EP 0 336 368 Bl Description This invention relates to an

[err]-(1-cyano- 3-phenyl propyl)-L ivative (V), a process of

effectively producing N2-(1-(S)- c‘égytﬁ%%sg%ghenyl propyl)-L-1ysyl-L-proline

(l'ysinopril) (Vil) using the aforesaid derivative, 5 and an internediate

t her eof . pbsipti@pril (VI1I1) is a conpound expected to be utilized as an

anti hypot ensi ve agent owing to its excellent angi otensi ne conversion enzyne

(ACE) i nhi bihisiinventier telates tioyan IBACKGROBNIDNABOTYHE-H s VAR (I0a Faceas pfreffectivaly of

pr oduci ngrotiueinig NEr(El-cabokyt3-phenyitienyiLvsyHkmesline (ysipapd 848 usig thesaferesaldglerivative,

[ err ] ~phendanintesppdigtathersefehyde and N6-tert - but oxycarbonyl-L-l1ysine (1X) wth

pot‘a‘§5| um E'Je(V sy EGR@W“P%a’éﬂeFtﬁqér bo) ufilizpdh % 2 GRURARISIE 846t BYNG & IRl a
(X) ‘bel ofeet ﬂft?éﬁ‘gg'islﬂél"?""?’ﬂ%‘i'lzﬂbe AHE b MY ) with hydrogen chlo-

ri de/ met hanol and an_acid -9 exchange resin to forma diester derivative
shown bym&%ﬂm—g— bel ow and further alkali- hydr oI yzi ng the
?BS_SEA\?ESder I \]/_agtgrl c\:/ee as h.OWn.l D, t ere nlov(er\\M a ogs%ao?tréa% I r& rqqal-
e
336 368 &ﬁa‘h E’ gcn si L%f derlvatlve shown by formula (XI) shown

15 below, and further alkali-hydrolyzing the diester derlvatlve () as shown in the following reaction formula
(JP-A-58-113158) (the term "JP-A" as used herein means an "unexamined published Japanese patent
application");
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45 (BOC = t-butoxycarbonyl) so Also known is a process of reacting the

- N-tarboxy anhydri de of N6-trifl uorgpageiedeslgs ysi ne and L-proline to provide
[err]-trifluoroacetyl-L-lysyl-L-prolineshown by formula (XI1) bel ow,
reductively alkylating the proline derivative (XII) with ethyl

a- oxo-y-phenyl butyrate (XIl1l) to form

[err]-(1-ethoxycarbonyl - 3- phenyl prog&l )-L-1ysyl- L-proline shown by formula
(XI'V) below, and then al kali-hydrol Blog:the proline derivative (XIV) as
shown by the follow ng reaction for JP- A-61-36297). 55 3 EP 0 336

(
Q%ETB err] 10 [err] (XII IXérr] COOH 35 US- A-4, 652, 668
di s€Foses a g ra] ;ﬁaﬁnyl pr Qpi onal dehyde with
an am no aci d he presence ade 0 ' separating the
resulting diastereoners c) condensr ng g e to the separated

di astergomers of St ep a) d) vertr ng themound of Step c to

phar maceuti cal s. However, mat erials or pignents used in the aforesaid
processes except [err]- phenyl propi onal dehyde, L-proline, and potassium
cyani de have the foll ow ng di sadvantages: That is, they have conplicated 45
structures, they are not always easily avail able, they are expensive and
requi rgsa consi derabl e anount of steps for the synthesis thereof. Also, for
obtai ning an isoner having the absolute configuration (S, S,S) which is
required in order to obtain Iysinopril which exhibits a satisfactory

angi ot ensi ne conversi on enzymne hi bitor activity (ACEl activity), it is
desirable to separate the start Gmterials, including the internediate,
iUrdeﬁ to obtain the fin C %rn hi gh configurative pu@yty since the

starting mates~Ql s are exp WGQ?H@BHH)?&% t hrough an
opti cal reso}'m r e3ai es_t ggg&c econom cal
difficulties, so Wth Tefpget o|t irJoperability within a“production

process_of Iysr nopril in a com‘rerc'oal | j#por acti cabl e scale. The inventors
previ of8ly discovered a process of -ef figggt!y producing
a- (1- carboxyet hyl ) am no-y- phenyl butyric acid ethyl esters which are very
useful as interrediates foi{})oducing various conmpounds
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(BOC = {-butoxycarbonyl)

50 Also known is a process of reacting the N-carboxy anhydride of N®-trifluoroacetyl-L-lysine and L-proline to
provide N6-trifluoroacetyl-L-lysyl-L-prolineshown by formula (Xl) below, reductively alkylating the proline
derivative (XII) with ethyl a-oxo-y-phenylbutyrate (Xlil) to form NS-(1-sthoxycarbonyl-3-phenylpropyl)-L-lysyl-
L-proline shown by formula (XIV) below, and then alkali-hydrolyzing the proline derivative (XIV) as shown by
the following reaction formula (JP-A-61-36297).
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55 exhibiting ACEl activity by using the Strecker reaction and enploying

i néxpengive starting naterials asgplgsgd séggh i n Japanese Patent Application
No. 62-204860. 4 EP 0 336 368 Bl SUMVARY OF THE | NVENTION As the result
of investigations for developing a process of efficiently producing

| ysinopril (Vigl) based on the aforesaid technique, the inventors have

di scovered a npvel process for efficiently producing lysinopril a (VIII)

usi ng, as an | rnedlate an N2- (1- cyano- 3- phenyl propyl ) -L-1ysine
derivative ( ﬁgﬁiaﬁ aS| pr od by subjecting
pi 0 n Uz1ysin derlvafrve—fewo whi ch are

reaction in the presence offayy ting entOOHE t hus have succeeded in
acconplishing the present invention. '10%85 20 25 30 35 40 45 50 55 5 EP
0 336 ;368 Bl The reaction formula of the process of this invention is as
follows. [err] 15 20 25 30 35 40 45

()

]1=Phenyl
|né£ben3|ve and easily avall bI raw 3§ ¥ (0 a so-called Strecker

¢
|
. cors - (O)-0n30m:GC0002Hs
HN —-(CHg ), —OH-ON ,(XIII)
NH; Hz/BaneyNi g
\/ 20 (XII)
25 0
HHE
NOOF 3

?000233 ((‘Jﬂz).;

” zGHzchH — OH -ON —%(vnn

0 L
COOH
% {(XIV)

US-A-4,652,668 discloses a process involving:
‘\_/. a) reacting 8-phenylpropionaldehyde with an amino acid in the presence of a cyanating agent
40 b) separating the resulting diastereomers
c) condensing proline to the separated diastereomers of Step a)
d) converting the compound of Step ¢ to pharmaceuticals.
However, the materials or pigments used in the aforesaid processes except 8-phenylpropionaldehyde,
L-proline, and potassium cyanide have the following disadvantages: That is, they have complicated
45 siructures, they are not always easily available, they are expensive and require a considerable amount of
steps for the synthesis thereof. Also, for obtaining an isomer having the absolute configuration (S,S,S) which
is required in order to obtain lysinopril which exhibits a satisfactory angiotensine conversion enzyme
inhibitor activity (ACEI activity), it is desirable to separate the starting materials, including the intermediate,
in order to obtain the final product in high configurative purity since the starting materials are expensive and
50 may be easily separated through an opfical resolution. Thus, with the aforesaid processes there are
economical difficulties, also with respect to their operability within a production process of lysinopril in a
commercially practicable scale.
The inventors previously discovered a process of efficiently producing a-(1-carboxyethyllamino-y-
phenylbutyric acid ethyl esters which are very useful as intermediates for producing various compounds
65 exhibiting ACEI activity by using the Strecker reaction and employing inexpensive starting materials as
described in Japanese Patent Application No. 62-204860.



50 55 6 EP 0. 336 :368 Bl [err] In the aforesaid reaction fornula, [err]
represenpts an acyl: type or uret hangptoyéggagéPqective group; R2 represents a
hydrogen atom an al kyl group, or an aral kyl group; and the mark *
represents the S-position of ss the asymmetric carbon atom X in XCN

r epr esent ssuNMARYOOETHE INVERTIONanat i ng agent attached to the CN group. That
is, it has now been clarified that an

[err]-(1-subgs 'trbluaseldefiinvphieatithjpmydIQpinhalpr;de-OL;ftmiQotN T’redU(:im(I;tTimdprggvlllx%q;ey|o;:
can be pr otie elowsdid techmisae.i thegineentofschard digcoveradzmunvel -prricessyiorsffisigntly) produgings lysigopri
deri-vat isve(V{I/ysing; sharciteimsdigte amAét(1-gyano-3-plenyipranyh-L d&ime B&fg‘:tl!ﬁ'@ﬁ wihigh eapheagilyof
beihg easi brodugecen Rubjecting Gﬂ%wefﬁl}i?;}ﬂﬁég%ﬁﬁladéﬂﬁm derjyative (IV)syhich apdpexpepsive,gnd
and a cyanessivrayailable v matsigis.daa pa-cafled Sypckar reactionip g Rrepenae;of@fyanating agerd Agdaus
deri vat i vehqusycesedesin ageomplishing {9 Prateiipentidnt h phosgene, etc., to form an

N- car boxy anhydride (XXI1) or (XXV), and reacting the N-carboxy anhydride
and a L?roline (V) in the presence of a base; that the conpound (XXl I1)
or (XXVI) can be easily converted 5 into lysinopril (VIIl); that an

N2- (1- et hoxy - carbonyl - 3-phenyl propyl )-L-1ysine derivative (Xl X) can be
produced by treating an N2-(1-cyano-3-phenyl propyl)-L-lysine derivative (V)
wi th HCL/ met hanol and hydrol yzing the imdate thus forned; and that an
[err]-( ¥ et hoxycar bonyl - 3- phenyl propyl )-L-1ysyl -L-proline derivative (XXl)
can be easily obtained by treating the _

N2- (1- et hoxycar bonyl - 3- phenyl propyl )-L-1ysine deriva- tive (XIX wth
phosgene, etc., to provide an N-carboxy anhydride (XX), and then reacting
thgﬂ/l}l— cas boxy 10 anhydride (XX) and a proline (VI) under basic conditions.
Al se, it has been clarified that lysinopril (Vil) can be advantageously
produced by that the desired (1S) conpound can be predom nantly produced in
asymetric induction by controlling the synthesis condition of the

