_Process for transesterifying a-ketocarboxylic esters 0\@0%%}% @
-[err]-Ketocarboxylic esters, such as ethyl pyruvate (PAEE), are ué\é%al“r{'ﬁ&”}
‘multiplicity of areas, for instance as i ntermedi ates for agricul tural

and pharnmaceutical active conpounds, as solvents etc. However, preparation
processes enpl oyed hitherto have proved unsuitable fromthe econom c and
techni cal aspect for the nost varied reasons. Thus, for exanple, preparing
PAEE simlarly to nethyl pyruvate (PAME) byl ozonol ysis and subsequent

reduction startingpfsQumLByl  MEIAAELYLA S B-KEDANAL:GT Eeag?fér ret hy!

met hacryl ate in methanol has consi era vant ages.” Firs et hyl
nmet hacryl ate 1 s consi derably nore expensive than nmet hyl met hacryl at e,
-secondl vy, t he by- pr oduBetédambeixgdhy destexrsnosuchnps et eyl ageuabeos ed

with ethanol as solyg), asra r@s%la't ﬁf hﬁﬁtfﬁ'llﬂtlg?fgp red PSSI dgecause

content of fornmal deh de remai ns for ft urt . thir
-of the heavier forhfPRfde & et HPLEERERI2YS neter duPFﬁQCP%@JWfk &% nor e
by- product nust bepbarmeerusndal f cativey, dohpokmdsa.l dA=savagerennst hetease of

d hyl k |
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(1949), PAEE is prB’ﬁ%‘Feég ur?thg?P]S%%f;PEI d= %/3 €§t°é‘P¥“f‘§| n@gRd pyrasaRdcalici d
with absolute etaspett ford thenmest wadieslbsegoest | Jhukyifur tdxambienary

azeotrope ethanol / peaganeighaies Quai1&E8f r&&ql@éﬂg- pyruvate HeRREPi bities .

have al ready been 1 nve ated.of prepari ng transesteri fy| ng PAME.
Thi's preparation paff° Sjﬁ’c?%év@f‘d ‘ékgsqqg’l Péd uccfd‘t"é‘ §HAT hePY) -t ieraYl

reactivity of the metkagdvdatei Ag ethanm [Jexsrt]eaﬂebﬁcaebhxylmetmrdlate
structural el enent in Thidenaddl i Bast ft%nts&aeﬁﬁieer aiéacaﬁar&%gkee a M8k gy medi um

because of a rapid confens i on.of the carhan y W|th t he “ad] cent
activated nethyl of“R& hy‘?%ﬁgrﬁ}?}ﬁ% NVt %& B?gb t SRR \Rﬁ?’i‘e in
~an acidi c medium Retkyks andetqacavlare. f or aechndlye wat@ye i n hbynprodeadi ng
formaldehyde is not completely acetalated with ethanol

as solvent, as a result of which an interfering
residual content of formaldehyde remains for the
further work-up, thirdly, because of the heavier
formaldehyde diethylacetal formed, during the work-up
more by-product must be burned and, fourthly, the ketal
cleavage in the case of PAEE diethylketal proceeds with
much more difficulty than with PAME dimethylketal.

According to J. Liebigs Ann. Chem., 564, 34
(1949), PAEE 1is prepared in only 53% yield by
esterifying pyruvic acid with absolute ethanol and
benzene and subsequently drying the ternary azeotrope
ethanol/benzene/water over K,;CO;.

Possibilities have already been investigated of
preparing PAEE by transesterifying PAME.

