wrploncre.

- y But yr ol actone is available in |l.arge quant|t| es as
paife pbcashef thalwentoh araierafly BesqatdeddpdRe ppmtic bevargt r y .
20y-'But yrol actone i s obtained starting from acetyl ene

an?‘hg Q4R zg%%@gﬂ gé @ua‘h d vﬁtag éﬂﬁ%'uﬁ{ rﬁﬁ’of& F\én}%ﬁtt%rﬂc%l IS Cor

i ol
BT HE AT, AR S RREENGY. e "0 EROPR o F Pormitiy of a
pr P&t Bgnenibie @ﬁwlqﬁv rpaie statrmamisaRbeit)its ipplehitdémsusg of permit-
pr &g damige foretiessxastpipn the AmZbdvANF Dbtnyisiol SRtFRIRECATS” edjtion,

25 COnyey LRE Ar8ds0/n6 08pRURs,; of the fornula (I11). 30For
t hi s purpose, preferably y-butyrol actone is converted

|naf|rt ste nt o cor{gounds of the formula (1.V).
(Ao BB IS HPGY PP TN Bo6 40 pomsrerebisbly 20 o
i NTRKeE l@fﬁﬁqdlaﬁmpwetﬁfﬁi&c%wen@@ & héenfinpraturt af IMWIAK. is |
initially converted into conpounds of the fornula

30 (1 A/l:@ivé?‘@@ r&#@ﬁ%%%ﬂ%@élf Qfs Lfngﬁe %515 LoE 'aHf Iﬂ] g\@cu t? gliminate )

¢ PRSP R T G o yiBort APy & o s gRcs have o
aé&@ﬂ VAt RRET CReEReRGh of e ARt glemotansaimbe lefimingted from
poswitbl@saciberdi sgertdn KhEhis kuetrniasd ihomta, 16z OdReebih-

t hewisornBihaly iWheghtoBYscaiR ISRARM & BelbR srdngliR

a5 Madigal X OFY(dI ffgé;ent X ra %ﬁcal S. oésenng?rean PHa, 15 ind
according to the inventi-on.fluorine, chlorlne '
brom ne and/or iodine.” Chlorine or brom ne are
préet retisgoivanicendraly Hias apiE o tuibardsy opr gtiefity etiprobhawaich can
proetsibiy Belcnibadt, eV bKIdecpr m%%a@fm?@@zﬂ BMASE ] oy

{ QiP5 ERALY BB LATRAUNIS Bl pd e o%azstﬁ

reacting compounds of the fornmula (1) with thlolates
(RS%M the conpounds of the formula (I11) are obtained
by RIEICAT g CEBIAYRSTRY e aF-TBEr ol act one of t he

formula. (I11) into conpounds of the formula (1V), and
converting the conmpounds of the formula (1V) in a T
subsequent step into compounds of the fornula (I1).

40



10 a-Brono-y-butyroi actone can be obtai ned by
reacting bromne Br2 with y-butyrol actone at about
100C in the presence of phosphorus tribromide PBra
The resulting brono conpound is isolated if
appropriate, but is preferably not isolated and is

i mredi atel y reacted further with barium hydroxide to
gi ve a- hydroxy-y-butyrol actone. Barium hy- 15 droxi de

| SPolar appdtic yolend wyed avldad Es)r2ek2 dith Bhersphentels.g. polar profic
tr iRy &i%géré <BR &kl cLEPhOYSHokith BRI SHP b the 8Fvents

