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PROCESS FOR THE PREPARATI ON OF AM NO ACI D METHYL

ESTERS The present invention relates to a process for
wo bmsprespar ati on of am no acid nethyl esters. PCTEP1v0£1052814

of esterifying amno acids with sulfuric acid as the

catalyst is known fromUS 4, 680,403. The process

i nvol ves heating an amno acid in an al cohol in the

presence of sulfuric acid. A serious drawback of this

process is that the yields are rather low In

EP- AROCESS FOR PAERESARATION OF AMINSACIPMETRYR ESFERS

to obtain higher yields. In this nodified process, the

maj or part of the alcohol is added as a liquid or a

gas ' r of. .t

ﬁ'ﬁ%bﬁjﬂ%ﬁgfﬂﬁ%h? o{‘%l%(t&gl tgﬁggﬁ%?gg% ti]ﬁz é}gpiﬁglgrg .of amino acid

thyI estarts the same time, the same anmount of al cohol i s

di stil | f th 0 n

repob Mg of eele e B A T s A S YARNGL ® Known
frora Ll1544681341)?4(]31e mcona&}somvdveﬂ/\beaiklgoén timégpaod és an alcohol in the

di scl 0se EP- A- 0544205 is th i,gh consunptjop, of .
PReERItoR CUTEo T BT 00 S RPOES Bolbands vields are
raitierdes Sin E’WASOM@DSCm@SmbgsdTGSGfeeN raodinéd makesr tdébtain higher

BlgRa e sy oM et T ke RN PoPBARAILIS S dgdies a liuid or

g@ef foetﬁélré/eﬁ:tmﬁ PfRER EMhpdsea &Wélﬁﬁb%c@ff al’ﬂiﬁh@ryéarﬁ&ttﬁé §Icoho| and
am no acids wherein the synthesis has a hig

Slél@”ﬁé‘ﬂd w8ilg af e sepeslimg e A2He aq1vphel aICOh&HSrfBS@E?j gif from the
reaStislehixdaeed. T8 Rventds @Bo@'h%rvléldﬁ%rﬁf%ﬁ &8 fcéds according to

| east one carboxylic acid group one ani no

UgrbesP .4 d-7) major deavbagk ol B¢ pragesselisdlesedHe & R-o-0oAé2Qxigdhe high
c&%ruhﬂfﬂoﬁ‘bp%eﬁolt(@;?tc%m SnPr&F Y Bedss h%8@|495%r@é@sQ0Th|s high

S, to different carbon atons such as in
cqmum)tla@ pﬂglcofgamﬁdseamm@roa@ﬁ%@oaomwéy wy uma@raatweno

aci di ey, ngte k t?{;ﬁe%%t hyHIBh- t(() Brcﬁ/sdet Q@o&%ﬁe% tﬂ'&[ess for the

(D), levo racemc
syndhetis ofavethyl esters odbmier ks wherminihe lsynthesis bla$ e\lwgﬁgneld as well

-EBI) HERRCL BRI L) 7 cerbow L an orou

R actonido agdtis defiredfherdinas ag ofganicumaeruleRaMBpdtRpst@@etdarboxylic
acid group COOH and one amino group (NH,). These groups may be attached to the same
carbon atom of the organic molecule as in alpha amino acids, or to different carbon atoms
such as in beta amino acids, gamma-amino acids etceteras. The amino acid may be any
optical isomer, i.e. the dextorotary (D), levorotary (L) or racemic (D,L) form. Alpha-amino
acids have a central carbon atom with the following constituents attached to it: a carboxylic
acid group COOH, an amino group (NH;), hydrogen (H) and a group R according to the

following formulae:
R-HC(NH,)-COOH

Examples of such alpha-amino acids are the twenty L-alpha amino acids which are
found in Nature and which make up proteins: glycine, alanine, valine, leucine,
isoleucine, threonine, proline, histidine, serine, cystein, methionine, phenylalanine,

tyrosine, tryptophane, arginine, lysine, glutamine, glutamic acid, asparagine, aspartic
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Exanpl es of such al pha-am no acids are the twenty
L- al pha am no acids which are found in Nature and
wokioshioseke up proteins: glycine, alanine, valPCEEP2008/052814

| euci ne, isoleucine, threoning, proline, histidine,
serine, cystein, nethionine, phenyl al ani ne, tyrosine,
trypt ophane, arginine, lysine, glutam ne, glutamc

acid, asparagi ne, asparticacid. O her exanples are

am no acid used for the synthesis of sem -synthetic

all8! Bkiaf lS@hps BieOhhfD M@s@é &t ﬁllée%lt@syscbﬁ%ml -synthetic beta-
D- di hydr o- phenyl gl yci ne, ydr ox%y &pgl gl yci ne "and
lagtarre rantibiofese sughi A %@hqﬂylglscmf Prd prylglycinge D-4-hydroxy-