N2- ( 1- cyano- 3- phenyl propyl )-L-1ysine derivative (V) in the aforesaid case
as conpafed with the (1R) conpound, and that the (1S) L-lysine derivative
(I'V) can be easily separated fromthe (1R) L-lysine 15 derivative (1V),
and the invention has been acconplished based on the finding. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The invention will now be explained in detail.
20 Exanpl es for the al kyl groups, alone or nentioned in conjunction
with ot #&r substituents as nentioned in this invention are |ower alkyl
groups with 1 to 10, preferably 1 to 5 carbon atons, straight chain or
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branched. The term aryl, alone or in conjunction with other substituents
(eig. aralkyl), is preferably negptg 438 gd8®ari be cyclic aromates with 5 to
7, nore preferably with 6 carbon atons (e.g. the phenyl group). As the

| ysi ne conponent (1V) in the production of the

N2- ( 1- cy andharepdienfptmsam the process pkthis invehtion iy et fellopd/) , L-1 ysi ne 25 derivatives
in which the e-amino group is protected by protective groups which are
usual |y enpl oyed in peptide synthesis reactions, and the esters and salts
can be used. Exanpl es r the protective group whi ¢#h nay be used for the
pugpose are substituted oxycarbonyl groups such-as|a tertiary

but ¥T oxycar bonyl group,}a benzyl oxycarbonyl group, |a

p- ni trobenzyl oxycar bonyl group, etc.; an urethane t'ype protective group
such as an isobornyl oxyear bonyl group, etc.; and angacyl type protective
group,such as a trifl%o%acetyl group, a 30 forngl group, a pht hal oyl
group, etc. Exanpl es #%or th@salts of the protect%dc(S)-lysi ne derivative
with a base are al kal4 rﬁtapsalts suchfas Iithiula §hlts, sodiumsalts,
potassiumsalts, etc.B_apg quaternary a ni um sagt 3t hereof. Exanples for
the esters of the protected (S)-1ysine rivati veRa® esters which are
usual lzy utilized for fghedsynthesis of peptides, suchzas the alkyl esters
(e.g., methyl, ethyl,dn-Fropyl, iso-propyl, n-butg'l,l tert-butyl

cycl ohexyl, 35 and t&i caloroethyl) and fhe aryl §sters .g., phenyl).
Speci fic exanpl es for fh&”cyanating agenk XCN are Eﬁ?bou s which are
usual Iy used for the symhesis of amnonitrile, suclBas hydrocyanic acid,

sadiu@® cyani de, pot assi cyani de, acetone cyan- hyagin, trinethylsilyl
cyani de, etc. \Wen reactlng the lysing derivative (I and the cyano
conmpound XCN, it is a er of routi % go 40 chothe nost advant ageous
conbi nation. For exanpley”in the casefQfy@using the >t of a protected (S)-

an al B&li netal cyanide is nost &fecB-vBs and i #'the case of using the
salt of a protected L-lysine with & bﬁ%eﬁor;{h ester of. the protected
L-lysine with a base, a conbination t Bes&af “and hydr ocyani ¢ aci d, acetone
cyanhydrin, or trinethylsilyl cyanide isgnost effective. However, the
inventjon is not limted to such conbi na@i ons in which the acid-base 45
bal ance is being controlled by adding angacid or a base to the reaction
system Various other conbi nations nmay %éaalso enpl oyed. The

| ysi ne_derivative or of an es t her&pf 1wi t h :jpﬁzid, a conbination with

[err]-(1-cyano- 3-phenyl propyl)-L-1ysine rivative (V) nay be prepared for
exanple, by i) a process of sinultanqus y reacting the three conponents,
i .e., sphenyl propi onal dehyde, an L-1ysifelconponent (1V), and a cyano

conpound XCN, 50 ii) a process of fifisfy synthesizing a cyanhydrin
conmpound from phenyl propi onal dehyde an cyano conpound in a known manner
and then reacting the cyanhydrin with ysi ne conponent (I1V); and iii) a

priggess of first obtaining a so-called Sghiff base from
phenylpr opi onal dehyde with a lysine ¢ nent (1V), and then adding thereto
a cyano conpound XCN. Also the afores dgprocesses can be carried out under
usual conditions which are generally e¥pRoyed 55 in an ordinary synthesis
of an amnonitrile. That is, in procegb ) .,the reaction is carried out at a
tenperature range of fromO * Cto [e~]&In Erocess ii), cyanohydrin is
obt ai ned by reacting phenylpropionaldehyﬁb and hydrocyanic acid in the
presence of a base at a tenperature of fgom[err] or reacting a

phenyl pr opi onal dehyde- sodi um hydrogensul fite 8

50

‘:’~@!ﬂEhQHU*



EP 0 336 368 Bl addrtion product and an al kali netal cyanide at about room
‘tenperature and réacting the cyanap/osse3essi t he | ysi ne conponent at a
tenperature of from0O * Cto 50 * C. In process iii), the Schiff base is
formed by reacting phenyl propi onal dehyde and the |ysine conponent in an
anhydrous solvent in the presence of an ordi@gnary dehydrati ng agent such as
nol ecul ar si eve and anhydrous nagnesi um@gate at a tenperature of 5 from
[err], and preferably from[err], and th@Lshe Schiff base is reacted with
hydr ocyanl c acid, a cyanide, trimet L§|—I cyanl de, etc., under cooling to
prQvi de®the anminonitrile conmpound (V) ghemwmf offpsai d reactl ons, except for

t he*case of forming the Schiff base in p.lmcesglll) can be usually carried

out in water, an organic solvent, or a mgture thereof. 10 Exanpl es for
the organic soI vent are al cohol s such as gethanol, ethanol, isopropanol,
etc.; nptriles such as acetonitrile, progfonitrile, etc.; ethers such as

di et hyl ether, dioxane, tetrah%drofuran, c.; am des such as

di et hyl f or mam de, hexanet I§)s ram te, c.; and hal ogenat ed

hydrocar bons such as net hydeste chloride, chl %N.Lm etw, The conditions

for predom nantly obtai _agﬁ'ﬁ (S,S) is rs (as om to the (RS)

isonmersy in the 15 difif er accofding to t cess being
enpl oyed fromthe aforesalgd ,pg,odésses i), lii), a.gnd"l -)9 bgt in the case of

usi ng, for exanple, proce%s i), The M-S0

[err]-(1(S)-cyano- 3- pheny pmpyl) L-lysine deri vat vam:an Ee predom nantly
obt ai ned over the (1R) ison@ by successively m x@g*ghenyl pr opi onal dehyde,
sogbum"’eyanl de, and the L- I i ne component |n otgu c solvent such as
water, nmethanol, ethanol propanol , etc.% wgg as a mxture thereof
W th ot her solvents and by%rrlng at at ur e Bof from[err]Jto 20
[err] and preferably from[ for fr-o hour s t m nutes. For

obt ai nlzng the pure (19) i out f ﬁﬁ"m xture the isomers of
[err]- (1 - cyano- 3- phenyl pr I °1 huss obt aj ngd, vari ous net hods
whi ch are commonly enpl o 1';;br a sepa Bn esol on) of a diasteroner
can be enployed and, for rrpl e, the cry ?al of 4 1S) isoner can be
easi |y obtai ned by recrystal l'izing froma@m xture[ofmp&t er and net hanol . 25
The conygersion of the N (uS ,,eyano 3- phBnyl propy™ -L-1ysine derivative
(V) into the am de deH can easiJ yarrigd out by using a
m neral acid such as hydrgch'l or/f’cHam d, furigBalidi— ggr:h according to a
per se known manner. The =r\/er\‘.~3| on cam,b attaine §| ng out the

from4®shours to 5 m nutes nthis for inhiBit¥*hg the occurence of
si de-reaction such as cleavage of th&YFP]i de bond, c., it is 30
preferred to carry out the rigaction at alowtenper %re of from0O Cto 30

reaction at a tenperature oijrom[err]g nd prefe aéy‘érom[err] for

C, using sulfuric acid as t m neral afi,d in,the pr nce of water in an
ar@ynt of fromO0.1%to 1009 nd praﬁm By- Jom 1% 0% of the sulfuric
acid. ThRe conversion of the N2-(1(S)- cyan - pHgnyl propyl ) -L-1ysine
derivative (V) into the ethyl ester deryj vg-:i&-; (X can be carried out
by an ordinary process of copnverting a ygﬂo group info the ester group

“

t
s

(XIX)
(XXTV)

50

In the aforesald reaction formula, R' represents an acyl type or urethane type protective group; R?

represents a hydrogen atom, an alkyl group, or an aralkyl group; and the mark * represents the S-position of

55 the asymmetric carbon atom. X in XCN represents the moiety of a cyanating agent attached to the CN
group.

That is, it has now been clarified that an N2-(1-substituted-3-phenyipropyl)-L-lysyl-L-proline (OCIH) or

(0KVI) can be produced by treating an N2-(1-cyano-3-phenylpropyl)-L-lysine derivative (V), (which is a novel

7



35 thereof. Fer exanpl e t he
N2+ (1( S) - et hoxycaf bonyl - 3- phenyl EPO@BB368 BYSi ne derivative (Xl X)can be
obtai ned by reacting the L-lysine derivative (V) in a saturated nethanol
solution of dry h dro en chloride gas at a tenperature of from[err], and
pr ef er alfoPPeund rapagler 9f, being ieasily dFrdued oy ehemyiprapignaidehyden @ dL-lisj @ﬁ"yaE'V‘?ag"f! 4e
i mi dat e DPARAING RaeRtXEN)ias it iswey aler °°'r‘r?§'"@ @ﬁxﬁ%ﬁ%%ﬁe girivative, OXXIV) by an acid hydrolysis
[ er r - ( 1Y1)phesgpne, Pt odeymaan ﬁgré ")I%QW)ea'?!’e’Pﬁ)%&tPQ/EW’R?"X?“hV N#e  or

1 5 ar

‘Fcya o-gp
o x

( dtaHeP"i!! °& tﬂ‘%é’ﬁé - an @7 g s diprl %Xg acfa-g, oy
anhydrl thu o d; -:e‘is carbo pr:ag s L o 62-
48696, :g Y @ é/i iyl §
hase, ory %L wAE}sﬂa fg i dr ﬁ QL
|t|

That ,an |,,QEp(WQ or rre uxi n t he
L-1 yS' ne dﬂfsb \itHab Bébn REH that NQmopﬂi III)Q'fan BMVM)tagbﬁhs%Fogl‘ﬂe@ B?thﬁhhé)ﬁds% (18)
cont ai Ni &ghpbih %Q%bepredéﬁunhhﬂy BRAIHE abyMindiRindiatioh ¥ cotrdilthg el sythedis QORI &t

chl or of ofhéie-e1-dyano@phbkyRidpyIp Llysife Herivalivd (VG i K2 Sfdiéetid QhsedasScbvphred W e ()
active cempound, dideth@ensd (15 L@ deavaivenQv)r A Aol SilyOfepirited Mo athd @Ry Laysmgdr i de
t hus @bt derivaticb ($M),tahd tha @wéntioir lak beea atddnplishad babezl cdalwd finglingachi eved by m xi ng t he
L-proline (VI) and the N-carboxy anhydride in the presence of a base as
descri beRETALEDRESCRIPTION OFOTHEIRVENTIONAS t he base for use in the aforesaid
reactions, one nay enploy inorgani c bases such as hydroxides, carbonates,
and hydrogEFR:'a‘feB'é?ﬂa‘!"é?W@P expfdogd Indged.al s such as lithium sodium and

pQt as# um Examiples fr dheseligk oraupg Ao & 'é%ﬂ*'?'ﬁd ieqopiretion pith other ulstitueqipnmentioned

magnesi u'ﬁ]th'%g“’%ﬂ@?'l araémsrrﬁ'h!égroe&wﬁh E‘ hfﬂ ﬁé%"bmeat@i“s steaight
C

3.”1:3?33 ésgyf =19 ‘hgfo Vi cfﬂ b by s &

\f T e
(11 ot byl S ET gk “&ﬁf"% °'tf’ ”.vz'v :;u Ll ey
o e 3 il T ey
tetraet ay bel fsbd BPHE B ose L@sﬁ“% Xy SUC Q'ﬁ dﬁyca’bgaﬁgm‘%

benzyl t rd P %( mgpﬂ

The peptidg gFoﬁ‘@G fch %a@n%@yl E}Fae Sn%feﬁﬁvﬁaro%'&uch Bs é‘fhﬂ@d?d&@é?ﬁ orollf; @ um

parti gplﬁ;,ﬂyygr&;pegg{ ﬁbréuB éc. m xed system of water and an organic sol vent.

