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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. 5 Ramipril is an

ACE inhibitor which is frequently empIQIyed in pharmacy. The methods
published to date for preparing ramipril (see, for example, US patent No.

5,061,722) are very complicated. Special methods for preparing ACE

inhibitors, are known (see, far example, European patent applications EP
ImprBﬁ%Cs@é@Rg %ﬁ%&%ﬁﬂﬂ Pja{é)ngﬁb ot%er ACE inhibitors or provide

no solutions in relation to enantiomer-specific synthesis. With the intention

f providing an improved method for preparing ramipril, a method with

The BreRit vl deiien 10 a0 duegedsd meied RkRSsPatpediplen. and to the
intermedfmehasetbin shepmeithgly badnHouns: ek invention accordingly

relates to a method for preparing ramipril, a compound of the formula (I)

H5C20ZC H3C H..,.H(I) NHHH 0 COOH which comprises 20 (A)

Ramiiyalr teyering GEC anh fiotamdvbich esfdraquianthl £ Ap IYed )R anacy. The methods
published to date for preparing ramipril (see, for example, US patent No. 5,061,722)
are very complicated. Special 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.

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

()

which comprises

(A) hydrolyzing a compound of the formuia (Il

O
O
HN

OR

O
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 (II})
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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 (I111) 2 O HN (lli) OH
O and then (B) converting the compound of the formula (IIl) under the
influence of penicillin G 5 amidase intq a mixture of the compounds of the
formulae (IV) and (V) O NHZ OH (IV) COOH M O 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 thg compdurds (IV) and (V) or salts
thereof by catalytic hydrogenation infp a cor{npou d of the formula (VI) H

At Rpf, and-then.either 15 (D-A) reacting the

a cogﬁound of the ¥ Hhula 4]

compound of the for
HSCZOC CH3 ZN O

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 (IV) and (V)
0

OH |
(V)<C:I;j>~COOH 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 (V1)

H

<::Ij§>~COOH (VI)
N
H H
or a salt thereof, and then either

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

H,C,0,C

to give the compound of the formula (),
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Cr H~-0 O to give the compound of the formula (I), 3 or alternatively
(D-B.1) reacting compound (VI) with benzyl alcohol to give a compound of
the (VIII) (VII) HH 5 or a salt thereof, and then (D-B.2.1) reacting
compound (VIII) either with a compound of the formula (V1) to give a
compound of the formula (X) 00 CH3H-H NHHH (X) OO O 10o0r
alternatively (D-B.2.2) reacting the compound (VIII) with a compound of
he formula (1X) H5C202C CH3 NJOH (IX) HH O to give the compound

or al f% V&#%en 15 (D-B.3) forming the compound of the formula (1) from the
compound (X) by catalytic hydrogenation.

(D-B.1) reacting compound (V1) with benzyl alcohol to give a compound of the (ViII)

H

: O

N

an°
or a salt thereof, and then

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

(X)

or alternatively

(D-B.2.2) reacting the compound (VIli) with a compound of the formula (IX)
H.C,0.C CH,
> OH (1X)

to give the compound (X), and then

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

(C1-Cy)-Alkyl means methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or tert-butyl.



10

15

20

25

(C1-C4)-Alkyl means methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or
tert-butyl. 20 4 Particularly advantageous substeps of the method of the
invention consist of steps (B) and (BA") in which a compound having a
racemic structural element is converted through the use of penicillin G
amidase into a reaction product having a corresponding isomerically pure
structural element. The present invention likewise relates to each of 5

e LR AU S R R g1 o o

and EAAYtEPY B ECyemp@ithd heding arratemiatinliDaBalynibrBig dpmrerted
-By2. - defir , T ' ion furth .
ool A A A U P R 8o

isom@icaly)palte/stTidwalgleorehtf the tenalat (Hyémtidridik@wis € Hdaites to each of

i ly important. The compound of the formula (ll) in which R is
thesgn%erlglgy%d %é% be 15 prepared for example by (1.) reacting serine methyl

ester hydrochloride with phenylacetyl chloride in the presence of a base,

. j i , Iar dij |
e B B e SRR SRR R
startingsfrope theycompoigrb(it) abrBidsing subsiepsiiBin (Centosithd, (D-A) or

e e e S L S TR R e

suitable solvent, e.g. ethyl acetate, for example as described by

The %?éﬁ?fﬁ@éﬁéo@mﬁhg?i%ﬂa%gét&?ﬁé%%?ég&%ﬂiéﬁgﬁﬁ@%&@rﬂlﬁﬂﬁshyl

-chloro-2-phenylacetylaminopropionate obtaine

O
O
HN

OR

O
where R is (C1-Cg4)-alkyl. The compound of the formula (I} in which R is CH3 is

particularly important. The compound of the formula (II) in which R is methyl can be
prepared for example by (1.) reacting serine methyl ester hydrochloride with

phenylacetyl chloride in the presence of a base, e.g. NapCOg3, in a suitable solvent,

e.g. ethyl acetate and/or diisopropyl ether, to give N-phenylacetylserine methy! ester,
for example as described by Couloigner et al. (Bioorg. & Med. Chem. Lett. 1999, 9,
2205-22086), (2.) chlerinating the compound obtained in this way under standard
conditions, for example with PCl3 or thionyl chloride, in a suitable solvent, e.g. ethy!

acetate, for exampie as described by Anderson et al. (Synthesis 1976, 398-399), 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. NEtg, 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 (I!) in

which R is methyl can alternatively prepare for example by (1.) chlorination of serine
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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 25 working up with, for example, HCI in ethyl
acetate, for example as described by Teetz et al., Tetrahedron Lett. 1984,
25(40), 4479-4482. The compound of the formula (II) in which R is methyl
can alternatively prepare for example by (1.) chlorination of serine 5

- i i PCI5 in. it | t,
metFERCE AR BAIIMAR MF =Ll mal BTl 'S CLRBIRRRSRER: cHycly,
(2.) W@r&d@@iﬂmﬁiﬂmgﬂ?wm&ﬁ?ﬁ@ﬁ%%c?%@&H@G@M@N@@'m this

et,e..tOU ne, an oS.) reactin e me .
way Y BHeBYIaRE Y SBHE IFi2setaR R SUKEThS19n (BlkenE, ANfH3.) reacting the

- metrycyaiapeot D ghenylarenliding SpfopiBegistobiitndd 481RiE N4 With 1-cyclopent-

esence, of e.g. NEt3, in a suitable solvent, e.g. ethyl acetate,
e R AU Gt SR N BT 0 BB e L et NEts,
in a REERIRa5d8: .faﬂsw LR Ehalsu-[)‘astéﬁlﬂl%ﬂ"i%i&ﬁ:%iﬁgﬁg 2 4n, for
4479-4482. The other esters can be prepared in analogy to the
exarprleedres gibitispetpishdoe ey shasidasieribpd Dysbeatnfatalon efrahedron
t ’ peynd i r ' ' f
Lo e D S o e el Ao ey ' the

procpfibfeemsrtienasbabayrier @re cotainadip brHrasssteidfisatigioohthemethyl
esteiéh@;m&%&'@j%%?@@%w AUERE(A Y SPARIVAIRG B ¢R Rt oRidhE

formula (Il). This can take place by methods known to the skilled worker,
racefgategample by introducing the compound of the formula (1) into a
suitable solvent, and firstly adding one or more bases, for example NaOH

and/or KOH, preferably NaOH,
The present invention further relates to the intermediate of the formuia (ill)