This preparation path, however, has failed to
date on the versatile reactivity of the molecule owing
to the a-ketocarboxylic acid structural element. Thus,
during the transesterification in a basic medium,
because of a rapid condensation of the carbonyl group
with "the adjacent activated methyl or methylene group,
unwanted by-products occur, while in an acidic medium,
ketals and water are formed, the water in turn leading

to unwanted hydrolysis- of the ester. Under
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to unwanted hydrolysis of t he ester. Under
-2- approximately neutral conditions, acceptable conversion rates are not
achi eved. Unexpectedly, it has now been found that, by using specia
nmetal catal ysts and anhydrous conditions in the reaction nedi um
transesterification of [err]- ketocarboxylic esters is possible in good
yield and w thout side reactions. The present invention therefore
relates to a process for transesterifyinmg?2 [err]-ketocarboxylic esters
usi ng an al cohol, which conprjses carrying..qut the trans %Ferificatjon in
el

an anhydrous al cohdPPISXFBALT % Mg AHE™Fr eBERTRE TS (SRR st s,

titani um cat al yst s,raztiescene umtc aichiysed. or |ithium catal ysts or of

acetyl acet onates as cat al Y&h&xpectedly, Accondi Mw Ben #d&a tﬂ‘.ﬁ\{erﬁg on,
al | a- ketocarboxylic esters havi ngqa:tggyst ructural. e
| :

enent_of..the
fornula | uing 52efrahsBet Y SEF 7PY AW HMS FORSI A% a
saturated or unsat uirat ethe breactiesh weldiemchedaosesyperitiq@térn] -¢f ero

al kyl radical or anaiaBbbkyPic heteinar piabbssiwr cah, MRl oyid1@Seana
radi cal s can have supstituepnts such.,as Clerr]-Cerr] al koxy, substituted

am no, carbonyl, defAVEz 84T HBSEYPREnd underivati zed carboxyl, ester,
hal ogen, hydroxyl, nitro sUhst preeetts, iavehtionhetherefioreogm@iates utict iaons,

boron conpounds, process for transesterifying a-ketocarboxylic esters
using an alcohol, which comprises carrying out the
transesterification in an anhydrous alcohol as reaction
medium in the presence of tin catalysts, titanium
catalysts, zirconium catalysts or lithium catalysts or
of acetylacetonates as catalysts.
According to the invention, all o~
ketocarboxylic esters having the structural element of
the formula I

0

R./\. R:

can be transesterified.

R; and R; here are a saturated or unsaturated, branched,
unbranched or cyclic C;-Ciyp alkyl radical or an aromatic
or heterocaromatic radical, where these radicals can
have substituents such as C;~C;y alkoxy, substituted
amino, carbonyl, derivatized carboxyl and underivatized
carboxyl, ester, halogen, hydroxyl, nitro substituents,
and other nitrogen functions, boron compounds,
phosphorus compounds, sulfur compounds or silicon
compounds, it being necessary to take care that non-
neutrally-reacting functional groups are substantially
neutralized either intramolecularly or by acidic or
basic additions or solvents, in order to prevent
condensation reactions or acid-catalyzed ketalization.
Preferably, R; and R; are a C;-C; alkyl radical such as
methyl, ethyl, propyl or isopropyl or a benzyl radical.



phosphorus compounds, sul fur conpounds or silicon conpounds, it being
necessary to take care that non- neutrally-reacting functional groups are
substantially neutralized either intranolecularly or by acidic or basic
additions or solvents, in order to prevent condensation reactions or
aci d-catal yzed ketalization. Preferably, R err] and Rlerr] are a
Cerr]-Cerr] alkyl radical such as nethyl, ethyl, propyl or |sopropyl or a
benzyl radical. -3- Particular '
preference is given to the nethyl radical.- 3 - The process according to
the invention is preferably used for transesterifying methyl pyruvate
(PAME). The pr ef erPaskt iqudageprekqnencat Lormipieadbet the eshiy| Taj¥intat e

(PAEE). Transesterificati offhel Spr¢t®isisor gedordihg ato aphydriifentaaat i b

medi um The reactiop di [ s d I ere
R3 is the radi cal WRTE er&ﬂggMnhg%be Egiéggéﬁ fi§?9n$ ﬁggﬂ#%Rﬁgﬁtka@Q
defined as Rlerr] ahBR¥¥lerrhewRErESRIS rfr%ﬁfﬁié[eéﬁif}cﬁ?’é’%ot’r?% i €3 .
Preferably, R3 is tbemyﬂ(yy&u&abéannhmm or unbranched C2-C6 al kyl radical or
a benzyl radical. for P rgact.ed i aqﬂﬁg;

