1 Improved method for the production of ramipril The present invention
relates to an improved method for preparing ramipril, and to the
intermediate used in the method and the use thereof. Ramipril is an ACE
inhibitor which is frequently employed in pharmacy. The methods
published to date for preparing ramipril (see, for example, US patent No.
5,061,722) are very complicated. Spe&al methods for preparing ACE
[inhibitetsraedhioivnt(eee: dov diangilegrEiprdpean patent applications EP
0215335 and EP 0967221), but lead to other ACE inhibitors or provide no
solutions in relation to enantiomer-specific synthesis. With the intention of
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now surprisingly been found. Summary According to a first aspect, there is
rovided a method for preparing ram pril of the formula (1) ~ which
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h?or.a%',%%]i?ﬁf)orgpg u\péjrf féQFnE‘?fch e!a.(lg)psle%iai methods for preparing ACE
inhibitors are known (see, for example, European patent applications EP
0215335 and EP 0967221), but lead to other ACE inhibitors or provide no
solutions in relation to enantiomer-specific synthesis. With the intention of
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)

COOH

which comprises (A} hydrolyzing a compound of the formula (II)

O
O
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()

)

in which R is (C1-C4)-alkyl, in a suitable solvent with the addition of one or more

bases or acids to a compound of the formula (11}



0 and then (B) converting the compound of the formula (l1l) by addition of
penicillin G amidase into a mixture of the compounds of the formulae (1V)
and (V) 0 0 or a mixture of salts of the compounds of the formula (IV)
and (V), or alternatively (BA") the compound of the formula (1) being
reacted with penicillin G amidase andhen being hydrolyzed by addition of
one or more bases or acids to a mixture of the compounds of the formulae

a salt of the compound
' F(V) or s thereof by
pound of the formul H H or a salt

with a compound of the formula (VII H5C202CCH3
O

and then (B) converting the compound of the formula (Ilt) by addition of penicillin

G amidase into 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), or alternatively
{BA") the compound of the formula (I} being reacted with penicilin G amidase
and then being hydrolyzed by addition of one or more bases or acids to 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), 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

Gﬁ—-coozﬂ (VI
TN

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

with a compound of the formula (VI

H,C,0,C /,\;
NS (V1)
v N H

to give the compound of the formula (I), or alternatively (D-B.1) reacting the

compound of the formula (V1) with benzyl alcohol to give a compound of the



0 to give the compound of the formula (1), or alternatively (D-B.1) reacting
the compound of the formula (V1) with benzyl alcohol to give a compound
of the Ib (VIII) H or a salt thereof, and then either (D-B.2.1) reacting the
compound of the formula (VIII) either with the compound of the formula
(VII) to give a compound of the formutlg, (X) or alternatively (D-B.2.2)
freaciiﬁl;vfh compound of the formula (VIII) with a compound of the

SHTH 55 H5C202COH

H
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or a salt thereof, and then either (D-B.2.1) reacting the compound of the formula

(VIli) either with the compound of the formula (VII) to give a compound of the

formula (X)

(X)

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

H.C,0.C
(1X)

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

hydrogenation.

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



to give a compound of the formula (X), and then (D-B.3) forming the
compound of the formula (I) from the compound of the formula (X) by
catalytic hydrogenation. The disclosure accordingly relates to a method for
preparing ramipril, a compound of the formula (1) Ic  which comprises (A)
hydrolyzing a compound of the formula (1) 0 0 in which R is (C1-C4)-alkyl,
in a suitable solvent with the addition 6fone or more bases or acids to a
compound of the formula (l11)

which comprises

(A) hydrolyzing a compound of the formula (I

L@
0
/ HN

OR

(I

0
in which R is (C4-Cgy)-alkyl, in a suitable solvent with the addition of one or more

bases or acids to a compound of the formuia (11f)
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2 and then (B) converting the compound of the formula (lll) under the
influence of penicillin G amidase into a mixture of the compounds of the
formulae (IV) and (V) 0 or a mixture of salts of the compounds of the
formula (IV) and (V), which are in equilibrium with one another, and then
10(C) converting the compound (V) or a salt 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)

and then

(B) converting the compound of the formula (1) under the influence of penicillin G

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

OH
™ CE>—=COOH V)
N

ot 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)
H
®«COOH v
TN
H H

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

H;C, 0,
g\/l\ (VI

to give the compound of the formula (1),
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H H or a salt thereof, and then either 15(D-A) reacting the compound of
the formula (VI) with a compound of the formula (VII) CH3 H5C202C 0 to
give the compound of the formula (I), or alternatively (D-B.1) reacting
compound (V1) with benzyl alcohol to give a compound of the (VIII) 5or a
salt thereof, and then 3

or alternatively

(D-B.1) reacting compound (V) with benzy! alcohol to give a compound of the (VIIl)

H
: O
CI= )~ o
: N @)
H H
or a salt thereof, and then

(D-B.2.1) reacting-.compound (VHHl) either with a compound of the formula (Vi) 1o give

a compound of the formula (X}

(X)

or alternatively

(D-B.2.2) reacting the compound (Vi) with a compound of the formula (IX)
CH,

to give the compound (X), and then

(D-B.3) forming the compound of the formula (1) from the compound (X) by catalytic

hydrogenation.

(C4-C4)-Alkyl means methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyt or terf-butyl.



(D-B.2.1) reacting compound (V1) either with a compound of the formula

(VII) to give a compound of the formula (X) 10or alternatively (D-B.2.2)

reacting the compound (V11I) with a compound of the formula (1X)

H5C202C7H3 OH(IX) to give the compound (X), and then 15 (D-B.3)

forming the compound of the formula (I) from the compound (X) by

catalytic hydrogenation. (Ci-C4)-Alkyl means methyl, ethyl, n-propyl,

Hsopralayly nebubylidgebuty |subitepisudfl thd Pasticodady adyaidageous consist of
teps. of aethod. of the disclosure consist of steps (B) a d{(a A)in .
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likewise relatesS to each of theSe substeps.
likewise 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)

(V)
O:>—-COOH \
N

which comprises treating a compound of the formula (1)

O
O
HN

OR

O

in which R is (C1-Cyq)-alkyi, with penicillin 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 salls of the

compounds of the formula (IV) and (V)



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) 0 which comprises treating
a compound of the formula (II) in which R is (Ci-C4)-alkyl, with penicillin G
amidase, and then hydrolyzing with ogg or more bases or acids.
According to a third aspect, there is provided a method for preparing a
mixture o He coggpounds of the formulae (IV) and (V) or a mixture of salts
' s of the formula (IV) and (V) 4a which comprises

treati ompetnd ofthle formpla (111
oy () <I>—-'COOH v)
O N

which comprises treating a compound of the formula (1)

O
o
HN

OH

()

with penicillin G amidase.

