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|  NOVEL METHOD FOR SYNTHESI ZI NG ESTERS OF
N-[(S)-1- CARBOXYBUTYL] - (S) ALANI NE AND USE THEREOF FOR
SYNTHESI ZI NG PERI NDOPRI L Thé present invention rel ates
tNOVELIMETHGE FORISYNTRIESIZING BSTERDDF N-[(S)-1-CARBOXYBUTYL]-(S)-
N- [ (S)ALANINE vy bsE YHERECE) FOR ISINTHESIZBIGPERINBOHRILO
their application in the synthesis of perindopril and
its pharnaceutically acceptable salts. Mre
ecifi.cally, the present invention relates to a new

Thﬁsﬁ?é@gslﬂ‘rf‘%m{l Relatey f hargcessoPr the sygiissis 9 N-KB)-L warhoxzbutyl] (S)
(k) (

ok SRS [onaBr SpPElbAt, (e R BB ana o
phamdcadidally arvepablesaltther eof with a mineral or organic

acid or base. The conpounds of fornmula (1) obtained

according to the process of the invention are useful

e : , I : .

Mok& shéblﬁ@aqlgsﬁﬁ’éa%ge%fnﬁt i?gglﬁg;ln&ﬁ:gg EA g?ﬁelv&{ g%@égsafc(r fhd synflesis of
Cm@h@nﬁaoéﬁﬁmmh!@» acceptable salts. (R Perindopril and

its pharmaceutically acceptable salts have val uabl e

phar macol ogi cal properties. 15 Their principal

property is that of i@Hibiting angiotensin | converting

enzynme (or

RO,C” O NI ®O>Co,H

wherein R represents a linear or branched (C;-Cs)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 (IT) :

H (1D

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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ki ni nase I1), which allows, on the one hand, prevention
of the conversion of the -2 decapeptide angi otensin

to the octapeptide angiotensin Il (a vasoconstrictor)
and, on the other hand, prevention of the degradation
of bradykinin (a vasodilatoy) to an inactive peptide.
Those two actions contribute to the benefici al effects

erlndo ri) ardi ovascul ar 5 di seases,
deCéB @Fé‘PE&? ﬂafrtpélg? 9rtapRPHEF ABESIHHN R & ﬁeaPQnSfrsﬁwrm @ed on the
t
ot AR eYertioh o B IRBFAMAN oPHAdARISE dalbdilaton to an inactive
Pqnﬁbent speC|f|cat|on EP 0 049 658. In view of the
%gaceutlcal it.has.been

4 Agftons o°°i5‘8‘\[bé(’6€f i ?18" {?Qr??tﬁa%? m%g@g%f PiTindpRly o e digrvascular

dls&ééés!'fhﬁo‘l‘e Edpeciilly Daredfabh{de¥@ns o hiteRdas: Ri@eess that
allows in particular, the selective production of the

(S, S) di astereoi soner in a good yield and with an

X ent degree of it but that i ual |
Pl S8R R0 Rl b pebtuer Bov el B i Enfopeen
patéﬁtepaﬁﬁmﬁyﬁtﬂpomomﬁgje compounds of fornula (1) are

al ready known. - The journal Tet. Lett. 1982, 23 (16),

1677-80 describes the production of a conpound of 15

In %B&zr&”t él 1818 &u‘f Cﬁb{%‘%ﬁ) ofgésﬂ%t;cr%%ﬁ)tr(])luﬂg,t Ehel?sy ee2 oxg% t% %e able to

w th ala ano

obtpinethe iaerraédisie dofuforayBN@P b oy effédire synfﬁféﬁs padRBd that allows in
mggﬁlelca% on EP 0 309 324 descrlbes the production of

cpye Progreronatiie (SR a%%rﬁgﬂﬁqmwntarﬁ@mi &iedd prghwith an
I r
exdeﬂeﬁ'dgg’eﬁﬁﬂéﬁ%’fﬁgﬁéﬂrﬂ%é?%%ﬁ% I T BB Blan iblolial sople
20 - The patent specifications EP O 308 340 and EP O
308 34 rlbe t ducti on of C ound, of
Somg é ?fr“ { peRag F%Efit% ByOFRAMGS g?fml%rﬁh%wgp%%@em
hydrochl oride with pyruvic acid in water in the

presence of hydrogen, palladi umon-carbon and sodi um
— 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 0308 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).



