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PROCESS FOR ESTERI FI CATI ON OF AN ORGANI C ACI D The

present invention relates to a sul phonic acid salt of
wa@pooatsese2 aci d al kyl ester, a process for the PCI/EP2006/066756

esterification of an organic acid with

di al kyl carbonate, and the use of a sul phonic acid salt

of an am no acid al kyl ester. An al kanesul phonic acid

salt of a w benzyl ester of am no dicarboxylic acid is

known from US 04/0133033, in particular

met hanes Wheess Fi Es?ﬁhinékﬂbr@@fiﬂh ﬁéﬁﬂlcof\cm

glutam c acid and aspartic acid he al kanesul phoni c

acid salt of a w benzyl ester of an1no di car boxylic

aci dr, @e%/}\%ﬂ%éﬁggfat\é@% Q%ﬁﬁﬁ&ﬁé’a@b‘ 8 bflan amlno acid alkyl ester,

esterl |cat|on reacting e am no |car i c acl
awr Q%S&f%éfﬁﬁ%te'&f!c@é%ﬂ @rhOltgﬁélcrﬁcéis\élﬁt@'aﬂfvlcaﬁl?oa@‘}%aﬁ@ the use of a
suﬁﬁmmaé.&sa%ﬂan 4o elaAF gl phoni ¢ acid salt from

phenyl gl yci ne ethyl ester "and i1 sopropyl ester is known

fromL. Duhanel & J.-C. Plaquevent, Bull. Soc. Chim

1982An ka?és@ﬁ?oﬁ@%f:l@'ghltt ? Eé?{igpé’ﬁgrsof"@rrrﬁop&gﬁ% ¢ acid is

by aC| esterification int ence of benzene a
keawrafromn W8 0|4§)d@B@iﬁambartmdsp&wthame‘slyphdmc acid shlbwhd-benzyl ester

onver3|

ok JPteatip iy edF R Hhe MePoictia Fif b Bba ey ester o
adlineC bieamdxylic biSd Od/ 033608833033 Wwas [ubparedl B JcidCesterification by

rerglé‘ﬁ%ij Vgﬁ‘n’{}'hf’ aﬁa&l{j)é(sﬁc a@{ﬁvétg]% %errhzg ?Ig?.mT F*ﬁeoresence of an alkane

s@pha@ric Acid.at i on process. The a| m of the pr esent
|nvent|o i s [ ovi,Si tern iive, sul phoni c
Lot aAsRllel? shbfaRt 3R rof] RfhvBliER Kt 55T HhR pRIcPy! ester
iscHoban rfestin L nDahaarnd| & d:l-(éﬁ?lbg(ud‘iﬂegh BubnSer. Shim, 1982¢ pa75r83,aNherem
eved n _am no

SRy PERYEls e Aredti o o the s RRelort n 6 el 37 behzene and

eiﬁan@rarsgopgjpganolt tespsctivplgoni ¢ acid salt of an am no acid

al ky|, est dvant a eous obtalned n, the ocC
f or [H’V 3 dBend et Bis ce '080%%&@!“'{‘83{4? 18'%53 LeSbONding ester in
thengsatification rpr@celssgés dcsnlmeetjsnrn)m&rmi/omsehmjtandhle Duhamel & J.-C.

LT RSl 145 TS Bt TRy avon
trecastarificalpntppoddss. | nvention nmay be any suitable

o) kR ] € AT B8 3 o A B Gypronc o
sdlhef agr auipoaoiusalistl esigr,ovhich tardveeolpthipryg lirgh woifinientynkigh conversion.
THQSW|S%C¥]%VQ8WHT] a sulphonic acid salt of an amino acid alkyl ester, according to
the present invention.

Surprisingly, the sulphonic acid salt of an amino acid alkyl ester was
advantageously obtained in the process for the esterification according to the present
invention in a high conversion and without the formation of water.

As used herein, the amino acid in the sulphonic acid salt of the amino acid alkyl
ester according to the invention may be any suitable aliphatic or aromatic amino acid. A
suitable amino acid may for example be an amino acid selected from the group
consisting of dihydro-phenylglycine and phenylglycine.

It was found that when a salt, for instance a HCI salt, of dihydro-phenylglycine
alkyl ester or of phenylglycine alkyl ester is used as activated side chain in the enzymatic

synthesis of a R-lactam antibiotic, for instance cephradine, or cephalexin,
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It was found that when a salt, for instance a HC

salt, of dihydro- phenngIyC|ne al kyl ester or of
W(p)hlmmmsglzg/c:l ne al kyl ester is used as acti vat eBCHER®06/066756

chain in the enzymatic synthesis of a b-lactam

antibiotic, for instance cephradine, or

cephal exin, cefaclor, and anpicillin respectively, the

acyl ase used in the acylation reaction may be

i nhibited by side products present in the HC salt of

di hygéchI@Pea'ﬁWa%bﬂ&illlﬂereé’éé&}ibelfsthgra ?I‘ésé’hs@@@rﬂ)ﬂ&édﬂﬂétﬂﬁ reaction
al k ester. Surprisin ound

gy IbgriBibRechey d0e Badusts RIFRG B IRy R gicdimerarphgnviglycine alky

eﬁéF&*of%ﬂgnﬁély&ﬁ@ﬁlﬂ/@s}é@' ne al kyl ester, accordi ng to
resent invention does not conprise side produ

cts
V\:hl cRUIPARINGIYt it WRE T thalea %@%Pﬁ'%a‘i'%éaléﬁfz@)hﬂm @henylglycme alkyl

eﬁéN'aﬁ&'d?%Heﬂ?%tybi‘ﬁ@ élk‘;{ltJk@ers)éﬁécnﬁﬁlgStoofhebpﬂeg«@ﬂtalm/entlon does not
antibiotics sui t e amno aci he sul phoni c,

CQBPIEPes IdE RPdus amhiely iBfebly thg I@W'aégt‘@leda@cg}edieﬂ@/ mpagic acylation

rdaforPihe8E BYnthdt¥Lord-RBtaimtdicties.be phenyl al ani ne,
a- nethylﬁgwenylgly0|ne b- phenyl al ani ne, for instance

(/.)BpHd gMRRi g In e Slapl?@”tl%ypldp??étngﬁ & ye1inR acid alkyl ester

afcopdThd @5 B ekéntagichiio® mdyl aldo Be FHh@HWaI@hﬁ@' H88nethyl- phenylglycme
( 3-am no- 3- phenyl - propi oni c aci d) Asulg_wonlc acid

R-pheaylganigs, férl‘ﬁt@f@-ecé ridieny! %{@n'ﬂea A-mekiyepheryiglycie, e-amino-
cagshiaaes, &e(L?JE%ﬂehﬁaltahlﬁe%yﬁHWoSB F}hé’rﬁyl% apicliessi@m The

amno acid ester in the sulphonic acid salt
accofdiutpdonig QCWesadiersa@rframwomprqm anig alsy gstesgeat for instance be

u nltmdf%apt%'i amsuch as in the formof the pure
%%g- enantioner o Eﬁ% pure )-enantionmer or in the

f or mie¢ aminmeeidi aikWneﬁteunre thewaelnh@rh@ asid| gioatoording ¢ the present
m% tFon%a;?Be %Fﬂsﬁgt iﬂ ?oe%hht‘:/cl LBFm, ﬁf&r A6 %'rﬁﬁcdf‘ﬂ?e pure (D)-

ester or p eny yC|ne al kyl ester,
erb@tlgg@d of the hereswrph@@iome@foran hd Esmagh @mqeml@mwure When the

s@ﬁﬁgrﬁ%r Jj¥>?ﬁ Bﬁ ?E% A glk lé%Yér Ag?tpfFl(enM? ?%%F ?]ét& or dihydro-

enhant I terna
phafiyiedycing alkyl egler.eist tor bﬁaysqﬂelrprtf@émtheﬁsmfeaffbiaﬁa@m antibiotic,

prte?lﬁﬁlglk frgiﬁﬂta'cfag?{ | edteBid g?&%ﬂ{ f tﬁ&foﬁ’mstﬁ‘ltﬁe Q‘@ enantlomed'

ni ne est for instanc

in tﬁ@ergytmeweéh% aasmnOagcp@raika{hﬁsterrﬁ@yahﬁ Preseitti it tag figrm of the (L)-
el‘faﬂtlgﬁlepqﬂ( sﬁl{gﬁ@nlg%cﬂr tL)-Pnd Iérﬁ’ﬁérbﬂ/l @st(%raﬁ%?‘ fbr instance be

m xture. e sul phonic acid
ugad 'ﬂ(ﬂ“%%){fﬁﬁeéis'@’lasé@i%ﬂe may conprise any suitable

nunmbege Qﬁlrfbaefcﬁpé]kﬁtegf@ ma@ra@cfoeééa&'leé’entqmﬁle%rlfﬁ’bf a rafgmlc mixture.

conpri ses carbonatons, preferably

car boke ﬁ'ﬂ‘ﬂﬂ%th%ﬂ@oﬁw s of ap qrr@jnqgmd@}lqybepﬁtgtr@%comprlse any
siRbR Ml 'ARLY ol Atnd Frafhaly, %@%YI C-BPrﬁ)n@éé‘Ylto b cEHJ%n atoms,

sul phonic acid salt of amno "acid ester may
preferably 1 to 15 carbon atoms, more preferably 1 to 1 carbon atoms, more preferably

1 to 6 carbon atoms. The alkyl in the sulphonic acid salt of amino acid alkyl ester may for
example be methyl, ethyl, propyl, isopropyl, butyl, or isobutyl, pentyl, isopentyl, hexyl or
isohexyl. Preferably, the alkyl in the sulphonic acid salt of an amino acid alkyl ester
according to the invention is methyl or ethyl.

