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J -TANUARt f 0200f NOVEL METHOD FOR SYNTHESI STERS
OF N-[(S)-1- CARBOXYBUTYL] - (S) ALANI NE AND U %ﬁéﬁ‘#‘aﬂ AcoF
FOR SYNTHESI ZI NG PERI NDOPRI | The present invention
relates to a process for the synthesis of
RIQYELMETHOR BBWMT}V:E%Z&Q ESTERS OF M-S 1ARBOINBUTYLI-S)-
t hei r AFHYINE ANCHHPE SEPR RENTHEYZINGRHERNBBPRIL and
its pharnaceutically acceptable salts. Mre
specifically, the present invention relates to a new
T P e 5 R SRRy e SR T SER R e -69)
alanigpr estemt sand [td nthair eppliratioc hed the sydB)eaisk pf perindppril and its
hand abg].:gi]&;iéon salts thereof with a mneral or organic
pharmageylicaliyaceept SE‘EﬁTpounds of formula (1) obtained
according to the process of the invention are useful
10 in the synthesis of perindopril of forrmula (I1) H H
Moxe cpefigally) theOp@isent HaGer(tionNkdlates) toaC@REwW panedss fort the synthesis of
I%énqtlﬂes'f of . its pharmaceutically acceptable salts.
COTRA} 88‘15 it its pharmaceutically acceptable salts
have val uabl e phar nacol ogi cal

CH

< 3
S ®
Rozc/@NH)(STCOZH

wherein R represents a linear or branched (C;-Cg)alkyl group,
and addition salts thereof with a mineral or organic acid or base.

The compounds of formula (I) obtained according to the process of the invention are useful

in the synthesis of perindopril of formula (II) :

B : (m

CO,Et

and in the synthesis of its pharmaceutically acceptable salts.

Perindopril and its pharmaceutically acceptable salts have valuable pharmacological
properties.
Their principal property is that of inhibiting angiotensin I converting enzyme (or

kininase II), which allows, on the one hand, prevention of the conversion of the
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properties. 15 Their principal property is that of

i nhi biting angiotensin | converting enzyme Q@ IANU_AR‘/ ADOF

kininase Il1), which allows, on the one hand, prevention
of the conversion of the : TANOA2v 0\00 -2 decapeptide
angiotensin Ito the octapeptide angiotensin H (a
vasoconstrictor) and, on the- other hand, prevention of
t he degradation of bradykinin (a vasodilator) to an
dedaP&Ride i gioRERI 108 - thd BOEFeiHP aAETlAGS 18 PN EdoPMsEidtO) hhE on the
beneficial effects of perindopril In cardiovasculaf 5
othdi diead gueventior @sthe alegtadytiom ol bratykalin y pesedlatirpio andnactive
Qﬁ@rt failure. Perindopril, its preparation and its use
PERY®t her apeuti cs have been described in the European
ThoR! 87 a8tRRG1 ddnedhit® Mo R Be@4Rid WreclsNotV p&WdBhril AE cardiovascular
_pharmaceutical value of that conpound, 1t has been
dispasp® macap espeolably imbiterial bypergngpr anhheanielailweer nedi at e of
formula (1) by an effective synthesis process that
allows in particular, the selective production of the
Peﬁlﬁio‘ﬁﬁl,dt'sé}ﬁ%ﬁﬁ‘zﬁiﬂns&ﬂﬁfs Us8 irdthgApeutits @latle BeWh dakdribednn the European
excel | ent degree of purity, but that is equally readily
patentFreEBeation %Oé%6§£dustrial scal e. Sone nethods for
the preparation of the conmpounds of fornula (1) are
al ready known. - The journal Tet. Lett. 1982, 23 (16),

In BV /0f80e draatadcbaral tupobtiacédngpouvat], @ heobgalngottnt tdbe able to
formnula (1) .(R =.ethyl) by reacfing ethyl 2-oxovalerate
Obw%t Hlealimaq(lim?‘%@g%ee?ﬁ ?%E’%{%) (Iéﬁ)(yeﬁm © eCtg‘teh%Yﬁlé}eS]is Pro¢rss that allows in
D e Y M R i Soispmel 8 A eld ang with an
exellentisgrenaf pfirityf butrthdtas ¢qually Readilgtiaysposihyle tohan indesttialenale.