I'n this caggampis MdrtRsahy SittRITHrobcPSHIsif dériviiveOkifiaiaSe Ste alkalifotd) s@idGuattd Bl

sol vent mdhh Blts,Sodlitrf) Bais QpoRediunDsdits, ledt., \bhd duatdmbgTamnBhiGh s tRedE ERdnpled i XRNE,

t et r ahy destsintathe paectedn(S)lysidecderigatick breVestorsaWidahark Iisaliy) uiliteda iy #at SEBEsES by

uti | i zedpeptides,cdustead thb alkylregtetsqevy.c matpylt etid, [n-pdrapyisb{propyt relsutyl, Serebutyd, scyaloHatl,

acet ab=e, andwichigioethyd) apth the mrytiesterclagoptehygy m hexane, ether, etc., generally

sl ows down Spésiic rexarmpiesofor thet eyaeatioh pgent NEN e componfidsrwhish dre rusushe uggdetod thout

even if $nthesis efcaminggitiilon such|ag dwidrocyanie agid sedigny gyanige.cpotagsiunh evanide.raseloredcyamd t he

yi el d cahydi tr isitybeyaige. §tcgor ousl y stirring the ni xed system and

cUr ol | i n§¥hem epagting ttp ‘&s"t‘fe@qf'l’ﬁ“t’%(maﬁ"ﬁéhe %@ %PF'!S’P‘é‘é%QB‘ Fté%tétma@?f ¢ dpptipgato

carri & ‘Ef'&?se MR AHY@NtRggous pombi 6’! |FH"e3"E’B s?l %"95%{%%3" iche eroteeted (91 ar
In8 é’{]

| i gh §°s°" ﬁfteriﬂ h a{l 6le agallsla?tfl ?md[e most
B ﬁpg fﬁ

ﬁo

din
Hm m e cy ydrln r t met ?ﬂdyle
an or gang sl ¥eil's cqve uwe%& 9431.&99 ] q:iflﬁ oGHEMalidRE in which the acid-base
45 balance is being controlled by adding an acid or a base to the reaction system. Various other combinations
may be aiso employed. .
The N2-(1-cyano-3-phenylpropyl)-L-lysine derivative (V) may be prepared for example, by
i) a process of simultaneously reacting the three components, i.e., phenylpropionaldehyde, an L-lysine
component (IV), and a cyano compound XCN;
50 ii) a process of first synthesizing a cyanhydrin compound from phenylpropionaldehyde and a ¢yano
compound in a known manner and then reacting the cyanhydrin with a lysine component (IV); and
iii) a process of first obtaining a so-called Schiff base from phenylpropionaldehyde with a lysine
component (IV), and then adding thereto a cyano compound XCN.
Also the aforesaid processes can be carried out under usual conditions which are generally employed
85 in an ordinary synthesis of an aminonitrile.
That is, in process i),the reaction is carried out at a temperature range of from 0°C to 50°C. In process
i), cyanohydrin is obtained by reacting phenylpropionaldehyde and hydrocyanic acid in the presence of a
base at a temperature of from 0°C to 60°C or reacting a phenylpropionaldehyde-sodium hydrogensulfite

8



to salt thus feornmed mhlle stirring under cooling. However, the reaction
accordi:ng to this invention is notgp ¢ 53¢ 558 gp such a reaction node but can
be perfornmed in various different nodes. It is preferred to use the
L-proline in an at |east equinolar amount (usually from1 to 1.5 nol tines)
to the ansdsiion plodichaend\incaikalometpl cyariidecht ichait foomn terperativa amg réaating\thecdyenohyrlin and
si npl i fyi thg lisine corapaend &l Dlemperature diifram 8f C th¥ * Gels ipragebs i) dtiuB¢hificrase isdemmed byl 5
There is reectipgphanglipiopipnaldekyde aed the fysiom cantponant incani aphydiousrprivenit in the regsence feban
reacti on pHBedefydatingnaent pudhigs melscylassigee andl aphveiepq magnesiunysulfele At & iempessture of e
buf the r BeRt9°Gntoat00aCy edapreigably fogw &*EnigeI0abypmd then Iﬂee“’fcét"r*@de isTrpactedo ¥ith i on
timg depeH¥F§,°°¥ﬁ5'E9r?°'f’rﬂa°VF’é%ﬁ: t"f‘lﬁﬁy'f't!'rFﬂé’Fd&t oIf- e""B‘Eft”%t't‘g 19 Proxidp K aminpritrile iGempounds 1 |
|t is suffy toreapt of ron%.lo map actl

€S.
can b st g %}\% %r %l“h 1 Btk PR el v o

d C a@ Gﬁ\%t" eﬁlpnd ?soprgpaﬁgd asnm?ler% such

| nter medi Q's; rQE i {; etrah uran etc amlde
[e”] (1§ ﬁnto 8 é*xr;% océ qy

fornmed or ¢ &ié Ghi ,tof;,ﬁ,t or ( , can e easu y i'sol at ed
by an ordi nagy c&?&ﬁlﬁtﬁc'fér' df&!oﬁﬁﬁﬁ“} %Sthlﬁmg @'9% Sltisdidrs (BLEppBsa NS (R.EYisomers) in the
concent; atdabt@dn Wiy REMAREE theREdossBbingleirpldydd MRS afbrBsaidCREbos6£H, 5 fafd i but in
distill ofte dafeoiQUsBg oCexamply,Giidcessaif]|theSia-(G)-dyafo-PitefipréphPLiiné QbAviie 38D bE
4.5, extr pebsniganiiyhebtiiidadowdt thel t1R) Bomér A BlcCessiaiy ming Sphekyipadpioddideide ¥bdRne
chl ori de, cyanide,tdné thedcipsirandompinientgn & fpeotanit solerit suth che water hsthenbl, REhesds lisopropahbie
[ err] - (1- sebsdlély ut @da mBtupEhiberydf it pirér) solveritsy angl byLstiting bti anlempleatire at frane -40XXItg |
(XX 11)20 80°Q, xpAirgferghly fragedtl tlsP 3/C. for From BY havesio Benimitesi | y converted into
| ySinopri | (For etiginingytheapurestd Siisesrer qutiiraini theypietiuts] of e isomamy of el -cyanp-Arghenyiprapile s
ar e i nt entygine ghup optaingds ¥aripus; methqde wbist grej cammpnly empleied o5t sepasation frpsolutien) pha any
way. The dﬁﬁ?f?‘?‘?’é?'t b emplayed apds for ﬁxametg @ﬂ ah‘ﬁﬁlegf i 6 Skiserper sen mas'lyyabtfmﬁﬁ B\h

per f or mantasTypiallig 9d"°E‘Wr'UﬁH’P ‘f’%ﬁ nd rmyegh . Al so the f ol | owi n condi ti ons
were uSed fg Pe Pﬂé"”a'ﬂ ph, § fm&phenv'wowb-tﬂme '“'Sl“l 9? orvaitee
by Ni ppon b eRs carn 25rUn | acud cud etc
phosphor i §°°8 | '{"ﬁ?—’[‘ }1?\_—* tlon
Fl ow Rat e ompera ure 0 refera % to orf hou nute

thls case, for in gqh occl e fae-re r? % c!h Jsl cleavage o pgmd

Synt he erred to ca out the reaction a temperature of from 0°*C to 30°C, us ulfunc acd the
Cerr] b ﬁﬂ’p&pﬁL HSanﬂotﬁtotﬁd.fbmé@%m,ld iy 15 ﬂﬁ@
of net han thy\@,ﬁu |a§,go ve sodi um cyani de and after further addi ng
dropw se 29.7he dorRbrsibforltid ﬁi(my @aﬁoezt-wenmctpwtwn@adw;tw Rk ety Bstélt deriva-
[err] - pheayd @i Rhd et catddyshe by @n loliha§ QPrétodsOdt, cokvdRing & Tyiaribo Jpdup Mt el teVVgfup
Stirredsf teredtO FétQhdrtplad thel NPQITB L SBibIRRBBEMYI-BphedYifrédyl)-LNGIné aaivhtive (XIXyem tewbfained ed,
10 m of 4 reacting atiet L-pimeOddystiveO@Wh inCd $afuraetl rAlstNundl sBiliianloff digt deldrbigen @hlbilide gagari | on
m Xt ur e armthpakiuerof &t i-807 Ct th 30 e, @nd! glferably dlom\vaaiCeto ;10 1G) dor Mfonst40 reursvast Bdut, randed
for 10 m hytrehing theriidate thesfoenestwith @aterThe crystal s thus deposited were
recover ed byThe corversion frthe e HBlesdbdiituted- Stbherlylpwbyl)ialysive, degvativedKiXe (V)i an CO®E trtheat
[err] téo pqur@spo@@ngg cg'bvg(y@hhndm,e @n g tcarried @ift by the same procedure as in the case of a usual
[ err]-(1-¢€ g St 1in dheprbenorpy E\t ?’] a-arpipg fgid) $xdo 4% é?sy'l'bﬂﬂ_ﬂ? JARE1751pRcand 62-
i nt er nal scgﬁoﬂi‘P’dd*’&?faFP igg §‘° geiet By A Prdiggry, metee) “s“t?e??zwdw dP&’f?t 8’ th’) hygieperPEs by
usi ng HPLC!“‘BH“"E hlé‘s'%““\E’P’Vg‘t“&? 80 eSto GHop- t hat the puri i s 92 4% and 1 he
i soner r at | w; oresaid VGI'FIBH ﬁa bR)ea§|| q&d:i xm%the L-lysine denvatlve XX, (v),

n

in methylene ¢ nde containing” phosgene, or ing the derivative with trichloromethyl
chloroformate in an inert solvent in the presence of a small amount of active carbon.

The peptide bond forming reaction of the N-carboxy anhydride thus obtained with the L-proline (V1) can
be easily achieved by mixing the L-proline (VI) and the N-carboxy anhydride in the presence of a base as
described in JP-A-62-48696.

50 As the base for use in the aforesaid reactions, one may employ inorganic bases such as hydroxides,
carbonates, and hydrogencarbonates of alkali metals such as lithium, sodium, and potassium; hydroxides of
alkaline earth metals such as calcium and magnesium; as well as amines excluding primary amines, e.g.,
secondary amines such as dimethylamine, diethylamine, diethanolamine, dichlorohexylamine, etc., tertiary
amines such as trimethylamine, tristhylamine, tripropylamine, tributylamine, triamylamine, triethanolamine,

s5 pyridine, N-alkylmorpholine, efc., and tetramethyl, tetraethyl, tetrapropyl, tetrabutyl, tetraamyl, tefrahexyl,
benzylirimsthyl, and benzyltriethyl quarternary ammonium hydroxides, etc.

The peptide bond forming reaction can be carried out in an aqueous medium, particularly preferable in
a mixed system of water and an organic solvent. In this case, a mixed system of water and an organic
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By recrystallising 20 g of the crystals obtained froma mxture of 250 m
of« met hanol and 250 m of water,
[err]-(1(S)-cyano- 3-phenyl propyl Ep[oe3r3r6]36?r3|1fl uoroacetyl -L-lysine (purity
99% SS ratio 99.7% was obtained. [err]-NVR [err] : 1.33-2.3 (m 8H),
2. 67- 3. Oivératihavitig) 3 high dofpatibBiy ith) wathh)suchbasdadettned dig:ane, ldtfahydrbfud8; acétodi@le( and SH) |
8. 0- 8. 37loyeamalcdhidls carblie advantagbdusly nfjlizedkBr , di sk): 3300, 2940, 1700, 1560, 1180,
1160, 700. AlsQivent hiaiing0BE 6BGBtBLy Withawgéresugh 8y pthyl @satate, ariethyiigng ghioride, chloroform,
( S) cyan@xﬂwmqu@ geneyelly sipws down tthej redctinnrrete @ed iy thetefore interins fakithe aielsosy even if

dri desinguch a selypny thegrgackien jets qeg bbmqqg?ﬁdfanasm@ vieldicgplesimpraved by vigarpusly
con enseﬁ""\ﬂ%?f@ mbted Systpmzany centiglfing the pH to@ydefinids valupg no- 3-
pheny! pro %1‘?;? sat'dr FePrtﬁﬂ)rcﬁ'hE%tc '°q_°‘ft)}’:"(| ?ﬁ’é‘“&ﬁ?j an dprafipe gameguride vl %ﬁ Bie in a

chlorlde

96?\9?3 or Wit el Pfethwﬁg’l"}e p19 fejaddigp 2
chI or| de ﬁ?’éﬂ' % ﬂ%{fo ?ﬂeﬁri tf?‘f §5°“g ?°°%[§‘89 gﬁ@%'"\%{'%)}jﬁ Em'e
ﬁ th

chiori de” Wﬁ ”’“ °'£r"ﬁ§1'"“"" g i A %r? Prrtes

N2- (1( S) th& s Al ;]ro?nsrtl e eIILOJn f {. Ih ﬁm ?15
anhydri dlﬁe &@% o%trb@ er r

2H), 2, 6-3 %e pértibular %Stll&lo omhe tddttion f&npeétur%‘hn@th@ re(a@ﬁon h&:eed@srz&th?y |ﬁ ti{em
6H) | R (iahBe of frbiR aéo)- ¢ to roor Zomperatlfbiilt the feabtion hBH RlativbK A6l teth erredOthe
Exanpl e ﬁa@MEMEépﬁn&fupWﬂé%e@ﬁh 16SRdure biR e R YtbrisertiRlyd b ﬁﬁ'rd it is sufficient to

-tri f | uoleash 6oy tolmihuyss\td 20 mipitéd. i ne: To a solution of 1.15 g of L-proline, .
317 ng of 3halreadtion yahr sexstepped ByalidBg @ migeralfacig Aal the eaction [3gsianh & adlity the seadlioned | n
M 20f systatewhewhy caichshincacial whish istforaiad af andntermediate is decomposed (decarboxylation).

