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PCT/ EP96/ 02821 PROCESS FOR SEPARATI NG Pl VALI C ACI D FROM
SPENT REACTI ON M XTURES This invention relates to a process for
separating pivalic acid, also known as .2, 2-di met hyl propanoi ¢ aci d,

from spent reac%&ﬂmﬁg%tures. 5 Pivalic acid is used in a W
Fm

hi ghly efficient chem cal production processes, often in

of reactive derivatives thereof, e.g. m xed anhydrides. At the end of
reaction a spent reaction mxture nay be obtai ned containing
pivalic acid, for exanple a m xture cont ai ni n ivalic acid with

degr adabl e i npurit | 8BOCESS \ROR; SERARATINGSPIVALIC ACTR iFROM SPENT REACTION MIXTURESH t o

include a derivative of pivalic acid easily convertible into pivalic acid.
Up 10 till nowlittle has been published on the recovery of pivalic acid
in sufficient|y Thicianension selates to a prosess;for sepanating pivalic- acid; alspkaawapent

reaction mixtur ﬁm% I %{gﬂéﬂdmﬁ&% : One such .
production proce s-?ﬁ’ rern gil%vagﬁgc aclrd 1s o bgﬁnnegsi n the spent reaction
m xt urey i s5t he Rivatidiackliio nsadf inzenunbenof highlyreffitiens ichemicalf prodistienprogesses, often:in
6- al pha- am noacy] - . 15 nigillins an . . .

7- al pha- am noac iﬂ\e_ foggsogggq%ﬁﬁ&rggb@ 'g?g?fr f‘ﬁ'st,mx?ﬁ éﬂhygdﬁ‘nﬂt(qlﬁ ?'fdn(,’f reaction a
am)XijCi | lhi 3, gersbaitewcﬁo' n ﬁ)ﬁtﬁdﬁﬂay}be obtained cntaisin gl?ivmifhm foi exinple ﬁﬁﬁﬁure

m xed anhydrides in, , . ..oany of aw range of _,sq] vent systens, These
may be obt ai ned con@ining.piyaliceact V‘t%dﬁﬁ'\_é\a"ggs'@?"gms' P‘Wg?caﬂdo@d'sf‘éu 489 096
or EP 523 585. hid&ktetd @ iRERAE 2 ehvative 0P BRAIIE hdid BRil§ coRvertitl® into pivalic acid\thp
or 7-am no-desacet oxy-cephal osporanic acid (7-ADCA) nmay be acylated with
the 20 1@ or r allanvd linlg has beencpnblished g the reegyery of pivalic acidinpsufficiently acceptable .
phenyl gl yci ne -gr. I ' 88 ip |

The am ne group p%ﬁ,& #og?"ﬁg'%‘r’r% féorg sgﬂ‘%%’?g?€<:| ne |2H§éar@8§'gﬁaf§g+§%§aﬁ gcrallery
prot ected by formati on of the correspondi ng enam ne, forned, for
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conpounds have anigfine lisithe fppédiiction of beta lactam antibiotics, for example 6-alpha-aminoacyl- '

Lerr] 15 penicillins and 7-alpha-aminoacyl-(desacetoxy)-cephalosporins, such as ampicillin,
amoxicillin, cephalexin, cefadroxil and cephradine, using pivalic acid mixed anhydrides in
any of a wide range of solvent systems. These may be obtained, for example, by a process
described in EP 439 096 or EP 523 585. In such a process 6-aminobenicillanic acid (6-
APA) or 7-amino-desacetoxy-cephalosporanic acid (7-ADCA) may be acylated with the

20 corresponding side chain, which may be, for example, a phenylglycine group. The
reaction goes in very good yields. '
The amine group of, for example a phenylglycine is generally temporarily protected by
formation of the corresponding enamine, formed, for example, by reaction with an alkyl
acetoacetate, such as methyl or ethylacetoacetate, in the presence of a base. These

25 protected compounds have a general formula |
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wher ei n Rl err] denotes an appropriate side chain, e.g. phenyl,

4- hydr oxyphenyl or 1, 4-cycl ohexadi en- 1- yl and Rl err] denotes, for

exanpl e, alkyl, preferably Cferr]alkyl, for exanple (err]alky 'ﬁ“ﬁ%ﬁ )

nmet hyl or et hyl .VPWQI% ne group and the carbonyl group are at%gfz ed to the

doubl e bond " 5 preferably in the cis confjguration. Such a compound is

advant ageously used in the form of a %alt, preferably in the form

of a potassium or sodiumsalt, known and readily avai | abl e under

the generic nam¥he®he salt". . The Dane salt may be reacted with

pi val-oyl chlori Eg geﬂﬂési ﬂ@?}dﬁﬁh@ sidecchRing 8.2 glfenst, 4idiytidiyshenyl or 1,4-cycloistxadien-1-
ydri de of la 10