Mgﬁgﬁ th@fsm of the amino acid, i.e. with a free
P oxyeiﬁﬁg% QS“Ani no acid nmethyl ester" is defined
her euFme@grmmsaMt isydefigsd derdimpmtiod unésierfieidforracf ¢the amino acid,
- e | group of the amno acid is
"ésvﬁ@rgla ggrtbg%ﬁp&%cohol , for instance D phenyl gl yci ne
rret hyﬁlmlestaﬂd syl ha_,sd.tnbiqoheﬁinddghgreimes e mwéthydseseer form of the

dr 0x hen L nhe [

it el MRy ISRt SRP AT AE i Saliry 1o b giqpnot for
mEt%mioeIrD pbényégtyciree awstiay| neatdry Dedibgdrd-phepydoipeing rodth§ir ester or D-4-
h 4? 0 a ci wher e @yl t he anmounts are expressed in noles
yHouRRNelyene el é3%nt i on provi des a process for

the synthesis of an am no acid methyl ester conprising
#%%e fq%%omngg steps: a. refluxing a reaction mxture

fPplSi fIRgY 487Eine an1no acid, nethanol and a strong

acid; b. concentrating the m xture obtained in step

(a); c. adding nmethanol; d. repeating steps (a) - (c)

one or nore tinmedA ”KW”F%W¥WHP3P@éE?W%ﬁ’ ﬁture i s made

by m XI ng bUI ldUI e anounts UI I I €C dlll | 1LY) dbl U

met handfmgHat &f amine Agd aegteylesterd HIOMeHat gfrfraeranaing arid] al

m xture is reffered to herein as the initial reaction

vol une. The am no acid in the process of the invention
Wheigbl eheadipounts ate exressgd inletolased

In one aspect, the invention provides a process for the synthesis of an amino
acid methyl ester comprising the following steps:

a. refluxing a reaction mixture comprising a free amino acid, methanol and a strong acid;
b. concentrating the mixture obtained in step (a);

¢. adding methanol;

d. repeating steps (a) — (¢) one or more times.

An initial reaction mixture is made by mixing suitable amounts of free amino acid,
methanol and a strong acid. The volume of this initial mixture is reffered to herein as the
initial reaction volume.

The amino acid in the process of the invention may be any amino acid as defined
herein. Preferred are the alpha-amino acids, in particular those alpha amino acids of which
the methyl esters may be used for the synthesis of semi-synthetic beta-lactam antibiotics
such as D-phenylglycine, D-dihydro-phenylglycine, D-4-hydroxy-phenylglycine and others.

Preferably the following molar ratio of methanol relative to free amino acid is used in
the initial reaction mixture: between 3 and 25, more preferably between 5 and 25 and most

preferably between 6 and 10. The strong acid may be any strong acid such as hydrochloric
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herein. Preferred are the al pha-am no acids, in

particul ar those al pha am no acids of which the nethyl
we@siensseny be used for the synthesis of sem - BYNEP®DS/CS2814

bet a-l actam anti biotics such s D-phenyl gl yci ne,

D- di hydr o- phenyl gl yci ne, ydr oxy- phenyl gl yci ne and

others. Preferably the fO||OMAng nmol ar ratio of

nmet hanol relative to free amino acid is used in the

initial reaction mxture: between 3 and 25, nore

a@{i adugihaid é(c@%‘ikfﬁ%ﬂ amyIsBifshi czg’c@'b‘#efgﬂi’eg& a8l M, methanesulfonic

bet ween he strong ‘acid nay be any strong

agi¢ ped @@r@ﬁola%nqsylénfw‘caﬂlda masheieterred ig pRhurie agig, %refeaahbwhe following
midlar 5¥d $Hls FrBHk%] %cﬁlc eqﬂ(fygpceﬁtrsr ed). e ﬁweopf“n?%rogﬁérg; acid is one

