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A PROCESS FOR PURI FYING 1- [N err]-( (S) - ETHOXYCARBONYL) - 3-

F5HENYLPRCPYL) - N6- TRI FLUOROACETYL] -L-LYSYL-L-PROLI NE ( ETHYL
“ESTER OF LISINOPRIL (TFA) A process for purifying 1- [NJerr]- ((S)

- et hoxycar bonyl ) - 3- phenyl propyl )-N6-trifluoroacetyl]-L-1ysyl-L-proline
(ethyl esterrnal thiraien@® ithelfidhention is:

A process for purifying 1-[N2-((S)-ethoxycarbonyl)-3-

phenylpropyl) -Né-trifluorocacetyl] -L-1lysyl-L-proline (ethyl
ester of lisinopril(Tfa))
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UDescription 93 Thes i AaMeyitPOoD relates to a process for purifying

T1-[Nerr]- ((S) et hoxycarbonyl) -3 -phenyl propyl) -N6-trifluoroacetyl]

v-L-lysyl- L-proline (conmpound |I) by extraction and crystallisation. [err]
1

A process for purifying 1-[N?-((S)-ethoxycarbonyl)-3-
phenylpropyl) -Né-trifluoroacetyl] -L-1lysyl-L-proline (ethyl
ester of lisinopril (Tfa))

S5 Description

The invention relates to a process for purifying 1-[N2-((S)-
ethocharbonyl)—3-phenylpropyl)-N‘-trifluoroacetyl]—L-lysyl-
L-proline (compound I) by extraction and crystallisation.
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N-substituted aminocacids of this typé are valuable
intermediates for preparing inhibitors of angiotensin
converting enzymes (ACE), which act as blood pressure
regulators. I is the direct precursor of 1[N2-((S)-carboxy)-

25 3-phenylpropyl)]-L-lysyl-L-proline (lisinopril) compound
II, which exhibits surprising therapeutic results when used
to control high blood pressure (Zerstril®, Coric®,
Prinivil®).

30 According to the prior art, compound I is obtained by
- reductive amination of ethyl 2-oxo-4-phenylbutyrate using
the dipeptide Lys(Tfa)-Pro.
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“N—substituteg3équoamidsP@& this type are val uable internedi ates for
_preparing inhibitors of angiotensin converting enzynmes (ACE), which act as

:bl ood pressure regulators. | is the direct precursor of
I[N err]-((S)-carboxy)- 3-phenyl propyl)]-L21ysyl-L-proline (lisinopril)
conpound 11, which exhibits surprising therapeutic results when used to
control high blood pressure (Zerstril[err], Coric [err], Prinivil[err]).
According to the prior artg npound | is obtained by reductive am nation
of ethyl 2-oxo-4-phenyl buffyratg using -
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Such a process is described in J. Org. Chem. 1988, 53, 836
- 844. BAccorxrding to this, I is obtained in a yield of 42%

15 by basic extraction of the crude reaction solution followed
by extraction of the product in an organic solvent at pH
4.6 and finally crystallisation from methyl-tert.butyl
ether/cyclohexane.

20 DE-0S 41 23 248 relates to the synthesis of I, which is
obtained in a yield of 60% according to example 3. Working
up the crude reaction solution obtained by this process
includes crystallisation from methyl-tert.butyl ether in
addition to a basic and an acidic extraction step. In

25 principle, other processes which are not based on a
reductive amination, but are less advantégeous, are also
known for preparing compound I (EP 0 336 368 A2).

Basic extraction, extraction of the aqueous product phase

30 being required in order to remove impurities from the
amination reaction, however, is'always associated with
product losses due to amide and/or ester cleavage of I to
give II, or of I to give compounds III and IV.

35
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In order to minimise this loss of product, low
temperatures, precisely set pHs and reaction times which
are as short as possible have to be used. This is costly

15 and is associated with difficulties, especially on an
industrial scale.

Crystallisation from methyl-tert.butyl ether is connected
with high losses of yield because, in order to directly

20 obtain the diastereomerically pure compound (I),
crystallisation is performed at high dilution, which
reduces the yield. If (I) is allowed to crystallise from
solutions at a higher concentration, an additional
recrystallisation stage is required. The addition of

25 cyclohexane (J. Org. Chem. 1988, 53, 836 - 844) during

' crystallisation in order to increase the yield is also

~described. In this case, however, there is a risk of _

separation as an oil, which makes isolation of the product
difficult, not only on an industrial scale.