ethanol to form PAE %I%?a%&%%%%{sgo ac?osrd f°§m ﬁe Ilﬁven?ll on. I'n agdl tion
to the al cohol usedreac§inn H@Filaﬂhy%l§§a§6+%ﬁ¥edlélﬁ'cw 3Sh hs e heFed and
substitut ed aIkanes;ssaﬁhaaeohﬁmam@onhewhaﬁe RLtis | thad kedealakkyorsis

al oohol s,  SUbStItULECha IRy =, AH.A98 cnoPLAIAL | &inS! BLOR, PR,

hal ogen corrpounds eteroaromat i C8 actones nes
ni t r ogen- cont ai ni ngWESWE)o‘T‘}nBEd Ps}uéﬁea'%otnlltiFB’é}‘R%r"nes si licon conpounds,
such as silicone oi Pseferddly, Rynpcundssrefoch as Bmalrfchneidd@s: wabraneheded,

it again being necegsaly ag_gyi Q1681 & ageﬂgglnﬂglrcghl y-reacting

functi onal gr oups are su stantla neutralized ejther

i ntranol ecul arly or PR§EEERRAYe of %PEeadmeon%er?ﬁ@E?‘? vePy Rpydreus

al cohol ethanol to form PAEE by the process according to the
invention.

In addition to the alcochol used, a further anhydrous
solvent, such as unsubstituted and substituted alkanes,
such as hexane, heptane, etc., alkenes, alkynes,
alcohols, substituted amines, amides, aromatics,
esters, ethers, halogen compounds, heteroaromatics,
lactones, ketones, other nitrogen-containing compounds,
such as nitroalkanes, silicon compounds, such as
silicone oils, sulfur compounds, such as sulfoxides,
can be used, it again being necesséry to take care that
non-neutrally-reacting functional groups are
substantially neutralized either intramolecularly or by
acidic or basic additions respectively to the alcohol
component or ester component, in order to prevent
condensation reactions or acid-catalyzed ketalization.
The transesterification - takes place according
to the invention in the presence of special metal
catalysts. Suitable catalysts are selected from the
group consisting of the tin catalysts dialkyltin
dicarboxylates, such as dJdibutyltin dicarboxylates, in
particular dibutyltin diacetate, dibutyltin dilaurate,
dibutyltin diisococtoate, dibutyltin maleate and mixed
dibutyltin dicarboxylates, in particular with
relatively long-chain fatty esters, dioctyltin

dicarboxylates, in particular dioctyltin dilaurate,



conponent or ester conponent, in order to prevent condensation reactions or
aci d-catal yzed ketalization. The transesterification takes pl ace
‘according to the invention in the presence of special netal catalysts.

Sui tabl e catal ysts are selected fromthe group consisting of the tin

catal ysts dial kyltin dicarboxyl ates, such as dibutyltin dicarboxylates, in
particul ar dibutyltin diacetate, dibutyltin dilaurate, dibutyltin

di i sooctoate, dibutyltin naleate and m xed di butyltin di car boxyl at es,

in parti cul ar with relatively | ong- chii n fatty esters,

di octyltin dicarbo AN r tyI in. dila

4- trialkyltin gﬁfkg%iﬁfltln %3({(%5{9&&9 d§ %?1 as tqr E) g%ftlﬂ oﬁﬁ%?l tin
-conpounds, suchmonogltky tlﬁonob%ﬁWHQﬁnﬁsdlhyéPG%ychl%ﬁw demanebutoridbot yi ti n

di oxi de, tin saltsdshglrasydhloradet ahe, mbhobwdltane @kilden Ghhordades tin
oxl deS SUCh as Sn@ucﬁeLQCEP&i ‘chét%@e,t pfn g)gaqlép:e %RQSBE%XI nglorlo e tl tanl um