i n di met hyl formam de of al ani ne benzyl ester wth
et hyl a-bronoval erate in the presence of triethylam ne.

o e B PREhC SR ABPRAEE 358129 ) B

— The journal Tet. Lett. 1982, 23 (16), 1677-80 describes the production of a compound of
formula (I) (R = ethyl) by reacting ethyl 2-oxovalerate with alanine tert-butyl ester in

ethanol in the presence of sodium cyanoborohydride.

— The patent specification EP 0 309 324 describes the production of a compound of
formula (I) (R = ethyl) by the reaction in dimethylformamide of alanine benzyl ester

with ethyl a-bromovalerate in the presence of triethylamine.

— The patent specifications EP 0 308 340 and EP 0 308 341 describe the production of a
compound of formula (I) (R = ethyl) by reacting ethyl norvalinate hydrochloride with

pyruvic acid in water in the presence of hydrogen, palladium-on-carbon and sodium

hydroxide.

The Applicant has now developed a new process for the industrial synthesis of

compounds of formula (I).



compound of formula (1) (R = ethyl) by reacting ethyl

norval i nate hydrochloride with pyruvic acijl_ nj@‘tr@UAR\-/ ADOF
in the presence of hydrogen, palladi um on-¢arbon and

sodi um hydroxi de. The Applicant has now devel oped a
new process for the industrial synthesis of 25
conpounds of formula (1). 131~ 7ANUARy aco-T -3 More
specifically, the present invention relates to a

Qfée§p°6cff9:511§rhﬁlesﬁfégaﬁslh%r@lfon &WW@SPI‘BEGSE %Ewch@ sihthesis of
whi is characterised in that a nor i none of

fcr@nmquads( loif | Jormu@ @) Thi¢H |1} cliﬂBa:Ct@lwhemenhat Pa morpholinone of
E_P‘gls s a protecting group for the am no fraction,
i8 either with allyl bromde or allyl

trlflate |n t he presence to yield a
conpound of formula (1V) aV| the (3S,59)
configuration : O Os) s8> erein Pis as
defi ned herei nbefore IS h ogenated in the
presence of pall adi on-c bon - or with

i odopropane, to yield a co ound of formula (V) having

the (3S,5S) configuration :
5 wherein P represents a protecting group for the amino function,

is reacted

e cither with allyl bromide or allyl triflate, in the presence of a base, to yield a
compound of formula (IV) having the (3S,5S) configuration :

o) o)
LS
.C N7 TR

P

wherein P is as defined hereinbefore,
10 which is hydrogenated in the presence of palladium-on-carbon,
e or with iodopropane,

to yield a compound of formula (V) having the (3S,5S) configuration :

Jio 0
® ;r )
H,C T e,

P

15 wherein P is as defined hereinbefore,
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OO(s) (s) HBC N"~CH3 P 15 wherein P is as defined
herei nbefore, i ? ZANOARV aootf -4 which |§j&§bj ted
to the action of LiOH then to the action of
esterification reagent, to yield a conpound of fornula
(M) CH3 CH-~OH(VI) R®2Cc | >\\U/ 5 wherein R and
P are as defined hereinbefore, which is reacted with an
oxidising agent to yield, after deprotection of the

aphRe isf 4BfdciedNio fh@eac@lgﬁp&uﬂfb@f tHeRTBUIE dctibn mgstgﬁﬁcatlon

protecting groups for the amno function that can
usegentn the present invention there may be nentloned,
wi thout inplying any Iimtation, the groups tert- 10
but oxycar bonyl and benzyl oxycarbonyl. The preferred P
grogogldiasonipeundoef fobmtlaxydar bonyl  group. Anopng the
bases that can be used(f r the reaction between the
conmpound of formula (I I? and allyl brom de or allyl
triflate there nmaybe rélntl oned, wi thout inplying any
limtation, [ithiumdi\N soprepylam de (LDA), sodium
bi s(trinethylsilyl)ani de (NafMVDS )(%?d vVI)
RO,CZINTE

P

wherein R and P are as defined hereinbefore,

which is reacted with an oxidising agent to yield, after deprotection of the amino

function, the compound of formula (I).