30 ' .
The object of the invention is an improved process for
purifying (I).

This object is achieved by.extracting, optionally several
35 times, the crude product of (I) obtained after reductive
amination by evaporating the reaction solution with a
water/solvent two-phase system, the pH of the aqueous phase
being adjusted to a value between 0 and 3.5, in particular

This Sheet Has BeenfRe lac

LU I




Such a processiiss @d@sgridgad in J. Org. Chem 1988, 53, 836 - 844. According
to this, | is obtained in a yield of 42% by basic extraction of the crude
~reaction solution foll owed by extraction of the product in an organic
solvent at pH 4.6 and finally crystallisation fromnmethyl-tert. butyl

ether/cyclohexane
0.5 and 2, the remaining aqueous phase being adjusted to a

pH between 3.5 and 6.3, in particular 3.9 and 4.8 after
separation of the organic phase, using an alkaline
compound, in particular NaOH or KOH, then extracting,

5 optionally several times, with an organic solvent or
solvent mixture which is not miscible with water, isolating
(I) from the organic phase by evaporation and, after
dissolving in a mixture of methyl-tert.butyl ether and
methylcyclohexane, allowing the product (I) to crystallise

10 out by cooling to temperatures of -40°C to +50°C, in
particular -10°C to 30°C.

The crystalline product is then separated using known
methods.

15
Acid extraction of the aqueous product solution,
surprisingly, leads to only barely noticeable product
losses with simultaneous higher purification of the aqueous
product phase and this occurs even though the

20 trifluorocacetylamide group can also be eliminated in acid
medium. Unexpectedly, the solution also proved to be stable
over a longer period of time (ca. 48 h) in the acid range,
which represents a large technical simplification. An
advantageous pH range for acid extraction is between 0 and

25 3.5, the range between 0.5 and 2 being particularly
advantageous. Extraction can be performed at temperatures
between 0°C and 60°C, preferably between 10°C and 40°C, in
particular at room temperature. Extraction solvents which
may be used are solvents which are not miscible with water

30 such as e.g. toluene, methyl-tert.butyl ether, ethyl
acetate, isopropyl acetate, methylene chloride,
trichloroethane, chloroform or mixtures thereof.

The temperature ranges and solvent / solvent mixtures
35 described above also apply to the second extraction step.
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DE- OS 41 239348 96clam ¢s HAT t he synthesis of |, which is obtained in a yield
~of 60% according to exanple 3. Wirking up the crude reaction solution

 obt ai ned by this process includes crystallisation fromnmnethyl-tert. butyl
ether in addition to a basic and an acidi® extraction step. In principle,

ot her processes mhlﬁéd?re nOtﬁHfSEd on a diuctlve am qSi)lon but are |ess

advant ageou&eCE¥ELR

ledrfh RARF TGP Y 3312 368 A2) .

Basi c ext ra@h:lo@esseﬁcrdtsxtdmg afo tdiee eﬁmmcﬁfqtit&rt aphﬁ&ﬂ:lhfé 103 reqUI red in
order to reno ur|t| raom,.t he anj nat.i C ver I s almays
Sssoci ated MRS RRRG Hiadl Fhiel 3 Rt Aardondtnd A fRadsr )

give |1, ort@mgenatqyaﬁ>dhnpaumwgﬂﬂdulariy‘advantageous to perform a -

5

10

15

20

25

30

35

pre-crystallisation from methyl-tert.butyl ether at the
temperatures cited below with subsequent addition of
methylcyclohexane to complete crystallisation. By adding
methylcyclohexane, much purer products with a clearly
reduced tendency for the product to separate as an oil than
was possible according to the prior art are obtained. The
ratio by volume of methyl-tert.butyl ether to
methylcyclohexane in this case varies from 1:1 to 20:1, the
ratio preferably being 2:1 to 10:1. Crystallisation takes
place at temperatures between -40°C and 50°C, preferably
between -10°C and 30°C.

The concentration range, expressed as the rétio of g of
product (I) to ml of solvent, singly (methyl-tert.butyl
ether) or together (with methylcyclohexane), varies from
1:0.5 to 1:30, preferably 1:1 to 1:10, naturally depending
on the solubilities, which are predetermined by the
temperature.

The process according to the invention is intended to be
described in more detail by means of the following
examples.

