1 Inproved nethod for the production of ranmipril The
present invention relates to an inproved nethod for
preparing rampril, and to the internediate used in
the nmethod and the use thereof. Ram pril is an ACE
i nhibitor which is frequently enployed in pharnacy.
The net hods published to date for preparing rampri
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the intention of providing an inproved nethod for

preparing rampril, a nethod with which it is
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providing an improved method for preparing ramipril, a method with which it is
possible to improve the preparation of ramipril with simple means has now
surprisingly been found.

Summary

According to a first aspect, there is provided a method for preparing ramipril of
the formula (1)
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which comprises (A} hydrolyzing a compound of the formula (I}
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in which R is (C1-Cg)-alkyl, in a suitable solvent with the addition of one or more

bases or acids to a compound of the formula (i}



0 and then (B) converting the conpound of the fornula
(I'1'l) by addition of penicillin G am dase into a
m xture of the conmpounds of the formulae (1V) and (V)
O or a mxture of salts of t he conpounds of the
formula (1V) and (V), or tlernatlvely (BA") the
conmpound of the fornula (II) being reacted with
penicillin G am dase and then being hydrol yzed by

iti s ds to a mxture
and (V) or a

of th %orrmla (1v)

and (V), and thg vertlng t he coﬁ‘p und (V) or
a salt of the ds the m xture of the
conmpounds (1V) and (V) or |salts thereof by catalytic
hydrogenatl on into a conpdand of the fornula (VI)

a salt thereof, and then either fDA) tin
artdw@eedﬁbéemarslﬁg i cempaund of the forntia ¢ )dafn@fdﬂjw gf penicillin

GRAGAY M 2 nbidiure oFRPQATSSIHYS of the formulae (1) and (V)

or a mixture of salts of the compounds of the formula (V) and (V), or alternatively
(BA") the compound of the formula (ll) being reacted with penicillin G amidase
and then being hydrolyzed by addition of one or more bases or acids fo a mixture
of the compounds of the forrﬁulae (IV) and (V) or a mixture of salts of the
compounds of the formula (IV) and (V), and then (C) converting the compound
(V) or a sait of the compound (V) from the mixture of the compounds (1V) and (V)

or salts thereof by catalytic hydrogenation into a compound of the formula (VI)

H
<I>——COO_H (V1)
N

or a salt thereof, and then either (D-A) reacting the compound of the formula (V1)

with a compound of the formula (VII)

H,C,0,C 3
=0 (V)

O

fo give_the compound of the formula (l), or alternatively (D-B.1) reacting the

compound of the formula (VI) with benzyl alcohol to give a compound of the



to give the conpound of the fornula (1), or
alternatively (D-B.1) reacting the conpound of the
formula (VI) with benzyl alcohol to give a conmpound
of the I|b fornmula (VIII) H Hor a salt thereof,
and then either (D-B.2.1) reacting the conpound of
the formula (MII1) either wi®h the conpound of the

(VIl) to give a conpound of the formula (X)
fof)rﬁmg}{t\/gpnat ively (D-B.2.2) reacting the conpound of

the formula (M11) with a conpound of the fornula

(1X) H5C202C y
, : O
=N 0
g H

or a salt thereof, and then either (D-B.2.1) reacting the compound of the formula
(VHI) either with the compound of the formula (Vil) to give a compound of the
formula (X) '

(X)

or alternatively (D-B.2.2) reacting the compound of the formula (VIIl) with a
compound of the formula (1X)

H.C,0.C
(IX)

to give a compound of the formula (X); and then (D-B.3) forming the compound
of the formula () from the compound of fthe formula (X) by catalytic

hydrogenation.

The disclosure accordingly relates to a method for preparing ramipril, a
compound of the formula (1)



//""\‘

HH HO to give a compound of the formula (X), and
then (D-B.3) form ng the conpound of the formula (1)
fromthe conpound of the fornula (X) by catal ytic
hydr ogenati on. The di scl osure accordingly relates to
a method for preparing rampril, a conmpound of the
formula (1) ic whi ch corprises (A hydrolyzing a
compound of the forrmula (Il1) O 0 which Ris
(Cl-C4)-alkyl, in a suitable st with the

addi tion of oneH€,@pte H,C ..

which comprises

(A) hydrolyzing a compound of the formula (Il)
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O
in which R is (C4-Cg4)-alkyl, in a suitable solvent with the addition of one or more

bases or acids to a compound of the formula (l1l)
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bases or acids to a conmpound of the formula (111) 2
and t hen (B) converting the conpound of the
formula (I111) under the influence of penicillin G5
am dase into a m xture of the conpounds of the
formulae (IV) and (V) 0 OH(IV) COOH O or a mxture
of salts of the conpounds of2the fornula (1V) and
(V), which are in equilibriumwth one another, and
then 10 (C) converting the conmpound (V) or a salt of

~ the conpound (V) fromthe m xture~Qf the conpounds
(1'V) and (V) or salts theré&bf b alytic
~ hydrogenation into apconpoynd o ‘
HN

.. i
OH

and then

(B) converting the compound of the formula (Ilf) under the influence of penicillin G

amidase into a mixture of the compounds of the formulae (V) and (V)

OH (v Oj>—0§30H V)
"'-~..N )

or a mixture of salts of the compounds of the formula (IV) and (V), which are in

equilibrium with one another, and then

(C) converting the compound (V) or a salt of the compound (V) from the mixture of the
compounds (IV) and (V) or salts thereof by catalytic hydrogenation into a compound of
the formula (VI)

COOH  (V))

g HII:I:
=

T
X

or a sait thereaf, and then either

- (D-A) reacting the compound of the formuta (V1) with a compound of the formula (V1)

CH,

H.C,0,C

o (Vi)

to give the compound of the formuia (1),
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the formula (V) HHor asalt thereof, and then
either 15 (D-A) reacting the conpound of the formula
(VI) with a conpound of the fornula (VI1) H5C202CCH3
to give the conpound of the fornmula (1), 3 or
alternatively (D-B.1) reacting conmpound (VI) wth
benzyl al cohol to give a conf@ound of the (VIII) 5 or
a salt thereof, and then

or alternatively

(D~VB,1 Y reacting compound (V) with benzy! alcohal to give a compound of the (VIIl)

|
z O
o

or a salt thereof, and then

(D-B.2.1) reacting compound (Vili) either with a compound of the formuia (Vil) to give

a compound of the formula (X)

~_-0

X)

or alternatively
(D-B.2.2) reacting the compound (VIll) with a compound of the formula (IX}

HC,0,C  CHy
' OH (IX)

to give the compound (X}, and then

"~ (D-B.3) forming the compound of the formula (I) from the compound (X} by catalytic

hydrogenation.

{C4-C4)-Alkyl means methyl, ethyl, n-propyl, isopropyl, n-butyi, isobutyl or tert-butyl.



(D-B.21) reacting conmpound (VII1) either with a
conpound of the fornmula (VIl) to give a conpound of
the formula (X) - 10or alternatively (D B. 2. 2)
reacting the conmpound (VII1) with a conpound of the
formula (1 X) H5C202CCH to give the conpound (X), and
then 15 (D-B.3) form ng thezporrpound of the fornula
(1) fromthe conmpound ( cat al yt| c_hydrogenati on.

PQTMUI@!)’ ENV@W&%@H%S%’{QWIO bengethogl of Hig disclosure consist of
stgﬁ ?B)EQN(IJ B B i §%tﬂ5@6 un rha‘;vﬁ{sgt ?éﬁéfhlc stl‘hcturalo?lement is

ul a y advant ageo step the net
carivertdd detoogbribe esagif penigdllin CopaiqaBy ialeda (@tipniproduct having

o e LR A D58 AR, SR, Lo pencion

likenise reldteatd each pf iheee substeépslg a correspondi ng
i sonerically pure structural elenment. The present
invention |ikew se relates to each of these substeps.

. According to a second aspect, there is provided a method for preparing a mixture

of the compounds of the formulae (IV) and (V) or a mixture of salts of the

compounds of the formula (IV) and (V)

IV .
) <I>—COOH V)
N .

in which R is (C1-Cy)-alkyl, with peniciliin G amidase, and then hydrolyzing with

one or more bases or acids.

