EP 0 215 335 B1 Description The present invention relates to a process for
preparing N-[1(S)-ethoxycar bonyEP?.rzllsasslmropyl ]-L- alanyl -L-proline
(hereinafter referred to as "enalapril") having the formula (1): 5 [err] 10
wherein_ an asterisk represents (S)-configuration with respect to the
asynret PR 0N at om  whi ch |s a 15 mai n conponent of

N[1(S)- etl, oxy carbo I-3a{.§hen gyl -L-al an | -L-proline nal eate &USAN:
Enal apr | r_’; i_z? W‘Lf gyﬂlﬁ"'l?sﬂ 1‘%?5""“%?"’%{?&"?'?%&5'8?3‘!%?%' Fire
agent_ dﬂ%‘y PrEe EREER °éf?f°"5918 %‘ﬁ'g'? g dhedomye B2y e (ACE) i nhibitory
activity. The controlled synthesis of optically pure dipeptides in agueous
medium starting from N-carboxy 1no_acid anhydrides (NCA's) is already
known from"T, urnal of, Orgé%:ic em|stry”, vol. 32, no. 11, 20 pages
3415- 3425 (1 B 0 not possess gener@i utility in
the gpntrol | ety fht he5|s é?da%e ropep des. As a nethod for prepar| ng the
a i
I

enalapril, there has alre on knowpoy reductive amination reaction,
whi ch a Schiff's base (1V) obt ai ned by condensing L-al anyl -L-proline (I I
wi th ethyl a-oxo-y-phenyl- butyrate (I1) is reduced with hydrogen gas in
t he pr esierireanistaisic mbasenst (Spasnfiguatonith|respoding Marabimedic @Mdh din@hich is a

cy anad omaifn yedmpahent | af r-f1(S)-8tRexp-carBdnibahbiiiopsipt-aldny-Cpigline Ghaidite UBAN:L BpalapR816
(1984) ] Malgata) rihicB 5s [exnertpd 4d) bel GsedOas an antihyppriansife agent] dventd Xah Laxesllak ApgiG&nsinand
(RSS)]| @aweringtinpimed AGE) nbibitery ecpivityf t he enal april is closely related to a
conf i gur aifhepenrelled gynihosianet entically purelstineptiles in gapoads Mediurg 3RurtRg fram dhearkiemy-a-t he

n
)

desi r ed@2iea 3 anhydrides (N ﬁé‘i:@@%‘ib{r'gwﬂf@!" TThe Jaungl of Srgahic Chemistryd el #ahe-yl.act i ve
coupdl n'EFQWI ?455 -(15661‘|?q7b tHiPuaveroNCARE dnat passese genegal wlity in e contipliod sypthpsigrelt r i c
car bon " p“ s S S confl ratl on Accor ding to the above method for
synt hesj z '&g{ PG fedu %‘%{%P'F"Bﬁm FIRe%er , a
[;10;(?]“5(" e r? |s ed% wnté dg [(¢] réhgm ﬁﬁ @5@% q as palladse Icar on OI?EEZEIMIane

Xt HoX. @-ﬂc e[‘j 1) JPTC AT 4 Ay e 48 2R A oduced with

N[ 1- et hoxycar bon propy

respect to the asymmetric carbon atomin the phenyl butyric acid part of the
conpound produced by the reduction of the Schiff's base having the fornula
(V). For thi S(K):Ir']l vari ous studies E&ge een} made rder to

advagd ageousky w CH Cé:@@c?ﬁ esjred nfiguration.
Whien the cat a\y reg’uc? lon %arr:m{é *out wi a catal yst of

pal | adi um carbon, 10 well ut| lizing the steric cture of the

L-al anyl - L-proline partion, the asynmetric induction occurs to some extent.
However, the rati @yeh (SSSconfi guration/ ( Rgig gonfi guration is still 62/38
and Fﬁhus a conplicated optical resolution Fddure is required in order to
obtain the desired corrpound wth (SSS)-configuration, and noreover, the

y| el d of the desirgd= orrpound with (SSS) configuration is quite Iow, i.e.

@ than 50 % dug ductiq rge anount of the conpound with
( ) - confi gurati¥ / ach ct on is pregeeds in high

effi @ ency. Theref®re’ starti ng i ch—a+e—expensi ve and prepared
by many steps, g.C OOC :
572 COOH
45 _ ' (Vi) -
=
o CHZCHZ?H-NH*HCO- N
COOC,H
275 COOH

55
[A mixture of (SSS) and (RSS)]

ACE inhibitory activity of the enalapril is closely related to a configuration at an asymmetric carbon

2



ethyl [err]-oxo-[err]-phenylbutyrate (11) and L-alanyl-L-proline (l111), may
be wasted by this nethod. Al so, EPOt21838&Bacti ve am nation reaction, when
the reaction to formthe Schiff's base dnd the reduction of the Schiff's
base are carried out separately, even (SRS)-configuration and
( RRS) - cotm-Jiat We ideseg| é?‘ﬁ"‘%d i pasassang dhehing enalapn! is an optically| askyp sempRYPd W (SYr e
al so i na‘i?O'éQH‘F‘A‘I%é’GDﬁs -2 mar@@avmmﬂmr P &AM be- %j""ﬂ PURION: o urat | on
and (RS gnthesi 9 fhe °"5' apeiL, by, the 9 ‘H“' ﬂtI%"
subst ant ur o r u on %rl‘ par " tpireat ff
r en Y
Facen zatg a.;s;to., ! .,t O bagggras i ﬁ’ré?%fs& ge
h
2 0x0- iréiasa%k @Lu lﬁgnrn o @ah %5&9&&% dpxma i ofephiSi o O ¥
used forde&FeQ 9§§)—@&m& glo he%a SHitiell © ctalQIy +QF panshidcaloduct
such zmﬁ'th rrc UK f iR 5I v EIML BaHion! b Ssymmaire dﬁcﬁiﬁdlwcﬁ's hdlsohe
corrpet ' té)déﬂt YigwdvE the &3 158 (8S ﬁwa fguftionl/( %)Q%B&Hfaﬁl s(vétrl B3 Bl thitls conplicited
ti mes nhdpacal RESIGH plbedaiehy feq or8etQo bitéin Jre IBSIBY bthdoMrdWith (538} cortiguratnRd,
whi ch | e mokedved, thd Féldl xRS dgRed ddmBEune it EBSBIRdaNnfigUGtibtidqite Rowl Rk Ba S0Cke
extract i dud tpthe padudtien bfa 1arge| trnduatiof th@r compdiing it (RSSs@nfijeatiohcalthaghpant nehcfiohom
t he r eacpromadsrin Kghusfticianoyc Thsieforg, starting mgteriaswhichtaredxpatsing énd prepared by many steps,
a- hydr oxethyy «-preesgriemdiutyratet () 409 LplanyitLronitine (Bmay be weasted by thisrmestiodoned, t he
met hod by #l® in thel rrsiudtiveeanaindtiomtenction, whercthe sactiom torform the Schiffscrsgnd dnesredugiiont he
i ndust r i lthepPehifischape pro shrriedh eut spReratahn eYen; (BRY)iceniigwstion and (H@é‘mvag%rammderwed