Example 1

1- [N2- ( (S) -ethoxycarbonyl) -3-phenylpropyl) -N¢-
trifluoroacety 1] -L-lysyl-L-proline (compound I)

A reductive amination in accordance with patent application
P 41 23 248.8 was performed, in the same way as described
in example 3, page 10.
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Working up:

A 150 mmol batch of the reaction solution was largely
evaporated under vacuum at a bath temperature of 45°C. The
residue was taken up in 750 ml of water and stripped under
vacuum for a short time. After the addition of 150 ml of
1,1,1-trichloroethane, the pH was adjusted to 1 using conc.
HCl. The mixture was stirred for 10 minutes and the phases
then separated. At 5°C, the pH in the aqueous phase was
then adjusted to 4.6 and this was extracted with 2x 300 ml
of 1,1,1-trichloroethane. The organic phase was evaporated
under vacuum and taken up in 250 ml of methyl-tert.butyl
ether. A thick slurry of crystals was produced by cooling
to 5°C and seeding the mixture, and 65 ml of
methylcyclohexane were added after 5 hours of vigorous
stirring. After a furthexr 2 hours at 5°C, the mixture was
filtered under suction and dried under vacuum.

Yield: 54 g: (67.5% of theoretical), SSS-diastereomer
content: >99%, [a]2%: -25.6° [(c = 1 in MeOH/HCl (1:1)].

Example 2

1- [N2- ((S) -ethoxycarbonyl) -3-phenylpropyl) -N¢-
trifluorcacetyl] -L-lysyl-L-proline (compound I)

A reductive amination in accordance with patent application
P 41 23 248.8 was performed, in the same way as described
in example 3, page 10.

Working up: :

A 150 mmol batch of the reaction solution was largely
evaporated at a bath temperature of 45°C. The residue was
taken up in 750 ml of water and stripped under vacuum for a
short time. After adding 120 ml of toluene and 30 ml of
ethyl acetate, the pH was adjusted to 1 using conc. HCl.
The mixture was stirred for 10 minutes and the phases then
separated. At 5°C, the pH of the agqueous phase was then
adjusted to 4.6 and this was extracted 1x with 400 ml of
ethyl acetate. The organic phase was evaporated under

This Sheet Has Been Replaced

(IRHAMEID




" In order t98 mi9d rMe/tPEE | oss of product, |ow tenperatures, precisely
. set pHs and reaction times which are as short as possible have to be used
»This is costly and is associated with difficulties, especially on an
i ndustrial scale. Crystal lisation fron1ﬁethy|-tert butyl ether is

connect ed
vacuum and taken up in 250 ml of methyl-tert.butyl ether. A

thick slurry of crystals was produced by cooling to 5°C and

seeding the mixture, and 65 ml of cyclohexane were added

after 5 hours of vigorous stirring. After a further 2 hours
§ at 5°C, the mixture was.separated under suction and dried

under wvacuum.

Yield: 54.4 g (68% of theoretical), SSS-diastereomer

content: >99%, [al?%: 25.5° [(c=1 in MeOH/HCl (1:1)].
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" Vi th hi gh | essasesofamyisfelpdbbecause, in order tao_directly obtain the
di astereonerically pure conpound (1), crystallisation is perfornmed at high

adi |l ution,
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A process for purifying the crude product of 1-[N2?-
( (8) ~ethoxycarbonyl) -3-phenylpropyl) -N¢-
trifluoroacetyl]-L-lysyl—L-proline (I), especially
when obtained by reductive aminaﬁion, by two
extraction steps using an organic solvent and
crystallisation from methyl-tert.butyl ether,
characterised in that

the crude product is treated in a first extraction
step with a two-phase system comprising water and a
solvent, the aqueocus phase having a pH adjusted to
between 0 and 3.5, and the crystallisation being
performed with the addition of methylcyclohexane.

A process according to Claim 1,
characterised in that the first extraction step is
performed in a pH range of 0.5 to 2.

A process according to Claims 1 and 2,

characterised in that

the organic solvent used is a mixture of toluene and
ethyl acetate.

A process according to one or more of Claims 1 to 3,
characterised in that

(I) is initially allowed to pre-crystallise from
methyl-tert.butyl ether and the crystallisation
procedure is subsequently completed by adding
methylcyclohexane.

A process according to one or more of Claims 1 to 4,
characterised in that

the ratio by volume of methyl-tert.butyl ether to
methylcyclohexane is between 1:1 and 20:1.