The sulphonic acid in the sulphonic acid salt according to the invention may be
an alkane sulphonic acid of the formula R-SO3H, for instance a methane sulphonic acid

(R=CHj) or an aryl sulphonic acid of the formula R-SOzH, for instance p-toluene
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exanpl e be nmethyl, ethyl, propyl, isopropyl, butyl, or

i sobutyl, pentyl, isopentyl, hexyl or isohexyl.
woe@iesekt y, the al kyl in the sul phonic acid seCT/ERI0&N6756

amino acid al kyl ester accordjng to the invention is

met hyl or ethyl. The sul phonic acid in the sul phonic

acid salt according to the invention nay be an al kane

sul phonic acid of the fornmula R-SO3H, for instance a

met hane sul phonic acid (R=CH3) or an aryl sul phonic

s@ﬁh&ﬁl@gma hR= éﬂ-!g')“ﬂr%eﬁz%ﬁhlpﬁdﬁc éé?@'(l@f‘@&la) or may be sulphuric acid
p-tol uenesul phoni ¢ acid HS3) benzene

Hsaé‘rpph&’mferaabf we(alaﬁm@m@)a%’r's ﬁwh’cm@’ %Jmfﬁﬁ@raC@ aci d
( stﬂ%erabl?r feau |0M|c atckbesaﬁpémpé‘rhﬁloaé‘ddjalkﬁ e@?etrr@ﬂgt a methane
sul phoni ¢ acid. Preferab _y the sul phonic acid salt of
sphaivg arid a2l of erbRyay! estecef dnanipe digarrnigmeidsul phoni ¢
aci d f f
aci " <hrapd nhrREHE T it Han¥nAGlal hfpuRbissid protuene
Sld@hqm@aw|saté§@lépteﬁ§ranotheagrpum 6PRIFingsAlInhRBY oty cins efhyl ester and
§§H IZ&E@%BS%pf/Iré%‘ert he group consisting of phenyl
? e ethyl ester and phenyl glycine isopro
est e?he Tiesepliperstion plsodalgiesio glpsecass fefttee est@rlfgcaﬁ@@@é@rs organic
a&@(zvuth'&i?al@%a%dna’té?at ion of an organic acid with
di al kyl carbonate. US 04/0133033 di scl oses a process
for Yhel4PEpHBEtdigntosss awhmesy lforebeerreparptienioho-benzyl esters of
| r
SHESIRIBAE 5 R By MR R ULt p vonc
algnhqiurkﬁwgsmmf@naﬂk@ew&pmm@amgm algsgdmntagﬂaof the esterification
pr%%%g bl 'u%abhfaﬁ‘;ﬁs%"gsﬁla %n9§n9|é’ %ﬁg‘?&?’or &?rt m?féeof w-benzyl
no water 'i's forme of "Ww'benz
aMph@hwmu@pumseeﬁmﬂhennamnmunnomnvensﬁannmfdmmmnmmcacm|nmthe
A Q [ e
c%ge%%éﬁ)&%% ﬁ!st%r ﬂ']%l %@@We ac”%%‘a& ﬂé/gfge? %P%?ngﬁﬁ# e fo?lﬂgé ester bond,
wbsh ehifts dimel equikbiricim ©hthé tosiginblereaectantsi be.itoeraninat diearboxylic acid and
o di carboxylic acid
b@r(ﬁa%)l@@rlol fe%ﬁﬁ.%@'}‘i ? dreééregﬁot &%v?rn@ g decr eased
convéhs amrnof hb eredent ofentlop lptrmmmnsuonwéan jabernativet precess for the
[ 0 , .
e&értq’f}éc'raﬁ r?@]é?ﬁ o‘rflé]arﬁé ggﬁqlﬁttoatﬁtlgccegrggpgﬁ%mlg 5r9%rg\8 acid ester, wherein no
weter rscfopoediiangd vm@anescltsalom increased aongersion afthenarigeniciasid into its
j ncreased conversi on
C%ﬁ£¥ﬁﬁmn€g%ﬁM@ gg”%ﬁgﬁékﬁpkgngg?¢espondlng ester than
di scTos emn israchieyepaceordiag tto tHEheverition by agrht@ssddr the esterification
o@élifg{r rﬂ% g{clﬂ .E!Beyp 2%0‘?‘%%8%% g @rcogﬁésesﬁ]eqrcoﬂb%smg bringing the
orgenicessionidi ¢egtast winiacstrang dcidsindra sadutioniooimmgisibg idiedfivtagroonate in
a?&meHﬂﬁﬂm% acid into contact with a strong acid and a

ution conprising dial kyl carbonate in
As used herein the organic acid may be an amino acid or a carboxylic acid.

It is known that an amino acid can be esterified with a dialkylcarbonate under
alkaline conditions. Under alkaline conditions however, the amino group of the amino
acid is a strong nucleophile, which easily attacks the electrophile of dialkylcarbonate.
This results in the formation of side-products such as carbamate, diketopiperazine
(DKP), dipeptide, or polypeptide. In addition, under alkaline conditions racemisation of

the amino acid and amino acid ester easily occurs.
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a reaction m xture. As used herein the organic acid
may be an amino acid or a carboxylic acid. It is known
W@ b@v/039522m no aci d can be esterified with a PCI/EP2006/066756

di al kyl car bonat e under al kal i{e condi ti ons. Under

al kal i ne condi ti ons however, the am no group of the

amno acid is a strong nucl eophile, which easily

attacks the el ectrophile of dialkylcarbonate. This
results in the formati on of side-products such as

car banghe. sﬁbr‘l%‘?ﬁgq’gp'fgl?ﬁtﬁzih&ea( RISR) coliePSEH i dHeorgBhic acid into its
pol ypeptide. In di tion, under al kaline conditions

CTERSERT S BY | FOANT a@lﬁ’eeﬁﬁ'i Reuld ched aghigvashPR® theli po eidegproducts are

foRAEH Ethh@‘é%fé’hﬁcdtlton‘b’?chéél 5@(5dr§lh€g:; thefpadadt inbadtion, hi gh
conversion of organic acid into its correspondi ng

or gafither fdvaniagese ©f i IPaPsss AKPENSdICaHE PiegentnipVertipa are the
foRbwiAgct s are formed in the esterification process

according to the present invention. O her advantages

of tHhee ﬁ?'%é%%tera&f@leél'ﬂgth? Preerss e den esterficaiien AsCerding to the

pFeBSntf i drdivh n%mé—d'iﬁtelymebb@Wlﬂ@&lﬁfkyltzgrrbﬂﬁ&e'tB fbine cﬁfb@ﬁﬁ@%de and
for the esterification accor pr esent

the RPERERYKING FieRh- érthéf%forleeﬁ‘@t'%'t'%q?rlm‘%ﬂ ‘ﬁ??&/?%ﬁ‘l"bfﬁ@é‘ with fhe ester

bdri iMteRaRMdHRKAIRE e8fefl t he correspondi ng al cohol .
Therefore, the initial formed water cannot react wth

the Bsaddiianeng rarempsatiomph e LrpRniaERd) ands thgrcoriegponding organic
a@gl@mypeg@rog@rg acem sation of the organic acid and the

correspondi n %anlc aci.d al kyl ester occurs.
Li kehie¥ise, gD hRorertinatid ealer Asamnojagidy RO ZpAGHgN was found to

taﬁélp(é,cefb@t\ﬁe%fh%é amw&e{rou@uﬁtﬂd‘emyka&b@n@ﬂeacze between the
am noé,g;1 and dij al gl carbonate. It was also fo
Se?'??