oper at abifam fagemizalion jebthe calaine pertion B gioclaasivantaneayein byPeduced i Addilisndo 435Uy t o
eSLabf swn%ﬁqfawows @%%Fmﬂsqfﬁ'ar é'"a‘h H'e éﬁ'r'ﬁ"% P@ﬁtpfqerfe% iothe topction, éubﬁfﬁm'yt 'raﬁa|

pr oduct i 'B'FFZB‘?V n h rgat N- car boxyanhﬁdr
N-[ 1(S) - tﬁt te of. E ﬁe ny U te( “"9
L- pl’Olln.% %E’H‘ T“n "f? 71 A )gﬁ:ab" %ﬁg y,a
enal a?{ ' 1\ Pﬁiﬁ }?% o\éer!'n ilg r&gﬂf&ﬁ) tich ﬂl %§ﬁa§t(u) and
i nven -‘é -y-prien used, which leads to a .
N[ 1(S) - §hBanid ear o 11 Gy ol.-edgreqi ddfined 0 Sblatig HR" | S€S
reacti ngdg%da% l&‘l miHErrL:Hc rbgpéﬂ\y‘l a~hydroxy-y-phenylbutyrate
3- pheny! gy édhtdd: L aI anl ne w th L-prol |ne |n not | ess than an equi nol ar

anoungg of hs larof&ﬂemanédo tho Rt by Ahdd RUYCARNMai6HE rebdbion bﬁn&rtﬁsa@%ﬁg&f:s #k tlecast
one bas ein@slri@iproadktibi sihel dnlapdil i Vigw s 6l cBdrioMy astf oparatabiltglr oxi de 40 of an
al kal i et ab the desainsiiie yésentaiveratdis' @bitiahous Sadyatb estabiiishhandeahgmital i aridestfiidlentan
al kal i nmbaebs ofaths evinstikd pyodectibm ef, tha ehalapkil, dtr was fodnd ethat INScaeboxyasttytidie Nl rN/[1(S)-
anmoni unethoxybadenyli@-phenyiprapyifibaaning catf be\whaded withoL-proling rqguaamasulysuo thecprésencat of @
t enpepashage o podfdudertimenalail @it amesbauantitaimpyeleit ure and with the pH of the
reacti on syetouindriaitha peasent tvantionnthere isherovidelt &l pracess oy ipparing N 1 (§)-eSacxyrarbortyl-3-he
present Phandnienyvtii-alaryl-bRisling. which eampriaes repling N-easherxaniydridecas dhid(S)-efepxgarbomyl-  Ep
0 215 33%pr|31ylrfrgqyﬂ a@nrm {ygprofige in not less than an equimolar amount of qu e jo5the N-
Base carboxyanhydride in the presenoe of at least one base sel qu flomcthg grouR-coRFistipgh o hV‘I'T@"dSbove
r eact I‘°on°f§t9r'flg‘ﬁ'h"‘°t?hé s‘§ aBP'kf'h@ ?‘ ogp foc, an alkalimetal 4 seopodary |
that 25 T{E\lr?: 'aqtalyzé rom Looonlum ?:g;t?::le egnlc;I V:Iém }hgr;ﬂ:f w?rt}:er r;r;:lman org?::éﬁ

¥4 "§ T e ne in

(S)-et ho
the preseneﬁe Lc Shofth b b ki BlchEhAEherlae €nal apri |

Vari oys corrpoun s | tory actrvity having the general
formula: 30 [err] 35

50
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wherein R is a phenyl ethylene group, a 3-pyridyl nmethyl group or an al koxy
group such as benzyl oxy group, kpp #8388 been synthesized by reacting

N- car boxyanhydride of N-[I (S)-ethoxycarbonyl -3-phenyl propyl]-L- al anine
(V) with a tert-butylester of N-substituted glycine having the general
formula: 40 [err] 45 wherein R,is as defined above, the yield in this step
being fromb50 tg % and ﬁhe char ggng out deesterlflcatlon reaction
with an acid ( 78152/19@21 I_g 1/ 1982 ﬁd 3&44/1984) The above 50
net hod, howeve 2sCHof g Bo Phe pr@cesg\ f*che present invention

si ncé the ani neNeeffponent i Ii |ted to only mg ¥Iesters of
N-stibstituted gl yci ne. The prese@t invention co HBted fromthe findi ng
t hat N-car boxyanhydri de of 1(S)- ethoxycarbonyl - 3- phenyl propyl ] -L-al ani ne
(V) is quite efficiently reooe gﬁynth L-proline in the presence of a
speci,fic base to give the folr enal april in a quantitative yield with
substantially no side reaction. 55 According to the process of the present
invention, it is not required to protect the carboxyl group of the am ne
conponent (L-proline) by esterification and thus deesterification is also
not required after the reaction with N carboxyanhydride (V). The process of

the present invephiQn can produce the deS| red: aI@pr d_fectly in a high

yield by a si m&l—eﬁr-eegdur ox; c%ﬁ 'fég'f acid 4and base. 4

EP 0 215 335 Bl (V&Odus proRessffs T & p?qepar

N-[ 1(S) - et hoxycar bonyl - 3- phenyl propyl ] - IQ-QQC%I;) ghe, V\%m-r‘s a starting

maat eri al for preparing N-carboxyanhydride havecﬁk%Fady been reported
0

[ "\Q/8ani ¢ Preparations and Procedures INT 15, 35t 1983)
"Tetrahedron Letters” 25, 1143 to 1146 (( 984) and JP- A- 112359/ 1982

116046/ 1982 and 65057/1984]. 5 For exanple, it can also be prepared
easily by c ta tlcaII redUC|ng N- (S) - et hoxycar bonyl - 3-

phenglpﬁ “ﬁ §F§B°b o PI§ "&@Vﬁﬁ@ﬂ?ﬁ@“ﬁ@ﬂ@ﬂﬂbﬁm
reacfio & é " WRP, ba'a'fm igfeagte) it Lyreline is ¥t of
L- al ani e, Ezégﬂ dride can be easily

or epar ed, VAS"S |n e sdﬁe rrann'g?'bl ¥ agtivitiaxe fop gneea §&¥@P preparing

N-car boxyanhydride of a-am no acid, by heating under reflux N-[1

(S) - ¢¢ hoxycar bonyl - 3- 1O phenyl pr opyI ]-L-al anine in nethylene chloride

cont ai ni ng phosgene, escrl bed in Jpﬂg 175152/ 1982, or by heating
trlchloronethylchlor~ D H-NHCHCO-N CH.,~COOH

N-[1(S)-ethoxycar bon hen ?gﬁgl] L-aldniné in the pres- ence of a
smal | amount of active carbon in Fallsti v8 sol vent, as will be shown in
Ref essence Exanpl es follow ng below In the pepti de bond form ng reaction
bet ween N-car boxyanhydride (V) and L-proline, it is assuned that 15

L- pr ol i whereindit isiacihenyiethglonengreupea $-praidylinethyl igsoud aramiatkoxy grompukiich \as banzyidxg gloas €.