According to a third aspect, there is provided a method for preparing a mixture of
the compounds of the formulae (IV) and (V) or a mixture of salts of the

compounds of the formula (IV) and (V)



According to a second aspect, there is provided a
nmet hod for preparing a m xture of the conpounds of
the formulae (1V) and (V) or a mxture of salts of
t he compounds of the fornmula (1V) and (V) whi ch
conprises treating a conpound of the formula (I11) in
which Ris (G -C4)-alkyl, witeh penicillin G am dase,
and theryhydrol yzi ng with one or nore bases or acids.
Accordifg taqymq third aspect, there is provided a
! for pfe?)arl ng a mxture of the conmpounds of
thel | MPand (%) or a ni of salts of
t he ¢6npounds pf the formula (I & (Y @aOH (V)
whi ch conprise® treating a conmpound of"N he fornul a
11
Wr(lich CZ)mprises tfreating a compound of the formula (Ill)

O
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OH

with penicillin G amidase.

According to a fourth aspect, theré is provided a compound of the formula {II}

in which R is (C1-Cyg)-alkyl.

According toa fifth aspect, there is provided a compound of the formula (ll1)



with penicillin G am dase. According to a fourth
aspect, there is provided a conpound of the fornula
(1) inwhich Ris (Cl-C4)-alkyl. According to a
fifth aspect, there is provided a conmpound of the
formula (111) 4b According to a sixth aspect, there
is provided the use of a cogpound of the formula (II)
as defined above fore[greparl ng.rampril. Accordin
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According to a seventh aspect, there is provided a mixture comprising a

compound of the formula (V)

and a compound of the formula (V)

O:>—- COOH (V)
N

or comprising a mixture of salts of the compounds of the formula (IV) and (V).

According to an eighth aspect, there is provided the use of the mixture of the
compounds of the formulae (V) and (V) or of a mixture of salts of the compounds

of the formula (IV) and (V) as defined above for preparing ramipril.h‘j_
The present disclosure further relates to a methed for preparing the compound ()
starting from the compound (lll) comprising substeps (B), (C) and either (D-A) or

alternatively (D-B.1), (D-B.2.1) or (D-B.2.2) and (D-B.3) as defined above.

The present disclosure further relates to the intermediate of the formula (I[)
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and a conpound of the fornmula (V) COCH(V) or
conprising a mxture of salts of the conpounds of the
formula (1V) and (V). According to an eighth aspect,
there is provided the use of the m xture of the
conpounds of the fornmulae (IV) and (V) or of a

m xture of salts of the compounds of the formula (IV)
and (V) as defined above for pregparing rampril. The
present disclosure furtheér reljates to a nethod for
preparing the compgund (| arting fromthe conpound
(1'1'l') conprising gubsygps & &) and either (DA
or alternative DB 1), (DBZ 1) or (@BZ 2) and
(D-B.3) as def ; present disclosure
further relates”to the imtermediate of the fornula
(1) 4c O where Ris (0OL- C4) al kyI The corrpound of
the formula (I1) in which R is particularl
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CH2d 2, (2.) reacting the nethyl
2- am no- 3- chl oroopr opi onat e hydrochl ori de obtai ned in
this way with phenylacetyl chloride in a suitable
solvent, e.g. toluene, and (3.) reacting the nethyl
3-chl or0- 2- phenyl acet yl am nopr opi onate obtained in
7 this way with 1-cycl opent- 1§nyl pyrrolidine (CAS
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carried out at pH values between 5 and 9.5. A pH
between 6 and 7 is preferred, and a pHof 6.4 is
particularly preferred. A suitable solvent is water
or water mxed with a (Cl1-C3)al kanol, preferably

wat er m xed wi th nethanol, ethanol or isopropanol, or
acetone, or DVMSO. M xtures dd@ water with isopropanol
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OH(IV)COOH(V) or a mxture of salts of the conpounds
V) and (V), preferably a m xture of the conpounds
IV)-HCl and (V)-HCI. The m xture of the conpounds

V) and (V) can optionally be isolated. The m xture
of the conmpounds (VI) and (V) is preferably isol ated
in the formof an acid additdon salt, for exanple as

o el l Pl B0 s FRASREE BL{AERAE g 75 oo
artha piiedfeb deid particilady qréferednd Boitalle isolveat ih gvatéreor water

mixeyisivath $ @-Sianskiand), pMer\ablykwa@rUﬁlxeﬁ wlhenmtlxénm eethbinol or
salts of the corrpounds (1'V) and 1(\/) .
isQRIcRANGY et AsgtensPRIAMISS. dlixhires of water M@ﬁﬁ@@opancl (50% wiv),

ac(e&‘é’rxé?@as%lml?a)r\ etrfarX (3036 W), fhdihnd g oWy lgé DMSO b(so% wiv),
can e

3 oghe S0 g dhe BoAERreBrES AR hBleFRe' S |

wor ker. For exanple, the nethod can take place under

Airté}e[[gfe %écg‘g'ngg 08{?'@%'[% 'B§’rp81r'g dbgiscfl\%’rﬁqg éd@@@fnﬁth&f reg\gﬁon mixture
argbist edadi togextiast Sunpowadtedfdiastergapneral with We desiged atereomers
reH"é‘?ﬁlﬁ%ﬁn fﬂé(St?ué’BLkg)Heﬁ% GFHG%ﬁBQué b}{bs@bréfeﬁa%'lf has a pH which

her e I's adm xe a sultapl e catal
is dsesrippR %ﬁq!ia'steltb%bﬁo@'%éfﬂ%l)?ﬁ of @'e;ﬂaﬁtq ,t]ﬁ/ﬁ,p%rﬁpound (IV) or (V)
toafet pmaﬁetd mabl@rsmemglféraﬂem@etmtare/ abwdm@amlncn are slightly
%J‘_g ctlvategr car bon 'tsﬁﬁklé’ k%' mol
mE& B !é“mb?c ?Wé By REPER AT LMY I3 g Workef, Examples
of cmhizmits ehidchr ane SiglBy trosdBle 30)imnssgiblefwithr adteridre ethyl acetate,

pr@ﬁ}ﬂuﬁbet@fe CBAg YrbtREPIO)E -afﬂ<amus gé M ebu@dE Om®thyl ethyl
olution is preferably 1-1 partlcularly

ketord, dolueng, diisaprorylrether ondep B eartisolaryasiitgle solvent is
etApldgcbth. téi&rdcﬁ@ﬁtdfotﬂe%mkéﬂtéd .eémte?r;ﬁ@éeyabﬁy ttaked0 place after

ht units
ad&&ﬁ% ol 7. iyl Py hise el TR st R In thiggase be adiusted
tohy¢Hlog easieam0 Barhs rprefér@lnly 1uareted, andhy gi-bipethe region of 2,2 is

oS Sl PSR VALY S8R € act e

—~N

- aqueaus iphase agadT anarc rare treepatithethe wivaahorganic solvent. The

mPf‘PdHlE'iiéglbeFiﬂygi) %rb%@ ‘?’%u e e%ﬂé%rbdﬁlﬁﬁéﬁ’ér?of #Rdehstion and after the

prefera erred reaction tenperature
extractipiut 8OC The hydrogenation of the conpound (V)
or a salt thereof fromthe m xture of the 10

ARSI BT Sl Skt S BT or e

erlzgowatis eeadtioy, rowhihrukse\the sabsdapiamy ﬁyd@@m lBdbwise results in a
g@-ﬁg olfntg (Vlrglpoclﬁm'?jsogft {h%n IrrlnYJ gbﬁv‘) daf\ﬁ) ;_ r}'ﬁlxture ‘ﬁ salts of

can be Isolate eeformor In
compaunds o ithex éaronudal ) ieod (Yhaland lﬂthI@i?(Qﬁ%fP theagHda betwgen 6.5

n'dCP Efer%@ﬁq% WB@WH@BH’%raé‘drﬂmlons corresspond to those

uénesut ic acid or fonl c acid

, bl e
mePGRE It (Flop Hife MeShalo| Rl GME £OAMANS reacion of the

cohipduaeiadl, Qhlees@Ihﬁ%Idlleélﬂéﬂ wet:kified dm;t@lfeoh’@ i€ biya@IyHed, with
the Speifes Bk ferhodnicie BRSerantoyed 1éstel thER Mo ihpthof. This

stere tolfiythe enbiHodk st oakéed (BATh@JmmweumleI@\Ahe)reumﬁtebeThe present

acid addition salt before the
d'%d[%%g&@e%gg%légg([}& or (D-B.1) by adding base,
for exanple NaCH or KOH, and then optionally be

desal ted by el ectrodi al ysi s.



