E)ESCRI PTI ON PROCESS FOR CRYSTALLI ZI NG N- ( 1( S) - ETHOXYCARBONYL- 3-
PHENYLPROPYL) - L- ALANYL- L- PROLI NE MALEATE SALT 5

TECHNI CAL FI ELD The present invention relates to a process
for economcally advant ageously crystallizing a nal eat e salt of
N-(1(S)-ethoxycarbonyl - 3- phenyl propyl ) -L-al anyl -L-proline

(hereinafter also referred to as 10 "enalapril”) of the formula (1):

[err] 15 on a comercial scal ePﬁ*s%@JPgﬁaﬁallty and a high yield to
T

thereby purify the nmal eate sa _
N (1(S)- et hoxycarbonyl - 3- phenyl propyl)-L- al anyl -L-proline nmal eate
salt (enalapril maleate) is a conpound very useful as an

anti hypertensi v _ _ W _
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enal april. (1), pargi lyar 4 eqat f ically
accepltoabl e salt i sﬁﬁagﬁé\g%ﬁgg@)a?s‘i iggilﬁge %h%%%g%mm Pat ent
No. 4, 44%,030, U S. Patent No. 4,374,829 and U S. Patent No. 5,359,086 25
wherein the process is conducted by recrystallization froman organic

sol vent such as acetonitrile. HOW@I‘TSCHNItCAE Fqﬁﬁ}ﬂed that a trace

The present invention relates to a process for economically
advantageously crystallizing a maleate salt of N-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-L-alanyl-L-proline (hereinafter also referred to as

10 “enalapril”) of the formulé 0:

COEt CHg.

N
CO9H
15 6n a commercial scale in a high quality and a high yield to thereby purify
the maleate salt. The N-(1 (S]-ethoxyc;rbonyl-S-phenylpropyl) -L-

alanyl-L-proline maleate salt (enalapril maleate) is a compound very

useful as an antihypertensive agent.

20 BACKGROUND ART .

A process for crystallizing a pharmacologically acceptable salt
of enalapril (I), particularly enalapril maleate that the pharmaqologically
acceptable s_alt is maleate salt, is disclosed, fo;' example, in U.S. Patent
No. 4,442,030, U.S. Patent No. 4,374,829 and U.S. Patent No. 5,359,086

25 wherein the process is conducted by recrystallization from an organic
solvent such as acetonitrile. However, it is assumed that a trace

amount of the organic solvent is unavoidably introduced into the final



amount of the organic solvent is unavoidably introduced into the final

-2-, product, thus inparting undesirable characteristics to enal apri
nal eat e which is taken in by a hunag bei ng. Accordingly, the use of
organic sol vents shoul d be avoi ded. “From such a point of view, the
use of an aqueous liquid would produce favorable results. 5

‘As to a process for taking enalapril mal eate out of an agqueous liquid
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10 configuration of carbon atom to which ethoxycarbonyl group bonds is

different from enalapril, is obtained by recrystallizing enalapril maleate
from water. However, no detail of procedure, yield, purification effect |
and so on is disclosed therein. |
| Also, U.S. Patent No. 4,374,829 discloses a process for
15 obtaining an enalapril salt by confrerting enalapril to its
pharmacologically acceptable salt in water followed by an operation such
as evapora;tion of water or freeze drying. However, the process requires
a long time in its operation and é.ccbrdingly have probléms such as waste
of time, lowering of productivity, waste of vast energy and complication
20 of operation, so the process has many problems to be solved in
produétion on a commercial scale.
Thus, it has been desired to provide a process for
economically advantageously crystallizing en_alapril maleate having a
high quality directly from an aqueous liquid in a high yield.
25 | ~The maleate salt of the enalapril (I) can be obtained in general
by mixing enalapril and maleic acid in a suitable solvent, preferably an

aqueous liquid, to produce the enalapril maleate and obtaining it in the



h| gh quality directly froman aqueous liquid in a high yield. 25

The: nal eate salt of the enalapril (1) can be obtained in general by
m xi ng enal april and maleic acid in a suitable solvent, preferably an
aqueous liquid, to produce the enalapril |'eate and obtaining it in the
- 3- formof crystals after formng a slurry with a high
contentration by concentration, freeze drying or the |ike. However,
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- amount of dissolution large between at the time of forming the solution
and at the time of crystallization. For example, in case of the cooling
crystallization, a large amount of crystallization is not lachieved since the
change in solubility of enalapril maleate based on the difference in

15 temperafure is relatively small. Thus, it is neeessary to combine it with
a concentrating crystallization so as to decrease the amount of mother
liquor to 'thereby increase the amount of crystals deposited. However,
euch an operation requires a long time and, therefore, it is not an
advantageous process from the viewpoints of waste of time, lowering of

20 productivity, waste of vast energy and complicated operation. Further,
since the solubility of enalapril maleate is generally low even at high

' temperatures, the amount of the solution becomes large relatively and
this brings about disadvahtages such as en_largement of dissolution
equipment, lowering of productivity and increase of waste water.

25 Therefore, the application of the process to a commercial scale

production requires a.further improvement. Also, increase in thermal

hysteresis through dissolution and concentration operations is



since the solubility of enalapril maleate is generally |low even at high
tenperatures, the anount of the sol ution becones |arge relatively and
this brings about di sadvantages such as_ealqygenent of dissol ution

equi poent, | owering of productivity and increase of waste water. 25
Therefore, the application of the process to a comrercial scale
production requires a further inprovenent. Al so, increase in thermal
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A further object of the present invention is to provide a 15 process for

obt ai ni ng enal apri | W&lc%i‘ﬂfh%l?Vﬁﬂ"&n?nm%tﬁecﬂUﬁtﬁil%}brEQeﬁt Bhntion to Ph&¥ideand

a high efficiency fromenalapril a el c acld:
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10 production wherein enalapril maleate having a high quality is obtained

- in a high yield by dissolving enalapril maleate in an aqueous liquid in a

high concentration and crystallizing the maleate ‘directly from the
resulting solution. |

A further object of the present invention is to provide a

15 process for obtaining enalapril maleate having a high quality in a high

yield and a high efficiency from enalapril and maleic acid.