That i shas elfpady kage synthesized by reakting &l-carhryentwdride vEhi-[1(33-ethinty barlioh-3ehmwiyipyopyil-base;
wher a WBPMM@& Iort-butyledier o Nsubstitutbd elycingdningrthaogeaerel faiulan al kal i metal is
used®as the base, it is assuned that an alkali nmetal salt of L-proline
participates in the reaction, and when ggsecondary anmine, a tertiary amne
or a quarternary ammoni um hy e is Uséd as the base, it is assunmed that
an ammoni um salt of L-proli ne|p§ilz §I'ﬁ n the reaction. Accordingly, it
is 2Q possible to use such aRsal t of Légrol i ne previously prepared and
separated. Exanples of the base are, for |3nstance i norgani ¢ bases such as
a hydroxide of lithium sodium or potassium a carbonate of |ithium

sodi UM yhersORk 3584 HétnecPatioVé! MRORAS 3 RNApSheily ot Y 80 %OQMJ{HL QEr#Btoqu' um
and an daBitdificaBién Rlactioh With SanPadid TRIPYA-FrE153R 982! 178041/8S Ghd 15584/

di medoh yrheltitd"Rowe b, ©doBy hat BugtRst thE Erbév8s) f el piasonp fnvéih&nyéir{cglﬁ?exéﬁk w8 '&dHponetit is

t er ti ariynitedvio Aty SartityRsters bf NBUbBgHts diyefe. t i et hyl amine, 25 tripropylam ne,
tributyl amhengresént i iaveytiod mwase, coinpleted NeorD |tRITifiRding &K lldbd%’bx%hy@ﬂde of N-1(S)-

N- al ky|ethoryshrbényHRpheayimepyiH-alarice (¥) & raoensficiontlyydicivdi vith Lsprtlihb ia hel Réserant Y| |
t et r aetsngdific hase e pive thel desirest eralapril \ih 2 quastitativenyibld viith t subdte@ialty ,no beifazighction.

55 According to the process of the present invention, it is not required to protect the carboxyl group of the
amine component (L-proline) by esterification and thus dessterification is also not required after the reaction
with N-carboxyanhydride (V). The process of the present invention can produce the desired enalapril
directly in a high yield by a simple procedure of only neutralization of acid and base.
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trimethyl or benzyltriethyl amoni um hydroxi de. The peptide bond form ng
reaction of the present inventiongpg2¢§asggf§ out in a mxture of water and
an organic solvent. A mxture of water and a sol vent having a high
compatibility with water such as acetone, 30 dioxane, tetrahydrofuran,

acet oni t ri | arigys nrenagses fdr pesnaring N- E(%M)Wa&iohmmmulpmﬂl]twmmt vihivh u.yaetadmg s
gener al | y"3p8uA fagipeaparing Nyeaghouyaniygdiideny), diavecalreadtyrhsen repprisdtiOrganichProvataionssudh as
et hyl acé’t'?&?‘e"esn@'frh &rﬁ? ©nhth (1983, "Tetrahepron d@ttﬂrs hebdites & 1846h@984) andiIBa: i t
is alsoﬂ 1 WW@&%@@W@ 84l; el d b gorously stirring the reaction
m '%%aéeﬁt °"F‘Hv tcﬁté'ﬂ'cé'.‘é{nfeﬂ‘@'"@a'?“f‘@'&“‘%?afw\’%@dd| ng

| b H’P %%:g'z E %ﬂ’-ﬂt'?," togttign Aetween ethybgboneeybn of
the ;aﬁ()% a a" ) alkal é%'lts %m §m 854{1 roli nee and t he baseflrn
equi ol a re‘BSnnG ea mg hder rrtapn 5 5

cool i ng. phdHyRro | i b V|'3'
equi nol argygjy@ﬁﬁ ncﬁiﬁro%tﬁﬁfh Fb’fo\‘ ¥ cg% ed % Qm% %/

Mol ar  an@kdatof al dhall laMYEHP bidctivel caﬁboﬂ am .es

i sol at i ngolibkiry 8. r ed conpound Since the pH 01J1 e reac | on

general | y heeepeptids ewfedmgssactm b@ﬁ@&i N-8b ARy ARRAGS () 4rld -gdTind, .msd?rtea'ﬂt&?d

Wi t hi rvst lepraithek pariicipates an g, reg@Xic BY ®ithilig &I sk with @lét babd] 1Ratl i6, thé) rdabtat4d Srolihd®

avoi d t heompooett vhries Iwith fthet dnipldyyc pasechmich .a lﬁhfokld&lﬁl’fbatda&td &a%ioeéhcéﬁsdnhte RF g eeds
Wi t hi n t labalr metglcis mbedf asothe paser it ist assunteanhdt @R kaIRetaCsalt iof Lipfolifd! ghikipated A thdrat

t he r eactreagioni and when @ eetomsiaty antineaa fediaaytaminel oy alqoaktetneyaeirdhiurh @ydréWide is used BE
react i on thehage, jitgs peswmer that ancawmopinm seltioful-mroline dartidiggles it the rdattigh. Aceorieghaiitis € as
i ’\J/he? c Res8iblafto yseeuchaa malt ofrLepieling pyaviously plegaredhand gbpataledt t he reaction i s
carried outEPpuples) ¢ the,basg app, fitinstancey ingigenia bagescsuch gs @ thudrpxideof dithivp, sdeum, or
reaction? p° ?"flé'"‘r éaiafq%ﬂe of )W"HF‘e sqdium, g5 petassiu). ByhvdrgeAneribonaterioh dithium. gediun 00 t he
react i on | eth 'BTJI'F@? %8'&’{’%%9"!“% 1°0r‘i‘)s°89“€%[¥ BAiRP GudhcascHimetatamined i n

the regctlrl ' isiedd g‘;'{f’ i3S b "I‘zhy@ﬁ‘ﬁ'e-b‘éet%ﬁ"}"leed
ut by g 'E‘t ?"@pyr 3 N-glkyimorpholine; § quarieraanet i on
m xture lgi ale s hﬁf aRiprY. 9 étt‘?tiaa’aﬂd?'at‘ﬁ% 8¢ ¢