met hanesul d an ar a- tol uenesul ,
equieten ped eng egle; <§ ssliurlpramdn@wm@lvalént@b ealatye yo fréreamino acid chain

|sf l?éedo%ﬂ\%eﬂnd 5" rdaw or’r18|fe Erjefe ﬁgy %gf\/\%eg' o aﬁ&‘%’ \é\ﬁqj q‘f%s? 'preferably

ne nol e hydrochl oric one equi va
betwdemr?eambBe Td)rfe siﬂleﬁmersoramlldbe sbtew eqﬂmnzaltteentr@ctlon conditions
tive to used betvveen 0.9

adgienng oF a8 ErB B8 fiflod Rkl LboHERAdE o
pr ef éln@bdafwxbgtsmema& bmdarfﬁied The farka Icedaln ieties dor ekdrhpld etween

t ze t eaction ondlt dependi
oS 1 AR T pletire bl BatnenD i etk Bl S P iy aeeal between
th&hies m{ % Bxbing a%h edmmatukeeoeg\ﬁédn Z0areuto0f o, (rjm@e(p%fé@bly between 40
t or exa et ours, R
g BRp LBy TS POV HBAD M 05 rais refksey Peeas B g 80°C.
bet wegiihd the céndentaithgstép (B)‘?Uﬁéthéﬂol and REREBRL reFRVRED oration.
20 and 1000C, nore preferably between 40 and 1000

THRPESHIEARBNG SiPrIBORTIAY berImesIENc Apdmay duing s ognoentrating
st@@tbéel%ﬁu&—ﬂi ?&%@tgl% bPéWa‘&%%%nﬁPﬁG%?éfér%b!y@ fo&Por less, more

nmet hanol water are renoved y evap oration.

prﬁfﬁéatﬁy @sdélméardlﬁﬂeaﬁgmpm rieleradly e mbaror less 9n<ﬂ,@ost preferably to 20
m@‘é,ﬁ&s@gge TsCa ARt %P%edé%b&gtlérhgf rﬁ@ﬂﬁﬁ&%@t\/@/dﬂ& %qgmgﬁrﬁture may

reduced, for iInstance by a vacuum punp, prefera
inSigllyrHenp, dor insterce tepAe’ Goeed éusatﬂgﬁmt during Wgaronmntwaé@@s step (b). In

g%ﬁg %Ofﬂ'éetfoﬁﬁéarmla ei&egxsm% b8r rf\aeﬁsou‘? ga@rﬁ% rQ{uﬁ; Bét@}%@( 40 and

of the evaporation
1068 Ch aradérakly doahseasy 60 tand Q(Bﬁ?‘pmcaie ureferably batweéral/Dyand 80°C. The

C(g{cgﬁt’ratl%g ﬁtéﬂ]‘?‘st %{}rﬁ%u%@)ﬁﬁgl m%ﬂed ?0"}’1?(ﬁetﬂe%&Epgretslgﬁtnaefore the

concen In genera c¢onceén
catceptrdtiny steyy |$)eremavefd emtefecﬂblyatnoae ttlempéf)%t Of gheb @taterein removed,

4 d 100 r bet ween 60
oigtheRil mrk en BT 0 Wiieh RyBEovad, arB Rkl oo R gt gpthe water
isi remowdt, ipraf@dbly midre tepy 0% o the3Vate0k rédhevebirer mpstgseBiably more
e concentratlng step is renoved, preferably

thﬁﬂrggg/%qim’ s e Rednat er is renmoved,

After the concentrating step, a suitable amount of methanol is added (step (c)),
preferably an amount so as to obtain the initial volume of the reaction mixture or an amount
which is less than the initial volume of the reaction mixture, e.g. <90% or <80% or <70% or
<60% or <50% or <40% or <30% or <20% of the initial volume of the reaction mixture. The
amount of methanol added may also be more than the initial volume of the reaction mixture.
Step (a), (b) and (c) are repeated one or more times, at least once, preferably 2 times, more
preferably 3 times, more preferably 4 times, more preferably 5 times, more preferably 6
times, more preferably 7 times, more preferably 8 times, more preferably 9 times, more