O
O
HN

OH

The compound of the formula (Ill) is prepared in step (A) by hydrolyzing a compound
of the formula (Il}. This can take place by methods known to the skilled worker, for
example by introducing the compound of the formula (1f) info a suitable solvent, and
firstly adding one or more bases, for example NaOH and/or KOH, preferably NaOH,
and then adjusting a pH in the range from 6 to-“f by adding acid, preferably HCI. An
alternative possibility is firstly to hydrolyze using one or more acids, for example
hydrochloric acid, hydrobromic acid, sulfuric acid or methanesulfonic acid, preferably
hydrochloric acid, and then o adjust a pH of 8-7 by adding alkali. Suitable solvents are
water or water mixed with an organic solvent such as, for example, THF or dioxane. it
is possible to isolate the compound of the formula (li). However, in the method of the
invention for preparing the compound of the formula (1) it is preferred to probess the
compound of the formula (H1) further in situ. Compound (lll) is preferably in the form of
a mixture of two diastereomeric racemates.
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20 and then adjusting a pH in the range from 6 to 7 by adding acid,
preferably HCI. An alternative possibility is firstly to hydrolyze using one
or more acids, for example hydrochloric acid, hydrobromic acid, sulfuric
acid or methanesulfonic acid, preferably hydrochloric acid, and then to
adjust a pH of 6-7 by adding alkali. Suitable solvents are water or water
mixed with an organic solvent such as, for example, THE or dioxane. It 25
is possible to isolate the compound of the formula (111). However, in the
method of the invention for preparing the compound of the formula (1) it is

StepPBisfeHd O RIORRES MR FABRASAGSH BROSBEEHN thiB RN MY $HE-compound of

Compound (111) is preferably in the form of a mixture of two

the faraasiaddih dnio ARWRRAE SO o pARY BREHRSREAIGHIDr thamideRtdi Gn3-5.1.11).

The @fgyRiacedMidnirodusinaidae eomRinRg Hethoilaimala @bhideoadseiidisynthetic
solution, and adding penicillin G amidase &E.C. 3.5.1.11). The enzyme

peniglinAntikielirsidRhich &aprolt gRIVERS ARPIRa B b rsiadimadacs-
amirbpenieillinantibigtiesAPAyhish easpilsaialy zrmthedmaimysisaiiaasicillifurther

G to 6- aminopenicillanic acid (6-APA) and phenylacetic acid. Penicillin G

used; it BreRariian cEsenhaiRsprIuARIbIRYcSe fhuidish SRS aitiBRIalESH the

hydrolyisie epsepheasabdas theo yarmlwseigiess Bsfot@nic acid (7-ADCA)
7-aminodeacetoxycephalosporanic acid (7-ADCA) and phenylacetic acid.

and pPRERYIBCRIIC Agithd e NGy SRS I PR YSShImrREEIT e Prigrainsebilized,

and @RzmgiRMablGIaN ey arardafibriedaimPierebliusinBlopRsy L 1atdsrge
number of possible carrier materials are known to the skilled worker, for

numael ALbROSHRIECALIRAMRAEHR S BIRUAIR LS SKRG Watksss (@ogygmple

amirdb8chivaea-EhthtdaEAirealiuose (WepRItenst a1 Bigphipaigeet 185-189),
Biophysica Acta, Enzymolo %972_), 284(1),278-84), Polyurethane

DEARERIHBSt- AL Bk 4090552t HiRRB B3 Adaniehymoloay

(1978 epBan paEpt PpIEayarcta @ IBRrdrop santngiunesasalFR 2371470),
organosiloxane p%zlémers" (US patent No. 5,780 . The penicillin G

Ao TG ot BIPa FR E AR SR SanE By IR nctonal
orgapissleshes gesenbed (Saben8fi 68 TBpeRIRtina srRMiBIRCOSiRigdse
imm?)[)tlh]zeeicg]\cl)%ng%%g— Snr&EE)ng c\)Arlgj%lgnhés?lfoxane polymers prepared as described in
US 5,7802,60 is preferably used in the method of the invention. The ratio by weight of
compound of the formula (lil) to immobilized penicillin G amidase should in this case
be in the ratio 5:1 to 3:1 (e.g. PGA 450 from Roche Diagnostics, order number
1414208, likewise possible are for example PGA beads from Recordati or Fermase PA
1500 or Fermase PA 750 from Fermenia Biotech Lid. (India)), where the weight of the
amidase is based on the enzyme in polymer-bound form. An aliernative possibility is
also to use a penicillin G amidase supplied by FLUKA (order number 76428: peniciilin
G amidase, immobilized by E. coli, ~150 U/g as moist material, where 1 U corresponds
to the amount of enzyme which hydrolyzes 1 umol of benzylpenicillin per minute at pH
7.6 and 37°C). 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 45°C is preferred, and a temperature of

- from 26 to 30°C is particularly preferred, especially about 28°C. The reaction can be
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compound of the formula (lll) to immobilized penicillin G amidase should
in this case 20 be in the ratio 5:1 to 3:1 (e.g. PGA 450 from-Roche
Diagnostics, order number 1414208; likewise possible are for example
PGA beads from Recordati or Fermase PA 1500 or Fermase PA 750
from Fermenta Biotech Ltd. (India)), where the weight of the amidase is
based on the enzyme in polymer-bound form. An alternative possibility is
also to use a penicillin G amidase ?éjglied by FLUKA (order number

i

carriog 8- F LIRSS behvsaaatArobifeiiRebvesn B a1 U/l Mefasad, and a

pH on@igiabarielitath\ hrersasRP IS U B SRR MAREY BEWEIE Mixed with a
drolyzes 1 pmol of benzylpenicillin per minute at pH 7.6 and 37C). The

h
(01-F:ﬁ?@%@mig—"ﬂfef?a@ﬁé\%ﬁw%w%mﬁk}?@o&ﬁmafgshﬁaﬁﬁ%m@aveﬁ or
: : . : ¢ .
me O e 0 e G T TR L AR T wi)
ethapel (38 avau)Broibanabi(4(diwN) e PIES Of themethbdreeadheasmeidased on
the i %b\é%@ﬂﬂ%tmgg%@?re% temperature of from 20 to 45C is
f n

preferred, and a temperature of from 26 to 30C is particularly preferred,
especially about 28C. The reaction can be 7 carried out at pH values

AftePFRVREILAGNE BomErold RETRRLR W, L1t RIGIRIKH T 3o BEBh Gibdfre and
particularly preferre . A suitablée solvent Iis water or water mixed with a

is usgehitceyiirahthiepreraralag diasieranee witwitethastsisisgshslsrepmers remaining
oo : oy

B i e

equal DN SqsEenpoin ehthecsal obthricomoninddlbacéHirtaibe ariied
SuitRILRA AR "8RG HRRdR s?g@&%sn@@ﬁwgé@w(@g@fm%%%

the reaction mixture and Is used to extract the unwante stereomers,

immigfib e svelesand sickoeumaming ddiliediwskriebxapimes of Relvents which
are SFQURIBDATE BFSiSABLIEIAPRALICH Sﬁ?@ﬁ H}@?a?é Clate, butyl
is%llg?e@ctrilc point of the salt of the compouné IV)or (V) to g@%ﬁﬁfled.ﬂa ° Y
acetgigitde(stivatiarolsite Girheiionchresive sl et age Kllyang ndikaasieopy!
ethegg)ll{ll E?{Jé%@l"}%fﬁ\wﬁtgrt%% arr!f}ns%i?égignéjo vneB FQ %ﬁ'lky; I%gélggtrek.eéx%)é%mmegf ?I];e
unwanted isomer preferably takes place after addition of acid, preferably hydrochloric
acid. The pH can in this case be adjusted to a value between 0.5 and 5, preferably 1
and 4, and a pH in the region of 2,2 is particularly suitable. After the phase separation
it may be expedient to extract the agqueous phase again one or more times with the
relevant organic solvent. The immobilized enzyme can be reused after completion of

the reaction and after the extraction.

