1. . CONVENI ENT PROCESS FOR PRODUCI NG H GH QUALI TY CAPTOPRI L

FI ELD CF THE | NVENTI ON The present invention relates to a process
for producing 5.. captopril of formula (1) [err] 10 - froma
substrate conpound of the general fornula (2) err] 15 20

whetein R r€9N¥ﬁNﬁENQﬂRBQCESSaFQBx?ROQﬂﬁﬁUErHE HrRUM ITYs CAPTORREL above
formula (1), is an anti hypertensive conpound havi ng hi gh

angi ot ensi n-converting enzyne inhibitory activity (e.g. Bi ochem stry,
16, 5487, 1977). 25 FIELD OF THE INVBARTAOGROUND ART As a
met hod of synt hesi zi ng capg opr of the above formul g (1)

substrate conp@ehPLASaHe b h%ﬂeFﬁiates tooANRERCESS [Hnd Fﬂéﬁ%&ng

ref§rredcggégiﬁyﬂxggwgd%ﬁﬁmyopfﬂ 30 (2)], experinmental exanples of the

reaction un basi c conditions using an al kali netal hydroxide or the
i ke have heret of ore been reported (e.g. USP 4105776 and Japanese
Kokai . Publication Hei-3-169856 and Hei -5-221966). As can be

understood fromthe fal] owin

tion schema, 35 any reaction under
such basic conditions a [

/,S

10 H COOH

from a substrate compound of the general formula (2)

CHg
R. s N '
\[r COOH
o) o} '

wherein R represents alkyl or alkoxy. Captopril, which has

15

20

the above formula (1), is an antihypertensive compound having
'high angiotensin~-converting enzyme inhibitory activity (e.qg.
Biochemistry, 16, 5487, 1977).
25
BACKGROUND ART
As a method of synthesizing captopril of the above
formula (1) from a substrate compound of the above general
formula (2) [hereinafter referred to as substrate compound
30 (2)1, experimental examples of the reaction under basic
conditions using an alkali metal hydroxide or the like have
heretofore been reported (e.g, USP 4105776 and Japanese Kokai
Publication Ilei-3~169856 and Illei~5-221966).
As can be understood from the following'reaction schema,

35 any reaction under such basic conditions is a stoichiometric



1. reaction in which at least 3 noles of an alkali netal hydr oxi de,
for instance, may be consuned for each nole of . substrate conpound (2)
(Japanese Kokai Publication Hei- 3- 169856). 5 [err] 10

wherein R is as defined hereinbefore; Mrepresents an alkali 15 -netal ion
suchl as Neeaction in Whdchbate Jressdt i brmo besli gbdamnabgabismehathat it gives

rise to | l,de @f the fallow ( S bynrad
contaningygﬁggggggprg&ﬁc?“&%ﬁﬂﬁ%ﬁ{ﬁ%%gké?%éhé#%eg f8r2§a0h 112 Hﬁice'the
di sul fi desubstopatul eaofmppunsl W2 )pr{cthpatese tKkokai Pakiicatdbnt Hed -33d | abor
to reanengQ gyproduct [ Chem cal Phar maceutical Bulletin, 30 (9),
3139- 3146, 3 7 *Chi nese Pat ent 1034920A]. 30 It is known that

t he goy- production of the disulfide of formula (7) and other inpurities
is chiefly attributable to oxi dation reactions involving nol ecul ar

oxygen [ Shi geru GOhba: O sul fur Chem stry, Reacti chani sns,
Kagaku Doj i n). CHypr i???istingng-producti Hs of (sai d)di sul fide of
: R ] N —_— Mg N
Ty - -
o | 0 0

10
R oM
. \\“,/
o]
wherein R is as defined hereinbefore; M represents an alkali
15 metal ion such as Na.
The above reaction is disadvantageous in that it gives
rise to a disulfide of the following formula (7) as a
byproduct contaminating the product captopril.
0
2 HOOC o
S N
N,/JL\\I///\\\SI/'~\\/(/!\\]r,/ <:;::} ™
| 0 COOH
25 ' ,

Once the disulfide of formula (7) is by-produced, it
takés much time and labor to remove the byproduct [Chemical
Pharmaceutical Bulletin, 30 (9), 3139-3146, 1982; Chinese
Patent 1034920aA].

30 It is known that the by-production of the disulfide of
formula (7) and other impurities is chiefly attributable to
oxidation reactions involving molecular oxygen [Shigeru Ohba:
Organosulfur Chemistry, Reaction Mechanisms, Kagaku Dojin}.

For suppressing by-production of said disulfide of

35 formula (7), the production of captopril from substrate



35 formul'a (7), the production of captopril from substrate

2 1 ‘conpound (2) is generally carried out in an inert atnosphere
such as nitrogen. gas, helium gas, argon gas, or hydrogen gas [e.q.
Japanese Kokai Publication Hei-5-221966]. However, the use of

sucht an i aempoundoé@heis faenearned 1 carrkedtdowh is anninertegimosphere

contrivance design t o _prevent o infiltration oxVyg anc
oxygen haﬁu?guﬂa pﬁ:gr f% W5 ! hel1“!’%@“?%30%’?%%859§%ém°¥t ﬁg‘%@g& o@%&ion
of Saig ?;éUbfidapﬁﬁESﬁ Koﬁaﬂrﬁﬂﬁnidatiwm MQidByébﬁgsahLbited. I

It is difficult to conplete el i m nate oxygen and, an 0 residua
oxygen has a sﬁ?WSH?rad$§W% %ﬁTQ£R$?°¢¥E“eﬂ%ﬁﬁ?e?tWﬂgpﬁere £RL tion
gi ving ripeatLisAl dsbuPmeIec nedtiiivd dotrivance§ @68uGAeA7 kol pPravemtt opri |
and nol ecul ar oxygen, one nol e of oxygen nmay consune as many as 4

mol es of btapidprakien ofowmxygen ansk|eneg Jexygeschaskipupdpbiitsamagh into

Hei - 3- 169856) ; 2 hel - c O RErL:7>qs T SeS-

Rerr] ey Errpbign, pysten.” Ry spibayceio! SE spgaiaigiafide B¢

Rlerr] S-feoRpela] (7} 2aH d&ardy be inhibitddRerr]-SH + (Jerr] -> 2

Rlerr]-S-S-Rerp]. +.,.2.Hernr 20 n t he,above reacti.on schens,

Rlerr] represeigslﬁ 9&%@&%H%é(%° COWQ%ﬁEﬁéyo?i}ﬂé??BFlB%FHSHfBPﬂhﬁﬁy

[end 25¢esidual oxygen Wad W'YdWNcus 'dvERRE B EECED! AFBR] eRANIR A0y @

reaction-30 may contain

N-([err] -blehyeapbioh- gliovinig mdtsey |tq esaid Hyyipoageatbdhguifide of

ethyl thi opLeRb?RY IO el 'diptdp it dfa ' R84 88ul 8 "Bk§obR), Bhe mole of
oxygen may consume as many as 4 moles of captopril as shown
below (Japanese Kokai Publication Hei-3-169856).

15

2RA'—sH + 0, —» R—s—s—A' + H0:

2 R'—SH + HO; —»  R'—8§—8—R' + 2HDO

4 RY—sH + O3 —p» 3 R'—8—s—R' + 2H0
20 | -

In the above reaction schema, R' represents a captopril

residue of the following formula.
CHj
25 N
o COOH

Furthermore, the captopril obtained by the above reaction
30 may contain N~(a -methyl-g8 ~( 8 -methyl-8 -hydroxycarbonyl)
ethylthiopropionyl)-L-proline of the following formula (8) as
an onerous impurity.

'35



an, onerous inpurity. 35 3

1 [érr] "’ Thus,
N-([err]-nmethyl-[err]-([err]-nmethyl-[err]-hydroxXxycarbonyl)

et hyl t hi opropt onyl )-L-proline of formula (8) can hardly be renoved by a
puriXication procedure and its elimnation calls 10 for a great deal of
effort (Japanese Kokai Publication Hei-5- 221966) . The

i nvestigati on made] by the invenfors of resent i nvention (as

di scl osed in Japanese Patent Applicati 7- 286886) reveal ed that
this N-([err - ] L) '

hydr oxycar b et hyl t hi opr opi onyl I ne of formula (8) S
derigved fromthe conpound of the f general formula (3) and/or
t he conpound of the following form® a (4)cogH ch are/is present
concomtantly with said substrate conpound (2) in the reaction system

for synthesis Q_Lu%z%pko_qroi‘ l-‘mezt%);f-[k]-( B -megﬁyl-ﬁ -hydroxycarbonyl)
| ethylthiopropionyl)-L-proline of formula (8) can hardly be
removed by a purification procedure and its elimination calls
10 - for a great deal of effort (Japanese Kokai Publication Hei-5-
221966) . | |
The investigation made by the inventors of the present
invention (as disclosed in Japanese Patent Application Hei-7-
286886) revealed that this N-(a -methyl-8 -(8 -methyl-ﬂ -
15 hydroxycarbonyl)ethylthiopropionyl)-L-proline of formula (8)
is derived from the compound of the following general formula
(3) and/or the compound of the following formula (4) which
are/is present concomitantly with said substrate compound (2)
in the reaction system for synthesis of captopril.
20

e

wherein R is as defined hereinbefore; n represents an integer
of 2 to 4.

30 HOOC

casasanek

35



wherein R is as defined hereinbefore; n represents an integer ~of 2to
4. '[err] 30 35. 4 1. _
Therefore, it is inmportant to inhibit or suppress the conversion of

t he. conpound’ of general fornul a herejnafter referred t

conbound ( 3)] TREEEOLEy it nﬁﬁtﬁlﬁpgrta“BfL?omﬂF 1E4PI] RUPRLESS e'ref erred

to as co
N—([err]EBH EyF ?}éf?pa?%rﬁ?ﬁwgmﬁj? Terr?nﬁrg%o§?ggP gn§ﬁf
ethylthubpempuoafkmeq@ﬁﬂnnﬁdcﬁog@mecempbunduKa)a8pnd/or the conipounbve
conmpound (3 LQr und (4 r N y & course
of the s?%t kggf"gll%f @mﬁ r}%{tér Fgf’%‘ééﬁ@uﬁg ?5) C%{"%% e&@r&m
Schet t ensBhdnNAl a eatthyl 1@ -( be&meemyhnﬁaehydhekydambmﬂie fol | ow ng
general fo (5 . d.L- ro ne of the fo formul a (6) under
baoi o cChPikBibRhopiqniniL-BiQLLAg SF s8hgkaL BRb1a " Ble: | nea
her ei nbef or e; THel @ibcR&EWdmgtrrye(3) [&hdfo20compound (4) is readily by-
produced in the course of the synthesis of said substrate
compound (2) by, for example, the Schotten-Baumann reaction
10 between an acid halide of the following general formula (5)
and L-proline of the following formula (6) under basic

conditions.

CHs
_ 0 o _
wherein R is as defined hereinbefore; X represents halogen.
20 |

HN

©

COOH
25

It has been discovered that in the course of cleavage of
RCO under basic conditions, the byproduct compound is

converted to the above-mentioned compound of formula (8).

30 SUMMARY OF THE iNVENTION
In view of the above state of the art, the present
invention has for its object to provide a highly convenient
process for producing high~-quality captopril in high yield and
at low cost, which is conducive to minimized by-production of

35 impurities which are hardly removed by purification.



25 , It has been di scovered that in the course of cleavage of

" RCO under basic conditions, the byproduct conpound is converted to the
above- ment i oned .conpound of formila (8). 30 ' SUMVARY CF
THE | NVENTI ON - In view of the above state of the art, the present

i nvanti on has The presebteinVEntpnmu(hhexdﬁqﬁéy'hmn&hnéehed to aprocess

for produci hi gh- qual i topril in.hi | W _COS
whi ch | s RHIRERS vEOF oBFPANAILDE: SBPtaRI ket et Trem, suBieceinbin ar e
hardly I SIS Htre PE6MPLGEARI 92) to hydroly31s reaction in aqueousd

The present 1nvention, therefore, is directed to_a pr.ocess
for pr oduRehigi o o9} iminateh RESEronss anshjisalatying, sakdpBydapdysdspound
(2) to hy, a n U 0; n p
a3 sol SRR, LTEHLEPuL" n8AI being cdiRHICKRA SF LhE 1BEESEREEDE
conduct ech |st:tdsmgpae$dnae pH not overstlr amgl acittempepatupé notr bélewd a

tenperal‘{egnot bel ow 40[ err] C. The present invention is
now descrdbEd i n detail . 10 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The predbatsiihventtientdseisi debcfibedisini detielpresent

I nvention can be prepared by any of the processes descri bed I n USP
4105776, Japanese Kokai Publication Hei-4-305565, and ot her

| ity@rature. 15 h Tﬁdﬁ 0 be produced by
theﬁf Schot t en- Baung\E%ﬂFga?ﬁ%?;ﬁo an amg Haﬁ%‘gﬁo? glgner al formula

(5) with L-prd'heesobstoatel somppundddr2 bfor wsmndin i thes, ptésent anmount

f d d 3 whi ch
N ([ orr] RaFLoRr Pho( Pe: BreRarRg ByoanY infrd)s dar oRegseS AgRERLbed20

propi onylpy Ly ok #5796, T 3aPuhdseBkoKal R A G Yo uel®hL305565, and

other literature, _

15 When the substrate compound (2) is to be produced by the
Schotten-Baumann reaction of an acid halide of general formula
(5) with L-proline of formula (6) under basic conditions, the
amount of said compounds (3) and (4), which are precursors of
N-(a ~Methy1-ﬂ -( B ~methyl-g -hydroxycarbonyl)ethylthio-

20 propionyl)~L-proline of formula (8), is preferably as small
as possible.