preferably 10 times. It was found that by repeating these steps the ‘ratio” as defined
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preferably nore than 50% of the water is renoved,
preferably nore than 70% of the water is renoved,
w@e@Bar@kd y nore than 80% of the water is renDREHEP20S/052814
nost preferably nore than 90% of the water is renoved.
After the concentrating step, a suitable anount of
nmet hanol is added (step (c)), preferably an anount so
as to obtain the initial volune of the reaction
m xture or an amount which is less than the initial
h&BInBBBreP bof URE 16RREEA QR dikd Wckr nfotdl <SR ’fﬁ&éas%%os’%ﬂﬁcantly. For
<70% or <60% or <50% or <40% or <30% or <20% of the
instanes. Aftey GariviRg 0t $thles (Baclc) ORlY rMinge.uR eratigheetweriukB-867 may be
Q r : i ¢H &donl ;
Bt PR Sep Tl (P FBLE GE bepler L3 mpy b obained,
ang aftar eprestiegisieps (B (It Emed, @egtioabetiveers 95-8renay be obtained, and

a]@é'r‘?%r%aﬂ g{; %teﬁs H):ﬁgﬁ e apFa%Pet'S }a%n %—%#@?y %{)tgtained and after

pretera nor e
repeatngr ﬂbﬂ)%/ (@ -t {chrBstmemrae’ rgiroéfbet\mnalny%?%%rresy berwbéained and after
ref erg Il ne.
BeE B oy oo O SReet o SR Yoo St o sEiHapp ano ater

repbeting ssépsp{s) (b)emoreatiancs tlrae;s @I&iamcn eﬂrlnenreehm’ow emaf bd digained.
on of . am.no acj d.

for | est i ncreased .
LBl 8 TR rd fafig aér s8R i BLan 65 F VRN be fuatper purified
sq @ to o(bd@m AnhktPe Gth & highatratiy” ab?ieme@ hékeififor@nyhdeatio of the
0 talne e eatln S C once,
! B DSt Al EEh o Sy S ls iy R ol Griiasly 296%, more
plcfIeR |>‘99%3'hﬁﬁ§ pféIézrabIg(W"/Z rhdréfsefefably 2§89, mbRL peRhably 299%
95-97% nmay be obt ai ne after repeating steps (a)

morg E')efega?'v 789 5% mashpreferably i@ &te-97- 98% may be

Obt abpe %n%@ nednk ©F tHeerRﬁlﬁtt:dtlBB Sﬁitpelﬁ§0|\4(%) the préd Cf)ltﬁtldri dRPremoval of
"rati 0" between 98-9 obt ai ned and after

thneéie@aﬁtmlrr\@a@f# Ep% tb%ymm(a@)d estari Tm%maa be aghieved byeadiusting the pH of
th%% %%rédété‘ﬁé! Plestg?g A't8184aRE befldehl2 HRPES! hBR, f@é{w&é}) 2.5 and

nor e I'mes a "ratio of nmore than
S maystkmsef@tse@bﬁ@@en Qparidoh &y legding laesuitalye bese, slychaiaadpOH, ammonia,

Kgﬁt fl a e(n@odﬂ{en? ttﬁeoregﬁt)cwr@&w?% le)tH{ntg@ Iﬁ{)ﬁt@% gé)gnlé%ez%dded toa

stootanamxt e Wt
stiteblei amha b pwatgher toani acahbl erie anixtue ef wateparedt alcetizl yfollowed by

%?sé%gﬁg%epkpgef e\r/aéhpé %et%\%é f%h? @%? r%fe%ﬂl;y bgt%v/ n"P and 5, most

nor e pre era nor’e preea
pe@&Ytedbetvecepriedrer by yddrapa am)tablep]aeé aualh) by NaO#8, 5%nomas KOH. After
.an

oGS AD BB % Ba BB PR TR 8 BB S 88 vao
addigethersuiiabladask. furaier theee aohditbnaca @reziitate. compirisingahe e amino
amg rr%a?/vl:)eedfo*rjr%e(jjl % lélz?talsla g ?mgﬂhe precipitate may be filtered off using known
techniques. The filtrate comprises the amino acid methyl ester. The pH of the filtrate may be
brought to a pH between 1 and 6, preferably between 1 and 4, most preferably between 1.5
and 3, after which the alcohol may be removed by evaporation using known techniques.
Another embodiment of purification step involves the formation of a two or multi-
phase system comprising an organic phase containing the amino acid methyl ester
derivative and a minor amount of free amino acid and an aqueous phase containing the
free amino acid and, optionally, salt. This may be achieved by adjusting the pH of the
mixture obtained in step (a) at a value between 7.5 and 10, preferably between 8.5 and 9.5,

most preferred between 8.8 and 9.2 by adding a suitable base, such as NaOH, ammonia,
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the m xture obtained in step (a) to a val ue between 2

and 6.5, preferably between 2.5 and 5, nost preferred
whedsaars28 and 4 by adding a suitabl e base, SurtI/BB2008/052814