Fol l owi ng the enzymatic racemate resolution in step
(B) or (BA") of the nmethod, the conpound (IV) is in
the formwith (2S,3RS) stereochem stry. In the
hydrogenation, it is 25 ensured through the precedi ng
equi l i briumof the cyclic form (V) wth the
open-chain form (l1V) and theg possi ble racem zation at
position 3 (because of a ket o-enol aut oner

fugtheu®) atfﬂ%'@"oﬂ Her BreranngrhatGosPaske) (u)s1°> igeIng 6o {6 th@ compound

(nyr@aﬁwemg(éaast%dwtemt(cgfaﬁdwembre(ﬁmy 8P BREMalesI§qD-B.1), (D-
he conmpound (V) can be

BRyarsdlrBeed aé‘ﬁ’l(i_‘) Beb psdedipy abB¥ ause of the steric
hi ndrance on the catal yst surface, 30 so that it is
re-isomerized through the open-chain conpound

It 633Ebsélﬁl‘é) tov\e:tnbidww hqueoiis dhﬁs@%“slté;bl(B}Jm éBA() dfhme method

i soner enated furth
oR @n@%é agugous gquéf?aseys@am% wit 1@1&-5%@@0 Bﬁ“ PEf ranges wh:ch are

kriBIedhé aRillBE workér, &5t ekuhpvélﬁ@hogﬂlf@leﬂduﬁéﬁdfm of 8.0.

the skilled worker, for exanple as described in US
patent 4,496, 541, exanple 1. The conpound (V1) is

THE b@éjséﬁ't tdsds&@réwrﬂﬁundeléwsl Jo anmixtGitel bRlhe comipsemtis of the
5. di chl oronet hane or water, at a pH of

or. ex
fogmilge (&@Qr%})l y 10-11, and stirred f or exanpl e at
"~ 10-40C, pr€ferably 20-25C. Esterification of the
COMpoun V) Wkh benzyl alcohol in step (0-B.1) of
" ~be cagri ﬁ@vgut y~etRods known to the
3 , fpr exanple a | Bed- by n (V)
Eur opean pat ent [

exanpl-e
(3): conpound (VI

_ is optionally activated by
~initially reacting it with nmethanesul fonic acid or
thionyl chloride in a suitable solvent, for exanp

orra el Balksept theecomBrynRdse(¥) apd (Y ki ripteraly reemxture of the
comgoUPRE by amgt Ms’ﬂ@ld THRTRRHRS &fvme bémPB@t‘ibléWiW%nd (V)

wi'th ben al coh the reaction pref erab(i/
Ca@apptl@@”dubeuﬁaﬁi’@fﬂ effhaxmixtue obrpeusempeunds) (Vi) an (V) is

r@@r I ?s‘galét@dtlmtﬁe %ﬁéln?f;aﬁpjfﬂé rﬁkiglft|%§ saftar g))gamp{e as salt of HCI,
ot PebtnesyiaiE st e bR Rl 24 o P sufBlc aci
Slﬁfa%feeéﬁtﬁ)lpyefbﬁeb %leféola'ﬂng %dfiﬁf fﬂt@rfatlﬁg 115:% }lc_:gsf’éig 'obté?r'ibd in the

salt, for exanple as salts of oxalic

w%{[gng u;pmstbﬁdpp@urgcpﬁsa[ts Oﬁéiﬁ%é:ﬁ@‘gQQUﬂgﬁ,(&V)agnca (V) are water-

misoibléessieants aocle asciot example) €0y G Hdllaniots alcnnéthy]'bthyl ketone.
conpound (VI11) is preferably liberated fromthe acid
addition salt before the followi ng step (020 B.2.1)

T[ri%,-r c(a%l%czhgéirc@én@ﬁl&‘l N R,%%ﬁonféiép exehe N Qar@sd K. under

he nmet hod can be ‘carri ed out

by
comibtlpﬁg k@@WﬁdQﬁHe clilledyweiken Fosepramme. the methed gan take place
unﬁék h?é)ifo%ﬁmgvséﬁdm&rw ttﬁ@laaué&;éfﬁn&s% 8f BcURBRIRY by of step (B)

rotic and water-1nmm scible solvents, for exanp

orHBA) ob tha a@@ho@t%ntafa'@eti@eecorapfewﬂcbpfaﬁ%@ eRLIAY) or a sal

thereof mixed with the compound (IV) or a sait thereof is admixed with a suitable
catalyst. An example of a suitable catalyst is platinum on activated carbon or
palladium on activated carbon, and palladium on activated carbon is particularly

suitable. A ratio by weight of palladium to activated carbon of from 5:85 o 10:90)
is preferred. The amount of catalyst empioyed ‘
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25 toluene. The tenperature of the reaction of (VIII)
-wth (M) is 5-30C, preferably 10- 15C. For working
up, the reaction mxturée can be m xed with an aqueous
base, preferably sodi um hydroxi de sol ution or

pot assi um hydr oxi de solution of a pH of 10-13 for
aqueous extraction of excessy conpound (1X) produced
by hydrolysis of Nil). The resulting conmpound (X) can
optionally be isolated, 30 11 EP 79022 A2, exanple I

per &?’%rﬂ og I%niu&o@%%%ﬁﬂ%n% c%&ra g/r“lmi‘i) "fhg(( \5'&1H|c‘)1ldr§r ;ggﬁléf’% 3 mg.

Furihee sttiveedvestbon tan bexaadpt o ti'tehyelacfém’ema@lﬂe bﬁ@lf%fﬁb y 5 to 20

QS St SRR, Bl BRI OLet ive. Te

" hydi %ﬁ&?isQfarﬁEbeomr urider a H;rtjﬁjg@arpﬂessure of from 5 1o 15 bar, preferably

fromﬁd@%@%l clg aa S gg&@h%g gﬁ ﬁgﬁec%érlst&@hnet)é%pe%tgp één be
8Rinfigtutd) &gkt preferably 60-100°C.
bet\g?éer#@g‘gggy th %\gﬁ@%ﬁ&ﬂtﬂ@méﬁﬂ utd)@nahk preferably |

, for exanple by neans
A pedfesediraactibry thnopera e it A9 Gthe conpound (X)

obtained in this way, benzyl (2S, 3aS, 6aS)-
[[(1S)-1-(ethoxycarbonyl) - 3-phenyl protpéa]am no -(2%:)
Theph agmy.a‘tsbﬁﬂ &haychimllsfymm(;(bé% a[sla]trimretg -the g efttee
ption ol ate e
cortapigagihp e (o] s i S el the pHERRRRTEY) S v i
favgﬁéft&ﬁﬁ)dﬁﬁe\(“ﬁ) b&cAURe ol tdresbuser (& can berhyeragaplateda€ompound
descri bed i n European patent p(R)) i cat.i on E\tﬁf{ (%2 \AZ the
Vihm’c@nallx@mmﬁ{@d b%gﬂm;gg{r@ Dkcanke isg mTrsg fof fro or in
fon%l Gf‘%ﬁ%%}df NS POI Sorlikaf@idby bAIE ohiidl, ¢RI BLBON, mutihdnesulfonic

rogenat i on being catalytically hydrogenat ed
am?ft%f@hagh:ﬁbnsdnc@d CY2 ph@@lwmmcm Smiegzle and preferred for the

isotadinf @ﬁéf?clyrtgg g’lf’tuzﬁﬂ;g@? [[kger lgftgqa (1349 afr}]%ougéa th%&ﬂ?ﬁ;?é%da(\/naor salts of
) megc!o%%p%ﬂnﬁ A@Q éag o HraterdmiRBbie 85196Rs abbyasigeexdmPle2(®)-C3)-alkanols

Ition of a suitable catalyst, e.g. Pd/C
or bl Bhyieitems.) . The conpound of the formula (1) can
opti onalyl y be purified further by standard nethods
followi ng steps (D-A) or (D B.3) of the nethod, for