According to a fourth aspect, there is provided a compound of the formula (1)

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

According to a fifth aspect, there is provided a compound of the formula (H)



with penicillin G amidase. According to a fourth aspect, there is provided a

compound of the formula (I1) in which R is (C-C4)-alkyl. According to a

fifth aspect, there is provided a compound of the formula (lll). 4b

According to a sixth aspect, there is provided the use of a compound of

the formula (1) as defined above for preparing ramipril. According to a

seventh aspect, there is provided a mixture comprising a compound of the
Hocordlad 1Y) a asixtla espgpbuticaf thephaviidal (Me use of a compound of the

formula (1) as defined above for preparing ramipril.

According to a seventh aspect, there is provided a mixture comprising a
compound of the formula (V)

and a compound of the formula (V)

C[:>~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 (1V) and (V) or of a mixture of salts of the compounds
of the formula (IV) and (V) as defined above for preparing ramipril.

The present disclosure further relates to a method for preparing the compound (1)
starting from the compound (ill) 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 (I1)



<:::1)-COOH (V) 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 (IV) and (V) or of a
mixture of salts of the compounds of the formula (IV) and (V) as defined
above for preparing ramipril. The present disclosure further relates to a
method for preparing the compoundﬂ:) starting from the compound (l11)
comprising substeps (B), (C) and gither (B-Ayaqr alternatively (D-B.1),
(D-B.2.1) or (D-B.2.2) angdl, (D-B.3)/|as de above. The present
disclosure further relateg to thg iritermediateof the formula (I1) 4c 0
I. The éompound of the formulé”@ll) in which R is
rant The.cofPound of the formula (1) in which R
is methyl can be prepared for exaimple by (1.) reacting serine methyl ester
hydrochloride with phenylacetyl cKloride in the presence of a base, e.g.
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with, for example, PCI5 in a suitable solvent, e.g. CH2CI2, (2.) reacting
PPy [ReRty AEIRMBRPRERIS o dPtRHEatehy didiehionae obtiihed iftaRPeNt-1-

enVipyvdthiinenyesend gbteyidein 2 saianle) spivipat, (&sdAlERE.a base, e.g.

NE13, in a suitable solvent, e.g. ethyl acetate, and subsequent acidic working up

With, for example, HC! in ethyl acetate, for example as described by Teetz et al.,
Tetrahedron Lett. 1984, 25(40), 4479-4482. The compound of the formula (Il) in
which R is methyl can alternatively prepare for example by (1.) chiorination of

serine



and (3.) reacting the methyl 3-chloro-2-phenylacetylaminopropionate
obtained in this way with 1-cyclopent-1-enylpyrrolidine (CAS Registry No.
7148-07-4) in the presence of a base, e.g. NEt3, in a Suitable solvent, e.g.
ethyl acetate, and subsequent acidic working up with, for example, HCI in
ethyl acetate, for example as described by Teetz et al., Tetrahedron Lett.
1984 g%égO) 4479-4482. The other esters can be prepared in analogy to
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dioxane. It is possible to isolate the compound of the formula (l11).
However, in the method of the invention for preparing the compound of
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further in situ. Compound (ll) is preferably in.the form of a mixture of two
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aqueous solutlon and-adding pﬁ\oﬁlcnlln dase (E@13.5.1.11). The
% ‘ Qalghe industrial preparation of
q C ich case it catalyzes the
hydrolysis of penicillin G to 6-aminggenicillanic acid (6-APA) and
phenylacetic acid. Penicillin G amidase is further used in the preparation
of cephalosporin antibiotics, in which case it catalyzes the hydrolysis of
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An alternative possibility is also to use a penicillin G amidase supplied by

FLUKA (order number 76428: penicillin G amidase, immobilized by E. coli,

-150 U/g as moist material, where 1 U corresponds to the amount of

enzyme which hydrolyzes 1 pmol of benzylpenicillin per minute at pH 7.6

and 37C). The ratio by weight is preferably 4:1. The penicillin G amidase

may moreover be in the form of a solution or suspension (e.g. from Roche

Diagnostics, order number 1290959) or in crosslinked cells (e.g. Fermase

PA 250 from Fermenta Biotech Ltd. (India)). Step (B) of the method can

be carried out at various temperatures. A temperature of from 20 to 45C is
nrafarred and a tempneratiire of from 2A to 20C i nartictilarlvy nrefarrad



isopropanol, or acetone, or DMSO. Mixtures of water with isopropanol

(50% wlv), acetone (35% wi/v), ethanol (30% w/v), methanol (40% w/v) or

DMSO (50% wi/v), in each case based on the final concentration are

preferred. After the reaction is complete, an organic solvent is added to

the reaction mixture and is used to extr6act the unwanted diastereomers,

with the desired stereomers remainingin the agqueous phase. The
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- (IV) ora salt thereof is admlxed 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 5:95 to 10:90) is
preferred. The amount of catalyst employed



per gram of aqueous solution is preferably 1-10 mg, particularly preferably
3 mg. Further activated carbon can be added to the reaction mixture,
preferably 5 to 20 weight units per weight unit of catalyst, particularly
preferably 9-13 weight units. The hydrogenation is carried out under a
hydrogen pressure of from 5 to 15 bar,preferably 5from 8 to 12,
particularly %Deferably about 10 bar. The reaction temperature can be
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WhIC IS rogenated further to the a
aqueous phase agam one or more times with the reievant organic solvent. The

immobilized enzyme can be reused after completion of the reaction and after the
extraction.