The substrate compound (2) that contains small amounts of

said compound (3) and/or compound (4) is described in
Japanese Patent Application Hei-7-286886 and can be

25 advantageously provided by the following reaction procedure
(A) or (B) and/or the following purification procedure (C) or
(D) as followed either alone or in a suitable combination.
(A) The above-mentioned Schotten-Baumann reaction of an acid
halide of general formula (5) with L-proline of formula (6) in

30 a basic aqueous medium in the presence of a deacidifying
condensing agent is conducted at pH 7-10 and a reaction
temperature of not over 10°C Lo thereby suppress by-production
of said compound (3) and/or compound (4).
(B) The Schotten-Baumann reaction of an acid halide of

35 general formula (5) with L-proline of formula (6) in a basic



as possi bl e. The substrate compound (2) that contains small

anount s of sai d . conpound (3) and/or conpound (4) is described in
Japanese Patent Application Hei-7-286886 and can be 25 advant ageousl y
provi ded by the followi ng reaction procedure (A) or (B) and/or the

f ol¥ owi naapecusi medivm fnoddeurrgsenges of a deayidifybngoeeddenshog al one

or in a L L abl ' 0n. . . - pent, ] .

Seor t ort et EGRBLEERCNing, popddls (UIF ARRESER LaRBSHace o, ke 5
wi th L-pdedcibé@ibyingr cohdenShing alfent pimEfe ralblyeatisanedaotion t he
presence of a deacidifyin ensing agent is cOnducged at pH 7-10

coq&
and a ré%@@p%ﬁature °€eﬁﬁ%r&ﬁﬂ§a¥ﬁ ott e HRRY  FYRPEBSENBY 5by suppr ess
by-gpr odysts@fction off sadiad coripaites 32%2132@/(91‘ EORpSYRd (4); (B) The

Schot t en- Baumann reaction of an acid de of 35 general formula (5)
wi th L-prolinBhefaboveurgacdiaom prasedure (A) is advantageous in that

6 s Lum.J i QL hYLRO AC nsi ng
agent ist%%nfjﬁcggng{s}]@gEo? ggﬁlﬁ%ﬁ{m%ﬁ%%%g?@&agh{jhée a (i%g’e
deaci di fiyemgecahdeesisghdglnlly mosfdercible) tad Enhiattion of by-tenperature of

10 vt SASHEL G B RSP LRI ) s SOASHRARSD i OTE
adnnt agegaet i8n! Brbcedure (B i2AHd M UERSuLCRK | nat kalhae condi ti ons

and at a low nmperature is highly conducive to inhibition of by-
pr oduct i patasssuindhydrpgend cagbanad/eoris amgedinas (dhe deacidifyingaction

d ' d ' N ' ' hyd
Car bonat Gopdnt LaSL85BREY RN dheitn VB0 ana PR SoadTEISNE HE | o

weakly ahkathgel gomdi ht@ined®@Without Rheafddy & Gditred vheheshctionneed
to control the reaction pH by any specific nmeans, with the result

t hat t heplbyby18ny specdfidici aeasss satidhc ditppuresyBy tinat otheobyeund (4) can

b effectively_.inhihited. . Tp prevent con i nati on of
o opr iREUMEELER OB, BRidcompound (o, and/et Somautd) (1T 830’ Bt he
subst r atef fosRPVRNY( 2hniipitaased to crystallize out 20 fromthe aqueous
medi um containing It at a tenperature of_ 35- 100[ err] C and under

aci di ¢ condi t T@nBrepeatecomtaminaion of (gaptopril neithysaddoby¥preduct
contamrggmpggﬂagugg)(ghdaqqhqr conpound

(C) the substrate compound (2) is caused to crystallize out
20 from the aqueous medium containing it at a temperature of 35-
100 °C and under acidic conditions, preferably at pH 1-4, to
thereby remove the contaminant compound (3) and/or compound
(4), and
(D) the aqueous medium containing said substrate compound (2)
25 is treated with activated carbon at pH not over 12,
preferably at pH 2-12, to thereby remove the contaminant
compound (3) and/or compound (4).
The purification procedure (C) mentioned above is
advantageous in that the crystallization from an aqueous
30 medium at an elevated temperature is highly effective in
removing said concomitant cbmpound (3) and/or compound (4).
The purification procedure (D) mentioned above is advantageous
in that the treatment with activated carbon in aqueous medium
is highly effective in removing the concomitant compound (3)

35 and/or compound (4).



(4), and (D) the aqueous nedi um containing said substrate conpound
(2)"25 ' is treated with activated carbon at pH not over 12, '
preferably at pH.2-12, to thereby renove the contam nant conpound ( 3)
and/ or conpound (4). The purification procedure (C) nentioned
above is ThdVvagheagasumeidi urhatertticonmed stlzxdve zbs i watér oesaanaqaééus 30

medi um at an el evated tenperature is ef ectlve LN

sai d cond&ﬂ?t%ﬂ?téiﬂgﬁﬂnﬁ QfQ%HMQNséiﬁ%ﬂﬁ%mi% ueousTﬂgdﬁﬁW| |caLPgn
procedur ej k& uaBSt wakes ﬁh@VWalt%ra(b(ﬁfﬁaﬁgmt@ an orgaumlt:hablbéntt tlaalament
wi th activated carbon in aqueous nediu S effectlvE

renovi ng ameRUEbNBek Fanﬂif@éﬁ’p&%d'-h(%)o'@?c‘: a‘h’él/'the g%%ﬁ The same

7 5 ndlds true FBE 294°UR %ﬂ%&]ma%%@@%ﬁeasmﬁt% essential |y

not contalnlng an organi ¢ sol vent aqueous nedi um t hus i ncl udes
wat er andfablewingntdseiloguae.or gani ¢ sol vent in an amount not

contrary to the gbject of t i n ntlon The o f |
t he aqueous neﬁ?g kﬁﬁpgoﬁgaqﬁﬁ e slbstr §§W§O%$ gsu?i pue for a
REfer“ngrd"grégénegomkwb%t‘“m‘kdxy’p(&ﬂwiﬁ)ge:ﬁérallyrapnewemtalfklyklyl or

al koxy, I's generally a | ower alkyl group_or_a lo rou
Partlculagrqupreteﬂréawﬁi sd koxyetgoup. Particulapl¥cpse SﬁG@ﬁvﬂ¥hgthep
Sﬁf |nvEﬁ é t he above substrate conpound (2) is subjected to
onS|@ 3 flon in an aqueous nmediumin the presence of a strong

aC|d_at PH not 1n accet@anterid tth i@ gprésest nbnvert ban4O0ther apove wher eby
the RCO 15 roup is cleaved to yield capto

reaction SﬂbagﬁéﬁssCQEEQHﬂq)Q%%a siabje te@hBﬂthgFB&N51FeFFFC§égrOlySIS

an aqueous medium in the presence of a strong acid at pH not
over 1 and a temperature not below 40 °C, whereby the RCO
15 group is cleaved to yield captopril.
The hydrolysis reaction in aqueous medium proceeds as

shown below,

e I VH(Q\

S+ \“/ (or RH +C0,)

25 )

In the above reaction schema, R is as defined

heroinberore._
The strong acid that can be used for the above hydrolysis

30 reaction in aqueous medium includes organic acids such as p-
toluenesulfonic acid, methanesulfonic acid, trihaloacetic
acids, etc. and inorganic acids such as hydrohalogenic acids,
phosphoric acid, sulfuric acid, etc., although hydrochloric
acid is particularly advantageous.

35 There is no particular limitation on the amount of strong



25 , In the above reaction schema,.R is as defined

her ei nbef or e. ~ The strong acid that can be used for the above
hydrolysis 30 .reaction in aqueous medi um i ncludes organi c aci'ds such as
p- t gl uenesul foni c aci d, met hanesul fonic acid, .trihal oacetic

aci ts, e?GFdaﬁ$MQFi%ﬁuﬁQ:%ﬁ&@ssgﬁﬁﬁrQEeh?ﬂWBﬁHF@géﬁﬂchﬁﬁ(ﬂﬁ"efally_ _
PhOSPOT e 16t e e e Gddiv&1Ene. 8kt HAN NVALRBMIONG Gn the aCid is

particul arl'y advant ageous. ere I's no pa Imtation on
t he anoumeactioir drepmperature, the strong acid is generally used in a

acid relative tq said. sybstrate, c ound (2) .but denerally 0.1 or
nore nol gfogaﬁi zﬂ"erﬁck i%%‘é?é‘%)’éggﬁ‘arﬂﬁ %ﬁ}xtixgtle%%s. reaction
tenperature, twhe $@anuldnﬂtbm§egaﬂerelfarusaddihydrolysis[rﬂxnﬂid?ninf .
about 0.2-2 nolar equivalents. 5 The reaction te rature for sai
ydr ol ysRGUPERE, MSdIR 18 NGt RELoks2HRHFADIG ADE BEIRGRIAIE Tk er ] C
and pref geably abdut 50°C . betiys abené pEhetibk isyeherdlay aabir £&d i dut
generally carried out at about 50-100[err]C~ The reaction pH is not
over abobt abgud 50-100°Cref Fhag| yeagatine pHi dBbaotoeyest adiik b andbel ow.

s, pref BFEREFAHTY {3 AP oG naeR, b ERPSETY 8 MR 0. wnen

thegreacti on Gemeallly spsaking, the LeReki Ehe reactiRmareffseratadiéy even
in"the small amount of strong acid. The reaction tenperature

and reactBonbPyRigrablipdhentarges isphhanpreportdoneefatdiengtneng

o ocoed Shbarn: S i, ACELon tepperaEhsk”dF B ghiastt 4aie Wovi di ng

for convppbeeeds readi¥Ydiedn oinofhéasrlataphapunt of gagbry'adiy, in high

yield. - Wen the reaction tenperature is too |low or the reaction pH
20 i s too hTHe HeRChHiem FemRerabunseandof eprsdond bih&rdhtimpertant
15 parameters for enhancing the solubility of substrate compound

(2) to make the main reaction proceed smoothly and inhibit
formation of byproducts, thus providing for convenient
production of said captopril of good quality in high yield.
When the reaction temperature is too low or the reactioh pH

20 is too high, the main reaction does not proceed uneventfully
so that the vyield of captopril can hardly be increased.,

Referring, further, to said hydrolysis reaction in
aqueous medium, strongly acidic conditions contribute to
suppressing the by-production of said disulfide owing to the

25 oxidation of the product captopril by dissolved oxygen and to
suppression of by-production of said N-(a -methyl-8 -(8 -
methyl- 8 ~hydroxycarbonyl)ethylthiopropionyl)-L-proline of
formula (8), which can hardly be removed by subsequent
purification, from said compounds (3) and (4) which may be

30 concomitantly present with the substrate compound (2).

The aqueous medium for use in the present invention is
preferably an aqueous solution. There is no merit in the use
of an organic solvent. However, if necessary, the hydrolysis
reaction may be carried out in water containing an organic

35 solvent. The use of an aqueous solution not only improves



so that the yield of captopril can hardly be increased. _
Referring, further, to said hydrolysis reaction in aqueous nedi um
strongly acidic conditions contribute to suppressing the

by- producgtion of said disulfide_owing_to the 5 . .oxidation of, the product
capbopr | NSy QRS bdd oAb rPaRaLY Of Ehe BrofRctdSRoRIocHy AR on o
sai d N (bt comirdbudes 'muck [€6 product safetr)because of the freedom

met hyl -[err]-hydroxycarbonyl) et hyl t hi opropi onyl') -L-proline of
fornul a €8pm wendamixa tionl 9f beapbopréll witbubsgandat solventgpuwhichkati on,

fromsaiﬂg gg@&pq&; 3). nﬁ#ég&uﬁghcﬁeggxh@e 30 concomtantly present
é%ﬂ%ﬁﬁh ;

with the rate The aqueous nedium for use in

t hespresent i mpentdt@p iffor isol@tEh§rehpropridqisonows ddddibedhere is no
nmerit in the use of, an ofganic soLxent. Egmever, i f necessary, the

hydrolysis  This dfqlafiomeheCaBEPPEYLoEE PEERELE &¥nt ai ning an organic

35 sol &Q?Eta 111 dtS0P] 61 veneoERt BaEHLLAN BR! sOent@@fction and
9 the operability and safety of the production process itself

but cont Sibsesmenicicnysabbikatiamet y because of the freedom from
Caminat ¢ j . ) use ; ‘ b
contam natl O”ﬁ%wiﬁ?ﬂéﬁegrgﬁﬂgﬁg?g%&?gﬁ.ﬁn""{i:scr&arrled 'B:ﬁ't,nlo €

beni gn to human I'solating captopril is now
deggri beffollowing the THbove soeadtdon pf ataptiopbit! overefd esidepivferably
crystallization, solvent extraction, or solvent extraction and

subsequetf &hgsPh GegkonPf about 1 toTRe BHUS.mihE SeACAQMIXEYER| on
[ [ t f ol | omv t ' 3 d
AT colf o 001 P b LIS R v 5 o

preferab out to e reaction

m xture crystadfltizatiorm) etithepfaghetr égcbroafter konvshitaciteidod aunder
crystallization, either as it is or after concentration under reduced
pressur efegHCEr: BrafsiiRy Repbbpnshaving hegn adinsteds to g it efaol to

