1 SPECIFICATION PROCESS FOR PRODUCI NG N err] -

- (1(S) - CARBOXY- 3- PHENYLPROPYL) - L- LYSYL-L-PROLI NE 5 TECHNI CAL FIELD The

present i.nvention relates to a process for ‘producing high-quality N[err]

(1(S) -carboxy-3-phenyl propyl) -L-lysyl-L- proline.of-the formula (2) .

(hereinafter also referred to as 10. |isiftopril (2)) in high yields and in

~an econom cal | y advant ageous nanner on a commerci al scal e. N[err}-(l(S)-

car boxy- 3-phenyl propyl )-L-1ysyl-L-proline (2) (lisinopril) is a conmpound

- very useful as an-antihyertensi ve a§BREIFLEAFLON5 BACKGROUND ART Li'si nopri

(2) can readlly be synthe5|zed by hydrolyzing an Nerr]- (1 (S _

- -al koxycarb hen ro N err trifluoroacet | -L-proline
of the gener%g gu?%g £§OB%§%Nf &5'39 %91@ﬁﬁ39¥¥1§73ﬁ#¥¥%ﬁ%§g ®yl

group, usingL@@g§eLLpR©h§Npresence of water and then neutraI|2|ng all the-

basi ¢ congponents in the hydrolysis m xture using an acid. On that

_occasion? however, 5 it is necessary, for isolating lisinopril (2), to

separate lisinopril (2) from saltsTEGHNLICAL FEELDuoroacetic acid resulting

. from hydrol ysi s a%é?;hrtesfe%&ﬂggmgbhhfeféégs a5+ e U8t BIERLEeRY St

in |large anmounts rocess scl
10 Org Chewighsauabiey gz ((11@98)carfmxmemylmqmls)e§a lysyl-L-
proline of the formula (2) (hereinafter also referred to as
10 lisinopril (2)) in high ylelds and in an economically
advantageous manner on a commercial scale. N?-(1(S)-
'carboxy—B—phenylpropyl)—L—lysyl—L—proline (2) (lisinopril)
is a compound very useful as an antihyertensive agent.

BACKGRQUND ART
Lisinopril (2) can readily be synthesized by hydrolyzing

an N’-(1(S)-alkoxycarbonyl-3-phenylpropyl) -N°-
trifluorocacetyl-L-lysyl-L-proline of the general formula (1):

NHCOCF;
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hydrol yZingsN err]- (1(S)-ethoxycarbonyl - 3-phenyl propyl )-Nerr] -
trifluorfoacetyl-L-1ysyl-L-proline with sodi um hydroxide, acidifying the
hydrol ysi.s m xture with hydrochloric acid, renoving all the resulting
coexi sting substances such as sodium 15 chloride, trifluoroacetic acid
and/ or the sodium salt thereof by treatneat on an i on exchange col um,
concentratlng t he organi c base-containing eluate (eluent being agueous:
anmoni a or pyridine-water), adjusting the concentrate to the isoelectric
point with hydrochloric acid and -recovering 20 lisinopril (2) by causing

the same to stalglze out fromt inal wat er - et hanol mi xture sol ution
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base, the h)ﬁc% %lvyls.r{gs aﬁ.rh.xél'yé %esﬁltth%g coexisting substances such as sodium
' 15 chloride, trifluorocacetic acid and/or the sodium salt thereof
by treatment on an ion exchange column, concentrating the
organic base-—containing eluate (eluent being aqueous ammonia
or pyridine—watér), adjusting the concentrate to the
isoelectric point with hydrochlorié acid and_recovering
20 lisinopril (2) by causing the same to crystallize out from the
final water-ethanol mlxture solution containing the amine salt
formed upon the above adjustment to isoelectric point.
The above process, however, is not only complicated in
operation but also poor in productivity since it is necessary
25 to remove-a large amount of salts by ion exchange treatment and
the eluate is dilute, so that large-scale equipment is required
_and a long period and a large quantity of heat energy are wasted
for the concentration of the eluate. Furthermore, the quantity
of waste water to be treated, inclusive of the portion resulting
30 from regeneration treatment of the ion exchange column, is
enormous. In addition, the ion éxchange_ column potentially
poses a serious problem, namely it may readily allow various
microorganisms to grow therein. In view of these and other
drawbacks, the above proéess can hardly be said to be an
35 advantageous one from the industrial production viewpo.int.



- neutrali'zedwith trifluoroacetic acid, which is an organic acid, so that an
~organic*salt, nanely tetrabutylamoni umtrifluoroacetate, alone may be
formed as, the salt conponent,. and |lisinopril -(2) is recovered by causing
the same to.10 -crystallize out at the isoelectric.point thereof froma
m xed sol vent- system conposed of water and ethanol in the presence of the
whol e anount - of "the organic salt. However, the process just nentioned
above, too, can hardly be said to be advantageous fromthe vi ewpoi nt of
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chl ori de or qj‘:‘(d:é}ﬁ ei amount of the organic sal
: However, the process just mentioned above, too, can
-hardly be said to be advantageous from the viewpoint of economy,
15 safety and industrial practice because of the use of special
reagents such as tetrabutylammonium hydroxide and
trifluoroacetic acid.

Thus, in the prior art, no process is known for separating
Nz-(l(S)—carboxy—3—phenylpropyl)—L—lysyl-L—proline (2) from

20 the salt(s) mentioned above in a simple and efficient and
industrially advantageous manner.

The present invention has for its object to provide a
simple, efficient and industrially advantageous process for
separating the salt and lisinopril (2) formed by alkali

25 hydrolysis of Nz-(l(S)—alkoxycarbonyl—3—phenylpropyl)—NG—
trifluorocacetyl-L-lysyl-L-proline and subsequent
neutralization from the reaction mixture.

SUMMARY OF THE INVENTION -

30 First, the present inventors investigated the
feasibility of the process comprising hydrolyzing N*-(1(S)-
'alkoxycarbonyl—3—phenylpropyl) -N°-tri fluorocacetyl-L-lysyl-
L-proline with the inorganic base sodium hydroxide and
neutralizing the reaction mixture with the inorganic acid

35 hydrochlofic acid or organic acid trifluoroacetic acid, under



salt sodiumtrifluoroacetate, and recovering Nerr]-(1(S)- .

car boxy-Z3- phenyl propyl) -L-lysyl-L-proline by causing the same to
crystallize out froma solvent system such as water or ethanol 5 while
retaining a |l arge anount of such salts dissolved therein. As a result, it
was reveal ed that the yield in-recoveringdcrystals of lisinopril (2) and
the extent of renoval of salts are both unsatisfactory. It was also found
that the presence of such salts in |large anmounts retards the nucleation and
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15 improvements in the above aspects. .It was supposed that
reducing salt concentration in advance is necessary and helpful
for recovering lisinopril (2) by crystallization. As a result
.of further intensive investigations made from that point of view,
the inventors came to believe that, from the viewpoint of

20 eliminating two different kinds of salts, namely the organic
acid salt formed by the trifluorocacetic acid resulting from

-hydrolysis and the inorganic base used for hydrolysis and the
inorganic salt formed upon neutralization from the inorganic
base and the inorganic acid used, optimum separating method

25 shouldbe established for each salt according to such properties
as solubility in solvent and interaction with lisinopril (2).