'catalysts nonomeri ¢ i C ti tanates anlun1CheIates
such as tetralsopr86998?t éﬁaf%P tetrapropyl orthotitanate,
tetraethylorthotit sedeeted et fadut ykbet hgtodmnatensisting of titanium

tetra sobutyl OrtNOLhtangdes, 2-méHdheDEXYLha' aB8)fner 1 e MLl lanal Bnd

cresyltitanate, tit anl U[’TB.CGt | acet onat e, am netitana

octyl ene glycol tit-aF3RE™;| %ﬁ%&ﬁ%ﬂﬁﬂFPaﬁétéetHPéf?Bﬁ°Rﬁ¥9F&P@t%W%%%Rﬁ
sel ected fromthe @getuppramsiosthaogidnatke zir conetmaeatalopshstitatiateonat es

and Z'rCO”'U"]Ch3|Qb%§a§ﬁ¥¥ld%%h5@£EéHHH%pykétE&fEEHﬁ%ylorthot tanate
tetrai sopropyl zi rcg butyl zirconate,  triethano SmaNezi conat e,

diethyl- citrate 2|Fggﬁ%ﬁ¥§192FFﬂﬁﬁ?un(FﬁﬁaEX%Q%FFBEE?onaﬁ%esahHlWQQQﬂeunl
catal ysts such as KnthntnnanﬂtN§¢Cét¢ﬂaumm al koxi desethancdrthinet Atanateun(|11)

acetyl acetonate, chee@ é@élbi}cola@?ﬁéﬂéﬂgﬂ(ﬁﬁﬂﬁ%ear i PR de), d1é%%§&yl
acet onat e, cobaltgklg | acet onat e, ni ckel {
rate t an te
selected from the group consisting of the =zirconium
catalysts, zirconates and zirconium chelates such as
tetrapropylzirconate, tetraisopropylzirconate, tetra-
butylzirconate, triethanolaminezirconate, diethyl-
citrate zirconate, zirconium(IV) acetylacetonate,

and lithium catalysts such as lithium salts, lithium

alkoxides, and aluminum(III) acetylacetonate,
chromium (III) acetylacetonate, iron(III) acetyl-
acetonate, cobalt (II) acetylacetonate, nickel (II)

acetylacetonate and zinc(II) acetylacetonate.

Preference is given to dibutyltin diacetate,
mixed dibutyltin dicarboxylates with relatively long-
chain fatty esters, dioctyltin dilaurate, monobutyltin'
dihydroxychloride, monobutyltin dioxide, tin acetate,
tin oxalate, tin chloride, tetraisopropylorthotitanate,
tetrapropylorthotitanate, tetraethylorthotitanate,
tetrabutylorthotitanate, tetrapropylzirconate, and also
lithium salts and’ ~alkoxides and abovementioned
acetylacetonates. i
Particular p:eference.is given to dibutyltin diacetate,
tetraisopropylorthotitanate, tetraethylorthotitanate.

The amount of catalyst used is from 0.0001 to
20% by weight, preferably from 0.005 to 5% by weight,
and particularly preferably from 0.02 to 1% by weight.



acetyl acetonate and zinc(l1l) acetyl acetonate. Preference is given
to dibutyltin diacetate, m xed di butyltin dicarboxylates with relatively
‘long- chain fatty esters, dioctyltin dilaurate, nonobutyltin

di hydroxychl ori de, nonobutyltin dioxide, tin acetate, tin oxalate, tin
chloride, tetraisopropylorthotitanate, tetrapropylorthotitanate,
tetraethylorthotitanate, tetrabutylorthotitanate, tetrapropylzirconate, and
also lithium salts and al koxi des ands - abovenenti oned

acetyl acetonates. Particular preference is given to dibutyltin diacetate,

t etrai sopropyl ort hBité t reaicgs ionetmbeturgl oL hatrdfarabdy heated The am®unt of

catalyst used is fEOMi(000didto 0%k Waisght on PrEkeL2R! Y ff O 002,10 5%
-by wei ght, and partlcul.arlytpreferabl from.0.02 to 1% by we

oy wei ght
The reaction mi xt uf BT Pr e SFREFIE It 6F t PITESBoi 1507§ péPAt 8POTFe
reaction mxture, dependingt he thacrteamtantenptrattna@sesserbitoseénn 2a&jerr] C

-and  200[err] C, deperndidi@iel bbeciSaEaaBhe. ad NanldspReest eptddaki opycan in
addition be carri edl out tat m)gpherl c%essure but al so_ at reguced
pressure or overprasiury frG 6208t B0 h &V EEPTRESURE B 0084 i 7 nat ed
in the trans- e3®@rhak.catThm i sleeldfler ablimivatrednuoius| ythe st ictkhesk of f .