An alternative possibility is to employ compound (1) as starting material for the
enzymatic reaction, in which case the subsequent hydrofysis likewise resulis in a
mixture of the compounds of the formula (IV) and (V) or a mixture of salts of
compounds of the formuia (IV) and (V), and in which case the pH is between 6.5
and 9.5, preferably 7.5 to 8.5, and the other conditions correspond to those
mentioned for step (B) of the method. Following the enzymatic reaction of the
compound (il), the resulting, desired, esterified diastereomer is hydrolyzed, with
the conditions corresponding to those mentioned for step (A) of the method. This
step of the method is called (BA’) comprehensively hereinafter. The present
disclosure therefore relates



10 Step (D-A) of the method can be carried out under conditions known to

the skilled worker, for example as described in US patent 4,496,541,

example 1. The compound (VI) is mixed with the compound (VII) in a

suitable solvent, for example 5dichloromethane or water, at a pH of 8-12,
preferably 10-11, and stirred for example at 10-40C, preferably 20-25C.
Esterification of the compound (VI) with benzyl alcohol in step (D-B.1) of
ftindhendthadrcaihbe farpezbatinytineetioodsokmain(h) totdindnskittech woekesnipound

_ bed 10 ) oL
B SBRE AR Sene (1 (] iR fon R ey (e . -
Badir] InRé thiofed iciE Aeid? ob deot! 6RILARRVIR: a suitable solvent, for

example n-hexane, n-heptane, toluene or a mixture thereof; the optionally
activated compound (VI) is then mixed with benzyl alcohol, the reaction
Ipiefeessiplbeineomptiydasuegreersefibasd e stenpdindr(VBWY bbfathedirsthod

o %r%?t}[ﬁ r%\édbéﬁéwl &@ﬁeﬁﬁstemls v%ith tft;e af)g%ropriate F}[H ral?ges which are
aS)octahydrogcyclopenta rrole-2-carboxylate, can optionally be
RAE, e CORBUHEE (RS TR AoRasala AVAL 5778 Brt 80c
addition salt, for example as salts of HCI, HBr, H2S0O4, oxalic acid,
0sphotic agi t Ifapic.acid, tol IfQpig.acj
B oo et RO & ooty b hands o the
ot R&ditione8stMefore the following step (D- 20B.2.1) or (D-B.2.2) by
adding base, f5t example NaOH or KOH. Step (D-B.2.1) of the method
can be carried out @ ixing compound (VIII) with compound (VII) in a
; Wly-aprotic and
e—e@@Cidetate, (V)
dichloromethane and 2Gtoluene. The temperatureNof the reaction of (VIII)
with (V1) is 5-30C, preferably 10- 15C. For working up, the reaction
mixture can be mixed with an aqueous base, preferably sodium hydroxide
osauthintioe peftasdiciof iydrexddpaoldiqivofanpHOL poeldrdbhagqueddsre of the

' I 1S Of (Wi Rh
o s ?ﬁé@@&”@%}%?;w%}%%%@%%%fd?%%@g‘m rdE ) (v)
can optionally be isolated. The mixiure of the. compounds (V1) and (V) is

preferably isolated in the form of an acid addition salt, for example as salt of HCI,
HBr, HoSO4, methanesulfonic acid, toluenesulfonic acid or phenylsulfonic acid.

Suitable and preferred for isolating and for triturating the crystals obtained in the

working up of the mixture of salts of the compounds (IV) and (V) are water-
miscible solvents such as, for example, (C2-Cg)-alkanols or methyl ethyl ketone.

The catalytic hydrogenation in reaction step (C) can be carried out under
conditions known to the skilled worker. For example, the method can take place
under the following conditions: the aqueous phase of the working up of step (B)
or {BA’) of the method containing the compound of the formula (V) or a salt
thereof mixed with the compound (IV) or a salt 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 fro'm 5:95 to 10:90)
is preferred. The amount of catalyst employed '
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11 EP 79022 A2, example | (4). The compound of the formula (VIII) is
coupled with the compound of the formula (1X) in a suitable inert solvent,
for example ethyl acetate, butyl acetate, dichloromethane or
dimethylformamide, at a temperature of 5-20C, preferably 10-15C, in the
presence of one or more standard

amide-couplingreagents,forexampledigyclohexylcarbodiimide,HOBt,
propanephosphonic anhydride or methanephosphonic anhydride, keeping

the pH preferably at bet 8 | j
o S MG SO IBRATY) SSC e P i aaare
Fulhs:, SetbpbR i) dtathaddadirsotng yaptiemypropgl]araferep@sfo 20

e e o b ol e o o The

hydeagiehbon i sasied s ierien foi adamerr s fdFdRanipidakar. preferably

bed \a FLIRRRARY Pﬁ@@&'ﬁ@ﬁig%ﬁﬁ@%&%ﬁ@m@@m@) b
fro'%ﬁ%qggr?gyﬁft%ur of the@?ﬁ%‘ a (Xg is cleaved far exa%,by C canbe

e ! \ talytic .
DefyRRBGk AT AP BB A AEBEH A RBUBRRLPO-100°C
A pratarabieiacriabie selent sguadCL-C3)alkanol, preferably

methanol or ethanol, at a temperature of 0-20C, preferably 5-10C, under a
pressure of 0.5 - 3 bar, preferably under 1.0-2.0 bar, with addition of a
Theuitahiggeatalystoftge R (LO% (v) weiglat). theesobfrpouhd ofixhiadoritiga
1) can optionall purified further. ' ;
o S B o g e oy Sy ?@'ﬁ%ﬁ‘r%ﬂ%%%%‘%ﬁﬁ“{é@%ﬁﬁé’ﬁ% (i

faarrlof coonpstaitizatidretrensaciitanie raNErY nesaitn Iy Ssrasmaiedo Compound
(vgﬂwgnﬁﬁﬂi?g%@ig&msﬂ?% ancl shisQPronyLsHes e RisINA MY orm or in the

cetone, or ethyl acetate. The present disclosure is to be illustrated, but

formpofestradadijtor 1alfoltmerarifissahm stfith &, He Bampibanesulionic
ac SBRIHSLIE SAMALI Okl frmuln (SLIMDIFLAE l8 a8t tne

-oxocyclopentyl)-2-phenylacetylaminoPropionate), starting from

ismmmmiﬁbﬁliﬁh@ﬂm&m&ﬁiﬂi@cé‘fgf&'@@ W ﬁ{gh@ypompound (VI) or salts of
thé'&&lﬁ)fsedﬂa ylacgixalaningte weresHseeased ifbil Q4RI eDYLC 3)-alkanols
acetate. At 20-

5C, 20 ml of triethylamine were added and immediately
ortimeribaftethyBgiofig¢-cyclopent-1-enylpyrrolidine were added dropwise at
20-30C over the course of 20 minutes. The mixture was heated to 40-45C

and then stirred at this temperature ) . .
The compound (V1) can be liberated from the acid addition salt before the following

step (D-A) or {D-B.1) by adding base, for example NaOH or KOH, and then optionally
be desalted by electrodialysis.