nd
t hat It ifeund gt § tegp]caéupaap[ﬁla@ JIRRC\Aci with a dlalkylcarbonate
uidedlakidl dbﬂﬂiﬂ@ﬁ@h&:obﬂlﬁ@fo tﬂ@lpfﬂesf‘eﬂﬂmwémt@ﬂ&eﬁﬂl@@w BRGr dc}afhlc acid alkyl
the present inventiop resulted in ani ¢ aci
e%tP'Iq‘?F‘ Cgﬁoé be,§as h'segﬁ%fr% ”lfaré??F'yPW rEPﬂ ed fromthe
r eactrh@argam@t abi®in theeredaianiceomtigtol the ifvenfisrofRS De any suitable
to the inventiqgn bl e organic

accor di y be any suit r , ,
orgeig qc;#;%a}rggy h& ee%?rg'rep fw'f@oa"a%{kwca%&%aﬁek [ %@B@nﬁ%eo.rga”'c acid
isPasf euitibley alighagc @f%@h@tl(ﬁﬁmmd Scidny a4y duiable éﬂiph@ﬂ"tﬁbf @romatic

Larorra.tdl amnoaCJgg f(#utaleall‘o%at id such
CPORIF AE'de %@Q?P'F@CQ P& ot gani't e %‘”éam'”o acid suc
a§S;§r€Hnlyfala¢|d1elTHiy nfd?lﬁyl@hétﬁmélﬁcnbé? arpr@ﬁylaran"mel bheugllyaise, dihydro-

al ani ne, a-neth hen]y g%m ne
f%%ﬂﬂea%\ﬁlaﬁfé”o ﬁ‘h@ﬁé‘l‘: i fee In ?Wdﬂdp?ﬂ%fhw'@'i“%l fy-a-methyl-
p@nﬁ@iﬁ@@)ﬂ?ﬂﬁ&ﬂa‘ﬁarﬁ@ @D)- 6?@n|¥lgﬂ/%tr@%§ (D) dlhydro phenylglycine.
- phenyl al ani ne, % | ycin

A suitable organic aC|d at may be esterlfled Wlth a dlalkylcarbonate in the
process according to the present invention may also be a carboxylic acid, for example
phenylacetic acid or benzoic acid.

The organic acid and the corresponding organic acid ester in the process
according to the present invention may be present in any suitable enantiomeric form,
such as the D-enantiomer, the L-enantiomer or in the form of a racemic mixture.

In the process for the esterification according to the present invention, the
organic acid, the strong acid and the dialkylcarbonate may be brought into contact with
each other in any order and within any suitable period of time, depending on the
stirrability of the reaction mixture, which is, amongst others, dependent on the

concentration of the reactants, i.e. organic acid, dialkylcarbonate and strong acid in the
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(1,)-b-phenyl al ani ne, (D -phenylglycine and
(D -di hydr o- phenyl gl ycine. A suitable organic acid

W@ bav/osesy2 be esterified with a di al kyl car bonat BCT/RP10h&066756
process according to the present invention may al so be
a carboxylic acid, for exanple phenylacetic acid or
benzoi ¢ acid. The organic acid and the correspondi ng
organic acid ester in the process according to the
present invention nay be present in any suitable

re%@ﬁm{ nfERE! EorflifdticeS Hf‘erbr$§nlé B&id hS B blofgR intoldBRtact at once with
-enantioner or in the formof a’racem c m xture.

th@h”‘éroﬁﬂ Feisand (§e sphwior se@PTiSing gl kcylvaemaateo@tﬁ@e il cpféhe reaction.

TR %ﬁg%mc édB’ ﬁfﬁ?/'a@b bé Bt%u@lﬁtgﬁt@' ndfet Hith ttrﬁhest%rfgoélﬁh 8&d the solution
and the di al glcar onate may be brought into, contact
e

coupisinga@ialkgeFEPNAtA by Hpsipe @7& StEMg 3 FHrRgnReriodiof fmeeT between

1 @@ﬁ?@%lrpfpréfeﬁ%ly di@imgrécherﬁlgd QNntihB&f 5itd O At | Jrétéraply (ﬁd?fﬁhg a period
reaction mxture is, anmpngst ot her’s, dependent

oiging AT&\9f0eRINr ati on of the reactants, i.e. organic

aci dangisgbly bsianaaaises dasieStr LNy ans | q‘eéd?loﬁ hek@ACTH M8 process
m xture. For instance, the organi Cc acid nay be braqught

¢ HNE Bripa dvegtonmas biuend t”HBe stleghicaliae PEPCaRY Asteflined herein, a

SPSHGUdIPIR K080 haliRg afliaeldkiésoriaRem abmstat ( % )esrﬁélﬂeﬂ'tha(hfor equal to
the reaction. The organic acid may al so be brou

(9) nt- A sYitekie strang rRcichis oF ﬁfbﬁﬁ@“%cﬁT‘éYf‘@ﬁ@ suipho8is| %ﬁ'g &aHs-SOsH), p-
to%rmeréurﬁdhraa.cdé&d Ker@@cbsnnaﬁ&zQMe @eeh&gctaee @%Hggégﬁf:brdsulphunc

durin erio bet ween
agid éi @ew@blwgnethgee ﬁ@)‘éh‘éﬁlc gfifs @ﬁeosen siromy agigh in the process

aMo‘?Jﬁggﬁ)btW psdéyehnav@mraﬁrl od of time of 10 to 60 mn.
rong@am which is suitable to acidify the

r eactni cAseMaling @ropnicERiE ipPB QBYRC e biRTRETed thaidhe strong acid in

tHeW\éﬁ@ﬁdnomlx'ﬁlﬁ% iO@rateffin Hn ta%uﬁﬁb&tﬁdlftb Qﬁtlérﬁgr %ﬁ‘:&%ﬁnolar to the
As defined herein, a strong acid is an acid havin

anyisodaqid skageasst thatheorrsenintacithie) a saiokic afidrt Brrre 7af that the

sttéhg(goid th@\rééﬂtlbﬁ‘mlﬁu%ﬁé%i%eﬂﬂndan Smb@Ht cat®tidA& 8r larger than the
nmet'hane sul phonic acid pt ol uene sul phonic

ageyrf of eghgxicaad. benzene sul phon; c acid (CBH6- SO3H)

or syhdBYIGtiGn éémgrléln'ézgglkl/lcarb%hgfeeiﬁﬁﬁe )ésteﬁﬁéd’t‘@ﬂ%rocess according
sul phonic acid is used as strong acid in the

toaﬁ‘@opr@ﬁﬁ@t inyentiog 'E?Plésaéjﬁtt'of‘ﬂ{ye?ﬁm@fﬁe fh 3&‘-‘{5’5‘8' t'ﬂatt‘etqai‘ée that the

oRBHRNAGd 3 1ol ARindNaddiimnd réteks S tHer 8dtefifc@ton fa@&oram@ to the
strong acid in the reaction mxture is present in

pr&ﬁ%rﬂfnf‘v%'%l it W\@Scﬁdvﬁﬁtﬁgﬁusﬂm%”@drﬂﬁtﬁme@raﬁ glceRel B ?ﬁ?”t in the

s@Gtich cdnﬁbr%ﬁfgedlélhﬂ&arbblﬁat@rQﬂ@'h@r asbant! ¥ aﬂuﬁ@é@i@@éh'mﬁés dissolved
acid preferred that the strong acid in th

mr%ﬁé%fé‘ﬁ” rﬁ"ﬂ"[ﬁ g g‘ep?sé%rg'ﬁ?t'qnnreéﬁt'%@ﬁ?ed@gtfﬁ$t?’f il@etggnino acid
s& is|feieRr wihdiai ist Breughtambicoffact@ith heydtidhg@eiddn the reaction mixture

prior to the esterification in the process according to the present invention.

When an alcohol is present in the solution comprising dialkylcarbonate, it is
essential that the alcohol comprises an identical number of carbon atoms as the number
of carbon atoms of the alkyl in dialkylcarbonate. For example, when alkyl in
dialkylcarbonate is methyl or ethyl, the alcohol is methanol and ethanol, respectively.

The alkyl in dialkylcarbonate in the process according to the present invention
may comprise any number of carbon atoms, for instance between 1 to 20 carbon atoms,
preferably between 1 to 15, more preferably between 1 and 10 carbon atoms.