Thus, the present invention provides a process for
producing N*- (1 (S) —carboxy—B—phe.ﬁylpropyl) -L-lysyl-L-proline
of the formula (2):

@




[err] mherern R represents an aIkyI group,. whi ch conprises: the first step:.
subjecting the Nerr]-(1(S)- I

al koxycar.bonyl - 3- phenyl propyl )-Nerr]-trifluoroacetyl-L-lysyl- 10
L-proline (1) to alkali hydrolysis in a solvent system being selected from
-anong m xed sol ution conposed of water and a hydrophilic organic sol vent,
and water using an inorganic base in an anpunt of n nolar equivalents (n
[err] 3) per nole of the above conmpound (1),. 15 t he second step:
neutralizing the hydrolysis product using an inorganic acid in an anount of"

n- 1) to n_nol ar i val ent nlerr separating ang renoving the
§norga%ic sat%o Wcﬁ?&ﬁ?gﬂﬁgﬁﬁfTé;éﬁﬁgﬁ?ﬁ %ﬁﬁﬁ] Qﬁﬁii éﬁ? Pganic acid in
the reacti ort:20flmn<d>metjay—b-all§$yllg—threhrhnetcmf thecgenénsd fotmilraomia :
sol vent systemsuited for decreasing the solubility of the inorganic salt,
sai d solvent system being selected froma hydrophilic organic solvent, a
m xed sol vent conposed of water NHDOCF;25 hydrophilic organic solvent, and
water, and the third step: causiilng the lisinopril (2) existing in the
m xture after renoval of the i#forganic salt to crystallize out froma
sol vent system at the isoelecf{ric point thereof, 6 said sol vent 'system
being selected froma flic organic solvent, a m xed sol vent conposed
of water and a hydrophi rganyc-%ol vent, and water, and thereby
recovering the~ N thg for ;gf 5 crystals while retaining the
salts mainl bri si'ng tEre t ffi f I'yor oacet ' ¢ aci d-derived organic acid salt

in a state O  CoH

5
whereln R represents an alkyl group,
which comprlses
the first step: subjecting the N?-(1(S)-
alkoxycarbonyl—3¥phenylpropyl)?Nq-trifluoroacetyl—L—lysyl—

10 L-proline (1) to alkali hydrolysis in a solvent system being
selected from among mixed solution composed of water and a
‘hydrophilic organic solvent, and water using an inorganic base
in an amount of n molar equivalents (n > 3) per mole of the
above compound (1),. '

15 the second step: neutralizing the hydrolysis product
using an inorganic acid in an amount of (n - 1) to n molar
equivalents (n = 3) and '

separating and removing'the inorganic salt formed from
the above inorganic base and inorganic acid in the reaction

20 mixture by céusing the same to precipitate out from a solvent
system suited for decreasing the solubility of the inorganic
salt, | '

said solvent system being selected from a hydrophilic
organic solvent, a mixed solvent composed of water and a
25 hydrophilic organic solvent, and water, ahd
the third step: causing the lisinopril (2) existing in
the mixture after removal of the inorganic salt to crystallize
out from a solvent system at the isoelectric point thereof,



di ssolvéd in the nother liquor. The process of the present invention nakes
it possible to separate and recover lisinopril (2) with a reduced salt 10
content froma lisinopril (2)- and salt-containing m-xture in a sinple and
ef ficient manner. DETAILED DESCRI PTION OF THE I NVENTION In the first step,
~each nole of an Nerr]-(1(S)- 15 al koxycérbonyl - 3-phenyl propyl)
-Nerr]-trifluoroacetyl-L-lysyl- L-proline (1) is hydrolyzed using n nolar -
equi valents (n [err] 3) of an inorganic base in a solvent system sel ected
fromanong a m xed s3Qldv et veerpesed el beahel sandctdy ¢rephhl hgdeepRNIE

sol vent, and water. 20 In.thﬁlgefera formul a (1%: %ﬁrr] S being an
al kyl group)Ct9Hith FLpFeRent?d THESR EO1TERT (TRPREFYREr BOhGF - 30d08

phenyl pr opylHydaphilic idtgeambacedyveht) yayd-kapeo)iaed Ris a group -
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preferably an al ky cont al ni roon a i 71~ nore
pref er abPy &@r¥atpds > retyimheg Nfker§alyg gginly comprising the
- al koxycar baiwil £ BrdWsdd f Py ig-Meivdd srgdhiergacet yhrL-ixsyl skaprol i ne
(1) to be used can Qfafre ared %K t he, net hods descri bed, for exanple, in
Japanese KokKHiSFURTGEat? o P HeB5UEEIOT Japanese Kokai Publication 5
Hei - 05- 201882, EP THSHi®ass).ofOtlhe CementS53nvedGidsadmake88)tThesksnplgani c
base to be e r j - . : :
(1(S)-al koxﬁoa%oéc?%ﬁa[-%é-p eé/nﬁ%‘?%%y_)- J[ellri‘lr’l‘f’-”f“%i {7 LorbhR e yFefuced salt
| ysyl - L1@r oldantent faompar tisimeprilr 62} v iand¢aldt-dondlaiddng aistyret her s,
hydroxi des gndiGRONA e Ofi 3 &t imdt&s or 10 alkaline earthmetals. As
speci fic exanples of such base, there :
DElTAILED DESCRIPTION OF THE INVENTION
In the first step, each mole of an N?-(1(S)-
15 alkoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysyl-
L-proline (1) is hydrolyzed using n molar equivalents (n = 3)
of an inorganic base in a solvent system selected from among
a mixed solvent composed of water and a hydrophilic organic
solvent, and water. _ '
20 In the general formula (1):-

NHCOCF;
- CO,R
N. .
N 1)
H
0O ©oH

(R being an alkyl group),
which represents the N?-(1(S)-alkoxycarbonyl-3-

25 phenylpropyl)-N°-trifluoroacetyl-L-lysyl-L-proline, R is a
group hydrolyzable under alkaline conditions, preferably an
alkyl group, more preferably an alkyl group containing 1 to 4
carbon atoms, still more prefefably an ethyl group.



may be nenticoned, anong ot hers, al kali metal hydroxi des such as sodi um
hydr oxi de and pot assi um hydroxi de; al kali netal carbonates such as sodi um
car bonat e. and pot assi um carbonate; and al kaline earth netal hydroxides such
as magnesi um hydroxide 15 and cal ci um hydroxide.. O her inorganic bases
may al so be used. Among them basic sodi uth conpounds and basic potassium

. conpounds are preferred From the operability viewpoint, these bases. are
preferably used in the formof aqueous sol utlons It |s general ly

advant ageous to USEnd heﬁﬂ(llrrg)hglﬁwgpda‘r l;gin,s_}tfaw ng a
t o, 48% wei ght. These

trat 5 to 50% f bI 0
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(1). General I%qthe base is useﬁ Jtan an apount ? Irrlpt | ess nmol ar

equi val ents (hi§kr31kQFyearBeryt-PoPhpRYNRropyt syN -trifluoroacetyl-L-
- al koxycar boIgyéyB—]p#mlme)p.w JnotiNpdrtifdulardac elepitrdicteds putl ineohtes, (1) .

Th i K
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can general ly 'be conducted ip_an agueous syste Is al S0 _possib
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15 and_calc:.um hydroxide. Other inorganic bases may also be used.
Among them, basic sodium compounds and basic potassium
compounds are preferred. From the operability viewpoint,
these bases are preferablyused in the form of aqueous solutions. -
It is generally advantageous to use them in the form of aqueous

20 solutions having a concentration of 5 to 50% by weight,
preferably 20 to 48% by weight. These bases may be used singly
or two or more of them may be used in combination. For example,
the first step can preferably be carried out using one molar
equivalent of sodium hydrogencarbonate and (n - 1) molar

25 equivalents .(n = 3) of sodium hydroxide.