.give a mxed an ormul a

[err] yl and R, denotegyfer examnig, alkyj, preferahlyeCliyly dor.example G elinfhotweh as
20 - In the.acyl ati _ k,&?
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i nprove vyi el ds. avdilable un‘ﬁ&emagémﬁcgﬁﬂyﬂmﬁe sdi®. acyl ated product is then
deprotected, for exanple by drol ysi,
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i sol ated and thg.gp@idivé & Mikddmhdnde dfFofiMila ai ni ng pivalic acid and an
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wherein R, and R, are as defined above.
20

In the acylation step generally about 1.05 to 1.2 mole of a compound of formula II per
mole of 6-APA or 7-ADCA is used. This means, per kg of 6-APA or 7-ADCA about 0.5
to 0.6 kg of pivalic acid are formed during the acylation step. Further pivalic acid may be
already present as an additional component in the reaction mixture to improve yields. '
25 The amine group of the acylated product is then deprotected, for example by hydrolysis of
the enamine moiety. The corresponding alkyl acetoacetate is set free. The beta lactam is
isolated and the spent reaction mixture containing pivalic acid and an alkyl acetoacetate is
left.
It is highly desirable to recycle as much as possible from the spent reaction mixture.
30 If a biphasic system is produced both pivalic acid and alkyl acetoacetate are present in the
organic layer. .
The spent reaction mixture, for example a mixture of pivalic acid with degradable



left. ° It is highly desirable to recycle as nuch as possible from

the spent reaction m xture. 30 If a biphasic systemis produced both
pivalic acid and al kyl acetoacetate are present in the . organic

| ayer. The spent reaction m xture, for exanple a m xture of
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impurities, may contain further conponents, for exanple the solvent or
sol vent m xture used in the synthesis of the beta | actam

i biotic, el l.as b d . Sql i ncl :
A e bons..diPwch Y BB b compares, o rarie el Bt i
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- N pival oyl pﬁeayhg yCl nbé?ﬁ?or med’ ?gtrgy%)’(arrp %\%ﬂlprregfm t he excess of m xed
anhydride in  By-products includb e hydrol ysis step - penicillins or
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the mixture nay N-pivployl phenylglygines,formed forsxample.cfrom the-pxcess of aniyed hydrde in
e.g. nethyl and &EWDO('hro tQacet at e. Recovery of sol vents and
ot her volatile conp ts y be effected by (fractionated)

distillation undpenicilinsrar cephalpsnorine parpalivsextracted fin thecomganicelayeri on i xt ur es.
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formed for example by hydrolysis of the beta lactam ring.
Generally a residue, often oily, is obtained after isolation of the desired product, for
example a beta Jactam antibiotic, which contains pivalic acid. Spent reaction mixtures may
be collected from the production of different beta lactam antibiotics; so the mixture may
20 contain many components, often cloéely related, e.g. methyl and ethyl acetoacetate.
Recovery of solvents and other volatile components may be effected by (fractionated)
distillation under normal or reduced pressure of spent reaétion mixtures. However, it has
not been possible to produce a pivalic acid containing fraction which can be used further
as such. We have effected detailed analysis of typical pivalic acid containing fractions.
| 25 These contain considerable amounts of impurities. Thus, methyl acetoacetate (bpt: 169°)
and/or ethyl acetoacetate (bpt: 158°) is difficult to separate economically from pivalic acid
(bpt: 164°).. | |
. Pivalic acid recovery would iinprove the economics of operating an overall process, for
example a beta lactam antibiotic process, wherein pivalic acid remains in the spent
* 30 reaction mixture and would be advantageous from the environmental view point. Thus, on
one hand pivalic acid recovered as such can be easily converted into pivaloyl chioride,
which may be used in the preparation of further beta lactam antibiotic. Also recovery of



as-such. W have effected detail ed analysis of typical pivalic acid
containing fractions. 25 These contai n consi derabl e anounts of

i npurities. Thus, nethyl acetoacetate (bpt: 169[err]) and/ or
et hyl acetoacetate (bpt: 158) is difficult to separate economcally from
pivalic acid (bpt: 164[err]) Pivalic aci RPN
woul d i nprove t MOY i cs of operating an overall process, ngE

exanpl e a beta | actam anti biotic precess, wherein pivalic acid remains in
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process for the mag,ation and recovery of pivalic acid in good yields and
purities. . This invention provides a process for recovering
pivalic acid having a nunber of 10 significant and econom cal

advant ages on | DS ivehlon3iabiles £ hrbalss forteoteigPpioilic ko hiving a mumber oF X{ ur e

after isolating the antibi'otic is recovered w thout using any organic

sol vent, 10 significait ang esongrnicaladyantages op industsial soale. Rivalig a¢id present dp the
Thi s invention ppayl 5 2 e i it Reoversd WthotGRfigAiny tgddicVadivesit, aci d
containing a 15 'E‘&Yd% X ulébé 0 '%;éva |?:.aci dwth degradagla%‘yiqﬂ%uritiggt’

whi ch conpri ses 4voidling enmplicdted and unselegfivedextmetionstEPs.npuriti es to produce
volatile fragnents b) distilling off the volatile fragnents; and

This invention provides in one aspect a process for separating pivalic acid containing a
15 mixture of pivalic acid with degradable impurities which comprises the steps of

a) degrading impurities to produce volatile fragments '

b) distilling off the volatile fragments; and

c). isolating the pivalic acid.