An alternative possibility is to employ compound (11) as starting material for the
enzymatic reaction, in which case the subsequent hydrolysis likewise results in a
mixture of the compounds of the formuia (IV) and (V) or a mixture of salts of
compounds of the formula (IV) and (V), and in which case the pH is between 8.5 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 hydro!Yzed, 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 invention therefore relates
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are slightly miscible or immiscible with water are ethyl acetate, propyl
acetate, butyl 15 acetate, C4-C1 O-alkanols, e.g. n-butanol, methyl ethyl
ketone, toluene, diisopropyl ether or heptane. A particularly suitable
solvent is ethyl acetate. Extraction of the unwanted isomer preferably
takes place after addition of acid, prefeﬁably hydrochloric acid. The pH
can in this case be adjusted to a value between 0.5 and 5, preferably 1
and 4, and a pH in the region of 2,2 is particularly suitable. After the phase

furtheg fo a fpired fon Rrepadvedhr somrand(thatatingolieprascagmawit (1)
compfisiyatinaespuiis e «@}Wbﬁmrrigﬁgl\éﬁ%tahﬁamgg}ﬁhﬂl@d),e(téymg.1) or

can be reused after completion of the reaction and aft e extraction. An
(D-Brharddidisibam,dsftBechahsyeompound (1) as starting material for

the 25 enzymatic reaction, in which case the subsequent hydrolysis

likewise results in a mixture of the compounds of the formula (IV) and

. | V)
Itis RESSibIRiit STIRIANSBATURPEUMRSST thatRRHRIL[IBANGT (e Sirtired optionally
aquabieb gase herdrdsvaelireadd pnatd gt PERISERRNNTR RSP the skilled

other conditions correspond to those mentioned for step (B) of the
workel A SENBFiAPIHRSBh R RiItiEs I RREAhE Bompound (1), the 30
resulting, desired, esterified diastereomer is hydrolyzed, with the
conditions corresponding to those mentioned for step (A) of the method.
The PSR YPIHOT MRBE FIIREIQBAT KB RHER SOBPAURSR S e FAEMUiae
(IV) gres@ny invention therefore relates 8 further to a method for preparing the
compound (I) starting from the compound (Il) comprising substeps (BA"),
(C) and eithe @D-A) r alternatively (D-B.1), (D-13.2. 1) or (D-B.2.2) and
2 0 [ e. 5 It is possible to employ as aqueous phase in
tiad op(iqqally 0 buffer systems with the
15 O Beifor ex@viiple
a phosphate buffer for @pH of 8.0. The prese gntion further relates to
a mixture of the compounds of the formulae 10 (IV) and (V)

or a mixture of salts of the compounds (IV) and (V), preferably a mixture of the
compounds (IV)-HCI and (V)-HCIL The mixture of the compounds (IV) and (V) can
optionally be isolated. The mixture of the compounds (V1) and (V) is preferably isolated
in the form of an acid addition salt, for example as salt of HCI, HBr, H2804,

methanesulfonic acid, toluenesuifonic 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-C3a)-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 paliadium on activated carbon, and
paliadium on activated carbon is particularly suitable. A ratio by weight of pailadium to

activated carbon of from 5:95 to 10:90) is preferred. The amount of catalyst employed
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CL_72 OH (IV) COOH (V) O <D~N~ or a mixture of salts of the
compounds (IV) and (V), preferably a mixture of the compounds (IV)-HCI
and (V)-HCI. The mixture of the compounds (IV) and (V) can 15 optionally
be isolated. The mixture of the compounds (VI) and (V) is preferably
isolated in the form of an acid additior?salt, for example as salt of HCI,
HBr, H2SO4, methanesulfonic acid, toluenesulfonic acid or phenylsulfonic
acid. Suitable and preferred for isolating and for trituratin%the crystals

Per GBRMIREGIHERL SRR draierahivtire DMGIRasH awaEmpRighaklyI$ M.

Furti@1coiy 818N RIRToM s IeeSal RN S U R deb R PniktarePSreferably 5 to 20
_ ?&:2-03)-alkanols or methyl ethyl ketone. The catalytic hydrogenation in
weig

ABRIEY RIS AN b OLSHRIMt P ARG AT bh ISR Y Rvhry g kamilg. The

hydrsgskafidnOk @smies tharneted pad deierlaar i def g 4aloyantr, preferably
conditions: the aqueous phase of the WorklngFup of step (B) or (BA") of the

fromz5ig, dh RRRSHHEARNG EE@BM AR 5P PR ofhRIIS 0% Eaperatescan be
betwedredorthate teomHIaHaHOM) o salidbgsohisrialixad witarsHinblgo-100°C.

catalyst. An example of a suijtable catalyst is platinum on activated carbon
A p@%ﬁ frastien SEEESAP AL Y Hadium on activated carbon is

particularly suitable. A ratio by weight of palladium to activated carbon of
rom 5:95 tg 10:90) is preferred, The amount of catalyst employed 9 per
The Byt

gPaRRR L LR RRARS REEYARY A SRt s TR HiEm kS PakeHIBIg the
commP@éfb%rawiWI%ﬂyﬁgﬁﬁ@ &%ihﬁi@éﬁ@&%ﬁk@ﬂﬁ@@?ﬁb@ﬂféfﬁ(ﬁw and (V) in
rererably t welgnt units per welig t unit of ca alyst, particular
faVO'EPifé?amwé’s@e? ﬁs?ﬂ*k&%@%ﬁ%@@oﬁ% b& i BaeCAlR Sompound
(V1) tealioaesnangsseiestafedmTheockmpaimigierpbhn DB BIEILA free form or in the
form%grticulara/ %i{erably about 10 bar. The reaction temperature can be

tRRER Hantreboifth§ EBIRIARS g Inbi&rd 12r@4 methanesulfonic
acid PREIRSAGSUAOOE d Or R R ORI QBRI MRS EBILAS PRRMERRG for the

isolation and for the trituration of the in the working up of the compound (Vi) or saits of

the compound (V1) are water-miscible solvents such as, for example, (Co-C3)-alkanols

or methyl ethyl kefone.