-~

sol vent ancz- X S, oel ectri c point
of the eg Llﬁcpédl nt le é\gwﬂ @QEIE Dol g&ﬁgfg" E aml urg E teé n% and
e

the exhr aﬁiane StetfeRytrdtir |trHJ‘ lowdr & Uﬁbfs fe "'dSed ed | I
above r egédrivhen eosaﬁbrttlheﬁﬁ; a idWecoRipatoMB with GJQ?J} &H% ?e
quant i t athiskelont, Bb@ndbr aheUs ula, RoPASE PosiRle ttchﬁtcﬂd%dh |9I@r Ql@% q rrtn q d;
Al so, as rdattien ed@usi on demands, the 55 desired conpound can be | so ate
t he enal aprihb reaction af the m‘ésemhmte&hoﬁ eafStiecdariby oud Byl bdiihg MNicafiakiamiybidftde (AERYENed Gf
mal ei &5 athedrdssis eaivepiio alselution af the sall of Lieiier @evivesiEp@paiddairom 15proline &t #He Baed in335
Bl [ Synt kauimatar of a IRllg ekcesSpmaintal kpodineh withydtiridg pridemspblipg.opyl | - L- al ani ne
N- car boxy arfhipdeeapicthat shepamoufitonfi iL-predinskis ngtuesd thian tab equirdla skowt) il §-paisbxydnhyrids
ux cofdetalyfropat to artimes molar lamodit, gn (VE@pc@It freIgpocbfield and simple procedure of
Nipl - ispipfing é’Pﬁ@i‘l‘i‘P’UP&"'}S'henyl propyl L -al anine and 500 m of dry
di chl df onet¥nsh e RHLefdha yeaction systemogepsrglly bheenmeg daweredias theeactind riasgodsat the old in
t enper at %;: h'“‘g‘tt,“? ?'l‘a}llbe fagg?dp@ﬁ@ Vt”ﬁ’é aH?‘BQPU I9é° Wi qrdes toayoid thegroduetion ol on
ﬁl

an oi l ter t|II|ng avvaty nost of
di chl or o g ahﬁ ' gz 'ﬂf' efé?gt Kad (Fnt‘3<f‘19?"e empatalurp.ait jisy e
was tr,,gn i@b é%éﬁ qurther chI or methan

i Io d h ahlg
was Conmeﬁétﬁ Yt |§ QQat o erf& pthe
solid fr QH&tlBthheOﬂeed(iorf Ridurei8 aann@edgé 01[11 ystem tfdjeﬁomdm
N- 1 ('S) - biaboxiab) @b a@cwhudu%qwk ea oﬁ an' ne Car oxyan- ydride in
a quanti t atthey @olsion| ot thePabitdiriel ‘endlspril Q). calVbb lckibd BR!bylthe usual separation procedure by

[ err] so t extradion; (aferathél reatkioh nidurs ﬁ's’vlt:dh nﬁét&i UrdBrF dd0e8s pREsur foCdistiP hiway lth Hbénfw
Wi th ni t sabgrtrand) @s pH[ot the Jcorreentratbis &djusted Tolthe RE&MCHIB ipbiht df &b enalapril (pl 4.2), extraction
with ethyl acetate is carried out and the exiract is concentrated under reduced pressure.
By controlling the above reaction conditions, the enalapril can be prepared in a substantially quantitative
yield of about 95 % based on the used N-carboxyanhydride (V). Also, as the occasion demands, the
§5 desired compound can be isolated as the enalapril maleate of white crystal by adding an equimolar amount
of maleic acid based on the enalapril.
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| nfrared absorption spectrum|[err] 2980, 2930, 1845, 1770, 1725,
1495, 1450, 15 EP 0 215 335 B1
1420, 1380, 1290 and 1240 [err] nuclear magnetic resonance spectrumiferr]):
7.25 (m 5H, ArH2-s), 4.4to 4.0 (m 4H, [err] Aa a-H [err] 2.8 (m 2H,
[err] [Synthésin of Dl (SFutiOxzayinyl-3-pheByigrepyllBidlanipes Nrcprbewyenhydrigs] (t, 3H, OCH2CHa) 20
Ref erence Exanple 2 [Synthesis of N-[1
(S) et ho Eér'B'éfrWPk !9“?5?: dlesksauipead. wiih - fefix W@ﬁ%&?%ﬂr‘f"ﬂéﬁ” 9(89.6 A2
° Eé@r%ﬁ@aﬁw %?Hew'eiwlé i S0P i o dny diohlorometRgngipte apick, o
n wi kgel' om, mperat re ith stirring, and then the mixture was heated under
e S 334 ?’ o

e orgpetine inpludg,
and 50@(@; grﬁ éd’f) | %’ rbon

ery flas and

o g f"f"'e?fa R R e oo

t empgr ma ua- hstlrrl heat ed
under 1 ejbiing /3 i (Bath or 5 hours. sﬁft;,egsocf kHhdabifdd mdglsgmbdlépﬂarpf
trichl oromethyl for rrat e dropwise, the m x&&g&aﬁﬁ&bgﬁ.ﬁ.hednt 6ngue) reflux

for 5 hours. Then, after distilling away s t= af11.8ich g{e@n‘@a ane I ncl udi ng
phosgenemfr&rsmabtsdsrenohe@dafrunmmm)xt ure, the reggodugsoasssCariond7asp 14950 450,
tenperature and filtered off to renove the42ctaso@200and@ae. The obt ai ned
filtrat e'Hvasledrmagadtie rasa@Endospertram ANTLErls): r ey qiny 5H| astk-c)aRd ®i ¢hl @, ot hane
was conpletely renoved under reduced pres8heHaCHAM, ala 2 OCHIGHE), 28 (@, 2Mi t e
solid fromthe oily residue, to give 28. OPiCHa, 2% (s t2hHl PHOI:CRe)| 1.5 (d, 3H,

(S) - et hoxy- car bonyl - 3- phenyl propyl ] - L- al ahlafdiapand 425 680a08fHs)de in a
quaitative yield 35 (purity: 98 % . The obtained product had the sane
physi c&fﬂﬂ?ﬁéﬂﬂﬁ as those |n Ref erence Exanple 1. Reference Exanple 3 40
[ Measur enent of

(S) - et fﬂ%ﬁ?ﬁ”&%sr‘ﬂ&‘rfyﬁsl' %"?%Yf@ﬁ’?f'yb? B'iﬂ’) T’°‘i’_y'lérfa<'i’ﬁ'f‘?1§‘ ‘ﬁ-%’&'?%ﬂ’&”&h hydr i de] The purity

of the | ngd vﬁ"f' Bﬁneeﬂ%ﬁp? | ea%’t8 (l,en t he oa1 égte? erl

N-ca? box O

N1 (Sl ﬁ‘l’tfaa %ﬁé " "y I’Bofn?i’fii i@. a‘h%%% Sf& %Lf 'foas
S Cl d r P ﬂ un

Ferert stm,uesAﬂ f@fc é’dro rémlaé) b%..