20 - In another aspect the present invention provides a process as defined above, wherein the
mixture containing pivalic acid with degradable impurities is obtained from the production
of a beta lactam, such as ampicillin, amoxicillin, cephalexin, cefadroxil and cephradine,

for example from an acylation reaction.
25 In degradation step a) mpunues, for example, alkyl acetoacetates, for example of formula
o o
|
30

wherein R, is as defined above, _
in the mixture are degraded to give volatile fragments which may be easily distilled off.



c)-'i solating the pivalic acid. 20 I n anot her aspect the present

I nvention provides a process as defined above, wherein the m xture
containing pivalic acid with degradable inpurities is obtained fromthe
producti on of a beta lactam such as anpicillin, anoxicillin,
cephal exi n, cef 1!ﬂfand cephr adi ne, for exanple fr%ﬁfmnl
acyl ation reacti In degradation step a) inpurities,

exanpl e, al kyI acet oacet ates, for exanple of ;orrml a

0 0

H[err]C—C—CH[err] . L] err]. is as
defi ned above, a%ﬂmemwem H@&*dﬁﬁéﬁrqcﬁssgqs\iégﬁr}l "5&’?’?- herein
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In a further aspect the present invention provides a process as defined

abové, wherein ' L4 Le _
The degradati onTB? o%@%mnw%‘g&%@%é@é‘% car]%) %El ?’?e and aé%lfyéne.
Alkyl 5 5 acehcmaeémteemeaypicﬁl}ypﬂagaddbgmﬂgxge &bedmlespogdmg -alkanolc carb@sdioxide and

iﬁggﬁg , carbon dlgn)él, gl&o % to the60110wmg scgglgé: according to the foll ow ng 0

0 0
I |
H,C-C-CH,-C-OR,

i
H,C-C-CH, + CO, + R,-OH

10
wherein R, is as defined above.

In degradation step a) degradation is preferably carried out by hydrolysis.

15
In a further aspect the present invention provides a process as described above,
characterized in that degradable impurities are degraded by hydrolysis.

Any hydrolysis process may be used according to which degradable impurities, for

20 example alkyl acetoacetates, are degraded without decomposing the pivalic acid.
Hydrolysis includes hydrolysis under acidic, basic or neutral conditions or enzymatic
hydrolysis. Basic hydrolysis may be carried out e.g. with an alkali at pH of about 9 to 11.
Preferably hydrolysis under strong acidic conditions may be used. Suitable acids include
inorganic and organic acids or acidic ion exchange resins, preferably inorganic acids, such

25 as hydrochloric acid, and especially sulfuric acid, e.g. at pH from about 0.05 to 1.
Preferably an aqueous suspension or preferably solution of an acid may be used.

» In a further aspect the present invention provides a process as defined above, comprising
hydrolysis is carried out under strong acidic conditions.

Degradation may be carried out, e.g. at room temperature or elevated temperatures but
lower than the pivalic acid boiling point (164°).



II[err]C- C - CH[Llrr] - C- Rerr] - Herr]C - ICl- CHerr] +

‘CJerr] + Rerr] - OH 10 wherein R err] is as defined above.

In degradation step a) degradation is preferably carried out by hydrol ysis.
15 In a r aspect the present invention provides ch/Epsdis21ds
descri bed above,vaas’;'l‘}les55 characterized in that degradable inpurities are
degraded by hydrol ysis. Any hydr ol y69| S process nmay be used
according to which degradable inmpurities, for exarrpl e al kyl

acet oacet at es, re d ed i t W&

Hydr ol ysi s i ncl d%gﬁﬁac}?§gﬁtﬁﬂw§°§8& g‘é’?c oér?’hM u (?&g%r?a?tstregb for
enzymati c xanm{éjb h4#ing duff@sstep By dr ol ysr s may be carrr ed out e.g. vvrth
an al kali at pH of aboytjt 9 t§o . Preferably hydrol ysis under

strong acidic conditions may be used Sui t abl e aci ds include

i norgani c and ogpan @%*‘ﬂ fi steB'h) & £ NAE Bixthe ThalShe

i norgani ¢ aci ds, sucﬁ nggﬂqusbémfs rlogh"Por)r c§a0| d, and éespeci al y sul furic
acid, e.g. 5at pﬂisﬁllalxmaiﬁbﬂlb degxe@tmp;oducts in a strippings pecesy nd-the degradation may.

suspensi on or prefer solutron of an acid may be used. . In a
further aspect I nvention provides a process as defined above,
conpri si ng hydrolysis is carried out under strong acidic

conditions. 30 ' radati on pay be carrred out

tenperature or 4 %M@ﬂaﬁ ¢ B3t inVEpion provides a procyss ap f‘}%ﬁ"ﬁ%ﬂf?"e‘a‘f"ﬁmn

aci d boil'i ng poggh af dfHt&p b) dre carried out s1multaneously bj/\@:ﬁﬁé Q@iBaDstep a).
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10
Distillation step b) may be effected at temperatures which do not cause distilling off of

pivalic acid, e.g. below 164°, such as temperatures up to 130°, preferably from 50 to 120°,
more preferably from 80 to 110°.
A vacuum, e.g. from 10 to 50 mm Hg (using lower appropriate temperatures) may be

15 used, if desired.