. Thé )&Bmﬁloﬁn@)f\!i? &P BRliEFASN fremTheé b@ﬁisadﬂrtldmysalt before the folicWIr;g

recrystallization froma smtablflﬁ% ﬁswh tionall
st@o(&ﬂémf {DsBfid by @dding kass. far examelehia g then optionally
gOr alternatively acetone, or ethyl
edlesBRL BPYefibdiaeie?” | g ?

e pre t disclosure is to be illustrated,
but not restricted, by the followi ng exenplary

Foﬁgv?iggitt?éegrtlzsymata%zracemate resolution in step (B) or (BA’) of the methed, the
compound (IV) is in the form with (28,3RS) stereochemisiry. In the hydrogenation, it is
ensured through the preceding equilibrium of the cyclic form (V) with the open-chain

_form (IV) and the possible racemization at position 3 (because of a keto-enot

tautomerism in acids) that there is formation exclusively of the compound (V1), but not

of the diastereomer thereof. The unwanted (3R) isomer of the compound (V) can be
5 hydrogenated only very slowly, because of the steric hindrance on the catalyst surface
30___

so that it is re-isomerized through the open-chain compound (3R)-(IVY with which it is
in equilibrium into the (3S)-(IV) isomer which i is then hydrogenated further to the all-S
bicycle (VI).
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Exanple 1 - Preparation of the conpound of the
formula 01) with R equal to nethyl, ' .
{ 3- (2- oxocycl opentyl) - 2- Phenyl acet yl anilnOpr Opi Onat:
starting from nmethyl 3-chloro-

N- phenyl acetyl al aninate 5 16 g of nethyl

3-chl oro- N-phenyl acetyl al aniqat e were suspended in
100°mM of ethyl acetate. At 20-25C, 20 ml of
triethylam ne were added and i mediately thereafter
18 g of 1-cyclopent-1-enyl Pyrrolidi ne were added
dropwi se at 20-30C over the course of 20 m nutes. The

St (OLAY & tﬁéﬁsé}%@% esh tzae chfriedbsit ga’sdet_ afmzmnsmmao thensiiled

te erature or ., ours. ter I
WOHKBAT SXAPIE FE doreres @3&'5?@@‘? ?o“%é?‘i‘ﬁﬁ ERaTPE,f Tye compound
(V!%trﬁ%%@% 19 cBinp8Lind YiNaa R QlitaBleasihibnt, 30 gxambple

ter stirring for 5 mnutes, the phases re
dichepemethate oTwetesr @,tampgl h8atd prefsrably ﬂ%‘ég eaﬁ%wﬁdﬁ? frample at
fowater. T ni ¢ phase was distilled in vacuo

1(3-8%|Qt¢?pr f?é%'ggg_gﬁ% vol ume was about 50 m . It was -

cooled to 0-5C and then seeded with about 0.1-0.2 ¢

of et hyl  3-(2-o0xb- . - : ‘P
ESRERRARAL1S ComBrng L WP HeRRY ARBhINGHER (-Bx1) of the method
caft B8 %@F‘raiéd?mt fog gﬁ@ﬁaaé kﬁd&wg bothe skﬁ]leﬂ warkers fca*rai?mﬂe aheescribed

stirred for m nut es. _ Subseguent | . ;9.0 .
in BlicDERR SRRt PHIEAGRED R Bte @s‘?‘?‘?’?%‘mde(\") i
Opﬁ&%{??%ﬁ%%% g{/?“ﬁﬁaﬂyhb Wiy 1§ with hesthanedlifbRicfaefd Githiony! chloride

m nutes, t iIteregV\Ath suction, washed With-ﬁ,dé( ' .
in Guitkbleolieits i expyiplenthexaneitbepipag tehege ph@mixpie thereof,

dried i,n_a-vac i
oSBT B 358 38 ikt etn
préfeeatnoisgEng baimiett dutentier refila THel gompoundRMéigueittaipgd in this way,

h [ f hvl I '
o lth, T S S I 28R leh96d Rah RSl bo
isdhBAeNyd ssRbIRRVINpkrefBratly E3Ritéd inche dony bf zrcatidiaddition salt,
were introduced Into the tank. ensi on

The .
fonxararle £6 Sats aECHETRe HoS G4 OXgIc IHEPIRSHIRILPE0f

4.0 kg of . ph i i N
B
(Vﬁf)-ié’ré@ﬁ&‘é@ly iitk)BE‘qt@&r!]) ﬂb&gth;efacf%addﬁﬁ?mamb@srem?hwé@ step (D-
B.b%&&%@%.ﬁﬂpﬁg&i@ggﬁam, fo? exShple NEOR#Yor The

&),

- Step (D-B.2.1) of the method can be carried out by mixing compound (Vill) with

compound (VI) in a suitable solvent. Suitable solvents are generally aprotic and water-
immiscible solvents, for example butyl acetate, ethyl acetate, dichloromethane and
toluene. The temperature of the reaction of (VIIf) with (vil) is 5-30°C, preferably 10-
15°C. For working up, the reaction mixture can be mixed with an agueous base,

_ preferably sodium hydroxide solution or potassium hydroxide solution of a pH of 10-13

for aqueous extraction of excess compound (X} produced by hydrolysis of (VII}. The
resulting compound (X) can optionally be isolated. '

“i'he amide formation in step (D-B.2.2) of the method can be carried out by methods

inown to the skilled worker, for example as described in European patent application



30 stirred at 40-45C for 45-60 m nutes. At a nmaxi num
j acket tenperature of 45C, 20-25 of ethyl acetate
were distilled out of the reaction m xture in vacuo,
removi ng the excess phosphorus trichloride. The
reaction m xture was cooled to 20-30C and then 13
15.0 | of ethyl acetate wer¢tadded. Then 18.9 kg of

Ep rz@@t@)édza%kamﬁmer m)aqiﬁ@@o ouR€ of &8s Foratuld gw_n) & coupled with
20-30C over the course of 15-30 m nutes an

theicommuad) ofchedpRyllagd¥t it a. syigble jagripsolvent, \?g’sgfa?nple ethyl
¢ at ¢ g
oo LRl R F RS, W RapeAide s

of|5-2>m Getprgleratne t18: €5 \@k rie this piesence D waehdmigpord ktandard amide-

cohBTa, *ParORF niblup. CHEMPor (VRN EeRHim R, HoBt

prBSaﬁéﬁh@mem& dhBydse 6ﬂmlethdﬁléﬁh6§brﬂinld.QnﬁﬁﬁdeTh@emhb the pH
the reacti on nm xture was en adjusted to 2,.0-2

prg@erwmaigbe;wny% (@tch o Tk SxMAe PXemMPats 1o osodm: UYCHOdee
soffdnS tine! EngS[IP]&O(Xt?) oftddE s thRewR) a%@ﬁzW§ S‘a@e BaS)-1-2-
separated an h acet at e phase was m xed
[[(28%Iﬁétfwv@rbﬁnvl)—prhmvl@romnliamm]s(ﬂsi-r ed for 10- 20

eriinRa Ry G R T YEE e BRSO B gy froped

| of ethyl acetate and extracted for 10-20 mi nutes.
ani ¢ phase is concentrated to a, r i Ni

The o [ |ng ) '
Thosalnbte PYEa2aaon it SR B0 ek Meloed Capbe Carried out by
?t'ﬁﬁ&é llén%g) ntd 'E sﬂiﬂ@dv\@tﬁrképoﬂo?%%%p'lé”%st Beddbe@Nfh European

en seeded WI

paxer(tzapmhoal}cm Bpefiga?) Az gmylledc(éb yT herbeogy| Ggsit@meft tbe formula

O et i 3t B LEAAE sk R ol e Tenation

et e g e el
t + ) )