> P80, 11 8sEORMMN ") Wild Bef oafdhBeing acidificBiAd WiAlnl Zatt on
isTCarried out at a tenperaturé not over A86ut o e n
preferably at Theowrystall deiogs 15.cdoried outbadi a Weylpepstitite moystal s

with satisfactory. cr al roperty, . it.is t ,advant.ageo to
perform 8V§§t 3?’ I"Zat’"o ZHId %’Eeg%BgPiXOaF ngplt]n%? t@sd% f"; i?ﬁ?s

pref erabbpth@ncoiRielguality SFystalsiwathobatlisEatitorly &t ure of not
over about 5 [err]C. In order to provide for  satisfactory

growt h oPTeRRItHi.gHL 1S mofify adyantpgephs| ter psripsmanyiatajddeatien al
ProgertyaknabBét 40 + 5%¢ . usually, it is preferable to complete

crystallization at a final temperature of not over about
5°C. : _
In order to provide for satisfactory growth of said high-
quality captopril crystals having good crystal property in the
25 above crystallization step, it is preferable to gradually
lower the solubility of captopril or see to it that no
supersaturation will take place. For this purpose; one may
advantageously employ a crystallization schema comprising
gradual cooling under acidic conditions or a schema comprising
30 gradual acidification at the above-mentioned crystallization
temperature. It is also a preferred procedure to add seed
crystals for assisting in crystal growth and avoiding |
occurance of supersaturation.
In the present invention, where necessary, an inorganic
a5 salt of the common variety can be added to the system for the



25 above crystallization step, it is preferable to gradually | ower

the solubility of captopril or see to it that no . supersaturation w !l
take place. For this purpose, one nay advant ageously enpl oy a
crystallizati'on schema conpri sing gradual cooling under acidic

condi t i onpurpase o nlar twapng sihyg 3ﬂorggn&¢ushlacbwnﬁanhdahiqn afhethe

or ovedur S4B tR Addhn' €6%4pERrarion, PRLERRLERY, 1dver’ S BT LNG

avoi di ng of ca;nmpufﬁncm@fmupeaset thet ycheld of captoprhrl.t hmmmemhch
I nvention, where necessary, ap |n0£9an|8 sal t, of t n va |§t
oride is ogo

e
can be addf9ankSalls ensediunng partlculagl Pf erre

1 5 PUGRS®HIYn t&éi‘@ir’i\? ~bh€ EPPEBRNI C1R2khiadi @A) tdld erbég éfethe
aqueous nediumto saturation to thereby [ower the sol ubi | of

capt opr i Pradudthgarndee tmbnimibzedobycageygdiing A{hﬂ\gloémﬁf f’lquon" n@ndAar c

salts, e h r 5 Its high
saltlng g%#ﬁgqigégigfn ad %%%akﬁhe¥Fo§sE§ qﬁﬁgfi' product can be
~mnimzed by rmwﬂe rgremmiheenmqnor Lh&d/relact.lon nviasthuney can ubé on
cont ai ni I d, C r.es I nvent i t he

reaction %& ?pb% base Prigk: kg ﬁf?ﬁtél dza QNOQ(§Qﬁ§éREJI|zat|on
or 190l Ve@x%ctlcﬁ’l(tfﬁc%@@ﬁ Eooégﬁ(lei‘g behee! ttr%tdéercérﬁ?eﬁlﬁ 2 pept s

into I mpurities can be easily renoved by crystallization.
Thi s basd mpuzittriers wlmlclarcandbeueaaulyHremovbdl by mystalllqnlei@n ably not

bel 13 | | t t f f 1 m nut
to g\évverg'lhqiﬁ)ﬁg:% % PoabnorErEh oeRFEiRY, S0 at pit nok BRI G Cto carry
out this fﬁo@*bé§0&01§4 genera@ﬂ? 4% E@E@H@éﬂﬁtd&é"&f about

Thereafter, cryst ¥ l'ization is carfie out undeéer the ac
condi t | ofls 508@t ifordl apbvete to severalTheupsope:BYCm reefi |Jdnl1wt:sq>'emes of

hbRugh e 190 SUrrAgient ofd SATFYoable chls FEeRiB A @l 8 (BTN o

sal t and\dﬂ(illﬁbﬁa£Yh¢ﬂreffTuéﬁéaﬁtéﬁqsékrgﬁaﬂﬂrﬂaﬁ¥ﬁﬁi1s carried
crystalllzatlon yield of captopril due to a salting-out effect, and

the easeodt nuies dghe Beidier eppdiitieng m@ntlonedh@GKﬁﬁhlorlc acid. The
base is prefenghl @ﬁéﬁ@f'cgﬁﬁ%agﬁon oY dpR¥iies NG AlKadid Bl base

carbonates, etc.
for use in the course of production of captopril through its

20 1solat10n contributes to formation of a safe inorganic salt
which is easy in effluent disposal, an increased |
crystallization yield of captopril due to a salting-out
effect, and the ease of handling. The preferred acid is
hydrochloric acid. The base is preferably alkali metal

25 ' hydroxides and alkali metal carbonates, etc. The more
preferred base is an alkali metal hydroxide, with sodium
hydroXide being particularly useful.

In the present invention, the captopril crystals which
have separated out are recovered by the routine crystal crop

30 harvesting procedure such as centrifugation or pressure-

| filtration and then rinséd with water, preferably cold water.
As an alternative, the product captopril can be isolated
by solvent extraction or solvent extraction and subsequent
crystallization. The solvent extraction mentioned above is

35 carried out using an organic solvent,'preferably an acetic



preferred base is an alkali netal hydroxide, wth sodium . hydroxi de

bei ng particularly useful. In the present invention, the
captopril. crystals which have separated out are recovered by the
routine crystal crop 30 harvesting procedure such as centrifugation or

preskur e-acid estbkbrmhﬂem amidﬂuncandmtmbmwtﬂoha@eer pﬂeﬂeﬁably cold

wat er an al ternatiyve, Ct (o can be i sol at ed
by soIvenPréﬁﬁFQP@NoHQE'Q¥ﬂquﬂﬁ %5dréﬁ?§ d1§u85£ﬁ§ hl

crystalI|é@&ggglIIQ%ds@fgmntﬁ@déggga@m nentloned above is 35 carried out
using an organic solvent, preferably an acetic acid ester,

under acidic cwhelapgﬁscn@mhﬂNQSQﬂxzmqntloned ab@@?eiaﬁﬂydﬁﬁtaé¥§i pH 3.
Captwpri | tienal Ly z X t

The Set i eoBefB' o8 &F rsanbon, ALl Bnd 268 pEOEREEP1TBEATL acerate, |
car bon atbsapaoﬂyﬂsape&h&mabbw(ﬁénn—butxh1@¢etate- Paopicptiardyet ate, or

tert-butyl tate. .Part | | f t | tat
For an | ereEersed 15" carauliny Agevard) o) BOFEn, InbEERESH Lompound.

preferab'&rystalll&dﬁiﬁﬁ“yﬁﬁldﬁﬂéuﬂfdtécmﬁbeﬂecompbuhd agaederabldy
- The prevention of oxidation can bhe nade nore thoraag by carrying
out the pﬂob§§§"§fQﬂmﬂqthQRXQiPh?ﬁ%Pe' can hgna *zing inert

atmpgphere.  THELE g% ﬁi 35 &Eld tion thfl b8! h@AeChokBe thed'dughly
at nosphere that can be used and any o nitrogen gas, heliumgas,
argon gasbyhgdregdmggamit dile p:mr:eé@ of tkeuinventdion in a

BEST MODES FOR CARRYI NG OUT THE | NVENTI ON . The fqll qw ng
exanpl es BPB-PXididdaa dnentyAtwesPhere. Therg, L§:AP Pﬁ§§&ﬁ¢;?erfurther
detail an 0 t deti i f
the | nventiBgEatich dif CHEFndly, dthorpfiOPS! EHEE Banlee! 1584 i i oF
N-(D-[errhiuebgph-basﬁ-hﬁiiqmtqam, argon gpspphpdybgen-gasbimthQcan

gél) was use substrate conmpound (2). 25 Example 1
Prebarati BR ¥ qur]-nethyl-[err]-acetylthio- '
propi onyl)-L- proline To 255 g of deionized water was added 57.0

g (0.495 nol e)
BEST MODES FOR CARRYING OUT THE INVENTION

The following examples are intended to illustrate the
present invention in further detail and should by no means be
20 construed as defining the scope of the invention.
In the following examples, N-(D-a -methyl-jg -acetylthio-
propionyl)-L-proline (R = methyl) was used as substrate

compound (2).

25 Example 1 Preparation of N-(D-a -methyl-pg -acetylthio-

propionyl)-L-proline
To 255 g of deionized ‘water was added 57.0 g (0.495 mole)

of L-proline and the mixture was cooled to about 5 °C. Under

stirring, 30 wt. % agqueous solution of NaOH was added slowly
30 dropwise to adjust the mixture to pH 11,3 at about 0-3°C .

Then, with the mixture being maintained at pH 11.0 to 11.5 in

a nitrogen atmosphere, 87.6 g (0.485 mole) of D-a -methyl-

B -acetylthiopropionyl chloride was added dropwise over about

1 hour at 2-5 °C with an agitation power of about 1.5 KW/m?.
35 After completion of dropwise addition, the ripening reaction



of . L-praoline and the m xture was cool ed to about 5[err]C. Under

stirring, 30 wt. % aqueous solution of NaCH was added slowy 30

dropwi se to adjust the mixture to pH 11.3 at about 0-3[err]C Then,
with the m xture being naintained at pH 11.0 to 11.5 in a nitrogen
atnnépher@aS?Pﬁfﬁﬁqd)qﬂg wader bheDSPQErpoméumwons for about 2 hours.

err]-acet d .dro er, aboug 1
Lour] at 2- élhé' Ofglé)(gllhf% Tgﬂzﬁh S’g& tP[)?qi&I ﬁi%rdrﬁ()pm\?%e After
conpl et i Olad@flﬁiJ‘OIDWbﬁe3@dldtt l %maqtlééuﬁl BeNutdonedF i) in a nitrogen
12 was carried out under the sane conditions for about

hour s. aLmosﬂﬂ%f?eﬂ&n??ﬂPh1%%hre Fhgnadps esd inkenmal Jienpexakaee of
addigi on ghod Wo f%fﬁﬁﬁxﬁﬁdéPlgﬁkBH OBHEEBtu%na Ripd tion mixture

at nosphere at about 1[err]C i nterndl tenper at ufe
about 20 WéﬁrPciﬂﬂfhﬂdkwl%hrbﬁgwaglSaaquapushGQMunﬁnnmoﬁnHclutn causewas

dif d s | ution
| 2(r:|ys!ta: Fl Zati toEril’l?j'l%‘r{‘\%aat ‘%’?Q}S’z a?f‘rggﬁﬂgpe 'f'ﬂF rﬁ veﬁl”t% five whyedus
sol uti on abuddusiasd lasidiash repi Ellf{;:]! ﬂ@ﬁﬂagdgﬂHﬁﬁpaﬂ?ylgown ﬁ:ch%fﬁafttﬂtid,
dr opw se decrea5| raie of about pH uni a m nut e
|ntgrvals%58Wﬁ %%s?anaﬁs@ecr3351BHy§ﬁ£q|Q§ﬂﬁhﬂﬂ§ﬁQxﬁuﬂ$yUﬂlt

Thepg theagr QFSFUnﬁQad@E eu?ﬁe?@a]% down | to queQBS 'tlbt 'c%?;c?@b HO was

gradual ly increased until a I nal value o een attained.
The systeﬁmmatalllzatimnegk@ﬂudthLy ﬁban,thh&bdwnpyﬂhgwﬂateﬂufrB5dwt.

15 t df t 2 ho rys Crop, was
har vest et daveays EREG of (HEEihes ueF ATUALAYed AR ERSb I EED i of

col d £ivaleon l dailds of ¢ gtﬂ\%{d dﬁ?éﬂegti: iREQY] dﬁr[hje%lyét%ni)fwa\@t
crystals (water content 15.0 ¢ D-[err[-meth
acetylth|@pcdpdommaﬂuékixﬂdwnn(Wme&ﬂoﬁ@@ﬁO&bnpndnmlaﬂ)shtﬁblﬁﬁ)wascontent

Pr g]p rati Séngig%ﬂ?%D— 3’{] (rjﬁé(?%tt n%q“?‘gﬁtf 51_ a@é?yFF Nﬁ/%al Ccrop was hrg)ll veszted

propi ony! byl £Rnelriand ok | Rl LIMEPNHED] § 91n§eapweﬁ Ga%)ouftnciao ml &P’EP&%{@
(4) 25 To 85 g of deionized water was added 19.0 65 no

of L- pr ol ¥akegnd ande sME&irientaly cdoabaed otabpuoviper A3E . 7 QJra:ﬁarwet

stirring, o Y0 o dded sI WAY ~dropwi se
to adj ust gﬁeWﬁﬂft Q%QP§¥5€£%5& PS QU%WOOSM? #ﬁT 6% lTH%n with the
m Xt ure bacegy&thdb@nupidﬂyIﬁ*ﬂhﬁréblﬂe9(yme&d399% &UmpuﬂﬁafﬂJUﬁﬁﬁﬁiﬁ1
29. 309 (Ocongeplgl ?-) 3. 7 wt. rret hA’ compound (4) content = 0.1 wt. %).