' i
* € L M S5 %



This object 45 pghigyed dyrextracting, optionally several tinmes, the crude
product of (1) obtained after reductive am nation by evaporating the
;reaction solution with a water/solvent two-phase system the pH of the
aqueous phase being adjusted to a value between 0 and 3.5, in particular

4 0.5 and 2, the renaining agueous phase being adjusted to a

6. A process according to Claim 5,
characterised in that
the ratio by volume of methyl-tert.butyl ether to
5 methylcyclohexane is between 2:1 and 10:1.

7. A process according to one or more of Claims 1 to 6,
characterised in that

crystallisation takes place at a temperature between
10 -40°C and 50°C.

8. A process according to Claim 7,
characterised in that

crystallisation takes place at a temperature between
15 -10°C and 30°C.
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“pH between 39§ 28¢ gm3y baTparticular 3.9 and 4.8 after separation of the
~organi c phase, using an al kaline conpound, in particular NaOH or KOH, then
;extracting, optionally several tinmes, with an organic solvent or solvent
m xture which is not mscible with water,10solating (1) fromthe organic
phase by evaporation and, after dissolving in a m xture of
nmet hyl -tert. butyl ether and nethyl cycl ohexane, allow ng the product (1) to
crystallise out by cooling to tenperat®batra¢t-40[err]C to +50[err]C, in
particular -10[err]C to 30[err]C The crystalline product is then
separated usi ng known net hods. Acid extraction of the aqueous product
sol ution,
The invention relates to a process for purifying 1- [N2-((S)-

ethoxycarbonyl) -3 -phenylpropyl) -Né-trifluoroacetyl] -L-1lysyl-
L-proline (compound I) by extraction and crystallisation.
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ssurprisingly, leads to only barely noticeable product |osses with
Sinmul taneous hi gher purification of the aqueous product pha 1 -

occurs even though the trifluoroacetyl am de group can als !§¢g 2 tﬁgﬁETn
acid nmedium Unexpectedly, the solution also proved to bejsfable over a
| onger period of time (ca. 48 h) in the acid range, whichjrepr2sHMi\s 1306
| arge technical sinplification. An advantageous pH range fof acid
extraction is between 0 and 3.5, the range between 0.5 angl Z~berng
particul arly advant ageous. Extraction can be perforned at |{enperatures
bet ween O[ eThié¢ G- tlle 66f ethé Cinpert fonbiy: bet ween 10[err] C and 40[err]C, in
particul ar at roomtenperature. Extraction solvents which nay be used are
solvents which are not mscible with water such as e.g. tol uene,

met hyl - t er tAprgtess hEer puhyfyingt at &%+ I r-apHoxsmrhanylethy| ene

chloride, tgh&h PELEHPENENs AU O RIHFIA U I I8y N §¥oline (ethyl

ester of lisinopril(Tfa))
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The tenperature ranges and solvent / solvent m xtures descri bgO gapove. gl S0
apply [n; t he secondgext raction step. R%BLAC%"’%N? GIEET
Recrystal lisation of product (1) is performed by the process gcdqording to
the invention froma m xture of nethyl-tert.butyl ether and 2 & NOY 1996
met hyl cycl ohexane at reduced -1 -

A PROCESS FOR PURIFYING 1-[N?-( (8) -ETHOXYCARBONYL) -3-
PHENYLPROPYL) -N°-TRIFLUOROACETYL] -L-LYSYL-L-PROLINE
(ETHYL ESTER OF LISINOPRIL (TFA)

A.process for purifying 1- [N2?-((S)-ethoxycarbonyl)-3-
phenylpropyl) -Né-trifluoroacetyl] -L-lysyl-L-proline (ethyl
ester of lisinopril(Tfa))

Description

The invention relates to a process for purifying 1-[N3-((S)-
ethoxycarbonyl) -3 -phenylpropyl) -Né-trifluoroacetyl] -L-1ysyl-
L-proline {compound I) by extraction and crystallisation.

COOH

(I)
_icuzh COOEt

"HN s)
CF3

N-substituted aminoacids of this t?pe are valuable
intermediates for preparing inhibitors of angiotensin
converting enzymes (ACE), which act as blood pressure
regulators. I is the direct precursor of 1[N?-((S)-~-carboxy)- -
3-phenylpropyl) ] -L-~lysyl-L-proline (lisinopril) compound

II, which exhibits surprising therapeutic results when used
to control high blood pressure (Zerstril®, Coric?®,

Prinivil®).