The inorganic base using in an amount of n molar
‘equivalents is required for the hydrolysis of the N?-(1(S)-
alkoxycarbonyl-3-phenylpropyl) -N°-trifluoroacetyl-L-lysyl-
L-proline (1). Generally, the base is used in an amount of not

30 less than 3 molar egquivalents (n = 3) relative to the N%-
(1(S)-alkoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl—-L-
lysyl-L-proline (1). The inorgahic base may be added all at
once from the beginning, or.successively or pertionWise so that
the pH may be maintained at a selected value or varied stepwise
35 during hydrolysis. The final pH of the reaction mixture is



to. be contained is not particularly restricted. Cenerally, there may be
ment i oned nonohydric al cohols containing 1 to 4. carbon atons, such as
met hanol ,. ethanol , propanol, isopropanol 10 and t-butanol and, in that
case, it is preferred t hat Rin the general fornmula (1) representing t he
N err]-(1(S)- al koxycarbonyl - 3- phenyl propgl )
-Nerr]-trifluoroacetyl-L-1ysyl- L-proline to be used is the same as the
al kyl group of the above-nentioned al cohol. Ethanol can be used nore

preferably ALp1 R & £8s {oqhsrpreferred that Rin general fornula
(1) be an e%\? group en a m&):(e% %o \r/gnt conposed of water and a

hydrophi li ¢ or gani'®sk Vg hydrebrsisufar genekellioreenondvabedednofn
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n (6] O n nol ar
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acid for neu ralization is
ove-mentioned alcohol. Ethanol can be used more preferably
15 and, in that case, it is preferred that R in general formula
(1) be an ethyl group. When a mixed solvent composed of water
and a hydrophilic organic solvent, inparticulara mixéd solvent
composed of water and such an alcohol as mentioned above, is
used, the mixing ratio is .generally 1:1 to 1:89, preferably 1:1
20 to 1:9, more preferably 1:1 to 1:7, by weight.

As regards the operation temperature in the hydrolysis
step, an especially high temperature is not required. |
Practically, the reaction can be carried out generally at a
temperature not higher than 70 C, preferably not higher than

25 60 %C at which the solvent system will not be frozen, preferably
at 0 to 50 C, more preferably at about 30 °C.

In the second step, the reaction mixlture from the first
step is neutralized using an inorganic acid in an amount of (n

- — 1) to n molar equivalents (n = 3), and the inor‘gani;: salt
30 formed in the resulting mixture from the above inorganic base
and inorganic acid is removed by causihg the same to precipitate
out from a solvent system, which is suited for reducing the
solubility of the inorganic salt, as selected from among a
hydrophilic organic solvent, a mixed solvent composed of water

35 and a hydrophilic organic solvent, and water.



basicall'y (n - 1) nol ar equivalents relative to the anmount (n nolar
equi val ents). of the inorganic base used in the flrst step to hydrolyze the
Nlerr]- (1 (S)-al koxycarbonyl - 3-phenyl propyl) -

"N err]-trifluoroacetyl-L-lysyl-L-proline. This |s because one nole of the

i norgani ¢ base is consunmed in hydrolyzingethe trifluoroacetyl group and the
resulting trifluoroacetic acid and the ihorgahic basé forman organic acid
salt. Therefore, when the inorganic acid |s used in that anount, (n - 1)
mol-ar 10 equi val E’#-ﬁeS Aodie dfctrﬂ@g.' 1d Sdcf B h@u??g'ltl'z%'%lo% Qe
nol ar equi val ent of the organic_acid sa For med ron1tr| qoroacetic acid
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a

and the pH V& YO HErRr Hit %‘Y&aﬁmq PR RRARY BeT d to
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f d fr d 20
Ul ur o acib s prore Piorarbty BeREres "bonsiga B BORROSkF inBC kR
particuIarIytﬁwﬁJQQEQﬁﬁeUﬁks@r¢¢annﬁnhbea¢ﬁ@§lﬁawgb@rmfédogoagby1@raCmd or

mor e of therarmtm@m@&d;amccgmg'en%kﬂnanv&é@nweé&d %%rl&am $hackesrean be
used as they are, the used as sol utLons ar ed iTution wth

an aqueous MRFHERSF Or&énl A Si R8PHamRct WRWQF@eglln lacraley
t han tr bl uerqaiced ientesiodk tpeeiﬂoa@hylbyshmmsnlfb@madl ith ddditsiesh to one

acidifi catl aq? é)cﬁldlqg% @g@guﬁjl%( ‘?ﬁ%éﬁfg ouUl 4t 0. p gx]t_, & gxceedl ng the

i soel ectric poin e anount inorgani c” acrd ba us%lé} based on
t he i.nor ganite e neacettic aslisrard tf@qmnoagemtg)bas@, wmdhtlmus téha whgéeof
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so that the pH of {Ne ALY £, PGSS M¥ES5.2 + 0.4.

While the inorganic acid to be used is not particularly

restricted, the use of a strong acid is preferred from the
practicability viewpoint. Thus, hydrochloric acid and
20 sulfuric acid are preferred among others, and hydrochloric acid
is particularly preferred. These inorganic acids may be used
singly or two or more of them may be used in combination. Whi'l,e
these inorganic acids can be used as they are, they may be used
as solutions prepared by dilution with an aqueous medium.
25 When an inorganic acid stronger in acidity than
trifluoroacetic acid, preferably hydrochloric acid, is used,
acidification can be advantageously carried out to an extent
éxceeding the isoelectric point and the amount of the inorganic
acid to be used, based on the inorganic base used (n molar
30 equivalents), is within the rarige of over {n - 1) up to n molar
equivalents, whereby the same molar equivalents of the
inorganic salt as the inorganic acid component used can be
formed. On that occasion, the amount of the trifluoroacetic
acid component not involved in salt formation with the inorganic
356 base component increases, so that the pH of the mixture becomes



10: | ower than the isoelectric point of lisinopril (2). On the contrary,
when the inorganic acid is used in an anount outside the range of not |ess
than (n -. 1) nolar equivalents to n nolar eqU|vaIents or when an acid
weaker than 5 trifluoroacetic acid is used in an anobunt of nore than (n -
1) nolar equivalents but not nmore than nawlar equivalents, the inorganic
"base conponent or inorganic acid component is not wholly removed in this
'step but partly remains and, in the next step of recovery of lisinopril (2)
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In the above procedure, the time over which the whole
15 amount of the inorganic acid is to be added is-not particularly
restricted but generally is not léss than a quarter of an hour,
usually not less than a third of an hour, preferably not less
than half an hour and, from the viewpoint of productivity or
the like, it is generally not more than 20 hours, usually not

20 more than 10 hours, preferably not more. than 5 hours.

As regards the solvent system suited for reducing the
solubility of the inorganic salt and inducing the .precipitation
thereof formed in the mixture resulting from neutralization,
the use of a hydrophilic organic solvent as a poor solvent is

25 effective and it is also preferably pracficable to make a mixed
solvent system composed of a hydrophilic-organic solvent and
water or, further, make a replacement of the medium by a
hydrophilic organic solvent. The organic solvent to be
selected from such viewpoints is not particularly restrictéd

30 but specifically includes, among others, monohydric alcohols
containing 1 to 4 carbon atoms such as methanol, ethanol,
propanol, isopropanol and tert-butanol; acetone,
tetrahydrofuran, acetonitrile and the 1like. Other hydrophilic
organic solvents may also be used. In particular, monohydric

35 alcohols containing 1 to 4 carbon atoms are preferred and, for



~containing ¥ to 4 carbon atons such as nethanol, ethanol, propanol,

| sopropanol and tert-butanol; acetone, tetrahydrofuran, .acetonitrile and .
the |ike. Qher hydrophilic organic solvents may al so be used. In

particul ar, nonohydric 35 alcohols containing 1 to 4 carbon atoms are
preferred and for m ni m zing the possi®bl e ‘adverse effects on the human
body in the case of a trace anount of the solvent being brought into the
final product, ethanol is particularly . advantageous. These may be used
singly or twimiminirgothe heossityldeadsaksd etirhined the Gumiaai Bodyorgani ¢
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from wat er %é’ﬁh}drc%hf%'c@f&aﬁf@%?@eﬂ %‘@Blé@oéﬂﬁfbfi%%aéﬁd there 'rFﬁy

be nentiogned potassjum sul fate and cal cium sul fate, anobng ot hers.

i nor ganit@ salMogARt eSakh HETET e Porimneiady o ebihens -esWhan
water and orgarirgasdlc sollyentei srusay a@anp@@grﬁmseramdfdﬂﬂ(th@ kBokgahhe

peci o5 scl A ET AT BEYORRE Does BPRCErhg S BB Rab ofi6r SPABHaRAFc
base and 25 Salrtorlgmqaw dvhemtlhe tplwqerm@a(mmocf thkt ofgerned poéwviepit Ates
out rapidly,jncreased. From such a viewpoint, the weight ratio, between
15 water and the hydrophilic organic solvent is generally 4:1 to
1:99, preferably 1:1 to 1:99, more preferably 3:7 to 1:99.
Certain inorganic salt species can be precipitated from water
as well. As specific examples of such inorganic salt, there
may be mentioned potassium sulfate and calcium sulfate, among
20 others. The inorganic salt species can be selected on the basis
of solubilities in water and organic solvents, referring to
monographs and the like in the relevant field of art or based
on simple experiments. The inorganic salt species selected can
be formed by selecting the comblnatlon of inorganic base and
25 inorganic acid.