Preferably, the alkyl in dialkylcarbonate comprises 1 to 6 carbon atoms. The alkyl may
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The sol ution conprising dial kyl carbonate in the
esterification process according to the present
WO paoztasdsen nmay additionally conprise an al cohoPCT/EP20061@66756
case that the organic acid is;an amno acid in the
process for the esterification according to the
present invention, it was advantageously found that
when an al cohol is present in the solution conprising
di al kyl car bonate, a hi gher amount of amno acid salt
fopr@xafipRs BL YRENYIN etHYE A-BRBYI %p%ﬁgt W-gutgNdsd-Bgy, pentyl isopentyl,
esterification reaction Procee faster. The am
heyerl r isefexyl Srefeiaptvdthfipdty! istmetByIoy 6tisht i nto cont act

W t hThdesififiien afdythd Sarfibe oﬁt%%'y%‘ﬁlt%léttélﬁﬁerﬂfu'r@rn ddnbination
the esterification in the process accor |ng%to th

With &5iéatle PrRPEVE M dW@narynSlaan@mﬁnopsofﬁ% P”Pﬁr@t}?é“me”t the

e@te.hﬁaahém iSCOAREd BUNSt SthRskNdreas BN @ndid 4 §J|t§§|%et@i5n|p§|lature and
that the al cohol conprises an identical nunber of

derifignd suiaRigreedrd phEmRylbRROUAr RIGIEHEA SRAFENRT thgeesterification is

a'#hléd"out At @l @"egé/dréaem%%‘%ttrﬁosd‘?@ﬁc eR i t8hceVhied médarte kual to or
di al kyl carm,pate is methyl or ethyl, the alcohol

|1 S
higeHhABI kg @rt%%lﬁaferawé@b@m%{eyewht@ o higher ffyan 2 kg/m?, even

méralpfatbedhbanat erdssurleneqid 0eess hafheP tidm e k?/rﬂzh%lnce the reflux
present i nventi on may Conprlse any nunber o car bon

eRIRGHUrer @ the He3ciing én'bté'f%e'ﬂcrfa'fedj 9i02 PEFSSHIE 2QyReatmospheric, the
re@bﬁcﬁrﬁfeﬂwe)’atb@t VRS edtefifcalion MY iﬁ&l%fagé(ﬁbbdbr@ﬁély\'eﬁfé ddvantage

and, 10 carbon atons. Preferabl the a
oliuginRy #’ APHEASR%E t%fBPi‘i‘:fP %%satlelﬁ}é/a%d c%{PB%}H a'ﬁoWé? reqgiion time is

d@drgygedrmyfor exanpl e be net hyI et hyl, n-propyl,
n- butyl, iso-but ent I sopent

i soprop | T

hexy1°‘ pégsﬁu%ﬁ*é%&‘?l atmpﬁg?eé'rce{ﬁ%ﬁlbe BH'J—;d %/W %3 C‘°§e‘i‘r§¥tﬁ97'cat9i"” reactor
bﬁtH@y&aermﬁloﬁﬁbQCdz Wﬁl’bh Wpf&McéQﬁa@ arres@dofaHe ré’éctlaﬂ)ﬁf the water,

SU|tab|ete erat ination with suita

el BN G TR GoEr i aRy cSaRtaBite o ara e Alpfpatively, the

o@Eressire dh AR e, edthislisRed &1 ithd CRisbOestaFificaioni @dcldtbyadpplying an
at nospheri ¢ pressure and at a suitaple te er at ur

an

OYRIPTERTHE Ustio: AbrEtepdl gt 9 PGeas NHrogRB N 208t (Z\')r &ipeteras.
Tﬁ@b@ﬂérn@aﬁon trhgy e@ﬂ @s(ahrfnp@at;bmranse_s k@t@blhg eﬂhe?ldéacﬂbn amixture at a

pressure eril c N ce a a res
teBeEa e bWy e e RATeisiite) oo G BoeaIag b Soeagt 1 hour,

Iféfé?;élﬁlyrfgrl Qﬂléabt 4 oOfs. IDepading rﬁmth% &ﬁllkwﬁ?]rbsrv(ﬁﬁ Aol found that

ret.era ressure eq al to or er t

wRGT 1 earhea et MER KR e Bt e fbelve ety lperature of
trmhenblwleanbanataOfbea&%ﬂtaat pérlcglf GﬁﬁMé%t&hQ}&arﬁbﬂWb@t@hﬂcation the

t he tion tenperat the_esterifi.cation
e GO0 e BET BB T Dl T 1B s AR S e G DrHE Uy 2a¥Sntageous
whae tieasetteheatguer 6t ofganiatackl @viae &dadmbﬁsﬁlufuee I|SSh|ghaﬂi the case the

reacti OHJQ tinme i s decreased. A g{)ra{essu

OGRS A5ITESi a0 FRPOLI D Ay igh GBngetraiYY] 8@@8 %@F%PFWE%M pgfRetween
10 @ad 560% w/w, for instance 20 to 40% or 25 to 35% w/w.

The reflux temperature is dependent on the dialkylcarbonate in the reaction
mixture, and may suitably be below 90°C. It was found that by keeping the temperature
of below about 90°C, racemization of an optically active organic acid, or organic acid
alkylester did not occur.

As defined herein the reflux temperature is the boiling temperature of the

dialkylcarbonate used in the esterification process.
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by the carbon dioxide (CO2) which is produced as a
result of the reaction of the water, |iberated during
W@ b@7e3%95e2 i fi cation reaction, with the PCT/EP2006/066756

di al kyl carbonate. Alternatively, the overpressure my

be established in the closed esterification reactor by
appl ying an overpressure using an external inert gas

such as nitrogen (N2) , argon (Ar), etceteras. The
esterification may for exanple conprise keeping the

reactd Qfbthar<prdfefredt erfbd BB Rk W Leritieh RN brli‘)‘éeésefzéd"lﬁfrlses keeping
tenperature of the dial kylcarbonate for at | east

theo tRactipn gNiUED| §F Rolemperates ©f Athlsgpls thqgggf@n@,tqf@quﬁture of the

d|'iaw<9lcgl‘b%h§t)é|f@@étb@é’b@%%ou@ pV@éraB@lHt‘%atshQ& h¥ie npr(efé‘?ably between 48
reaction m xture ke a'tenperature of bel ow

heuie andf dyse Enfirsy 'ES’H[]? éhq;fwftqqethg,t%mkg;]a%q Boiigt reagtipn mixture was

k& 1k at Rabethk 6hX teibBRLAE of iR SbRYIEa®bnitBEthe esterification reaction
esterification, the reaction m xture remal ned

rade Wes Hisreasedhi s was found to be in particularly

adVaDhﬁ&_f%SesY\é?ﬁBaﬂdﬂleon@é‘6@%hfcaécﬁo°%n‘2frgé?ﬁc9§éld @sfe iskotred. The
the reaction mxture is high in the case the organic

organig PedapstahimM@y RS @res&nhilg hdigtieashforat i Bnmay grp,@talllse during

e Blfitatiae bth8eygde &ted. ween 10 and 50% w w, for instance
20 to 40% or 2q5 to 35% wWw. The reflux tenperature is

depelid@rireighed HMRANRY falhEoRrgeenti iAvanian e Orgasye acid ester is

isBlatddUrdin tHRNdabln histiuk@bl y be bel ow 90C. It was found
t hat b}zlagkee ing the tenperature of bel ow about

r acelfPl24PT 8 tthor%ﬁT“‘bﬁ?'ij éaler Oﬁbt@P\V%acé'PﬁgﬂﬂHrea@?‘)ﬂ bed?terformed in

a®y g@ttble WaY. dPr@\‘éfé{tﬁI?S&@lEtldi'l o !h@torQé?rﬁél bc.dﬁéstéiefdnm@es distilling off
herein the re nperature i s the

oi |
p%’érﬂﬁéP%t‘iﬁ'Ey'ﬁb?rl?ée dﬂra‘i‘ ylearperiatandy %'é%lh‘?' rPr??Pé‘t in the reaction
mp&drer ithwaatduaa tRatohistifgl &Ff paAtdIeke @faﬂ(y%f%ampdﬂamwahrbonate

%e esterlflcatlon rocess coqgwhﬁgs kee éﬁ
and glephej Pregept U”rfé‘ea{F cfiop dRBFaf 1 aft i d ¥'ﬁ'€ of the organic
ati@kbtéx tenperature of the dlalkylcarbonate for at

| eas hours, prefe | east 24 h

pr ef EF%?‘HF‘ Iy dgQflion 91r ﬂ}?oefgaa%am? Bslgk @ ?%Ot CORRrigesyAdding fresh
bik@kambﬁ@tettb ehd eéamt hbra?ru)]gtl&rel ﬂ/thblftﬁh fRASIKYION the KESH Gial@Sarbonate

e reflux tenpera

e A yieEs SRS, O FE0BSt HPT; Bat ol Siicabonates usg in the
e$tBETcR86© ProcBly. IPRgreiddy, aasiedialkyicatbonsteds alide ©rtBé Fdaetion mixture
sfieaueadierisiipe se ntolle TiakdreBoriesr FiTnTrmap and alcono
frémtied Alakticemikureng esterification of the organic acid.