of tde DhueRF bﬂéﬁ‘@ Sﬂe éfstfﬂﬁé awdy dsﬂof a.cfh&} HbtheB hell énﬁbspif\ RaRA! Ut e

et hanolmyasltiRd rebsibéh RasZodfed W dédm Wmgofatuf shdl fRsrbd 6% Wmaﬂqw'aétﬁb éﬂrbbﬁe e of

the Solobiainé fi&6l viab Qrafidria ikt @AB000RL Wasoveh Miadke BhaD BiEniomeifiah fwad Gorpltely

sol ut i Gémotbd indeu@ttbd preSdutel WRiIEh @Eultsd M WIRERElIdSHoh the bilresldde, b give @80 gl 1. O

m  of tchetalifeu 8I-[OB)-ahonechriay-3iphéngipBpyI FLidldnhe BNtatbovyashydrtdeth & quardiativet yislhe pH

of tdae (meitytdd®y to 2 to 3, which was stirred at roomtenperature for about

10 m nut ethe oitaieed ptodutt hed the sireeghlysicabproertion asthose drofefexence Bxpmpb® 1y of

n- propyl benzoic acid (internal standard agent) was added to the sanple, the

m xt ur fefeeescesemeleed to the anal ysis by the colum chronat ography under

the/foll ow ng conditions. Columm Fi nepack SIL Cs (made by Japan
Spectr d¥easypRentsf the purity °f Nzl’ @ %WW%VMSMH’%M‘P@'% Nsarboxyanpygiideti
phosphat e buffer t‘}gl—L et hanol = 40 60 \(/v F o %aro 51"].‘! ’i'd8ﬁ”'t{5 rr]

wast
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sodi umg: 5.'%?'“ 5| ? cg? Sfaﬂg %‘?"ylf’ e‘:yr e" il y'efle 30 g

of L prffa, Coul %a °§ n" e t.ﬂ %ggngsar Onat e
G eth ﬁ)ﬁfﬁg i yla G g&

W' h 51|§d i ipf %i%ytselﬂﬂn @mm‘aa@ﬁ o at QJomV@ﬁ\bé?Hﬁ'e?d?W ent S

shown 'n'ﬁnu]@ d‘v‘1 d—ml ToPthiVihu shibtioR buihd dcid was added to adjust the pH of the solution to

('S) - et l2owYs; anith rWHs sarraharhsbrﬁ rtéiﬁbéfa}urd—foﬁ'aﬁdiﬁ AE rAtutes. THoRTOMX Yok rekhesbl isélgtion

di ssel \comtaininy 0 My oDh-plopiibeRdlc\aeiat (intdinal] stintidrd agent) Wap adblod toowlél efinpid) theamiare! i NQ
Wi t h i evas adbjekcted to] theaandiyséisigy ha edluminachiomatography Leddr ]é foll@virg]coiiditionsl hour . After
adj usti ngoltvhe pH oOf FilepackrSiat:t natle By ¥dpanw SpecttosedpiziCo., Lid)MBInnbE X¥-4Bpem |, wat er
was addeosile phgset 0 100 léM phobphiata lbuften(phiri0)mbthdndlD= #0/60 e pr oduced enal apri |

(her ei naFerate: 1.0 m&/min.
55 Detection: 210 nm
Example 1



referred to as " EPL") was nmeasured by HPLC in the followi ng conditions to
give the results as shown in Tabgp 01215t335 31 Col om: Fi nepack SIL
[err] (made by Japan Spectroscopic Co. d.) (4.6 mnID x 250 mm) Mobile
phase: 60 nM phosphate buffer (pH 73 5)/rret hanol 63/ 37 (v/v) Flowrate:
1.5 [err] Beblatohiobmsodium salt oPfline wad prépared iy addingrvehter dr.a mixtureof 28Mg vl L-prgfident oi n
15 Tabl e20ImSef| tNeadium hydroxide and 2.1#hgp ofrsodignh carbppatp s® 8k o mjkeEePbta( ampunt20100 me. A

Acet one 50 mt recovery flask was charged with $OmB ofrthe tthwgj obfainpd: solution and each 5 mt of variqug2 . 3
THF solvents shown in Table 1, to which225¢ @g if JNH ff-ethoxycarbonyl-3-phenylpropyl]-L-alaning ¥ 7

Et her & carboxyanhydride dissolved in 5 m2 op thg sqlveptiat 0°C was rapidly added while coolingwjth ice at 0°C,

20(}-/3 Et Eﬁ'artﬂfl mixture was stirred at 0°C for 1 hour. Afteradjustingthepi}ef|the reaction mixture to about 1 with
123. 2 Chq was added so as to make a total 0 t uced enalapril (hereinafter

1.8 30 r “EPL") was measurEc{ R)S/rIPIé:Clgt fgllowmg chr%,Etlgrt%tg give the resg%s g8 WBYTHS?I

erre toas
le 1.

et hyl ke

Exrpl eok2 %?o%ﬁl eLeCOVgg"%%?fINES 3rl;\ade bﬁéapan t oplc Co. Ltd)(46 m%\qgf?gogﬁm}m

L- proline F?ona varl ous bases S bI e 2 dissolved i n 5
m of vvatqje@gy;f 0 oqﬁ;,ptone to whlchasolutlon of 254 ng of

N[1(S)- et,,k}g}mgéﬁdagnyl L-8-bBRAMYadRAPY! ] - L- al ani ne N-car boxyanhydri de
di ssokgred in 5 m of acetone 40 at [err] was rapidly added while cooling

with ice at [err] and the mixture wasrablitrred at [err] for 1 hour. After
adjusting the pH of the reaction mxture to about 1 with 6N [err] water was

added so as to make a rat—amourt ot 00— The fucqd EPL was neasured
by HPLC in the sane rﬁ:r%?i'er"!taq ln E %\Plﬁqﬁhe_ﬁ@gu?eggzl ﬁ"g(fire shown in Table
2\ _45260 56 7 EP 0| A¢t®0r@35 Bl Tqbl e 2 Bas@803
Amount of the producefl AEfenitiley) 5 2623 NaOH (1 |mmmol) + [err] (1
nmol ) 280HB LiOH (1 rmol) + [ef%118 (1 nmol) 292.7
KOH (1 mmol) + [err] ( Pio@psl) 2967 9 NaOH
271.8 [err] g'h';l;f 2281 91.4 1(
[zg%rls Ethanol 2%4' 1 ferr]
Methanol 123.2
Chloroform 228
Dichioroform 1.8
30 Ethyl acetate 68.1
Methyl ethyl ketone 813
Water 184.6
A 50 m! recovery flask was charged with a solution of 115.1 mg of L-proline and each 1 mmole of
‘\/ various bases shown in Table 2 dissolved in 5 m1t of water and § m2 of acetone, to which a solution of 254

mg of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-L-alanine * N-carboxyanhydride dissolved in 5 m! of acetone
at 0°C was rapidly added while cooling with ice at 0°C, and the mixture was stirred at 0°C for 1 hour. After
adjusting the pH of the reaction mixture to about 1 with 6N HC?, water was added so as to make a total
amount of 100 mt. The produced EPL was measured by HPLC in the same manner as in Example 1.