Example 2 Preparation of N-(D-a -methyl-pg -acetylthio-
propionyl)-L-proline with low contents of compound (3) and
compound (4)

25 To 85 g of deionized water was added 19.0 g (0.165 mole)
of L-proline and the mixture was cooled to about 5C . Under
stirring, 30 wt. % aqueous solution of NaOH was added slowly
dropwise to adjust the mixture to pH 7.6 at about 0-3 °C.
Then, with the mixture being maintained at pH 7.4 to 7.9 in a

30 nitrogen atmosphere, 29.2 g (0.162 mole) of D-a -methyl-g8 -
acetylthiopropionyl chloride was added dropwise over about
1 hour at 2-5 °C with an agitation power of about 1.5 KW/m®.

.After completion of dropwise addition, the ripening reaction
was carried out under the same conditions for about 2 hours.

35 This reaction mixture was adjusted to pH 7 by dropwise

1 3



acet ylthi opropionyl chloride was added dropw se over about 1 hour at

2-5 [err]Cwith an agitation power of about 1.5 KWnjerr]. Af ter
conpl eti on of dropw se addition, the ripening reaction was carried
out under the same conditions for about 2 hours. 35 This reaction

m xlure wddizdjomstiadd 3% WiH 7 Hqueewsi selution of HC1 in a nitrogen

¢ rospnoPtngerhssl Ut gl T8 1 nbRCIRR ReRoler BRIk ehles bk df °9°"

about 20apeut] @oand mdfrurﬁdéprwtﬁ@n@aégﬂﬂatibﬂ,rrthteunﬁmmﬁre was acidified
with 35 w. % aqueous solutlon of HCl to cag stallization in a
ni t r ogen@§dAd: ﬁ%%é‘r aithrpdd ety % agueous sg BB&Q“SS’FEU? n %% GaS&xas added

rapsdly EQ%thQIHHartﬁﬁfj in a niéf@ééafa%osshew.secmte essdw £3sing rate
of about 072 pH unit at 15-mnute intervals down to pH 3 so as to
cause aquepnpssalutian of JiGHuRS yadd‘h@nr aphdlyr dppngor @tk Svando

gr adual | I hal p & tg ned.
The systgmba/%s%go%gldegﬁdlﬂwd&% qr &_E a du% ill’srs'erra(]il 4B 0 2 p“a dﬂl
stlrrlngaﬁai5@mﬂnut&xiﬁtﬂruﬁinnddwmoUospHTBeso as torpahsb crop was

harvested by filtrati,on, aj n d with about 60 m of
col d ‘wat &F; &ﬁ&lé@ﬁrﬁlafbrﬂq%ﬂﬁ%ldly-dr%h%d FBep 699&&“&0@ MaShet

crygtals f%ﬂfahllﬁp trﬁl’iea]&d) ntil a%%iRh1 ?H value. ﬁg (lyl elhgd been 80%

N—(D—[er -acetylt |oprop|onyl L- prol
corrpounda@:&)‘n@ed?.) dhe ests tem. wdasv coddedogpadndlly) down to abaildt ddi’€d) .

[2)?op| or%i?l ﬂ\l&lqr 5 ai\r/!ianzllﬂ?‘;dgﬁf%o[té'éﬁ{'g‘rlé‘% EE ghﬂhgz % hacetsyl t r']l'lhoe-corrpound

(4) crystalT%chQP vihé)fhé’ﬁ&é’é‘té&dbwaffit%{:ﬁoﬁdda‘i{ai%eﬁ g:e(lﬁ 165
nole) of L=proline and 37.4 g (0.374 nole) of potaSS|un125 ydrogen

car bonat einkeld ouiddn bgbamolﬁ(hgn]; ofincobdevaber, and suéffjeismnirdy of about
at, an t ernal tenperat

A Then er rin [ of

_3 to 0 % }kgd %o q;q Enﬁéhiﬁ%ﬁ% r\get crystals Qwater content 18 o
%) of N-(D-a -methyl-p -acetylthiopropionyl)-L-proline (yield
80%; compound (3) (n=2) content = 0.3 wt. %, compound (4) not

detected).

20 Example 3 Preparation of N-(D-a -methyl-g -acetylthio-

propionyl)-L-proline with low contents of compound (3) and
compound (4)
To 100 g of deionized water were added 19.0 g (0.165

mole) of L-proline and 37.4 g (0.374 mole) of potassium

25 hydrogen carbonate, followed by cooling to an internal
temperature of about -3 to 0 C. Then, under stirring at an
internal temperature of -3 to 0 °C in a nitrogen atmosphere,
29,2 g (0.162 mble) of D-a -methyl-pg ~acetylthiopropionyl
chloride was added dropwise over about 4 hours. After

30 completion of dropwise addition, the ripening reaction was
continued under the same conditions for about 1 hour. The pH
of the reaction mixture varied between 7.4 and 8.8 in the
course of reaction. This reaction mixture was adjusted to pH
7 by adding 35 wt. % agueous solution of HCl dropwise in a

35 . nitrogen atmosphere at about 1°C . Then, at an internal



29.2 g (0.162 nole) of D-[err]-methyl-[err]-acetylthiopropionyl

chl oride was added dropwi se over about 4 hours. After 30 conpl eti on of
dropwi se addition,. the ripening reaction was conti nued under the
sanme conditions for about 1 hour. The pH of the reaction m xture

vari ¢d bemmmyeﬂhﬁhfﬁmbﬁ &boutt 2@ °C andcondes @knungnagjtaﬂiﬁm,rEhetion
m xture was usted to dding 35 wt. % a us sol ut
HCl dropvm"‘s‘é‘atl Q Wap acﬁﬁ'fﬁﬁ@n“éf’ﬁoég e & %ﬂusl[sgﬂ"] o2 ég

internal to cause crystallization in a n1trogén4atmospheﬁe Tﬁﬂpeyature
of about 20 [err]C and under strong agitation, the m Xt ure_was

aci di fi ed filiveh Wi5 ik .agueeN80BR1Y6LaN 6k HClymas addeq yapidly down to
crystal | at higr v b us
sol U%i on @?lt %d"‘gsata dggg%rd' HP%Q{HE ag o d{d lﬂaer ea?%’eélfidﬁﬁ
dr opw se @toZaEﬂ-Earrﬁﬂsmlg Iﬁt—mnﬁtebmntervals oZvrthaerH AtsdSasi bat eause
interval s down to

| | dual |
Then, ¢ ho CaRTHA WgA 2k ESRgradtai T anen, KRk donriha HotE (V481 i

val ue of L&diad Beeincreasedt tati®da Fhinaly pieriafare @plesb m&duaééu down
to about 10 [err] 10 and mld agitation was continued for about

hours. THREtained ¢y yERQ| s¥sbemuMashapededegradualky dovih terabek ml iC

i nged d dt
3B 5o apd ECRULEE0ICh, ShacPhcHRa, ) L o Apluaroimed 1o
(D-[err] - otystial atrdp was yhhhizeptedi by E)i-1ltratdldme dmmmﬁ 8@@@1 15rinsed

conmpound (3) (n=2), conpound not detected. A
Prepar at | O ¥ Q@QQ$[@9rTln@fh?PlﬁeW?Feéae@HQJﬁQ£flclent1Y ralned to

pr opi onyl r o] o] ound
(4) 20 )pljmﬁdl)é %Swg o?}': gegn%ggk\%éger(%(};%r{wgﬁ ?0 49 ?rrrmdl e)
of L-prol I(rnﬁ-@ndné&mm)stuaeewsmﬁzobedpti@n@mum—in{cmrdec (ymmrao%.
stlrrlng, 30 wt @6aqueous sol uti on of NaOH was added slomﬁy dr opwi se
&éjustQQmPQHGQUQ% t bn#) 2169mReuRdodd JongtedgtEected.  Then, with the
n1xture being held at pH 11.0 to 11.5 in a 25 ni trogen at nosphere, 87.6
g (0.485 nole) of D-[err]-nmethyl-[err]- acetyl thi opropi onyl chloride
was added Exempiies et Reepabation of N-(Row -aethyd -{Rrrdecetyithi@—-agitation
power of

Che r|pen%ﬂﬁﬁ&aﬂiiiggl%ﬁ$il"e w1th_%fbe_dﬁ@@%(§'6¥]égmégﬁﬁﬁmff)aggdt'On
compound (4) ' :

20 " To 255 g of deionized water was added 57.0 g (0.495 mole)

of L-proline and the mixture was cooled to about 5 C. Under

stirring, 30 wt. % aqueous solution of NaOH was added slowly
dropwise to adjust the mixture to pH 11.3 at about 0-3C .
Then, with the mixture being held at pH 11.0 to 11.5 in a
25 nitrogen atmosphere, 87.6 g (0.485 mole) of D~a -methyl-g8 -
acetylthiopropionyl chloride was added dropwise over about 1
hour at 2-5 °C with an agitation power of about 1.5 KW/m?.
After completion of dropwise addition, the ripening reaction
was carried out under the same conditions for about 2 hours.
30 This reaction mixture was adjusted to pH 7 by dropwise
addition of 35 wt. % aqueous solution of HCl1 in a nitrogen
~atmosphere at about 1°C. Then, at an internal temperature of
about 60 °C and under strong agitation, the mixture was
acidified with 35 wt. % aqueous solution of HCl1l to cause

35 crystallization in a nitrogen atmosphere. Thirty five wt. %

15



was carried out under the sane conditions for about 2 hours. 30 Thi s

reaction mixture was adjusted to pH 7 by dropw se addition of 35 wt.
% aqueous solutiaon of HO in a nitrogen . atnosphere at about 1f[err]C
Then, at an internal tenperature of about 60 [err]C and under strong
agi tat i onagh8eusl ¥blue iwas of HClEuésﬂéddﬁﬁviaplaﬁywﬂowﬂbhqupﬂu§ aoﬂution
of HCl to cause 35 crystallization in a njtro e BhGE rty five
w. % thereafter, dropwise at a decreasing or jabou aaugo b

sol ution g 1EK%t“@§ ﬁﬂﬂﬁ%é“ﬂﬁﬁﬂﬁbiﬁﬁfﬂéﬁhF%b5p@”§ so as tof baueefter,

dropwi se a ecreasing rate of unit at 15-m nute
i nt erval scopahaldipatldono gradunllalee Then, th?y@E@PPiEStFéﬁegﬂﬁﬁualIy

The t he dr edeunt il f i

val tl}je of 9% %8ﬁ§hiegeéﬁ credted lﬁ'[ta]‘1n§egolafl]l'i}2Ai %tngénfﬁgsggog gdhgrdaé{%q y down
L 0 aboutT hé@t[a@héhc The syatemrivas agrdbed ot_mradeal:bnt dowsd tboabamdutl i °C
ours. e resyltin stal cro ‘har vest ed

drained and mjdd a gqﬁhﬁ%“M a5 St ék%ﬁ- nfobsd § Fg &aFOL% aﬁgw”£1

suf I ' C'tenlfé¥uli=,@ng céwﬂaqd dropvas deadvédsCed by Plteayival,s dradined

cont en

N—(D[e(rj r et hyli ][‘Hé;dletqhquﬁ dBOpnbef)celd vatae, and Su(fyﬁlalt?r{te‘%
co un
o0 AERGIEt o R g o JERRIBpLy, (vablh Pt co)

propl onyl 15Lopl%ql brfeNu(td"-&w@aiypnps-@éecymnnagrbﬁioaya) L- rolcmrqaound
5 g of deionized water was added 19.0 g (0. 165 nol e)

(4)
of L-prol Kurée&ﬂd&&%e igompaunda63 L obred) tecabent s[Arf @t-uﬁde:commund

stirring, W sol ution of NaOH was added sl ow

dr opw se 539 HPﬁsg) qﬁ#@%ure to pH 11.3 at about O-3[err]%. Then

mﬁth the m xture being maintained at pH 11.0 to 11.5 in a nitrogen
phere 29. 2

[er 5 aceE¥RmeilSp tof ! 25 1

hour at 253 L8 )‘MﬂJbﬂf‘lﬂgét@itlQ”hBﬁV‘ébnﬁénﬁBOéE éoﬁ.pwrn{ e(r:r)] .and

After co Tion was

carried oabm@n@ad t(Hd sane condltlons for about 2 hours. Thi s

&)egghlagzsms)c()lt 3 |eo of9 aﬂﬁl (#%P%ﬁjr‘ﬁ?& %%EgrSng%a?%s%ﬁePe%gﬁ dablg;t}% Chicr er r] C
To this sgleutj-prolaneadirt tive ndxture was cooled to about 5°C . Under
20 stirring, 30 wt. % aqueous solution of NaOH was added slowly
dropwise to adjust the mixture to pH 11.3 at about 0-3C.
Then, with the mixture being maintained at pH 11.0 to 11.5 in
a nitrogen atmosphere, 29.2 g (0.162 mole) of D-a -methyl-
B ~acetylthiopropionyl chloride was added dropwise over about
25 1 hour at 2-5 °C with an agitation power of about 1.5 KW/m®.
After completion of dropwise addition, the ripening reaction
was carried out under the same conditions for about 2 hours.
This reaction mixture was adjusted to pH 7 by dropwise
: addition of 35 wt. % aqueous sélution of HC1l in a nitrogen
30 atmosphere at about 1C. To this solution was added 15.0 g
of activated carbon and the mixture was stirred in a nitrogen
atmosphere at about 20 °C for 1 hour. The carbon was Lhen
filtered off and the filtrate was washed with about 50 ml of
deionized water. Then, at an internal temperature of about

35 20 °C and under strong agitation, the mixture was acidified



of activated carbon and the m xture was stirred in a nitrogen

at nosphere at about 20 [err]C for 1 hour. The carbon was then

filtered off and the filtrate was washed wi th about 50 m of

dei oni zed water. Then, at an internal tenperature of about 35 20 [err]C
and junderwsth o3y wyit &t agneouise sabutiron wis HEI did i ealuse

16 1 wth.35 wt. % aqueous sqlutiqgn of HG, to, cayuse
crystalIiﬁﬁx?Bﬁl}ﬁzﬁgﬁPprégeﬁ §ﬁ¥ﬁﬂe§£W9ﬁéh3F?Tvg%Qithbglve W§QU§ous
sol uti on gfudhis Wesladied bEpHULY wdevaddedhdpidly down todhprEST had,
dropwi se at a d creasinggrate of about 0.2 pH unit at 15-m nute

5
i nt er val LRRXFAEREpH dropvise dtcf decreasing yxate | of 2PentgPaduRf v.