1(S) - ¢ e O¥-B-subssitwiskiSrmbenylpjop Ly syi-E-broine odesiestivel ()L fofmyes ere shéciicall 0B,
anhydr i deXi} ers@XVik¢an he 8&ilyrisolatbd fy. @o orsinafy sixirastixedsepgration joparatiagy féroaxarpie byour
at 0 C. 9neasirating]jthesstprpgd trepstion HMixereayngert res!ues% peRseFendp dinlillngftihe cganie solvensi d,
the pH vidiustng) the pHP!1tep syspmy, @a'&r‘r@ extraingoftp lﬁ’f?ﬂ!‘f-‘)*/df‘tbﬂ‘d?éﬂaa'ﬁcf°'&qnf &gch as
di sti P |'ﬁ@h¥ﬁ"P:%{€’€'P'@ﬁ‘émP eanganp 'H% uged PEOESUEi ch remmi ned was
ext ract ed e N @?Pﬂ?f’t”te‘?l\faf@l’"y y! 'V?W\E'p k'lerd& ‘ta%‘ﬂ %’h@?"'véy@f’“’!wavﬁm&!fr ous

sodi um SU'I» é’f%eeaf' '") taF' Ik er Ied ressure to
s é‘,ﬁ e g
3.08-% 9 E@L tm,,owé%g% 28&,@"’ gﬂf&“"r@ﬁﬁés 6. 34 (m 2H), 6.98-7.52 (m " 6H)

IR [err] pon ESlimkoo K:kJ)QO 710 30 Exanple 4
Synt hesi s of N2- mn.phenyl propyl)-[err]

-trifluor qmerewhaée I yao AR phss'éhonc ac.é\mfﬁr(rﬁ bisdcbbiin S15e14546 90/2bf(w3/? g of

[err]sd 1l (FowrReeano- 3- pBa&iinkt Awh) -[err]-trifluoroacetyl -L-1ysine and 40 ni
of Detsction: 210 nm

. Example 1

\_

40 Synthesis of N2-(1(S)-cyano-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine:

_In 420 ml of methanol was dissolved 6.2 g of sodium cyanide and after further adding dropwise 29.4 g
of NS-trifluoroacetyl-L-lysine and further 16.1 g of g-phenylpropionaldehyde to the solution, the resultant
mixture was stimed for 16 hours at room temperature. After the reaction was compleied, 10 ml of
45 concentrated hydrochloric acid was slowly added to the reaction mixture and after adding thereto 420 ml of
water, the mixture was stirred for 10 minutes at room temperature. The crystals thus deposited were
vecovered by filtration, washed by 100 ml of water, and dried in vacuo at 80°C to provide 22.6 g of the
crystals of N2-(1-cyano-3-phenylpropyl)-Né -trifluoroacetyl-L-lysine.
The internal standard analysis (internal standard: benzylhydantoin) obtained by using HPLC on the
50 crystals showed that the purity was 92.4% and the isomer ratio of (1S) isomer to (1R) isomer was 91 : 9.
By recrystallising 20 g of the crystals obtained from a mixture of 2560 ml of methanol and 250 ml of
water, N2-(1(S)-cyano-3-phenylpropyl)-Né -trifluoroacetyl-L-lysine (purity 99%, SS ratio 99.7%) was obtained.
TH-NMR (CDCls): 8: 1.33-2.3 (m, 8H), 2.67-3.06 (m, 2H), 3.17-3.83 (m, 4H), 5.42-6.4 (m, 1H), 7.08-
7.49 (m, 5H), 8.0-8.37 (m, 1H).
56 IR (cm™, KBr, disk): 3300, 2840, 1700, 1560, 1180, 1160, 700.
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concentrated hydrochloric acid for 5 hours at roomtenperature, 200 m of

| ce-wat.er was added thereto and afdggeg Iﬁéﬂﬁéﬁf ng the pHto about 4.5 with an
aqueous sodi um hydroxi de sol ution Whl tirring, the mxture was further
stirred for 30 mnutes at 0 *C. The crystals thus deposited were washed

W th wat eExanipiecvered by filtration, and dried in vacuo at [err] to provide
8.3 g of N2-(1(S)-carbanyl-3-phenyl propyl-[err]- 40

t ri f 1 uor o Sywhepis of N3-(§(S}-eyeno-3-rhenyipropyl)-Nf-tifiyofoacetyl-B-lygine-B-cérgxy 3iilydride: 53- 2. 87 (m
3H), 3 10- 3. 45 Sm 5H), 4.15 (br s, 2H), 7.0-7.42 (m 6H) IR [err] K™,

disk): & Jae (300 mxoumd b&WU'asﬁQSB'BPGFMDa reflgcepndensay warg plapad:3g ef N5-(t ovaedi s
of er r] ( Phenylpropyl)-N‘-tnffuoroacetyl—L-Iysme and 100 ml of a methylene chloride solution (0.6M) of phosgene

(S) - ﬁw f@%gﬂs pIHRA for 1Rdoyrs- .Pfﬁpfdb? E?&‘E'@‘! y?s qomp M'e Qeates PHHY ethylene
an hydr | de ?’H’eé 2‘}% F’m EJ? ¥as complefaly rem I\?ﬁ Yelss er
g5 )-cyage 3-p nylpropyl)- tnfluoroacetyl L-Iysme- -carboxy

were placé

3- phenyf pf8 {%t?m;ﬁ u t%h b j%?:(ﬂezr@rkgsyslérgg@r 2 )21 7 él-l)ep‘&-so

chl ori de sol ut | o é‘ hour's
After the r 14,0 S diég t ;, e of net hyI ene chl ori de
(containi ngﬂgﬁ%sg@’ﬁ%\? V\Itasgédl staﬁ‘5 e<11Ié of fﬁ%(r?\ fﬁ’?dtpﬁé&r met hyl ene chl ori de was
conpl et gl ¥xdpipyed under reduced pressure, whereby 8.7 g of [err](1
(S) - carbamyT-3-phenyl propyl )-[err] -trifluoroacetyl-L-1ysine-N-carboxy
anhydr i de syfses® ot (S Fcyar8-phenyldrbpMMe frituordacetyl-L-lys@Liplolinel . 0- 3. 62 (m 16H),
3.8-4.73 (m 2H), 6.67-7.53 (m 6H) IR [err] KBr, disk): 3300, 2930, 1845,
1780 1610, TecDsolufieDofl1l15 g ofHFpring 307 BigSot Badilnx aydedxidle,CanG\Bid g f Sodiin aeondte (1
i/ carZpanigbolvéd ROyl lofwatqy yag addéd a salutior of drgouh b (1(8)-cyand-§-phehylbrogyi}dE itriflearozBetyl-
To™a sol utilysine-difcarboxyGnhydide disspivayl in & mi di2atetony folfowerbbli slirrind jadl oeechadieat 046.0ATBG 2
my of sodiadinstiog the phatp abelit 4yl agding PN hgdyoahioripyacidudiectH wassadiudiee b 42 1 laddingotN of
3.7 g of ped 1‘(1‘!’0’1(’3) ar@aeﬂggﬁpqilung_ 2qeipng) thepefrom.- e -aqueous layer which remained was
trifluoro#& with pther; Mer dryipg teosiyaciedpiher |y by jaghydioyespdium sylipte;ithespivent wepne
fol | owed H *"@i' Pif pdegrefiged aweuma PVO&E’G 1°] NriShevang-F-efenvipipRyB I frifjuareseetyily of

e @‘%Mﬁ %‘f % '«FE@SY%% S e
aq s 172 4

Q'mru-*

After sat ur pt lliets 71ﬁddl tion of sodium sulfate,
the prog uct s Extract e e c br de. The extract was dried by
anhydrous E§9£H sulfate and then the solvent was distilled off under
reduced pressure fromthe extract to provide 3.9 g of [err]-(1
(S)-carba Jitﬁe’ilsfah Ea%h'\}'l)s opyi-NE-HiklRFBRRRL-Whind:- | YSYI - L-prol i ne.
Lorr] s [orm ispean m‘{h%}'ip}pgé HMag3&“'@’ﬁ1){’4H), 3.07-3.67 (m 6H),
4.33-4.52 ( r1Afterl‘¥ﬂ}rmg & -mixtufe 8312 (gIr NEUS)-dyano-3-pHiBnyistbgyl)-NF -trﬁﬁfroacaﬂ&k\)sme and 40 4390,
2960, 165Qoncdh@ted hydlatflioricladfdQor 51nburs at réath temparEiile£200 niPyiitdWestdr wa®hdded thereto and
[er r] - ( 1( Siter aajustiagrte-pbt 10 fabouy 115 rvitp \ah Jaqueeiis” dodituh i hiytiroiideCsaibtidnywhild. stinjgydhe mixaured! i N
was further stirred for 30 minutes at 0°C. The crystals thus deposited were washed with water, recovered
b by filtration, and dried in vacuo at 45°C to provide 8.3 g of N2-(1(S)-carbamyl-3-phenylpropyl)-Ns-
40 trifluoroacetyl-L-lysine. _
'H-NMR (CDCl,, DMSOds):  8: 1.3-2.13 (m, 3H), 2.53-2.87 (m, 3H), 3.10-3.45 (m, 5H), 4.15 (br s, 2H),
7.0-7.42 (m, 6H)
IR {cm™1, KB, disk): 3400, 3200, 1700, 1680, 1620, 1550, 1190

45 Example 5
Synthesis of N2-(1(S)-carbamyl-3-phenylpropyl)-NS-triflucroacetyl-L-lysine-N-carboxy anhydride:

In a 100 m! round bottom flask equipped with a reflux condenser were placed 4 g of N2-(1{S)-carbamyl-
50 3-phenylpropyl)}-Né-trifluoroacetyl-L-lysine and 100 ml of a methylene chioride solution (0.8M) of phosgene
followed by refluxing for 15 hours. After the reaction was terminated, the greater part of methylene chioride
(containing phosgene) was distilled off and further methylene chloride was completely removed under
reduced pressure, whereby 8.7 g of N3-(1(S)-carbamyl-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine-N-carboxy
anhydride was obtained.
55 TH-NMR (CDCls): 5: 1.0-3.62 (m, 16H), 3.8-4.73 (m, 2H), 6.67-7.53 (m, 6H)
IR (cm™, KBr, disk): 3300, 2930, 1846, 1780, 1610, 760, 700
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20 20 To one gr-am of