(Cag%)aﬂﬁaeggmr@f%hawemethﬁ@ .%?B 'Wfé %&@ﬁ@&fﬁ%ﬁté Tao°c,

ol 5 oLl ARG 8T 570 By e 1020 b,
wittPaddifioh 86a £iitablé ehthlysl. €289 Pm(aoebbgwwght) 20 Exanpl e
3'- Hydrolysis of the conpound of the formula (1)

wth Requal to nethyl to give the conmpound of the
T[‘feo&ﬁ’rlkéuﬁd b dhd %ﬁﬂj[é@)]ca%ooﬁldfﬁll fbeCBuWﬂlr&bF )oy standard
: 3-(2- oxocyclopenty ) -
m@medglbﬁwmgantep@pl(lam)o@at@ -B). of |thef mgihed, a:ide)sareple by

of SO dr,0xX] B d
o Blog LR e By PR AR PR EREne
su&ﬁﬂlesédhférﬂds dbr ekarpplecapmisiirarof rhethaholhand gliisdgropgsether, or
cooled to 20C, and the pH was adj usted at this
altegativeitasetoney op Atty! aCfg\f,ﬁﬁ hydrochl oric acid (30%.
The reaction mxture was diluted with 30 I of water.
The conpound
TH®- pmserbdisclospents 19 -be- hetngtedc but nahiresiricted, by the following
i oni I'1'1) which was produced in the
e"ggﬁﬁ%w %@%%a{ss in the formof a mxture of 2
di astereoneri c racemates was processed further as
aqueous solution in the follow ng step w thout
further purification.
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14 Exanple 4 - Enzymatic racemate resol ution using
penicillin G am dase (preparation of the conpound -of
the formula N)) [step (B)] 5 2.5 kg of pol yner-bound
penicillin G am dase (PGA450, from Roche diagnostics
GrbH, Mannheim Gernmany, order nunber 1414 208) were
added to the reaction m xture fromexanple 3 o
conprising [ 2R3, 3RS]-3-(2-oxocycl opentyl)-2-

phenyl acet yl am nopropi onic acid of the fornmula (I111).
77 1 of water were used for rinsing. The reaction

m xture was heated to 28C and stirred at this

Exdn@iiear at Brepastidnatf e gdmpéurkDofeha feranls (hedih} eqyal to methyl,

o Gt o e PR g Ponf Ry nore
N_pﬂghﬁégﬁ)@éﬂiﬁg@re was adjusted to pH 2.2 with

oric acid (30%. After phase separation, the
aqueous phase was extracted three tines nore with

16 éﬁggnéa‘t@gfs-&h&}s'—%@ﬁﬁﬁé@e aGhirdtaWerd SusHeaded tetimm of ethy!

nprising the desired product ) )
acel 8, ARE)-28°GrAbWI GF (izthyiesiine e geded Py irapediaiely fereater
r H I _ . . . . - .

16 94 B T ey i BT Aage ropRiby HBED'D over he course
of 2b &i:ﬁéﬁéﬁ gﬁzgﬁﬂh&{@ ysrheeaied pdhta]GhRRY theyl sbirred @4 s ignperature

' ' id - HC, : i
for PO 200 RRCU BT 0N s g i ftadhd fWeen 1and 3
witfr5BBR 2 Bt of IRRASEHION: S4id (BE%E alpo9ats. (After stifring for 5 minutes, the

ot s sSSP AL by i e

orqv%/g\gc? %t&ag‘%gﬂ%oglggﬂleﬁ% 5804 Dhin RS PirakiRingWlehe as pbobt 80 mi. It

ust to a final concentration of &2 L
wa/cooledl tp.0-Fitand theni seadad xdtbrabawh 8- 1. 2 grhipethvios (4exo-

f pol - bound icil i 5..an]
ovaopttl Sriery ey BThEb bl Zos il AaBh ety irior about 10
miﬁk&t&’g 3‘2" Lf}a#%@ﬁ)sﬁ@ed fog 20f minoieEo @mibs?que}wﬁm,ndcﬁg ﬁ{cjw&pyt ether
at .. e r_ea_c,tl 0 was Sst.o e DY
westl gl A STy SRR eBRaY for ety  Was¥timdd g .56 for 30
miH&&t\@EP&wt%ﬁ fﬁ@?éait\&imc&ion@wasmﬁ wills Reck byl ekdiisaptdpyhether
W et hy

. {precesledtio iSnl Q%%gtagtq %@iga %dﬁfyggggn%%reﬁ %t %‘%j ul%tQQI\@ %86,8%) of product

were obtained.

Example 2 — Preparation of the compound of the formula (Il) with R equal to methyl

starting from methyl N-phenyiacetylserinate

A tank was charged with 20.0 kg of methyl N-phenylacetylserinate. Then 120.0 1 of
ethyl acetate were introduced into the tank. The suspension was heated to 40-45°C

- while stirring. Then a mixture of 4.0 kg of phosphorus trichloride and 8.0 | of ethyt

acetate were added from a reservoir to the tank at 40-45°C over the course of 30 - 45
minutes and washed into the tank with 6.0 | of ethyl acetate. The reaction mixture was
stirred at 40-45°C for 45-60 minutes. At a maximum jacket temperature of 45°C, 20-25

| of ethyl acetate were distilied out of the reaction mixture in vacuo, removing the

excess phosphorus trichloride. The reaction mixiure was cooled 10.20-30°C and then
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‘mimsehyheompanic iphese Beaises
- at% %‘i Zﬁt(f ng]egqtgt aflon Qééi'cﬁ%é)\'ﬁagfcpsgﬁﬁgm o3 Cd&ﬁﬁﬂhbﬁ@eeded

15 Fluke or with other suitable penicillin G

am dases. Exanple 6- Isolation of the m xture of
conmpounds (I'V)-HC and (V)-HCl 5°400 g of a solution
of a mxture of (1V)-HC and (V)-HC as in exanple 4
were distilled at 50C under a pressure of 30-50 mbar
to give an oily residue, whisgh crystallized on
standi ng. The crystals were stirred with 700 nm of
acetone at 50C for 1 hour, cooled to 0-3C, stirred

15y A Sl R ittt o
rea%l?/)ﬁ tahk @t ﬁ@-@bﬁbm ovel thtehﬁ:ummﬂqal@ n(imes HOL mmsljed_ @ith 5.0 | of
ethy\igchpqte 24)6'? 58 o%? Icgfgggg Sfr g@,ﬁ%%migﬁr\fg ggg%,l'\% é 'e@ 3 the tank at
20-9Y< BaanA ?Qasefoftzb%diﬁ[ﬁ@@ém@ Mt dthylgicetaté here used for

h
Waéﬁmrg%@ rpaatgtm éﬂégr{agvu%@gstwﬁ -5 Cef%ﬁﬂé@smg figurs. For working
up, ?éﬁlq/ MR egrg%d'dgaﬁ dé ge}\gzﬁoﬁ nﬁku%b@@hum:@ﬁg@ Qfﬂ‘io 15°C. The

bon acti vated carbon,
pH I@Jlf e%smaetmf mib@u MMas\mena;dpJat@cUto T0e2.5 bﬁ@@lﬁl@g&%/ Mgrochionc

n raised t 80C. Th
s ek L S T Py hFBsen er ten
Mﬁ%g@dqﬁ% esa’ﬁH%aé&agét gm{seawa@ e L02Z5°0 withe édjOf walgr and
e -Was
stise} o1 ARA0AN o 158 BERSSRBRES PR Rl By LT PABL i aqueous
ph%&% pere ZrﬁSéé d BN86-©560 Nl 1HEICLiGHIN @dBthid ¥hd exifaded 3:&80 20

ydrocycl opent a[ b! rrol e-2-car bOX)(I i C a

rafed tp SoEEIAINAS ¥P! i in vacuo

ySi's were stil
with 20 g of methy! 3-(2-oxocyciopentyl)- -2-phenylacetylaminopropionate. The m;xture
was stirred at -3°C to +3°C for 60-120 minutes. The product suspension was then
mixed with 80.0 | of diisopropy! ether and again stirred at-3°C to +3°C for 60-90
minutes. The suspension was isolated on a pressure funnel. The isolate was washed

twice with 10.0'| of diisopropy! ether each time. The material was dried at 30-40°C.

' 13.7 kg of product (purity 95.7%, yield 51.2%) were obtained.