DISCLOSURE OF INVENTION
The present inventors have found that:.

20 ' (i) és a manner for obtaining a solution of enalapril maleate
dissolved in an aqueoué liquid in a high concentration it is effective to
dissolve the maleate under a condition of a pH 6f not less than 4 by using
a base, |

. (i) a’large difference in - solubility of enalapril maleate is

25 obtained by mixing the aqueous liquid of pH 4 or higher obtained in (i, in

which enalapril maleate is c_1issolved in a high concentration, with an

acid to lower the pH, preferably to lower the pH to a pPH 2 to 3,



20 ) (1) as a manner for obtaining a solution of enal apri

mal.eat e di ssolved in an aqueous liquid in a high concentration it is
effective to di ssol ve the nal eate under a condition of a pH of not

| ess .t han 4 by using a base, (ii) alarge difference
in solubility of enalapril maleate is 25 obtained by m xing the aqueous
i qui.d of pH 4 or higher obtained in (i), in whi ch enal april mal eate
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10 derivat or mu

obtained, while supp(igfydsiiy PhOPtokkes MlnfiotiedChBBYELEAAIYril maleate
having a low content of impurities such as N-(1(S)-carboxy-3-
phenylpropyl)-L-alanyl-L-proline (hereinafter also referred to as “carboxy

10 derivative (III)”) of the formula (III):

o COZH CH3
' N
_ 0 COgH :

is obtained, while suppressing by-production of a diketopiperazine

15 -

derivative of the formula (II):

COgEt CHy -
20 ' N Y

N (o)

Thus, the present invention provides a process for
25 crystallizirig a maleate salt of N-(l(S)—ethdxycarbonyl-S-phenylpropyl)-

L-alanyl-L-proline of the formula (I):



derivative of the formula (I1): [err]
Thys, the present invention provides a process for 25 crystallizing a

rmal eat e salt of N—(1(S)-ethoxycarbony|13-§hgnylpropyl)-

L-al anyl -L-proline of the formula (1):

-6- [err] 5 which conprises m xing an aqueous |liquid having a pH
of ‘-not less than 4 and cont ai ni ng

N (1(S)- et hoxycar bonyl - 3- phenyl propyl ) - L-al anyl - L=

proline (1), maleic
acid and a base with a sufficient COpEihCHY an

0 convert

substantially all of said base inth a ndutral salt. The base
changes into a neutrgz rXi 10 Ii&Ji?i with an
aci d, whereby the s¢ i ze the conmpound

= bINAF X1 g e aq
@ ty is |owergd tofcryst
(I') as its nmal eate s@ olit of the aqueousoliqui .OFLﬂther, t he
0

produced neutral salt™~edntributes to crystallizati ®'0f the nal eate salt by
salting out effect. According to the process of the present invention, a

pror ne 1) TR RGrEb e S R RHRRE R QAR BRI A TR Ioks o 4
and containing N-(1(S]-_ethoxycarbonyl-S-phenylpropyl)-L—alanyl-L—
proline (I), maleic acid and a base with a sufficient amount of an acid to

- convert subStantiaily all of said base into a neutral salt.

The base changes into a neutral salt by mixing of the aqueous

10 liquid with an acid, 'Whereby the solubility is lowered to crystallize the

compound (I) as its maleate salt out of the aqueous liquid. Further, the

produced neutral salt contributes to crystailization of the maleate salt by

salting out effect. According to the process of the present invention, a

maleate salt of N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-

15 proline (I) having a low content of N-(1(S)-carboxy-3-phenylpropyl)-L-
alanyl-L-proline of the formula (III):

COoH CHg

N&/N (m)

- H o |
20 _ . CO9H

can be obtained, while restraining by-production of a diketopiperazine

derivative of the formula (II):

CO4Et CHy

25 (1)




aIanyI L-proline of the formula (II1): [err] 20 ~ can be obtained,

whij e restrai ning by-production of a.di ketopi perazine derivative of
the formula (11): [err]

-7- . 'BEST MODE FOR CARRYIN& OUT THE | NVENTI ON _
An aqueous liquid having a pH of at least 4 and containing enal april
mal ei ¢ acid and a base can be obtained, for exanple, - di ssol ving
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solution becomes 2 to 3 and, therefore, the pH of the aqueous liquid is

usually adjusted to a pH of not less than 4 by using a base.

10 The” enalapril (I) and its maleate salt to be used can be
prepared, for example, by a process disclosed in Japanese Patent
Publication Kokai No. 62-48696, U.S. Patent No. 4,374,829 and
WO099/05164.

The base .used for dissolving the enalapril maleate in an

15 aqueous liquid under a condi_tion“ of a pH of not less thé.n 4 is not
particularly limited, and can be selected from inorganic bases and |
organic bases. Examplieé of the base are, for instance, inorganic bases
such as hydroxides, carbonates and bicarbonates of alkali metals or
alkaline earth metals, and organic bases such as quaternary ammonium

20 hydroxides. Representative examples of these bases are, for instance,

“an alkali metal ‘hydroxide such as sodium hydroxide, potassium
hydroxide or lithium hydroxide, an alkali metal carbonate Such as
sodium carbonate, potassium carbonate or 1ithium carbonate, an alkali
metal hydrogencarbonate such as sodium bicarbonate or potassium:

25  Dbicarbonate, an alkaline earth metal hydroxide such as magnesium
hydroxide or calcium hydroxide, a quaternary ammonium hydroxide

such as tetramethylammonium hydroxide, tetraethylammonium



such as _hydroxi des, carbonates and bicarbonates of alkali netals or

al kal'ine earth netals, and organi c bases such as quaternary ammoni um 20
hydr oxi des. Representative exanpl es of Ihﬁse bases are, for instance,

an al kali netal hydroxide such as sodi um hydroxi de, potassium

hydroxi de or |ithium hydroxide, an al kali netal carbonate such as _
sodi um car bonat e, potassi um carbonate or |ithium carbonate, an al kal

metal hydrogeheg at ‘Eeﬁﬁ%??ﬁlﬁaéﬁgt} fhhca ga%ﬁgc}]e?r P&E‘gﬁgistf@rﬁlﬁ?onium

bi car bonat e, “an al'kdl i ne e ydroxide su as nmagn
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are inorganic bases, partic hydr.oxi
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net al carbonate Such as sodi um car bonat e, pot assi um car bonatE or
l'i t hi um car kafRih aditl aRor examplel PrefdfiAt dHednoes Balase E_'r‘fi udgrl
sodi um bi carbonate or pot agim ?m bi car bonat e. %aﬁtﬁflese, aP al 1 net XI

hydroxi des, a@Spgkiadd |metal hydroxide such as sodium hydroxide, potassium
10 hydroxide_ or lithium hydroxide, an alkali metal carbonate such as
sodium carbonate, potassium carbonate or lithium carbonate, and an
. alkali metal hydrogencarbonate such as sodium bicarbonafe or
potassium bicarbonalte.h Of these, alkali metal hydroxides, especially
sodium hydroxide and potassium hydrdxide, are more preferable. From

15 the viewpoint of op'erability or the like, preferably the inorganic bases are
used .in the form of an aqueous solution. For example,- it is
advantageous to use an aqueous solution of an alkali rﬁetal hydroxide
having a concentration of 2 to 20 N, preferably 5 to 20 N. The. bases
may be used alone or in admixture thereof.

20 | The base is used in an amount sufficient to adjﬁst the pH of
an aqueous liquid confaining enalapril and maleic acid to 4 or more, for
example, in én amount necessary to dissolve enalapril maleate in an
aqueous liquid under a condition of a pH of not less than_ 4. In general,
the amount of the base used is equal to 6r greater than molar equivalents

25 '. (acid-base - equivalent) of the maleic acid used. In case of an
embodiment wherein enalapril maleate is dissolved, fhe amount is equal

to or greater than molar equivalents of the maleate. However, the use of



sodi um hydr oxi de and potassi um hydroxi de, are nore preferable. From 15

t he, vi ewpoi nt of operability or the lLike, preferably the inorganic bases
are used in the formof an aqueous golution. For exanple, it is
advant ageous to use an aqueous solution of an al kali netal hydroxide

having a concentration of 2 to 20 N, preferably 5 to 20 N. The bases

may' be used alone or in adm xture thereof. 2 The base is used

0
cont ai ni ng Sharase i ah AR deds8rs to pxirgias ﬁ{‘eoggﬂffg“gu'gl?gﬁ;sﬁgaqeﬁldan
(nder a condit PREGF SRl Pl it oHEEY %é?{‘ga%‘ﬂac;ql o & qu&mt
(aci d- base SIEP A A5Y Gre SRICHRIFALZEA £/a A Yic SR iforealing the
enbodi nment \wﬁ{)ﬁggoqr}ﬁ,&rg%llsl d%éﬁ%‘f I s dissolved, the amount is equal

to or greater o equi S of the mml.eate. However, the use of
t he basezi n an anpunt e Y, t.0 -0|Xj t | ] e '
FRRI0Va (ol X id! 088! ittty BAL SCr BRYRL

on a neutral salt forne en m an’ acird i

amount of o Fe ¥ lgRiaat tHe HEE of AkbRRA L ledt (hAFTE AR he
i sso ut | on Fr2bets €ablbe el Bractiped 3RHRE Wi s Wit e8l thilh 4; "Whicy the pH
Lo T Worhe Bhiu to s i ine 6drd PEop 1 is poBinid foWUEaHR
enal apri | méh%&éﬁriﬂ in&leite InCP REEH %ﬁdeﬁmra¢i631 S IHF§ AHELPOLSLIE ?Ai%@.&l*ée

10 pHto nore than necessary at the tinme o I ssolution, since it brings
10 pH to more than necessary at the time of dissolution, since it brings

about by-production of the carboxy derivative (III) by hydrolysis of
ethoxycarbonyl group. Therefore, in general, it is preferable that the pH
of the aqueous liquid at the time of dissolution is at most 10, especially
at most 8, more especially at most 7. |
15 _ The aqueous liquid is substantially water, but may be a
mixture of water and an organic solvent contained within a range
exerting no bad influence.
The concentraﬁon of enalapril in the aqueous liquid cannot
be .generically lspcciﬁed since it varies- depending on operation
20 temperature, kind and amount of the base used, éompbsiﬁon of the
aqueous liquid, and kind and concentration of a coexisting inorganic salt,
‘but it can be freely selected .within the range capable of forming a
uniform solution. In order to increase the amount of crystals deposited
in the subsequent crystallization step, it is preferable to. prepare a
25 solution havihg a concentration as high as possible. For example, the
solution can be used at a saturation concentration under operation

conditions such as pH and temperature or in the vicinity of the



about Dby-production of the carboxy derivative (1I11) by hydrolysis of

et hoxycarbonyl group. Therefore,.in general, it is preferable.that the pH
of the aqueous liquid at the tinme of dLsstuyjon is at nost 10, especially
at nost 8, nore especially at nost 7. 15 The aqueous liquid is
substantially water, but may be a - mxture of water and an organic

sol vent contained wthin a range exerting no bad influence.
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el eat e10S equimolar with enalapril. _
| The opefation temperature for preparing' an aqueous liquid
having a pH of at least 4 and containing enalapril, maleic acid and a base
is not particularly limited,'since according to the process of the present
invention a high temperature is not particularly required in obtaining a
15 solution with a high concentration and the dissoluﬁon can be achieved
in high concentfatiohs even ata relat_ivelj low temperature. Practiéally,
the operation can be made usually at a temperature of not higher than
70°C, preferably not higher than 60°C, more preferaﬁly not higher than
50°C, and at a temperature that the solvent does not freeze. In
20 particulaf, the operation can be suitably made at a temperature _of about
20 to about 40°C. The same operation temperature as above is also
: appliéable to the embodiment wherein the solution is prepared by
dissolving .enalapril maleate. . |
Enalapril maleate can be crystallized in a high yield by mixing
25 the aqueous liquid having a pH of at least 4 and containing enalapril,
maleic acid and a base in high concentrations w1th an acid to lower the

pH.