While the inorganic salt formed precipitates out rapidly,
lisinopril (2) requires a long period for nucleation and crystal
growth, so that it is possible to cause preferential
precipitation of the inorganic salt for separation and removal

30 thereof. Further, selection of more suited conditions is
preferred; for example, the temperature is preferably
-maintained at a low levél, for example 0 to 30 C.

" Inthe above procedure, it is more preferred and efficient
to use an inorganic acid stronger in acidity than

356 trifluoroacetic acid as the inorganic acid for neutralization



lisinopril (2) requires a long period for nucleation and crystal growth, so
that it is possible to cause preferential precipitation of the inorganic
salt for separation and renoval 30 thereof. Further, selection of nore
suited conditions is preferred; :for -exanple, the tenperature is preferably
mai ntained at a low |l evel, for exanple 02 30 [err]C. In the above
procedure, it is nore preferred and efficient to use an i norgani c acid
stronger in acidity than 35 trifluoroacetic acid as the inorganic acid for
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The inorganic salt precipitate formed from the resulting
15 mixture in this step can be separated/removed in a simple and
easy manner by a common solid-liquid separation procedure such

as centrifugal separation or pressure filtration.

In the third step, lisinopril (2) existing in the
resultant mixture after elimination of the inorganic salt is

20 allowed to crystallize out from a hydrophilic organic solvent,
a mixed solvent composed of water and an organic solvent, or
water, at the isoelectric point thereof, whereby crystals of
lisinopril (2) are recovered while allowing the salts, the
majority of which is a trifluorcacetic acid-derived organic'

25 acid salt, to remain dissolved in the mother liquor.

In allowing lisinopril (2) existing in the mixture
obtained after elimination of the inorganic salt in the second
step to crystallize out under isoelectric point conditions, no

. particular treatment is generally required if the mixture is
30 already at the isoelectric point in the neutralization stage
in the preceding step as a result of the use of '(n—l) molar
equivalents of the inorganic acid. When the mixture is in an
acidified condition exceeding the isoelectric point as a result

of the use of the inorganic acid in an amount of more than (n

35 - 1) molar equivalents to n molar equivalents, it is judicious



wat er, dt the isoelectric point thereof, whereby crystals of lisinopril (2)
are recovered while allowing the salts, the magjority of which is a _
trifluoroacetic acid-derived organic 25 acid salt, to remain dissolved in
the mother liquor. In allowing lisinopril (2) existing in the m xture
obtained after elimnation of the inorganixz salt in the second step to
crystallize out under isoelectric point conditions, no particular treatnment
is generally required if the mixture is 30 ~"already at the isoelectric '
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restricted but may from anong those inorganic bases to be used
in the first 15 St Refseyier g ATRd in adilestinn, the kalktwee ato the
hydr ogencar bigsiad IRsc tStich 5159 01 ¢ B A 2BE1ERI RPTRT Be8PFicted but may be

.selected from among those inorganic bases to be used in the first

15 step of hydrolyzing. In addition, alkali metal _
hydrogencarbonates such as sodium hydrogencarbonate and
~ potassium hydrogencarbonate and alkaline earth metal
carbonates such as magnesium carbonate and calcium carbonate,
for instance, are also suited foruse. Further, aqueous ammonia
20 and organic bases, for example amines such as triethylamine and
pyridine, may also be used. However, basic compounds of sodium
and basic compounds. of potassium are preferred. These may be
used singly or two or more of them may be used combinedly.
The crystallization solvent for lisinopril (2) to be used
25 in this step is, for example, water, a hydrophilic organic
solvent or amixture thereof. Inparticular, the use of a mixed
solvent. composed of water and a hydrophilic organic solvent ié
preferred from the viewpoint of improving the removability of
the organic acid salt derived from trifluoroacetic acid and the .
30 Dbase and the crystallizability of lisinopril (2). The
" hydrophilic organic solvent to be used can be replaced with one
selected from among those hydrophilic organic solvent to be used
in the second step. However, the use of the same kind of solvent
system as used in the second step 1s preferred, since such use
35 is simple and economical, hence advantageous. Replacement of



pot assi um hydr ogencar bonat e and al kal I ne earth nmetal carbonates such as
magnesi um car bonat e and cal ci um carbonate, for instance, are also suited
for use. Further, aqueous ammonia 20 and organi c bases, for exanple am nes
such as triethyl arri ne and pyridine, may al so:be used. However,  basic

- conpounds of sodi um and basi c conpounds ofg pot assium are preferred. These
may be used singly or two or nore of them may be used conbi nedly. The
crystalli-zation solvent for lisinopril (2) to be used 25 in this step is,
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preferably set at a level not lower than 5%, more preferably
15 not lower than 10%, while the upper concentration limit is
preferably set at a level not higher than 40%, more preferably
not higher than 30%. Usually, the crystallization can
judiciously be effected at a concentration of about 10 to 25%.
The concentration of the salts, coexisting in the mixture
20 on the occasion of crystallization of lisinopril (2) andmainly
containing the 'triflu'oro.acetic acid-derived organic acid salt,
is also important from' the Viewpoint of promoting good crystal
growth. Althotlgh it depends on the operation concentration,
temperature and procedure as well as on the 'coexisting neutral
25 salt species, among others, hence cannot be specified in general
terms, the salt concentration is generally to be not higher than
15% by weight, preferably not higher than 10% by weight, more ’
preferably not higher than 8% by weight. -
The temperature to be employed in the crystallization of
30 lisinopril (2) cannot be particularly specified since it .
depends on the composition of the crystallization solvent, the
procedure and 'other factors. Practically, howéver, the third
step is carried out at a temperature which is not higher than
the boiling point of the crystallization solvent but at which
35 the solvent will not freeze.- While an especially high



however,” it.is also inportant that the concentration is not too high.
Practically, the lower concentration limt is preferably set at a | evel not
| ower than 5% nore preferably 15 not |ower than 10% while the upper
concentration linmt is preferably set at a |evel not higher than 40% nore
preferably not higher than 30% Usually, 4tshe crystallization can
judiciously be effected at a concentration of about 10 to 25% The
concentration of the salts, coexisting in 'the mxture 20 on the occasion
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can be | ncre&s(%c; -bgltl:Iolxnyacl:aluybgr?yi—lygpﬁe()ﬁﬁpﬂgropyl)—Ns—trifluoroacetyl—L—
15 lysyl-L-proline is used as the reaction substrate, a basic
compound of sodium as the inorganic base and hydrochloric acid
as the inorganic acid, for instance, the mode of embodiment will
be as follows: _
In the first step, the hydrolysis is conducted in water
20 or a mixture of water and ethanol using n molar equivalents (n
= 3) of the basic compound of sodium as the inorganic base; .
in the second step, the reaction mixture is neutralized
using n molar equivalents of hydrochloric acid as the inorganic
acid and the resulting sodium chloride is caused to efficiently
25 precipitate from ethanol or a mixture of ethanol and water and
removed by 'filtration;' and
in the third step, one molar equivalent of the basic
compound of sodium is added to the mixture after elimination
of sodium chloride and, while the resulting sodium
30 trifluoroacetate is retained in a state dissolved in the
resulting mixture of ethanol and water, lisinopril (2) is
efficiently caused to crystallize out, followed by collection
of the crystals.
‘In another preferred embodiment in which a basic compound
- 35 of potassium, for example, is used as the inorganic base and



h| gher than-20 [err]C preferably not higher than 10 [err]C The resultlng
crystals of lisinopril (2) can be readily recovered by an ordinary
solid-liquid separation procedure, 10 such as centrifugal separation or
pressure filtration, without any particular- procedure. Thus, high-quality
crystals can be obtained efficiently:and ié high yiel ds. V\hen, in the
practice of the present invention, Nerr]- (1 .