Example 3 — Hydrolysis of the compound of the formula (I1) with R equal to methyl to
give the compound of the formula (ilf) {step (A)] |

10.8 kg of compound {If) with R = = CHg, methyl 3-(2-oxocyclopentyl)-2-
phenylacetylaminopropionate, 23.7 | of water and 5.5 kg of sodium hydroxide solution
(33%) were introduced into a tank. The reaction mixture was heated to 45°C and
stirred at this temperature for 5 hours. It was cooled.to 20°C, and the pH was adjusied
at this femperature to pH 6.4 with hydrochloric acid (30%]). The reaction mixture was
diluted with 301 of water. The cornpound 3~(2-oxocyclopentyl)-2-phenylacetyiamino-
propionic acid (111 which was produced inthe re‘actiori and was in the form of a mixture
of 2 diastereomeric racemates was processed further as aqueous soiution in the

following step without further purification.
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rotary evaporator in vacua at 50C over the course of
2 hourss until the remaining weight was 110 g. 500 m
of acetone were added to the suspension and it was
cooled to 0-3C and stirred for 2 hours. Filtration
with suction was foll owed by washing with 30 50 ml of
cold acetone and drying in vgcuo at 50C. 32.6 g of
compound (VI) were obtained as a whitish powder. 16
Exanpl e 9 - Benzylation of the hydrochl oride of
conmpound (VI) to give the hydrochloride of conpound
(VII'l1) [step (D-B.1)] 5 The aqueous phase of the

Exé(i'ﬁ{) 5'4“ g Eﬁz%aﬁ&‘ﬁl&bf@t@%ﬂﬁmbﬁ msihgpenidia G mmaamreparation

7, nprisin ﬁonpound of the fornul a

of tbwpmp@@ﬁ@ Oég]elfgfr‘éaia »ﬁﬁee Bwith 56.5 g of 33%
strength NaOH This solution was flltered washed
with alittle water and transferred _into

2 Sélgerobunartysind mepealBnG Amisiase (BEAGROERM Hoghs siagnaptics

Gn‘ﬂhﬂ)ﬁl dq? ?eﬁﬁi«nﬂ} Spcﬂar %Hﬁ)e?fmjrﬁ%ﬂ%o e/ éHJe%rto% reactlon

Frent Strengt on er fel
mixEe fasto @aampebes abitnpdsiag[2ZR$ d%R&}f-S-(‘ZmpmyﬁU}mey)) ZNas

hOosenL et od, 10,8 LSRR AR 73 161 GatkPuled B4 dr insing.

Thg?éaft%ﬁwktfu@ém&sat@h@éd@m@slawsymddaeehas terterature and at a pH of
solution while cooling in ice af 20 .to a nmaxi num of

6.430C5 hants. (The rapstianraixiue wesitheie'8d- 30 ninutes. 15
The aqueous (VI)-nmesylate solution was concentrated
to a remaining mass of 140 g in a rotary evaporator

1612{]1 of athyb acetattOWEBGddRA0o fite tFaction éﬁﬁé‘i@e 2@ e B ha pixture
t L
Ide@%%ci f’ QI—? %gz v%%ﬂ gyc?@ggl?ﬂé %l:!ﬁlf{é?% OAfté(P?rﬁsé‘é{.QSQratlon the

eat ed
agl&bldphdsededs @;ttratﬁ@ﬁme:tmeeme evithaif2 Walt ethyhesstate each time.

Thrﬁ%én‘gég'g‘-bg ae%s l%f(f‘sa"lii nt | l CEHC% g{ﬁ? gﬁﬁgEgammg f3-(2—oxo-
cyBSﬁ&WI)&bsfajhiﬂ adi® h@drbbmana@(wyml i wahioly & mtehﬁlhbnwmsthrough

m nutes while t Xt u
chpiiation @ WRRTWITE Scia. 1. 50 TS PP RTIRYGIEI Ao acid
hy@%%hfo?tag Q?g“l?d-%$ Fe%‘éféd%tﬂﬂu’éf&iﬁ%r VRIS QbWtﬁe@oWﬁg reaction.

water were added dropw se.
phases were separated. The upper organic phase vvas -

Exaﬂ%‘lé‘ SeXﬁégétlto%dcf%é Eor;'lgozmd @b Wi hicilin G amidase [step (BA")]

Cﬁmpbund (i) was dissoived in a mixture of isopropanol and water (50% wiv), and 0.2

' M potassium phosphate buffer of pH 8.0 was added to adjust to a final concentration of

60 g/t (IE). The reaction mixture was mixed with 0.8 kU of polymer-bound p?nici[{in G
amidase (PGA450, from Roche Diagnostics GmbH, Mannheim, Germany, order
number 1414208) per g of compound (!} and incubated at 28°C. The reaction was
stopped after 24 hours by adding 85% strength phosphoric acid fo a pH of 2. The
unwanted enantiomers were extracted by extraction with ethyl acetate, and the desired

product was present in the agueous phase. -

The reactions of example 4 and as above in example 5 can be carried out in an

analogous manner with the penicillin G amidases supplied by Fermenta Biotech Lid. or
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25 The conbi ned aqueous phases were mxed with 136 g
of ethyl acetate and cooled to 0-10C. A pH of 10-10.5
was then adjusted with 25 mM of 33% strength NaOH.
Stirring at 0-10C for 15 m nutes was followed by
separation of the phases. The organi c phase was
washed with 15 ml of water. 15he conbi ned aqueous
phases were washed with 20 m of ethyl acetate. The
organi ¢ phases conprising the conpound (VIIl) were 30

Fiu%qepn%\;}fiﬂfgthgpguigﬂlé’Psrgma'tnt(g aflidydesacetate to 250 g. A

was adj uste 10Cwith 23 M of 30% -
strength -HCl V\/nereupon corrpound (VI11), benzyl (25,

ol o R B B A B EABRBLALE 1 PoTasarpmed o
- 0-5C for 1 hour, and the product was filtered off
ot a2k S LG o L PG b it

at Eﬁi‘)_@g}i’lggr égressﬁfee%@sb bR o gRBRALGHY rebidubsiiip crystallized on

satiog: @m$@iw%%n?mﬁtw1%z@@?§a%%@ SR B! Fpupyeooled to
0- 3.# %tgrﬁ%a‘latt ﬂw ﬁ % \g@ﬁ sa%ﬁt&traﬁd%@slﬁedzﬁ% mho i asKeetone.

and mal ntai ned with 33%
The progogt Py mhratceosat BOIG n*awearmmrez:s@e papauRds A \9-HCl and

o St bR SRRy 265l g

poRd@se was back-extracted with 5 m of butyl acetate.

The organi ¢ phases were conbi ned and concentrated
conpletely to constant weight in a rotary evaporator

Exétﬂpm I uo\l;\ﬁﬂro@@ﬁatléﬁoﬁﬁg%%uh&ﬂ%io gV ecorapmintesf the formng

taken up in 45 utyl acetate, and

‘_(VIIE?&?@ @Eidf et hyI

(26)-2-[(46)-4-met hyl -2, 5-di oxooxazol i di n- 3- 4- 4- pheny
| butyrate (VI1) were introduced at 20-25C over the
Thé @que@;mhéﬁ@ oﬁttnmmskmghp of exanpiert was ixed WHR addmon of 140 g

r ed r 60 m
of %?1' d'”é‘F tég 0&‘?‘#’?’? O@% ﬁ;‘ nut%mchﬁg asrgtgg%g?ressure of 10
baﬁﬁ@@é@?% Tiliéeembemttr@ vmmenmsedwaam r"ﬁtee'@aciion mixture was
t o const ant

2
,hy@@gpaatgg this, teyapeiatiss f@%d‘vmgqrﬁ h&qrewﬁ %D 69(6? factton mixiure was

t%r%gp“?%‘gq 1%916)&%%%3:{ Adjustda %o pH 2 with hydrochlonc acid and any by-

1- et hoxycarbonyl- 3- phenyl p
prcécﬁ.@:}s were removed by extracfion. The aqueou phaze contP?ﬁeg com;Jound (vih),

28! G BB AU APROIBLD) BRI deid At
Pd/ C (5% by wei ght was added, and the reaction

m xt ure s_.h ogenat e der an H2 pressure of 3
Ex@g}pl%g-—llm%aﬁ 0{1C ﬂ%‘l'ﬂcg(\H After renoval of