Following the enzymatic racemate resolution in step (B) or (BA') of the method, the
compound (1V) is in the form with (28, 3RS) stereochemistry. In the hydrogenation, it is
ensured through the preceding equilibrium of the cyclic form (V) with the open-chain

form (}V) and the possible racemization at position 3 (because of a keto-enol

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
hydrogenated only very slowly, because of the steric hindrance on the catalyst surface,
éo that it is re-isomerized through the open-chain compound (3R)-(IV) with which it is
in equilibrium into the (3S)~(1V} isomer which is then hydrogenated further to the all-S
bicycle (Vi).
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10 for 2 hours. 20 ml of water were added, and the pH was adjusted to
between 1 and 3 with about 20 ml of hydrochloric acid (30%) at 10-13C.
After stirring for 5 minutes, the phases were separated. The organic phase
- was extracted with 10 ml of water. The organic phase was distilled in
vacuo until the remaining volume was about 50 mi. It was cooled to 0-5C
and then seeded with about 0.1-0.2 g of methyl 3-(2-oxo-
15cyclopentyl)-2-phenylacetylaminopropionate. A suspension formed after
about 10 minutes and was then stirred for 20 minutes. Subsequently, 45 g
of diisopropyl ether were added. An easily stirrable suspension formed. It
SRS BElRE ChBGidar 30 mincdesedhen ihdmadwrititanstiomwaghtekwidied

2 x 20 ml of diisopropy! ether (pregooled tp 5- nd dried in,a
K3t WSO GS SHBGIS B1 o Aer 30 e ML e S Tpound
(VBriepanattbwitf the compuund(WlifHe foswitdbldFeigni fegexpionethyl
starting from methyl N- Igeri NKAVES LRSI Witk ample at
d'%ﬁﬁg‘% %‘Sﬁ%”fé%%g%ﬁ%ﬁéﬁ%a e%k%ﬁqg%ng I'of ethyl acetate ampe 8
10nFCinprotriebly iRBb2REkank. The suspension was heated to 40-45C
while stirring. Then a mixture of 4.0 kg of phosphorus trichloride and 6.0 |

of ethyl acetate were added from a reservoir to the tank até%é(lﬂc t?%er ethod
Exfsitichlien otbe compaidd Bntthasnad RicPlinl et .01 S ot

ceROstatarERiRasiinrRmbdyInwas B0tsdrseiled 40HEE for a6 Imamtescribed
_ At a maximum jacket tempe £.45C, 20-25 .1 of ethyl aceta
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. then 13 15.0 | of ethyl a e ded. T riethy ' .
Gl AP e O o e T8 S0 e oaire of T aere thercot
thenimitesaina siastatovipsiod ¢¥ Bty iharematePryitilpsey! alcohol, the reaction
pr#%‘éYgé)‘&fB@h%'EMBéﬂ&queéw srgfeervaddsddeuhe tank ab2ih3aGnamry way,

e coudrse of 20-30 minutes. 5.0 | of ethél acetate were used for

bty ST RetRAMRIAMIRRERAS RIS Do S 6o RO UPIEaSP RBERESY P°

is FRfAMOTHIRG: 2R @TWAIGE Yereaeder olBhed eatiofomidieasia addition salt,
equilibrated at 10-15C TI}FT of ée rea?cétion ngxtlﬁresw%\gntgg@ié\djusted

forerasnp's B SRR 5096 %r]i@# fb R CTHAY AR mixtire was
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acetate phase was mixed at 20-25C_WIIQ 5 | of abte\; anq_1 ) i

(VIIl) is preferably liberated from the acid addition salt before the following step (D

B.2.1) or (D-B.2.2) by adding base, for example NaOH or KOH.

Step (D-B.2.1) of the method can be carried out by mixing compound (Vill) with
compound (VII} 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 (VHIl) 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 soiution of a pH of 10-13
for aqueous extraction of excess compound (IX) produced by hydrolysis of (Vil}. The
resulting compound (X) can optionally be isolated.

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

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



10 stirred for 10-20 minutes. The phases were again separated. The
combined aqueous phases were mixed at 20-25C with 15 | of ethyl
acetate and extracted for 10-20 minutes. The organic phase is
concentrated to a remaining volume of 18-23 | in vacuo at a max. 70C.
The distillation residue was cooled to C to +3C and then seeded with 20

E%Q;éaﬁ é'ZSé S%IE@/F@%C? I) 2@9 é@ |no r’% @ti% chtfepled with
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pressure funnel. The isolate was washed twi 10.01 lIsoprop
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pEQi?ﬁBSElE@S@W@Q&Wﬁfﬁﬂ)%f@@b&ﬂ%@ﬁ@%ﬁ’@o?ﬁbddﬁée(l|5}6ﬁi!ﬁﬁﬂ9 the pH

preferibiynathitkBrvezAxaCyaP e niyl)-2xARpRhemy/agiMiAMBToRsaRIAN A aroxide
23.7 1 of water and 5.5 kgéof sodium hydroxide solution (33% were
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3-(2- oxocyclopentyl) 2 phenylacetylamlno 30propionic acid (l11) which

@%Qtr egﬁg%?/éﬁo gna% %'W&ﬁ{'@%'g f Re% tﬁom'ég%r%()f lfa{med out by

aster merfc ratemates was processed furthér as agueous solution in
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é?)&mpound @hHeEf)cl)Brzu;a% %Q[s%g )%ng?g)szﬁg% ggs%éu'lrtb? the formuila
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mixture from example 3 comprising [2RS, 3RS]-3-(2-oxocyclopentyl)-2-
(%h&a)eﬁémén%%rasmnmeéemﬁe P %Fﬁﬂ (R a7 ferdpsiateienetel-20°C,

}éﬁs%% BRI m%é?%%%%&?g%?d"?s eI SR ARSAPdRILFeA & 0 bar,

thls temperature and at a p
with addition of a suitable cataiyst e.g. Pd/C (10% by weight).

The compound of the formula (I} can optionally be purified further by standard
methods following steps (D-A) or (D-B.3) of the method, for example by
chromatographic methods or by recrystallization from a suitable solvent. A
suitable solvent is for example a mix{ure of methanol and diisopropyl ether, or

alternatively acetone, or ethyl acetate.