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 {IV) is in the form with (25,3RS) 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,
so that it is re-isomerized through the open-chain compound (3R)-(IV) with which it is
in equilibrium into the (35)-(IV) isomer which is then hydrogenated further to the all-S
bicycle (VI).
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The hydrogenation of the compound (V) or a salt thereof from the mixture
of the 10 compounds (IV) and (V) shifts the equilibrium between the
compounds (1V) and (V) in favor of compound (V) because only
compound (V) can be hydrogenated. Compound (VI) can optionally be
isolated. The compound (VI) can be isblated in free form or in the form of
an acid addition salt, for example as salt of HCI, HBr, H2S04,
methanesulfonic acid, toluenesulfonic acid or phenylsulfonic acid.
Suitable and preferred for the 15 isolation and for the trituration of the in

Step!I8-WPBF RLURAHEE SAMROYAHEH Rk %%PE&H&Q&WAY&@EGSMHM

water-miscible solvents such as, for example, (C2-C3)-alkanols or methyl

worketh fokeuraPEhascaRssobed (1) ScpateniifeARB A4 brexaealadladdiesiPmpound
(V1) %&@@(ﬁm@% Cgsauag pap Pa“ébﬂ{a@e%ww%maﬁﬁﬁefor

example NaOH or KOH, and then optionally be desalte

dichlopastieinangsiel W@H@W#ﬁg&lﬁ’é"@fz@rﬁ%ﬂ@fﬁi@éﬂ%!él Fééamaﬁ sigepimespmple at
10_4@6)@{9@’% thachdhe compound (IV) is in the form with (2S,3RS)

stereochemlstry In the hydrogenation, it is 25 ensured through the
preceding equilibrium of the cyclic form (V) with the open-chain form (1V)

EsteRRE4REROSHRIESRGRINIFRYION %aﬁpﬁébﬁxﬁa{f&%ﬁ@}‘ﬁ? 958 [61889Y the method

tautomerism in acids) that there is for on exclusively of the compound

can WW%U?H&UBM@@%@&%@@MF'ttﬁbﬂé%ﬁhﬂﬂ@dwwésﬁfedoamm%ﬂembed
in EGRSoRRMPRA QhRRaR: Bysivasraies! aolyny é/lstgw'&foﬁﬁﬁﬁm (Qfl he

steric hlndrance on the catalyst surface, '30 so that it i$ re-isomerized

optIQﬂﬁng':}ﬁwétagé?ﬂdﬂ@m"wmm itweth mgthanssHiEpniciacd e thipRvishloride
in a KiR4PR WY )Re mhxqﬁ@g%e%m%sr&?éhﬁ.ﬂbé thereof;

bicycle (VI). 10 Step (D- )o the method can be carried out under
the erfiriiadnechvHiad s amaraumsi(\ibikérefoPuxarhiEh-Renzat merpl. e reaction

prefSNibiPeatdeAmaltidr T&%‘ROWHB%;SMLH& (V‘%ﬂ%ﬁ@%@? in this way,

com'épound (VI) in a suitable solvent, for example 5 dichloromethane or

benzyh{eS ataSphiast watahyiacuHgpentalolantralngashexdatgican optionally be

isolated. The compound (VIIl) is preferably isolated in the form of an acid addition salt,
for example as salts of HCI, HBr, H»S0Oy4, oxalic acid, phosphoric acid,

methanesulfonic acid, toluenesulfonic acid, or phenylsulfonic acid. The compound
(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 (V1) with
compound (VIl) 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 (VHI) with (V1) is 5-30°C, preferably 10-
15°C. For working up, the reaction mixture can be mixed with an aqueous base,
preferably sodium hydroxide solution or potassium hydroxide solution of a pH of 10-13
for aqueous extraction of excess compound (IX) produced by hydrolysis of (VII). 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
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10-40C, preferably 20-25C. Esterification of the compound (VI) with
benzyl alcohol in step (D-B.1) of the method can be carried out by
methods known to the skilled worker, for example as described 10 in
European patent application EP 79022 A2, example 1 (3): compound (VI)
is optionally activated by initially reacti?ﬂg it with methanesulfonic acid or
thionyl chloride in a suitable solvent, for example n-hexane, n-heptane,
toluene or a mixture thereof; the optionally activated coml:ﬁound (VD) is

EP 79@8eniiee SXAMAR ML) aldshspmrorng ebthe ferartiny Wlihis caviRlgd with the

compbdea e fhe GRMPOURG(YIthaRiaeadB aistwaY cka PR ¥t Pacetate,
3aS, 6aS)octahydroc cIopenta[b]pﬁ;role-z-carboxylate, can optlonaII]y

be
butyi@qstate. rRNIRIpETHRNE/ AN ETEIRENAEYARe 8YA IRERAM 2P TRid0°C.
pref@@8iorosal: JomermpEs an &albs ShElo nhiie HERRM Dalifeasilipling reagents,

hosphoric acid, methanesulfonic acid, toluenesulfonic acid, or

for exARIRGHOHAIOBEIR ISRIB SIS QIO BABRRABRPRSEYS BB HSHidR o

metifieFslsiing sribheiiAdBe Hebpig I (Bréf R hob&RvBeh D) Bid 9, for
adding base, for example NaOH or KOH. Step (D-B.2.1) of the method

exarggle Ry (pa 618 BgHIRLLBHARSRIHEoM Ut CenTRRHIAG N/ pbkRined in this
way SHEARIR 38IVeRs Baibiesgivents| aw sReAboApNeScoRRA YIS EsY]amino]-(2S)-

immiscible solvents, for example butyl acetate, ethyl acetate, = .
ProPERAYDIRFRANEREEHaRE G e RSPXIRHE oistRetaativ iSeie )

with (V1) is 5-30C, preferably 10- 15C. For working up, the reaction
mixture can be mixed with an aa,éjeous base, preferably sodium hydroxide

The gafandiedvpseasianeRyBreiead LdribRioNg pieioocss hercailied it by

mettRdERRHBNPREXBESKHRMRALRE (I ForRiRsmprd By dyskabeisinE\ibbddie patent
resultingﬁg%g&ound (X) can o tionall[y be isolated. 30 The amide
ion i

aPPliEAHRR er (PRESFBYBIRNd helhEPeRrISEiaTebtBaByMHEAHSdS cleaved
for ekaeypidoyasalies harRieiRtioNa NRICtRE AQEEIReSHIORUeRRACERARMally

application 11 EP 79022 A2, example | (4%. The compound of the formula
hydragmqg B 3hly ip 2 suitable solvent, €.g. a (C4-Cg)alkanol, preferably
methanol or ethanol, at a temperature of 0-20°C, preferably 5-10°C, under a pressure
of 0.5 — 3 bar, preferably under 1.0-2.0 bar, with addition of a suitable catalyst, e.g.

Pd/C (10% by weight).

The compound of the formula (1) 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 mixture of methanol and diisopropyl ether, or aliernatively acetone, or ethyl
acetate.

The present invention is to be illustrated, but not restricted, by the following exemplary
embodiments.