206 g of a solution of t:ompound (VI) desalted by electrodialysis were distilled in a
rotary evaporator in vacuo at 50°C over the course of 2 hours until { the remaining
weight was 110 g. 500 mi of acetone were added to the suspension and it was cooled
to 0-3°C and stirred for 2 hours. Filtration with suction was followed by washing with
50 mi of cold acetone and drying in vacuo at 50°C. 32.6 g of compound (Vi) were
obtained as a whilish powder.
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25 the catalyst by filtration, the filtrate was
concentrated to 25 g in a retary evaporator in vacuo
at a bath tenperature of 20C, and 75 m of

di i sopropyl ether were added. The m xture was cool ed
to 0-3C and stirred for 1 hour, and the crystallized
product was filtered off wi thgsuction and washed
twice with 15 m of cold diisopropyl ether each tine.
The conpound (1) obtained in this way was dried in
vacuo at < 30C. 18 Exanple 11 - Preparation of
conpound (X) 9.629 of conpound (VIII) were dissolved

E)d&\%p?@gm Shieftigh of g chocrér H Loiponfd 109 tofjive the

ound % as 13. 9% st engég (1.06 M sol ution of
hYé R W’T‘?Q\J\@i’é 1y siep - wi se over the course

of 30 minutes. The mxture was stirred for 60
m nutes. For working up, 30 m of water were _added
Theratiuehus phaseaef thejweskisg upf the hidragermtiondesetbagingxample 7,

coﬁfpﬂ;%/@ts TROR B 0} thedH eﬁ&ﬁdrﬂf)fﬁéjfoﬁn\’y%ﬁ(\ﬁ)t WeF&‘ Qgﬁ@%di’t@ oH 6.3 with

phase” separati on
56viRg of Bﬁ%eatﬁengtreﬁla@dﬂrﬂlhﬁt ss}jhytimozvamiﬁmrahtwmeg hrtﬂth a litle water and

tra%t%er r"gt\éa ﬂ%%:tgcgjl' ]QS%%‘():; ahgé%ggﬁﬁ%% "%?q“%fy%ﬁ%igpﬂj{}%nd a
cirBGiaRe fté 9n180-200 MRGENER (rinutes Lo tdedsrdnt Brengihawt longer fell.

m xture fromthe hydrogenation of conpound (V)
conprising (VI)-HC 15(exanple 7) was, after

Tl’i‘e:_%(flt{gﬁgé ?%%{ ed SMUDHIERRIRILLE TV S B3 db‘ﬁbent?éibéfﬁé Q‘i*er‘h@mmg

Wt h sodi um hydr oxi de sol ution
ma@r @580 drihenrotary evgpofatertinypcys @MQ@Q‘}@ Aoy g methanesulfomc acid

R 480K 0 s oL L 2D,
th@@ﬂﬂ&re%smdmrﬁo minatasH was kept const ant at

10. 0-11. 0 by addi ng sodi um hydroxi de solution. 2.7 |
of acetone were added to the reaction m xture. The pH

THOaWRDub DEM.nfstivieté ediukion wal- c@né.’emi'ettéd tryai IrémbllnMQi mass of 140 g in
racid (3099 at 15-20C. 50 %} ram.pr é %
a FogaTY SYRRRTRET ImMACYthat 420 r- Adde! %fﬂ"'ﬁt?fé WFf%adéf%J to this

so"&t@:r oc%lg of BenAlra o?‘%#ésécﬁfédt\ﬂ'n% Aty Thedredetorivnldure was

oric daci and stirred at” 15-20C for at
haaétatto 2fisounder anmsph@rm@nesmg arsd)wateé @‘%ﬁe&?%%%ﬁw@m%ﬂy

r
o bbb e B3R S 08 ol P not v
then dfieretitin veer the course of 40 minutes whxie frapping water. The mixiure was
stirred under reflux for 2 hours until no more water was trapped. The reaction mixture
was cooled to about 10°C, and 187 ml of water were added drbpwise. The phases

were separated. The upper organic phasé was again extracted with 10 mi of water.

- The combined aqueous phases were mixed with 136 g of ethyl acetate and cooled to

0-10°C. A pH of 10-10.5 was then adjusted with 25 ml of 33% strength NaOH. Stirring
at 0-10°C for 15 minutes was followed by separation of thé phases. The organic phase
was washed with 15 ml of water. The combined agueous phases were washed with

20 ml of ethyl acetéte. The organic phases comprising the compaund (Vii}) were
combined and diluted with ethyl acetate to 250 g. A pH of 1 was adjusted at 5-10°C
with 23 mi of 30% strength HCI, whereupon compound (VHI), benzyl

(23, 3aS, _GaS)octahydrocyclopenta'{b]pyrrole-z-carboxylaie, crystallized as
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25 dried to a water content of |ess than 5% Exanple
13 - Purification of conmpound (I) by re :
crystallization 5.42 kg of conpound (1) from exanple
12 with a water content of l|ess-than 5% were 30

i ntroduced first. Then 10.0 I of nethanol were added.
The m xture was heated to 257 28C while stirring and
stirred at this tenperature for 60-120 m nutes. The '
contents of the vessel were then filtered through a

. pressure filter a 1 1 . ;

ydagans i SuaRle S3TRa2 g tle oducthas fitered offwith

sudtiag kel WamednathsE o bf osid ottR0Eretdiss fThklprodudd wtasalyiedtin vacuo at
8-10 I of nmethanol. 27.1 | of diisopropyl ether then

40%dded to precipitate the product. The suspensi on was
cooled to 0-5C and stirred at this tenperature for at

| east -3 hours. 5 The suspension was_isol ate
Exanplestl e Prapesationmalecqmrsytiet()igier KEa ) ans 6D
5.4 | of diisopropyl ether at 20-25C each tine and

then blown dry. The mpist conpound (I) purified in
100ty sf fvaiy)-watsohiorite fromaaxampin? were irggduced togethps with 40 mi of

ooBLSESA AT P e FUEL 2B, MTEEG e b 105 an
maiBined withes 398 strehgthhieadE seniletiromy at 2202 ECaiTine: miature was stifred
for%%tmh%%tésotgntﬁ) Eh%pa-rl Ingqorrxgaerpfglfsi. lfhg fphtagees &8&”&*&%&& and the
aquéous phase was back-extracted with 5 mi of butyl acetate. The organic phases
WGre combined and concentrated completely to constant weight in a rotary evaporatdr

in vacuo at 50°C.

Compound (VHI), which remained as oil, was taken up in 45 mi of butyl acetate, and
10.6 g of ethyl (25)-2-](48)-4-methy}-2, 5-dioxooxazolidin-3-yll-4-phenylbutyrate (V1)
were introduced at 20-25°C over the course of 30 minutes. The reaction mixture was
stirred fdr 60 minutes. 25 ml of water were added and, after stirring for 10 minutes, the
phases were separated. The organic phase was concentrated completely to constant
weight in a rotary evaporator in vacuo at 50°C. The remaining oily compound (X},
benzyl (2S5, 3aS, 6aS)-1-{2-[( S)-1-ethoxycarbonyl-3-phenylprepylaminol]-(235)-
propionyi]octahydrocyciopehta[b]pyrrpieﬁcarboxylate, was taken up iﬁ 200 miof
methanol. 0.7 g of moist Pd/C (5% by weight was added, and the reaction mixtlire was

| hydrogenated under an Hy pressure of 3 bar at 10°C for 1.5 hours. After removal of

the catalyst by filiration, the filtrate was concentrated to 25 g in a rotary evap‘ofator in

vacuo at a bath temperature of 20°C, and 75 ml of diisopropyl ether were added. The
mixture was cooled to 0-3°C and stirred for 1 hour, and the crystallized productwas '
fikered off with suction and washed twice with 15 ml of coid diisopropyl ether each
time. The compound (I) obtained in this way was dried in vacuo at < 30°C.
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whi ch conpri ses (A) hydrolyzing a conpound of the
formula (I1) O in which ,Ris (Cl-C4)-alkyl, in a
suitable solvent with the addition of one or nore
bases 10 or acids to a conpound of the fornmula (I11)
and t hen (B) converting the conmpound of the
formula (111) by addition ofqpenicillin G am dase
into 15 a m xture of the conpounds of the fornul ae

(1V) and (V) O .