Ther, the,ffOPPE NP5LALAULRS intervadPH&IN Yed oW eRssd 48t Lb dalikeal pH
val 0e of 1.5 had been attai ned. The system was cool ed gradually down

to about axyseallization gmadwaldyagi Theron the doeppingdrate wasut 2

h T h | o, =df.qj I,
nour S, a1 iEPEGEAP ot 1N VAT B YALIE BEOR, sdnalNBAGIE |
provi de 4tabned.weTher pystlem Wast eocdeEd graditallyjdownNeo about 10 C

D-[err]-nethyl:[err]-acetylthi opropiqgnyl)-L-prol.jne ield 89%
Comouny (ad mibd eBiEEEIoN pag” FOREINug Fr RhaTE Bt Ragrs. yThect ed).
Ex |l e i r A ]-ac i @- .

or o oy (T SCRLEELEB Hasnbbvelielr B BTCAfione yhied vell, rinsed
(4) 20 with abBouf560gmdf odfeicorlidz ewh beat e ranwhsswuflifibeli &t Dygdfained ol e)

of L-proline and e.mxtyre was cooled to about 5[err]C _Unde

oti 11 P ng PEOVERS 4a80B00E Bty Gran o AR RE SERIGERSI b ) Of Bropui se

to adjust(3hg Dhethye-0-Bbet t?ﬁtioﬁi‘l#ii&iyal Mlsﬂn%une (y18%4a. g9rih the
pH 7.4 to 7.9 in a 2

m xture bei ng mai ntai ned at nitrogen atnosphere,
87.6 g (Gzomgeoumd ey 3df (D=Rdr conbenity|= [l jwt. %, conpgundi 640opotnyl

chl.qri de s add dr opwi se over about 1 hour at 2-5 [err]C with an
agﬁggtioﬁﬂ%8ﬂ€$e§?‘about 1.5 KWnferr]. After conpletion of dropw se
addition, the ripening reaction was carried out under the sanme

conditions for_about 2 hours.
pH 7 by di*ple 6 Prepgsp

ni trogen 2 .
of

30 This reaction m xture was adjusted to
s 3 a¢etyhtbiond in a

ay »i

20 To 255 g of deionized water was added 57.0 g (0.495 mole)
of L-proline and the mixture was cooled to about 5°C . Under
stirring, 30 wt. % aqueous solution of NaOH was added slowly
dropwise to adjust the mixture to pH 7.6 at about 0-3 °C.
Then, with the mixture being maintained at pH 7.4 to 7.9 in a

25 nitrogen atmosphere, 87.6 g (0.485 mole) of D-a -methyl-g -
acetylthiopropionyl chloride was added dropwise over about
1 hour at 2-5 °C with an agitation power of about 1.5 KW/m®.
After completion of dropwise addition, the ripening ;eaction
was carried out under the same conditions for about 2 hours.

30 This reaction mixture was adjusted to pH 7 by dropwise
addition of 35 wt. % agueous solution of HC1l in a nitrogen
atmosphere at about 1°C. Theh, at an internal temperature of
about 60 °C and under strong agitation, the mixture was
acidified with 35 wt. % aqueous solution of HCl to cause

35 crystallization in a nitrogen atmosphere. Thirty five wt, %



acidified with 35 wt. % aqueous solution of HO to cause 35
crystalllzatlon in a nitrogen atnosphere. Thirty five wt. % '
17 1 aqueous solution of HCl1 was added rapidly down to pH 5
and, thereafter, dropw se at a decreasing rate_of about 0.2 pH
uni t1 at 1@%¢ﬁusespw§ﬂm S8 wasadied papidly deun to pH 5 and,

crystalli du bé e é&gﬁg& r r ad IIy
|ncreasedE€%¥8?fgé?i ﬁ.gﬁ{ﬁg 4“%“ adﬂ%%eﬁéﬁe“@f ap?gtng 2 e system
was cooledngtadhalﬁymdmmtd(inﬁanuaru)Qan]Kb pH 3 sadasi kd eguseati on was

d f h Th I t al h ted
by 1 10r et oncabPiagadR Staqiatiy o  mid . 0he aE0PBIEs RRBr VB8 o wmter

and ssuf f I@t@@@éywomcrdh@eﬂewﬁi Preo Ve Kiea 1L 180 3vﬂl@é BEt 106y Bihdl Helerat er
cont ent

N(D[errqth@mw.[eﬂ‘hp systam mWaspraanlsd 1 gradyablyndown to apoirty 1dode
conpound (%ﬂ? err?&%‘aﬁl& B[Q« ‘Mont/f L‘r‘ ol & abou‘:)_z(l_[%fggt d%‘hgﬁ ed).

Anong t he met hyl-Terr -acet | opr opi ony proline
product s n@salhedgabuystad Emmnﬂwas:haxvesteé bpsfhdtrationdi frarieeck in

ot cover Ehlang iPeB MRC el TRITE Bk do1g ovape R aR8 BRI ke

wheygi n n&Bai‘ﬂéd“Eé mwlwmm 3 ¢ a5t W@%ﬁf’s@@ls (watBrceopeent (3)
wherein n= npl e 7 Preparati-on of captopril The wet

crystals %2)%.? aPhi Ng<§7a4-gle@mm-(b-{a&€rq¥h'a1mmr?m¢qul) L-proline

cont ent | 3 PLGPACEE L LoBERt (4, ChE AP FanCaf s "Gl S tOv  pllilling,

Exanpl e 1(mpr§oadd§debgeaq.g of deioni zed wat er and the m xture was
adj usted to pH not over y adding 22.6 ¢ of 35 wt. % aqueous
sol ution of H@m@ﬂgaﬁhﬁnﬂe‘r(ﬁ?a'la -me h)tle'ruﬁer%%tlélbhl@ﬁégplfml([l ~LFC in the

ot T oS LEfl) Broduety, prtdined o RS ) BrotloIOF" F28 PRELE. VR 185
40[err] C dlffereneedmrnthbl amcdmtww aidgiask 1y tothebsthahi ebmpaumdat(ion and

t he m Xt ure was §tirred for about 1 hour. Then, in the air and
at an i nt¥haForeaataddle of about 40 [err]C, 48 wt. % aqueous 35

solution of Naghl-¥89e2ddgn JPMF HQUMPRES SP-65 tRe3PLHpbrtions of
compounds (3) wherein n=3 and n=4 were negligible as compared

20 with compound (3) wherein‘n=2.

Example 7 Preparation of captopril

The wet crystals containing 37.4 g of N-(D-a -methyl-8 -
acetylthiopropionyl)-L-proline (0.144 mole; compound (3)
25 (n=2) content 3.7 wt., %, compound (4) content 0.1 wt, %) as
obtained in Example 1 were added to 60 g of deionized water
and the mixture was adjusted to pH not over 0 by adding 22.6 g
of 35 wt. % aqueous solution of HCl at an internal
temperature of about 70 °C in the air and stirred for 6 hours
30 (the pH after 6 hours of agitation was still not over 0).
After cooling'to an internal temperature of about 40 °C,
. sodium chloride was added up to substantial saturation and the
mixture was stirred for about 1 hour. Then, in the air and
at an internal temperature of about 40 C, 48 wt. % agueous

35 solution of NaOH was added slowly dropwise so as to adjust

1 8



18, - . 1 the m xture to pH 1.5. After cooling to an |nternal
tenmperature of about 30[err]C, seed crystals were added for
crystallization. After 30 m nutes of strong stirring under the same
conditions, the mxture was cooled to 4[err]C while its 5 pH was

mai nitai nedhat mmxtugeenmnm@ BE5wt . Aftequeoodingl &b em internadfi HC

dropwt se. TRBNINR! of SIRSIET 6% VoS LH! LRSELACIRT e added 09!

l[err]C a Ure vAs rong-agi tatron
m nut es. EW@Sﬁﬁnkﬂzaﬁiuncrysfaés gepmintiedswefestrong sﬁﬂﬂnxﬁgxhd@er

filtration, drained we ,,rlnse mnth bout 15 m .1 ol ter
tui e andheUEATS GAdLEHeRRedth ThoxkEEe was Coplpd sias% e Wbk R b

wer esdri egdy wa\@mrﬁémé*&%eel 06 py addiMgc48Mytl- 3 wzig@o ®1utlon
t enper-ature not over 40[err]C to provide 27.5 g 127 nnlez of

captopr||omeggudgquise. Thgeﬂnbgrnal temperature was further lowered

N (D-[errie ”%h'BGt [e c?t%t};é PQEBP OQXE) k{eREr Qa2 Js5crotna<#"’aase% L I

The quallty aracter stlcs e cap were - as
follows. for 30 mlndﬂuéfé(mmsteastesubshenbrybtaleddebmgited were

hoony by CAMBGSH égzéi/fﬁrgé%ﬁllggﬁm%ﬁf Fedleokiaied ohgn,abogt 15'mi
[ er Mer I Ly op [ n 1
N ( Fje)rr] %‘Ptﬁ% &fe‘@rtjéqe err rre?ﬂg ?ug??].e_légﬁtrlgxggg;ig%g \MT'W 'ﬁ“ll o- 25

pr opi onyl )crly s rtﬂumrmmm@dzwa:e d/crled in vacuo r(lté@etd,elgn_eqarqﬁu ne
content: < _0. aratlv ﬁghe 1 Preparation of

captoprilvacuum' 1"@ qWﬂgbmﬁtc?y ?@PEIE Fgl O¥fIa g of N-(D-a -nethyl

- 30 aqery! WY qARiARY2) :5-§r 00| 127 (Roiéd ml eapt @@mqnd (e yield
(n=2) content 3.%?%. % conpod% content 0.1 w yobtalned

i n Exanpl dasegeon Mddd @ o-matiyy bt %dea@ﬂtréahmpspplonyl>-L1=rmrrolmet he air

andqgt an t t engoer at ure of about 20[err]C, 55.2 g of 30 wt.
%aqgeousdggﬂ ?ﬁ@L loef OH was added 35 dropwi se over about 4 hours.

The m xture waghed igusli tyndstiaracteristics of the captopril thus
obtained were as follows.
White crystals, substantially odorless.
[a }1p2?® = -128° (c=1.0, EtOH, 100 mm)
20 HPLC purity: 99.5 wt. %
Assay by titration: 99.4%
Disulfide content: 0.2 wt. %
B -Mercapto-a -methylpropionic acid content: < 0.1 wt. %
N-(a -methyl~8 -(8 ~methyl- A8 -hydroxycarbonyl)ethylthio~
25 probionyl)-L-proline content: 0.2 wt. %
N-acetyl-L-proline content: < 0.1 wt, %

Comparative Example 1 Preparation of captopril
The wet crystals containing 37.4 g of N-(D-a -methyl-g -
30 acetylthiopropionyl)-L-proline (0.144 mole; compound (3)
' (n=2) content 3.7 wt. &, compound (4) content 0.1 wt. %) as
obtained in Example 1 were added to 51 g of deionized water.
Then, in the air and at an internal temperature of about
20°C, 55.2 g of 30 wt. % aqueous solution of NaOH was added