R 0 a7 B2 ol P e ARG B9 poflmos o
afy stitkbde temperature. The organic acid ester may for example be isolated at a
temperature below the temperature at which the organic acid crystallises. Preferably, the
organic acid ester is isolated at a temperature below 50°C, preferably below 40°C, more
preferably below 35°C, more preferably below 30°C.

The isolation of the organic acid ester may also comprise adding a base to the
reaction mixture, which neutralises the excess of strong acid present in the reaction
mixture. Any organic or inorganic base may be used to neutralise the reaction mixture.
Examples of suitable organic bases are triethylamine, diethylamine,

diisopropylethylamine, and dicyclohexylamine. An inorganic base may for example be
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I solation of the organic acid ester fromthe reaction
m xture may be perforned in any suitable way.
wer@ies%k y, isolation of the organic acid estBCT/EP2006/066756

conprises distilling off partg of the dial kyl carbonate
or di al kyl carbonate and al cohol present in the
reaction mxture. It was found that distilling off

part of the dial kyl carbonate or dial kyl carbonat e and
al cohol present in the reaction mxture resulted in an

ainfnRY eHY | il ghs@bud REnPHEANIseILAGH.dPRIE8hly, Biedfy® ARt Yis used to
i sol ation of the organic acid ester also”conprises

netdElipR) therreaHioninkikia- car bonat e to the reaction mixture,

wher ehd ofPRicBdf bstbNmb ®efi§RsBd Hod ¥l r@é‘étféﬁnﬁ&ﬁiré‘ﬁ‘ﬁany suitable
t he same nunber of carbon atons as in the

fogmapiefarakly b Aaelling &orm- YWhenetheregnis ?%‘gteistﬂﬁ i$HpH @B, acid ester,
ther hRbadioy estef %Bre@ér%lﬁfﬂrﬁ@éll@éﬁah &hé $or?rd@\eg da®. FBCinstance, the

reaction m xture subsequent to distilling off part of
apie @F'QI‘F@W%&‘%O@%F@’SW isgfl dn kKiPe farp it sUlphanial dthselt when a

shipoRid BEdli€aséd a9 tha SfraHPacid 0kt EQBriehtidnNero8éB38cerding to the
acid ester fromthe reaction nmxture may be performed

PreenidyvestiPR-abl e tenperature. The organic acid ester

rray Rs RIAHPIRIDBstep Oh arphlffe forkeFREG! BE UlithdrekeMteinfom the
nperature at which the organic acid crystallises.

re@F%?%'F‘ﬁ‘BF? by kRewp Pigdfinde imaftcsush @ ceniifyogtiomarafiatiop.

t enpry aidifé hetefrad 2Bodin&itar@bloankeb@ivedeEin B’%&%Ihne form may
‘?r ef erably bel ow 35C, nore (ﬁar ef er abl beI ow 30

Sopaat gAY éf“t'cit%'\%ted?rgeéﬁ‘iuﬁe 2kt Yneait A THilpbls) IBSUGePT Yistance by

dgfdi umdepvdrasm. t o the reaction mxture, V\,hi ch
neutralises the excess of strong acid present in the

r eact PORTERERE (IVENtiomn{irthelyEiAtes (59 tW%B?egSE?cS%@'Cn%%Pd [salt of an

amfRthciPalk@ ebfed|n the syitRedi®ard RAsctam dhybistic. Exanpl es  of
suitabl e organi c bases are triethylan ne,

di et hyl am ne, diisopropylethyl ani ne, and

di Cywh@l@awbramaaia safiofl A0 a GBI é‘md)@ﬁ@l &ayr may pexadal & activated
eous rmor 1n . solu

ea ni a f
S'g’? éﬂ)ﬁ? eqzy P‘h?ﬁﬁ %’?eOflas TRARM @gtibialf W&Pfeé%trlef?é;t'vated side
clis@ffay @@ diizybficlly Thepled @anbitaBRi [tHaRBINEhudIBYS iRehe presence of an

Ia ed fromthe reacti n abl
T o nstaaBeyeren s i PooiEism WIRMIPERL S raas.
aci d fesiigble f?—la%[bbrxlﬁimﬂéuﬁ%l for RStaBte 6tehﬂn6::pbﬁl@|llamb Gheid (6-APA) 7-
ester Is prefera In_the tor
ABROResIIRY EPUAREOTEHIE S5 G ABLAY. 3 BR eghgssoranic acid (7-
AcAystmmlnsesi[ Z)m bhfpeﬁmm dﬁsa@et@id)hﬁétﬁmdépﬁ@lb%cﬁ@h& wbien or 7-
U:H:)m ﬁl gzw strong acid in the
aDiPet PR epRe BrRREYE 250 "to the present
I nvemt & @Rsferred embodiment, the invention relates to the use of a sulphonic acid
salt of (D)-phenylglycine alkyl ester in the synthesis of a R-lactam antibiotic selected
from the group consisting of cephalexin, cefaclor and ampicillin.

In another preferred embodiment, the invention relates to the use of a sulphonic
acid salt of (D)-dihydro-phenylglycine alkyl ester in the synthesis of cephradine.

The alkyl in the use of a sulphonic acid salt of an amino acid alkyl ester in the
synthesis of a R-lactam antibiotic, may comprise any number of carbon atoms, for
instance between 1 to 20 carbon atoms, preferably between 1 to 15, more preferably
between 1 to 10 carbon atoms. Preferably, the alkyl in the use of a sulphonic acid salt of

an amino acid alkyl ester in the synthesis of a R-lactam antibiotic comprises 1 to 6
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The organic acid ester in crystalline formmy be

further isolated fromthe reaction m xture by known
woreaonoss2i n art, such as centrifugati on and fiPCT/EP10061066756

I n another preferred enbodi t the organic acid ester

in crystalline formmay be dried at any suitable

tenperature and under any suitable pressure, for

i nstance by dryi ng under vacuum The present invention

further relates to the use of a sul phonic acid salt of

c&BoRBidiRs . athd aﬁJyl‘Wayel% Phethyl, th?l SYHOPRS '|s%pFB‘pyl51 n- butyI isobutyl,
b-1actam anti bi oti c. esuglonlc acl d sal
Yy

PRIHYIN§ORRNN, AP '%‘leéyl hegfers J@ealkablsmthx}af @‘Hyl‘a de

chai find BylbhshiC€haY fthbGis8 Wb REphaniefhacR Ritlorah @3Mino acid alkyl ester
antibiotic, wherein the activated side chain may

be

indhe piathesiarf § Llaatameantibiptis nay bexan alkgne selphaRin ae'p'éuéhe formula

RLEOIHN Gohh &86RLE m%fthafhﬁ s@gn\hba%c.of (‘N’—OH}gblaé}?ﬁryﬁé‘ulphonlc acid of the
described in WO 20

fopyladt-pOsi, i Wﬂ%}c@ %tq'%@aﬁwmeucw (Ps—<?7b'p) PhEeRFRNE sulphonic

a@d QF@—@QHQ%H frial! l%”sﬁlpﬁ@héj acfor- (‘NﬁébJ P@@ré@ﬁeﬁ@cﬁﬁlﬁﬁﬁhlc acid is

hal osgor ani c acid (7-ADCA), 7-am no cephal osporanic
m&&la&e@‘?m apiacid.