[err]-(-1(S)cyano- 3- phenyl propyl ) eplo-335i368 B9 oacet yl -L-| ysi ne were added 35
m of 25N sulfuric acid and 5 ml of ethanol at [err] followed by stirring
for 10 hours at [err] and after adding thereto 100 ml of water while

cool i ng BPempleB| , the pH was adjusted to about 4.5 with 6N sodi um hydroxi de.
The reaction product formed was washed with 100 ml of ether, extracted
thrice edHstess of Ne-fi¢R-caranyl-3-phanylpPraidé® drifluoreasptyrlrivayt-L-arpliserext r act was dri ed

over, anh dr ous SOdI um sul fate, and then the solvent was distilled off to
y
pr QVI § e n of 1 18 g of L-proime 421 mg of sod|um hydrox|de. and 862 mg of sodium carbonate

[erT ] ( ]1 ydno%ﬂlsz of a ongﬁﬁowed by :Ffr'.fy m%?hogr olin

e. Exarrp

[err]- E% gg ﬁs lxture to ou w;‘fln sodlum h torlEI ne:
To 2 % 9 @,r Qi tep Hide e
added 40dry ; ﬁgﬁ i E@ 3 Ive ersrgdu dd ﬂ?&s&r 'fro hour S

at [err] extrﬁ:'i‘f& 106 5.0 N pyf?- -irﬁ@or MBI AL lyshild Sordiifis U1 T

m xt ure Wag-nwMrl (EHSS o@@o) snmie%s (m éd?rasaéhst’(ﬁn 4036 e, @ﬁhubs-wwﬁure
to about 4.5 with an 35 aqugons7.8908H, ewy hydr oxi de sol ution, e reaction

m Xt ufse WA (cenxt, IKBE disk): W t h mbrngwmombmnzsdmaod'hwwmr act was dried over
anhydrous sodium sul fate and the solvent was distilled off under reduced
pressur eExamplpZovi de an oily product. The oily product thus obtained was
separated by silica gel colum chromatography (eluate: butanol/acetic

aci d/ wat Synthesig@ N&(11S)-carbarmul-gphedpromf)- N‘r'g‘iflgfﬁroawyls!-tlnﬂybt-mline

2\}16"8) et hoxycar bonyl - 3- phenyl P 6) N6 -trifluoroacetyl - P/SI ne.
[err]: Tp @pe P ram q -(‘(($)-cyg]q-3 pyen;vp 'tﬂ!ﬂuQ'Z’aCEMZBI)’f'Fﬂ wgp{)addeg :'5" ml g25Nm
2H) , 3 Os_ugurggm of Qhaﬂql *C @ppwe d by stﬂqy)for ' hours apy (L after adgl then@toQ 7.4
( te ca?'w - V:L ﬁbfzaﬂ mfeg::ﬁeﬂde alyt 45 m& sgdiurp hlv
Of [efsr] ‘gyzrgg waz Néﬁ? the solven%‘q‘}gvézﬂﬁ‘ dgy heSI S
“triflud?®; rﬁ‘%’ V"SP’E) o "L"ysy' TH°%e100 m round

bottomfmﬁ qU| pped with a refl ux condenser were pl aced
N2- (1(S) ycar bonyl - 3-phenyl propyl )-N6-trifluoroacetyl-L-1ysine and 20

m  of a@“sﬁﬁwﬁso&%l&ﬁ'?%]%%kﬁ@ﬁb&ﬂb%b% a?)?l} -NLiflBroaQuRiMysid: Phosgene and the
m xture was refluxed for ours er the reaction was term nated, the
greater paf§ 0§ sreteYEPaanc-IpHRRYIFEhYS-ROMHRdALaASLIVIAS GRS EalidebP 90 i Sdii aN QQ of f
and t henHamethliol &2 catllowsd Blestving fdr @0Thbé 8l 0f Cr AB RN AddiiiRérett @00IRESH iger vRitew,UT €
t 0 provieresutida nyxt@d wae stlirbd (ot 3¢ Mnutes. awyaEtng MRe pHiof pitarhiytlip @ gholt) 4.8\@ith- an5 5
trifl esoramaeds yddium Hygokideesohltiona thb esagtioa mingutls walextrc®d Wwith methylenp etiloride. The 8xtfatt, 3H,
J = T7Hz)wasldrié®-ofer lghydrous 8bdiym 2uligid-shd Ghe( snlve@Hyas distiiid- & @®er( wpucBdpresfrelth- 3. 57
(m 2H), pravidd-an oiy3prédurt. Thd)aily Bro@uctth@s qbiainedl whe) sepFratadby7silE&ge] nglungt-HhromRtopraphy]
KBr, di sklyate: @@aelacelig acidwate55 30878, provide01621md Of cryganof N2H(HS)-etieByrarbonyl-3-
b phenyl-propyl)-Né -trifluoroacetyl-L-lysine.
40 H-NMR (CDCls): 5: 1.3 (t 3H, J = 7Hz), 1.42-2.25 (m, 8H), 2.5-2.85 (m, 2H), 3.0-3.55 (m, 4H),
417 (q, 2H, J = 7Hz), 5.4-5.83 (br. s, 2H), 6.9-7.4 (M, 6H)
IR (cm™, KBr, disk): 3320, 1740, 1700, 1615, 1205, 1170, 750, 700
m.p.: 137.0 to 138.0°C
[«]2° = 7.0° (c = 2, ethanol)
45
Example 9

Synthesis of N2-(1{S)-ethoxycarbonyl-3-phenylpropyl)-Né -trifluoroacetyl-L-lysine-N-carboxy anhydride:

50 In a 100 mi round bottom flask equipped with a reflux condenser were placed N2-(1(S)-ethoxycarbonyl-
3-phenylpropyl)-N® -trifluoroacetyl-L-lysine and 20 m! of an aqueous methylene chloride solution (0.6M) of
phosgene and the mixture was refluxed for 15 hours. After the reaction was terminated, the greater part of
methylene chloride (containing phosgense) was distilled off and then methylene chloride was completely
removed under reduced pressure to provide 0.82 g of N2-(1(S)-ethoxycarbonyl-3-phenylipropyl)-N¢-

55 trifluoroacetyl-L-lysine-N-carboxy anhydride.

TH-NMR (CDClz): 813 ({ 3H, J = 7Hz), 1.16-2.13 (m, 8H), 2.24-2.6 (m, 2H), 2.62-2.98 (m, 2H),
3.14-3.57 (m, 2H), 4.0-4.43 (m, 4H), 6.6-7.0 (m, 1H), 7.12-7.56 (m, 5H)
IR (cm™', KBr, disk): 3350, 2870, 1855, 1780, 1740, 1710, 1560, 1190, 950

12



EP O 336 368 Bl Exanple 10 Synthesis of

[err]-(1(S)-ethoxycarbonyl - 3- phengpy 958468 H1err] - trlfluoroacetyl L-1ysyl-L-
proline: 5 To a solution of 393 ng of L-proline, 137 ng of sodium

hydr oxi de, and 287 ng of sodi um carbonate dissolved in 10 ml of water was
added a sé&kampled@ of 782 ng of N2-(1 .

(S) - et hoxycar bonyl - 3- phenyl propyl )-[err]-

t ri f1 uor o&wshegis of NH{(Siathexyqarbenyibphendmeny BHNF -tiduatiacebdddwsyl-Liproling® i of acet one
and.the mxture was stirred for one hour at O C. After adjusting the pHto
abput 15 by aTGdi "‘E'I\?f P‘S(?FII-B‘PP'I? b’i?l'ﬂp °ftsﬁ@“'bPVq}'\ﬁ‘§’e'aﬂF 387 g of Wdﬂm?al?'f"a%e
addi'ti on S‘PS° F’I’E oL N1 @) glquyqa@anyb.'p phepylgypRy)

| ut tn& Q |n -
thor i <80 EHO Ry Q@w ”%“ﬁ&?g ¢§‘°e§ T
SO' V]entui t?s orm wﬂ? act ¥ yﬁené I%c%@ thea‘ 8 %ggveﬁr?ﬁnh drous
f the v ill nder_ reduced pressur rovide 2-(1(S)-
et hoxycar arg%)at% ?cr;éﬂ)y e edﬁityf‘ Iffey E'é:t%d %‘sé‘ta?{e t)to pchd le'ollg) !ihlllcf]é
an oily pg Hﬁwas Rsoved InY6.5Hhi LR4R Né?: ing 'ﬂ\eéolﬁlo
t-butyl ngtE¥y 28hd8Y, thb)éryElSlé‘ith&pBé?te& wérb hnluﬁ‘dadvutﬁ ?nﬁ"bf &ohekaHd fdMRedS stitin t 0

[err] fior omd nblRUTHSe cr*yéiﬁs Qiug SdbReindd twkkS rddeaRall byE dlitrdiRh,Cwabhdd bR h ¥hniiN arko opf
cycl ohexaggichédahe) \ahdl dhgd mtvatuol 8 Godn® temperaitCiol¥isVide 6B EndC byhb @hyStalk o8l N2-(1(S)-

obt ai ned emR6gcditDaR3PhatiphpylFNcLiifuabaenl-L-Nesbpdiney a snmal | anount of

cycl ohexane mpndtsio 7&€8°G n vacuo at roomtenperature to provide 647 ng of

t he cryst al alo? =[-t84°] (e (F1{.G)methandid Y HAr(BONy| - 3- phenyl propyl ) -[err]

-t ri fl vor oackitNNIR(CDGIy)sa; [1.2B¢,[AHO U+ Fide), 1A-3:83: (m7 42t8, 2,57-3.68(w.|2H), 3 1r3.73¢m, [681), r4]13@C =
1.9, et hahol5702)1485433(n0. THL $-87 (00 s, 1H), 7O0-7.6Q(RBHE.r | : [err] : 1.28(t, 3H,
J=THz), 1.4-2.83 (m 12H), 2,57-2,67(m 2H), 3.1-3.73(m 6H), 4.13(qg, 2H, J
= 7Hz), 4BempdleM3(m 1 H), 6.37 (br. s, 1 H, 7.0-7.68(m 6H). Exanple 11

25 Synt hesi s of car box henyl propyl )-L-l1ysyl-L-proline: To 10
o 8N Siegl PO PEeadr wa'évapr%v'g LAt

-(1(S)-car balrry1 uPro %a% ] ; roac I-L- l? n d by
ylpr |I or
Stlrrlng lgrref'(gfrg at [{ ail)'tl: leU E P& Of
wat er was b& f gg q?& m%cy %ol .um b an
aqueousso ﬁpﬁ §%& f( ”eg ethg) 7 5
ethh nh % E%Talrtsevver reg loft.l dn a rat

re3| due fﬁlirSE@ nd%@?ed @ udu%l ore puUNRGY l-ﬁzd Ehitntd #aﬁhys(i% §noW e
filtered gfolige 388 nif aﬁnzﬁ@m&i@sﬁenﬂprs Lst 11 Cidlife W8 ABifds) $HéU Bidfbriids €6t Shd €,
t he resi dgabucs&diicdsd WY tRosp déscihited th Jadimal uBEERSpEs P 54(Tegs)hanol ) to

provi des632 ng of N2-(1(S)-carboxy-3- phenyl propyl)-L-l1ysyl-L-proline as

sol i ds. TiEganjpleo2erti es of the product coincided with those described in

Journal of Pharmaceutical Science, 74, 352(1985). 35 Exanple 12 Synthesis

of [ err] - BintfeSis oer(h(S)oarhxydphenigoopyipidypyHL-projissy | - L- pr ol i ne: 40 To a
xt.ure of 5 m of ethanol, 10 mM of water, and 25 m of concentrated

su furi‘e aci'® amistugdfitdl of Wl 10 ml of water, and 25 ml of concentrated sulfuric acid was added 1 g

[err]-(1(9 Ney é?r)r6¥330 ﬁ'ﬁ'&ﬂﬂ!’l”ﬁw@ﬁy‘l")ﬂ”‘r@c‘?‘}"J-t'YS?"PI follgwesh By SYring) for 3 imiautes Gt @Rk d

by stirri f/ F’P’ ’9 ntes at omten&aﬁ = Tothe ‘rzgatlon mxt%{e was
added 115
Vhen t he s thet o el qmm, ot
hydr oxi‘fle " cg stl ?‘g Ue Tor ed was pur| as m 0 provide mg o
OXy-3-p! eny propﬁ)— ysy L-prolme