Preferably, the reagtdFicateanl i Bf Perusivl, a dnzlinbbaéipn di@weiibavi ng a
hi gh separation efé%g_i €0CYr e rabl: ghe catal yst, after.transesterification
is conplete, is seParated orf i’ gddd 37|e8f:§1%’§/ ﬁsﬁ?ﬁﬁlﬁﬁ{t?\uﬂa’t‘%’rﬁg a
hydrol.yzi ng the cafd¥tidilagaanf toves haylemer priobi pepanatdoreedficiendy, or
Chi nsf 1 or Shor t » pat T v aRal Star e O e o cAEEg alsy on &
;clzgr d: ng] ?:) fhgricr:l%g‘;n%t%h, " c%)g AxaLesn °frfa¥ie% IR (i)e{l&(;vg?’ & éoin%re
achi eved, and the Yiet deteag t fadrotzing ithg gatadrsedard aftlitsgipgothet, are
up to over 96% Bypreriltangdt RetdDdr ercded 6t aptéfgradmbernd,alaisiehdsgof up
to over 97% off the product from the catalyst, preferably on a
thin-film or short-path evaporator.

By means of the process according to the
invention, conversion rates up to over 99% are
achieved, and the yields, without recycling unreacted
starting product, are up to over 96%. By recycling the
unreacted starting material, vields of up to over 97%
may be achieved. Owing to the gentle trans-
esterification conditions, product purities of up to
over 99.9% are obtained.

Example 1:
Transesterification of PAME to PAEE using dibutyltin
diacetate without recycling of PAME

800 g (7.8 mol) of methyl pyruvate (99.8% by
GC) and 900 g of ethanol (anhydrous) were heated to
boiling in a distillation apparatus having a 25-tray
bubble-cap tray tower and reflux divider. The
distillate at the top of the tower was tested at 100%
reflux to be anhydrous (< 0.1% water by Karl Fischer).

0.31 g of dibutyltin diacetate was then added in the
form of a 10% solution 'in ethanol. Collection was
carried out for a further 2 hours at the tower top at
100% reflux methanol which is formed Dby the
transesterification reaction and distillation was then
performed at a ratio of reflux to take-off of 20:1. The



may be achieved. Ow ng to the gentle trans- esterification
conditions, product purities of up to over 99.9% are obtai ned. Exanple 1:
“Transesterification of PAVE to PAEE using dibutyltin diacetate w thout.
recycling of PAME 800 g (7.8 nol) of nethyl pyruvate (99.8% by GO)
and 900 g of ethanol (anhydrous) were heated to boiling in a distillation
apparatus having a 25-tray bubble-cap tray tower and reflux di vi der.
The distillate at the top of the tower was t(ested at 100%reflux to be
anhydrous (< 0.1% water by Karl Fischer). 0.31 g of dibutyltin diacetate

was then added in tbel iy meaialalﬁO‘théOi-é&dtQBni E}es},@ﬁn@és }@141:' %hEQQm‘.’VaS

rried out for a r t t .th
: (r:rgt hanol whi ch &2 ta@? %E?EHBHOP t:Pleett fan Jesstt’lgﬁﬁgf‘%%t ?’8ﬁ ?%a@?‘?ﬁ‘ﬁ and
distillation was thé?ﬁrpei?ohwésatth& regacgioh mas| uxintayalldire-asimplete 20: 1.