NaCH, ammonia, KOH |In anoth enbodi nent, the

reaction m xture obtained in step (a) may be added to

a suitable anmpunt of water or to an alcohol or to a

m xture of water and al cohol, followed by adjusting

the pH to a value between 2 and 6.5, preferably

KB®L WeSHbttfer 2nidddiment, %Fea@l“cﬁlfrﬁ&fu‘?@ oB&hBE §1stdp ?é)%%_lt%’added toa

addi ng a suitabl e base, such NaOH, ammoni a
S%ﬂab@rara@urmsf iwaiert Ae qdnthbort wea d@lgweeuf waleu@ndtaJ@hlefollowed by
n ng =t
PO EPHOAE YR ae D B SRR RSO bR D0 ch 0.5, most
pr@fgmpdit@tvvﬂyntaq& ahd 8& kymdinger suitahieypase, sugh raedNanf tamm@nla KOH.
. | .
Aﬁ%ﬂ e%qogﬁhrﬁ%ﬁ 'T)F-Ieté)ﬁﬁg dg%rgﬁ v%hjte%glp{gﬁﬁ? Be HEJ r?tﬁé(g(gatﬁﬁé desired value
byaaﬂdiog &t@i $1uta’ele HD;JBe e@mtenallyTtte \paieofnayrh)e uh |trhet foarh eof raayaqbeous salt

a?} bet ween 1andp ; ref er abl i bﬁ1 h

(ea% Sr?&s?” reeFft’ﬂ'S‘/o ] (gl ap B, HesPaPt el V\ﬁﬁ?%srP ases in

thbheulﬂ%bbadmslyslmymlaye be esparatbdhsingViapan aédhnrqwsl @;guohaﬂyvme organic
t echni enbodi nent of rification ste

PRERGST W%%‘Alg wtﬁmt%ﬁf g agugqys sai ﬁﬁqan ﬂb%‘é{ét&r B*ﬁﬁé?é’ﬁwthe wash
rr@garmrre@jc@g tam wtgtaelpﬁoq@b@smamm @de mgavbideomfrwelcacmt process

nmet h ster derivative a 0 unt of fre
S eu BB R A G R AIER (R (i R gt adustment
agfedeabaci d and, optionally, salt. This may be achi eved

by adjustlngthe H of the m xture obtained in step

(a) At 'vaﬁf%r%*eleﬁpéﬁ'mf’”’s ohnipriigatiopy geay %Fvn%t”\}ﬁ‘ee%ﬂ previous

elg\bédlﬁeﬁits S é'_’aflrs“f“aﬁjhstﬁfgetﬁg bHest tlb@m@r@ oBthednd s%pﬁcﬁl}éetween 2 and

a suitab base, such as OH, ammoni a

6§n@%?bléﬁﬁweﬁl’%5 angd |’5€ ”F%é@qu%wdn’ﬁ)%wafﬁré?’c%\tda‘} Aed filtefing off the
p%%ﬁa C %rrﬁ'@%ly ah® 698 Hett) Adjgdthg aht %W@P% fi %te"\@ﬁtglﬁed at a pH

or to a mxture of water and al co
bétyeenidoansy!ta graierabli dpetwaen@-H and 8. 5v aoglepratertae datwees 8.8 and 9.2

,
o Fofaf HevaRyk AELUEH, e Al Eh e pydtBR oRAREELLE] known
teshr@ijesanmoni a, KOH. After adjusting the pHto the

desired val ue, the pH nay be maintained at the desired

val ue by adding the suitable base. Optionally, the

wat er may be in the formBEXAMPLEGUeous salt (e.qg.

NaCl) solution. The free amno acid may also forma

preci pitate. The various phases in the nulti-phase

system may be separ ai GMPARATIVEK ERWMBLES hni ques.

Optionally the organrc phase nay be washed with water

or an aqueous salt solution. The water phase of the

VVaSthnthesis of a D-phenylglycine-methylester (PGM) solution with continuous

addition and distillation of methanol

This experiment was carried out essentially as described in EP-A-0544205 with
the following modifications: D-phenylglycine was used instead of L-phenylalanine or L-
aspartic acid or L-valine as in EP-A-0544205 and the temperature was lower (73°C
instead of 85-90°C in EP-A-0544205).