Claims

s0 1. An N2-(1-substituted-3-phenylpropyl)-L-lysine derivative represented by formula (I)

X  (CHy)4-NHR!

| l I
5 @-cnzcnzgn-bmgxcoonl’ ()
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107l e e gk v Py i
car boxy- 3- phenyl propyl ) -L-lysyl-L-proline. dains 50 1. A

- (1- subst i tExtragle 8 phenyl propyl)-L-1 yS| ne derivative represented by fornula
(1) 55 (1) [err] 13
EP 0 336 3@&8nthsisek Hﬁﬁ(Séem&y@bWprhmylplbpwz\l‘(tﬂﬂuoroacetyI-L-lysyl-L-prolme ,
(S) - et hoxycar bonyl - 3-phenyl propyl )-N6 -trifluoroacetyl-L-1ysyl-L-proline: 5
To &".sol &t i onTot sgwign Ag383fmg of drrntlingsd 37 MY f sagiiues hydioddea, anchaad magkof hediura natb@8tE
ng of sodi (Weseved inHanko uatsrs\mst jarpolailpn of 783fmg i Ne(1 (Shathorprchieanlyl3-pbenyiprapphN f

782 ngy of [t@\uprftaceq sinerreax p_dgsqjjﬁ@ m,quqn yipgtoqq@nd the mixture was stirred for
trifl uor oa®8® faur pLO P Aae adipsting ey Rt toaken) 4 by @eding Hrpehiprip geid, gherpH was adivstecine
and the mi ¥y %"\ﬂ/&?gd@?‘i ?fr%ls‘fdb'f“ Bigeoxide ythe Zacetp ’@r‘f’ d'%ﬂ’qde?ﬁ l??t?%'@mt e B'PI
to about™1 aﬂgﬁ%ﬁj 7% ”BFQ"H aaemaaﬁeﬁ H‘%B‘Pﬁy'e'lerﬁ@b pang 2V

t he add|t|(§ ‘5’? s' te iled offrade eprﬁa‘g ‘ﬁv'f’?@azﬂfgf“f?'d lhe
sol uti on, 'E %% Tfén ' " % fg "g”ﬂ“:?th“s
met hyl ene rs hus itod wi i c :@I

the sol Vi nmgur i usf ot!i{ gf fgagccoée ‘P, a:?jj ﬁ?'&ﬁ, gsma t of

E}?rhg(yg ;:r gzgé% he ne. ‘%géﬂ:ed in v ﬁﬁ:gfg\_a L%m-pfra;ur? -to I'OJIIdiGT7 mg/lof the cr%ﬁtalsn%f Iggﬁ(a}_l
oi |y product.p 945){0735;) ict thus o a| ne was dissolved in 5.5 m of
t-butyl net hy st.hqz54b¢é D gl hdwhndlB.1RGici 1/p)and after cooling the solution to
[erid: fop 20 nma(cnt:iapscme&tm Y=t7hxs d@ﬁ@wﬁq), vef-8efli! 2H)esh Mdﬂ 8H)n11éa{
cycFohexanQH)‘.DHi-a)(\nds-bys(ﬁHH)ramgorfspﬁu)l‘ﬁoqegqﬁ gpur. The crystal S
obtai ned were recovered by filtration, washed by a snmall anount of
cycl ohexan&xampididri ed in vacuo at roomtenperature to provide 647 ng of
the crystals of [err]-(1 (S)- ethoxycarbonyl -3-phenyl propyl)-N6
-t ri f | uos o Syathesls-of Ni-{}Sy-tarioxyps-pienylgropyipLiysyl-Liptolibe:t 0 [err] [err] = [err] (c =
1.0, nethanol/0.1 N HC (1 /1)) 20 [err] :1.28(t, 3H, J=7Hz),
1.4-2.83 (m Te219mi of 687ulturig A¢idwapadded 3 glof BR-T1EHearb@i)-3-plbntiBropy))-N tiiflugroacetyHz ) |
4.35-4.63( iysing fqlgwed@y gtﬂnr{gjpr 15dourg at-§0 * C,aftey cpolipg theymxigu to OELa¥Bhicof wateri@is added
Synt hesi s (979"51‘&23’%? Q5onb 19)8-Sowithap agluepust splitian.of 2hhpaglumfydroxide apd then
of 6N suPf Geipsgiin ® gsd’ﬂ'ﬂé a@n@n@m qy@'p)p e, the volatile matter was distilled off. To the residue
-(1(S)-car 'H%C! M 20' inspiphle | J‘P'B?'T'q ity wore fiteyad_qff. and,aftprrongeirating,iog
by stirri c\g'trf‘ g i (s) 2d °;'_tp i '%%Bgflf%rgeq R LHR9 goﬁ?%at?%pbga g"‘:}g%\)}rﬁg
of water f h
an_aqueoys 581‘%??'5&61’"%?38?"% %‘P "E)g ‘tt'ﬁaég ﬁ( Jgﬁ{?gb *ﬁb the pH to
7.5 with® 1IN Spmpi um hydr oxi de, the volatile matter was d| stilled off. To
the residu was added 10 ml of ethanol, insoluble inorganic salts

were fil ters r‘ﬂhé%icsfof qg) I{OW%-&%%&SEVB%WSFIQCPtr@ﬁe-H | trate under reduced

pr g&gure, e reS| ds were purift LH-20 chromat ogr aphy

(et anQJo) t Oro a mixture of 5 mi of ethanol, 10 ml of water, and 25 mi of concentrated sulfuric acid was added 1 g
of N2-(1 (S)-cyano-3-phenylpropyl)-N‘-tnﬂuoroaoetyl -L-lysine followed by stirring for 456 minutes at room
temperature.

To the reaction mixture was added 115 ml of water and the mixture was refluxed for 24 hours at 80°C.

When the reaction was over, the pH was adjusted to 7.5 with 5N ammonium hydroxide, the volatile matters

45 were distilled off, and the residue formed was purified as in Example 11 to provide 320 mg of N2-(1(S)-
carboxy-3-phenylpropyl)-L-lysyl-L-proline.

Claims

so 1. An N2-(t-substituted-3-phenylpropyl)-L-lysine derivative represented by formula (I)

X  (CHp)4-NHR!

I |
55 @-cnz CH GH-NHCHCOOR2 (5
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provide 632 ng of N2-(1(S)-carboxy-3-phenyl propyl)-L-1ysyl-
sol-ids. -The properties of the proghgizss8sggided wi th those qu‘gﬂﬂugnﬁmm“l“'
Journal of Pharmaceutical Science, 74, 352(1985). 35 Exanpl e« ynat hesis  *
of [err]-(1 (S)-carboxy-3-phenyl propyl)-L-lysyl-L-proline: 40 To a

m xt ure of Whain Bf representa@h acyl Gperbr wdthanaitype protacitte goupyiR? @hresamtscatiytitogdncstbm,

sul furic acfnalkyhgropupl dedn arallgyl @foup; X represents a cyano (CN) group or an aminocarbonyl (CONH.)
[err]-(1(9) 9’8%?&5‘-‘@ 'ﬁ?fbhwfmea'pwe)(smnﬂgwhﬁm@bﬂl@@ﬁy@mﬁiﬂc tarbopsiome f ol | owed by
stirring for 45 tes at roomtenperature. To the reaction m xture was
added 115 nf" H?“ mwe%ahqnweromwxﬁne Nogaoxyenhydsidacreresentadibyfomuia (Bt [err] .
When t he reaction was over, the pH vvas adj usted to 7.5 with 5N amoni um
hydr oxi de, the volatile matters 45 g |1IIed of f, and the residue
formed was purified as in Exanple 1 3 ﬁrow de 320 ng of [err] -(1(S)-

car boxy- 3- phenyl propyl ) -L-1ysyl - Lyprél =oC ains 50 1. An

N2- (t-substituted-3-p propyl ) 4L- Il"y5| pe der| vative repr&int ed by
formula (1) [err] (I)@ HECH, 36n36(081 wherein [err] represents an
acyl type or urethane e prot ecth oup; R2 represents a hydrogen atom
an al kyl group, or an aral kyl group; Xgrepresents a cyano (CN) group or an
am nocar bonyl (CONH2) group; and the mark * represents the (S)
configuration of the asymmetric carbon atom 5 2. An [err]

- (1- subst i t wieesth B mp@ssntspanogyl ypd_of brethahe -thpeCirotosivg grdid Wokbbre@nts SPERSENGD DY
formul a (1 1groupOaf emingcatbBnyh(GONEL)Ngrue; b an” slifpiRa®oriys graiip §howh by YHeSorfulaWgoTiWane
t ype pr ot ectvherein Y oprpsents an @byl @xep having flomarnto 4 (c&abhn onts)iand ] manki* Repes3sritomy |

( GONHZP  gr o§psontiguration o teasyestrisearpbn eleroup shown by the fornul a COOW
(wherein Wrepresents an al kyl group having from1l to 4 carbon atons); and
the mar k3 Thespirednes clgimed inlaim T o 2syhesaimRi iga krifludraspetgroue asynmet ri ¢ car bon
atom 3. . The derivative as clainmed in claiml or 2, wherein [err] is a
trifl uor §ackPyFesyPidRducing an AP6i-cyanos3sphenyinsenybiiriyiing dasikative represented by formula (V)

[err] 2(1 cyano- 3- phenyl propyl )-L-1ysine derivative represented by fornula
(V) 25 [err] 30* wherein [err] re resents an a&nyl type or urethane type

protective group; R2esents ‘?' hyéiF: gen-HHB

-cazcnzcn-unca -COOR? (V)
30

wherein R' represents an acyl type or urethane type protective group; R? represents a hydrogen atom,
an alkyl group, or an aralkyl group, and the mark * represents the (S)configuration of the asymmetric

35 carbon atom, which comprises reacting B8-phenylpropionaldehyde, a cyano compound, and a com-
pound represented by formula (IV)

40 (CI!Hz )4 -NHR!
HZN-—CH-COOR (Iv)
*

45

wherein R!, R?, and the mark * have the same significance as defined above in a protonic solvent at a

temperature of from -40 10 80 °C.

5. A process of producing an N2-(1-substituted-3-phenylpropyl)-L-lysyl-L-proline derivative represented by

50 formula (V1)

85
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\
an al kyl group,- or an aral kyl group, and the mark * repr e i

(S)-configuration of the asymretricgp% 336 368 @1Pon atom Whl m;'wjm!“m '
reacting [err]-phenyl propi onal dehyde, a cyano conpound, an

represented by fornmula (1V) 40 [err] ( 1'V) 45
wherein [err], and the mark * have the same significance as defined above
in a protonic solvent at a tenperuturecni)atpﬂni40 to 80 * C 5. A process
of producing an [err] -substlthted-$-phen opyl)-L-lysyl-L-proline
derivative represent e@ﬂ@!zﬂiz BrRECHCOMN] ) (5 14 EP Qv33§ 368 Bl
[ewLL 6 10 wher ei rr] represents an a type or urethane type
protective group; R3 represents a hydrogen atbm an alkyl group, or an

aral kyl group; Y represents a cyano group, anC®®nhocarbonyl group, or an

al koxycar bonyl group shomn by the formul a Cooml(mherein VVrepresents an

al kyl group Qﬂ&h carbon at * re esents t he

(S) configur %B' an ac pe ot uretha {‘:é?é:e WP %Frrﬁi?’n‘:m ar on roup:hﬁ'?g‘nng
[err]-(1- SUbS.ka lg] hﬁr gﬁ, from
represented 13,4 carb&%t tﬁe tl{ (S opth ‘ir"ﬂ;

Trk * have e cammesl o o %@osﬁtﬁt o ﬁf»v
repr esemd ed tp,yfd‘r.ﬁlml}sa VII d o?ﬁa derlevatpl vg r[o relgsf 30 alﬁﬂé’rr " rhg%presemed

(VT) 35 wherein R3 and the mark * have the sane srgnlflcance as defined
above. 40 6. A process according to claimb5, which further conprises

hydrol yzing the [err]-(1-subtituted- chgﬁgy opyl)-L-lysyl-L-proline
derivative represented by fornula (VI ain an N2-(1-(S)-carboxy- 3-

I
phg/yl propyl )-L-1ysyl -proline (I ysr!noé'kl_) dea)resent ed by formula (M 11)

[erT] 50 (II)
O -cxzcxzcx-n\c o

. ]

wherein R, Y, and the mark * have the same significance as defined above
and a L-proline represented by formula (VI) or a derivative thereof

[ |
\N’)\ COOR3 (V1)

30

35

wherein R® and the mark * have the same significance as defined abovs.
40 6. A process according to claim 5, which further comprises hydrolyzing the N2-(1-subtituted-3-phenyl-

propyl)-L-lysyl-L-proline derivative represented by formula (VIl) to obtain an N2-(1-(S)-carboxy-3-
phenylpropyl)-L-lysyl-proline {lysinopril) represented by formuta (VIil)

- OOH (CH, ) 4-NH, .
@-CHZCHZCH-NHCHCO-N - (VIII)
* %* %

COOH
50

wherein the mark * represents the (S) configuration of the asymmetric carbon atom.