di ssolved in an aqueous liquid, maleic acid is present in an anount 10
equi nolar with enal april. . The operation tenperature for

prepari ng an aqueous liquid havipglﬁ_pﬁ of- at least 4 and containing
enal april, maleic acid and a base I's not particularly limted, since
according to the process of the present I nvention a high tenperature

I s'not particularly required in obtaining a 15 solution with a high

concentration and th i ut:L.o n : hi [ hisgh Sy
‘I‘P SadddUlis é%‘s;eﬁl e 26NieNE0nt cspaaclﬂt??cg?l )c;(,)nvertmgt he

concentrations even at a relatrv ow t enperat ure.
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In 20 particular, e operation’can be suitably made at a tenperature of
bout t : e ' t 3P
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i n hi gh cpncen‘.raftions wth an acid to i . .
The acid is t MedgeA"AEL EROAALEVE i§%tereluwagrls prgfeﬁelﬁlé',‘ aémcﬁl ltheal |

of the base In the aqueous liquid into a neutral salt.” By such an

anmount of aprpstaliiizéd maRYteValt id SohvéRted intold Saltive thé alcid ¥¥éd to be
the pHof the aqueous liquid beconmes a pHin the vicinity of the pH that

dissolved again, thus resulting in decrease of the amount of crystals.

10 Also, the use of an acid in an amount smaller than the above is not
always preferable, since in many cases enalapril is not crystallized as the
maleate salt to remain in the aqueous liquid, thus lowering the amount
of crystals deposited.-

The acid to be used is not particularly limited, bu-t a strong

15 acid is preferred from the viewpoint of practical use. In particular, it is
advantageous to use a combination of a base with an acid which can
lenhance the salting out effect of the neutral salt formed with the base
used. From such a point df view, a mineral acid such as hydrochloric
acid, sulfuric acid or phosphoric acid is preferable. Also, from the

20 viewpoints of economy and easiness in treating waste water,
hydrochloric acid and sulfuric acid are more preferable, and
hydrochloric ‘acid is the most preférat;le. Maleic acid can also be
suitably used for this purpose. The acids may be used alone or in
admixture thereof. Also, the acids may be used as they are or may be

25 diluted with an aqueous liquid to use in the form of a solution.
Preferable combinations of base and acid are a combination of

sodium hydroxide and hydrochloric acid and a combination of



5 enal april naleate itself has. This pHis generally from2 to 3 and
maxi m Zes the anount of crystals deposited. The use of an acid in an

anount | arger than the above is not alyaﬁgzp[eferable, since the
crystallized naleate salt is converted ifnto a salt with the acid used to be
di ssolved again, thus resulting in decrease of the amount of crystals. 10
Al so, the use of an acid in an anount smaller than the above is not

mal ot e sal POLo L SRR BRRESHIRIAREl, %) Cuer (ny he ampunt
par i bul ar Ty |1 a6 RPeration femapratife B6t Erb i tifepakulll] mateate.
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in the for Mg thel finperature is not re & 96 abﬁﬁeees"émg ERvateftobase

and acid are a conbi natl on sodi um hydr oxi de and hydrochloric acid

and a conbi R IenRberature, the crystallization at a higher temperature provides
pot assi um hy% OoXi gg‘;and hydr OEhIaric acid igh P B

10 the crystals with desirable characteristics such as excellent filterability

and drying prop'erty of the crystals and excelleht femovabi_lity of
impurities. From such a point of view, the operation temperature is
preferably from 40 to 70°C, more preferably in the vicinity of 60°C. After
conducting the crystallization operation at such a temperature, the
15 aqueous liquid is finally cooled to a temperature of not more than 20°C,
preferably not more than 10°C, whereby the amount of crystals can be
increésed. |
In general the mixing of the aqueous liqﬁid and an acid can be
practiced by é.dding the acid to the aqueous liquid having a pH of at leést
20 4 and containing enalapril, maleic acid and a base, but a manner of
adding the aqueous liquid to an acid is also adaptable.' In particular,
the latter manner can be suitably used also from the viewpoint that
when the addition operation is practiced at a highef temperature,
impartment of heat to the solution until the maleate salt is crystqllized
25 outcan be decreased.
In the. mixing operation, the time for édding. all of the acid or

the aqueous liquid is generally at least 1/4 hour, preferably at least 1/3



The operation tenperature for crystallizing enalapril naleate by

m xi ng the above-nentioned aqueous |liquid with an acid is not o
generically specified, since it varies depgnding on the conposition of the
5 aqueous liquid, the operation manner “artd®t e [ i ke. Practically, the
crystallization is carried out at a tenperature which is below the boiling
point of the aqueous liquid and that the aqueous |iquid does not freeze.
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174 hour, preferably at least 1/3

generically specified since it varies depending on the concentration,

temperature and manner in crystallization operation and the kind of the
inorganic salt. However, it is important in promoting a good crystal |
growth not to excessively raise the concentration of inorganic salt during
15 the growth. In general, the concentration of the inorganic salt is at
most 15 % by weight, especially at most 10 % by weight, and usually a
concentration of 3 to 8 % by weight is preferable. The process of the
present invention is also advantageous in that by the operati(_)n' of mixing
the aqueous liquid and the aeid, the concentration of inorganic salt is
20 favorably increased as the crystallization of the maleate ealt proceeds.
| Although the concentration of inorganic salt is inevitably increased and
finally a sufficient salting out effect is obtained, an additional inorganic
salt may be added as occasion demands. The 'salting out effect of an
inorganic salt such as .sodium chloride or potassium chloride is
25 particularly excellent. |
The crystals of the maleate salt deposited can be easily taken