10

15

20

25

30

compound of the formula (IX) 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-coupling reagents, 5 for example
dicyclohexylcarbodiimide, HOBt, propéﬁephosphonic anhydride or
methanephosphonic anhydride, keeping the pH preferably at between 8
and 9, for example by meahs of sodium hydroxide solution. The
compound (X), obtained in this way, benzyl(2S, 3aS,

ExarfpR-1-2-[HispatatRihaneeresmpbamhemier eiamingldisr eﬁuai to methyl,

ropanoyl)octahydrocyclopenta[b]pyrrole-2-carboxylate, is optional
(3-(Zeriarenhd ezt R Hiﬁi?f%’Q@B"?ﬂ)-ﬁ?ﬁ'ﬁgtﬁé%Eiﬁéall:ﬁr?hlom"

N-pHsgRicSY 1 aldyat@ethods known to the skilled worker, for example as
described in European patent application EP 79022 A2, example 1 (5).
The benzyl ester of the formula (X) is cleaved for example by catalytic

16 ghyreaanatioshivINDeBYIaseRwian Ratadraallicaly dainvorooenptacihy)
preferaba/ in a suitable solvent, e.g. a (C1-C3)alkanol, preferabl

acetlg A el AosthabO IOk K UBAIT e WS SadeHAB R te tagrezfier

18 gREEISEeIohd t-Sridsy REfigirRb e radsd ded-dr8 hais Vil ditian §fer the course
suitable catalyst, e.g. Pd/C (10% by weight). 20 The compound of the

of 20 THRe By Lo EY NS RN AP s S 0 MRS 1S femperature
for 2felminasiersiW=A¢ohértadied thedeib oM RaexiieiedYo between 1 and 3

chromatographic methods or b{ (recr stallization from a suitable solvent.

with ARRHL BRI ORR AEaA A A0vh Gh OrlmdthaHBITHITRE dpropiinutes, the
phagibeiens alpatatveyraeaingenierpiayt AeRIARraSdDQ/PREFERRIRYEMAIRA. The
is.to be illustrated, but not restricted, by the following exemplary
orgagifyiRsRIMas isiided in vacuo until the remaining Volume was about 50 mi. It
was cooled to 0-5°C and then seeded with about 0.1-0.2 g of methyl 3-(2-oxo-
cyclopentyl)-2-phenylacetylaminopropionate. A suspension formed after about 10
minutes and was then stirred for 20 minutes. Subsequently, 45 g of diisopropyt ether
were added. An easily stirrable suspension formed. It was stirred at 0-5°C for 30
minutes, then filtered with suction, washed with 2 x 20 ml of diisopropyi 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 (1I) with R equal to methyl
starting from methyl N-phenylacetylserinate

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 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 ethy! acetate were distilled out of the reaction mixture in vacuo, remaoving the

excess phosphorus trichloride. The reaction mixture was cooled to 20-30°C and then
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Example 1 - Preparation of the compound of the formula (1) with R equal
to methyl, (3-(2-oxocyclopentyl)-2-phenylacetylaminopropionate), starting
from methyl 3-chloro- N-phenylacetylalaninate 5 16 g of methyl
3-chloro-N-phenylacetylalaninate were suspended in 100 ml of ethyl
acetate. At 20-25C, 20 ml of triethylandide were added and immediately
thereafter 18 g of 1 -cyclopent-1 -enylpyrrolidine were added dropwise at
20-30C over the course of 20 minutes. The mixture was heated to 40-45C

15.04 e etbr smetriawmeis addperathrn 18-BHk abliiethoteming wateradsied to the
reacRdA%nR2A AL NVGrrdisSIRR IoPEM SR ARt R WiR-ARaWR &Y Wi'tlﬁ’fS 0l of

hydrochloric acid (30%) at 10-13C. Atfter stirring.for 5 minutes, the phases
ethylagetate 2@k kami sryaarastsewinyaaliditeders thenpddasterthe tank at

20- 36'%3 @J@rame Bea%e"@%é'%”ﬁﬁdﬂté@%%qw BRGNP W RS

about 50 ml. It was cooled to 0-5C and then seeded with about 0.1-0.2 g

waslingeliig mReglinn mskiasrmEliredabAdrEl fonrdsasiighaers For working

up, 24'$BeRRIRS RERedRiiRS WF&&%%&PHW@M@%H?&%%@%&O{@% C. The
minutes. Subsequently, 45 g of dusopﬁgyl ether were added. An easily

pH dfitharrastiepensbieotdeinenasivsind doa2 E-5c5iby 30dhn 3% hYé‘rﬁOCthﬂC
acid lifeEecbyitort sty ariesivil 2ox 20-94 alidiseprapy 68%@5(%?8%

to 5-10C) and dried in a vacuum oven at 50C. 15.95 8%) of product
sepq@m@émytaﬁw@ phapeayasmiikast sl peuﬁ@ho? %Héaf water and

stirrd@rfoH PolBLWHN R0 uald b Maiby walal s (P8RRI, The combined aqueous
N-phenylacetylserinate 25 A tank was chayﬁed with 20.0 kg of methyl

PhasesWeRs I arEBAsal #aed Fhavith I8 0 phbetl ﬂ%@’%ﬁt@ﬂﬁeﬁé’fiﬁﬁ@(ﬁb@cﬂ 0-20
minufée tredasigahite siiaRe RS M Besded 19 M@ng"e RISETH19: 818N @ vacuo

mixture of 4.0 kg of phosphorus trichloride and 6.0 | thyl acetate were

at a mRted Rdm ANtestpiiationiasidie aramoentederhédourseorad then seeded
Vi B8 S s TR
was glifiseh e GriestS "60fert0-120 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 isclate 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 (il}) with R equal to methyl to
give the compound of the formula (11I) [step (A)]

10.8 kg of compound (If) with R = = CH3, 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 hydrochioric acid (30%). The reaction mixture was
diluted with 30 | of water. The compound 3-(2-oxocyclopenty!)-2-phenylacetylamino-
propionic acid (11l) which was produced in the reaction and was in the form of a mixture
of 2 diastereomeric racemates was processed further as aqueous solution in the

following step without further purification.
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| of ethyl acetate were distilled out of the reaction mixture in vacuo,
removing the excess phosphorus trichloride. The reaction mixture was
cooled to 20-30C and then 13 15.0 | of ethyl acetate were added. Then
18.9 kg of triethylamine were added to the reaction tank at 20-30C over
the course of 15-30 minutes and wasHéd with 5.0 1 of ethyl acetate. 20.1
kg of 1-cyclopent-l-enylpyrrolidine were then added to the tank at 20-30C
over the course of 20-30 minutes. 5.0 | of ethyl acetate were used for 5
washing. The reaction mixture was stirred at 20-30C for at least 3 hours.

Exarh8feMokingh2indhd Ricyaisfa e rededidiRg FRAFEMM TPEHRINGS (preparation

equilibrated at 10-15C. The pH of the reaction mixture was then adjusted

of thexoprmposng alitg JosavidyMio sRRiéBakid. The reaction mixture was
stirred for 10-20 minutes. The phases were then separated and the ethyl
acetate phase was mixed at 20-25C with 15 | of water and 10 stirred for

2.5 kb gohmREDoHnd penigilin&renidase dp A% frrm Kashadiagnostics
GmbM|URaHANRIASEWRERNISREAKIBECWHR 2D ofathylreriatriRBYeaction

extracted for 10-20 minutes. The organi(éfhase is concentrated to a

MixtWERTARThEXATRIR DELBRASIN [Ri05 BEA ik oxoeYaraRedttiitzion
pherfFaisbioMmmepadaicHeitd o Ireaaeiign gREded) ¥ithA8raver8g8d for rinsing.

3-(2-oxocyclopentyl)-2-phenylacetylaminopropionate. The mixture 15 was

The mrcdipamipeus ¥&s RPFE W iRiturd shesdaldbisirpertwaaad at a pH of
6.4 fienhBixedTHiEN S0 dPhiliianeramd #ibeTMafagain stired at-3C to +3C

for 60-90 minutes. The suspension was isolated on a pressure funnel.
The isolate was washed twice with 10.0 | of diisopropyl ether each time.

16.2 Tt siajeHakysas dEes MR8 ThelRABRTROHE ARHtNeIS 8 tiieldixture
51.2%) were obtained. 20 Example 3 - Hydrooly5|s of the compound of the

was Aiusiad i RithR2eytRNERSoNs 25idd H Do AfieuRRaSEISE RAFAtiAR the
aqudbls[pieaseNddSdaqbaanauiddy vyt Rith= €53 lacetate each time.