7. Use of an N?-(1-(S)-substituted-3-phenylpropyl)-L-lysine-N-carboxyanhydride represented by formula
55 {n '

15



wherein the mark * represents the (S) configuration of th |

carbon atom 7. Use of an EP 0336368 B1 jjﬂﬂmiwn""”"l

[err]-(21-(S)-substituted-3-phenyl propyl)-L-Iysine-Ncarbo L s %

represented by fornula 55 (rn) EP 0 336 368 Bl [err] 10 wherein

[err] represents an acyl type or urethane type protective group; Y

represents a cyano (CN) group, an{GHgNn ®onyl [err] group, or an

al koxycar bonyl group shown by the roﬂ | a COOW (wherein Wrepresents an

aI kyl gr oup having from1 to 4 Tar@m&tOns); and the mark * represents the
(S) configuragtion of the|asymeiric carbon atom for(gmoducing

N2 (\I (S)-carboxy-3 #Qr&@y ﬁ - Idsyl proline. (lysinopril) represented

by forrmula (VII1) 2QMerr (‘VI'1'1) 25 wherein the

mark * represents the sane as the abmve. 30 Pat entansprUche 1.

N2- (1-substitui ertes 3-Phenyl propyl)OL-1ysinderivat der Fornel (1) 35

X CH2) 4- NHR1L CH2CH - NHCHOOOR2 (|) 40
in der R epnfeimhh Hofdbh PFbEGY Lirsth @ % Lofi

Wasser st of f %%;)h;n %ﬁtﬁﬁ@&r e{,l\ﬁ-ﬁ grQ&Lerg:h et(lpeLi% P ll?p ) {sfginu gg
Cyanogr uppewh v@f&«sres@.tsrm a&wg?&sawa@rfabh\wtumem ,anﬁ FafBleprdd @S

Zei che * disp chrfigurifion fof gie ragfrhrmdiricO@bor SI6HTT R IpkoGdiHg LR [B)-easdxrB-brdnQB®pyI)-L-
bedeut et . 4fysy2proldd-{Ifsinoprilfa8prbsehtbE byl fBfnula (VIIl)

3- Phenyl propyl ) - L-1 ysi n- N-car bonsdur eanhydrid der Fornel (11) (CH2 )4-NHRL
50 1YCHCO> 212 * ']

( 11) 55 (c O in der Rl eine
SCU z3gr uppe vom A oder Ur qt ﬁanty Ht?ede ;Y eine Cyanogruppe (ON),
eine 16 CH.,CH cn—-micuco-u (VIII)
272, *
%*
25 COOH

whersin the mark * represents the same as the above.
30 Patentanspriiche

1. N2-(1-substituiertes 3-Phenylpropyl)-L-lysinderivat der Formel (1)

%5 X (?Hz ) 4-NHR?

|
@—CHZCHZ%H-NHSHCOORZ (1)

b.
40
in der R' eine Schutzgruppe vom Acyl- oder Urethantyp bedeutet; R? ein Wasserstoffatom, einen
Alkylrest oder einen Aralkylrest bedeutet; X eine Cyanogruppe (CN) oder eine Aminocarbonylgruppe
(CONH:) bedeutet; und das Zeichen * die (S)-Konfiguration des asymmetrischen Kohlenstofiatoms
bedeutet.
45

2. N?-(1-substituiertes 3-Phenylpropyl)-L-lysin-N-carbonsZureanhydrid der Formel (ll)

(CHy ) 4~-NHR!
50
Y C H"’C:O

| P (11)
HaCHpQH-N_ 0

1]
55

o

in der R! eine Schutzgruppe vom Acyl- oder Ursthantyp bedeutet; Y eine Cyanogruppe (CN), sine

16



EP 0 336 368 Bl LTErrnid 1111111
Am nocar bonyl gruppe (CONH2) oder egmgiséhlgpycarbonylrest “"'"H”'"Tu" w,’
(in der Weinen Alkylrest mt 1 bis 4 Kohlenstoffatomen bedéut &t)t bedeust et

und das Zeichen * die (S)-Konfiguration des asymetri schen Kohl enst of f at ons
bedeut et. 5 Afinodadonyiguippe dCONHAN Sar Letnan Alkoxyedrbddylresiodise | Foftiel €OOW (in der W einen
Tri f1 uor acet hkyestpwie! bie d Kohlenstoffatbmel/bedsathil) barleatetr unkidasZeidhérutllp (8)-iKnmfiguration des
N2- (| - Cyano- gsypimetigdhpn Kghishjtoflatoms bédedtet | vat es der Fornel (V) 10 CN

(CHZ)4 NHR 15- CH2CH2CH- NHCH- COOR2 (V)
1551 n dér R D@I"ﬁ@%ﬁ'ﬂﬁ'r‘tﬂﬁ‘ﬁfé veRel Rcsne- T"Mé\cetwamémeysst bedeutet; R2 ein
Wasser stof fato ei nen st oder einen Aral kylrest bedeutet: und das

elpn PLonS:

Zei chen * 4i ¥eredypn RHHP"SBU{" ?Fr{"zdbgyaa%;?H?PQV'P’P%@MW'WHP‘%%%’ 5P gt ¥

bedeut et, unfassend die Unsetzung von , - Phenyl propi onai dehyd, einer

Cyanove,ro- 20 bi ndung und el ner Verbi ndung der Fornel (1V) ( CH2 )4-NHR
(171 CN  (CH,)4-NHN'25

HNS- CH- COOR 2. in der R2 und pas Zgi chen * die vorstehen(il Sngegebene
Bedeut ung haben, in M)Ba@g@ﬁ?ttel bei einer \Y nperatur von
-40 bis 80 * C. 30 5 fahren Zhr He?stellung eines N2-(1-substituierten
3- Phenylgpr opyl ) - L- 1 ysyl - L prolinderivates der For- nel (VIl) 35