135 g D-phenylglycine was suspended in 252 ml (200 g) methanol and 107 g

concentrated sulphuric acid was added. The mixture was kept at reflux for 2 hours at
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may be recycled to a suitable process streamin order

to avoid loss of yield. This process stream nay be the
WO e@stiiodm m xt ure as obtained after step (a) oOPCT/RAR2008/052814

after the pH adustnent as described. A higly preferred

enbodi nent of purification step conbines the 2

previ ous enbodi nents, i.e. first adjusting the pH of

the m xture obtained in step (a) between 2 and 6.5,

preferably between 2.5 and 5, nost preferred between 3

a@&gxﬁa?é‘}d 7“3*’(13t ‘Pﬁé N8 Qb Wtalé‘eeq‘&ﬁﬁ)%lj F\NﬁrﬁtaetlaE)Béd“?é#llﬁ(ybqistlllatlon unit.

subsequent | usting the pH rate obtal ned

Uaderscopditioas \ﬂééqillux e tapds tsep Mémle daBng distitaliee thestap igggen. Dry
m%ﬁe’noméé dOSH iRt Re r@a%tt(ﬂ%q"é (ﬁ)tsggéege@d éf ﬁ I@@él ide the

various phases in t hase syste

regsion gvaerismh core&imtuttylwstllllr@mt_m WWWVE)DENAWBEFGSUHS are
I%(W e f r
50 {ﬁ [ TZénbﬁe\)/vlcrt %oeﬁ nuo%fg}%o%ﬂl%t@togﬁﬂaﬂegﬁgt(?%
waeOhArf6] EVdn zsft&mpdmgr%ﬁﬂ owasthaaoly ihedamumceslsecmto @ily 94.7 %.
as described in EP-A-0544205 with the foll ow ng

nodi fi cations: D phenyl gl yci ne was used i nstead of
Téblphenyl al ani ne or Laspartic acid or L-valine as in

ed herFinbefore)
I on o

EP- A- 0544205 and the tenperature was IoweIE (m
i nst eaOBPAEEVOEXREPIen EP- A- 0544205) . 1355¢mple 1

mEghdrneddang) 1

Craph @mduat Y€1 e _was suspended

| Mota? amBunt 600

07 gR@B?l&éht r at

e eheftnBNadded (QF'

g) walatio (%)

addetppplhe m X

TUTe Wag7Kept a

T reflggofof 2 |

nour s 82.2

at appz"%m fTet ely 73C. Olge reactor was equi ppe' Wth a

ldpp%zl BI oxt UI St |8?6| OT1 UITII t Ull%b (,UIIUI l I U!lb Q:3'3

1l

1 Cl | %8l ||C l d’. | S Lal gggu VV||| | Uutl 1 ||g UI bl | | | dt I UTT L~
+ o VM N e Ancad ot~ Il At A
tap |@ opeh—ry IICL ?‘61_\7\753 aoSet— ﬁl o—thnejtreact LgG 2
Nt FaY ra PalaVWa Pl <N % VaVala | nF 1 N n/lh The | AO | rncr An + hn -
Al TA w\)uuc O'g \Upwaw | \W A | g—gu ul LI LILILA™Z T 3bﬁl T 1TTOoT UT CITCO 977
raact wac lkant r\nn& ANt hy et il a off at t ha .
T VAU U OUT AT LA™ P UUIIgI. LAY ”] ~J T T T T llg A~} T LY LA

g gnen\ O-Q:hn resillts are shown iln Tahle

1 A9 addi t| an nfghﬂR g mzn‘:hannl 609hp ratilo (aq 98.7

def i 89 hereinbefaored!-3as 9 110 % Fven aftel adding
2400 W8met handl , thedT8tio increased%o only|94. 7 9.2
Tabl €01 92.2

1398 93.5

1908 94.3

2400 94.7

Example 1
Synthesis of a D-phenylglycine-methylester (PGM) solution

135 g D-phenylglycine was suspended in 252 ml (200 g) methanol and 107 g
concentrated sulphuric acid was added. The mixture was kept at reflux for 2 hours at
approximately 73°C and concentrated at a reduced pressure using a vacuum pump.
The pressure dropped from atmospheric to 20 mBar while at the same time the
temperature of the reaction mixture increased from 40 to 80°C.