The results are shown in Table 2.

40

45

50
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7[err]°
280.0 [err]

268. 8 None (control)

Tet r aet hyl ammoni unhydr oxi de 20

Di et hyl ami ne *4: Dicycl ohexyl anmi ne Z&le¥&xanmple 3 A 20 n

EP 0 215 335 B1

284.2 [err]
287. 3

*2: Triethyl am ne

charged - with 6 ml of the solution of sodiumsalt of proline

[err]
O Note *1:

*3:

recovery flask was

repared in

Exanpl e 1 and g‘gl;eT acetone To the mmﬁt%fiﬁe&&idd&dmra) 304.9 ny of
N—[l(S) et hoxy ¢er: T pyH—t—atartre—N—earbpxyanhydri de
sblved in 7 aO 5‘ ( )dly added ®ach tenpefature shown in
Tab e 3, to whi as to make4 total anpunt of 20 m
and the m'xture ngé)arre t enpera for the finme shown in
Tabl e 3. Then, *err] nessflask wak charged Wih 2 m of|the reaction
m xt.yre andthe §f the reaction mixture was ysted to apout 1 with 6N
HCl . After wat gry@s, added so as to nmake a totalpgggount of 1p m, the
produced EPL wagsy ured 35 by HPLC | n the samggsanner as |n Exanple 1.

on tenperature
-10

The results arg gdywn in Table 3. Table 3 40 280.0 React
[err] Reacti QruMEL™®e [err] Amount of the procdgrgd EPL (ny
20 15 DCHA™ 278.9 -10 2688 40
345.6 -10 Nono (control) 66 5 36370
20 343.9 45 0

40 Note 357.7 0 60

336.1 10 *1: Tetraethylammorgh@inhydroxide 338.2 10
Q‘/zo "2: Triethylamit|4. 6 10 60

341.0 Exanpl e 4 §dethvlamine100 ni recovery flask was charged with 15 m of
the sol ution of ‘&Rigyelehexdamingf proline prepared in Exanple 1 and 15 ni of

acet one.

To the m xture a solution of 762 ng of N-[1(S)-ethoxycarbonyl -

phenyl propyl ] - L- al ani ne N-carboxyanhydri de dissolved in 15 m of acetone at

[errz]\’/

Eanplee®i dl y added, and the mixture was stirred at [err] for 30

m nutes. After adjusting the pH of the reaction nmixture to about 2 with 8
EP 0 215 A3bmBlYeddpéry Hask was clarged avithng Intacfdeadsobiiorasf spdiunmraadicof profinst préparediuint  of
200 m Example ianh B mhef atstond.ntedthemittae @ solutian ¢f304.0amg efntil1{Slethorygariapyl@- i n t he

s anmg,, mhnndpropil-Lralaning-Ahearhexyrnhydidecdissalvesad? mHeofpacelans: wasorepidly atidebat epclhf EPL.
Af t er &PESIUr °“!’h‘é Tﬁt‘? %1*° whigh agetensgyee added e Fﬁ)‘ﬁ maje ﬂm?' Junaunt of RP mbepd theycet one
was di §’P1“1’? E‘Ef ém %{ gﬁtgﬂ h‘g‘?pa;ﬁe ﬁ'f?l‘!%l'" 'Ff}r‘? HWorat, mgssf Ei“’:'s‘

obt ai n I

sat ura a%S?tT %Pé‘tﬁ*"m‘w* ng"tﬁ th8fp’°81‘°r? Fra 28t BesUedr ee
tines. A aﬁ %@’ 5 ate layer was dried over anhydrous sodi um
sulfate and 1‘1 w vvas distilled away under reduced pressure

"Table 3
40 Reaction temperature (°C) Reaction time (°C) | Amount of the produced EPL (mg)
-10 20 278.9
-10 40 3456
-10 60 363.7
pu 0 20 343.9
0 40 357.7
0 60 336.1
10 20 338.2
10 40 344.6
10 60 341.0
50
Example 4
86 A 100 m! recovery flask was charged with 15 mt of the solution of sodium salt of proline prepared in

Example 1 and 15 mt of acetone. To the mixture a solution of 762 mg of N-[1(S)-ethoxycarbonyl-3-
phenylpropyi]-L-alanine*® N-carboxyanhydride dissolved in 15 mt of acetone at 0°C was rapidly added, and
the mixture was stirred at 0°C for 30 minutes. After adjusting the pH of the reaction mixture to about 2 with

8



to give 1.115 g of oily EPL (purity: 87 %9. io Reference Exanple 4

[ Preparation of enalapril nal eBP@2198363 oi |y EPL obtai ned in Exanple 4,

3.4 m of acetonitrile vvas added and the mxture was heated to 75 700C, to

whi ch I Ie|c acid d|n m of acetonltrlle
6@ I-Eﬂ géeko B, W gﬁ 0 n\/\éx 3

at [egglltlox\%s w él 3 %ﬁgz Wi & he, prod %]

t emp vva aI ovved osan I"er ¥ IS0, Shawssh & %d’étﬁ’d

cryst ar J"&:@ng% GieVstbiBhe sffor tb! fz%ﬁq § B ;
drigd s&I@Alcf)tﬂ 'uNdJ%r iedge’géﬁijosf Sifre. Ahe'd e@talﬁé&aﬁhé‘dus lal 8w 5 ég@!; é(ﬁé ?t%zwggll%ja og?%d mg of
awﬁ ofhfl a4ty under

.OQ.