Y (CH2) 4-NHR1 K ~~~~ ~| | - CH2CH2CH NHCHCO N>

(M1) 40 in der R' eine Schutzgruppe vom Acyl- oder Ursthantyp bedeutet; R? ein Wassbi3®ffgén, einen

~~~~~~~~ COORAKkylrestderdines iAratkylfast istiaLst; Lupgd dasvZeichéiCYydie (SpR@figurition darzisyhimetrischen
bedeut et; R3Kelilnstvifetorsrtbtiatet, airdaspendidivctmsatzuyy vob Sa-Predyigropinaldshydireitiek $Yanest-
be\tgut e, Y blhaupg GybevegVerbipdung deriferméhd\hocar bonyl gruppe oder einen 45

Al Roxycar bonyl rest der Fornmel COOW (| n der W einen Alkylrest mit 1 bis 4
Kohl enst of f at onen bedeut et) ?éﬁg t]nd das Zeichen * die
(S)-Konfiguration des asynme cﬁ‘en ohl enst of f at ons beqawtjet, unfassend

die Ursetzung eines N2-(1lg 2ﬁbékL_w16n
3- Pheny®propyl ) - L- 1 ysi n- N-€ar Bonsaur e- anhydrids der Fornel (11) 50 55 17

in der R', R? und das Zeichen * die vorstehend angegebene Bedeutung haben, in einem protischen
L&sungsmittel bei einer Temperatur von -40 bis 80 C.
30
5. Verfahren zur Herstellung eines N2-(1-substituierten 3-Phenylpropyl)-L-lysyl-L-prolinderivates der For-

mel (Vi)
% 1|r (CHp) ¢~NHR!
@-cnz C32CH-NHCHC0-N/j (VII)
_ x * N
“0 COOR?

in der R' eine Schutzgruppe vom Acyl- oder Urethantyp bedeutet; R® ein Wasserstoffatom, einen
Alkylrest oder einen Aralkylrest bedeutet; Y eine Cyanogruppe, eine Aminocarbonylgruppe oder einen

45 Alkoxycarbonylrest der Formel COOW (in der W einen Alkylrest mit 1 bis 4 Kohlenstoffatomen
bedeutet) bedeutet; und das Zeichen * die (S)-Konfiguration des asymmetrischen Kohlenstoffatoms
bedeutet, umfassend die Umsetzung eines N2-(1-substituierten 3-Phenylpropyl)-L-lysin-N-carbons&ure-
anhydrids der Formel (Il)

50

55

17



EP 0 336 368 B1L (CH2) 4-NHRL Y CH C=05 -C~~
-0-0 10 in der R, Y und das Zei gpqysgs ggs®1vor st ehend an
haben, nmt einemL-Prolin der Fornel (VI) oder einem Deri vat awonu

(VI) H 20 wobei R3 und das Zeichen * die vorstehend angegebene Bedeutung
haben. 6. Verfahrsn nach Anspruch 5, das ferner die Hydrol yse des

N2- (1- substitui erten 3-Phenyl propyl()cﬂ%< kR 25 L-prolinderivates der
Formeal (VII) zu einem N2-((S)-1 y= 3- pﬁenyl propyl)-L-lysyl-prolin
(Lysinopril) der Forrrel (Mill) 36 CH C=0 (j OOR
(CE2) %4-NH2 (&Q - CH2C2EK NHCHCO-N * | (II) (Vi)
36 in der das ZCHilsz((Sﬂ-Nani@uration des asymmetri schen
Kohl enst of f at ons beded unfal 3%. 7. Qferwendung ei nes Nt
((S)-1-substituierten 3- Phenyl propyl ) 1y ysi n- N- car bonsaur eanhydri ds der
For nel,_ 40 (11) (CE- ) 4-NER 45 o Y
cc=82 * [I 60 0in der RL

ei ne Schut ZgEuRPsy Y aé%kheno%r &%’%ﬁéng %Fﬁeé&epeeﬂé&ﬁt@rkl rl?%nelnli% nb™ SIEGHE ae

(CN), eine pgmepmga QiR¥h BB Bvdn er el nen oxycar onylrest der
Formel OOW (in der Weinen 55 AIkyIrest mt 1 bis 4 Kohl enst of f at onen

bedaut;et) bedeutet; und das Zeichen *die (S)-Konfiguration des
asynmet ri schen Kohl enst of ons bedeutet, zur Herstellung von
N2- ((S)-1-Carboxy- 3- phenml )-L- lysyl-prolin (Lysinopril) der Fornel
(Vil) 18 x7 ~COOR3 (v1)

H

(20
o _
wobei R?® und das Zeichen * die vorstehend angegebene Bedsutung haben.
6. Verfahren nach Anspruch 5, das ferner die Hydrolyse des N2-(1-substituierten 3-Phenylpropyf)-L-lysyi-

25 L-prolinderivates der Formel (VIl) zu einem N2-((S)-1-Carboxy-3-phenylpropyl)-L-lysyl-prolin {Lysinopril)
der Formel (VIII)

<:::>-cazcnzca-uncnco-n (VIII)
%* * A
COOH
35

in der das Zeichen * die (S)-Konfiguration des asymmetrischen Kohlenstoffatoms bedeutet, umfaBt.

\_/ 7. Verwendung eines N2-((S)-1-substituierten 3-Phenylpropyl)-L-lysin-N-carbonséureanhydrids der Formel
40 D))
(CH,) ,~NHR
2°4
45 Y CH—C=0
l l* l (I1I)

@—CH2CH2$H-N\?,0

0 o

in der R! eine Schutzgruppe vom Acyl- oder Urethantyp bedeutet, Y eine Cyanogruppe (CN), eine
Aminocarbonylgruppe (CONHz) oder einen Alkoxycarbonylrest der Formel COOW (in der W einen

55 Alkylrest mit 1 bis 4 Kohlenstoffatomen bedeutet) bedeutet; und das Zeichen * die (S)-Konfiguration des
asymmetrischen Kohlenstoffatoms bedeutet, zur Herstellung von N2-((S)-1-Carboxy-3-phenylpropyl)-L-
lysyl-prolin (Lysinopril) der Formel (VIIl)

18



EP 0 336 368B1 . COCH (CH 2)4-H | | - CH2CH 2C _
(Viil1) COCH 10 I n der das Zei chgmoadsessgnst ehend anggummmawumll
hat. Revendl catlons 1. Derive de N2-(1-substitu6-3-phenyl propylY -1 ysime
reprdsent4 par la fornmule (1) 75 X (CH2) 4-NhI 20 '

CH2C~2Cg- NH>C' CR2( dans laquelle Rl represente un groupe protecteur du type
acyl e ou du type urethane; R2 r §9QFsent@4n,Mye d' hydrogbne, un radical

al kyl e ou un radica al kyle; X represbnte adi cal cyano é):%\l; ou un 25
radi cal ami nocar bor@&@ﬂﬂzw@%‘u represente | a(‘€ guration
(Sy de f'atonme de c ne asymetYique. 2. Anhydride de

N2-\(’1-subst | tud- 3- phenyl propyl )-L-1ysi ne-N-carlboxy represente par |la

formule (11) 30 COOH (CH2)4-LNER1 Y CH C=0O
35 cor-CH2CH2I . | (1
Il O daps | a e ' cteur du type acyle ou du
type ura@t hangtag{}arggg%hgéeﬁ%g‘ﬁﬁﬁkﬁ%%d’eg%ae??{’%@“@b%no (ON), un radical

am nocar bgRvdfndafddy H2) ou un radi cal al koxycarbonyl e reprdsent6 par |a
formul e COOWN (00 Wrepresente un radical al kyle poss~dant de 1 & 4 atones
de car bone) ; pétivé bENSH Yisiitis-S-BIBRAGKEIV)E-Iysie FpREIrE Barlaiteiue B de | ' atone de
car bonessasynetrique. 3. D6eriv selon la revendication 1 ou 2, dans | oquel

Rl est un radical trifluoroacetyle. 45 4. Procede de production d' un derive
de N2-(1-cyano- 3- phenyl propyl ) - Lgl ysi hepgggant 6 par la'formule (V, 50

CN (C2)4-Nrl' -C:_-cHec CH-@HCH-( sk dans
| aguel | e R1 represent oURE ~RI 2du type acyle ou type
uret harfe; R2 reprb6se ngg{?g‘%ﬁc I%%%Eggﬁe, un radi cal al kyle ou un

radical aralkyle, et I'e signe * represente |a configuration (S) de |'atone

~de carbone asynbtrique, gw consiste a faire rea%ir du .
P- pheny!| pr opf&f Lavele i gepr iﬂﬂted’ﬂﬂg’&l%%prﬁ:?‘é%d‘éiy%?f’y SHIB g prathanes B rerréseate up o

formule (IV) at rae d'hydrogens, un radical alkyle ou un radical aralkyle; X repreésente un radical cyano (CN) ou un
25 radical aminocarbonyle (CONH?2); et le signe * représente la configuration (S) de I'atome de carbone
asymétrique.

2. Anhydride de N2-(1-substitué-3-phénylpropyl)-L-lysine-N-carboxy représenté par la formule (Il)

so . (CHy ) 4 -NHER!
Y CH-—C=0
O L (I1)
—CH5CH>CE-
35 ,/—C =R N\(:/o .
I
‘ 0
\_ dans laquelle R' représente un radical protecteur du type acyle ou du type uréthans; Y représente un
40 radical cyano (CN), un radical aminocarbonyle (CONH?) ou un radical alkoxycarbonyle représenté par la

formule COOW (ol W représente un radical alkyle possédant de 1 & 4 atomes de carbone); et le signe
* représente la configuration (S) de I'atome de carbone asymétrique.

8. Dérivé selon la revendication 1 ou 2, dans lequel R! est un radical triflucroacétyle.

45
4. Procédé de production d'un dérivé de N2-(1-cyano-3-phénylpropyl)-L-lysine représenté par la formule
V),

50 | CN (CH;)4-NHR!

' ! 52 (V)
-CHZCHZCH-NHCH-COOR '

* *

85 dans laquelle R! représente un groupe protecteur du type acyle ou du type uréthane; R? représente un

atome d'hydrogéne, un radical alkyle ou un radical aralkyle, et le signe * représente la configuration (S)
de l'atome de carbone asyméirique, qui consiste & faire réagir du S-phénylpropionaldéhyde, un
composé cyano et un composé représenté par la formule (IV)
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EP O 336 368 Bl (CH2 )4-NHR1 | t
H2N- CH COOR dans laquelle R et [Ehogds3g@ i gne * ont | a m-’“ll'”"ﬂ”“ m
quo celle définie plus haut, dans un sol vant protonique a une cerrpe

de -40 a 80 * C. lo 5. Proc6dd de production d un derive de NL(1

-substi tud- 3- phenyl propyl )-L-1ysyl - L' proline represent6 par la fornule
(M1) 15 . (CH32)4~NHR Y (CE2) 4- NREL -

CH2CH2I E- KCHI CO- N l 2 VIl ) QPR3 20 dans laquolle
Rl reprdsente un radi cBpNpCE-€O0BUr du type acyle ou du type urdthane; R3
re res%nte un atorre d' hydrogbne un radi cal al kyl e ou un radical aral kyI e;
Y represent hg:a L£Yano, un a ocarbon |l e.qu un radjcal

al koxycar boff Ly :gﬁ i é;} jane a°?_§?@“ PoBe kP %f"ﬂ%@'ﬂf Bavl fladsun

radi cal al KJI'e" PESLAFI™ a%lrefe S de carbone); et le signe *
represgnge | Slend 4 | |

Cons! ro5a :*f&éﬁﬁﬁgé Gl 20 cabe oo e P DRAPDE L Bt icanf o
phényl pr opy ) L-1ysine-N-carboxy repr6sent4 par la fornmule (I11) 30
(CH2)4-NHR Y CH cso 35 1 Cz2GCG 2>-N-Co

~~~~~~ (11) :35 0 - ~ 1f 0 40

: 1
dans laquelle RL, Y et le signé&* th‘ﬂ’%si gnification quo celle

definie plus haut, n r o |ne &%e\? ntkee par la formypig (VI), ou un
derive de colle-ci @Fﬁz - (VT dans

| aquelle R3 et le s * ont memnme S|gn|gcat|on que celle definie plus

haut. 50 6. Procddd solon | a revendi cation oog%i consiste de plus A

hy@r/ol@ser | e ddriv4 de N2-(1-substitu4d-3- phenyl propyl)-L-lysyl-L-proline

representd par la fornmule (VII1) pour obtonir une NL(1(S)-carboxy- 3-

phenyl pr op;zg%s lbaye }%ﬁﬂ 1o %mp He radical rotRgior qu)tyrecasyies bt tyee Yséthang; d*frenré?mteun

(MI11) 55 me d*hydrogene, un radical alkylé ou un radical aralkyle; Y représente un radical cyano, un radical

aminocarbonyle ou un radical alkoxycarbonyle représenté par la formule COOW (ol W représente un

25 radical alkyle possédant de 1 & 4 atomes de carbone); et le signe * représente la configuration (S) de
l'atome de carbone asymétrique, qui consiste 2 faire réagir un anhydride de N2-(1-substitué-3-
phénylpropyl)-L-lysine-N-~carboxy représenté par la formule (i)

%0 - (clzaz ) 4-NHR!
Y CE- C=0
O )-crjcx cl:x ] )
35 2+2 Y Nl c’o
if
o]
\'/ 40 dans laquelle R1, Y et le signe * ont la m&me signification que celle définie plus haut,

et une L-proline représentée par la formuls (VI), ou un dérivé de celle-ci

[\ 1)

Ng¥ > coor3
. H

dans laquelle R? et le signe * ont la méme signification que celle définie plus haut.
50
6. Procédé selon la revendication 5, qui consiste de plus 2 hydrolyser le dérivé de N2-(1-substitué-3-
phénylpropyl)-L-lysyl-L-proline représenté par la formule (VIl) pour obtenir une N2-(1(S)-carboxy-3-
phénylpropyl)-L-lysyl-proline (lysinopril) représentée par la formule (VIII)

55
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COCH (CHz2 ) 4 - NH2 - CHCH2CH2C- NXHCK% - N}

(VL4 ). COOH dans laquel e | signegp orsgpggete |a confi gura llmwj “HHIIII " Illl
| " at one de carbone asym-trique. 10 7. Utilisation d' un anhyd

N2- (1-(S)-substitu6-3- ph6ny|propy|) L- 1 ysi ne- N- car boxy repr~sentd par la®
formulo (11) is . (CH2 ) 4-NHR 1 Y CH -
C=0 20 pCE2 ¥ if 025 . dans Iaquelle R1
repr~sente un radic ou du type @?

repr~sente un radi c‘ano mﬂdm m nocar bonyl Z mHZ) ou un
radi cal ®al koxycarbonyle represent4 par la fdrnulo COOW (0O Wrepr6sente un
radical al kyle poss~dant de 1 a 4 atones de gaxotbone); et |le signe *
reprdsente |a configuration (8) de | atonme de carbone asyndtrique, pour
produire |a L box e | l-prolin | ysi nopril)
repr dsg&t ~e %larlrﬁ(lq]méllg e s?% |%E|¥/fe|n§)léj ??8%8"1‘0(%*3)' tom ﬁésgarboﬁe gsymétﬁqu(e.

~~~CH2CR2 G+ UMEQJ%Qn%nhydnde de N3-(1 V(?)-sub jtyé-3- Bhéaylpropy )-L-Iysmr It‘l-carb%xy représenté (pyl} B!)

35 formule (I) ans "l'aque signe
*représente | a nBne chose quo CI dessus. 45 50 55 21

1
16 (Cl:Hz) 4 NER
X C*H—'C=O
() -cupca, =
-N 0
\\/‘ 20 2 2 * ~ %’
o]
25 dans laquelle R' représente un radical protecteur du type acyle ou du type uréthane; Y représente un

radical cyano (CN), un radical aminocarbonyle (CONH?) ou un radical alkoxycarbonyle représenté par la
formule COOW (o0t W représente un radical alkyle possédant de 1 4 4 atomes de carbone); et le signe
* représente la configuration (S) de I'atome de carbone asymétrique, pour produire la N2-(1-(S)-carboxy-
3-phénylpropyl)-L-lysyl-proline (lysinopril) représentée par la formule (VIII)

30

oo (?uz) 4N,
. @— CH,CH, CH——NHCHCO-N (VIII)
Je
COOH

40
dans laquslle le signe * représente la méme chose que ci-dessus.
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