3-(2-oxocyclopentyl)-2 25 phenylacetylaminopropionate, 23.7 1 of water

The éﬁH@E%BQﬂ%&ﬂﬂPHﬁ%ﬁ&%‘?ﬁUﬁ@&md“Ct 2S,3RS)-2-amino-3-(2-oxo-
cyclopentyl)propionic acid hydrochloride (IV)-HCI, which is in equilibrium through

elimination of water with 2,3,3a,4,5,6-hexahydrocyclopentalb]pyrrole-2-carboxylic acid

hydrochloride (V)-HCl, was reacted without further working up in the following reaction.
Example 5 — Reaction of the compound (Il) with penicillin G amidase [step (BA')]

Compound (il) was dissolved in a mixture of isopropanol and water (50% w/v), and 0.2
M potassium phosphate buffer of pH 8.0 was added to adjust to a final concentration of
60 g/t (It). The reaction mixture was mixed with 0.8 kU of polymer-bound penicillin G
amidase (PGA450, from Roche Diagnostics GmbH, Mannheim, Germany, order
number 1414208) per g of compound (li) 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 extracted by exiraction 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 Ltd. or
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(33%) were introduced into a tank. The reaction mixture was heated to
45C and stirred at this temperature for 5 hours. It was cooled to 20C, and
the pH was adjusted at this temperature to pH 6.4 with hydrochloric acid
(30%). The reaction mixture was diluted with 30 | of water. The
compound 3-(2-oxocyclopentyI)-2-pheT§/Iacetylamino 30 propionic acid
(1) which was produced in the reaction and was in the form of a mixture
of 2 diastereomeric racemates was processed further as aqueous solution
Fluksanwith mibeng stah g ibenigitintamigfeason. 14 Example 4 -
Enzymatic racemate resolution using penicillin G amidase (preparation of
the compound of the formula (V)) [step (B)] 5 2.5 kg of polymer-bound
Exampladim lepkatirrmebteanixoe b prrmmidrgiostéed asmow:HC
Mannheim, Germany, order number 1414 208) were added to the reaction
mixture from example 3 com’prisin &HZRS, 3RS]-3-(2-oxocyclopentyl)-2-
400 gd i RRletiparRind PREfIBRIC dSeHan Cl)aalle S dissare distilled
at 50/ U8B BssTIRS SEB0USH MBHETE Wids BRAAH f0si@e 2R iBHNESGBIlized on

this temperature and at a pH of 10 6.4 for 5 hours. The reaction mixture

stangjng bR fReaS wee SIERAWERAR Werk agriensAtOr&afaioh hour, cooled to
0-3° Qe dand theddi Afithedyrtwieh Wasiaai 4He WsRERAWID0 mi of acetone.

hydrochloric acid (30%). Afterlghase separation, the aqueous phase was

The giadiiebwasrdderhibvarie a0l 2T e efdhesmppnedsd htHCl and

(V)-13QVRR4SOPRAPR G UDRI SIS Hhvele pHRshBFOflHEY weight: 46.9 g of pale brown
2S,3RS)-2-amino-3-(2-oxo- cyclopentyl)propionic acid hydrochloride
powéﬁf)-HCl, which is in equilibrium through elimination of water with
2,3,3a,4,5,6-hexahydrocyclopenta[b]pyrrole-2-carboxylic acid
hydrachloride (V)-HCI, was reacted without further working up in the
Exaggining rEEfioacnatier-thiie SUPRAMS SOk RS UsRR GRaRAUDRHRT the formula
(Vi) pReiciy G amidase [step (BA)] Compound (I1) was dissolved in a
mixture of isopropanol and water (50% wi/v), and 0.2 M potassium
phosphate buffer of pH 8.0 was added to adjust to a final concentration of

The 86 @408 phar sesTaRNFBIKIAER Ipesr BksApidl Q8dhibaalimeidearidifof 140 g
of paﬁFarclili%”rlrlrn(g"/s 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 femperature for 5 hours. For working up, the reaction mixture was
filtered. The aqueous phase was adjusted to pH 2 with hydrochioric acid and any by-
products were removed by extraction. The agueous phase contained compound (V1),

(25, 3aS, 6aS)octahydrocyclopentalb]pyrrole-2-carboxylic acid, as hydrochloride.
Example 8 - Isolation of compound (V1)

206 g of a solution of compound (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 ml 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 ml of coid acetone and drying in vacuo at 50°C. 32.6 g of compound (VI) were
obtained as a whitish powder.
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25 amidase (PGA450, from Roche Diagnostics GmbH, Mannheim,
Germany, order number 1414208) per g of compound (lI) and incubated
at 28C. The reaction was stopped after 24 hours by adding 85% strength
phosphoric acid to a pH of 2. The unwanted enantiomers were extracted
by extraction with ethyl acetate, and tH&desired product was present in
the aqueous phase. 30 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 Ltd. or 15 Fluka or with other

Exarﬁkbi@@'e—p@@ﬁ%?fbﬁoﬁ’%pﬁ‘%eﬁymﬂl%ﬁd@ eGSR Ghe
compounds (1V)-HCI and (V)-HCI 5 400 g of a solution of a mixture of
hydraghipideaicomneandd WIBstapiéutvélk distilled 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
The pgupisoRhass of Sts warkiagoin ofdbe hdreaestaiinm dasadheshie example 7,

comtﬂ}f@?ﬁﬁq WHN 4 QR REERBORT Jﬂﬁé’fBQHﬁﬁéfVﬂﬂgﬁiw&Wé@@@OBﬁ'ﬁa with
he (V)-

mixture of the compounds (IV)-HCI and 10 (V)-HCI was obtained as a

56.5¢hff BrowatpvedeNacd wEinsdsiDy wasdidairsivivasbwdevitb alitigevater and
transfElYSH0BRNBHN i HRIGRBRUYPMY) 1haivs IR FpRua 2t dhe: Firguia g 4

_ (V1) [step (C)] 15 The agueous phase of the working up of éxample 4 was

circugbieiy R Adthfodalst Haday & punsiasMnBoihercHERsliengtiony denper fell.
540 g of activated carbon. A pressure of 10 bar was applied. The
temperature was then raised to 80C. The reaction mixture was

The RoYRRIE RS IRAPONSIRPPERARIPSIUS thOVH: Wasr GoeanY ais dite ogEiaining
mas§btyaR Was 2Qdiseiesh NG ABHEovaRRRaE IRSREUSIEY t&%ﬁlé’:\ﬂ%glfonic acid

hydrochloric acid and any by- products were removed by extraction.

weresgloudy agpad dBressdtioonyitienenaling in ice at 20 to a maximum of 30°C, and

the mixture was stirred for 30 minutes.