The This was readily recognizaBile Eidrhi ¥ |®8leakB therkeaction

-vessel was kept co ﬂp% t han Ie! the istillation hottom
phase. After 12 ho%‘?<B e reacg#lg%o\avascsﬁ ag %h at 39 Eh‘?eadlly

recogni zabl e from ghetild@tdase tPHe¥heE>a<Fﬁﬁmte‘6”fan|¢ét h\@ﬁolth,e@l Idé@ttllhge@t t he
top of the distillatfontt avtuceBxgreSseidanehe Wastiben tdinpbiht @ Ohé: at

reduced pressure, ll;gr@acgltng? Egg;peera%#&gxmété%@(r:reggghomﬁ?ove apgr oxi mately

90[err]C. The remalning re Ion sol on- was P n-“CAtaP V&Y (30 g
of tin-containing BFRTTARASOSHERRR tWRA irese) fsAmatimi ertalvisth d98paraf or
under a reduced pressuwantafingfly nhasti Byatfioac cttah isisil | ainl Oil ahléﬂ mbar ,

880 g (7.6 nol) of f?izk'yéva%&wfg{' eurnﬁew agréa@éga g&egfsugg $

obt ai ned. The yi el g 9 onhpa u5| ng et h ol
whi ch had a water tH% ‘f"e’rﬂna&f dGSB%J(E}@Pn éf:t éP @a‘hoﬁ%o o ‘r7ee§ct“th efne, in
addition to the destheld pyoduste hheimy nmat hylrity of 99.8% (GC) were

obtained. The yield is 96.7%.
In a comparative experiment using ethanol which had a
water content of 0.6% (XF), after 12 hours of reaction
time, in addition to the desired product, the dimethyl,
diethyl and mixed ethyl methyl ketals of the methyl
pyruvate and ethyl pyruvate were found by GC-MS
analysis. During the work-up, 155 g of no longer
"utilizable thin-film distillation bottom phase were
produced. After fractional distillation, 755 g
(6.3 mol) of ethyl pyruvate having a pmrity of 97.1%
(GC) were obtained. The yield is 81%.
Example 2:
Transesterification of PAME to PAEE using dibutyltin
diacetate with recycling of PAME.

1000 g (9.8 mol) of methyl pyruvate, 1100 g of
ethanol and 0.39 g of dibutyltin diacetate were reacted
as in Example 1. After 8 hours, the reaction was
terminated. The reaction mixture was worked up as in
Example 1. There remained 25 g of -tin-containing
distillation bottom phase. By ffactional distillation,
201 g (2 mol) of unreacted methyl pyruvate having a
purity of 98% (GC), which served as starting material
for the next experiment, and 884 g (7.6 mol) of ethyl
pyruvate having a purity of 99.9% (GC) were obtained.
The yield of ethyl pyruvate, based on methyl pyruvate
reacted, is 97.3%.



di ethyl and m xed ethyl nethyl ketals of the nethyl pyruvate and et hyl
pyruvate were found by GC-Ms anal ysis. During the work-up, 155 g of no
“longer utilizable thin-filmdistillation bottom phase were produced.

After fractional distillation, 755 g (6.3 nol) of ethyl pyruvate having
a purity of 97.1% (GC) were obtained. The yield is 81% Exanple 2:
Transesterification of PAME to PAEE using dibutyltin diacetate with
-recycling of PAME 1000 g (9.8 nol) of nethyl pyruvate, 1100 g of

et hanol and 0.39 g of dibutyltin diacetate were reacted as in Exanple 1.
After 8 hours, the reaction was terminated. The reaction mixture was
wor ked up as i'n Ex ' e 3. There remained 25 g of tin-containing
distillation bottom phase. By fractional distillation, 201 (2 mol) of
unreacted methyl SRATANROCNShAFiRGeat PGiCHtaPn 98% (RAME hi EAEB ensaEd as
starting material totadie (DXt issgrepan®Mte and 884 g (7.6 nol) of ethyl

“pyruvate having a puri ty q_f0089 90/9 e Vﬁf%% %yuvg'&e Haehd 8f°§t hyl

pyruvate, based on neth Y/r uva e reac
-7- Exanple 3: Coﬁ’t‘imgl { r ARQRIEIRSIPLRER VOFE SFSSOAMEd; dnpAGE 9sPhg
titanium (1V) isopedpamdl.atEn the bot@6® @f(% 8distjillhftiwat hpapwruvate and