Among the protecting groups for the amino function that can be used in the present
mvention there may be mentioned, without implying any limitation, the groups tert-
butoxycarbonyl and benzyloxycarbonyl. The preferred P group is the tert-butoxycarbonyl
group.

Among the bases that can be used for the reaction between the compound of formula (III)
and allyl bromide or allyl triflate there may be mentioned, without implying any limitation,
lithium diisopropylamide (LDA), sodium bis(trimethylsilyl)amide (NaHMDS) and

potassium tert-butanolate.

Among the esterification reagents that can be used for the formation of the compound of
formula (VI) there may be mentioned, as preferred, the compounds of formula (VII) :

R-X (VID)
wherein R 1s as defined for formula (I), and X represents a triflate, tosylate or mesylate

group or a halogen atom, preferably iodine.

When it 1s desired to obtain compounds of formula (I) wherein R represents a methyl

group, the esterification reagent may also be diazomethane.

ANUARY AOT
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15 potassiumtert-butanol ate. Anong the esterification

reagents that can be used for the formation N4 % gﬁggthqR# HNOOF

compound of fornula (VI) there may be nent

preferred, the conmpounds of fornmula (M1) : RX (VII)

wherein Ris as defined for formula (1), and X

represents a triflate, tosylate or nesylate 20 group

or a halogen atom preferably iodine. Wien it is

desired to obtain conpounds of fornula (1) wherein R

represents a nmethyl group, the esterification reagent
Ammlg thd sﬁdbisngd&@m@ﬂﬂmt kambe useAI‘iI@NIHV oxidatiovdnDihg colm@ound of formula

o b e R o e SEliar 80 e of

Ru@M,;t hout |nply|ng any I|n1tat|on Nal ™4 in the presence
of RuCl13. The oxidation may also be carried out in two
The pjeigtiotbmalyi alsst be eavied pithig twoestersiby dimst @hverﬁng direredrapound of

oY L SREESRREAL 0 Y b e Sty s, e

oxidfin s P arighyti t6 WdvrEkpdhdam drbdx@lic gxanet @x 188sing KMnO
|cmﬁ%h. Tﬁgﬁ%onpoundspofﬁ%%rnuﬁg (V) and (%ﬁ% aregnew *

products, useful as synthesis |nterned|ates in the

Thé h@o@%oiﬁlng? g(%ﬂo ?Mf (LK})BV | d djﬁ Eyne\? f’]}pﬁgucqé ! Ylseﬁ talé] es&inthesm

perin as suc orm’an
1nt¢1‘ﬁ‘fet11a®sfs inhthe pohesdul or rpl“ﬁﬂhd:dnncallﬁidﬁhﬁ_/ @GEpueinlIR ftnhﬂzb Syﬁthesw of
eferred is the ethyl group. The conpound of fornula
pelp}dlowl @8 %@10869@9 ﬁléalt%%r%lrﬁaﬁrfé the pyggent invention.
(S)-N-benzyl al aninol, which is reacted with ethyl
bronpacetate in the presence of triethylamne to yield,
Thagtomp Rethetisipneferreds theethyl grqumpup,
(S)- N (ethoxycarbonyl et hyl ) al ani nol, which is then
protected by the group P as defined hereinbefore,

Th¥ebaPoirdl $MBAEN ¢TNS@E tRYobEERG i inMiiblh B benzylalaninol, which
1s reacted with ethyl bromoacetate in the presence of tricthylamine to yield, after cleaving
the benzyl group, (S)-N-(ethoxycarbonylmethyl)alaninol, which is then protected by the
group P as defined hereinbefore, which is then cyclised by reaction with para-

toluenesulphonic acid.