(S) - et hoxycar bonyl - 3- phenyl propyl) N6-trifl uoroacetyl - L 15

| ysyl - L- pr ol dWipri 5 ¢Sg6i@Sat hehe eabigansubstial etha PasteseonRUNGeOhs
sodi um as tzi? jtﬂor%gm c base and hydrochloric acid as the inorganic acid,
for instanc P bde of enmbodinment will be as follows: In the first step,
t he hydrol ysis is TmrthecEedstnstvegh eith20hydroaysixtis eacn‘[rl\mlt enteurrdweﬂ:léa:nol

usi ng n ol Hr %qﬂt Y&:u%t ﬁf(v@a£gfd;; cf’)et?lf orleugﬁﬁ' Cn(it?éﬁ) u vaS_I.O usma{?)lszed

t he i norgani c base; e reacti on m neu
using n Aol a& 8yud§dihenbasdifc hyxdpouhdmf Eod@ise iam alsetlnenarrgmganmbdsand

the resulting sodlﬁmtqm %'é'c@@id' stepYSede e £dfioh @[{ﬂﬂaur@lsph@ﬁ'teh&atzédf rom
et hanol or a mxt anol and vvaterqgnd rempved by filtration; and in

the third st‘é%m% Fﬁ&llgﬁtle&tst Sp&SPELE Ad tte iBargaris
added to theaaddiner ehefrbbly adj usbathemicftiraditontid| igdalee @nth.c Wi blFe

oSl g, SO a4 L UaLeRERL A sl L LSRGl ettt

the resulting mx ureo ST no
caused 28 criysedifiiciendty, preripibdtbyfnem Wwedteiroor ¢f miksureyst ala.ed and

another pr eféyiath £ asli ABiloved MO £ 8 PASOS, coupouNd 35 of potassi um

for exanple, is used as the |norgan|c ase _and 16 sulfuric acid as the
i norgani ¢ aci d, tHé'l &h@cgggr@‘ PFEPe While the potassium trifluoroacetate -
is retained in a state dissolved in water or a mixture of water

and ethanol, lisinopril (2) is allowed to efficiently
15 crystallize out, followed by collection of the crystals.

BEST MODES FOR CARRYING OUT THE INVENTION
The following examples illustrate the present invention
in further detail. They are, however, by no means limitative
20 of the scope of the invention. _
For purity testing, HPLC was performed and the purity was
calculated by the absolute working curve method. The water
- content was determined by the Karl Fischer method. The sodium
chloride content was determined using an ion E:hromatograph.
25 The HPLC conditions were as follows: '
[HPLC]
Column: Capsule PackUG-120 {(trademark; 4. 6mm x 25 cm; product
of Shiseido Co.)
Solvent: 60 mM KH,PO, (pH 2. 8)/CH3CN (90 10 (by volume))
30 Flow rate: 1.0 ml/min
Temperature: 50 C
Detection: UV 210 nm

Example 1
35 —(l(S)—Ethoxycarbonyl 3—phenylpropyl) N6



follows:” In-the first step, the hydrolysis is carried out in water or a

m xture-of water and ethanol using n nolar equivalents (n 5 [err] 3): of
the basic conpound of potassiumas the inorganic base; in the second step,
“the reaction mxture is neutralized using (n - 1) nol ar .equi val ents of
sulfuric acid as the inorganic-acid to thereby adjust the m xture to the

- isoelectric point of lisinopril (2),-and the resulting potassiumsulfate is
caused 10 to efficiently preci pitate fromwater or a mxture of water and

“et hanol and gﬁrﬁ%@a/céﬁlilﬁlwgyl wlms ty res 216R) gﬂld o4 fie

pot assi um tr oroacetafe is retained in a ate i ssolved Ih water of a
m xture of w%ePnieigiHamAueqysisedprtjony 23f iNaOff Wewed i esk Hpc paft Epel1s

gA ﬁ‘; g{ ?:\IIGI zOleJT rg#dﬁoiﬁ iEﬂTw%\l&m&o:ﬁaﬁelﬁtalqrbﬁd tee lp@:ro)é%:'elaﬂ witBESTiMoDRg FOR

e fol | ow exanp es i|lustr t resept
Cvent | on T AR HoriotSl | TOrE HAAC ST TR SRR (A Sraed (40 1Bt ver 20
of the ssope:m{cetﬂte:atm@rﬁydrnckﬂnrmradn;d tte:stmalkg thieLH i3 geiof.&r.meghand

cont ont was I L o R L ER LU RARE YA SRR, pBT IR

cont ent was dietulyed ﬁ@d-u}‘@% wa§ FORCERtsRkedgtapthe 25 1igumalHppdussndi Biyons
were as foll at[ﬂf’cj—@h@'dlﬁlhtl&@/pééﬁl@ex?@ﬁgti&1§Qo&éaﬁf|§”ﬁfiie 4.6mm x 25

(50: 0 by VoS g oS R E a rg SRR v ok TE VLot [ i Feie

Det ecti an: 6121 oxnvaxanpdded Sthanol to I\ih&ke]thé lconcentration of

. (S)-& hoxycalrlb&r}yépﬁlph%ylﬂ Q_rpBQSZ? b’i![ Werl]ght . The resulting mixture was
stirred for 1 hour. ‘The precipitate was filtered off and washed
with 30 ml of ethanol. To the resulting filtrate was added 16.1
g of a 15% aqueous solution of NaOH (the pH becoming 5.8) . This

15 solution was warméd to 45 C, seed crystéls were added, and the
mixture was stirred for 3 hours, then cooled to 5°C over 2 hours
" and further stirred for 12 hours. Theprecipitate crystals were
collected by filtration and washed with three 30-ml portions
of 70% by weight ethanol cooled to 5°C. The crystals obtained

20 were subjected to vacuum drying (20 to 50 C, from 30 mm Hg to
1 mm Hg), to give 22.7 to 23.5 g (yield: 85 to 88%) of lisinopril
(2) dihydrate. The purity was not less than 99%, the water
content was 8.2% and the sodium chloride content was not more
than 0.1% by weight.

25
Example 2

N?- (1 (S) -Ethoxycarbonyl-3-phenylpropyl) —N°-

trifluorocacetyl-L-lysyl-L-proline (1) (32.0 g) and 25.9 g of
30% by weight aqueous solution of NaOH were mixed up and the

30 hydrolysis reaction was allowed to proceed with stirring for
about 4 hours. To the reaction mixture was added 13.9 g of
concentrated hydrochloric acid to make the pH 5.2 * 0.2. The
resulting solution was two-fold diluted wi’&'-h ethanol and the
diluted solution was concentrated to the origi‘hal volume. By

35 repeating this dilution/concentration proéedure, the



17 trifl'uoroeacetyl-L-l1ysyl-L-proline (1) (32.0 g) and 25.9 g of 30% by

wei ght aqueous solution of NaOH were m xed up and the hydrol ysis reaction
was al lowed to proceed with stirring for about 4 hours. To the reaction

-m xture was- added 20.1 g of 5 concentrated hydrochloric acid to nake the pH
2.8 0.5. The resulting solution was two-f®ld diluted wth ethanol and the
-dilTuted solution was concentrated to the original volune. By repeating this
_ di I ution/concentration procedure, the concentration of water was reduced to