20 g of titanium(1M, % atr pad}olé;‘ferwe SndbsSs Vﬁéjvi T8k 19,0 q 5! ggpol. I n

the bottom of a disti I On apparatus, consistin t'ower, condenser
having reflux di vi ¥eFseles ors Ferchanist annd é?ﬁfdg‘rcéauc?% d a RBENp £°F or
char gi ng and di schehapging hendr dikutiarginganbe apstofioct egaceats ngnd héor

apparatus, 300 m of,&lNhany tﬂ@répé}ﬁfattﬁg Uﬁ'&’@rmlﬁ Afowtmaﬁgmé@%egieea)

The startlng materlaswerg hen cha Upg he t ower
at er ow vacuum ar). Th tartlng materials

were then charged into the upper third of the tower at
a constant rate over a period of 5 hours. During this
time, a further 790 g of ethanol were continuously
introduced into the bottom of the tower, the bottom
temperature being kept at 66°C. The filling level in
the bottom vessel was kept at approximately 300 ml by
continuous discharge of the reaction mixture. At the
top of the tower, the resultant methanol was distilled
off at a reflux to take-off ratio of 1:1. After the
introduction of the starting materials was ended, all
of the reaction mixture produced at the bottom of the
tower was combined and worked up as described in
Example 2. There remained 80 g of titanium-containing
thin-£film distillation bottom = phase. Fractional
distillation gave 158 g (1.55 mol) of unreacted methyl
pyruvate and 899 g (7.7 mol) of methyl pyruvate having
a purity of 99.7% (GC). The yield of ethyl pyruvate,
based on methyl pyruvate reacted, is 94%.



a constant rate over a period of 5 hours. During this time, a further 790 ¢
of ethanol were continuously introduced into the bottoniof the tower, the

-bott om t enperature being kept at 66[err]C. influly § in the bottom
vessel was kept at -approximately 300 m by Jmm,rmmlmxﬂmm ge of the
reaction mxture. At the top of the tower, the resultants hanol was
distilled off at a reflux to take-off ratio of 1:1. After the introduction
of the starting nmaterials was ended, all of gthe reaction m xture produced
at the bottom of the tower was conbi ned and worked up as described in
"Exanpl e 2. There resaenec@img of titaniumcontaining thin-film
distillation bottom phase. Fractional distillation gave 158 g (1.55
.mol) of unreacted nethyl pyruvate and 899 g (7.7 nol) of methyl pyruvate
having a purity of 99.7% (GC). The yield of ethyl pyruvate, based on nethyl
pyruvate reacted, i1s 94% A process for transesterifying a-ketocarboxylic

-REPLACEMENT SHEET ester? using an_alcohol, which comprises carryi%gl-out A
process for transesteritying err,%_— et.ocar boxylic est&rs usi E%9€? al cohol ,

whi ch conprises carP§i ntFHACSEREIEFEAISED ot F f i%Cat PBAYEF Y Anhgirbuds
al cohol as reacti omreaediom imedihe pirese¢hee mfestencecatfl ysins, catakystsm

catalysts, zirconi yn-ealiahysdstalystst NidiBeontahal ¥ty 6F 1lithium

alum niun(Il11) acg:%l ?cetonate, ch{a&m ungl I l%ﬁ acetylacetonate, iron(ll1l)
acetyl acet onate, cGBAPLYFH )°Taldt FFEERGRLPRET aF'eIC%F? Y&tetyl acet onat e or
zinc(ll) acetyl acetlonat e dbheamloess. as Zlaimed hen pebaissl aswiergimedi-i n
claim1, wherein ayeRbesabdexild Cefisdrar Shatm{ana asetiarairanal e @nRRntofof the
formula | are raﬁsestgrirliied wi th an al cohol of the fornmula R err]OH,
“where Rerr], R[err':;nea R r] are a branched, unbranched or cyclic,
saturated or unsaturated Clerr]-Cerr] alkyl, yl or heteroaryl radical,
and Rl err] and Rlerr] are not identic The process as clained in
claim 1, wherein ketocarboxylic est mula | where R err] and
Rlerr] are a branched or unbranchgd C[err err] Kyl radical or a benzyl

radi cal are transesterified wth an alcoho)j R err]OH, where R err] is not
identical to Rerr] and is a branched or uribranched Cerr] to (Jerr] alkyl

radical or a benzylarrea(ii_lrgggésterified with an alcohol of the formula R30H,

where R;, R, and R; are a branched, unbranched or

f ot

cyclic, saturated or unsaturated C;-C3; alkyl, aryl or
heteroaryl radical, and R; and R; are not identical.