out in a high yield by a simple operation such as filtration without any



- 13 - hour, nore preferably at least 1/2 hour. There is no

linitation in the upper limt of the addition time, but the addition
time is generally at nost 20 hours, Breferably at nost 10 hours, nore
preferably at nost 5 hours, from't h]e viewpoi nts of productivity and
the Iike. 5 : In the operation for crystallizing enal april

mal eate out of the aqueous liquid, it is also an inportant factor for

ef oot of “a “RECaPPERREoR,, A Ue¥ Brraf RIREORS dlin'a " Behieth Mhe 1
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salt. However, Tt Is Inporta pronoting a good Crys
to excessi Veli¥hbal ¥ Lpprganic salt during 15 the
growth. I'n geneégrﬁﬂﬁ%%ﬁ%%@%g&o @Bi norganic salt is at
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t he aqueous |1 qui dga_nd t he ac?gfya ?Eg&égﬁggn??taat ﬁ%%éﬂé% lﬁﬁﬁﬁ%‘kﬁi@e‘g&ﬁ%’ﬁgpzo
favorably i naeqasafias(glhe crystallization of the maleate salt proceeds. '
Al t hough the concentration of inorganic salt is inevitably increased and
finally a sufficient salting out effe i ai ned, an additional

I norgani c salt may be added as dasi ghisdemands. The sal ti ng out
effect 1p an I nor gaphc sajid  suclhkas iunb chl oride or potassium
chloride is 25 particups ce nt. N The crystals of the
mal eate salt deposited easily také¢n (@)

N

can be effectively restrained in a series of operations. Further, the
15 purification accordirfg to the above process is also effective for removal of

N-(1(S)-carboxy-3-phenylpropyl)-L-alanyl-L-proline of the formula (III):

COgH CHy

N
@ NN @
H o :
20 - - CO9H
which is well known as an impurity produced by hydrolysis of the
ethoxycarbonyl group of enalapril, and the content thereof in the
obtained enalapril maleate can be decreased to a negligible level. Like
25 this, enalapril maleate having a low content of these impurities can be

effectively obtained in a high yield and a high quality in a simple manner.

The present invention is more specifically explained by means



out in a high yield by a sinple operation such as filtration w thout any

- 14 - speci al operation.. The:use of an aqueous liquid as a solvent
i h the above operations is advant_agfgus_ al so in that upon obtaining
the . mal eate salt of enalapril (I), ctontam nation of the product with
t he I norganic salt coexisting in the systemcan be effectively
mnimzed 5 wi t hout applying any special treatnent. The

ractice of ) | | f.qui-d qi
avant ageouST e RNGRBEE EaEn bl A g égf%ﬁﬁgi.sﬁég%ﬁgpeegthevgrs?ent
the fornul a; on i i C02Et CH3 1( _
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effective for renoval _
N-(1(S)-car s34 %ﬁ)y =l s +1 fephy r l{
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measurement conditions of HPLC are as follows:

Column: FINEPAK SIL C18-5 (trade mark, 4.6 mm x 25 cm, product of

Nippon Bunkoh Kabushiki Kaisha)
Solvent: 0.1M KH,PO, (pH 2.8)/CH,CN (70 : 30 by volume)
10 Flow rate: 1.0 ml/minute

Temperature: 45°C

Detection condition: UV 210 nm

EXAMPLE 1

15 To 200 ml of H,O kept at 20°C was added 56.2 g (0.114 mole)
of N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline maleate

salt containing 0.2 % by wefght of carboxy derivative (Il). The maleate

salt was dissolved in water by addihg 32.1 g (0.241 mole) of a 30 % by
weight aqueous solution of NaOH .to this mixture with stirring to adjust

20 topH 6.0 £0.5. To the‘resulting solution was added dropwise 25.1 g
(0.241 mole) of conc. hydrochloric acid over 2 hours to adjust to pH 2.3 +

0.5, and the solution was then cooled to 0°C over 4 hours. The resulting

. precipitate was filtered and washed twice with 'ZO ml of cold Water kept at

a temperature of O to 3°C. The obtained wet crysté.ls were dried under

25 vacuum (20 to 50°C, 30 mmHg->1 mmHg) to give 51.0 g (yield 91 %) of
N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline maleate salt.

The purity was not less than 99 %, and the content of each of carboxy



25 this, enal apri | naleate having a | ow content of these inpurities can be
effectively obtained in a high yield and a high quality in a sinple manner.

The present invention is nore specifically explained by neans
of the follow ng exanples, but it is to be understood that the present
Invention is not limted to these exanpl es. In the

exanples, the purity and the contents of carboxy derivative (111) and

di ket opi pergg{éig%g]q?r ‘Iig?f‘ai.ﬁ’c? ‘ﬁkké%i_we?ﬁgﬁ?é ‘('ﬂj?%é)é’ notPmdiglthando & 4 nfltﬁ'ed

by an absol b ion met measur enent conditions o

HPLC are aswg.%ﬁt?ws: Col um: FINEPAK SIL C18-5 (trade mark, 4.6 nmm X
[0

25 cm product Ni ppon Bunkoh Kabushi ki Kai sha)

Solvent: 0.1M KH2PO4 (pH 2.8)/CH3CN (70: 30 by volune) 10 Flowrate: 1.0

m / mnute Tenperature: 45[err]C Det ection condition: UV 210 nm
EXAMPLE 1 15 ' To 200 M omxtAmPrEYXept at 20[err] C was added
56.2 g (0.114 nol'e) , f