According to the prior art, compound I is obtained by
reductive amination of ethyl 2-oxo-4-phenylbutyrate using
the dipeptide Lys(Tfa)-Pro.



tenperatures. It is particularly advantageous to perform a
pre-crystallisation fromnethyl-tert.butyl ether at the tenperatures cited
“bel ow wi t h subsequent addition of nethylcyclohexane to conpkepepiACEMENT SHEET |
crystallisation. By addi ng nethyl cycl ohexane, much purer preéd ' N
clearly reduced tendency for the product to separate as an @il &233#3?3
possi bl e according to the prior art are gbtained. The ratio U ?96
met hyl -tert. butyl ether to nethylcycl ohexane in this case variles from.1:1
to 20:1, the ratio preferably being 2:1 to 10:1.- Crystallisdtion takes
pl ace at tenperatures bejpwean -40[err]C and 50[err] C, prefer
-10[err]C and 30[err]C. e concentration range, expressed as the ratio
of g of product (l) to é§8nt, singly (nmethyl-tert.butyl ether) or
H

4

Q

together (with nethylcyc Exan varies

0 (II)
§CH2)4 COOH

NH»

Such a process is described in J. Org. Chem. 1988, 53, 836
-~ 844. According to this, I is obtained in a yield of 42%
by basic extraction of the crude reaction solution followed
by extraction of the product in an organic solvent at pH
4.6 and finally crystallisation from methyl-tert.butyl
ether/cyclohexaﬁe.

DE-OS 41 23 248 relates to the synthesis of I, which is
obtained in a yield of 60% according to example 3. Working
up the crude reaction solution obtained by this process
includes crystallisation from methyl-tert.butyl ether in
addition to a basic and an acidic extraction step. In
principle, other processes which are not based on a
reductive amination, but are less advantageous, are also
known for preparing compound I (EP 0 336 368 A2).

Basic extraction, extraction of the aqueous product phase
being required in order to remove impurities from the
amination reaction, however, is always associated with
product losses due to amide and/or ester cleavage of I to
give II, or of I to give compounds III and IV.




1:0.5 to 1:30, preferably 1:1 to 1:10, naturally depending of

solubilities, which are predeterm ned by the tenperature. BP %% %§ SHEET
according to the invention is intended to be described in nofjeldetail by
means of the follow ng exanpl es. Exanple 1  1- [N2- 26 NV 189
((.S)-ethoxycarbonyl) - 3-phenyl propyl) -N8- trifluoroacety

|]-L-1ysyl-L-prpling§ (conpound I)

COOH
)\]/"\IA@ .
(CH2)4 COOH JYY\/Q

(CHz),, COOEt

HN\fo
NHz

CFy

(I11) (IV)

In order to minimise this loss of product, low.
temperatures, precisely set pﬁs and reaction times which
are as short as possible have to be used. This is costly
and is associated with difficulties, especially on an
industrial scale. |

Crystallisation from methyl-tert.butyl ether is connected
with high losses of yield because, in order to directly
obtain the diastereomerically pure compound (I},
crystallisation is performed at high dilution, which
reduces the yield. If (I) is allowed to crystallise from
solutions at a higher concentration, an additional
recrystallisation stage is réquired. The addition of
cyclohexane (J. Org. Chem. 1988, 53, 836 - 844) during
crystallisation in order to increase the yield is also
described. In this case, however, there is a risk of
separation as an oil, which makes isolation of the product
difficult, not only on an industrial scale. '

The object of the invention is an improved process for
purifying (I).

This object is achieved by extracting, optionally several
times, the crude product of (I) obtained after reductive
amination by evaporating the reaction solution with a
water/solvent two-phase system, the pH of the aqueous phase
being adjusted to a value between 0 and 3.5, in particular’



A reductive am nation in accordance with patent application:

was perforned, in the sane way as described in exanple 3, p <=.Blb éﬁ&ﬁﬁm gHEET
% Wrking up: A 150 mol batch of the reaction solution was|lfprgely
evapor at ed under vacuum at a bath tenperature of 45[err]C el r 8% NOY 1996
taken up in 750 m of water and stripped under

4

0.5 and 2, the remaining aqueous phase being adjusted to a
pH between 3.5 and 6.3, in particular 3.9 and 4.8 after
gseparation of the organic-phase, using an alkaline
compound, in particular NaOH or KOH, then extracting,
optionally several times, with an organic solvent or
solvent mixture which is not miscible with water, isolating
(I) from the organic phase by evaporation and, after
dissolving in a mixture of methyl-tert.butyl ether and
methylcyclohexane, allowing the product (I) to crystallise
out by cooling to temperatures of -40°C to +50°C, in
particular -10°C to 30°C.