7- aml'ﬁ‘@'f&toﬁl\ﬁr? e%arﬁ%l@@eé}Wfbr JucHERRCBLPEITEDRY! AfEBRAN6t to be
sporani ¢ aci am no- 3- chl or o- cephal ospor ani c

C%E*@e??Sﬁﬁfﬂw”mPﬁﬂﬁ”ﬁPeferred enbodi ment, the
invention relates to the use of a sulphonlc acid salt
of (D -phenylglycine alkyl ester in the synthesis of a
b-1actam antibiotic sel ecE¥AMPLES t he group consi sting
of cephal exin, cefaclor and anpicillin. In another
preferred enbodi nent, the invention relates to the use

of a sul phonic acid sal t &ﬁ_ﬁnﬁiﬁlhydro phenyl gl yci ne
P‘?‘é&fhtl@ﬁb?'@ ' (ﬂh%ﬁ% 6‘%0 | C%lﬁe%etﬁ ?ﬂ’g@ﬁanggﬁpﬂbh# acid salt

in the use sulp aci d sa n am no acl
al kyl ester in the synt@&ﬂWEC¢hSQ#®-lactan1ant|blotlc

C S 64, af y| 0 A t
OE o o0 ARG SRR 3083 s b 1 Souon o
3aGmI dorathyicashenesbhand henierathand. Subseqsantvf. Ameiethanesulphonic

a‘ggﬁ{agg]?%a/to %Q%u%&%%ngf]&b S8R 9 a % r:ﬂh%ﬁh@re%h rom 30 to

an am no acl ester 1In e synthesis
73 O -Aftest alnthenmebiagei @Jlm‘mpvr peidswas tdQS@téﬂ' tilasn reaching . mlxture the

H}%rﬁhr@waﬁ%ptbﬁ e trBMlx ﬁeﬁ{plé)gturenofpcflﬂ@w‘glca b%ﬂgfeop¥| about 84 to

, SO pentyl, "i sopent y
8% @Héﬁyempwﬁér@ M@Blkypt foné f@umt 84st0rf3§t hya teﬁrwfmmtyle esterification

re-ggﬁorﬁ H o@QQJHdCfoiagh q]o'upﬁ Lhe té}ﬁﬁergtfu rf 815 ghaeh %‘ecco‘ﬂw?rgioﬁ afldinydro-

an am no acl ester In nt eslis O

phenyigbicie iatetdimidse- phewtq,WOb”@ raathyl @@é@f@ﬁ%?‘bh@lﬂfﬁét 881Cdwag 99.5%.
Shﬁ@e&ﬁ%ﬁt@%@ rﬁ'%ﬂhaﬁ@lfdn‘n@ﬁﬁ I@Qr‘b%néter(%g@i@ﬁlle%lu&fpﬁem fhe reaction

or an aryl sul phonic acid
mixture at T= 82°C at atmospheric pressure. Thereafter, 150 mI of dimethylcarbonate

was added to the reaction mixture and the reaction mixture was slowly cooled to a
temperature of about 20°C. An amount of 0.17 moles of triethylamine was dosed to the
reaction mixture in 30 min at 20°C. Subsequently, the reaction mixture was stirred at
20°C for 30 min. The reaction mixture was filtered by G3 filtration and the residue was
washed 4 times with 50 ml dimethylcarbonate. The residue consisting of dihydro-
phenylglycine methyl ester methanesulphonic acid salt (DHME.CH3;SO3;H) was dried
under vacuum at 60°C under nitrogen, for 1 hour.

The yield of (D)-dihydro-phenylglycine methyl ester was 114.5 g (87%; eep > 99%).
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formula R-SO3H, for instance p-toluene sul phonic acid
(R=C H8) , or benzene sul phonic acid (R=C6H6) or may
wheoogsyseuri c acid (H2SO4) . Preferably, the seCPRBIWE066756
acid is nethane sul phonic aci,g. The follow ng exanples
are for illustrative purposes only and are not to be
construed as being limted thereto. EXAMPLES Exanple 1
Preparation of (O-di hydro-phenyl gl yci ne nethyl ester
nmet hanesul phonic acid salt (DHME-CH3SOG3H) 0.5 nol
Tﬁgﬁn@ltlr? pbft of i BMEC RN @laé’WS@eC (ReaeziMed Wath a Biichi 535

suspended in a solution of 300 m dinmethyl carbonat e
MgHIRg RPNt aPRatain dliguresd beyetel R spectrum of DHME. CH3803H The IR

SPERAIRE DANGS ARGV 8 FiefkiNBR&IESRAGA dile suspensi on

in 30 to 60 mn at a tenperature increasing from30 to
75C. After all the nethane sul phonic acid was dosed to

the reaction mxture, thegy %gture was kept at the
reflux tenperature of dine carbonate, i.e. about 84

t o Pgeparatfpi of %W&'W'ﬂﬁ@%bﬂtesﬁ%rrmSth@GGiS%'PHP“G@Q'%Sa"
85C, after which the esgpémfd; zgdpg reacti on proceeded
for 24 hours at ate ature of 82C. The conversion

06f mal et @bmlahm@n/wgpm (eav 3981 Wpdresispeiied! igl § plpon of 300 ml
dl'ﬁ%ttméart?&%?é afd t19rmI2r4i?fP1‘QH6IS S%Té%%gn 2D, PthoP Hethanesulphonic acid

Subsequent | hanol /di met hyl car bonat e was
wgs sioped &ithst Suspeasion e 39 dad0i Bin @ & taipkeraturer incgzgingt from 30 to

Y@Umﬁf%l?ec{lf %eoﬁl%%%lﬁéesula_ﬁb%@%lﬁe\K/%eJdeedﬂtQ Qe reaction mixture, the

di met hyl car bonat e was ad reaction mxture
tegmgratiie wasikant ghtheiretiux lempaeatye eidimetbdeasbonate.d.e. 84 to 85°C, for

1 'h%[ﬁpqﬁ@%@feﬁflﬁtloﬁb%lo@%s p%be%ﬁ@t‘ﬂfﬁr 28fholirsldt d@hﬁ%ra@ure of 82°C.

trieth yamne was dosed to th reaction mxture in
The rorersioTof dinydrepravalysine R @Iewppfeﬁwm@tn@rr@emﬁlsester after 26

h&}rg%{g@@pag_@@@or 30 mn. The reaction nm xture was
[tered %@CBflltratlon and the residue was washed 4

SP‘P%?é@eWyt AVl A mepthrnalgimedheikenate wae disiedigié from the reaction

meei sttng2ef of bfi‘r)/&bﬁ&rhe Pbé'sgurﬁcﬂ'ﬂ@regﬁ‘érhﬁbo @9t & dimethylcarbonate
nmet hanesul phoni ¢ aci d SOBH) was dri ed

wangeded,iedhe ﬁ‘?%’@'o@wtﬂfﬁc@d th? feasgemmixtgie viashgewly cepled down to a

teYﬁfﬁs'réiur%f of (dBoutbdred g é?ﬁ&,\'h\f |o@b)’l¢' MSe 8Bt MéthyRFhifE WARSiosed to the
g (87%_eeD 99% . The nelting point "of

regehiAn M@’@%‘H Hagin gbed%s %@tséﬂlﬂﬁﬁtiédth\ﬁ/l reActiPngaiture yeps stirred at

207%¢] 1dr 39 Ml mﬁe ARRA6 R mtRureivad filferdd BP QB itrBor Fhd the residue was
spect rum of MVE- CH3SOBH. The | R spéectrum was

washadh fried VWht%O Bl pEngiylcazbrRste S tasisvp RBSisting of phenylglycine

methyl ester methanesulphonic acid salt (PGM.CH3SO3;H) was dried under vacuum at
60°C under nitrogen atmosphere, for 1 hour.

The yield of (D)-phenylglycine methyl ester was 124 g (95%; eep > 99%).

The melting point of PGM.CH3SO3H was 156°C as determined with a Biichi 535 melting
point apparatus.

Figure 2 shows the IR spectrum of PGM.CH3;SOsH. The IR spectrum was determined

with a Perkin EImer Spectrum One.

Example 3
Preparation of (D)-phenylglycine methyl ester sulphuric acid salt (PGM-H,S0O,)

0.5 mole (75.6 g) (D)-phenylglycine (eep >99) was suspended in a solution of 250 ml

dimethylcarbonate. Subsequently, 0.6 mol H,SO, (sulphuric acid) was dosed to the
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Exanpl e 2 Preparation of (QJ-phenylglycine nethyl
ester net hanesul phonic acid salt (PGW CH3SG3H) 0.5 nol
W@ 78703922 (Dj - phenyl gl yci ne (eeD >99) was suspRCER20061066756

a solution of 300 m dinethylcarbonate and 10 m

met hanol . Subsequently, 0.7 rml met hanesul phoni c acid

was dosed to the suspension in 30 to 60 mn at a
tenperature increasing from30 to 75C. After all the

nmet hane sul phoni c acid was dosed to the reaction

siEpsh&i68. int BE thesPahmt U & WaspdraRite %cr&ﬁkﬁij ‘?Fan%O to 90 C. The
t enperature of dinethyl carbonate, i.