'b;@éﬁe %cﬂxpl t‘gB‘ﬁtLSléfrt h&fg RLeher3bly 10‘5/06?»\‘5@{;\9 15 ol %

tone. I'n"a trcularly preferred
9enbodi ment, phosphorus trlbronrcle is enployed in an
- anBoingntob b&@refm%l)basﬁidywcz@‘dy@ lithg ireeriict eredor exampie dimethyl
Phasmphies wsmbhiBremdhe o mp@irgs Mafdol.y added to the
_ y-butyrol act one at tenperatures from-10 to +1OC A :
suj_t abl e so] vent resent if appr.o
o Eiar e o Burvn BES SR et PR R bRt T et e e
10| i fanviireeseduitiéigionly quickiinpes REtio8 ket igkesglart gitemperatures
Br @em 36°Mi:1280°Cs usuaIIy enpl oyed in anobunts of from
100 to 150 nol % preferably from 110 to 140 nol %

tgg? D%Q ﬁ%fncguf,%r ?or%ﬁrao(n)e%f%ﬁ} =5 gpﬁ%ﬂb logulsak by ;er fo? Eeeﬂmwrr |

S DPYo s WaHey CHUTEAGY HErb L Bellsi e U e ien
151 h@h@m@n&mregert\!héagr EEENEGIESWRAL AN RSB AR Erganzungswerk i,
he%z@ﬂ efierp. & meartzangsweed iipdiuee ¢2, ol BIErgmeutgewereiliflY, Volume
3 B \%@t\fu /BSirdan gt glasarra%@m@é@reqrcﬁéar@rmémm

| |sF?§E‘éﬁ‘ GP o e AR e Ry AR ER B Mlorotacons
Thifgmugd®s - pl ace for exdriple by addi ng NaHS03-
sol uti on{ a- Chl or o- y-butyrol actone can be obt ai ned by
chl ori nati ng y-butyrol actone without add- 35 ing a
catal ygst ap el evatigd tenperatures which are for
20exarrpl 0-200C," preferably 140-160C. Byproducts
which may be fornmed-in this case are -

a, a-di chl or o- ybut rol act one i.chl

T AT O SoR S V AL Oh FOB TP &< B 8 fhesva&eﬁ@r qppalled
noReprermbvmisty. sEubadiate is ebietposar s e seetione a@?éqrine*de"
f ofycGAa s MsdheRyteyt mmwmbraemmm@nesorfaod mEdbuagadiol. i n-
the al kal i ne hydrol ysis. The

S Mg b Kb e 0. PRt spa%R%xoerounds of e

soiOUt"IﬂéH f@ﬁﬁdeﬁ@ NRGEHINE FrEEFR SR 1 which ’y~butyro§ac’rone are convetisd

a- il @npoyrdsuf e drawedite and 2, 4- di chl orobutyric acid

"into a-hydroxy-y-butyrolactone. 8 Chlorine is

usual 0 08 i<l b DR alifst 120 it pound
& r‘?ﬂ’r%? f%f%%r‘r@W%ﬁm 1 G RRead g SR rPapouncs

HWH% In a part|cularly preferred

enbodlnent chIo- rine i s enployed i'n an anmpunt of

130 nox ed on y-butyrolactone. 5Purification by

nitrogen qu@hlng andy or washing with water is

possi bl e. e distillation preferably takes place

u nﬁ% m@enruﬁr?ﬂ Eiﬂe&!r Qér‘?é §{4‘5 ?0 a E@ce%’?ﬁﬁﬁr&?y—@rﬂyr@g&%%f%ﬁe formula

S or
o iotp ey 3? It e P b s Sqgeoande of e
35 nbf@rmtera (Vears CO”Pﬁ@ECbW@oﬁj@FGQ@HW%% lmorceap%réeowﬂrﬁafﬁma%éﬂ The
i fra@pproRi i eonrehor eaotdngrio tendishicarshafogen toealt isrpgssibie
a- SIbRARr Y HRUNERRINGEL OBSnMuh SOBE IHALEY A Ay z%n%arré@the
anal ogous to those for treating
a- bt onb- y- but yrol act one wi th bari um hydroxi de. Al
the processes of the invention can be carried out on
vari ous scal es batchw se, sem conti nuously or
conti nuously. "For exanple, the product can be
produced in discontinuous processes in anounts of
from1l g to 1000 tons per batch, preferably 100 kg to
15 10 tons, and |n the case of contlnuous processes