The crystalline product is then separated using known
methods.

Acid extraction of the aqueous product solution,
surprisingly, leads to only barely noticeable product
losses with simultaneous higher purification of the aqueous
product phase and this occurs even though the
trifluorbacetylamide group can also be eliminated in acid
medium. Unexpectedly, the solution also proved to be stable
over a longer period of time (ca. 48 h) in the acid range,
which represents a large technical simplification. An
advantageous pH range for acid extraction is between 0 and
3.5, the range between 0.5 and 2 being particularly
advantageous. Extraction can be performed at temperatures
between 0°C and 60°C, preferably between 10°C and 40°C, in
particular at room temperature. Extraction solvents which
may be used are solvents which are not miscible with water
such as e.g. toluene, methyl-tert.butyl ether, ethyl
acetate, isopropyl acetate, methylene chloride,
trichloroethane, chloroform or mixtures thereof.

The temperature ranges and solvent / solvent mixtures
described above also apply to the second extraction step.



vacuum for a short tinme. After the addition of 150 m of

1,1, 1-trichl oroethane, the pH was adjusted to 1 using conc. {H e

m xture was stirred for 10 m nutes and t he phases then sepa'aF@ﬁAbgMENT~*EET
5[err]C, the pHin the agueous phase was then adjusted to 4j6jand this was
extracted with 2x 300 nml of 1,1, 1-trichloroethane. The orgafni ¢ ghasgrnams
evapor at ed under vacuum and taken up ing250 ml of nethyl-tegtibutyl ether.
A thick slurry of crystals was produced by cooling to 5[ err]Cand—seediny
t he mi xt urRecapgdt&blitavionebbybeydhobexaneivepersddmnddabyeths hours of

i rered onEepeRd e Portanioobbeatt  far ek iaf FPoR puftahlge"bE, 'C5, OF°

t heor et i cangthBbsSterhsbutrbnethevnandt methpleyflehexaner at: redgeed| (¢ = 1

in MeOH HQ gfdetdturesEX2EPLE Barticularly advantageous to perform a
pre-crystallisation from methyl-tert.butyl ether at the
temperatures cited below with subsequent addition of
methylcyclohexane to complete crystallisation. By adding
methylcyclohexane, much purer products with a clearly
reduced tendency for the product to separate as an oil than
was possible according to the prior art are obtained. The
ratio by volume of methyl-tert.butyl ether to .
methylcyclohexane in this case varies from 1:1 to 20:1, the
ratio preferably being 2:1 to 10:1. Crystallisation takes
place at temperatures between -40°C and 50°C, preferably
between -10°C and 30°C.

The concentration range, expressed as the ratio of g of
product (I) to ml of solvent, singly (methyl-tert.butyl
ether) or together (with methylcyclohexane), varies from
1:0.5 to 1:30, preferably 1:1 to 1:10, naturally depending
on the solubilities, which are predetermined by the
temperature.

The process according to the invention is intended to be
described in more detail by means of the following '
examples. '

Example 1

1- [N2- ((S) -ethoxycarbonyl) -3-phenylpropyl) -N¢-
trifluorocacety 1] -L-lysyl-L-proline (compound I)

A reductive amination in accordance with patent application
P 41 23 248.8 was performed, in the same way as described
in example 3, page 10.
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1-[N[err]-((S)-ethoxycarbonyl)-3-phenyl propyl ) - N6- _ REPLACEMENT SHEET
trifluoroacetyl]-L-1ysyl-L-proline (conpound I) A reducti ve jam-Ratt-oR—A—
‘accordance with patent application P 41 23 248.8 was performed, jin_the sane
way as described in exanple 3, page 10.  Working up:. A 150 mtol| bafchk0¥1996
the reaction solution was |argely evaporgted at a bath tenperdture of
45[err] C. The residue was taken up in 750 ml of water and strlpped under
vacuum f or woSkintig dpie. After adding 120 m of toluene and 30 of —et-hyl

acetate, t hlf .'Pé_b Vmof%éjé&?dof Otl'}e L@éé‘@tf CSOﬂgion was largely

evaporated under vacuum at a bath temperature of 45°C. The
residue was taken up in 750 ml of water and stripped under
vacuum for a short time. After the addition of 150 ml of
1,1,1-trichloroethane, the pH was adjusted to 1 using conc.
HCl. The mixture was stirred for 10 minutes and the phases
then separated. At 5°C, the pH in the agueous phase was
then adjusted to 4.6 and this was extracted with 2x 300 ml
of 1,1,1-trichlorocethane. The organic phase was evaporated
under vacuum and taken up in 250 ml of methyl-tert.butyl
"ether. A thick slurry of crystals was produced by cooling
to 5°C and seeding the mixture, and 65 ml of
methylcyclohexane were added after 5 hours of vigorous
stirring. After a further 2 hours at 5°C, the mixture was
filtered under suction and dried under vacuum.