egtetiisgion Thactient was Precgerem Plealt oS \#s ﬁ@@@éﬂ’é@ qfcfﬁ’ C. The
cafveRsH & ﬁen?lgty%ﬁ@%t@tweﬁylgﬁ/cﬁg%etﬂ_yh%sfé?"é‘f't@lr 50 ABurdfat 83°C was
di hydr ophenyl gl'yci ne into hydr ophenyl gl yci ne net hyl
>@%er after 26 hours at 82C was 99.3% Subsequently,
100 m of rmethanol /di met hyl carbonate was distilled off
fromthe reaction mxture at T= 82C at atnospheric
pressure. Thereafter, 200Example 4j net hyl carbonate was
ad%g?sraf.sn g[%:g{eln ihl&ﬂnﬁé H{éhﬁr&téﬁlﬁefh%ﬁgéulgﬂomc% §alt

was S oaterrperatureo
0.2h (éhﬁmtmqbpf d)@henﬂale@n@ﬁNatSrsIUémmednmtﬁea sidiog eoawprisigg 150 ml

dlmé%ﬁmda@am 5HI' ﬁ%tﬁéﬁoi?’%u%éh%htlf%S rﬁgpﬁ%gééﬁ%]n{éﬁﬁbphomc acid

reaction mxture was stirre

éowa@tth@ reagtion ndurgeas Tf 7 RO&r @greiggingdo i 184 Gt Wighn drigur. The
eétgfi’flc'éﬁérﬁ q’éﬁﬁ;tl&‘@%&!‘é@ﬁbﬁé&d@d%bﬁ?@ hUE RyseP witlch tfhe conversion into (L)-

di meth y car bonat e resi due consi sti ng o

phgrwialanine By gelenyascf4%. ke rearisnImKer waacpgleddptT = 25°C
ak P %wmxt%%gé' ‘s@(ﬂeé’l@&i% av@8$s lfﬂ*lFBtl@F] ﬁﬁé:régﬁi%r was washed 4

nitr gen at nbsp here, for hour

(ep YRERy Mooy S earhgnate sTies reReTs g ugeraissuum at 60°C

uR¥hitrofBR afRbdphBe:, RPI1Moupf PGV CH3SMBH was 156C as
determined wth a Bchi 535 nelting point apparatus.

Figure 2 shows the IR spectrum of PGW CH3SO3H. The IR

spectrum was det erm ned wghhnaydsr ki n El mer Spect rum
One. Exanple 3 Preparati orﬁ@(‘ﬂ'@glenyl gl ycine nmeth

dyeparafgn o dranging Eh@ylproqomywaz pthyl sstepmethare: thomc

g) (D)-phenylglycine (eeDF pas suspended in a

solution of 250 m dinethyl car bonat e. Subsequently, o
0@5aneif I-2809-I-BhgyieRieniaecid) wamsushesded into a solution comprising

150/l S RRRsh ébrb&éa?zé’ taﬂ% o% %Tﬂeﬂbthan&?”@%?éq‘déﬁuy, 0.35 mol of

Increasing Tromag0 to . . . .
methanesulphonlc acid was dosed to the reaction mixture at a temperature increasing

from 30°C to 60°C within 15 min. 20 ml of methanol and 40 ml of dimethylcarbonate was
added to the reaction mixture and the reaction mixture was kept for 12 hour at 30°C. The
esterification reaction was proceeded for 24 hour at a temperature slowly increasing to
70°C after which the conversion into 3-amino-3-phenylpropionic acid methyl ester was
99.4%. Subsequently, 70 ml of methanol/dimethylcarbonate was distilled off at 80°C and
the reaction was proceeded at 84 to 85°C. The reaction mixture was cooled to T = 25°C
and the reaction mixture was subjected to a G3 filtration. The residue was washed 4
times with 25 ml of dimethylcarbonate. The residue was dried under vacuum at 60°C

under nitrogen atmosphere, for 1 hour.
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esterification reaction was proceeded for 20 hours at
a tenperature of 83C. The conversion of phenyl gl ycine

wo paoa/optsenyl gl yci ne nethyl ester after 20 hour BCHEPBBE&N66756
was >99% Exanple 4 Preparatizgn of ('/.”-phenyl al ani ne
nmet hyl ester nethanesul phonic acid salt 0.25 (41 .3 @)
nmol of ~-phenyl al ani ne was suspended into a solution
conprising 150 m di et hyl carbonate and 5 m net hanol .
Subsequently, 0.35 nol of methanesul phonic acid was
dosed to the reaction m xgyhgpdeT = 20C increasing to
T =84C, within 1 hour. Th& esterification reaction was
fireparatien of ¢¥)-@-meatbyirphenyiglycingimathylrsteronethaspewlphanis acid
(L)- phenylal anine nethyl es{gr was 99.4% The
reaction m xture was cooled to T = 25C and the

028auk (443 @i Q) wethybphaity|odcingdwas suspeBded inte gt sabionTeEprising

15(?Shﬂju ﬁ)ﬁ(‘f@'ﬁ&%qe ahé MBS rﬁfutﬂe%gnm @gbseq ently, 0.35 mol of

di met hy onate. The residue was drie er vacuum
thaeewlmﬂm agid Mg@t@edttmﬂiﬁ)mcéon froxture afoluF. 20k dngeasing to T

-§4 Er W?cﬁfn h&ﬂ ?\Itl ést@mldécﬂoﬁ T ﬁPIY l/\/%g %Pééé@}jgd fcﬁ'4@ HB%T’ IBﬂIer which

est ér anesul phonic acid sa
thg- amwes@ prienPtpmepybphienylabicohenastivl sistaidweas i Hte dhe reaction

m?)&’ur\%lt\}vé’én c6Q8®"th St ngZéb@Oam kgﬂ)tr@tt @y°|§%frbﬂnﬁ5&sa@qjs5allmatlon was

nmet hanol . Subsequent| vy, nmet hanesul phoni c
indigted, wad syoseqrendy thee rera@a@m |rrm¢um Wﬂﬁlrse'blﬁﬁted to a G3 filtration. The

retsﬁfrg%érg Wé@wéd"@ rtfﬁﬂa%' \K)i% fZSCHm &%ﬂ%ngﬁggo%feh'ﬁﬂe]résﬂb@ was dried

nmet hanol and | car bonat e was
U%ﬂﬁﬂé’écqttﬁn ah0°areer @HOWFB(@WI%D'&@TG foréhpdact i on mi xture
was kept for 12 hour at 30C. The esterification
reaction was proceeded for 24 hour at a tenperature
sI oWy increasing to 70C Exeeplehj ch the conversion

eRarin R A MBS B RN ootk B Scid sait

equent|
0 riétnhie(th/g()l Bmlmwbmaomomaﬁmamsdémml ihtedh srflditioatco®(p@sing 150 ml

di?ngewqhag%or G %rlﬂﬂ? g nﬁﬁiet a(rglgr.gg:%?%qu%%ﬁ%rgﬁgoﬁnh%ngnesulphonic acid
wagdosedito the rdastien MSursLdeTecB@@ increasi@ td T =84 &L, ivathin Znenin. The
e%tg %Eg \é\gg%'\éﬁ;?’g d p?.'%cteleggg fgr tZB ho%rs ato%l er ,ngter which the
C(atvefiiilﬁ iateckeamimiot dap g adldmmﬂ’rydaeeter ‘fva$ >99%o'ﬂh1e texatiql mixture was

Pr e(gfl ﬁe‘t 2@&8 %ﬁ%@ﬁ"fﬁ@n :P%ed gthggl%l u)é(s:éqnueen[r)‘/3 tthhey ﬁeaction mixture
was subjected to a G3 filtration. The residue was washed 4 times with 25 ml of
dimethylcarbonate. The residue was dried under vacuum at 30°C under nitrogen

atmosphere, for 1 hour.

Example 8
Preparation of methyl benzoate

0.04 mol (5 grams) of benzoic acid was suspended into a solution comprising 50 ml
dimethylcarbonate. Subsequently, 0.018 mol of H,SO, was dosed to the reaction mixture
at T = 20°C increasing to T =84°C. The esterification reaction was proceeded for 18

hours at 84 to 85°C, after which the conversion into methylbenzoate was >99%.
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salt 0.25 m (41 .3 g) (' D -a-nethyl-phenyl gl yci ne was
suspended into a solution conprising 150 nl
walReeospserar bonate and 5 nl net hanol . SubsequePC1/8#P2006/066756

0.35 nol of nethanesul phoni c,acid was dosed to the
reaction mxture at T = 20C increasing to T =84C,
within 1 hour. The esterification reaction was
proceeded for 48 hour, after which the conversion into
D a- net hyl - phenyl gl yci ne nmet hyl ester was 97% The
reaction mxture was cool gdaphfpldo= 25C and kept at 25C
for 24 hours. Crystallisafton was initiated, and
sulPserparatien pf (lﬂ)epheémglmneme@hwreestmetmbjeélelpéenwcad salt
& filtr HL I h 25