2% by wei @bt cedOrhbisn r walkti 08 rers added @EW@y Le1gBke the this

' concentratlon of l|$|ng ) + 2% by weig ~ Thé resulting mxture
was stirred $QFUELABUYE Tﬂ@dégeEFB?Faﬁ-etWaElaF?I tBregOBFENERALHAENEE with 30
m of ethanolisimophelr €3yl 22ng 1% 16y avel gats. adﬂh@drb&ultgn@f n@xt@%ea%%ous

" sol ut i f g5 Th t] t 45
Torr]C. seed CrUStaTONe A Senie e TR T P8 SEECGTT pEd by “aohsth <

t hen cooled wx)tl5 JCeint joF etbanlhou?s tdwedrésvul héng Sl et o was]a:ldlmulw 0 -

Th i pit 1 b h

S0Py Coort | oSt R A PIeB A0 oGl bl WhEREORo R YRSl é‘@%ﬁf
obt ai ned 20 W&&? @%queeaédi%m\%ééum W isitd reegt £er 5ohpBER) d:hem @ﬁp@@drrm
Hg to 1 mHgle $0006¥Rr22. holi@s23dnd Qu(r)t'heekd st@.@r‘e@i &% 19f HduddopPihl (2)

dihydrate. Ih (L ess dhan 99 tent ®206
ot the. sodiTASTHPLFF e SRrTEnt MRr 6 el e L1k W g aghed

an][r})l eip N[vettl} tide¢ §0-nik hmoaytcianrm ryd é%%MWepmptyle):haNb&Of gg};oledv\glo "
rifluoroac | %

aqueous sol 3% i or O#M%a!&&agéggmg%ééﬁls 8rFﬁéu§@)ecﬁ§8r Bgygﬁgu}l@a V&Hg\?\/as

allowed to pfaReed 3@ {6, sfromi 3g IﬁI@quaUzmtl quh@igr)s. to gilve 2@adt iton2@i. Bt ur e

was added 13 i iid CHB B B8EFUoPYIL OCHGOFIL ) ity dPk ! henRHpRr2ty0. 2.
The was not less than 99%, the water content was 8.2% and the sodium

15 chloride content was not more than 0.1% by weight.

Example 3 .
N?— (1 (S) ~Ethoxycarbonyl-3-phenylpropyl) ~N°= ,
trifluoroacetyl-L-lysyl-L-proline (1) (32.0 g) and 25.9 g of
20 303 by weight aqueous solution of NaOH were mixed up and the
| hydrolysis reaction was allowed to proceed with stirring for
about 4 hours. To the reaction mixture was added 20.1 g of
concentrated hydrochloric acid to make the pH 2.8 = 0.5. The
resulting solution was two-fold diluted with ethanol and the
25 diluted solution was concentrated to the original volume. By
repeating this dilution/concentration procedure, the
concentration of water was reduced to 3 + 2% by weight. To this
solution was added 5.0 g of a 48% (be weight) aqueous solution
_ of NaOH (the pH becoming 5.7), followed by further addition of
30 ethanol to make the concentration of lisinopril (2) 22 + 2% by
weight. The resulting mixture was stirred for 1 hour. The
precipitate was filtered off and washed with 30 ml of ethanol.
‘To the resulting filtrate was added 12.0 g of water. This
solution was warmed to 45 C, seed crystals' were added, and the
35 mixturewas stirred for 3 hours, then cooled to 5°C over 2 hours



resulting soelution was . two-fold diluted with ethanol and the diluted

sol ution was. concentrated to the original volunme. By 35 repeating this.
dil ution/concentration procedure, the - concentration of water was reduced
to 4 [err] 2%Dby weight. To this solution was added ‘et hanol to nmake the.
concentration of lisinopril (2) 22 2% bygmeight. The resulting m xture was
stirred for 1 hour. The precipitate was filtered off and washed 5 with 30
m of ethanol. To the resulting filtrate was added 15.0 g of water. This

~solution msﬁ%@&‘@%@h@? é]‘l'.sll}[]]?é(i kgr 1Sfﬁgu?_ yStﬂfE%EQP'anghour dﬂ?e t ur e

was stirred hour s en cooled t err ove

“stirred for a2lkegiFed ]qﬂﬁeflplr@@fpiqfataéld:%aﬁ dsmlhet@meieeépemlbportupnau on
and washed 10r Mol Byt»béfghé%ﬁﬂarmr o2 0to 9% by MEL QI}Iy %53981980' to

5 [err]C. The crystals obtained were subjected to vaguum ry|
[err]C, froMe¢r mHtiFtted tamvagum érgr-vs $207te PO L5 HoH i am g to -
88% of Bbi si]nmptrH{q) { Do gm;obrm'e tolhe. blg i(Yyebds 8®tol 8%) idmNigopthe

wat er conten d r4 te s,..not. _nore
than 0. 1% by We| g @y&é@@ | ;Irf% ﬁe” tO lecges Clﬁﬂa @9%"6 the water
- Et hoxycar bmt@ﬂ%ﬁﬁﬁllspr%p?n)i the$¢qllumr¢thﬂ©¥@@c§mI§MeILt [Wassy nolt- pooki ne
(1) (32.0 Q)eryd @51 9 By Gfe 26ht 30% by wei ght aqueous sol ution of NaGCH were
m xed up and the hydrolysis reactlon was allowed to proceed with stirring

for about 4 hours. To the reaction m xture was added 20.1 g of concentrated

hydrochbor i @:eaigsiLd o4 make the pH 2.8 0.5. The resulting sol ution was

to the original vl nd > By CreAdKer G A S B BAPERdeR T ati on e
procedure, thrl Comeeacelyonlofysyt dhi-mesl ireuced ¢(19®@ 0 29% bpswedgkt. tdo
this sol uti on yaspddadith.dh ¢l &e‘@%f( e ve 396%) 4@qus9U§e§ahEt 588e8f,sNaCH
(the pH becom rngc15<>n7)of fI\(T)altcl)P?V\étexgdb 9. ur(} hgfr ethartlclﬂ(.)n and the hydrol
ysis
15 reaction was allowed to proceed with stirring for about 4 hours.
To the reaction mixture was added 62.9 of concentrated
hydrochloric acid. Ethanol was added to the resulting solution
to make the lisinopril (2) concentration 8 + 2% by weight, and
stirring was further continued for 1 hour. The precipitate was
20 filtered off and washed with two 40-ml portions of ethanol. To
' the resulting filtrate was added 75.5 g of 10% by weight aqueous
solution of NaOH (the pH becoming 6.0). This solution was
warmed to 45 C, seed crystals were added, and the mixture was

stirred for 3 hours, thencooled to 5°C over 2 hours and further
25 stirred for 12 hours. The precipitate crystals were collected

by filtration and washed with three 30-ml portions of 70% by
weight ethanol cooled to 5 C. The crystals obtained were
subjected to vacuum drying (20 to 50 °C, from 30 mm Hg to 1 mm
Hg), to give 65.9 to 70.0 g (yield: 79 to 84%) of lisinopril

30 '(2) dihydrate. The purity was not less than 99%, the water
content was 8.2% and the sodium chloride content was not more
than 0.1% by weight.