Yield: 54 g: (67.5% of theoretical), SSS-diastereomer
content: >99%, [w]?%: -25.6° [(¢c = 1 in MeOH/HClL (1:1)].

Example 2

1- [N2- ( (S) -ethoxycarbonyl) -3-phenylpropyl) -N¢-
trifluorocacetyl] -L-lysyl-L-proline (compound I)

A reductive amination in accordance with patent application
P 41 23 248.8 was performed, in the same way as described
in example 3, page 10.

Working up:

A 150 mmol batch of the reaction solution was largely
evaporated at a bath temperature of 45°C. The residue was
taken up in 750 ml of water and stripped under vacuum for a
short time. After adding 120 ml of toluene and 30 ml of
ethyl acetate, the pH was adjusted to 1 using conc. HCI.
The mixture was stirred for 10 minutes and the phases then
separated. At 5°C, the pH of the aqueous phase was then
adjusted to 4.6 and this was extracted 1x with 400 ml of
ethyl acetate. The organic phase was evaporated under
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The m xture was stirred for 10 m nutes and the phases then
5[err]C, the pH of the aqueous phase was then adjusted to 4.
extracted 1x with 400 mM of ethyl acetate. The organic phas
under 7 vacuum and tak
of nmethyl-tert.butyl ether. A thick slurry of crystals was
cooling to 5[err]C and seeding the m xture, and 65 m of cy
added 7

Iohexane wer e

vacuum and taken up in 250 ml of methyl-tert.butyl ether. A
thick slurry of crystals was produced by cooling to 5°C and
seeding the mixture, and 65 ml of cyclohexane were added
after 5 hours of vigorous stirring. After a further 2 hours
at 5°C, the mixture was separated under suction and dried
under wvacuum.

Yield: 54.4 g (68% of theoretlcal) SSS-diastereomer
content: >99%, [w]?%: 25.5° [(c=1 in MeOH/HCl (1:1)].



after 5 hours of VigOFOUSESLLLLanL After a further 2 hours
m xture was separated undpTHu8ki.anHANdEgKIjed under vacuum
(6896of theoretical), SSSidi astREPEACED contient: >99% [[err] ][
25.5[err] [(c=1in MeOH HA (1:1)].
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Patent Claims

1. A process for purifying the crude product of 1-[N2-
( (s) -ethoxycarbonyl) -3-phenylpropyl) -N¢-
trifluorocacetyl] -L-lysyl-L-proline (I), especially
when obtained by reductive amination, by two
extraction steps using an organic solvent and
crystallisation from methyl-tert.butyl ether,
characterised in that
the crude product is treated in a first extraction
step with a two-phase system comprising water and a
solvent, the aqueous phase having a pH adjusted to
between 0 and 3.5, and the crystallisation being
performed with the addition of methylcyclohexane.

2. A process according to Claim 1,
characterised in that the first extraction step is
performed in a pH range of 0.5 to 2.

3. A process according to Claims 1 and 2,
characterised in that
the organic solvent used is a mixture of toluene and
ethyl acetate.

4. A process according to one or more of Claims 1 to 3,
characterised in that
(I) is initially allowed to pre-crystallise from
methyl-tert.butyl ether and the crystallisation
procedure is subsequently completed by adding
methylcyclohexane.

5. A process according to one or more of Claims 1 to 4,
characterised in that
the ratio by volume of methyl-tert.butyl ether to
methylcyclohexane 'is between 1:1 and 20:1.
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((S)-ethoxycarbonyl) - 3- pperytproepyHa—N ]-
trifluoroacetyl]-L-1ysyl}fL! SHEETCH § BEEN | parti cul ar REBET e ?lé}g‘“
oy reductive am nation, by twREFLACED extrdction steps usinjg ’&fggﬁh ONEET
sol vent and crystallisation fromnethyl-tert butyl 4gtHer,
characterised in that in the first extraction step tthe c2adédyriogkict
S treated with a two-phase systemconprising water jand a

sol vent, the aqueous phase having a pH adjusted to Retween 0 and 3.5,
and that in the second extraction step the retainedilagqueous phase is
adjusted tg a p LRS- : i ng an al kal i ne conpound and
I S t%e’at e? \Bﬁ%cea%e_organ.lé'ré)?é\}gr?%np?dl vent m xture which is
not miscible wtdhawaererigra ¢y &hal i sation is performed with the

addi tion of met pHS WheXAP8rolume of methyl-tert.butyl ether to
methylcyclohexane is between 2:1 and 10:1.