Exampie 11 — Preparation of compound (X)

9.62 g of compound (VIH) were dissolved in 20 ml of butyl acetate. At 10-15°C, 89.78 g
of compound (VII) as 13.9% strength (1.06 M) solution of compound (V1) were added
dropwise over the course of 30 minutes. The mixture was stirred for 60 minutes. For
working up, 30 ml of water were added, and the pH was adjusted to 11 with 33.2 mi of
NaCH (11% strength), and the mixture was stirred for 30 minutes. After phése
separation, the organic phase was concentrated completely to constant weight in a
rotary evaporator in vacuo at 50°C. 19.0 g of compound (X) were isolated as a viscous
oil.

Example 12 — Preparation of compound (i} [step (D-A)]

The reaction mixture from the hydrogenation of compound (V} comprising (VI)-HCI
(example 7) was, after filtration of the hydrogenation catalyst, adjusted to pH 10.0-11.0
with sodium hydroxide solution (33%) at 20-25°C. Thén 5.1 kg of ethyl 2-(4-methyl-2,5-
dioxooxazolidin-3-yl)-4-phenylbutyrate (Vi) were introduced. The mixture wés stirred
at 20-25°C for 3-4 hours. During this, the pH was kept constant at 10.0-11.0 by adding
sodium hydroxide solution. 2.7 | of acetone were added to the reaction mixture. The pH
was then adjusted to 5.0-5.2 with hydrochloric acid (30%) at 15-20°C. 50 g of ramipril
(1) were used for seeding, and the mixture was stirred for 30-45 minutes. The pH was
adjusted to a pH of 4.4-4.6 with hydrochloric acid (30%) and stirred at 15-20°C for at
least 2 hoﬁrs. The product was isolated on a pressure filter. The filtercake was washed

~ with 11 | of water. Water-moist ramipril (crude) was dried in an oven at < 30°C. it was

dried to a water content of less than 5%.
Example 13 — Purification of compound {I) by recrystallization

5.42 kg of compound (1) from example 12 with a water content of less than 5% were
introduced first. Then 10.0 [ of methanol were added. The mixture was heated to 25—
28°C while stirring and stirred at this temperature for 80-120 minutes. The contents of
the vessel were then filtered through a pressure filter and washed with 5.0 1 of
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21 or a mxture of salts of the conpounds of the
~formula (1V) and (V), or alternatively 5 (BA) the
conpound of the formula (11) being reacted with
penicillin G am dase and then being hydrol yzed by
addi tion of one or nore bases or acids to a m xture
of the conpounds of the formgbae (1V) and (V) or a
m xture of salts of the compounds of the fornula (1V)
and (V), 10 and then (C) converting the conmpound (V)

Qe ST s Al aS SRR, LR} A ReXiat forld Bma.
30MG o g@a@cmmmﬂww of ongtbamsl. of the for rrul a (M )

15 aqr,.a salt t hen. D- A eact| n
27l R i SRR pof Dol R e T Gisbfsion vas
coblg 16 03P and Mirtad X2 AEfpbRature for at least 3 hours.

The suspensicn was isotated on a preésure’ filter. The product was washed fwice with
5.4 | of diisopropyl ether at 20-25°C each time and then blown dry. The moist
compound (1) purified in this way was dried in an oven at < 30°C,

The present invention is explained in more detail by the following claims, which are
intended also to be subject matter of the description.
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0 20 to give the conmpound of the formula (1), or
alternatively (D-B.1) reacting the conpound of
the formula (VI) with benzyl alcohol to give a 25
conmpound of the formula (VIIl) 22 HH-or a salt

t hereof, and then either (D-B.2.1) reacting the
conpound of the formula (VII2D) either with the
compound of the 5 formula-(VIl) to give a conpound of
the formula (X) or. alternatively. (D-B.2.2)

Clak ﬁ‘gting t he compound of the formula (VIIl) with a

ound of the formula 10(I X)

1. A method for preparing ramipril of the formula (1)
HC,0.C HC . noH "
N
O cooH

which comprises

| (A) hydrolyzing a compound\of the formula (I}

_in which R is (C4-Ca4)-alkyl, in a suitable solvent with the addition of one or more bases

or acids to a compound of the formula (1) |

and then

(B) converting the compound of the formula {IN) by addition of penicilli_n G amidase into

a mixture of the compounds of the formuiae (IV) and (V)
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to give a conpound of the formula (X), and then
(D-B.3) form ng the conpound of the formula (1) from
the conpound of the fornula (X) 15by catalytic
hydrogenation. 2. A nethod for preparing a m xture of
the conpounds of the fornulae (1V) and (V) or a
m xture of salts of the conpqunds of the fornmula (1V)
and (V) 23 whi ch conprises treating a conmpound of
the formula (I1) 5in which Ris (Cl1-04)-alkyl, with

or agrﬁp.ucrie lor 503 AL q:%ﬁﬁmuﬁﬂg of fheFot@ls ehy Bahagyn th one

or alternatively

(BA") the compound of the formula (i) being reacted with penicillin G amidase and then
being hydrolyzed by addition of one or more bases or acids to a mixture of the
compounds of the formuiae (IV) and (V) or a mixture of salts of the compounds of the
formula (IV) and (V), ‘

and then

{C) converting the compound (V) or a salt of the compound (V) from the mixture of the
compounds (IV) and (V) or salts thereof by catalytic hydrogenation into a compound of

the formula (V1)
H |
%COOH vh
=N

y H

or a salt fheredf, and then either

(D-A) reacting the compound of the formula (V) with a compound of the formula (VII)

to give the compound of the formula (1),
or alternatively

(D-B.1) reacting thé compound of the formula (V1) with benzyl alcohol to give a
compound of the formuia (VIIf)
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nore bases or acids. 3.A method for preparing a

m xture of the conmpounds of the fornulae (1V) and (V)
or a mxture of salts of the conmpounds of the fornula
(1V) and (V) O whi ch conprises treating a conpound
of the formula (I11) wth penicillin G am dase. 24
in which Ris (Cl1-C4)-alkyl .22

| H
: 8] .
CI~ )~ o
"N 0
H H .
or a salt thereof, and then either

(D-B.2.1) reacting the compound of the formula (Vi) either with the compound of the
formula (VHI) to give a compound of the formula (X)

0

or alternatively

(D-B.2.2) reacting the compound of the formula (V1l) with a compound of the formula

1X)

o give a‘compound of the formula (X), and then

(D-B.3) forming the compound of the formuia'(l) from the compound of the formula (X)
by catalytic hydrogenation. o

2. A method for preparing a mixture of the compounds of the formulae {IV) and (V)

or a mixture of salts of the comgbunds of the formula (IV) and (V)
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5. The use of a conpound of the formula (I1) as.
clainmed in claim4 for preparing S5rampril. 6. A
compound of the.formula (I1l) 10 7.The use of a
conmpound of the forrmula (I1l) as clainmed in claim®6
for preparing rampril. 15 and a conpound of the
formula (V) OC OH(V) CC'-Y-,93 or conprising a

m xture of salts of the conpounds of the fornmula (1V)
and (V). 25 9.The use of the mixture of the
conpounds .of the fornmulae (IV) and (V) or of a

‘m xture sa of the conpounds of the fornmula (1V)
and ( s claifded in claim8 for preparing rampril.
AOHav S\
COOH V)
T
0 N

which comprises treating a compound of the formuila (I} -

in which R is (C1-Cy4)-alkyl, with penicillin G amidase, and then hydrolyzing with one or

more bases or acids.

3.  A-method for preparing a mixiure of the compounds of the formulae (IV) anq! (V)

ora mikjture of salts of the compounds of the formula (IV} and (V)
O

(V) m_coorl V)
N

wh'ich comprises treating a compound of the formula (1)

O
HN

OH

with penicillin G amidase.

4, A compound of the formula (i)
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in which R is (C4-C4)-alkyi.

5. The use of a compound of the formuia (I1} as claimed in claim 4 for preparing

ramipril.

6. A compound of the formuta (i)

(HD)
OH
O _
7. The use of a compound of the formula (1I}) as claimed in claim 6 for preparing
ramipril. )
8. A mixture comprising a compound of the formula (IV)
, o
OH (V)

and a compound of the formula (V)

O:>—COOH V)
N o

or comprising a mixture of salts of the compounds of the formuia (IV) and (V).
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9. The use of the mixture of the compounds of the formulae (IV) and (V) or of a
mixture of salts of the compounds of the formuia (IV} and (V) as claimed in claim 8 for

preparing ramipril.