35 dropwise over about 4 hours. The mixture was stirred under



1. the sane conditions for 1 hour . Then, the m xture was adj ust ed

to pH 6 by adding 35 wt. % aqueous sol ution of HC at an interna
tenperature of 20-25[err]Cin the air. At an i nternal tenperature of
about 30[err]C, sodiumchloride was added 5 up to substanti al

sat ut at i obhgngamee aandifriongsfer ik rikouror Then, gheumixthee wasf ter
heating t mJt P r npgr f 0 I ,
w. % aqugg E’gs%% ut’i or?éigfd g%f Mlngm%g "ewlgéleg gbgv\ﬁygds%ga#séﬁség ﬁc%lg
adj ust t hatmaxt ihtermgiH temperdtre T POXRBIE WﬁSthebJa&(rt.ed At sabout 1

hour of stron agitation to cause stalllzatlo T en, int Ir
and at  InEelpalytempbra ol (ROOF JB%ur B8OLOR aasadiedus
sol ugion gp Hel sﬂ%tm%ﬂr%%MSraﬁ&t thésm&l&a@el#wrstirred tfor

adj ust the m xture down to pH 3.0, followed by about 1 hour of strong

stirring. alrauk, luhear «+ hAfker healding obkke 8pskem to an dnd@rsls sol ution
of Hd “’?ﬁg&%&&?%r@d%@ a%qqﬁé’“ﬁ? BVE35 wi, 8P8HLebulROWo 10 i W thiE PH

to 1.5. uré was fu Subj ected to strong s I'rring for 30
m nut es awds added s@dw&y dropwiseam0|msetoabdgaspethbumamﬂUHHxhﬂ gdH

mnutos, naroathl MidFure pyas ORI SPESR EACRBRIG,d; Bobsi i StF o

filjpati oaglféa@lw to caué’@'é dyét’:é‘ﬁfﬂzéi‘tibn@bo‘i'heﬁf’ Th %eC%lld: \@{darat
tw ce, and sufficiently drained. The wet crystals t hus obt ai ned were

dried in aacmot(etrmldégmmrcﬁtwmmfnaboutmmc at 33 wt. % @g¥egus ure not

40 27. 6 | . | d
Drend on ROABLEGA O Hf] e fadea ‘SloBRLER Shafonos, igRs thar, 1 He'| o
88 mol e %o adjust théTHQX¥ﬁ¥étdbﬁﬁaiécéﬁrBsb'C§09ﬁ0h@@ %QPQ%H'H 1 Mur

obtalned were as follo Wiite crysfals, substantially odorl ess.
OF[strpppeISrqlriu@e[érhqn(cmde; eHsameocenfitions, 35 HALC

p”ri% 9% alfpoug solution BV okl FLBLLER, addedhropmise o2l ! ¢

content : &bBut M ho¥r3%o bring the pH to 1.5. The mixture was further

N-([err]-nethyl err err]-net err dr oxycar bonyl) et hyl t hi o-
2 g[ I- subgéctkd Ek %&ro&g st{]rlng fér 0 mlxutes a% Lﬁén, cooled

to an internal temperature of about 1 °C. The mixture was
-held under the same conditions for 30 minutes. Thereafter,
20 the crystals deposited were collected by filtration, drained
well, rinsed with about 15 ml of cold water twice, and
sufficiently drained. The wet crystals thus obtained were
dried in vacuo (the degree of vacuum: 1-5 mmHg) at a
temperature not over 40°C to provide 27.6 g (0.127 mole) of
25 captopril. The yield based on N-(D-a -methyl-§ -
acetylthiopropionyl)~-L-proline was 88 mole %.
The quality characteristics of the captopril thus
obtained were as follows,
White crystals, substantially odorless.
30 [a 1p%® = -128° (c=1.0, EtOH, 100 mm)
HPLC purity: 95.5 wt., %
Assay by titration: 95.4%
Disulfide content: 2.5 wt. %
a -Mercapto-g8 -methylpropionic acid content: < 0.1 wt. %
35 N-(a -methyl-8 -( 8 -methyl-p8 -hydroxycarbonyl)ethylthio-



1 propi onyl )-L-proline content: 1.6 wt. % N-acetyl -L-proline

content: < 0.1 w. % Exanpl e 8 Preparation of captopril 5

- The wet crystals containing 37.4 g of NN(D-[err]-methyl-[err]- '
acetyl t hi opropi onyl)-L-proline (0.144 nole, conpound (3) (n=2)
confent Propionyd)chrpseddnescondenttst 1060 Wik %9 as obtained in

Example 1 “erfr%§?€81L8’§98§i@%a?ﬁgﬁ%%&%dgwqﬁgf wt. g and the mxture was

adjusted to p ver of 35 wt. % aqueous
solution of HO at an internal tenmperature of about 70 [err]C and

stirred in a nitrggsn .at mo herngon 6 hours (the pH after 6 hours of
agi t at i orEX@eple EPPﬁFaFAP"n§§££E¥L£¥E55& cooling to an internal
tenperature gne WetraBeykt4dsl @onit@inidRfli M £hd GBf de- 1BS aadfiednyl -tf> -
subst anti al 15 saturation and the m xture was stirred for about hour .

Then, in aceti¥ldybopaenboplidnelapgoding (hildhamolenpeemponad (3)  of
bout 40 : ' d | owl
abou ([r?“-r“q%%nagn\fw 3.% @euequs c%ﬂltdéatdgﬁ‘ £ )_%%@é gdfede, 2) ag OMY

dropwi se so as Just the m xt'ure cooling to an

i nt er nal aldrpined uip Bkampdet 13W%exer Jaddeddsr 6@0y of cdgionigedewatedded

for crysta“#i ation., After 30 mlug strong i rr r .t he
0

Lome’ concittd ofie' Blutnre: fhs qaubted & pr ot GISET ThY | Ahfntl 9206 45

maj gt ai negif a35 lwe, by agdedas solutIonMof WA LAO Usn SPhtétralof HA
dr opwi se. The i nternal t erature was further | owered to about 1

e
[err] C arkEnpRratureref about Msrrp"(l‘(e@t"%rﬁiéirf%q(iokg aghtBEPYANT or 30

(11tr o GEMGRERELE" for 6 nolilS ToX® Bif K @ HQUFE Fof Cag EEREGORY was
twice, angkill notuébbkei entl yAttrt@'rn%oﬂgﬁng &dYﬁ@%EnébUﬁeﬂﬁth'&ﬁQeV\efe

dried in vacuo (the degree of vacuum 1-5 mmHg) at a t enperat ure not
over 40 [aff r3ldel #0600 desedivmgchjoridenwas added up tapsupstantiad yiel d

based on - hyl - [ err.] - etylthi opionyl)-L-nroline was
Sa1fo o aturatloh ARG khel fikpre, yas A 2hdd OF BHETELL BRBEY' | hos
obt ai ned Megre, abnfal hbveogeh atmosphieres anid dtalan bnbsinal i sempepdtulress.
21 of about 40 °C , 48 wt. % aqueous solution of NaOH was added

slowly dropwise so as to adjust the mixture to pH 1.5, After
cooling to an internal temperature of about 30°C , seed

20 crystals were added for crystallization. After 30 minutes of
strong stirring under the same conditions, the mixture was |
cooled to 4 °C while its pH was maintained at 1.5 by adding
35 wt. % aqueous solution of HCl dropwise. The internal
temperature was further lowered to about 1 °C and the mixture

25 was kept under strong agitation for 30 minutes. Thereafter,
the crystals deposited were collected by filtration, drained
well, rinsed with about 15 ml of cold water twice, and
sufficiently drained. The wet crystals thus obtained were
dried in vacuo (the degree of vacuum: 1-5 mmHg) at a

30 temperature not over 40 C to provide 27.5 g (0.127 mole) of
captopril. The yield based on N-(D-a -methyl-g -
acetylthiopropionyl)-L-proline was 88 mole %.

The quality characteristics of the captopril thus

obtained were as follows.

35 White crystals, substantially odorless.



1, [[err]][err] = -128[err] (c=1.0, EtOH, 100 nmm HPLC
purlty '99.7 wt. % _ Assay by titration: 99.7% Di sul fide
content: < O. 1 mﬂ % 5 [err]-Mercapto-[err]-methyl propionic acid
content: < O. % _

N-([lerr] - net th pel’?] =( F28[ - feretiyl 0| &HQH hy AR Ar bony! ) et hyl t hi o-

propi onyl ) - L- i t erly . % N-acetyl - L- proline
content: < 0.'?{)&#.8&)’:3%?0 @b'gggﬁ:p}l% 9 Preparation of captopril’

The wet crystaéSayobyatﬂtmgtabm4 ONf7N- (D-[err] -methyl -[err] -

acetyl thiopro 10 roli (0. mol e; . conmpound ( 3) (n=2)
content 0.4 9; igeoEPQFﬁQE if ék e 4%were added to 60 g of
dei gni zed wat @r-ﬁéﬁlca?%omﬁ(t-'dfe%ﬂﬁin%#i&iﬁﬂ é@l@"béﬁtentnok over we.by

adding 22.6 g of % aqueous sol ution of at _an interna

t enperature of- ébfoumeth[lerﬁ]—(t&nweéithWr-e@ TWdfoxYCathﬂYééeﬁhé(t dgirer e
for 6l“ﬁ#féé}?ﬁy9kLﬂfb§51§n%p dﬁﬂght 0. Zzﬁ&ta$|on was still not over 0).
0

Af ter nter t enperat ur e about 40 [err]C , sodium
chl ori de was Reacetyiddiedpuplimes dogitanitial< shilireki od and the m xture was

stirred for about 1 hour. Then, in a nitrogen atnosphere and at an
I nternal tenperature of about 40[err]C, 48 w. % aqueous sol ution of

NaGhy was ?fl d1é! 9“’?¥e§%93‘@1%‘ﬁ SF q:?ag&ﬁpi pst the m xture to pH 1.5.
0

After co ng to an re of about 30[err]C, seed
crystal s were Tidewetorrystalsciomitainisg i 3)?1.4AGt@f Be(BrmJt-mgtbwls'tﬁcﬂg

oL 1L 00 topebB RO TR 88 o EE B AR cous

solution (n=2) EbntehtdpQRWAES shhad rawmied eiwemém geVgsybiet BAded
| owered 3 to about 1[err]C and the m xture was under strong

agitatiorto 60 gfof deipnigzeds watiesr eutd drhe tmuexbmystuas dépustteddbmm!
olth v 1% Pvet ' BrbYoaaAiRaC AR ahelP e hopdieths BpTliion af.
obt ai ned ger ea€r aRdihBeYAQUO tehpR rdrAiRe of aout 7Y@CYUNand- Btiwded dhn a
tenperature not over 40 [err]C to provide
2 2 a nitrogen atmosphere for 6 hours (the pH after 6 hours of
agitation was still not over 0). After cooling to an
internal temperature of about 40 °C , sodium chloride was
20 added up to substantial saturation and the mixture was stirred
for about 1 hour. Then, in a nitrogen atmosphere and at an
internal temperature of about 40 °C, 48 wt. % aqueous
solution of NaOH was added slowly dropwise so as to adjust
the mixture to pH 1.5. After cooling to an internal
25 temperature of about 30°C , seed crystals were added for
crystallization. After 30 minutes of strong stirring under
the same conditions, the mixtufe was cooled to 4 °C while its
pH was maintained at 1.5 by adding 35 wt. $ aqueous solution
of HC1l dropwise. The internal temperature was further lowered
30 to about 1 °C and the mixture was kept under strong agitation
for 30 minutes. Thereafter, the crystals deposited were
collected by filtration, drained well, rinsed with about 15 ml
of cold water twice, and sufficiently drained. The wet
crystals thus obtained were dried in vacuo (the degree of

35 vacuum: 1-5 mmHg) at a temperature not over 40 °C to provide



1.  27.5 g (0.127 nole) of captopril. The yield based on N (D
[err]-methyl-[err]-acetylthiopropionyl)-L-proline was 88 nole %

The quality characteristics of the captopril thus obt ai ned were as
follows. 5 Wiite crystals, substantially odorless.
[[ekr]][ &M @ -(Dek2? rTOle{cQﬁ. oapkepriliooThe) Yield basedmc Nuf(Pry:

99.8 wt. Y9_ . Wi kAN 199+ 89 : ' ' content:
001w Tomeghyl- 8 LRCely Yl obEBRi By 9t Sfiraline was AEhcl oy N O
0.1 wm. % The quality characteristics of the captopril thus

N-([err]-methyl -Jerr]l-([erglsnethyl-[err]-hydroxycarbonyl)ethylthio-
propionyﬁﬁﬁéﬁﬁ%ﬁEWég%dégeﬁ%}Pgwﬁfl w. % N-acetyl -L-proline
consent: < Owhite Gpystdls, sSubsphatiflllr edardieszn of captopril

The wet t al tainjng 37.4 g of N-(D - et hy!l - .
acetyTihi opr & It L THaf ne (89140 nBEOR Mol (3) - (n=2)

content 0.4 Wp1,Mppsi Pt ayeed e, Exanpl e 4 were added to 60 g of
dei oni zed water. I'n a nitrogen atnosphere and at 20 an internal
tenper at ure dsseoly Joifeation; 98e8fKi xture was adj usted to pH not

over 0 by addj.ng. ./ (. %% agueous solution of HCO and
stirred for %r%’ollﬁjgd%t%%n%épgtérblg WEeT% hours of agitation was still

noggover 0). dhaedcdpte-Basmethylptbpiondel adildo contieiter nalg jenper agure
of about 20 [err]C, and in 2 ni trogen atnosphere and at an internal

temperature &-(a "me"ziﬁ)le‘Sﬁ['efﬂ] U“,gtHSIWt. ~Ry S eXyca ity Ity 1 sbier- was
added dr%g“ﬁ¥§§¥1"LléﬁéE§ tc&ﬂﬁeﬁt¥th9.HowQH 33. 5. The m xture was

further i'rred he sanme conditions for 1 hour. Then, in a
ni trogen at misjavetey bfid-piohbnéncentehtterpérdt wte & 20 to 30 25[err] C,
35 wt. % aqueous solution of HO was added dropw se to adj ust the
m xture to pH 6. Then, at an internal tenperature of about 30[err]C,

cofsun. Ile 5 el grotbetaBtoBisy, , SLUALIOD W0 e
an internal taneenEtureryst8bs conbainin@ 87L}UCq, oI5 Nat(D-Ya aguestiupgl s@l 4t i on
of HA W%%é@%?%%f%é?%gionyl)-L-proline (0.144 mole; compound2(§)
(n=2) content 0.4 wt. %) as obtained in Example 4 were added
to 60 g of deionized water. 1In a nitrogen atmosphere and at
‘20  an internal temperature of about 80 °C , the mixture was
adjusted to pH not over 0 by adding 7.5 g of 35 wt. $ aqueous
solution of HC1l and stirred for 10 hours (the pH after 10
hours of agitation was still not over 0). The mixture was
then cooled to an internal temperature of about 20 °C, and in
25 a nitrogen atmosphere and at an internal temperature of
20-25 °C, 48 wt. % aqueous solution of NaOH was added dropwise
to adjust the mixture to pH 13.5. The mixture was further
stirred under the same conditions for 1 hour. Then, in a
nitrogen atmosphere and at an internal temperature of 20 to
30 25°C., 35 wt. % aqueous solution of HCl was added dropwise to
adjust the mixture to pH 6. Then, at an internal temperature
of about 30°C , sodium chloride was added up to substantial
saturation ‘and the mixture was stirred for about 1 hour.
_ After the System was heated to an internal temperature of
35 about 40°C , 35 wt. % aqueous solution of HC1l was added slowly