The aqueous (VI)-mesylate solution was concentrated to a remaining mass of 140 g in
a rotary evaporator in vacuo at 40-50°C. 140 mi of n-heptane were added to this
solution. 39 g of benzyl alcohol were added while stirring. The reaction mixture was
heated to reflux under atmospheric pressure, and water was removed 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 mixture
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 agueous phases were mixed with 136 g of ethy! acetate and cooled to
0-10°C. A pH of 10-10.5 was then adjusted with 25 ml of 33% strength NaOHM. 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 agqueous phases were washed with
20 ml of ethyl acetate. The organic phases comprising the compound (VHiI) 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 (VII1), benzyl

(28, 3aS, 6aS)octahydrocyclopentalblpyrrole-2-carboxylate, crystallized as
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(2S, 3aS, 6aS)octahydrocyclopenta[b]pyrrole-2-carboxylic acid, as
hydrochloride. Example 8 - Isolation of compound (VI) 25 206 g of a
solution of compound (V1) desalted by electrodialysis were distilled in a
rotary evaporator in vacuo at 50C over the course of 2 hours until the
remaining weight was 110 g. 500 ml df’acetone were added to the
suspension and it was cooled to 0-3C and stirred for 2 hours. Filtration
with suction was followed by Washinr%I with 30 50 ml of cold acetone and

hydrgghlesidevivasestsoes 8 &%y Gffesmbeunded)the ryoguetinas ddered off with

suctiWhILPR RAABH WinBRMPK BoiBenniatentl Rl WHEeCHAS Blied in vacuo at
..compound (V1) to give the hydrochloride of compound (VIII) [step (D-B.1)]

The aqueous phase of the working up of the hydrogenation described in
example 7, comprising 1.76 kg of the compound of the formula (VI), were
adjusted to pH 6.3 with 56.5 g of 33% strength NaOH. This solution was

ExamiplectD wadtiegaiation rflcaarsiadd istamps: (ByBrtoTap ek tddid) sis

system. The solution was dialyzed at 14 V and a circulation rate of

180-200 I/h for 62 minutes until the current strength no longer fell. 10 The
10.04 0B oVl irbydeehiideoRam &aptin @ wey vindreghcentiagaiieravith 40 mi of

buty[ SRRNBHNATS Al dAAAER RIORDEBVAPALRIRT ThyaHAAE4RRe ™9 0.5 and

of methanesulfonic acid were slowly added to this solution while cooling

maintaipe &l B3ynsiianaiin Neobtwhka stirenegat 20 wasGtilred faxtige was stired
for 30MHGEed antMeRAYBAS I0AdPesatEReOl IR YRR ROBEBEHARS 18 the

remaining mass of 140 g in a rotary evaporator in vacuo at 40-50C. 140

aquUeRLSIRIABBIWAE RRGK-gYHaAES Wikh soltiehbuty\psettszyingdganiferbases
werdB6RhiNBHE R 4DE cERR 4RAFHBMPIBERIRIVBSn BRMERIRFRIIHaYBESY, evaporator

. atmospheric pressure, and water was removed azeotropically
in vacuo at 50°C.

Compound (VII), which remained as oil, was taken up in 45 mi of butyl acetate, and
10.6 g of ethyl (25)-2-{(4S)-4-methy!-2 5-dioxooxazolidin-3-yl]-4-phenylbutyrate (VII)
were introduced at 20-25°C over the course of 30 minutes. The reaction mixture was
stirred for 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 (25, 3aS, 6aS)-1-[2-[(15)-1-ethoxycarbonyl-3-phenylpropylaminoc]-(2S)-
propionylloctahydrocyclopentalblpyrrole-2-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 Ho 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 ml of diisopropyl ether were added. The
mixture was cooled to 0-3°C and stirred for 1 hour, and the crystallized product was
filtered off with suction and washed twice with 15 ml of cold diisopropy! ether each
time. The compound (l) obtained in this way was dried in vacuo at < 30°C.
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20 until the rate of azeotropic removal is about 0.3 g/hour. 40.8 g of benzyl
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 mixture was cooled to about 10C,
and 187 ml of water were added drop\lﬁse. The phases were separated.
The upper organic phase was again extracted with 10 ml of water. 25 The
combined aqueous phases were mixed with 136 g of ethyl acetate and
Exarpiicliltc Oreprralionpbeamnesdyas then adjusted with 25 mi of 33%
strength NaOH. Stirring at 0-10C for 15 minutes was followed by
separation of the phases. The organic phase was washed with 15 m

9.62,906 FOPRRLBIABIIYY WE R BIFS pVRSLE v BBy \arR Bt b @tﬂ?l C 89.76 g

of corgBEIRd Wﬁ)oggamcg%@ﬁ@ﬁgﬁmnrwm%mmw REH e lE?Qlere added
combined and diluted with ethyl acetate to 250 g. A pH of 1 was adjusted

dropyfise Quer It ooV IR & SCVLiRSnl h@fﬂ%%%ﬁ@@&&%ﬁéﬂh@ﬁmnmes For
workiegzy (85 ndas v erspd tiesyclone tialRinyeadicatb@xylate with 33.2 ml of

crystalllzed as 17 hydrochloride. It was stirred at 0-5C for 1 hour, and the

NaOK1hic wEe Tl aTSHUARIMSHRIR EH SRR RS AR SO BRRe

sepzABEEHEtHESrRERIIBheSs WHEBhrasuaRld 49 ?Pﬂplﬁ)ﬂt&ant weight in a
Preparation of compound 2ﬂ[:rsmt s (D-B.2.1) and (D-B.3)] 10.0

mtaMY)aH%fi‘BHHfbHGE%?ﬁ @ Q AAERIBAHES O esrer %ﬂt% A gtviscous

oil. butyl acetate and 87 ml of water into a 250 ml flask. The pH was adjusted
to 10.5 and maintained with 33% strength NaOH while stirring at 20-25C.
The mixture was stirred 10 for 30 minutes until the pH no longer falls. The

Exarpbasas werersppasaiatonnepd arbapisdhasesyps back-extracted with

5 ml of butyl acetate. The organic phases were combined and
concentrated completely to constant weight in a rotary evaporator in

The Y@ﬁdﬂo@i r’i@@wkﬁﬂ@ﬁmﬁ@m(H@kbhdﬁﬁiﬁfbfejmﬁ@dmﬁ(w SRSiekes RHHC
(exa DR | K5 AR B B R RIS B RieiRyoH 10.0-11.0
with sodium hydroxide solution (33%) at 20-25°C. Then 5.1 kg of ethyl 2-(4-methyl-2,5-
dioxooxazolidin-3-yi}-4-phenyibutyrate (VII) were introduced. The mixture was stirred
at 20-25°C for 3-4 hours. During this, the pH was kept constant at 10.0-11 O 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 hydrochlioric 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 hours. 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. lt 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 to 25—
28°C while 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
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were introduced at 20-25C over the course of 30 minutes. The reaction

mixture was stirred for 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 20 weight in a rotary evaporator

in vacuo at 50C. The remaining oily cc?r%pound (X), benzyl (2S, 3aS,

6a8)-1 -[2-[(1 S)-1 -ethoxycarbonyl-3-phenylpropylamino]-(2S)-

propionyl]octahydrocyclopenta[bpyrrole-2-carboxylate, was taken up in
methagenl bF ﬁ%%waﬁﬁ@%v%éﬁﬁmw@x FérghehianpiabirgRf max.