Purification can take place in a known manner, for
exanple by distillation. If appropri35ate, unreacted
starting material is returned to the process at a
suitabl e point, The present invention-offers a sinple
way of obtaining D, L-2-hydroxy-4- aIkyIthiobutyric
acids such as WVWHA, one of the nbst econom cal
i npama rafica Xir Aifergel dagdiopls. Halogep P@é@%?ﬁﬁ%ﬁi&f@ﬁ‘bﬁﬁ “t"8““°“ fluo-
e Nphe) yhistinb Liryrhiod ant/@isiras Chiovikadtomisagke piefensi Cablng is
nd. AQRH, OsteiredOst arting material which is converted
into the desired final product in a feM/process
steps. 9 The process of the vent | on i S ex ed
5 nin %?fé”%fef%@omeﬁt e %‘P%Sﬁ tﬁ ‘”é%‘ [oR8rep g EoBounds of
exdepdnesiailihby feicing asepdunps @fr?éﬁhfm’f“ﬁ% e Mféh iR RO/ the
de§&ﬁdoﬂﬁdﬁs‘b"ﬂ th%lﬂf:'hlhgr )wiré bisttihed Bstiialytcongrinherutyroiatope of the
% Phne formuia IV) and converzmg the compounds of the

Wa%
”5 T1 ér oXYy- 4- met Ld
ﬁ Y8 ﬂ%ﬁ?%?g%@%mocmﬁgx Fﬁ%\ﬁgt yi't Phi ol at e.
16 NaSCH3 wer e i ntroduced into 20 m of solvent (see
t ablzesndd--angoibeaieadn b obhied dpoEry tremipeBaMiih ¢-butyrolacions
' ngli £86:8d0°cNn ik edcef @ bh@sppbiuk @lbichidePBrh ate Sesuliing bromo |
eeaCt ' r?cﬂs Ec?o{tﬁeh’ﬁ E{A‘értogxriatg o0t ?s%ﬁrﬁ&? n&%o\’a@éﬂfan‘ﬂ%lmmediataiy
s o{%?tﬁowﬂvﬁgw@eﬁv%?vgﬁowt B gwef"ﬁv?m?‘é“? F“%’@P?‘f%% Ba?t‘ﬁ“ hy-
15t hdmoxidaigdotiuy eoppicded BefYanitt\bhases were dried over
MySat and evaporated to dryness Amount s enpl oyed,
r eect i on %L ‘{II'IBTE?W é}esrsopr\cqur[g yxg el ds, %‘Eg ir@m Be, bOMAG: urtner
een

Wepr@wra@gf frow-ﬁetoﬁérmcw et Hfév v%f% 2 By TR @y e em-
1 HeddWRent, PhosEabiue tribrdfgirein empiryedinEp @rewyof 10 moi% based on

20 bui-yipbasbane [g (mmol )] Sodi um net hyl - thi ol at e [g

- (mmol )] Solvent Reaction tine [it] React i on

tenperature [iC] MHA yield IN 1.5 (14.7 14, 7).
Phosphorus tribromids is ordinarily added to the v~bu elacidne at tem eraturés from

-10 to +10°C. A suitable solvent is presmnt if appropriate, but preferably no solvent is
present. Bromine is Qeneraily likewise added st a temperature from -10 to +10°C. Bro-
25  mine js ustally employed in amounts of from 100 to 150 mol%, preferably from 110 o
140 mol%, based on y-butyrolactone. In a particularly. preferred embooimeﬂt, bromine
is empioyed in an amount of 130 mol% basad on y-butyrolacione, ‘
Afier addition of the bromine, the reaction mixture is ordinarily heated for a cer“azn pe-
ried, e.g. for one to ten hours. The temperatures in this case are ordinarily in the range
30 from 80 to 150°C, | |
- -Excessbromineis preferaoiyveduoﬁd afterthe Teaction. Thistakes- place’ ror nxafmpie

by adding i\aHSOa soifution.

a—Chioro-y—butyrolac’cone can be obtained by chlorinating vbutyrofactone without add-
35 ing 5 catalyst at elevated temperatures which are for exampie 100-200°C, preferably

140-160°C. Byproducts which may be formed in this case are a,a—dichior&y—

butyrolactons and 2.4-dichlorobutyric acid.