The present disclosure is to be illustrated, but not restricted, by the following

exemplary embodiments.



10

15

20

25

30

106.4 for 5 hours. The reaction mixture was then filtered. 16.2 | of ethyl
acetate were added to the reaction mixture, and the pH of the mixture was
adjusted to pH 2.2 with hydrochloric acid (30%). After phase separation,
the aqueous phase was extracted three times more with 16,2 | of ethyl
acetate each time. 15 The aqueous phase comprising the desired product
(2S,3R6)-2-amino-3-(2-o0xo- cyclopentyl)propionic acid hydrochloride
(IV)-HCI, which is in equilibrium through elimination of water with
2,3,3a,4,5,6-hexahydrocyclopentalbjpyrrole-2-carboxylic acid
hydrochloride (V)-HCI, was reacted without further working up in the
Exaaﬂp_wil?gxeammaﬂaEmamﬁlecﬁr}pﬂmwﬁﬂﬁ@f@@@ﬂﬁbmﬁb Ripdig to methyl,
nicillin G amid ' ] . ; '
e R o e D e O St e -ohlore
N-piersghesdyaudianatepH 8.0 was added to adjust to a final concentration of
60 g/l (I1). The reaction mixture was mixed with 0.8 kU of polymer-bound
penicillin G 25 amidase (PGA450, from Roche Dia%gosti

ToraatmEhy] GEnRED! B REPHEITHTAZoNF o o OTRpBLI ) B
AL e ek S
I C i e
of E(Bﬁﬁ%@aﬂfsthﬂaiquﬁmgﬁeﬁfgggﬁﬁdgﬁ OB 6 withtberestisischbldipe fpeparature
s L i e G U
withxabaple2d we i igtittediloric acid (30%) at 10-13°C. After stirring for 5 minutes, the
phases were separated. The organic phase was extracted with 10 ml of water. The
organic phase was distilled in vacuo until the rermaining volume was about 50 ml. It
was cooled to 0-5°C and then seeded with about 0,1-0.2 g of methy! 3-(2-0%0-
cyciopenty!)nzuphenylacetylamincpropibnaie. A suspension formed after about 10
minutes and was then stirred for 20 minutes. Subsequently, 45 g of diisopropy! ether
were added. An easily stirrable suspension formed. It was stirred at (-5°C for 30
minutes, then filtered with suction, washed with 2 x 20 ﬁ;l of diisopropyl ether
{precooled to 5-10°C) and dried in a vacuum oven at 50°C. 15.95 g (86,8%) of product

were obtained.

Example 2 — Preparation of the compound of the formuia (II} with R equal to methyl
starting from methy! N-phenylacetylserinate

A tank was charged with 20.0 kg of methyl N-phenylacetylserinate. Then 120.0 1 of
athyl acetate were introduced into the tank. The suspension was heated fo 40-45°C
while stirring. Then a mixiure of 4.0 kg of phosphorus trichloride and 6.0 | of ethyl
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 mixture was cooled to 20-30°C and then
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at 50C under a pressure of 30-50 mbar to give an oily residue, which
crystallized on standing. The crystals were stirred with 700 ml of acetone
at 50C for 1 hour, cooled to 0-3C, stirred for 1 hour, filtered off with suction
and washed with 100 ml of acetone. The product was dried in vacuo at
30C. The mixture of the compounds (1V)-HCI and 10(V)-HCI was obtained
as a pale brown powder, final weight: 1.9 g of pale brown powder.
Example 7 - Hydrogenation of the compound (V) to give the compound of

the formula (V1) [step (C)] 15 The aqueqg h f th Ki f
1s&m%ﬁﬁxgmﬂdgadﬁ%ﬁnoﬂ%&“afa"sfﬁ‘%?ga‘aa%n%‘éiﬁ%% Adviofe
red&@ g°of agtivitedoahoof Aopiessinetes Hhdarneiapicd | of

The temperature was,then raised,to 80C. The. reactl '
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walysrachloric acid and any.byprodhicls Wess. FIMEvEH e 8ot TS working
aquegous phase contamegcompound Vl), (2S, 3aS

up6aS ) aituialelraeyelsgdntabiyirarionda g Ivas RILREbeRIE C. The
orHExAmPle 8rds0lRURNOTERMRM G (MR 2R 2060 8y seltikignaots hydrochioric

compound %\/I) desalted by electrodialysis were distilled in a rotar
2Kt 486H° 0B BEE SR R BB IR i iRET S
sew&*g%w%a? 110 @hpOfomhef ssatenswenixaddad tbabtCswihetislmi anteitand
was coo 0 0-3 amﬂ stirred for 2 hours, Filtration wi cii
SRR G B GRS BT O o bt B i aqueos
pHEREs 8246 gnblechan 20URE Qv lotftethelbeastatwhitidreonried. farel 0-20
Example 9 - Benzylati f i - \
R R L R e hioh e i
at & max. 70°C. The distillation residue was cooled to -3°C to +3°C and then seeded
with 20 g of methyi 3—(2~oxocyciopentyi)Q@henylaoety!aminopropionate. The mixture
was stirred at -3°C to +3°C for 80-120 minutes. The product suspension was then
mixed with 80.0 | of dilsopropyt ether and again stirred at-3°C fo +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 (i) with R equal to methyi to
give the compound of the formula (111} [step (A)]

10.8 kg of compound (i) 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 adjusted
at this temperature to pH 6.4 with hydrochloric acid (30%). The reaction mixture was
diluted with 30 1 of water. The compound 3-(2-oxocyclopentyl)-2-phenylacetylamino-
propionic acid (}1f) which was produced in the reaction. and was in the form of a mixture
of 2 diastereomeric racemates was processed further as agueous solution in the

following step without further purification.
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5 The aqueous phase of the working up of the hydrogenation described in
example 7, comprising 1.76 kg of the compound of the formula (VI1), were
adjusted to pH 6.3 with 56.5 g of 33% strength NaOH. This solution was
filtered, washed with a little water and transferred into an electrodialysis
system. The solution was dialyzed at 14 V and a circulation rate of
180-200 I/h for 62 minutes until the curtént strength no longer fell. 10 The
agueous desalted solution of compound (VI) was concentrated to a
remaining mass of 140 g in a rotary evaporator in vacuo at 40-50C. 45 g
of methanesulfonic acid were slowly added to this solution while cooling in

Elample2d 10 EmaratTeebats andilmidine puascilined-ioidRe (preparation
minutes. 15 The_aqueous (VI)- late solution was concentrated to a
Qfﬁ@ﬁﬁﬁﬂ?@ﬁﬁ@?&%fﬁ@%&&ﬂ% gﬁ&rator in vacuo at 40-50C. 140
ml of n-heptane were added to this solution. 39 g of benzyl alcohol were

of mheptane were added to tis | |
2 e e S e

Ginzhé! oflaredeibpi Cesmens| yedownigMddr 2481856t #redng taléeHsaction
mRES &R Belerad HRYeriaRS aRA) miputes bl iapping water. -

The mixture was stirred under reflux for 2 hours until no more water was

Pheaylrse MRBIRAREABIPTHAGHE NARCBIRYAI Wbl 1BIWaIRH WBTPHPRR for rinsing.