Isolation step c) may be simply effected by cooling the mixture. after distillation. A.
biphasic system may be formed, optionally when the mixture is cooled. The upper layer in
such a biphasic system comaixrs almost pure pivalic acid, the lower layer the aqueous,

20 esbecially acidic, solution and optionally some dissolved pivalic acid. Derivatives of
pivalic acid, e.g. salts optionally produced after alkaline or neutral hydrolysis, may be
converted into the free acid by acidification, e.g. with hydrochloric acid, optionally to
form the biphasic system. '

It is surprising that the pivalic acid forms an upper layer, which can be easily separated

25 off, e.g. by decantation, to produce pivalic acid in acceptable quality for further use.

The pivalic acid thus o&ained is obtained in high yields, generally in yields of more than
80%, particularly even above 90% based on the amount of pivalic acid present in the
mixture before degradation step a).

30
The lower layer may be used for further recovery processes to recover pivalic acid or, if

acidic, as an acid phase_fot degradation in step a).



It is preferred to effect this degradation step a) sinultaneously wth

distillation step b), for exanpl e by heating during step a).

Thus the mixture being treated in step a), e.g. the m xture may be heat ed,
to cause 5 distillation off the degradati on products in a stripping
process and the_de tion may proceed faster. )
further aspect P\ﬂ%ﬁgﬁ ent invention provides a process as des&?’%@gm%ﬁbve,
wherein step a) and step b) are carried out sinultaneously by
heating during step a). 10 Di stillathion step b) may be effected at

t enper at ures ich_do not cause distilling Qff of - _pLvalicg, acid

e.g. bel ow 16%}'{“%%@%%&?‘&"@3& °5; HPTOSRSE é?fr‘rl,’”gﬁ“lﬁ%‘?’ i1 a1k fropp,
50 to 120[err]a spent reactionHixfir® EHiAihME prvalic a8H 30d bR alkyPacetoacetate obtinéd Gl tHE)
e.g. from10 to 50 nmHg (using | ower appropriate tenperatures) nmay be 15

used, if desi rpraduction of a beta lactamcgharaaterizedbycthe sgps be sinply effected by

cool i'ng the m xt uke b Sher i . | Bh&sin . 11V _
formed, optional IU@ get%ﬁ{%ﬂe%%r{ture él{;n%’@(l)?et?j. e %pper fcg}é?hﬁh Aot
such a *bi phasi ¢ systpivalicaridandsanazdlkyd atetpacemtepi val i ¢ aci d, the | ower | ayer

t he aqueous, 20 ... especiall cidic al yt i gn .and, opti.qQnal | 0 .

di ssol ved pival i c("&c&ggsﬂélﬂf‘\filfﬁﬁ%’wé in'the R‘“&%SP‘“@"Q&? %JFP@}Y'I‘S'&T%'S
optionally produced twfprlncevélatite faagmentseut ral hydrol ysis, may be

converted into the.free.acid b cl.di.fi cati on .. Wth hydrqchl orj.c acid,
oot onal 1y o G difiier e vl Eneas Satignanysiomilraneolidly wA g i ahg

that the pivalic | iSolhtiig'the pivaliPR&d. | ayer, which can be easily separated
25 off, e.g. by decantation, to produce pivalic acid in acceptable
quality #8r further use. The pivalic acid thus obtained is

obt ai ned in hipf Mvaldeid &Rk high ity 85mbfe thE %%;hlﬁ? example everSibdve

particularly even above 90% based on t'he "anmount of pivalic acid present in
t he m A% 00 98%: the anaie imputity may betwateraplkybacetoacetate is present, albogitin|teper

may be used fo taggmﬁ Cohrdiat er pﬁ' ml' [ wond |

acidic, as an %%é%‘sp ase %(r}&g!eﬁgi“r@%ﬁgn in's g ay & 060115 oc‘bl%’ not

: present in commercially available pivalic acid. Such a pivalic acid composition is novel
15 and forms part of this invention.

In another aspect the invention provides a pivalic acid. compdsition.containing asan -
impurity an alkyl acetoacetate and water, the alkyl acetoacetate content being less than
0.01% and the water content from 0.05 to 2%.
20
The pivalic acid composition is highly useful, even in liquid form, and can be further used
as such, optionally after drying, for example for the preparation of pivaloyl chloride, for
example by reaction with thionyl chloride or phosgene, which may be used again in the
preparation of the mixed anhydride as described above. The pivalic acid composition may
25 also be used as a mmmt as such in beta lactam antibiotic production to increase
yields.