; ?{g(ﬂwyl Ca?g H)Sat n%‘r%ge ] gg%gnﬁéjaﬁd Hn‘ﬁ?&ai’ﬂr&

M of di . dnat e ue was dried unde
1QQdguiihraengaigeinndeso APPX wgesuaranssghera solpisen of ﬁaQnrml dimethyl-

c@é@ﬁgﬂa &nft . @pﬁ\[ Adih P St?ods% ﬁﬂryo&)gr ﬁp'ﬁet%e@gﬁﬁbmw acid was

ester met hanesul phoni ¢ aci
agdeginoribe supransion IB&OdO\ﬁ@sm@u ffenthedddsage \A@Ss:@mwe?tmlw the reactor
W Q%Eé@bﬁ@ h%ﬁQmH%?%rQ%EXA&é‘é QQQHS \%ltﬁar@on&gﬁ hgﬁ}%crease of
u sequent Iy of net anesu on| C acCl
theorressure Unhle3 kesot’i dhe reagtian éma&urerWﬁs oot ahmeéwpn@tlw for 15
hdurs SHte 14 PJ&BE\J%QN&@ rﬂamf%h%deﬁtfk%&hc% 'faefﬂlstrr% B'd&{ﬂ%ﬁé\@ﬁhe CO;,

proceeded tor 20 hours at 5C, a
prodrses: Jihe r@‘onmreloeoénhemﬂ@iwe)wtmpmmlymehyethwse@r Wigss>99.5%
b t na . .
oy 1 SRS R S MU0 ek, By o cton tme. e
OV&EQI@BWIQ whsx telgasedeandsthpjreistuesl was cpo@d dawrt toaalbmnxim’at%y 20°C.
SQ&? ngr?ﬁlyW%Sf ZWaéhﬁgth?(ﬁtrﬁlﬁ@%va &&eaﬁo%eq action mixture to neutralize

¢ar bonat e e resi due was Ied under vacuum

8allo CSCDIQB exrgss ohiher mganesuiplreraid. Therreacttpoumixturx waplfikered and
; e t iyl I

RS BRE VES Rl I e RRrRR, SN oh (O FTENCRE metny
eﬁerwasdﬁa(i%t(mdz:%%bnate Subsequently, 0.018 m)I of
H2SO4was dosed to the reaction mxture at T = 20C
increasing to T =84C. The esterification reaction was
proceeded for 18 hours at AGURES35C, after which the
conversion into nethyl benzoate was >99% Exanpl e 9
Preparation of (D -phenylglycine nethyl ester
Figatehtinie Spepinaniot DadledCHe8@;H PGM CH3SC38H) at i ncreased

FRURSZ R SR80 H SFBEMER So.H
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100 g (G -phenyl gl yci ne (eeD >99) was suspended in a
solution of 390 m di nethyl carbonate and 13.5 m
woreaonasesk2 Subsequently, 90 m  net hanesul phoni BCHEP2006/066756
was added to the suspension i,p 30 to 60 mn. After the
dosage was conpl eted, the reactor was closed and the
tenperature was increased to 103C with a concom ttant
i ncrease of the pressure until 3 kg/cnR. The reaction
m xture was kept at these conditions for 15 hours
while the pressure was mai piaipgd at 3 kg/cn2 by
adjusting the outlet of the COZ produced. The
conversion of phenyl glycine into phenyl gl yci ne nethyl
1E6Step s%ﬁoﬁg%c%@aﬁfo? §h aththd W Sikflestd?3C and 3 kg/ cne.
After conpletion of the reaction tine, the
overpressure was rel eased and the m xture was cool ed
2 dOWNAL Q) IGHRRICCXdidTBEIR la¥c iy tSWRFHAGH M dr¥in tAE aB9Ccomprises 1 to 6
triethylam ne was dosed to the reaction mxture to
c3eon p9NSze 85% of the excess of the nethanesul phonic
acid. The reaction mxture was filtered and the
resi due was washed w th di net hyl carbonate. The yield

3of (B SYAEMA GoQ crtleasRrdiyy teiam fodl 2. Yol Smino acid is

dif9dd-phEh Se B 988 RIckicideR Spect rum of DHMe- CH3SO3H
IF?gurpe 2%4?% Spegt rrﬁr%lygfl ePGM CH3SOBHCLAI MS 1. A

sul phonic acid salt of an am no acid al kyl ester. 2. A

45Ul ppRRESs AfitHe %@!ehfl@é?tl‘éﬁrdﬂ'a‘ﬁgorbgn@|a@|dmnﬂo th‘éhﬁfn%'sﬂoﬂd‘tﬁ; organic
al kyl conprij ses to carbon atons. 3. | phoni c

a%l@|et§te§é1°fnp¢§'§'é‘8rtbﬂnﬁ@9t@e(ﬂrg@rﬁ? £0igrintp C‘W’i%(‘rté’}"w £ R¥oRgasl and a

s@iGtich dopnpisinyg dikyhREH88 WCd RacRIn Mkemy! gl yci ne. 4.
Process for the esterification of an organic acid into

the correspondi ng organic acid ester conprising

5bri npidegsd BEcHREiBGNd Claihi 4 dhBFRtHRBY &¢ thatithd sRosd BEBYs selected
acid and a solutron conprising dialkylcarbonate in a

frera e PEWPIROREIEHNG OfsnetpRiit BURNCIG BFidi m@'%e@eaumhﬁw& acid, benzene

s@Et&mﬁ@éﬁd ae@8ulpRuridrid.t he strong acid is selected from
e group consisting of nethane sul phoni c aci d,

p-t ol uene sul phoni ¢ acid, benzene sul phonic acid and

6Sul phrIceSs @@b&dmg topélﬁﬁresﬂsoﬁ@@ﬁé}h&%ééa W &iafthe Qollbion further
characterlse in that the solutian furt@gr co%n%)fgl ses

CHRPTREE McA! CONRh AYNGTHN i AlGPRY FOMPEBRHP NS BWER OB} algms, which
isG@driviedl ta i mumbdtiof Barbon atoms of the alkyl in dialkylcarbonate.

7. Process according to any one of the claims 4 to 6, characterised in that the
esterification comprises keeping the reaction mixture at a temperature below the reflux

temperature of the dialkylcarbonate for at least 1 hour, preferably for at least 4 hours.

8. Process according to any one of the claims 4 to 7, characterised in that the
pressure is above atmospheric, preferably equal to or higher than 1 kg/m? more
preferably at a pressure equal to or higher than 2 kg/m? even more preferably at a

pressure equal to or higher than 3 kg/m?.

9. Process according to any one of the claims 4 to 8, characterised in that the

esterification further comprises keeping the reaction mixture at a temperature of at least
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Is identical to the nunber of carbon atons of the

al kyl in dialkylcarbonate. 7. Process according to any
woer@7089sehe clainms 4 to 6, characterised in theCT/EP®06/066756

esterification conprises keep an the reaction mxture

at a tenperature below the reflux tenperature of the

di al kyl carbonate for at least 1 hour, preferably for

at |l east 4 hours. 8. Process according to any one of

the clains 4 to 7, characterised in that the pressure
tHeSreﬁLQPfé?np%H'le%FmQﬁé 8Iﬂ|k?FC§Fb%h§l*él fér SALEt 6l RoUPE, d?éféﬂa%‘y at least 24

t han % , more preferab ra/ at a pressure equal
hwrsmrgi@éa I pefryeon RGPaYrs a8ddlaysre preferably at a

pressure equal to or higher than 3 kg/er 9. Process

according to any one of the clains 4t

1@&har Beacers seePrriiRgtRagnyt Aee ©fttae |Cf61'fﬁat4 Bh 9f diyrthescharacterised by
isBRIBH bR okRAR! N9 E&XEr FGAGd RBcHINthitfRe at @

tenperature of at leastthe reflux tenperature of the

di al kyl carbonate for at |least 6 hours, preferably at

1 easPro%és@%Héo‘-‘rdertSfeﬁfyaMeV oP B84 tBOI'@r@na"Meﬂsed in that the
Process according to an%ﬁpone of the clains 4

'SP@¥9” of Qféf"l‘ié@c'ér?éte&@?'@laf'%%oawgl abasetip dhe wectigemixture.
organic acid ester fromthe reaction m xture. 11
Process according to any one of the clains 4 t

1€har RERCERS §%‘iﬁ|’r‘|’“ﬂ9 {helpim @ or 441 eharamteriseddp éj@rﬁuﬂte %r@?ﬂ'c acid is an
aﬁ%%cm%’r@!h‘eﬁ&ﬂatﬁ)ﬂcﬂo%n@ebé‘@@taﬂlglnb hige B@RetdcRNedtbrih Wieform of a
12. Process according to claim 10 or 11, characterised
sdh that the organic acid is an am no aC|d and the
i sol ation conprises crystallising the am no acid est er
inthe formof a salt. 13. Use of a sul phonic acid
13al t Us? OhA SIPhABIC ACidgsal %ﬂ” %%'P%@Cidrﬁ”ﬂlués?ym hesivgthgsis of a -
la@taln ahtdidtiem ant i bi oti c.