1, .dropwi se to adjust the mxture to pH 3.5. This nixture was
further subjected to strong stirring for about 1 hour to cause
crystallization. Then, at an internal tenperature of 40 [err]C, 35
W . @6aqueous sol ution of HJ was further added dr.opwi over not

€ 3
| esslt handropsise Ehradipshethe nhxgupekg PHe 3.5, fhﬁ%dﬂk&?%k% YaF t her
stirred viegQh Aboyt e t A t
tenperaturfglqo?‘lé?oﬁ"{tp‘fri 3%& Qey%gqﬁgéﬁ?m r-EOratsa‘(;biml'jltﬁl (r)ln of HCIOV\C/aasuse
further a¢dq¢haﬁﬂmmanﬂmwer Bhent atheur1nterna1t¢emnaﬁﬁtqnﬁa¢ﬁx1@r§3to pH

1.5. The ewas further .1 [ d. vig I
after whi 5}? :érfeﬁt aqpous Som@b%?eékt gﬁin‘ﬁ%ﬁt gﬁ“‘%‘l%%er?%dré{)ure% a%out 1
[err§C. Taee¥ ¥dH Gless thamalk heud ubdbtlhbetﬂmﬂpﬂxﬁuﬂliunandcthd hour s

Thereafter, t he cr%méals deposited were coll ected flltratlon
drai ned Mixtung|was (§ hi $hiBEed: Vigogpusd Yo SoF t%m%% and 15

suffici entrkgndr%m% it g1 EéMé&ﬁhEuEEU&OhbaP@ed afser»a. % aquébhgd in
vacuo (the degree of vacuum 1-5 nmHg) tenperature not over 40

[err] C t osolabiigm 27 HGL (wag 2burbhey @fided dropwiseoVer wsl k| BovEsed

on N-(D[ ] I r et ykt hi [0 s 87
nol e % %‘?Oamg}“y tk{ﬁi 'qu{lr?ytghgrﬁagt I(Ea-’rl sﬁ?‘cswol?{wn%e Lwapt opr[uﬁl
obt ggned Wiﬁrx@ifv)id@NBusly for 30 mYhutesgr awftars wisiors ttaime ait ywas

odor| ess. [err] errL = -128 (c=1.0, EtCH, 100
HPLC puri t°5¢)°193ﬁ mvtan %mzsrnal emnggayuw of; aquin:1 g6 9o, The mixture

[]SU|f'deﬁ% % ﬁﬁ Same condltéons for 4 hours. TQereafter,
[err]- Nbrca err propionic acid content: < 0.1 w
N-([err]- mﬁdndrﬁSKdls(dé@®$1ﬁéﬂhyérEGCDllbﬂﬂmw&anNﬂnmaEidwlt@ralned

pr opi onyl ) - L- prollne content: < N-acet I-ngroline

content: ¥edly finsgd with abES%’&n‘E)ﬁemilofﬁr @S&rdat“ﬁ"’&?‘bft
. The}ylt CIE éiéﬁ%ﬁf?&%g é& 4 9¥§4w@t(gt§sﬂ§¥§“ﬂ us obtalned were

acetyl t hi opropion proline (O conpound ( 3) (n=2)
content <dxikdmin %ammobthenédg_raeEmﬁnMaelmmerle-hmw) at a
§t4 teﬁ%eraéé}éx%gkoévgglRal%fdtga%ﬁ%v1dé1f3jytJ(¥H¥Ef§qﬁéPe?rgfand

captopril. The yield based on N-(D-a -methyl-g -
acetylthiopropionyl)-L-proline was 87 mdle %.
20 The quality characteristics of the captopril thus
obtained were as follows.
White crystals, substantially odorless.,
[@ 1,2?® = -128° (c=1.0, EtOH, 100 mm)
HPLC purity: 99.9 wt. %
25 Assay by titration: 99.9%
" Disulfide content: < 0.1 wt. %
a -Mercapto- g8 -methylpropionic acid content: < 0.1 wt. %
N-(a -methyl-g8 -( 8 -methyl-8 ~hydroxycarbonyl)ethylthio-
propionyl)-L-proline content: < 0.1 wt. % '
30 N-acetyl-L-proline content: < 0.1 wt. %

Example 11 Preparation of captopril

The wet crystals containing 37.4 g of N-(D-a -methyl-§8 -
acetylthiopropionyl)-L-proline (0.144 mole; compound (3) _
35 (n=2) content < 0.1 wt. %) as obtained in Example 6 were added

2 4



an, interpal tenperature of about 90[err]C , the m xture was adj ust ed

to pH not over O by adding 4.5 g of 35 wt. % aqueous . solution of HC
and stirred for 10 hours (the pH after 10 5 hours of agitation was
0.3). The mxture was then cooled to an internal tenperature of

aboutl 20[ 9149 9anf deienizedoyater. Iratamsiﬁmmemr\iidtmsphe?e}\gréq'abt _
- ) olution o was
haded ar o cLntOradl Cehpryatiict! ofanour AFEOLSCRE Ml kB g WRR ! o

added dr opw se

t enper at urad pisedduto 1pH noB0bweir] G bysadidifid N 3B i gleopass agdedg URghBous
substantial saturati and the m xture was stirred for about "1 hour

n . .
Thirty fi \F€1“tl°nmit’§ Hfhgaedustisired &Pl hhours GerdrB| afkgrdifpwi se
to s HYWSE SPeagikhidisnt RaRH03 35, T H%'ﬂfﬁéﬁféwﬁ§ﬁfeﬁéﬂe&ooled to
subjected to strong Stirring for about 1 hour to cause 15
crystal | i 24 iigrtermapbntempesatumee ofalaboatp2MCur cared EboaitnitrogefO[ err] C,

Cess i han SERRENSER [hhdcalh s untBEaad yefioteiiitg of, 20788 2aB Rk

stirred viagpremiss ysébut bOAUOLEINAOHN was addeth@bopMise totSdfaset eRBErature
of about 30.’£er§r)4/C , 35 )évt % 20 aquequs solution of HO was further
added dr ofWif O BBuPe Theny phyan dnd@rnal (tempesatiee 1 of prbous. The

m xiyre wesy oo, séalfa.hgéhmiaedw&ggg]aa«éﬁ Yid Yo %Qlﬁ(ge%}g%l%é&ﬁfgeisahe

time it was cooled to an Internal tenpéerature err
m xt ure wandethe umitigtureewaanstionedt fors aboutd Ihdiowr . 25Thirfpef taét er,

the crystal,s deposited wer ol l ected hy filtration, draiped well,
rinsedymﬁﬁﬂ“ablﬂqquﬂ$ %?fﬁﬁFﬂn SF Hcaaﬁéﬁ @fded %%RW%XJQFQP%h%?ytO
drained. HEjual ©ie shekEutbbUeo pr 3,80t aiiSd RNGUKd Gehd ”f%gﬂt@r(the
degree of vacuum 1-5 mmHg) at a tenperature not over err]Cto
provi de 2BUbIeqiEd Jdgo 39trongost)roingafoapraibiout Thdote! b besese on

N- - | + - tyl thi ' [)-L-proline s 88 nol e
e (Baler Lo LR KL on, . mnefE b, BB SHER et i 98B0t
obt ai ned @@ ,a35 okt OV6. aqueous solUbiba Sy $ical ass WIRiEHE F 2hddeqdor | ess.

35 [[enj;[err] = -128 (c=1.0, EXOH, 100 n
2 5 dropwise over gt pesst fhanglghgur ¢ bring the gpia4oby.0 and

Lorr] - vor ot ArEsge yas £y bLAEY PE-E8R, Fosrdury Ypn Ypout 2 hour.
' _ Then, at an internal temperature of about 30 °C, 35 wt. %

20 aqueous solution of HCl was further added dropwise over about
1 hour to adjust the mixture to pH 1.5. The mixture was
furthef stirred vigorously for 30 minutes, after which time
it was cooled to an internal temperature of about 1C. The
mixture was held under the same conditions for 4 hours.

25 Thereafter, the crystals déposited were cbllectéd by
filtration, drained well, rinsed with about 15 ml of cold
water twice, and sufficiently drained. The wet crystals thus
obtained were dried in vacuo (the degree of vacuum: 1-5 mmHg )
at a temperature not over 40 °C to provide 27.4 g (0.126

30 mole) of captopril. The yield based on N-(D-a -methyl-g -
acetylthiopropionyl)-L-proliné was 88 mole %.

- The quality characteristics of the captopril thus
obtained were as follows.

White crystals, substantially oddrless.
35 [a 1p?® = -128°  (c=1.0, EtOH, 100 mm)



5 . .
N-([err]lnethyl-[err]-([err]-nethyl-[err]-hydroxycarbonyl)ethylthio-

propi onyl)-L-proline content: not detected N-acetyl -L-proline
content: < 0.1 w. % Exanpl e 12 Preparation of captopril 10

The pet crysteﬂRLCCcpmaianQS784wg ok N—(D[err]-met hyl -[err]- - =
acetyl t hi opropi onyl ),- oI| 0. conpound ( 3) (n=2)
content < O.JAﬁgggéb%. Fﬁgé éé Ie 6 were added to 60 g of
dei oni zed matqnsdlffuéuééﬂggﬂtatanepmewe agd at an interna
tenperature of about 70 [err]C , the m xture was 15 adjusted to H not
over 0 by addihMELGRRLeT B3smeEhydprgrignic acid cantanton ©f0 HoWeng?

stirged for Gﬁlq%s.n(émyphpaitﬂ E\eéﬁyﬁséa ~hydr Xyt BcHy PYeviRy1 €hibl not

over~0). The mxture was th to0 an r'nternal” tenperature of
about ZO[WDPion)alnb-n-rpmlme contenbgenokt dedgicdies and at an i nternal

t enper at ure of - L] . w ., % gqueous, sol ution of NaCH was
added dropwi s _é%eLylEﬁ%éﬁ?%g?étéénﬁégFuré ﬁ%quﬁ?. hen, at an interna

tenperature of about 30 [err]C , sodiumchloride was added up to

substanti al saturation and the m xture was stirred for about 1 hour.
To this mBkamdends? a tionoef £ 1 acetate and after 30

m nypes of str [, 1] n st aRngl Ire ¢ @@
ZO[EL]Pr] C, the agi tg'%él%nél\sg%eé%gpggatamlha t%glq :?5/%[06“ aﬁy ure st ndfeng
for 30 m madetrylthiomropionyl)-L-proayae wmslsdpmniexidompnumw amheous
| ayer. To ,t he .aqueous

and the nmitRfk coptent g Qt?-lrf’lée gﬁgggltglg,ogagq Orﬁf’%‘;“?ﬁ bén%"e? @egf
about to &P egefcsﬂ QtéPénEQe matt gﬁ gghtﬁtf éLf‘phé:fé’Pa?&' 4
th or 3 e organi c

| eave m xture stan ntnutes ayer was
separatedmhwnntdnnaﬂnkmmpetayure obecabog&ni’® ﬂayemmammxxture wasonbi ned,

strg W th 30 f dﬁggnlz dgﬁg&g ggggag%heﬁae g of ig ngaggogg

g st Ad:
sofhtloﬂ(bfeﬁWF éﬁ@ gtiEHéﬁ %b%”@'ﬁ%d?@'GﬁhénﬁﬂﬂéfterTbehGﬁgén'C
Iayer was separated fromthe aqueous |ayer and dehydrated over :

anhydr ous ofodigirhailomtwas Ast bl 1t netsodermOdul f Sthe wistture was | theed of f,

L0 oy EBAE GG TLAELPRY PERRERNGER o andlERVES g0ty

cool ed t ordtricjear retimdspiper at and at an intairoail Hﬁmpéﬂauuuhwoﬁgltatlon

andz%l | O\A%%-tij s&a'ndllém"(’jte.r %haqueous solution of NaOH was added dropwise
to adjust the mixture to pH 2. Then, at an internal .
temperature of about 30 °C , sodium chloride was added up to
substantial saturation and the mixture was stirred for about
1 hour. To this mixture was added 300 ml of tert-butyl