Example : N-[(S)-Ethoxycarbonyl-1-butyl]-(S)-alanine hydrochloride

Step A :tert-Butyl (38,5S)-3-allyl-5-methyl-2-oxo-4-morpholinecarboxylate :

Introduce into a reactor 200 g of tert-butyl (5S)-5-methyl-2-ox0-4-morpholinecarboxylate
and 700 ml of tetrahydrofuran, then cool the solution to —60°C and add 700 ml of a 2M
solution of lithium diisopropylamide in tetrahydrofuran and heptane, while maintaining the
temperature of the reaction mixture below -40°C. After reaction for 1 hour, add 225 g of
allyl bromide while maintaining the temperature of the reaction mixture at -30°C, and stir
for 3 hours.

Subsequently, return the reaction to ambient temperature, hydrolyse with an aqueous

ammonium chloride solution, extract with ether and wash the ethereal phase with water.
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15 t ol uenesul phoni c acid. Exanple :

N-[(S)- Et hoxycar bonyl -1-bntyl]-(S)-al ani ne 19 IANUAR‘-/ 00 F

hydrochl oride Step A Gent-Butyl (3S,
5S)-3-al lyl -5-net 7i yl - 2- oxo- 4- n2or phol i necar boxyl at e
Introduce into a reactor 200 g of tert-butyl
(5S) - 5- net hyl - 2- oxo- 4- nor pho! i necar boxyl ate and 700 mi
of tetrahydrofuran, then cool the solution to -60C and
add 700 M of a 2M 20 solution of lithium
di i sopropyl am de in tetrahydrofuran and heptane, while
Thernitert-airtyl ng3$ bB)-8-attpks-atdting-2edx o-henarplandinecenbaryddtelr ésolated by
bel ow. - 4 Af reaction.for .1 haqur
congeRiAtng e %‘Erainﬁl?a}sét VRESSIHISSY 26 Hds F’etﬁﬁg&é)c“ﬁ%g@ t he
reaction mxture at -30C, and stir for 3 hours.
Subsequently, return the reaction to anbient
StepdhprertaButyle3S,8§ 80 ahatlpeé-Inprohylehoemdeaushol @fcaulmiatam
chl oride solution, extract with ether and wash the
et hereal phase with water. ~TANOARV dDO -6 The

Intfabe S ¥ hydro genatlon vessel 200 g of the compound obtained in the above Step in
(3S,55)-3-allyl-5-methyl -2-oxo-4- nor phol i necar boxyl ate

solpgen &t ethmml fOé]QW@é rhyr%ugu qulOt HeP&h é}yéroagh@tg @t normgyl ypmessere and

amk)lentJ = neral%ur{z g‘ghf;‘gf ri%et ?Fgltc%w%l,l nlgh}%ro gen has %Qen Absorbed.

Reflodp e chtfl¥a-H4- filtati ph ahéd BORIDMX itdbatyl (33, 08)USenethill-3-@ropyl-2-
hydr ogenat i on vessel 200 of the conpound obtained in
ox¢-Hanerhbolinespbpxylate by coppaniiabpg fodraessnol , fol | owed by 5
g of 10 % Pd/ C. Hydrogenate at nornmal pressure and
anbi ent tenperature until the theoretical anount of
Stepydr 0§l (78%-2bfren-abaoichedny[HENS)vR hvdrex)e dtnedihydathlijamino }-
filtration, then isolate the tert-butyl
(3S, SRSUGLH4 hy| - 3- propy -
0x0- 4- nor phol i necar boxyl at e by concentrating to

TutjogtS 51 e EREoDA0BE KaMScHARpRd Spesnodiar s Pbpiesiepng ml of
acét&}ﬂril@ rS‘@b '?ﬂ)of waleRRt (f@@‘?fi‘ltcﬁ’ h'eﬁﬁr{eo%!f'tﬁeﬁ 83@3? e ﬁﬁﬁ@rﬁ hydrox1de

‘of the conpound obtained i h the above tep,
hycﬂﬂateca’nd stir for 3 hours at 0°C.

The reaction mixture is then concentrated to dryness and the lithium salt obtained is
dissolved in 1.5 litres of dimethylformamide and subsequently treated with 122 g of
iodoethane at ambient temperature.