Example 5
35 (l(S) —-Ethoxycarbonyl—-3- phenylpropyl) N6



30 ethanol -to make the concentration of lisinopril (2) 22 2% by weight.
The resulting m xture was stirred for 1 hour. The precipitate was filtered
of f and washed with 30 ml of ethanol. To the resulting filtrate was added
12.0 g of water. This solution was warned to 45 [err]C, seed crystals were
added, and the 35 mixture was stirred fao 3 hours, then cooled to 5 [err]C
over 2 hours - 19 and further stirred for 12 hours The precipitate
crystals were collected by filtration and washed with three 30-m portions

of 70% by Wﬂffl@éﬁ@@@étf?ﬂteﬂ¥§915ﬂ-ﬁfélEneTt"?) C?’@t@'%%{@'l”ﬁ% Webe
subj ected to_ vacuumd err from

mig) ,
to give 22. 78% By, ‘Sebgli‘\}l%%ﬂeo'ﬁﬁ ?‘61%5%’ of £ KQEntipF &1 i BpdgiRy aRdt theThe
purity was r‘tvjdi@.‘syssi@ame%%om hmg\mmomtmmpnm@ mdthhelhfdtfum

chl ori de cont,en nore than 0.1%.b h e. 4. N er
(1(S)-Et hoxy%]%t?%onyl %eny prgc%l% I _ﬂﬁgﬁl‘%&} |r?ll>%corroeace'—ﬁll {5?@5@1 I i ne
(1) (10050 g;ommé@dtloy@rmlxb@rmlmiczbrtco:onqdméﬂleafp%@ 2 ¢ of 548%1I:1y

h f I
vel ght aqueays; S0l AR &&ﬁ@ﬁgﬁe}g fihell $o0f1 BLIRNO! rna d G Aol UST S

15 reaction was roc stirring for a ours oth
reaction nixiikeeNRd . %%I%Ie@l@ZW@S]é‘ch‘ﬁhE%nWambdo yue B8k orThe aeesil g nanol

was added t%ii&é@é%été‘%éﬂhé@'@@ i9 mkgebaeckygta%r Wwerb2hdded and
concentration 8 2%]&2/ gdsti and stlrrl rther ontlnuea

hour. The pr 5594 dodd 3o u&ﬁd SHedORi ER FAo® 45- ﬁf’er
porti ongoof Zatltrarm an®d fiethesustingedi forat2 masraddethe oreqimt tdi®s by
wei ght aque i f 6 S i

war med to 4%&%% vgéeke% %&%fé&% ggggg%ﬂg%dat%ew%lgiltéﬂr‘gkyvgseﬂf%r ed
for 3 hours, 13t pegdliens @fSWP§F‘3r‘-”] @@L@d o ol s e tuwsiteds2ebtagnedr ed

for 12 hour spedd@ul-RUHRId #ce vayshehsyWage (80 t&HEL, from 30 mm Hg to
: 1 mm Hg), togive 20.0 to 21.3 g (yield: 80 to 85%) of l'isinopril
15 (2) dihydrate. The purity Was not less than 99%, the water
content was 8.2% and the potassium sulfate content was not more

than 0.1% by weight.

INDUSTRIAL UTILIZABILITY
20 - The process of the'presént invention makes it possible
to produce N?-(1(S) —carboxy—3-¥phenylpropyl) -L-lysyl-L-
proline in a simple, efficient and industrially advantageous
manner. ' '



by filtratioenh and washed with three 30-m portions of 70% by wei ght et hanol
cooled to 5 [err]C. The crystals obtained were subjected to vacuumdrying
(20 to 50 [err]C, from30 nmHg to'1 nmHg), to give 65.9 to 70.0 g (yield:
79 to 84% of lisinopril 30 (2). dihydrate. The purity was not |ess than

e o e s 2 s e oo TR

(S) - Et hoxycar bonyl - 3- phenyl propyl ) -N[err]- 20
trifluoroacetyl-L-lysyl-L-proline (1) (Gx@g) and 17.0 g of 38% by wei ght
aqueous solution of KOH were m xed up and the hydrolysis reaction was
allowed to proceed with stirring for about 4 hours. To the reaction m xture
was added 6.9 g of L @opretsat edrhydoatidiorg a*a¢l dsy ecarlsexyhe-pH 5. 2
0.5, and sti the tin [ h re Lpi.tate was
filtered of flg%‘gig%é@‘ﬁ%%%?hiﬁ% 2 ?91 g?.%?hgﬁ?ega ?(?Ft'rate wer e
warnmed t& 45 [err] C, seed crystals vvere added and the mxture was stirred
for 3 hours, then cooled to 5 &ﬂrr]c over 10 2 hours and further stirred
for 12 hours. The precipitate rystals were collected by filtration and
washed with three 15-m portichs of water cooled to 5 [err]C. The crystals
obt ai ned were subjected to vacuumdrying (20 to 50 [err]C, from30 mmHg to
1 mmHg), to give 20. 055Gy ¢4~ 3 (yield: 80 to 85% of lisinopril 15 (2)
di hydrate. The purlty wasfnot £€3s than 99% the water content was 8.2%
and t he pot agsfum s n@ nore than 0.1% by wei ght.

| NDUSTRI AL ABI LI TYR20 The process of the present invention
makes it posstNpbe to produceON[ eF0H- (1 (S) -carboxy-3-phenyl propyl)
-L-lysyl-L- proline in a sinple, efficient and industrially advantageous

from an N?-(l(S)—alkoxycarbonyl—3—phenylpropyl)—NQ-
trifluorcacetyl-L-lysyl-L-proline of the general formula (1):

NHCOCF,

CO,R
1)
0021-1
10
wherein R represents an alkyl group,
which comprises: . '
the first step: subjecting the N°-(1(S)-
alkoxycarbonyl—3-phenylpropyl)7N¢~trifluoroacetyl—L—iysyl—
15 L-proline (1) to alkali hydrolysis in a solvent system being
Selected from among a mixed solution composed of water and a
hydrophilic organic solvent, and water using an inorganic base

in an amount of n molar equivalents (n = 3) per mole of the
above compound (1), '

20 the second step: neutralizing the hydrolysis product
using an inorganic acid in an amount of (n - 1) to n molar
equivalents (n 2 3) and



'§ahne;.‘ CLAIMS 1. A process for producing N[err] (l(S) car boxy- 3-

phenyl propyl )-L-1ysyl-L-proline of the fornula (2): [ETf}—LLOﬂLQﬂ_h£§L£~_

(1 (-S) - al koxycar bonyl - 3- phenyl propyl )-N e rr] -
trifluoroacetyl-L-1ysyl-L-proline of the gener al formul ﬁi“ﬂ” ﬂuum'w
wherein R represents an al kyl group, whi &® conpri ses: ”ﬂ
subjecting the Nlerr]-(1(S)- al koxycarbonyl -3- phenylpropyl)
-N[err]-trifluoroacetyl-L-1ysyl- 15 L- prollne (1) to alkali hydrolysis in

a sol vent  system beidhn ,sg! g6 ad &gﬂbmagt e@mé?wtga% TR E ]

wat er and a hydrophlllc organi c solvent, "and wat er” usi ng_an inorgani c base
in an anounttRf FPTE a%n%H@?QhFeh%§e(ﬁn?e%FTr3¥nﬁ§raﬁ%ﬁelafthﬁer§5§@é0n

conpound (1l)niZire by cduig rpedrdsainepto Qﬁb@cﬁ@ﬂ)iﬂaﬂ@ dxtte if o @d }éétl.%ent

B val ent s YT oot dosg bel bR, B Ry the RRaFganic

salt forfed dalom t he above |norganic base and in organic acid in the

reaction mxture b | [ r
system suited for §%§$§§§$ﬁﬁﬁﬁﬁ solnb%eR%§C %l%ﬁggﬁﬁggoéhgnhgdggbﬁsTEC
organic solvent, a mixed solvent composed of water and a

hydrophilic organic solvent, and water, and
the third step: causing the N*-(1(S)-carboxy-3-

10 phenylpropyl)-L-lysyl-L-proline (2) existing in the mixture
after removal of the inorganic salt to crystallize out from a
solvent system at the isoelectric point thereof,

said solvent system being selected from a hydrophilic
organic solvent, a mixed solvent composed of water and a
15 hydrophilic organic solvent, and water, and
thereby recovering the N?-(1(S)-carboxy-3-
phenylpropyl)—L—lstl—L*proline (2) in the form of crystals
while retaining the saltsmainly comprising the trifluoroacetic
acid-derived organic acid salt in a state dissolved in the
20 mother liquor.

2. The process for producing according to Claim 1,
wherein the inorganic base used in the first step is an
alkali metal hydroxide, an alkali metal carbonate or an alkaline
25 earth metal hydroxide.

3. The process for producing according to Claim 2,

wherein the inorganic base used in the first step is a
basic compound of sodium or a basic compound of potassium.