(0]
N-(1(S) set hoxycar bO“Tb‘ﬁz@*i'ﬁPﬁitf H%Qoxeg)ght%m&vds- R88L4 3 B4 961657 mole)

salt containing 0.2 % by welg carboxy derivative (I11)."The mal eaté

salt was diggo ' RO8h; 4 08
wei ght aque;é)ﬁs Nslgﬁjst) {bon 0 ﬁgﬂd)_'ﬁ?%t%t ﬁ?gﬁ%i??’f?g)% %lrf[@l%%éﬁ%éo zlargjé%\sétte

to pH 6.0 GaR cottaliffng ©52/1%h i O weishi bPRa¥BOXF HIGVAIPEUINS Zhe nlaleate

(0.241 nol e) of conc. hydrochldric acid over 2 hours to adjust to pH 2.3
0.5, and thgaRQyHsidiRsvRed fif Wwaee! 19f dddlifpe1811Cg(R 136 e of N80 % by

resulting weight aqueous solution of NaOH to this mixture with stirring to adjust
10 topH 6.0 +0.5. The resulting solution was heated to 60°C, and thereto
was added dropwise 14.3 g (0.137 mole) of concentrated hydrochloric

acid over 2 hours to adjust to pH 2.3 = 0.5. The mixture was then
cooled to 0°C over 4 hours, and thereto was added 12.0 g of NaCl and the
stirring was further continued for 2 hours. The resulting precipitate

15 was filtered and washed twice with 40 ml of cold water kept at a
temperature of O to 3°C. The obtained wet crystals were dried under
vacuuin (20 to 50°C, 30 mmHg~—1 mmHg) to give 30.4 g (vield 92 %) of

N-(1 (S)-ethoxycarbonyl-S-phenylpropyl)QL—alanyl-L-proline maleate salt.

The purity was not less than 99 %, and the content of each of carboxy

20 derivative (III) and diketopiperazine (II) was not more than 0.05 % by
weight.

EXAMPLE 3 |
To 180 ml of H,O kept at 30°C was added 59.7 g (0.121 mole)
25 of N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline mal.eate
salt contéining 0.2 % by weight of carboxy derivative (III). The maleate
salt was dissolved in water by é.dding 32.4 g (0.243 mole) of a SQ % by

20



precipitate was filtered and washed twice with 70 m of cold water kept at
a tenperature of 0 to 3[err]C. The obtained wet crystals were dried under
25 vacuum (20 to 50[err]C, 30 nmmHg->1_ ) to give 51.0 g (yield 91 % of
N- (1(S) - et hoxycar bonyl - 3- phenyl propyl ) - L-al anyl --L-proline nmal eate salt. '
The purity was not less than 99 % and the content of each of carboxy

- 16 - ' derivative (111) and diketopi perazine (l11) was not nore than
0. 05 % by '

o 120 ni o HPEF] pus; solution of NaOHL to this mistuge with sfifiR i adjust
of (109 - sy bop - abessap ol soRio Bl L4 4 g
salt was di @Z?{ﬁhél,@gﬁﬁ? bﬂgbé_'%?g‘kf b HBadugold: éo?lﬁht{B}i 1#€1 Q:egﬁa%e Bov°C

wei ght aque s mxture wmth.stirring t Just 10
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was added dropw se doncentrate oric

acid ovey 2P2> S t’l‘hé‘f'ﬁé\%&iﬂ% ??gtﬁiirit%teowas flltered égl'é!r *ﬁrza d! fite with 70

cool ed to O[err[C over our ereto was ad g of NaCl and
t he Stiv ki ﬂ.ﬁg% cdheifes |
preci pitat ehlﬂléf Ié\%zlaﬁ#ﬁ%g@{ g‘%?\t}\gs e a’tftsimi‘%t?a()fvr\?ﬁ?sésloém of gg}%ﬁ%&% g;et

kept at a t t 'nﬁﬁnﬂg_,r re
dried under crystatlé\'ﬁéc’xfﬁ@rinklf(eéﬂoﬁ%xg% 50‘&%‘?@ 1% tmftg’lggﬂ—lg) to _gi%/gﬁgj 4%3

(yield 92 %y 552 ield 92 %) of N-(1(S)-eth -bonyl-3-phenylpropyl)-L-
N-(1(S)-eth x‘gg:ar bon§l -(}nghenyI 52 oopyl )-(L(- z;lianﬁxyf-a’grol |yne ﬁal ezla(tg 5%3”.

The purity wWasnyiol-pesitné hadledle $alfndThREpEAIftY; Whs HoteRes GHak TP Ysyando
derivative (1117 and di ketopiperazine (I11)" was not nore than 0.05 %by .
10 the content of each of carboxy derivative (III}) and diketopiperazine (II)

was not more than 0.05 % by weight.

EXAMPLE 4

To 155 ml of H,O kept at 40°C was added 59.7 g (0.121 mole)

15 .of N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline maleate.
salt containing 0.2 % by weight of carboxy derivative (III). The maleate

salt was dissolved in water by adding 16.2 g (0.122 mole) of a 30 % by
weight aqueous solution of NaOH to thié rﬁixture With stirring to adjust

to pH 5.2 £ 0.5. The resulting solution was added dropwise to 46.7 g

20 (0.121 mole) of a 30 % by weight aqueous solution of maleic acid kept at
~60°C over 1 hour to adjust to pH 2.l5 = 0.5, and was fhen cooled to 0°C
over 4 hours. The resulting precipitat_e was filtered and washed twice

with 70 ml of cold water kept at a temperature qf 0 to 3°C. The obtained
wet crystals were dried under vacuum (20 to 50°C, 30 fang—->1 lmmH.g)

25 to give 56.2 g (yield 94 %) of N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-
alanyl-L-proline maleate salt. The _pufity was not less than 99 %, and

the content of each of carboxy derivative (III) and diketopiperazine (II)
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wei ght . ' EXAMPLE 3 To
180. m of H[err]O kept at 30[err]C was added 59.7 g (0.121 nole) 25 of
N-(1(S)-et hoxycar bonyl - 3- phenyl propyl ) - L-f\hanyl L-proline nal eate

salt containing 0.2 % by weight of carboxy“derivative (111). The nal eate
salt was dissolved in water by adding 32.4 g (0.243 nole) of a 30 % by

- 17 - .wei ght aqueous solution of NaOH to this mxturgdvmdtg stirring
to adj ust e 0 %, ng sol uti on was adde ropw se
to 44J. 4 g was n( ( @?ﬁg tﬂFn)OFQS ﬁ%érg/’?%ﬁ%l ght aqueous sol ution of HC
kept at 60[err]C over 4 hours to adjust to pH 2.3 0.5 and was then
cooled to O[err]C over 3 5 hours. The resulting precipitate was filtered
and washed twice with 70 m of th‘ﬂf[ kept at a tenmperature of O
to 3[err]C. The obtained wet crys S vvere dried under vacuum (20 to