" The 2,4-dichlorobutyric acid is preferably not rnmoved for further reaction, because the

cyclic form of a-hydroxy-y-butyrol actone is formed again in the alkaiine hydrolysis. The
40 w,a-dichioro-y-butyrotactone can preferably be removed by distillation.

Mot barium hydroxide solution can be used to convert a-chloroy-butyroiactone and

2 4-dichiorobutyric acid into o-hydroxy-y-butyrofactone. :



DIMS 16 120 78 1.5 (14.7) 0.7 04.7) DMBO 30 120 96
1.0 (9.8) 0.5 (10) MethanoL 10 65 11 4 1.5 (14.7) 0.7

10

20

25

30

40

(14,7) Methanol 20 65 30 5 1.0 (9.8) 0.5 (10)

8
Chiorine is usually empioyed in amounts of from 100 to 150 mol%, preferably from 11C

- to 140 mol%, based on y-butyrotactone. In a particularly preferred embodiment, chio-

ring is employed in an amount of 130 mol% based on y-butyrelacions.

Purification by nitrogen flushing andfor washing with water is possible.

The distiliation preferably takes place under a reduced pressure, for example an abso-
jute pressure of 1 mbar or less, preferably under 10 mbar or less, particularly prefora-
bly under 10-2 mbar or less. The product is distifled more than once if appropriate. -

The rsaction conditions for treating a-chloro-y-butyrofactone with barium hyciroxidé are
analogous to those for treafing a-bromo-y-butyrolactone with bariumn hydroxide.

All the processes of the invention can be carred out on various scales bafchwise, se-
micontinuously or continbously. For exampie the product can bs produced in discon-
finuous processss i amounts of from 1 g o 1000 tons per Datch preferably 100 kg to
10 tons, and in the case of continuous processes with throughputs of from 1 g fo 1000
fons pe:; hour, preferably from 100 kg to 10 tons per hour. Specific embodiments are
the iaboratory scale, the pilot-plant scale, the pilof-plant scale and the production scala
in batchwise processes, the starting materials arefed under the stated conditions | into a
suitabie container and reacted there. The resulting product remains in the reactor. It
can be further purified there i appropriate. Alternatively, it can be transferred into other
suitabie containers such as, for example, distiitation columns and further purified there.
in confinuous processes, ihe starting materials are fed under the stated conditions into
a suitable container and reacted there. The resulfing product is removed from the reac-
tor dunng this and further purified if appropriate.

Semicontinuous nrocesses comonsa continuous and batchwxsn process steps.

. Suitable containers for the processes may be for example containers mads of glass,

steal or stainless steel, which are coated K appropriaie. The containers are ndrmally
equipped with an appropriate pessibilify for stirring, such as, for sxample, magnetic
stirrer ar anchor stirrer. If desired, the containers can be heated in a suitable manner

forexample by-cil baths-or-heating jackets-eperated 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 & known manner, for example by distillation. i appropri-

ate, unreacied starting material is retumed to the process at'a suftable point,

The p'resent invention-offers a simple way of obiaining D, L-2-nydroxy-4-alkyithiobutyric
acids such as MHA, ons of the most economically important amino acids, It Is more-
over passible o erhpioy y-butyrolactone as low-cost, easily available and non-toxic
starting material which is converted into the desired final product in a few process

‘steps.
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20

25

Acetonitrile/ nmethanol (1/5)1) 20 65 34 6 1.0 (9.8)
0.5 ( 0) DMsO 3 189 100 7 1.0 (9.8) 0.5 (10) DWw 3