. In a further aspect the present invention provides the use of pivalic acid obtained by the
process of the invention in the production of pivaloyl chloride.
30 '
The origin of the starting mixture for degradation step a) is not critical. Conveniently it
contains at least 40% pivalic acid. Conveniently the starting mixture for step a) is a
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‘I n. anot her- aspect the present invention provides a process for separating
pivalic acid from a spent reaction mxture containing pivalic acid
‘and an al kyl ace&g;g,ﬁ{%e obtained in the producti on of 1

| actam characte t he steps (i) distilling the spent
reaction mxture to produce a fraction contaé'ni ng-a mxture of 5

pivalic acid and an al kyl acetoacetate (i) degrading an

| kyl t t t th t t b
oLyl oot 0l ik & Sty SihaSRi) e b WS R ac
volatile frag W%&M@%@mb&m Sé, grtﬂrbme@ﬁainweu hbumtplation, )e.g. &ﬂﬁed out in

(iv) isolating the prvalic acid The pivalic acid. is optained in

hi gh purity of medhylene chloride oy W‘@R&h‘pﬂéﬂ @%fe??lmbwtem& to produpeeg, fractign o,
th .
e " P P USR8y ckh SRS s e

trace anoun or exanpl'e ronat ogr aphy,
from0.0015to0 and)inﬁpurinec for example gkyssctoadetatesoseptates sid BIdeaacithfm byrmducs

acid. Such a pi ¥g he ask d cont'posmlon I's novel 15 and forms part of
this inventi onQOf gher DOUINE POIS, ot her aspect the invention provides a
pivalic acid conmposition containing as an i mpurity an al kyl

acet oacetate and water, the al kyl acetqacetaie content %‘?ﬁg l.ess t.han

0.01% and t he Wh@dyrthesasnest the Ipyenfion providesya process as FOXE.; vEherein fhe
conposi i on | ol f pivdticld Wt BerhtablelpliifichiTob@iTdd o5 el igent e

as such, optionally after drying, for exanple for therm[’)’lreparatlon of

pi val oyl i or inefstures prpduced fmm b@?{%ﬂb“ﬂ?“%&%’ﬁ’%“w ce 4 Tzactipn contajping dhey
phosgene, whi ch .omy fi preparation of the nixed
anhydri de as descri %Vﬂove %hﬂni va%ec acid conposition may 25 al so
be used as a conponent as such in beta |actam antibiotic production to
i ncrease I ds Rta'ﬂugl&t laﬁgg B e der be:
i nventi.on prowpﬂggm use ofl Bmva?hc acl 2‘Et al ne g ﬁﬁc:& ﬁ“Glr'mprrocle S
of the inventi mnbstannall}ealkybmmm @ptionallyl ather md:rmnponws may be presggie This
origin of ,the starti xture for rs al
Conveni ert? y |tmayb°Md'htv%‘f"ﬁs ﬁtﬂﬁﬁgasa‘?al%d&%p M amgi %\/‘%%%‘gntly
the starting mxture for step a) is a

In a further aspect the present invention provides therefore a composition containing at

least 50% pivalic acid, the reminder being substantially alky! acetoacetate.
20 All percentages are by weight (w/w), unless otherwise defined.

The following non-limitative examples illustrate the invention. All temperatures are in
degrees Centigrade and are uncorrected.

25 In the examples the following abbreviations are used :
NBA : n-Butyl acetate
MC : Methylene chloride

IA Isopropyl acetate
. PIVA : Pivalic acid
30 2-EH : 2-Ethylhexanoic acicl_
EAA : Ethyl Acetoacetate
MAA : Methyl Acetoacetate
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distillate, e.g. obtained by fractionally distilling a spent reaction

m xture (optionally after recovering the solvents), e.g. produced
frombeta | acta Q%k Lon, e.g. carried out in nethylggﬁ h fhde
or net hyl ene chl ori‘de ee sol vent systenms, to produce a fracti '
containing pivalic acid. Such distillation of a spent reaction m xture
containing pivalic acid 5 and inpuritieéf for exanpl e al kyl

acet oacet at es, qr%&es tgﬁ pivalig acid from by-products of

hi gher boiringng?nt. on volatile com further aspect the present invention
provides a process as defined above, wherein the m xture of pivalic
acid with degradable inpurities is obtained by distilling a spent reaction

10 mi xt ur eYjsidscare based op pivatic acidin swrtingopixture for degradationsteape)pr oduce a
fracti on cont apRied.d: . 01 AR laf i i L1185,
Preferably a f?fg%@k?%%@ls%mﬂﬁ%ﬁ%“é%‘gg é%dr‘# gioglgqr?g at *@%M%%ﬁ@ ?c?%, t he

rem nder Bei ngwater. substantially al kyl acetoacetate. Optionally other
vol atil e conmponents may be present. This 15 may be effected in vacuo,
e.g. from5 to 13 mm Hg. Such a conposition is new. In a further

aspect the present invention provides therefore a conposition containing at
| east 50% pivalic acid, the rem nder being substantially alkyl

acet oacet at e. 20 Al'l percentages are by weight (ww), unless otherw se
defi ned. The following non-limtative exanples illustrate the
invention. Al tenperatures are in degrees Centigrade and are

uncorrect ed. 25 In the exanples the follow ng abbreviations are used:



NBA: n- Butyl acetate ~ MC : Methyl ene chloride I A

| sopropyl acetate PIVA: Pivalic acid 30 2- EH.  2- Et hyl hexanoi ¢
acid EAA: Et hyl Acetoacetate MAA: Met hyl Acet oacet ate

WD 97/ 01525 .
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NVC. Non vol ati |‘8°8’€!Pﬁ§6~'unds Yi el ds are based on pivali gci@l’%&lpﬁzl
starting m xture for degradation step a). Pivalic acid obtarned
contai ns about 0.005% EAA and/or MAA and fr&h 0.05 to 2% 5 wat er .

WD 97/ 01525

PCT/ US96/ 02821 Example 1 10
Exampl e 1 3 aripicRH PIV M OA/BAX nfilted Pl VA MAA/ EAA

m xt ure A mixture of 223.3 g of NBA (9.6 % g13.2 % , EAA
(20.8 %, PI VA miztuee 0f 2238 g of NBA (9.6 %), MAA (13.2 %) EAA (20.8 %), PIVA (42.6 %), 2-
' EH (7.2 %) and NVC (6.6 %) (% by weight), obtained as a distillation bottom in the

5 ° solvent recovery from the production of semi-synthetic penicillins, is distilled in vacuo.
The main fraction, collected at a pressure of 5 to 13 mm Hg and a temperature of 54 to
66°C, contains almost all of the pivalic acid mixed with ethyl and methyl acetoacetates,
and has the composition PIVA (55.6 %), MAA (17.2 %) and EAA (27.2 %).

10 Deorada b a)/Distillation step t
To 51.82 g of the above mentioned main fraction, a mixture of 48 ml water and 2.2 ml
concentrated sulfuric acid is added in order to reach a pH value of about 0.1. The acidic
mixture is heated to about 98 to 101° for about 90 minutes, the volatile components,

basically methanol, ethanol and acetone are stripped off. A biphasic system is formed in

15 ‘the distillation residue, wherein the upper Jayer is almost pure pivalic acid and the lower
layer is acidic water saturated with PIVA.

Jsolation step c)
The upper layer is separated off from the lower layer. 26.8 g of PIVA (93 % of theory)
20 are obtained, with a purity of 98.0 %. The lower, aqueous layer may be reused as such for
further recovery operations as described to replace at least part of the sulfuric acid and
water in degradation step a), thus allowing increasing the overall recovery yield.

Example 2
25 Example 1 is repeated with the following changes in degradation step a):
9 ml concentrated hydrochloric acid instead of 2.2 ml concentrated sulfuric acid are used
in step b). Yield 92 %, purity 98.0 %.

Example 3
30 Example 1 is repeated with the following changes in degradation step a) and distillation
step b): .
Stripping off volatile compounds is carried out during hydrolysis, i.e. during addition of



EH (7.2 %9 and NVC (6.6 %9 (% by weight), obtained as a distillation bottom
inthe b5 sol vent recovery fromthe production of sem -synthetic
penicillins, is distilled in vacuo. The main fraction, collected at
a pressure of 5 to 13 nmmHg and a tenperature of 54 to : 66[err] C,
contains al rmStvﬁMm%ut he pivalic acid mxed with ethyl and %%1 .
acet oacet at es, and has the conposition PIVA (55.6 %, %
and EAA (27.2 % . 10 Degradation step
a)/Distillation step b) - To 51.82 t he above nentioned main

fraction, a m xture of 48 water and 2 concent ed $U|fUI’IC
acid is added W&erdpdridte q“’eﬁ’é’ﬁ“’& YHIP %Pﬁﬂrpnﬁtﬂgﬁ?"’é‘ ﬁ'é"{;\eé

m xture is he st fooWEd B striBpial IWiRld 89 &0 budy ¥tz 40 mi nut es, the

vol atile corrpg,kent)Is 4 ﬁﬁpcg l'y met hagoﬁ@ et hanol and acetone are
stripped off. A biphasic systemis forned in 15 the distillation

resi due, wherein the upper |ayer is al pivalic acid and the | ower
| ayer is acidic water saturated with: Pﬁhﬂ%q

| sol ati-onSst eﬂixm)nple 1 is repeafedewitipthe following changescinadegtadationt stepf a)om t he | ower

of /98,0 % The AN sk St S eih ARber ot TR dhe R Corodhelith’ 'Y

further recovgﬁmﬁwﬁi@.w;ensgw% paig97/7e®. to replace at |east part of the
sul furic acid and water in degradation step a), thus allow ng

I ncreasing the overall recovery vyield.