Whi t e sGrhibdl satomti fekiritioll Wth fiod ti 3F Gthyfd ¥cdtit® ihtee!timdsl TRY@Mra
I educ efler{Wae HAsH Gvek\EThPdrouS Ghbdicrh bitateZRd tHel RRBM GRS ABHIbd hvd§ vhbr HdviSed pres8fte 9 Of

EPL a® ghei 11a5 gloysilyaEPL (plfty: 87 Rl ti ng poi nt:
[err] (the value described in the litera- ture: [err] [err] nuclear

magnetRelprenecioaapled spectrum[err] 1.30 (t, 3H, J = 7Hz), 1.50 to 1.70 (m
3H), 1.75to 2.17 (m 3H), 2.17 to 2.53 (m 3H), 3.38to 3.72 m 2H), 3.77
to 4. G’Fel{ar#imlof epalaprjl rogieate 4. 55 (m 4H), 25

6.29 (s,_2H) and 7.12 to 7.40 (m 5H) Infrared absorption spectrum (KBr):
3220, _2gpthe gly FbL °*1*?'2*!9‘ in Em'e 4 84! of acpionitrlg wes addod@nd thelmiglure VO9 Neate@ 28 and

700°%[ &° "°E;L dicp s°‘“"°21 2f g’tﬂ o mf'ee aclﬂxé VGSG' @aph@e@mtﬂh 3h QB¢ was addeg. The
pr epafﬁa f a9dy8 '“ ' wed o, stanghAt S9C.fpr 9P niglt to whi ch
conpr | gp te C wnt ther, and dned to gwe 1. 22 g of crude
he o am
r{';w li fré)i

N-[ 1 §§{veﬁ$ agwia%e Qr ‘F?é“ TRaTH Dt 1 ess
h F ace Frﬁs
thap anygeill JX sel ect ed 1o %‘t’? e{he val %d& thg“qtera-

presence of ‘a base 35

ons

hydr 0X|qiﬁnu@l§ar%gﬁdtlk?dsbnaﬁénet rufi\ (&%Qonait:ﬁ (ngajLﬂT 4lsh ttm?%"‘m ) 175

hydr ogencar bonate of an al metal, 3 1gemOsYas Y7 ©/31536m, aN), ﬁatt am ne
and a quarternary ammo- ni um hydrOX| de 2H), 8.2 tg14xd7u(;,p1g 4\@attgr45grt

organi c solvent, at a tenperature of fraczm(é Qnygndt-;qzwpm(tnegm)erature and

Wi t h t hiefrgeéd am{sorptlme speefuirh (KBF): Sy St em nai reego, rery, wrdshires! 18a0,aiske | a6 18800ge. 40
2. The process of claim1l, wherein the 1asgyardociopmlevesdid moemt'sts of at | east
one of acetone, dioxane, tetrahydrofura&%5and4aﬁ:e:t=dmi MeOH)e. 3. The process
of claim1 or 2, wherein the reaction is carried out while maintaining the
pH%fclaH%sreactlon systemwi thin a range of from9 to 10 in an aqueous

nmedi um 45 4 The process of any of clains 1 to 3, wherein the reaction is
car rl lﬁ‘i fand all'e mN_lta(Sb-e lemeqyfprqqylg g:-alanyl-L-proIme which comprises

(S)-et hj Hog BGR ?’9’ Eﬂgf Pl "Y_"a‘z?P%Yh? Rkenylgropylldcalaning cwith dfprlinghiagiot sal t

of L-pr ?s‘;‘%‘b etWQ‘Zf'z;}]Fﬁ'%ﬂﬁyai't?d:%rF'snﬂ‘élg{% o\phg base

T R g'ﬁ%é adys sz"a W LR e et
an

3&)489:( e %% A E;- s°'“ g, aprprapure g iigm; -£0%Gife fpogh

weni ger al's Aqui nol arer nge von |n "ZU anr8'>'<gﬂ7anhydr| din

Geggnyartne Hrokas dim 12
Hydr OXi de@?mauf i *mﬁfﬁﬁﬁmefwﬁ?ﬁ sdieht Q'nélagggﬁglt@%é:éﬁ%gﬂ fl@tg? ?“;{‘3@5 | s,
ei nem Hydr ogencar bonat eines Al kalinetalls, einemsekund~ren Am n, einem
t erti ar eime Aricess W claiMi 1N 12) WHeadirtthé Ra&1n Areamsd SUTIR) Rainidhing the SY BIARB feRIEbSCh aus
Wasser sgstere wiigira cangedfifidm 96 10 hab agRbis h&diunbei el ner Tenperatur von - 20- C
bi 5 Raunt enper at ur, wobei der Ph des Reaktionssystens im al kal i schen
Ber ei &h The prdcessrof avyraf clains 1 to BPw@reihlibe ®8&iolik carried out by adding N-carboxyanhydride

of N-[1(8)-ethoxycarbonyl-3-phenylpropyl}-L-alanine to a solution of a basic salt of L-proline.

Patentanspriiche
50
1. Verfahren zur Herstellung von N-{1 (S)-Ethoxycarbonyl-3-phenylpropyl}-L-alanyl-L-prolin, gekennzeichnet
durch Reaktion des N-Carboxyanhydrids von N-[1(S)-Ethoxycarbonyl-3-phenylpropyl]-L-alanin mit L-
Prolin in nicht weniger als dquimolarer Menge von L-Prolin zu dem N-Carboxyanhydrid in Gegenwart
einer Base, ausgewdhit aus der Gruppe, bestehend aus einem Hydroxid eines Alkalimetalls, einem
§5 Carbonat eines Alkalimetalls, einem Hydrogencarbonat eines Alkalimetalls, sinem sekundiren Amin,
einem tertidren Amin und einem quaterndren Ammoniumhydroxyd, in einem Gemisch aus Wasser und
einem organischen L&sungsmittel bei einer Temperatur von - 20 C bis Raumtemperatur, wobei der Ph
des Reaktionssystems im alkalischen Bersich gehalten wird.

9



6N [e"rr] acetone was added so as to nmake a total anount: qf 1
m of the obtained acetone sol utigpgppsgsgy yzed by HPLicciiIImiﬁlm im!ulll'a]m}er
as in Exanple 1, which showed the production of 1.021 g of* ERL. tAteers =+
adjusting the pH of the acetone solution to 4.2 with 1 N NaCH, acetone was
di sti | | e@Naifayadetoperwashaiddd scs & totmabkera dntad @mounk dfiL20@ eh ip Oees st rok the higinedbécaioneed
aqueous Iselytion was gnalyaedubyaHBIC inithehsamesradnner agrinl Exdmpleot; twhich ebbwed tther puodeclios af t

sol uti on1@Bkg ehEPtacted with 100 ml of ethyl acetate three tinmes. The
extract ed e¥aRadiugtingdherrtl of oapotong Solufion daid-2)willy 1NahiaQlkincstone wasdiistilied svayvffremdheand

t he sof v&pttion&adeg redyqeq IPW“M&%HWEP aguegrclaner pretlurated wity agfallend .thfﬁta'g%f