153 100 I|iRatio by volune -DMS-0: -Dirri et hyi

sutfox DVF: Dinethylforrnanmide 20 B) Synthesis of

a- hydr oxy-y-but yr ol actone Experiment 8 (according to
the invention): 9.5 (0.035 ﬁrrglg% of PBr vvere sl o
adbiedres ey in/eie: ﬁﬁi“) laigrcl ) mge YA I%\?S*P Bwigp eé%?‘@ag The
Theampey erthia cperinpdment 13 dgimg bndthg deSriaD fumis) wigfout restrict-
Brigyelke i$ b, added dropvvl se. After the solution had :
been heated at 99C for H20 vvas added and the

e Bt R B B oS,
wez-eyarddecbuaneladidtre aglsativn ﬁ"ﬂﬁ@@h‘ﬁi@'@t“@@% weEdtr gpedigto
h. 20Thesf Ba¥dntiEee &Ble 1) and heated af the reaction temperature indicated in table
1 for & plurality of hours (reaction fime). After cooling, the solvent was removed and the
" residue was taken up in 1N HCL The solution was extracied with methyi tert-butyl e~
7 ther, andthe combinad organic phases were_d‘ried over MgSCL; and evaporated to dry-
© riess. : BT 3
- Amounts employed, reaction tzmes solveris and yields ‘are o be found in table 1.
The vield was determined by finaf weighing. The purity of the product was analyzed by
TH-NMR.

Table 1 ' _
Experi- | a-Hydroxy-y- | Sodium Solvent Reaction | Reaction MHA vieid
Iment bu‘tyroiacténe {methyi- | time temperature
thiolate -] , . %]
lg (mmol)] | ig (mmol)| ) [°C]
] 15(147) | 0.7 (14.7) |DMSO - 16 120 78
o | 1.5(147) | 0.7 (14.7) |DMSO 30 | 120 o6
3 1.0 (9.8) 0.5 (10} | Methano!’ 10 B5 11
4 1.5{14.7) | 0.7 {14.7) | Methanc| o0 85 30
5 1.6{9.8) 0.5 (10) | Acetonitrile/ 20 65 34
: methanol -
| (1/5)" | |
B 1.0 {9.8) 0.5(10) |DMSO 3 185 100
7 | 1.0(8.8) 0.5 (10) | DMF 3 153 100

'Rafio by volume 7 -
-DMSO: Dimethylsulfoxide - - - = = - -
DMF: Dimethylformamide

B} Synthesis of u—“hydroxy-ry—butyroiactone

Experiment 8 {according fo the invention):

959 (O.d35 mol} of PBrs were slowly added to 30 g {0.348 rﬁoi) of qr-butyrotéctone &t
0°C. Then, over a périod of 31, 71.9 g {0.450 moly of Brpwere siowly added dropwise.
After the solution had been heated at 99°C for 6 h, H,0 was added and the bromine
residues were reduced with a little NaHSCs solution. Thereafter 220 g (0.7 mol) of
Ba(OH)»"8H:0 were added and the solution was heated at 100°C for 15 h. The barium -
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was precipitated with conc. H2SO4, the precipitate

was filtered off with suction, and the solution was

evaporated to dryness. The solid was taken up in

et hanoi and insol ubl es were renmoved. The Et OH was

renoved and the renaining soljd was distilled at 110C

(6-10-s nbar), with marked el.im nati on of water

ocasrpriaTgated Tk corestitq:nle poripitdte yos Sidreddswith syeton] sl the
"E%%tsﬁr?@éﬂ \%‘a?@é@ﬁ W %rﬂll‘:%s 8 i DadBidmlpin ¥ﬂh§rludij andinRubies

rol act one. Experi nment
( D f&mqwgd tipe A% éaﬁtoi"%ﬁmd the rowgigng o *@?a%r@ﬁf“%cf at 110°C
y- (@Mbyﬁq@!a@%mearw&mhrﬁmp&%@ okfil-fhgt he appar at us

and t hen sl ow stream of chloripe S

t hrGughitag § calogss abess Aptles op agat“dogﬁf ﬁ@%)?l o 3ol iels
CMwnlonB_Lkwﬁydaﬁ@ﬂ—ba@&%ﬁon@he apparatus was fl ushed