A second portion of 126 ml (100 g) methanol was added; the mixture was kept
at reflux for 1 hour at approximately 81°C and again concentrated at a reduced
pressure as described above. The procedure was repeated for another three times
(adding methanol, refluxing and concentrating). Finally, 126 ml (100 g) methanol was

added and the solution was refluxed for another hour and cooled to ambient
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Exanple 1 Synthesis of a D phenyl gl yci ne-net hyl ester

(PGW solution 135 g D phenyl gl yci ne was suspended in
wQ@zsmose200 g) net hanol and 107 g concentr at eBICT/EP2008/052814

sul phuric acid was added. The, m xture was kept at

reflux for 2 hours at approximately 73C and

concentrated at a reduced pressure using a vacuum

punp. The pressure dropped from at nospheric to 20 nBar

while at the sane tine the tenperature of the reaction

tefﬂﬂ'zdsafré’tn%. TiReN 8RR b PBWAN tTRLRO1 Crnd\ind ¢Twaebi 00, &d 700 g
126 m (100 g) nethanol was added; the m xture was
miegdianobltad kgangonseimed. hour at approximately 8 1 C and

agali §u8&nigq%éﬁ‘t‘ij, 3568 Mmbnis GAUCRdeR 'éfé B GaSatlas 85InhR dntil the
above. e p hr ee

procedure was repeated tor another 't
piiwess.8 addh mpemetdmneater wes hdséchencihe reghera wastdisigyd off at a
| . . L Aan .
L b5 905 L SIS S v
Paivbs@utidnemgee?.8t ure. The results are shown in Table 1.
and, 700

The final_ rati.o s 99. 2 % . anol _.had been .
cons MR coafiskBq R reRh o A i AR DR BB it can
be asudcladéd rtabdte then pd6r mirtnmetiiadl of hiee WdmyssatRe3 Exadpk. (continuous
n, 7 ..wat er s added and the net hanol S
g praPles ol et BRalEhEs A B0al el et aner  Resmanged to the
rﬁeh{@dt@aspem Es(angglgbe%m%p FGrthé'r!hﬁ)ré,HRprribh@rltfﬂdﬂajfd &ENlumes much
sol ution was 2.0. Wepn conparing the results of | o
meSeEiNEne! (f {16 S91E (BliRak S NYaN e ANEPEIN 7 {IORk Haggs of 93%, in the
cempataide Exbple hboRmatdly 3800 FeIfNAsthaholti& @séd eahi Bs@&mple 1
ExanBI e (continuous addition and distilling of
o RBHdP Ysefl WRish &5 PRICB 1 Teower "ratio" (94.7% conpared
to the nmethod used in Exanple 1 (99.2% . Furthernore,

the prior art nethod consunes nuch nore mnethanol for
the sane "ratio". For insExample20 obtain a (Il ow)

oo e g o PRIy R sopop

Exanp0 eg 1Dephleyyl@0ing ivas usespentied hini 7@niny @éManol and 73.2 g
c%xggwje@glzs&%ﬁghg %%ljdswgsf agde%. %%”r%.’x%'ré{ (\:A}agel{erpr)?tap ye!fl%§tfgrr2 hours at
approximately 73°C and concentrated at a reduced pressure using a vacuum pump.
The pressure dropped from atmospheric to 20 mBar while at the same time the
temperature of the reaction mixture increased from 40 to 80°C.

170 ml methanol was added and the mixture was kept again at reflux for 2 hours
and concentrated at reduced pressure. Again, 170 ml methanol was added and the
mixture was kept at reflux for 2 hours and concentrated at reduced pressure. Finally,
125 ml methanol was added. At this stage, the “ratio” as defined hereinbefore was
95%.