N-(109) - et hoxyoar bonyl0 200 for AT Al Br 822 o8 bipfighe d %%{%?ﬁ%esomggt o
car boxy der VAL eI PR RE R REehyIbraRL 1 sV FLBRIER BaIGdel Bl
‘(I)'OOESOSA) %y Wr rﬁné k('apt%al:t)y ZYve[lgr r ]Oé (\:Aa}tarsbog(ardggrggtlye (IF%(%E oC Y28 of
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salt was di galingth BO %ebPweightdduduSsdlutidid ot Ra il & keép hpHodD6.2
‘ + 0.5. The amount of the 30 % by weight aqueous solution of NaOH

10 required. in this operation was 34.3 g (0.257 mole). The obtained
solution was added dropwise to 47.1 g (0.258 mole) of a 20 % by weight
aqueous solution of HCI kept at 60°C over 6 hours to adjust to pH 2.3 =
0.5, and was then cooled to 0°C ovér 3 hours. The resulting precipitate
was filtered and washed twice with 70 ml of cold water kept at a

15 temperature of O to 3°C. The obtained wet crystals were dried under
vacuum (20 to 50°C, 30 mmHg~>1 mmHg) to give 52.4 g (yield 91 %) of
N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline maleate salt.
The purity was not less than 99 %, and the content of each of carboxy
derivative (III) and diketopiperazine (II) was not_lmore than 0.05 % by

20 weight.

COMPARATIVE EXAMPLE:
To 400 ml of water was added 24.4 g (0.050 mole) of N-(1(S)-
ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline maleate salt
25 containing 0.2 % by weight of cafboxy derivative (III), and it was
"dissolved in water by heating at 60°C (pH 2.5 = 0.5). The obtained

solution was cooled to 0°C over 4 hours with stirring, and was further
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wei ght aqueous solution of -NaCH to this mxture with stirring to adj ust
to pH 5 2 [err] 0.5. The resulting solution was added dropwi se to 46.7 g
20 (0.121 nole) of a 30 % by wei ght aque]ggs solution of naleic acid kept

at . 60[err] C over 1 hour to adjust to°pH 2.5 0.5, and was then cool ed
to Oferr]C over 4 hours. The resulting precipitate was filtered and
washed tw ce with 70 nf of cold water kept at a tenperature of 0 to

e Lfcejg%tm&g 1% e S0 el oAy AR TG RS Gl
al . The porit €%§y%85“1?ess4lﬁ Rk oot ot = ol sﬁqi"h P ac thh
i v SR 4R @%gy Bkt Vacuum 20 0 s0°C, 30
Engr\ggi_gn:grt ](Pfgsgléfﬁgg%ﬁgrlggﬁm (%enyI/{p’))zf{)tg/\{2 {@Y‘?iﬁ)ﬁ&l Veﬁgﬁ‘i’l ne
Eggﬁ afAhlzPEaiéng:\Xfllé ] ) -Q%@@%;% ﬂ?o&%&%&fﬁol% “of E‘g hﬂlymv%a%
NaO—| to keep jtﬁe %H 29 % an&%eng%&g%&rée%éﬁ%%?%% B@#ﬁ c\j%@ﬁ%%\kg@)gﬁpd
aqueous sol Wikefo P&,e}%e Q@ ‘ﬁtﬁ?(l)ﬂn&tev\glgrgﬂ#go@g%% &g@tim g (0.257

nol e). The obt ai r opwi s (0. 258
nol e) of a 20 % by wei ght aqueous sol ution of. HCI kept at 60[err] C
over 6 hours to adjust to pH 2.3 + 0.5, and was then cooled to-

O[err] C over 3 hours. The resyNPUSTRIAY APPAIEABILITYVAS filtered and
washed twice with 70 ml of cold water kept at a 15 tenperature of 0 to
3[err] Qo The obt ai nehduirdeny Yoatife WioReds | GIOthE'$Resent invention, enalapril
maleate having a high quality can be crystallized out of an aqueous
liquid in a high yield in a simple manner. That is to say, according to
the process of the present invention, ehalapril maleate can be purified to
effectively remove impurities such as carboxy derivative (I}, while
15 advantageously suppressing by-production of diketopiperazine

derivative (II).



vacuum (20 to 50[err]C, 30 mmHg->1 mrHg) to give 52.4 g (yield 91 % of
N- (1( S) - et hoxycar bonyl - 3- phenyl propyl ) - L-al anyl - L-prol i ne nmal eate salt.
The purity was not |ess than 99 % and t?e0 content of each of carboxy-
derivative (111) and diketopiperazine (1) was not nore than 0.05 % by 20

wei ght . . COVPARATI VE EXAMPLE To
400 m of water was added 24.4 g (0.050 nole) of N-(1(S)-
et hoxycar bonyl - 3- phenyl propyl ) - L- al any AT l'ine mal eat e salt 25

containing 0.2 % by wei ght of carboxy derrvative (I11), and it was
di ssolved in water by heating at 60[err]C (pH 2.5 0.5). The obtai ned
solution was cooled to O[err]C over 4 hours with stirring, and was further

and vashed  © twi g6y FROTBUR: T EyPRAAg Sl REIRL IO ILARES,
50 orr] & apioeycat bordh S Brob N L AanyEL pESE] f I rotpeutT =0 10

N (1(S)- et hoxycarbonyl - 5 3-phenyl propyl ) -L-al anyl-L-proline nal eate
salt. The purity was not | ess t%Ig’/q angd’ t heélcontent of each of
car boxy derivative (I11)_and i ket offi peraznne (I}) was not npore than
0.05 % By weight. TRLAL APPLICAB}LI TY 10
According to the proce

N
@ t he presentHi nveption, Enal april mal eat e
having a high quality\Qan i

pe crystallized ou¥ of arb@%_f:om liquidin
a high yield in a sinpl&fanner. That is to say, according to t he

process of the present invention, enalapril maleate can be purified to

ef f ecti vel ywhR6R\OhPPisesimBangUsH adfticoriPRYHid Bavirdg avsH(0flAdt 1e48ithan 4
5 and containing N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-

6 proline (I), maleic acid and a base with a sufficient amount of an acid to

7 convert substantially all of s_aid base into a neutral salt.