After removal of the dimethylformamide by evaporation, the residue is concentrated to
dryness, taken up in ethanol and filtered over silica to give ethyl (2S)-2-{(tert-
butoxycarbonyl)[(1S)-2-hydroxy-1-methylethyl]amino}pentanoate in a yield of 60 %.

Step D : N-[(S)-Ethoxycarbonyl-1-butyl]-N-(tert-butoxycarbonyl)-(S)-alanine

Introduce into a reactor 500 ml of dichloromethane, 500 ml of water and 500 ml of
acetonitrile, and then add 141 g of sodium periodate and 1.35 g of hydrated ruthenium
trichloride. Stir for 1 hour and add, rapidly, 200 g of the compound obtained in the above
Step. At the end of the reaction, filter over Celite®, wash the organic phase and evaporate it

to dryness to yield N-[(S)-ethoxycarbonyl-1-butyl]-N-(tert-butoxycarbonyl)-(S)-alanine.



acetonitrile, 500 m of water and 500 ml of hexane, and
then add 33 g of |ithium hydroxide hydrate nl AD0F
for 3 hours at 0OC. The reaction mxture is t%‘en% gANUARV
concentrated to dryness and the |ithiumsalt obtained
is 15 dissolved in 1.5 litres of dinethylformm de and
subsequently treated with 422 g of i odoethane at
anbi ent tenperature. After renoval of the
SteBIETEVIp )E%é@@&r@%gf@)y]-%ﬁlp%)a&l‘a%e HydeckBsiidue is
concentrated’ to ryness, taken up in ethanol and
filtered over silica to give ethyl (2S)-2-{(tert-
byt oxycar bonyl 1 . . )
tmedith SR BRI D00E R0 rsshympups PhB RSt R aReYS FiP ang g lres of
ethgllf aatd0 thé® bBn@PthP reaction mixture to 0°C and pass HCI gas through it for
[ (S)-Ethoaycarbonyl -] -butylJ-N-(tort- utoxycarbonyl%- )
30 @)uted. abfteestirang coigbeglitnatoambicela taaner g, e precipitate formed is
di ¢hl or onet hane,, 500 .m_ of .water,.an f .
fieed off PRI S e ‘Sad B 1 SR albnd: - bupgprgsy-atanine
hyd@6¢chldridbinQuedtithiyely itldd rut heni um trichloride. Stir for
1 hour and add, rapidly, 200 g of the conpound obtai ned
in the above Step. At the end of the reaction, filter
over Celite, wash the organic phase and evaporate it 25
to dryness to yield
N-[ (S)-ethoxycarbonyl -1 -butyl]-N(tert-butoxycarbonyl) -
(S)-al ani ne. 1A TANSOARV aDO -7 Step E
N-((S)-Ethoxycarbonyl -]-butyl]-(S)-al anine
hydrochloride : Introduce into a reactor 200 g of the
compound obtained in the above Step and 1.5 litres of
ethyl acetate, then bring the reaction m xture to 0C
and pass HO gas through it for 30 mnutes. After
stirring overni ght at anbient tenperature, the
precipitate formed is 5 filtered off, rinsed and dried
to give N-[(S)-ethoxycarbonyl-I-butyl]-(S)-al ani ne
hydrochloride in quantitative yield. TArvuAP.y aoo~ -8
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CLAIMS 1. Process for the synthesis of conpounds of

formula (1) CH3 CH (I) RORCNH CO2H V\here'm;RZ('ANUARy AoDF
represents a linear or branched (C -C6)al kyl group, 5
characterised in that a norpholinone of formula (111)

OO0 QIl) , H3C wherein P represents a protecting group

for the amno function, idreacted either with ally

brom de or allyl triflate, in the presence of a base,

to yield a conmpound of feormives (IV) having the (3S,59)
configuration : OO sl (N H3C 10 wherein P is as
defi ned herei nbefore, which is hydrogenated in the

presence of palladi umon-carbon, -TANOA Y aoo~F -9
or with iodopropane,

1. Process for the synthesis of compounds of formula (I)

CH,

. cn, o

RO,C” O NI Co,H

wherein R represents a linear or branched (C;-Ce)alkyl group,
characterised in that a morpholinone of formula (III) :