wi th nitrogen in orderto drive out the renaining

chl orine gas. After cooling, the crude product was
washed with H20 and distilled.- 15 The resulting

a- %&@ﬁmwé’crc@dda@tt@ﬁ@ ;M@ﬁc,oﬁpnverted | nto MHA by the

t ho b
e B RS Do Siabene S et o B ER R aBL bl sow
\N%reﬁfed;f gtidrink @ds tves passed thraugh it 5g1 4@03 Gfteris 9 (0GR mol) of chio-

nlﬁe%ag§ge%no§%¥d I%Jé XF%D la%tv%@%ugl'}@d%lﬁ rim%étﬁ i Drd]elto c}ﬁee outthe

OCESS repari
comip)eiumd Ctﬁﬁrlrta@ ffcsfi‘camqmﬂg ltr)e @Ud%nm@w:éW% W%Sh@? witipH:0 and dis-
OSgalk kyl, vvhi ch conprises reacting conpounds of the
formula (I wth at | east one thiolate

bR S PR TRy PG RPN LR UitpBiiesgbod
al ik alel efoﬂbE@'for i fﬁ'@;bdrzﬁtﬁm e:adi-benFﬂBD@PoiacEﬁzean d/or Zn, and
caPPAEHIPE S aTRar 2f o ooyl 1o B 7 B0 [ o oS hvarony-
i n-whirabctdriegyieldn®2t)si on of y-butyrol actone into

~conmpounds of the fornmula (11) takes place by a

15process which conprises initially converting
y-butyrol actone into conpounds of the formula (1V) 0



frir./0(1V) where X is hal ogen, and converting the

conpounds of the fornul a (I%ﬁe in a subsequent substep

i nto conpounds of the fornula (11)..20 2. The process
Weclaimyocording to claim1, where Xis O. 3. The process

accor to 04-al kyl .
o ASERRAAR Sl Bk HIELE BlSe Bkt 04 ol kY
net hyl . Cb. The process according to claiml,
vvhereSMis Li Jl Na and/or K. 6. The process according
toplarar IdheraqMis Nall) 30 7. The process
~according t HcI aim1l, where the conpounds of the
. formula (I1)y are enpl oyed as enanti onmeric m xtures or
5 eNafbe oL CE o 8,-altiie process according to claim1,

ounds t.he for a (Il) are enpl oyed
Whmc‘?r%'tpns @agn‘ﬁlc‘?('{‘%ouggs Oféth Tl nw)cess according.to

claim 19 where the reaction takes pl ace in-pol ar
apiet i clisol vents. 10. The process according to
cl ai m, @here (@) nmet hyl sul f oxi de,

N- et h yrrolidone or 40 m xtures thereof are

with émeasyone tﬁslate?llig)sl\w,t S
7 where R has the meaning as in formula (1), and
10 M is alkali metal, alkaline earth metal, Fe and/or Zn, and
nis 1if M is alkali metal,
n is 2 if M is alkaline earth metal and/or Zn,
nis 2 and/or 3 fMis Fe
in which the conver5|on of y-butyrolactone mto compounds of the formula {ll) takes place by a
15 . process which comprises initially converting y-butyrolactone into compounds of the formula (V)
0
X
O (W)

where X is halogen, 7
and converting the compounds of the formula (IV) in a subsequent substep into compounds of the

formula (11).
20
2. The process according to claim 1, where X is Cl.
3. The process according {o claim 1, where R is C;- to Cs-alkyl.

25 4 The process according to claim 2, where R is methyl.

5. The process according to claim 1, where M is Li, Na and/or K.
: 6. The process according to claim 1, where M is Na.
30
7. The process according fo claim 1, where the compounds of the formula (H) are employed as
enantiomeric mixtures or enantiopure.
8. The process according to claim 1, where the compounds of the formula (It} are employed as racemic
35  mixtures.
8. The process according to claim 1, where the reaction takes place in polar aprotic solvents.

10. The process according to claim 9, where dimethyl sulfoxide, N-methylpyrrolidone or

40 - miktures thereof are employed as solvenfs.