2. The process of Claim 1, wherein based on N-(1(S)-
ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline (I}, at least
equimolar amount of said maleic acid and at least equivalent amount of

said base are present in said aqueous liquid having a pH of not less than

4.

g H W N =

3. The process of Claim 1 or 2, wherein said aqueous liquid
having a pH of not less than 4 is prepared by dissolving a maleate salt of

N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline ) in an

A W N =

aqueoixs liquid kept at a pH of not less than 4 with said base.

4. The process of Claim 1, 2 or 3',' wherein said mixing is

[y

2 carried out by adding said acid to said aqueous liquid to convert said

3 Dbase into a neutral salt.

A A



f5 advantageously suppressing by-production of .diketopiperazine

derivative (11). _ . ; - 20 -

CLAIMS 1 1. A process for grystallizing a maleate salt of
N-(1(S)- 2 ethoxycarbonyl -3-phenyl propyl)-L-al anyl -L-proline of the
formula (1): [err] -4 which conprises

m xi ng an aqueous |iquid having a pH of not less than 4 5 and contai ni ng

N-(1(S) ;}et hoxycar bongl -5 ][ilg:%glggg Ogyldlébhgp?rg'éll—g ?g@&@iﬂ &id! ﬁiﬁ@é%&c

acid and a base with a su nt anoun an aci d conver

subst anty al rf}%i c%tlt_ . Qdﬁf&% é'aﬂgo%@ﬁﬁxﬁ?ggﬁf‘gé saidlacid to convert %saidn®

process of a ereln pase

et hoxyc%r boﬂ&éﬁﬁ%%g#ﬁﬂmyéaltb al anyl - L-proline (r, at least 3

equi nol ar anoun mal el c acid-and at |east equival ent anbunt of 4
sai d base are present in said aqueous liquid having a pH of not |ess than
5 4. 1 3. The process of Caim1l or 2, wherein said aqueous

liquid 42 having a plH, ghd'Prodessof 4% of ClaiMsePes & whierlinslid Bidsis an

mal eate salt of 3

N-(1(S)-eth | irdRB8a%! propyl ) - L-al anyl -L-proline (I) in an 4
aqueous iqﬁ}%ﬁgggg%gthide o¥ not less than 4 with said base. _ .

1 7. The process of any of Claims 1 to 6, wherein said acid is a

2 mineral acid.

1 8. The process of Claim 7, wherein said mineral acid is

2 hydrochloric acid.

1 9. The process of any of Claims 1 to 6, wherein said acid is

2 maleic acid.

1 10. The process of any of Claims 1 to 9, wherein said maleate
2  salt is crystallized out while mixing said aque‘oiis_liquid and said acid at

3 a temperature of 40 to 70°C.

1 11. The process of any of Claims 1 to 10, wherein the pH of
2 said aqueous liquid after the completion of mixing with said acid is from

3 2to3.

1 12. The process of any of Claims 1 to 5, characterized by
2 crystallizing a maleate salt of N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
3 L-alanyl-L-proline (I) having a low content of N-(1(S)-carboxy-3-

| O A

| : |
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1 " 4. The process of Claim1, 2 or 3, wherein said nmxingis 2
carried out by adding said acid to said aqueous liquid to convert said 3
base into a neutral salt. . 29 . - 21 -

1 5. The process of Caim1l, for 3, wherein said mxing is 2
carried out by adding said aqueous liquid to said acid to convert said 3
base into a neutral salt. 6. The process of any of Clains 1

1
The pr odscP APPSIEFAIRAEL M- £ flolilg ol R foRHTANE, % 5 mineral

- acid. 1 8. The process of Taim7, wherein said nmineral acid
is 2 hydrochloric acid. 1 9. The process of any of Cains 1
to 6, wherein said acid is 2 nalei cORHICH, 1 ; 10. The process

of any of Claims 1 to 9,
-whil e m'gd ng sai d aque
70[err] C 1

the pH of 2 said aqug
acidis from 3 2to3.

wherein sa nel gat’e 2 s crystallized out

3 ajtemperatgrye of 40 to
ains 1 ?(:) 1)8, wher ei n

Iiduid afterHt he adnpi etibon of mixing with said
' CO9H

6 out of an aqueous liquid having a pH of not less than 4 and containing
7 N-(1(S) -ethoxycarbonyl—B-p'henylpropyl) -L-alanyl-L-proline (I), maleic
8 acid and a base, while suppressing by-production of a diketopiperazine
9 derivative of the formula (II):
'CQZEt CHg
10 | N °
. N (I
0
N

R
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1 § - 12. The process of any of. Clains 1 to 5, characterized by 2
crystallizing a nmaleate salt of .N-(1(S)-ethoxycarbonyl - 3-phenyl propyl)- 3
- al anyl -L-proline (1) having a | ow cont gnf of N-(1(S)-carboxy-3-

- 22 - 4 phenyl propyl)-L-al anyl-L-proline of the fornula (111):

[err] 6 out of an aqueous liquid having a pH of not less than 4 and
containing 7 N-(1(S)-ethoxycarbonyl -3-phenyl propyl)-L-al anyl -L-proline

(1), maleic 8 acid and a base, whil ﬁ)ﬁfﬁﬁ;i ng by-production of a
di ket opi perazine 9 derivative of tﬁ%l§$orrru a (I11): [err]

A process for simply and easily crystallizing a maleate salt of
N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline  (enalapril)

5 having a high qtiality out of an aquéous liquid, which comprises mixing
an aqueous liquid having a pH of not less than 4 and containing N-
(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline, maleic acid
and a base with an amount of an acid suf_ﬁciént to convert substantially

all the base into a neutral salt.