25 acetate, and after 30 minutes of strong stirring at an
internal temperature of about 20°C , the agitation was stopped
to leave the mixture standing for 30 minutes. The organic
layer wae separated from the aqdeous layer. To the agueous
layer was added 300 ml of tert-butyl acetate and the mixture
30 was stirred vigorously at an internal temperature of about

20°C for 30 minutes. The agitation was then stopped to leave
the mixture standing for 30 minutes. The organic layer was
separated from the agueous layer. The organic layers were
combined, mixed with 30 ml of deionized water, and subjected

35 to 30 minutes of strong stirring. The agitation was stopped



conditi.ons for 4 hours. Thereafter, the crystals deposited wer e

coll'ected by filtration, drained well, rinsed with 15 m 10 of cold
tert-butyl acetate twi ce, and sufficiently drained. The wet crystals
t hus obtained were dried in vacuo (the degree of vacuum 1-5 mHg) at

a tedper ath@ el gaNe diize mbreurpcstanding feroBtiamimites, (Theorgaricof

captopril . '

(D Lorr] - rdn X4 [ 9aEdcA £xom thie agueous 1qver and dghvdrated over,
The qual i tanhgtdaraus esodiumssol fabe.capfderi lthehwsodimiswelfate wasere as
fol | ows. . Lte_cry s,,.substantially odor]ess
[Ferr)1 eyt tereps otte teie” B ERFasgovan capcentratadiinaer rotuesds w . o
Assay by Pridsur@ t&NGF0g, wherebyDetykhtiadd iztion was bdcwéred? The
[err]-Mercapto-[err]-nethylpropionic acid content: < 0.1 w. %

N-([err] - REEMALInG r$1Ur ey rYageeaplefeto] any dnberamlh digDRE M| @f- 25
i 0Nyl Ll ar Oloj ; S -
propi onyl Lyl Qﬁnﬁ/g&&é'f ebitAtiofehAarl 84 loweclI ﬁ&g%ﬁ‘i{%%ﬁ“%?ﬁ%@e

content: < 0.1 w.
Accor di ng conditsignestor 4 nhenrsen BTbeceafdéerabdle diygtalbd depgsitedy

captopril _.can be oduc I n d_ykeld and.at Jow . COSt throu
ohi b 11 oo RIS py CeREERRRARRY BRRifd WhhI SRS BOERGERaPA
be nemvedHdid idé cetb@yl acébate twice, and sufficiently drained, 2 7
1. A process for producing captopril of the follow ng formula (1) 5
[err] - The wet crystals thus obtained were dried in vacuo (the degree
of vacuum: 1-5 mmHg) at a temperature not over 40°C to
provide 26.9 g (0.123 mole) of captopril. The yield based on
N-(D-a -methyl-p8 -acetylthiopropionyl)-L-proline was
15 . 86 mole %.

The quality characteristics of the captopril thus obtained
were as follows.

White crystals, substantially odorless.
[a 1% = -128°  (c=1.0, EtOH, 100 mm)
20 HPLC purity: 99.8 wt, &
Assay by titration: 99.8%
Disuifide content: < 0.1 wt, %
a -Mercapto-8 -methylpropionic acid content: < 0.1 wt. %
N-(a -methyl-f8 -( 8 -methyl-pg -hydroxycarbonyl)ethylthio-
25 propionyl)-L-proline content: not detected
N-acetyl-L-proline content: < 0.1 wt. $%

INDUSTRIAL APPRICABILITY
According to the present invention described above, high-
30 quality captopril can be produced inlgood yield and at low
cost through inhibition of formation of contaminant

byproducts which could hardly be removed by purification.

35



10, . conprising subjecting a substrate conpound-ofthe—feHowng™—

general fornmula (2) [err] 15 20 wherein R represe or
al koxy, to hydrolysis reaction i n aqueous nedi uﬂu“ m 1‘5}&{)@{ oup
and |sol ating, said hydr ol ysi s re&g%iﬂ in aquedtp N
conddcted in the presence of a st 5 gcid at pH not over 1 and a
reaction 25 tenperature not bel ow 40[err]C. 2. The process
for producing captopril according to ., Jaim1 wherein the reaction
tenperature is 30 td Wopeessfor ppoducing gaptepsidr afedde Foblewiagng
AWQ}C) Claim1l or 2 wherein the strong acid is

captoprilﬁa?myfg

hydr ochl o acid. 4. The process for producing captopri
accosding to Claim 3 wherein hydrochloric acid is used in a proportion
of 35 not I ess than 0.1 nolar equival ent based on the substrate
2 8 : _

CHja
s N— ™

COOH

10

(o)
comprising subjecting a substrate compound of the following

general formula (2)

15 |
CH,
Re s Nt (V)
\"/ cooH
' o o

20
wherein R represents alkyl or alkoxy, to hydrolysis reaction
in aqueous medium to remove RCO group and isolating, said
hydrolysis reaction in aqueous medium being conducted in the
presence of a strong acid at pH not over 1 and a reaction

25 temperature not below 40C.

2. The process for producing captopril according to

Claim 1 wherein the reaction temperature is 50 to 100°C.

30 | 3. The process for producing captopril according to
Claim 1 or 2 wherein the strong acid is hydrochloric acid.

4. The process for producing captopril according to
Claim 3 wherein hydrochloric acid is used in a proportion of

35 not less than 0.1 molar equivalent based on the substrate



1 conpound of general formula (2). 5. The process for
produci ng captopril according to Caiml, 2, 3, or 4 wherein said

i solation conprises 5 . crystallization from aqueous ' over
3 and a tenperat ure not_higher than 50 [err]C Imlnmlﬂnmmr"(m‘we
procdss fGompayikiafy gengopt i formebadlAd-to Claimi 2 8 or 4
wherein said isolation conprises 10 extraction with an acetic acid ester
at pH not over ‘3 in aqueous medi umwith or without subsequent

crystallization5. The process7forhprpducéng teptepsdlciangardingrio
accordi ng 4LQ . aijn 5 wherein 1d_ isqlatiqn,.i.s.carried out at a 15
terrperatuFéar}B‘[ 1éx de 'ng°‘5 feﬁ?éfﬂ saig i‘so‘iatlgp %?é“ppf%”’cee%s for
prodgci ngcegptalniilz a0 df remt &queous meadiomSatr pii Wodr @versa candoaat i on
i's preceded by adjustinqb ) t he aqugou%;nediunlafter said hydrol ysis
reacti on t&MpRrAuLE nopighed thangpfgGe at about 0 to 50 [err]C for
not less than 1 m nute, and readjusting it to pH not over 3.

9. The process for producing captopril according to Claim1, 2, 3, 4,
5 6, 7, or 8 wfareiThe grbtess afdnnpréducingpcaptopriilngiaapnding nor gani c
salt conceptrati,on pf jhe ueous nedi um to.saturation to thereby

| ower the S'IJ'Efbi]Vi t@ "}' °5f4c‘$€$5%ﬂll.sal 1s0 atio"l(?.omﬂfelspﬁ’socess for

prodoci ng exdta@Yiidn agiel dAmdadot 88 acfiabBtér at PH hotdover B ih or 9
which is carried out in an i nert atnnsghere. 11. The

process f @dusasisumediwmitbh i er avtbhapkgsthsequenyy grystallizatipng ¢,
7, 8, 9, or 10 wherein said substrate 35 conpound of general formula (2)
contains, as inpurity, at . 29

7. The process for producing captopril according to

Claim 5 wherein said isolation is carried out at a

15 temperature not exceeding 5 %}.

8. The process for producing captopril according to
Claim 5 or 6 wherein said isolation is preceded by adjusting
the aqueous medium after said hydrolysis reaction to pH not
20 below 12, holding it at about 0 to 50 C for not less than 1
minute, and readjusting it to pH not over 3.

9. The process for producing captopril according to
Claim 1, 2, 3, 4, 5, 6, 7, or 8 wherein said isolation
25 - comprises bringing the inorganic salt concentration of the
agqueous medium to saturation to thereby lower the solubility

of captopril.

10. The process for producing captopril according to
30 claim 1, 2, 3, 4, 5, 6, 7, 8, or 9 which is carried out in an

inert atmosphere.

| 11. The process for producing captopril according to
Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 wherein said substrate
35 compound of general formula (2) contains, as impurity, at



e
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1, least one of a conpound of the follow ng general fornula r
5 wherein R represents al kyl or alkoxy; n represamﬂ”h f““hﬁmhmo
of 2 to 4, and a conpound of the following forrmula (4) "

12. The process for prodUC|ng captopril accordlng to 20 Cla|n11 2,

4, 516, 7leastgongpofop compernd oL fhe fo %QH%@Qaﬁ%nééﬁboﬁﬁémbﬂagéﬁéra
fornula (2) Is a conpound obt ai ned by subjecting an acid halide of the
fol |l owi ng general formula (5) [err] 25 30 wherein R

represents al kyl or al koxy; X repr ts hal ogen, and L-proline of the
follow ng formula (/) CH3O
5 R s '
o _

wherein R represents alkyl or alkoxy: n represents an integer

10 of 2 to 4, and a compound of the following formula (4).
HOOC 0 | 0 0
‘::%;? s | N
15
: ' : COOH

12. The process for producing captopril according to
20 Claim1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 wherein said
substrate compound of general formula (2) is a compound
obtained by subjecting an acid halide of the following

general formula (5)

25 CHj

| n\\][/,s ' X ©)
o

o

30 wherein R represents alkyl or alkoxy; X represents halogen,
and L-proline of the following formula (6)

35



) o

.3 0 . 1 [err] 5 to Schotten-Baumann reacti on under
basi ¢ conditions. . 13. The process for producing captopri
according to 10 Claim 12 wherein said substrate conpound of general
formul a (2) is a conmpound obtained in accord i

n
reacti on procedure (A) or (B) and/or the follow ng L ' ?
procedure (C) or (D) as practiced either alone or U!Ilmmm:“i“) Lliﬁn: 15
(A) the Schot aumann reaction of said acid hali L I
formula (5) math L-proline of formula (6) in the presence of a

deaci di fyi ng I ng fgent in a basic aqueous nedi umis conduct ed
at pH7 to 10 a reaction tenperature not over 10[err]C to thereby
suppgess by- prggluction 20 of said conpound of general formula (3) and/or
sai d conpound c¢ooHof fornula (4); (B) the Schotten-Baunmann réaction
-?g)said ﬁcid hal i de of general fornmula (5) with L-proline of fornmula

in the resence of a deacidifying co ' t 10 a basic 25
aqueous n§&|§ﬁqéiqﬁﬂéﬁhﬂﬂﬁpﬁyrﬁthboBoPQggfu%a%%§i§§§?¥%E°A£'carbonate as
t he deaci di fying condensi ng agent to thereby suppress by-production

of said conpound of general formula (3) ) and/ or sai d -conpound of
fornuga (4): 13. (Byetpeocesst £QrcPEGIPSIRG Gﬁﬂfﬂﬂﬁéi FHMANY AO; 5
cauggd 30 ~q .14 ' f q %ﬁgi“ﬁﬁﬁi FHE A \
substrate Ccloarrlr(g'(‘)ﬁj%s‘%@é%%fﬁogf%% [E'grmrs}%s&%dgr cidic 0(L:ig]ndi t i%élis] ftﬂ&(;nﬁ@lé

t hereby r qmyeid e compound aobtadtnpduiad accgadanaie fwirthilthe 3jollowinand/ or

Conpound(¥egé¥{ggé%ég%édure (A) or (B) and/or the following
purification procedure (C) or (D) as practiced either alone or
in combination:

15 (A) the Schotten-Baumann reaction of said acid halide of
general formula (5) with L-proline of formula (6) in the
presence of a deacidifying condensing agent in a basic
agueous medium is conducted at pH 7 to 10 and a reaction
temperature not over 10°C to thereby suppress by-production

20 of said cbmpound of general formula (3) and/or said compound
of formula (4);

(B) the Schotten-Baumann reaction of said acid halide of
general formula (5) with L-proline of formula (6) in the
presence of a deacidifying condensing agent in a basic

25 aqueous medium is conducted by using potassium hydrogen
carbonate as the deacidifying condensing agent to thereby
suppress by-production of said cdmpound 6f general formula (3)
and/or said compound of formula (4);

(C) the substrate compound of general formula (2) is caused

30 to crystallize out from the aqueous medium containing said
substrate compound at 35 to 100 °C under acidic conditions to
thereby remove the concomitant compound of general formula (3)
and/or compound of formula (4);:

(D) the aqueous medium containing the substrate compound of

35 general formula (2) is treated with activated carbon at pH



(D). the -agueous nedi um containing the substrate conpound o

formula (2) is treated with activated carbon at pH lﬂuulu jﬂl-ﬂ"
31 1 not over 12 to thereby renove the concomt

general formula (3) and/or conpound of formula (4). 14. "The
proceks fonofr ove m2<nqntnnr¢bmcnemdvagthe cbncomiitainh Lionfhound 4£5, 6,

Dosontial | JepBtalofortyty GIF &h8/o0p, combBlndogn toriila 47, "' T
20 25

_ 14. 'The process for producing captopril aécording to
5 claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or 13 wherein
the aqueous medium is water essentially not contaiding an

organic solvent. .
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ABSTRACT

A process for producing captopril of the following
formula (1) comprising subjecting a substrate compound of the
following general formula (2) to hydrolysis reaction in
aquéous medium to remove RCO group and isolating, said
hydrolysis reaction in aqueous medium being conducted in the

presence of a strong acid at pH not over 1 and a reaction

temperature not below 40°C .
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