30°CheisEaRIPBUT AR B9 NyOResRMEd under an H2 pressure of 3 bar at
10C for 1.5 hours. After removal of 25 the catalyst by filtration, the filtrate

oC
27.1q8 deRrapkteiher sBeg iaddrstdn reosiiiaip e Riadishildsauspension was
cooléeME e FUTeRLreansh (R nbehsiisnpiamdreinavessadeed. The

mixture was cooled to 0-3C and stirred for 1 hour, and the crystallized

The spspsasipsvRtikRiatadwih 2 ftassuir dlipisHoe Rirdummas washashiwice with

5.4 | HIIROMISINeeach 2015 T £MMPAE Rfh( IS aMSH I STHa RS
dried in vacug at < 30C. 30 18 Example 11 - Preparation of compound (X)

compassd Ut BURTIRSLIRHINR iy aVaNa e R &t 4R SY#R 8 DY Gcetate. 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 prsaNLVEWIRN daRE 'RIPGY iRimas el sl W aFigifawhich are

interieteAgles bansLibjedirhwasradiusdegeiasdigtiith 33.2 ml of NaOH (11 %
strength), and the mixture was stirred for 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 10 oil. Example 12 - Preparation of compound
() [step (D-A)] The reaction mixture from the hydrogenation of compound
(V) comprising (V1)-HCI 15 (example 7) was, after filtration of the
hydrogenation catalyst, adjusted to pH 10.0-11.0
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with sodium hydroxide solution (33%) at 20-25C. Then 5.1 kg of ethyl
2-(4-methyl-2,5- dioxooxazolidin-3-yi)-4-phenylbutyrate (VII) were
introduced. The mixture was stirred at 20-25C 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 &Pthe reaction mixture. The pH 20
was then adjusted to 5.0-5.2 with hydrochloric acid (30%) at 15-20C. 50 g
_of ramipril (I) were used for seeding, and the mixture was stirred for 30-45
Claim$nutes. The pH was adjusted to a pH of 4.4-4.6 with hydrochloric acid
(30%) and stirred at 15-20C for at least 2 hours. The product was isolated
on a pressure filter. The filtercake was washed with 11 | of water.
T whenRiBRY farpaPEsigEswiRsuakthtiaraverlat < 30C. It was 25

dried to a water content of less than 5%. Example 13 - Purification of
compound (I) by recrystallization 5.42 kg oound (1) from example
12 with a water conteH{Of (g3 tHﬂgtB%Hve s ,,iql{oduced first. Then

ol were added. Thel mixturé was heated to 25- 38C while
i q T 50<126 minutes. The contents of

10 The solution was concentra@®@H vacuo at a jacket
. temperature of max. 30C, distilling out about 8-10 | of methanol. 27.1 | of
whichiicgmRiiRFether 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

(A) Rydeplgingigecrimpand ot i éyrama éther at 20-25C each time and then

blown dry. The moist compound (1) purified jn.this way was dried in an
oven at < 30C. The present inventiéh is ex Slaingd in more detail by the
following claims, which are) 10 intepided also tg be subject matter of the

description. 20 Clairps: HN {1}
OR

o)

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 (ll)

and then

(B) converting the compound of the formula (Il) by addition of penicillin G amidase into

a mixture of the compounds of the formuiae (IV) and (V)
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1. A method for preparing ramipril of the formula (I) HSCZ0OZC H3C Hm-
,wH (1) NHHH O COON 5 which comprises (A) hydrolyzing a compound
of the formula (11) O HN (11) OR O in which R is (C1-C4)-alkyl, in a
suitable solvent with the addition of one or more bases 10 or acids to a
compound of the formula (111) O Hl\i2(1||) OH O and then (B) converting
the compound of the formula (111) by addition of penicillin G amidase into

15 a mixture of the compounds of the formulae (I1V andd(VQIdo NHZ
or a Pt (Qf)s@ﬁ gf\/tﬁ@qumg%ds of the formula (V) and (V),

or alternatively

(BA") the compound of the formula (Il) 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 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

<jf>—-COOH (V1)
N

H H

or a salt thereof, and then either

(D-A) reacting the compound of the formula (VI} with a compound of the formula (VI
CH,

H,C,0,C

B ) (VI)

to give the compound of the formula (1),

or alternatively

(D-B.1) reacting the compound of the formula (VI) with benzyl alcohol to give a
compound of the formula (Vi)
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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 one or
more bases or acids to a mixture of the compounds of the formulae (1V)
and (V) or a mixture of salts of the cor%%ounds of the formula (V) and (V),
10 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 irttb a compound g formula (VI) H VCOON
(VI) N 15H or a salt thefeof,and then e -A) reacting the
compound of the for ithe&/ comppund of the §dHhula (vII)
HSCZOZC CH3NO =g O 2040 give the compound of the formula
(1), or alternatively (D-B.1)rebicting the compound of the formula (V1) with
benzyl alcohol to give a 25 compound of the formula (VIII) 22 Fi O (VIII)

or a sait thereof, and then either

(D-B.2.1) reacting the compound of the formula (VIH) 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

(IX)

(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.

2.

A method for preparing a mixture of the compounds of the formutae (IV) and (V)

or a mixture of salts of the compounds of the formula (V) and (V)
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N O HH or a salt thereof, and then either (D-B.2. 1) reacting the
compound of the formula (VIII) either with the compound of the 5 formula
(VII) to give a compound of the formula (X) -",O0 CHH.,, ..,,.H NHHH (X)
O O O or alternatively (D-B.2.2) reacting the compound of the formula
(VII1) with a compound of the formula 280 (IX) HSCZO2C CH3 NOH (IX)
H H O to give a compound of the formula (X), and then (D-B.3) forming
the compound of the formula (1) from the compound of the formula (X) 15

by catalytic-hydrogenation. 2. A method for preparing a mixture of the
comppetrds of thé'farmulae (IV) and (V) or a mixture of salts of the
comp

C:E:N

tha formok (IV)apd (V) 23 & V) COOH (V) 0
%COOH V)
0O N

in which R is {C41-Cg4)-alkyl, with penicillin G amidase, and then hydrolyzing with oné 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 saits of the compounds of the formula (IV) and (V)

(V)
GQ—COOH V)
N

which comprises treating a compound of the formuta (lil)

O
O
HN

OH

with penicillin G amidase.

4, A compound of the formula (I1)
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which comprises treating a compound of the formula (11) 0 HN (II) OR 0
5 in 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 formula2(ﬂ1\/) and (V) CC72~ OH (Iv) COOH
(V) 10 0 which comprises treating a compound of the formula (Ill) 0 HN
(111) OH 0 with penicillin G amidase. 15 4. A compound of the formula (I1)

24 OHN (I) OR O inwhich R is (61-04)- 4. 5. The use of a
compound of the formula %I) as clajmed i 4 for preparing 5
ramipril. HN

(I
OR

in which R is (C4-C4)-alkyl.

5. The use of a compound of the formula (Ii) as claimed in claim 4 for preparing
ramipril.
0. A compound of the formula (il[}

0

)
HN (1)
OH

O
7. The use of a compound of the formula (11l) as claimed in claim 6 for preparing
ramipril.
8. A mixture comprising a compound of the formula (IV)

and a compound of the formula (V)

G:B—-coom V)
N

or comprising a mixiure of salts of the compounds of the formula (IV) and (V).
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6. A compound of the formula (111) jO I\ HN (lll) OH O 10 7. The use of a
compound of the formula (lll) as claimed in claim 6 for preparing ramipril.
8. A mixture comprising a compound of the formula (IV) NH2 OH (IV) O
15 and a compound of the formula (V) aN)-000H (V) or comprising a
mixture of salts of the compounds of tRe 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 (1) and (Ve as claimed in

claifes R Pribsamigy the compounds of the formulae (IV) and (V) or of a

mixture of salts of the compounds of the formula (1V) and (V) as claimed in ciaim 8 for
preparing ramipril.