TS NBFENRdARE WerpHdse:die phasesiwareeenanaagmbaesuppernd at a pH of
5 g(rjgani hase was again extr&cted witth 10&% of water. 25 The combined

%gﬁ‘gbﬁa & JRAIRREEWI 135 Y B Ycetate and cooled to
0-10C. A pH of 10-10.5 was then adjusted with 25 ml of 33% strength

. Stirri 0-10C f iput ' f
o0l BT ASE0E Bl PIMGE R SUOURD Sl BB

wasrdjirsechipueid Usivibdy drersints el AP0 Aites frdiage seeairiioThée

adlid 'C%@é £ompdsing ecampaundElkhwere pocempingdatach time.
lluted with ethyl acetate to 250 g. A pH of 1 was ad\J;iJSted af 5-10C with

The 3a18PIORN3ERRGIMMIENWHEEEDEIRBRBSIAASIN S reARine & (4250
oRaDosialvemsyEepantalitlorieiri ©arbay e cangsiabiganiatim through

elimination of water with 2,3,3a,4,5,6-hexahydrocyclopentalbjpyrrole-2-carboxylic acid
hydrochloride (V)-HCI, was reacted without further working up in the following reaction.

Example 5 — Reaction of the compound {II} with peniciliin G amidase [step (BA')]

Cbmpomd () was dissolved in a mixture of isopropanol and water (50% w/v), and 0.2
M r.ﬁotassium phosphate buffer of pH 8.0 was addad to adjust to a final concentration of
80 g/l (I1). The reaction mixiure was mixed with 0.8 kU of polymer-bound penicillin G
amidase (PGA450, from Roche Diagnostics GmbH, Mannheim, Germany,lorder
number 1414208) per g of compound (Il) and incubated at 28°C. The reaction was
stopped after 24 hours by adding 85% strength phosphoric acid to a pH of 2. The
unwanted enantiomers were exiracted by extraction with ethyl acetate, and the desired

product was present in the aqueous 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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17 hydrochloride. It was stirred at 0-5C for 1 hour, and the product was
filtered off with suction and washed with 50 ml of cold ethyl acetate. The
product was dried in vacuo at 40C. 5Example 10 - Preparation of
compound (I) [steps (D-B.2.1) and (D-B.3)] 10.0 g of (VIII)-hydrochloride
from example 9 were introduced together with 40 ml of butyl acetate and
87 ml of water into a 250 ml flask. The%H was adjusted to 10.5 and
maintained with 33% strength NaOH while stirring at 20-25C. The mixture
was stirred 10for 30 minutes | ntiéthe pH no longer falls. The phases were
Fluka ity othigg vl %@8@%@% e8AS55Ck-extracted with 5 ml of butyl

acetate. The organic phases were combined and concentrated completely

to constant weight in a rotar [ d
X Hr S L BT o et i 7 B et and

10.6 g of ethyl (2S)-24(4S)-4-methyl-2,5-dioxooxazolidin-3-y11-4
40%‘3&%@&%@% OFD pereintogucerhab0-RBGHeYethesairpRf #re distiled

utes. The'reaction mixture was stirred for 60 minutes. 25 ml of witﬁe&ae d on

at GRSC werRIPATEs e FRAMPIBICR IRiBlEENRLY RS WERCEEE

stahfhQrasRIGREATE wae coReeNiFaternoam iRy timeenBant 26rweight, inooled to

0S8 Taahour, Hered it witn st and wasied SARAB ) EPacetone.

Theasydub JESkieethoyaaskardira-FhenylptoRydathiach@sunds (IV)-HCl and
jonylloctahyd | b lg-2- , i
VS R P O, Baaar oy Wt A58 FEpAgtoun

pothderaction mixture was hydrogenated under an H2 pressure of 3 bar at
10C for 1.5 hours. After removal of 25the catalyst by filtration, the filtrate
was concentrated to 25 g in a rotary evaporator in vacuo at a bath

Extemperatre-otimmenatian ol ieosiaspishiY eiReH rcieaiapeikof the formula

(stl' %E?(Wﬁs cooled to 0-3C and stirred for 1 hour, and the crystallized

product was filtered off with suction and washed twice with 15 ml of cold
diisopropyl ether each time. The compound (I) obtained in this way was
THHIggL B VRGNS 506 whkinyappieckhmPre garatanisédoritpauititiga)of 140 g

of palladium (5% on activated carbon) and 540 g of activated carbon. A pressure of 10
bar was applied. The temperature was then raised to 80°C. The reaction mixture was
hydrogenated at this temperature for 5 hours. For working up, the reaction mixture was
filtered. The aqueous phase was adjusted to pH 2 with hydrcchloric acid and any by-
products were removed by extraction. The agueous phase contained compound (V1),
(28, 3a$, 8aS)octahydrocyclopentalblpyrrole-2-carboxylic acid, as hydrochloride.