30

4. The proceSs for producing according to Claim 1, 2
or 3, _

wherein, in the second step, the inorganic acid is used
in an amount within the range of over (n - 1) up to n molar

'35 equivalents (n = 3) and,



P

‘said solvent’ syst em bei ng sel ected froma hydrophilic organic solvent, a
- m xed sol vent —eenposed—of—water and a hydrophilic organic solvent, and

wat er, and the ng the Nferr]-(1(S)-carboxy-3- 10

phenyl propyl) - m lﬂ\’mlm I“m (2) existing in the mixture after renoval -
of the |norgan| crystsal li ze out 4% om a sol vent system at the

i soel ectric point thereof, said solvent system being selected froma

hydr ophi | i ¢ organic solvent, a m xed sol vent conposed of water and a 15
hydr ophi-lii ¢ organi cirsdiherithizthds ver erthamixterebyftecovendtnglt be the
N-err]-(1(S) I ' Qrm of
crystals V\hljflgéfr%%g%/%%r?l@ﬁ Cglﬁ%ga t é}yez%rgr%!rﬂgl&gﬁe Cgltzat PP ?Ioa%

aci d- deri vedl%ra@aﬁmeua&%rf ddmoliax aqgwaieatgsqﬁ \t@@ iporgeno aqipt heled)
l'iquor. 2. The(procesp ﬁ@laprQQQQvggegggordlng to Caim1, wherein the

I norgani ¢ base used in the first step is an alkali netal hydroxide, an

al kal i t'al carbonate or an al kaline 25 earth netal hydroxide. 3. The
process for producifng aheopdiongstso folrapmoducimer eictdriE i dg@liLiase used
in the first step Si f rs bsu: conpound. of

pot assi um 30 4. fhﬁe}?er%?eslgl fctglrlg)%gg H? ﬁgggcﬁ%ln%ﬁ rﬁ#lf gres,
wherein, in imeameaimm’@t@i) nthelanoegaivelactsd s gsé&d |am1dan amount within

the range of over im thd)third Ostepp! @ie %ﬁlxx?ﬂf'é@f@é‘%sréﬁo{réi% 3tnand,
in the thlrd step, the rixture after renoval of the inorganic salt 1Is

adj ust ed®t o FHFITLE &t dspafarsernge tlb%s‘esqenl%‘ﬁ:%tﬂﬂnﬁ? Usdmgl ape
equi val ent s mfld hequ i Danti co fica doased)

6. The process for producing according to Claim 4 or
5' - .

15 wherein, in the third step, the base used for the
adjustment to the isoelectric point is an inorganic base
selected from among alkali metal hydroxides, alkali ﬁetal
carbonates, alkali metal hydrogencarbonates, alkaline earth
metal hydroxides and alkaline earth metal carbonates.

20

7. The process for producing according to Claim 6,

wherein, in the third step, the base used for the
adjustment to the isoelectric point is a basic compound of
sodium or a basic compound of potassium.

25 .

8. The process for producing according to Claim 1, 2,
3, 4, 5, 6 or 7,
wherein the inorganic acid used in the second step is
hydrochloric acid or sulfuric acid.
30 o
9. The process for producing according to Claim 1, 2,
3, 4, 5, 6, 7 or 8, '
wherein the precipitation of the inorganié salt in the
second step and the crystallization of NL%l(S)-caiboxy—B—
35 phenylpropyl)-L-lysyl-L-proline (2) in the third step are



('n - I)] wmolar equivalents. 5 5. The process for producing according to.
Claim4; wherein, in the second step, the inorganic acid Is used In an

amount of n nolar equivalents (n [err] 3) and, in the t

m xture after renmoval ~of the 10 inorganic salt is adj mﬂmlﬂﬂxm umlmlll

i soel ectric point using one nole equivalexa of a base. 6. TFhetpr®bcess *f or
‘produci ng according to-Claim4 or 5, 15 . wherein, in:the third step,-
‘the base used for the adjustnment to the isoelectric point is an inorganic
base sel ect e@lffé@zfré@npf&naa kil ste MBI Al v VAT 1398 c MR dd Bt Aa tea lawaataesv
al kali netal Cigf car bonat es, kaljcne_ earth netal hydroxides and

al kal i ne earlfﬁﬁy tar PoPAL LS. 520V9" * The process for producing according
to daimé6, wherein, in the thlrd step, the base used for the adjustnent to

~the isoelectric p t i 8 qfrgéo : i onpoyund of
pot assi um 25 8. ?‘lhd; prrr((:i)lcegsl?[‘?J or pro chlr}gag acco(%c'jci’1 dl at% q:llcajg‘P% 4,
5, 6 or 2, wherei whereimorhpriveldt draksee ¢h Wﬁbege%@ddashfé@rbphlllc

hydrochl ori Coxgdrgl@rséyﬁmlfnagh@ m§£e§ sd PRt 0£8SE: { 0P 0dyci ng
according to im1l, 2 , 4, 5, 6, or 8, wherein the precipitation of

the inorganic salt in the second step and the crystallization of
N[ err]-(1(S)-carbaxy- 3-Thebprphesyl poopytddbcingydedopdDhd ne Q)aim 1t,he,

third step age 5, 6, 7, 8, 9 or 10,
10 wherein the hydrophilic organic solvent is a monohydric

alcohol containing 1 to 4 carbon atoms.

12. The process for producing according to Claim 11
wherein the hydrophilic organic solvent is ethanol.
15 . : . |
13. The process for producing'according to Claim 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11 or 12,
wherein, in general formula (1), R is an alkyl group
containing 1 to 4 carbon atoms.
20 N ‘
14. The pchess for producing according to Claim 13,
wherein, in general formula (1), R is ethyl.

"15. The process for producing according to Claim 1,
25 wherein,. in the second step, the inorganic salt formed
is potassium sulfate or calcium sulfate and this is removed by
precipitation from water.



24 effected-froma m xed sol vent system conposed of water and a hydrophilic
organi c*sol vent. 10. The process for 'producing according to Claim9, 5
wherein the weight ratio of water and a hydrophilic organic solvent in the
m xed solvent.-is 4:1 to 1:99. 11. The. process for producing according to
Claim1l, 2, 3, 4, 5, 6, 7, 8, 9 or 10, 1&@s wherein the hydrophilic
organi c solvent is a monohydric alcohol containing.-1 to 4 carbon atoms. 12.
The process for producing according to Claim1l wherein the hydrophilic
organi ¢ solvent is ethanol. 15 13. ThesgyteReess for producing according to
Claiml, 2, 3, 4, 5 6, 7, 8 9, 10, 11 or 12, wherein, in general fornula
(1), Ris.an alkyl group containing 1 to 4 carbon atons. 20 14. The process
for produci ng accdr myrdaess afowr IRrodvetmd Y- (1 (§eremalboky—BH a (1), Ris

At b o BRSPS RS 2EEORE! 19 e AU LeTBesent o
or cal ci Bm siidugter bl ¥ rdvartageeonyeduayngreci pi tati on from wat er. .
which comprises: ' _

the first step of subjecting the N°- (1(S)-alkoxycarbonyl-3-
phenylpropyl) -N®~-trifluorcacetyl-L-lysyl-L-proline (1) to
alkali hydrolysis in a mixed solution composed of water and a

10 hydrophilic organic solvent using an inorganic base in an amount
of n molar equivalents (n = 3) per mole of the above compound
(1), _
the second step of neutralizing the hydrolysis product using
an inorganic acid in an amount of (n - 1) to n molar equivalents

15 (n 2 3) and removing the inorganic.salt formed by causing the
same to precipitate out from a solvent system suited for

- decreasing the solubility of the inoi‘ganic salt, and

the third step of causing the compound (2) existing in the
mixture after removal of the inorganic salt to crysltallize out

20 at the isoelectric point thereof and thereby recovering the
compound {2) in the form of crystals while retaining the salts
comprising the trifluoroacetic acid-derived organic acid salt
in a state dissolved in the mother liquor.