The solution was dosed into a second reactor, which had been pre-charged with
20 ml methanol, in 1 hour at 20°C. The pH was kept at 3.5 with ammonia. A solid was
formed, which was removed by filtration. The resulting mother liquor was diluted with 25
ml water and concentrated at reduced pressure (p = 20 mm Hg, T = 40-45°C). Finally
207.5 g phenylglycine-methylester (PGM) solution was obtained. The “ratio” of the

resulting solution was 99%.
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90 g D phenyl gl yci ne was suspended in 170 m net hanol

and 73.2 g concentrated sul phuric acid was added. The
woreoosares2nas kept at reflux for 2 hours at PCT/EP2008/052814

approxi mately 73C and concentyated at a reduced

pressure using a vacuum punp. The pressure dropped

from atnospheric to 20 nBar while at the sanme tine the

tenperature of the reaction mxture increased from 40

to 80 C 170 m nethanol was added and the mi xture was

kept again at reflux for 2 hegspi@d concentrated at

reduced pressure. Again, 17 anol was added and

t he rGyxthesis abB-dikkydrophenyglyginetmethyldsten(DHREM) solution

concghtyrat ¢ r ! r i nal -1

et it Su RpneBREAe APERR Afas SishBhid i 3% Bl methanol and
78lefg nedcenénEidnddflonie adms was%ddelde TheImikiuoan waa kepo sk deflux for 2

into cond reactor, i ch, had been pre-charged with
oS G TS BT e oAl Rlen i EpaBRd ST LR VA e The
presSureldrbppaimomh atmdspbefic t 2@ mBae whitke at theisameiise the temperature

nmoved by filtration, The resulting nother |iquor was
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pr essuu @ frietrandPwhaadighd dndthéOnididfed waské&ialdghindl fefluxdor 2 hours
saol utjon was obtai ned.
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ant ONGER ?&‘d i reth%_q @wﬁwen@%ms u1t7!0dﬁ| W&@%‘@‘Vé’vﬁiaﬁﬁ@?@ and the

mxtEWRERES Rfrefindiod Ydi QRS enY | @h¥értrted Bl R)uesd DEIressure. Finally,
DHPGM sol ution 90 g D-di hydrophenyl gl yci neeé PG

1%@@'0@%@%%3 Ad9RsH A thigettRgmh dhe affdio7 35 Aefjned herein before was
gk gngentrated sul phuric acid was added. The m xture was
kept at reflux for 2 hours at 73C and concentrated at

a reliir seluinmewasidesadsinioy secrad ueanigiimhichTieg haeagsencaarged with
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i Bl GoctRzbE Rhn 35 ol (G o' Q) BRY LEn M atea at reduced
pressirar(pl= 2asnatdded —aAE45Ms. Rinaltyu? & .6vg D HREM siutioefwasxobtained.

for _2.hours and concentr at al reduced pressure.
The nrgﬁ?yo?“lezqoes%ﬂn%&f{g 10 a%\gg'za%ﬂ'ded. At this stage, the

"rati 0" as defined herein before was
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94.8 % The solution was dosed into a second reactor,
whi ch had been pre-charged with 20 ml nethanol, in 1

whows/ 185220 C. The pH was kept at 3.5 w t h ammBei/AP2088/052814

—_—

2,\rapessh agtosding fogry ©

solid was forned, which was rgenoved by filtration. The
resulting nother liquor was diluted wwth 25 ml water,
decol orized wwth 3 g charcoal (activated carbon) and
concentrated at reduced pressure (p =20 mmHg, T =
40-45C). Finally 217.6 g DHPGM sol uti on was obt ai ned.
The "ratio" of the resultiggagpgsuti on was 99.2

% CLAIMS 1. Process for the&synthesis of an amno acid
nmet hyl ester conprising the follow ng steps: a.

L AL PP O o

mskemre obtained in stap (a); c. adding nethanol; d.

r epeat ar

Pr obs e Bk mhahf bamPRR 8 Sk TRk g%éhﬁs@'(aaﬂ)d astrong
- (c) adie repeat ed at Ieast 2 times. 3. Process

K e oL

al phka- @d‘dlrig)mema@blof whi ch the nethyl esters is used
for thesnth sis< em snthetlc bet a-| act am
ant (%i GPREDOSRR (s @ PIRAIGE JEEfe,

D- di hydr ophenyl gl yci ne or D- 4- hydr oxy- phenyl gl yC| ne.

4. Process according to an of the previous cla
gelplfp rle|np9ft|egsl ®) 2 are repeated at least 2 times.

3. Process according to any of the previous claims wherein the amino acid is an alpha-

amino acid, preferably an alpha-amino acid of which the methyl esters is used for the
synthesis of semi-synthetic beta-lactam antibiotics such as D-phenylglycine, D-dihydro-

phenylglycine or D-4-hydroxy-phenylglycine.

4. Process according to any of the previous claims wherein the strong acid is sulphuric acid.