Example 8 — Isolation of compound (V1)

2086 g of a solution of compound (V1) desaited by elecirodialysis were distilled in a
rotary evaporator in vacuo at 50°C over the course of 2 hours until the remainihg
weight was 110 g. 500 m! of acetone were added fo the suspension and it was cooled
to 0-3°C and stirred for 2 hours. Filtration with suction was followed by washing with
50 m! of cold acetone and drying in vacuo at 50°C. 32.8 g of compound (V1) were
obtained as a whilish powder.
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9.629 of compound (VIII) were dissolved in 20 ml of butyl acetate. At
10-15C, 89.76 g of compound (VII) as 13.9% strength (1.06 M) solution of
compound (VII) were added 5 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 ml of NaOH (11%
strength), and the mixture was stirred f&% 30 minutes. After phase
separation, the organic phase was concentrated completely to constant
weight in a rotary evaporator in vacuo at 50C. 19.0 g of compound (X)
were isolated as a viscous 10oil. Example 12 - Preparation of compound

| ExBrigirpo(R- @éﬁ%t@cﬁpmmmﬁ@ﬁ@m&@ﬂw@@@ﬂam ob eprepnend

R B R B AEHR Se e B BRAIb-A1.0 with soctum hydroxide
solution (33%) at 20-25C. Then 5.1 kg of ethyl 2-(4-methyl-2,5-

T N R s b i e

caingOs0ra 1.0 Dkanatithg sodipen hy@fcRrIEBDRIBN R Farefativtsee twerd 6.3 with

5@ggfgft§3%es,f rRagiianvEeturenthe RELAQRSHRGR fdiusieeia Ol dibter and
ochloric acid(30%) at 15-20C. 50 % of ramipril (1) were used for

ff@é‘é&ftﬁ@d Y ancsistiorialals s iiTol o SAURRRUES, dRkIsd Rkt V and a
cirdilssted iaadiH sd-4 b 416 feitbohyshioek arigipieis £80%) andsditied abnger fell.

15-20C for at least 2 hours. The product was isolated on a pressure filter.
The filtercake was washed with 11 | of water. Water-moist ramipril (crude)
TiasqlregddnianaivensaiiGOCE dbmas2EH(i4Y taa voatesreorteahtooh lessaining

than 5%, Example 13 - Purification of com ) Ve
I o LD B e o L o acd
wBh mwywdacbmmsﬁbﬁumwﬁtmqimm@m@ﬁé%@e@aﬁémwﬁ@f 30°C, and

th@l%yﬁgry%ggﬁ;%%gga 28Gundaile stirring and stirred at this

temperature for 60-120 minutes. The contents of the vessel were then
filtered through a pressure filter and washed with 5.0 | of 19 methanol.

THOaGREIaNVYRR EQpIRea Eaketbin Mé@%@rﬁe@iﬁ&@@tﬁ?m&@fﬁimﬁgq{wmf 140 g in
a er’gt%rydelas{}ggg a(t)céjrtagt\)loalétug %‘to 4I00g6n Sth% mi of n-heptane were added to this
solution. 39 g of benzyl alcohol were added while stirring. The reaction mixture was
heated {o reflux under atmospheric pressure, and water was remeved azeotropically
until the rate of azeotropic removal is about 0.3 g/hour. 40.8 g of benzy! alcohol were
then metered in over the course of 40 minutes while trapping water. The mixture was
stirred under reflux for 2 hours until no more water was trapped. The reaction mixiure
was cooled to about 10°C, and 187 ml of water were added dropwise. The phases
were separated. The upper organic phase was again extracted with 10 mi of water.
The combined aqueous phases were mixed with 136 g of ethyl acetate and cooled to
(-10°C. A pH of 10-10.5 was then adjusied with 25 ml of 33% strength NaOH. Stirring
at 0-10°C for 15 minutes was followed by separation of the phases. The organic phase
was washed with 15 mi of water. The combined agueous phases were washed with
20 ml of ethyl acetate. The organic phases comprising the compound (Vi) were
combined and diluted with ethyl acetate to 250 g. A pH of 1 was adjusted at 5-10°C
with 23 ml of 30% strength HCI, whereupon compound (VI), benzyl

(25, 3a8, 6aS)octahydrocyclopentalblpyrrole-2-carboxylate, crystallized as
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27.11 of diisopropyl ether then added to precipitate the product. The
suspension was cooled to 0-5C and stirred at this temperature for at least
3 hours. 5 The suspension was isolated on a pressure filter. The product
was washed twice with 5.4 | of diisopropyl ether at 20-25C each time and
then blown dry. The moist compound gkpurified in this way was dried in
an oven at < 30C. The present invention is explained in more detail by
the following claims, which are 10intended also to be subject matter of the

description. Claims; A d fqr arin ipril of the f I -
YBEOBENE T 5% S Oy Ee (A Myl e 4 B e A
suthiefairiieadied with Whinh & i (CAHGH paditgieinl ass pitadlstsshsetitiedtin vacuo at

40 addition of one or more bases 10or acids to a compound of the
formula (1)

Example 10 — Preparation of compound (1} [steps (D-B.2.1) and (D-B.3}]

10.0 g of (Viil)-hydrochloride from example 8 were introduced together with 40 mi of
butyl acetate and 87 mi of water into a 250 mi flask. The pH was adjusted to 10.5 and
maintained with 33% sirength NaOH while stirring at 20-25°C. The mixture was stirred
for 30 minutes until the pH no longer falls. The phases were separated, and the
agueous phase was back-extracted with 5 mi of butyl acetate. The organic phases
were combined and concentrated completely to constant weight in a rotary evaporator
in vacuo at 50°C.

Compound (VIIl), which remained as oil, was taken up in 45 mi of butyl acetate, and
10.6 g of ethyl (28)—2-{(43)-4-methyi~2,SwdioxooxazotidEn~3-y§]—4-phenyibutyra‘£e (Vib
were introduced at 20-25°C over the course of 30 minutes. The reaction mixture was
stirred for 80 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 (28, 3aS, 6aS)-1 J2-[{1S)-1-ethoxycarbonyl-3-phenylpropylaminoj-(2S)-
propionyi}octahydrocyc!openta[b}pyrrcie_—z—carboxylate, was taken up in 200 mi of
methanol. 0.7 g of moist Pd/C (5% by weight was added, and the reaction mixture was

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

the catalyst by filtration, the filtrate was concentrated to 25 g in a rotary evaporator in
vacuo at a bath temperature of 20°C, and 75 mi of diisopropyl ether were added. The
mixture was cooled to 0-3°C and stirred for 1 hour, and the crystallized product was |
fitered off with suction and washed twice with 15 m! of cold diisopropy! ether each
time. The compound (1) obtained in this way was dried in vacuo at < 30°C.
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and then  (B) converting the compound of the formula (lll) by addition of
penicillin G amidase into 15 a mixture of the compounds of the formulae
(IV) and (V) 0 OH(IV) COON(V) 21 or a mixture of salts of the
compounds of the formula (IV) and (V), or alternatively 5(BA") the
compound of the formula (1) being reacted with penicillin G amidase and
then being hydrolyzed by addition of o€ or more bases or acids to 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), 10 and then
Example 11 — Preparation of compound {X)