oi I'y” EPL ss;gﬁi‘f"i' Fﬂz:smeP" s oxtrgotodonitha 100 micof eihyl acptate !"’tﬁlji"@ﬁa"fhalemﬁe‘bﬁh@ Asatatr i |
mal eat e] ! "’faﬁg o5 v d’?ﬁ'ﬁﬁ?; Bt apel e, Sqivent was gistiled away|undar reduced DrRssYs | o
was adde® H¥fd-1'R8 °hei% EOY BUThy ated to 15 [err] to which a solution of
334 ngmofneg%lng&g ég dissolved in 5 m of acetonitrile at 70C was added.
The reac was gradually cooled to roomtenperature and was
al | oned one night to deposite crystal. The obtained
crystal \t;\g'géakl tefrgiaclflé@&a?eg{\%shed with ether, and dried to give 1.022 g of
crude crystglie dif &rL BitahddSHERMER 423.4 A St 44Bnits wab adlBh bty Rthixre AR AdaRta%h f T OM
the fifst yedceotiicd i Sbittoh bitB4e AYRY mbIBS acPhisBIRd ik B AR Tof SBRHERCh PI°E SaH5RedTHE
I ecr yst akdabtion thlur® Wasiteiu@ ichdldd 16 rdof tehhpéfatute #dvagaldvedbbiafat $10 1bicon6 higtli! -
20 Meldégosith dpdtaltThe obtained crystal was filtered off, washed with ether;Léhd dtiéd tb @ivé §.042{d s cadd ue
descr i bedrystal. Tiecobtdiied rceystal ahdo476 36 white 3¢lid.dbfdingd frbnm thel filtiate BYB@siMihg Gway the
I esonanc solgptaatierusdufedirprdssure wdre 80ryéttllized from dcetonittitdzty givd 1.508 ¢ ad ERL aOwhitacrysatl) |
1.\{5 to 2. MettifggoingH) , 2.17 to 2.53.(m 3HJ45° & BB.51D(ttB. vale descilieyl in Be Rigrat 0
4.07 (m 1 H), 4.07 to 4.55 (m 4H), 25 ture: 143° to 144.5°C)-
6.29 (s, 2Mnuglaer megnetic ragoranceGpgcirym G=IP): b nf -89 BcBHald S B2t 5.89r10 é?@e&m-r&hﬁmmm )
3220, 2977, 1745, 1725, 1640, 1570, 1450, 2130 34y 238t 2158dm, SHOHW to 8-78mand
700 cm' [err] = -42.6 (c = 1.0, MeCH) 302'%21 %ﬂ{g 39711;!‘;?1%%00‘}5%7%?;4&5 Br 8ar i ng
N (ST o R ar e seatrinaay ProPy! ] - L it ol T o e g TRES, e
N-[ 1(S) - et hoxycar bonyl - 3- phenyl propyl ] -L- %ﬂ@%&?ﬁé%&l‘;ﬁg&wn‘e In not |ess
carbo

than an equi nol ar anount of L-proline to Mride in the
presenge dpfimg@ base 35 selected fromthe group consisting of an

hydr oxi de ol an alkali net al, a carbonate of an alkali netal, an

hydr ogengar RQiceb& fof pRParig 1t (s)-BRdxidarboRyl-8-BRMNEIEpY-LEHEIS profind, Shich HoMpiegd Ne
and a quart @adiAg N-caBbianhidriddoNbgH(S) theB/carbdhyiB-pRoniprdpfi- Lhiatidt ith 130lnél i not
organi ¢ sol M&hhan &t equirhdkiifioart WF €-pRilind 1o0td NArboxyanhly&rids P Mel PR 2 W' aseind
Wi th tdae phHbetktell fem teafdup GshsBhG tofdh HyBloxidedf AR dikatii ridtdl, 13 dalbenat) df ah IKE meRNge. 40
2. The pr oclggeaicarbdnalerof 2n akdliatietal, e $ddendary Gminb,Ca Ak Gifine GAd @ iqgGdrBmady alimol east
one of acet dune hydioxighe.dme mixteé dfovaed maf anr cgania Balveht; et otenparatire of foml2e° Ptoacadss of
claim1 or ®mpackiwe endwithiie pHodl theireaotion Systew maiataineditithinithielatialingrangeni Nni ng t he pH
of\ilhe reaction systemwi thin a range of from9 to 10 in an aqueous medi um
45 4. qh& prhecrraessopf claly lofwherbin jthesorganicosoBent \ghrsistsi of at krestrapaof iaetens,sdieens | ed
out by addi Wtehxdrefemendesetenidiei de of N[ 1 :

(S)-et ho>§]yc rbon I;??- y)henyl pr.o I%L- L-al anine to a_solution of a basic salt
of L pr o nie wﬁﬁ Sho r‘égh skl o oo s i oy IR PRI 1A gH G eefian
(S)- Ethxyc%YP'B'Br‘f&'} in 3 ra0ge AP PdpRYY 3P aeausyediimy - o) i n.  gekennzei chnet dur ch

Reaktion de‘ﬁn);??o sbo?)éjﬁlalglaﬁgarshq 3Vv81re]re'nth reaction is carried, out b i i
, y adding N-carb ide
N-[1(S) - Bt hy qﬁé‘%ﬁ&y st m@g&mxgaa}s BN e ot i TEHE
weni ger al s aqu arer nge nC-ProlTn zu dam rboxyanhydrid in
Gegenvar tpafthidfépritéhae, ausgew hlt aus der G uppe, bestehend aus ei nem
Hydr oxgod ei nes Al kalinetalls, einem55 Carbonat eines Alkalinetalls,
ei nem Hydr oggakrad 2@ Rarkstefhg Goh N1 {SREhEBEaMiohyl-3-pRény BrRIpYIAKAHANA Lidlin AfdkdAnzeRhride M
tertifren Afirdh Reakkiofides N-ChtibioRhHYdAdR VoA N B)-EfibRyELirtdiyi-phénipRpIRMAIZANImE ¢h aus
Wasser und Prolin in nicht weniger als #quimolarer Menge- von L-Prolin zu dem N-Carboxyanhydrid in Gegenwart

einer Base, ausgewdhit aus der Gruppe, bestshend aus sinem Hydroxid eines Alkalimetalls, einem

65 Carbonat eines Alkalimetalls, einem Hydrogencarbonat eines Alkalimetalls, einem sekundiren Amin,

einem tertiiren Amin und einem quaternéiren Ammoniumhydroxyd, in einem Gemisch aus Wasser und

einem organischen L&sungsmittel bei einer Temperatur von - 20° C bis Raumtemperatur, wobei der Ph

des Reaktionssystems im alkalischen Bereich gehalten wird.
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ei nem or gani schen Losungsnittel bei el ner Tenperatur von l'lmmllmluzlll!”lllll
Raunt enper atur, wobei der Ph degplgenkissgpisyst ens i m al kal
gehalten wird. 9 EP 0 216 335 B1 ,2. Verfahren nach Anspruch 1, worin das
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