Exanple 2 25 Exanple 1 is repeated wgfamhpe 5f 0l | owi ng changes in
degradation step a): . 9 m concentrated, hydrochl oric acid |nstead of
2.2 m chhcent r Reggada ep; )/ Distilk :

3¢ ( { » ation step ) ©f 3 mix priaiping 1 va Q3P Il MSA,
purity 98.0 % ' Exanpl e 3
30 Example 1 is repeated with tl%el"i % oill olvm ng cﬁ_ajngﬁes I n degradation step
a) and distil |5®9@of an enriched; fragtion obtained as desciibed jppiixagnpdsf 1 atedreated| with a
conpounds i s %%ﬁeegf 24t Wr.%.?&%%sﬂqﬁeods's&iuﬂﬁ’iﬂdﬂgﬁ&dﬂ haddd. prH of
about 9.6 is achieved. The mixture is heated to about 98 to 101° for about 120 minutes,
15 the volatile components, basically methanol, ethanol and acetone, being stripped off at the

same time.

Isolation step c)
After cooling, the pH of the distillation residue is adjusted to 1.4 by adding hydrochloric
20 acid. A biphasic system is formed in the distillation residue, wherein the upper layer is
almost pure pivalic acid and the lower layer is acidic water saturated with PIVA. PIVA is
separated off.
24.9 g of PIVA ( 88 % of theory) are obtained. Purity: 98.0 %.

25 . Example 6

A mixture of

. i) 50.0 g PIVA (73.9 %) and MAA (26.1 %) or
fiy 50.8 g PIVA (73.7 %) and EAA (26.3 %)

" 30 is treated with water and sulfuric acid to adjust a pH of about 0.8 and heated to 96 to 99°
for about 90 minutes, stripping off the volatile components at the same time.
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PCT/ EP96/ 02821 water and acid to the m xture, with an overall
time of two hours; instead of 90 m nutes of hydrol ysis fol |l owed by
stripping. Yield 89 % purity 97.2 %

Example 4 5 E%gvarmlloe 1l is repeated with the foll owi ng changes_in

degradation step &3 1525 3.0 g of an acidic ion-exchange r

(Amberlyst 15) are used instead of concentrated sul furic acid.
Yield 90 % purity 97.7 % 12

Exanple 5 10 Degradati on step a)/g it,illation step b) of a mxture
containing PIVA (55.9 %9, MAA (17.2

% and EAA (26.4 R:;ﬁmesiclsysm is éﬂn&%nqh@gisgﬁﬁea rdsidiB ﬁ%&&lh@[‘wﬁa’eﬁairﬁﬁ@m -

descri bed in Exa are treated wt xture-of 73

55.3 g of 20% dayeeisudmosspurenpiMglity asid ans the dowes daysr isfacidic wfater saturated withoBIVA.
9.6 i*s achi eve%.sbe‘ll'lhe ﬁ%yét&uglre I teg%?f ed to about 98 to 101[err] for about
120 m nut es, ad 8 € cofrponents, basically nethanol, ethanol
and acet org, b@j ng 359 gPPIVAI(D7 % of theory) are obtainedaPurityi 98:0 %; or

| sol ation step.g) t oplin th H.oof the disiillatio
residue is adj 'd'gt eoast(bgf.fgl% (gé(ﬁ ﬂﬁ“‘ﬁ?‘g? BIEtﬂ%E?E‘feé I’W 9ﬂé§’&?§pﬁct3’f’&hasi c
systemis for meyheilbwdrgquedingst laydrahdyote fefsedds describal i Bxdnipge ypper |ayer is

al nost pure pivalic acid and the Iower layer is acidic water saturated with
PIVA. PIVAis separated off. 24.9 g of PIVA ( 88 % of
theory) are obtained. Purity: 98.0 % Example 7

Exanpl e 6 Degradati on ste

a)/di stil3}@ti orfExemple lois repeated, but usingjaxmixture of 76.3 g of Ja. @ «@,mr?m 633.%). MAANd

MAA (26.1 9% or, E(ﬂl- dj gmiqoﬁggﬂ ﬁﬁﬁ 0

is treated V\ﬁtﬁl?ﬂ/%t)tqgrangn s&%ﬁ%ﬁas%&ﬁ%}‘ (;ﬁg just a pH O ai)%%?éB‘./%’eé%gm
heated to 96 t asdedcdbed in Example 1. f or about 90 minutes, stripping off the
vol atile compongnt s AbnA'¢ of % leds) are obtained. Purity: 97.9 %.

15 . Example 8
Example 1 is repeated, but using a mixture of 55.3 g MC (1.5 %), PIVA (56.1 %), MAA
(160 %) and EAA (264 %) as enriched PIVA/MAA/EAA mixture instead of the mixture
as described in Example 1.
28.5 g of PIVA (92 % of theory) are obtained. Purity: 98.0 %.