8.62 g of compound {(VIil) were dissolved in 20 ml of butyl acetate. At 10-15°C, 89.76 g
of compound (Vi) as 13.9% strength (1.06 M) solution of compound (VII} were added
dropwise over the course of 30 minutes. The mixture was stirred for 80 minutes. For
working up, 30 ml of water were added, and the pH was adjusted to 11 with 33.2 mi of
NaOH (11% strength), and the mixture was sfirred for 30 minutes. After phése
separation, the organic phase was concentrated completely to constant weightin 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 (Ij {step (D-A)]

The reaction mixture from the hydrogenation of compound (V) comprising (VH)-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. Theh 5.1 kg of ethy! 2-(4-methyi-2,5-
dioxooxazolidin-3-yh-4-phenylbutyrate {VII) were introduced. The mixture was siirred
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 1o the reaction mixture. The pH
was then adjusted to 5.0-5.2 with hydrochioric 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 1o a pH of 4.4-4.5 with hydrochloric acid {30%) and stirred at 15-20°C for at
least 2 hours. The product was isolated on a pressure filter. The filtercake was washed

- with 111 of water. Water-moist ramipril {crude) was dried in an oven at < 30°C. lf was

dried to a water content of less than 5%.
Example 13 ~ Purification of compound {1} 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 fo 25~
28°C while stirring and stirred at this temperature for 60-120 minutes. The contents of

the vessel were then fitered through a pressure filfer and washed with 5.0 of
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(C) converting the compound (V) or a salt 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 15 or a salt
thereof, and then either (D-A) reacting the compound of the formula (V1)
with a compound of the formula (VII) H5C202CCH3 0 20to give the
compound of he formula (I), or alternafifely

methanol. The solution was concentrated in vacuo at a jacket temperature of max.-
30°C, distilling out about 8-10 | of methanol. ‘

27.1 | of diisopropyl ether then added to precipitate the product. The suspension was
cooled to 0-5°C and stirred at this temperature for at least 3 hours.

The suspension was isolated on a pressure filter. The product was washed twice 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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(D-B.1) reacting the compound of the formula (VI) with benzyl alcohol to
give a 25compound of the formula (VIIl) 22 IL{ H or a salt thereof, and
then either  (0-8.2.1) reacting the compound of the formula (VIII) either
with the compound of the 5 formula (V1) to give a compound of the
formula (X) or alternatively  (D-B.2.2) reacting the compound of the
formula (VIII) with a compound of the formula 10(IX)

Claims:

1. A method for preparing ramipril of the formula (1)

0

which comprises

(A) hydrolyzing a compound of the formula (1)

in which R is (C1-Cg4)-alkyl, in a suitable solvent with the addition of one or more bases

or acids to a compound of the formula (1)

i
O l - '
HN (i
M/é\fcm
O

and then

(B) converting the compound of the formula (1) by addition of penicél!i‘ﬂ G amidase into

15  a mixture of the compounds of the formulae (V) and (V)
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(D-B.3) forming the compound of the formula (1) from the compound of the
formula (X) 15by catalytic hydrogenation. 2.A method for preparing a
mixture of the compounds of the formulae (IV) and (V) or a mixture of salts
of the compbunds of the formula (1) and (V) 23 OH (IV) CO--COOH (V)

0
21
or a mixture of salts of the compounds of the formula (V) and {V),
or alternatively

(BA") the compound of the formula (1) 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 formulae (IV) and (V) or a mixture of salts of the compounds of the
formula (V) and (V),

and then

(C) converting the compound (V) or a sait 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)

X
m—ncom vh

TN

HH

or a salt thereéf, and then sither

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

HC,0.C (s
0 VIl

to give the compound of the formula (1),

or aliernatively

(D-B.1) reacting the compound of the formula (Vi) with benzy! alcohol to give a

compound of the formuta (V1)
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which comprises treating a compound of the formula (II) 5in which R is
(C1-C4)-alkyl, with penicillin G amidase, and then hydrolyzing with one or
more bases or acids. 3.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).Q0 100 which comprises treating a
compound of the formula (lll) with pe iEillin G amidase.

H o
: o ¢ Y
G\/H _ (VI
TN O
o H
or a salt thereof, and then either

(D-B.2.1) reacting the compound of the formula (ViHl} either with the compound of the
formula (VI) to give a compound of the formula (X)

or alternatively

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

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

(D-B.3) forming the compound of the formuia (1) from the compound of the formula {X)
by catalytic hydrogenation.

2. A method for preparing a mixture of the compounds of the formulae (IV) and (V)
or a mixture of salis of the comﬁ*éuads of the formula (V) and (V)
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24 (1) OR in which R is (C1-C4)-alkyl. 5. The use of a compound of the
formula (Il) as claimed in claim 4 for preparing Sramipril. 6. A compound of
the formula (Ill) 0 107.The use of a compound of the formula (lIl) as
claimed in claim 6 for preparing rarnipril. 8.A mixture comprising a
compound of the formula (IV) NH2

W <C:I;j>%@COOH V)
N

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

more bases or acids.

3. A method for preparing a mixture of the compounds of the formulae (V) and (V)
or a mixiure of saits of the compounds of the formula (IV) and (V)

W <::£:§>*000H V)
N

which comprises treating a compound of the formula (i)

O N

O I P
HN (1)

OH

with penicillin G amidase.

4, A compound of the formula (i)



OH (IV) 15 and a compound of the formula (V) C:L1:---0001-1(V) or
comprising a mixture of salts of the compounds of the formula (IV) and
(V). 25 9.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 claimed in claim 8 for preparingzrfmipril.

O -
0
HN

(i)

OR
O
in which R is {C4-C4)-alkyi.
5. The use of a compound of the formula (1) as claimed in claim 4 for preparing
5 ramipril.
6. A compound of the formula (i}
O
9
HN (tin
,\\/%_rOH
O
10 7. The use of a compound of the formula (I11) as claimed in claim 6 for preparing
ramipril.
8. A mixture comprising a compound of the formula (IV)
G
NH,
m‘/:\]/OH ()
|

15  and a compound of the formula (V)

<I>—coom V)
N |

or compriéing a mixture of salts of the compounds of the formuia (V) 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 formula (V) and (V} as claimed in claim 8 for

preparing ramipril.