@] (@]
/[ /Vr am |
H,C r\|1

P

wherein P represents a protecting group for the amino function,

is reacted

o cither with allyl bromide or allyl triflate, in the presence of a base, to yield a

compound of formula (IV) having the (3S,5S) configuration :

o) 0
LS
H,C rT R

P

wherein P is as defined hereinbefore,

which is hydrogenated in the presence of palladium-on-carbon,
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to yield a compound of formula (V) : OO ~s) ~s) [/~ (V)

H3C i CH3 wherein P is as defined herei nbefpre, Q00F
which is subjected to the action of LiOH, t er%@t%%%‘gﬁ\&_/
action of an esterification reagent, to yield a
compound of formula (VMI) CH3 CHOH (VI) ROCC (N (s)
wherein R and P are as defi9red herei nbefore, 10 which
is reacted with an oxidising agent to yield, after
.d&mﬂg@b#&@m@’ the am no function, the conpound of
formula (1). 2. Synthesis process according to claim1,
al l owi ng a conpound of fornmula (1) wherein R

represents an ethyl ar .to be obtained. 3. Synthesis
p°&8§§§ C83]@8P%‘$3€%F89133yﬁer claim1 or claim 2,
characterised in that P 15 represents a
tert-butoxycarbonyl group. 4. Synthesis process
according to any one of ' | to 3, characterised in
that the base wused fo[ the[reaction between the

conmpound of fornula (4]1) @nd allyl bron{Me or allyl
JANUA2Y OCO -1o0 H3C N N CH3

I

P

z

‘s

wherein P is as defined hereinbefore,

which is subjected to the action of LiOH, then to the action of an esterification

reagent,

to yield a compound of formula (VI) :

CH,
. cH,
: OH (VD
ROZC/(S)\ITT ©
P

wherein R and P are as defined hereinbefore,

which is reacted with an oxidising agent to yield, after deprotection of the amino

function, the compound of formula (I).

. Synthesis process according to claim 1, allowing a compound of formula (I) wherein R

represents an ethyl group to be obtained.

. Synthesis process according to either claim 1 or claim 2, characterised in that P

represents a tert-butoxycarbonyl group.

. Synthesis process according to any one of claims 1 to 3, characterised in that the base

used for the reaction between the compound of formula (IIT) and allyl bromide or allyl



triflate is lithiumdiisopropylam de, sodium
bi s(trinmethylsilyl)anm de or potassiumtert- _jb_@aﬂﬁkmmr&t/ c07F
5. Synthesis process according to any one of clains 1
to 4, characterised in that the esterification reagent
Is iodoethane. 5 6. Synthesis process according to any
one of clains 1 to 5, chard€terised in that the
oxidising agent is NalO in the presence of RuCl3. 7.
Gonpe WEthdfm tosdpudbyl4nvie,; sodivh bi(tsime(hyisilyh3fdide dr potiBsium tert-
wherein P represents a tert-butoxycarbonyl group. 10 8.
boipelattd of fornula (V1) : cHs \(\\11_ CH (VI) RO CAN
(s) wherein P represents a tert-butoxycarbonyl group
and R represents an ethyl group. 9. Process for the

5. Synthesisipsombs perardidgppi dnyosnepbiciaioe dt iocél ¢harataspd abltkat the
salts thereof starting froma conpound of formula (1),
cRigrbeatiopireaggnt 15 194p5thafie sai d conpound of 15 formul a
(1) is obtained according to the process of claim1.

6. Synthesis process according to any one of claims 1 to 5, characterised in that the

oxidising agent is NalOy, in the presence of RuCls.

7. Compound of formula (V) :

O 0O
S ;r )
ll"//\CH

H,C T ,
P

wherein P represents a tert-butoxycarbonyl group.

8. Compound of formula (VI) :

CH,

x CH,

: OH (VD
RO,CINTE

P

wherein P represents a tert-butoxycarbonyl group and R represents an ethyl group.

9. Process for the synthesis of perindopril or pharmaceutically acceptable salts thereof
starting from a compound of formula (I), characterised in that the said compound of

formula (I) is obtained according to the process of claim 1.