20
The above examples may be effected on the kilogram scale rather than gram scale (i.e.
1000 x scale) with substantially identical results.



sl | I innay o

1sbl ati on st'ep bi phasic systemis formed in.the distillation
resi due upon cool I ng, wher ei n the upper | ayer is al nost pure
pivalic acid an | ayer is acidic water saturated wt

The upper Iayerd‘”g) s@%t ed off. 5 1) 35.9 g of PIVA ( S’ﬁ%\%’m
theory) are obtained. Purity: 98.0 % or ii) 35.0 ¢ of PI VA (93 %
of theory) are obtained. Purity: 97.0 % reé?)ectlvely The | ower,
aqueous | ayer may be reused as described in Exanple 1.

Exanple 7 10 Exanple 1 is repeated, but using a m xture of 76.8 g of IA
(2 %, Pl VA ( SPatknf/TlaintbA (16,2) % and EAA (26.7 % as enriched _
Pl VA/ MAA/ EAA mi xture I nstead of the m xture as described in Exanpl e
1. " 39.8 g of PIVA ( 94 %of theory) are obtained. Purity: 97.9 %
15 - aratin I el

i S repeated, but u§| ng afmr‘nsetureg&valécgmdfmm?lﬁﬁ c%néfrv&;(ug%h Eﬁ}?%
(16.0 9 5nd mmmlwmmmwmwww m xture instead of the

[nh)ét)lrj;)e are obt m‘ﬁ%&%ﬁ‘\&#q@gﬁt&g%mh%o}thm eBégogeOszlrr;o/ﬁeggﬁazf) g]:a

effected on the kb) digiliing off dlecvolaild fragrhéms) agdam scal e (i.e. 1000 x
scale) with substantially iden |ca results.
% solatmgythe pivalic ac;

10 2. A process according to claim 1, wherein the mixture of pivalic acid containing
degradable impurities is obtained by distilling a spent reaction mixture, produced in
beta lactam production, to produce a fraction containing the mixture of pivalic acid

and impurities.

15 3. A process according to claim 1 or claim 2, wherein impurities contain an alkyl
acetoacetate.

4. A process according to any one of claims 1 to 3, characterized in that degradable.
impurities are. degraded by hydrolysis. '
20
5. A process according to claim 4, wherein hydrolysis is carmried out under strong acidic

conditions.

6. A process according to any one of claims I to 5, wherein step a) and step b) are
25 carried out simuitaneously by heating during step a).

7. A process for separaiting pivalic acid from a spent reaction mixture containing pivalic
N acid and an alkyl acetoacetate obtained in the production of a beta lactam,
characterized by the steps |
* 30 (i) distilling the spent reaction mixtuse to produce a fraction contammg a mixture of
pivalic acid and an alkyl acetoacetate,
(il) degrading an alky] acetoacetate in the fraction obtained in step (i) by hydrolysis
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Patent C ai ns ocess for separating pivalic acid froma

m xt ure cont ai n| ng pi vaI ic acid wwth 5 degradabl e inmpurities

whi ch conprises {jag s of a) degrading inpuri t| ce
vol atile fragnents 168 b) distilling off the vol atile fraé%%@gy
and c) isolating the pivalic am& 2. A process

according to claim1, wherein the m xture of |vaI | c acid containing
degradabl e inpuritie t tllllng a spent reaction m xture,
produced in o) '%8'8% %‘%@?gﬁéﬂgﬁuctl on, to produce a fraction

cont aj ni ng the ni i) distilling (Off theivolatils flagments optionally shifitanePusly with Step (ii)} and

3. A process accordl n claiml or ,claim?2, wherein inpurties contain an
al kyl b%l‘\?ﬁ&ék’al”@ahc acid. 4. A process according to any
one of clains 1 to 3, characterized in that degr adabl e

inpurities are de raded by hydrolysis. 5. A process according to
claim4, herein E&v@lpf)py cs agid Obmd@acovhng toranyrongtof glaima ditei7dn the production
condi tions. vaal@ 1@51&5&0655 according to any one of claims 1 to 5,
wherein step a) and ste are 25 carried out sinultaneously by
heati ng during step a). 7. A process for separating pivalic acid

2l kyl acet oacePat AT A eHiame kNPl BB niedtot amy ams of sl o 7. °"7 1

characterized by the steps 30 (i) distilling the spent reaction

m xture t prO C fra.t|0n Conta|n|n amxture of
i vali ¢ a6 ol Bivas pSf copBetitn s & & fmpurty an alkyl scetoscetate and water,

the alkyl acetoacetate content being less than 0.01% and the water content from 0.05
0 2%. :

11. A composition containing at least 50% pivalic acid, the reminder being substantially
15 alkyl acetoacetate.

20



(i i') tlegradi.ng -an al kyl acetoacetate in the fraction obtained in st@g(&é;)z/g}/z

by hydrolysis WO 97/ 01525

PCY/ EP96/ 02821 : '

to produce volatile fragments (iii) distilling off thews RTPcoOf
volatile fragments optionally simultaneously with step (ii); and P +
(iv) isolating them i ¢ aCi Oyopp PAELLECTUR. PRAKEY ShoaRizd C aci d CHEd nelER
according to any o clains 1 to 7 i rinmiatenahups®yuct i on of
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