3. The process as claimed in claim 1, wherein
ketocarboxylic esters of the formula I where R; and R,
are a branched or unbranched C;-C; alkyl radical or a
benzyl radical are transesterified with an alcohol R;0H,
where R; is not identical to R; and is a branched or
unbranched C; to Cg alkyl radical or a benzyl radical.
4. The process as claimed in claim 1, wherein
methyl pyruvate is transesterified in anhydrous ethanol
to form ethyl pyruvate.

5. The process as claimed in claim 1, wherein the
catalyst is used in an amount from 0.0001 to 20% by
weight, preferably from 0.005 to 5% by weight, and
particularly preferably from 0.02 to 1% by weight.

6. The process as claimed in claim 1, wherein the
catalyst used is selected from the group consisting of
the tin catalysts dibutyltin diacetate, dibutyltin
dilaurate, dibutyltin diisooctoate or dibutyltin
maleate, mixed dibutyltin dicarboxylates with
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4. The process as clainmed in claim1, wherein nethyl pyruvate-is . .—
transesterified in anhydrous ethanol to formethyl pyruvate. 5. The

- process as clained in claim1, wherein the catal yst nulw/mﬂgwﬁmunt
fromO0.0001 to 20% by wei ght, preferably from 0. 005 N and
particularly preferably fromO0.02 to 1% by wei ght. 6. he process as
claimed in claim1l1, wherein the catalyst used is selected fromthe group
consisting of the tin catalysts dibutylgai+ diacetate, dibutyltin dilaurate,
di butyltin diisooctoate or dibutyltin nmaleate, m xed dibutyltin

di car boxyl atred aiitviely long-chain fatty esters, dioctyltin 9
relatively 4. - I n t , ' ' ' :

. nonobutyltiglggﬁgggoiygﬁr%%%géﬁiﬁgﬁd§%¢§$¥?é& |%%+%%?’tpﬁgggggggg?ntin

oxal ate or Giexileoritd® acerate, THa predess &F &im mddamids.aim 1, wherein
the catal yst used | e SUQLS 100 L12QLAUBNCRAIYIH | 10 QhekOfnt khani um
-catal ysts tetraisopropylorthotitanate, tetrapropylorthotitanate,
tetraethyloﬂﬂﬁﬂﬁﬂﬁ%ﬁﬁ%ﬁ@nl$eﬁﬁébﬁi?doﬁfﬁ@tA%%uﬁ%?uP gonsistiagpPécess as
claimed in e m4;edhehR1 N @G @ YStetsBdsbproplaeirediotieahhbe, group

consisting of the zirconiumcatalysts tetrapro zl (rg&ﬁ_onate. 9 The

| .
process as GSHLRRFIRY IQTEHAtE taRdSei n Fﬁérﬁﬁﬁg§&9F HIERTESS i sOFarri ed

out in the nﬁggﬁmmgymbﬁﬁhdﬁyﬂdﬂaﬁgu sol vent . 10. Transesterified a
etocarboxyf ic est ghs, wheg, mmde, byt he,RaogES L s 8, OlBe2hs ! ghee 1 to
catalyst used is selected from the group consisting of

the zirconium catalysts tetrapropylzirconate.

9. The process as claimed in claim 1, wherein, as
acetylacetonate, aluminum(III) acetylacetonate,
chromium(III) acetylacetonate, iron(III) acetyl-

acetonate, cobalt (III) acetylacetonate, nickel (II)
acetylacetonate or zinc(II) acetylacetonate is used as
catalyst.

10. The process as claimed in claim 1, wherein the
transesterification is carried out in the presence of

an additional solvent.
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