7. A process according to one or more of Claims 1 to 6,
characterised in that
crystallisation takes place at a temperature between
-40°C and 50°C.

8. A process according to Claim 7,
characterised in that
crystallisation takes place at a temperature between
-10°C and 30°C. '
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2. A process according to Caiml, characterised in that the first

extraction step is performed at a pH between 0.5 and 7. r%cr,ﬁvf QHFET
process according to Clains 1 and 2, characterised in that h -
organi c solvent used is a m xture of t ol uene and ethyg icet at e. 4

A process according to one or nore of- @G0ai-ns 1 to 3, har a@tekC¥e®@%bn
t hat (I') isinitially allowed to pre- crystallise fromj

met hyl -tert. but et her and the cr stalllsat Eroced‘re s
e besguent | A CRATEES F O SRRRTENG 1< BEr iy (65 o - BRBRAYEARBONYL) -3-

PHENYLPROPYL) -N°-TRIFLUOROACETYL] -L-LYSYL-L-PROLINE
' (ETHYL ESTER OF LISINOPRIL (TFAa)

Abstract

The invention relates to a process for purifying 1- [N2-((S)-
ethoxycarbonyl)-3-phenylpropyl)-Eﬁ-trifluoroacetyl]-L-lysyl-
L-proline (compound I) by extraction and crystallisation.
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A process according to one or nore of O ai ysREPHACEMENT SHEFWarjact eri sed

that . the ratio by volune of nethyl-tert. bHLyi cthCI -0
Bt hyl.eycl ohexane is between 1:1 and 20: 1.

6. A process according to Caimb5, g Char agt dri sed 1?%8 t he

atio by volyngyf methyl-tert.butyl ether to

1.

A process for purifying the crude product of 1-(N3-
'((S)éethoxycarbcnyl)-3-phenylpropy1)-N‘—
trifluoroacetyl] -L-lysyl-L-proline (I), in particular
when obtained by reductive amination, by two
extraction steps using an organic solvent and
crystallisation from methyl-tert.butyl ether,
characterised in that

in the first extraction step the crude product is
treated with a two-phase system comprising water and a
solvent, the aqueous phase having a pH adjusted to

. between 0 and 3.5, and that in the second extraction

step the retéined-aqueous phase is adjusted to a pH

“between 3.5 and 6.3 using an alkaline compound and is

treated with an organic solvent or solvent mixture

- which is not miscible with water, and crystallisation

is performed with the addition of methylcyclohexane.

A process according to Claim 1,
characterised in that the first extraction step is
performed at a pH between 0.5 and 2.

A process according to Claims 1 and 2,

characterised in that

the organic solvent used is a mixture of toluene and
ethyl acetate.

A process according to one or more of Claims 1 to 3,
characterised in that

(I) is initially allowed to pre-crystallise from
methyl-tert.butyl ether and the crystallisation
procedure is subsequently completed by adding
methylcyclohexane.

A process according to one or more of Claims 1 to 4,
characterised in that .

the ratio by volume of methyl-tert.butyl ether to
methylcyclohexane is between 1:1 and 20:1.
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met hyl cycl ohexane is between 2:1 and 10: 1. 7. A proces§aTCOrdi IO U OIE
or-ppre of Clainms 1 to 6, characterised in that cryBEEaMQ Mii“\ ﬁHE T
t akes place at a tenperature between -40[ err] C and 50[lerfTT<
process according to daim7, characperi sed in that cqys{ahhrggglon
takes place at a tenperature between -10[ err] C and 30[|erir
6. A process according to Claim 5,
characterised in that

the ratio by volume of methyl-tert.butyl ether to
methylcyclohexane is between 2:1 and 10:1.

7. A process according to one or more of Claims 1 to 6,
characterised in that

crystallisation takes place at a temperature between
-40°C and 50°C.

‘8. A process according to Claim 7,
characterised in that

crystallisation takes place at a temperature between
-10°C and 30°C. |
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