hydr oxi de. The Applicant has now devel oped a new
process for the industrial synthesis of 25 conpounds
of formula (I). -3 More specifically, the present
invention relates to a process for the synthesis of
conpounds of formula (I) which is characterised in that
a nor pholinone of formula (Ill1) : (5 JHICi / P65

erein P.represents a protecti group for the amno_ .
e s icalll Feapiedent IBYTHER THALSS £ 1o ProBFSSrioaghipsynthsis of
Adomfoubdd fdrafdmuld (Y)?ﬁv\/l?&?%@_n&%r&fter%eggﬁlg %})ﬁtoaym%kﬁmﬁnone of

conpound of formnula havi ng the (3S,
clorhilggdBt:ion : OO0 (s) (s> H3Ci P wherein P is as
defined hereinbefore, 10 whjch i§ hydrogenated in the

presence of pall aditun-op<ca } or with
i odopropane, to yield a gonpound of fornmula (V) having

the (3S,5S) configuratif : --, " Ao
H,C N
P
5 wherein P represents a protecting group for the amino function,

is reacted

e ecither with allyl bromide or allyl triflate, in the presence of a base, to yield a

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

0 o
L
H,C T R

P

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

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

o_ _0O
L L ®
H,C T e,

P

15 wherein P is as defined hereinbefore,
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(s) (s) HBCi CH3 P (V) 15 wherein P is as defined

her ei nbefore, -4 which is subjected to the action of

LiOH, then to the action of an esterification reagent,
to yield a conpound of formula (VI) CH3 RO2C c/ss)N

P 5 wherein R and P are as defined hereinbefore, OH

(V') which is reacted with an oxidising agent to yield,
after deprotection of the am no function, the conpound
of"’tl?‘é“r HuPFuPIgatgd tondhsn getiare ob L e thavgtagithsupesionop! aineesterification
apifgnd unction that can be used in the present

invention there nmay be nentioned, wthout inplying any
limtation, the groups tert 10 but oxycarbonyl and

b@@@gi@gyﬁ%@@g%&l&g&r@ﬁgferred P group is the

tert-buto ony Among t he bases that can be
used for the reaction yeen the conpound of formula
(111) and allyl bromde or allyl triflate there may be
mentioned, without inpNying any limtation, [|ithium

di i sopropyl am de (LDA), = sodi Pis(trinethylsilyl)am de
( NaHVDS) and

Rozc/@\N DN

I
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
invention 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 (VI :

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

group or a halogen atom, preferably iodine.

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

group, the esterification reagent may also be diazomethane.
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15 potassiumtert-butanol ate. Anong the esterification
reagents that can be used for the formation of the
compound of fornula (VI) there may be nentioned, as
preferred, the conmpounds of formula (M) R X (VII)
wherein Ris as defined for fornmula (1), and X
represents a triflate, tosyFate or nesylate 20 group
or a halogen atom preferably iodine. Wien it is
desired to obtain conpounds of fornula (1) wherein R

: terification reagent
AR 2 SRy TR D B ed RS g Rl heimpoaga ot Hrmula
(Vihthtreciany be miagidnéd)rwithoar axpigaiel 41y @hitht, SAIOLHN e Presence of

formula (VI) there may be mentioned, wthout inplying
R Y limtation, NalO4 in the presence of RuCl3. The

i F ' ut i.n st eps,
TR AP bE R BRI GG b Siths o B0 ey SRTie BY gompgund of
foryora €¥Potudihegoalestemyibe, alfidydex adxamunoeldeS\WBm conditions, then

conditio hen oxidising the al dehyde to the

ox 125 G HGF B AP endies romofic an i exusplA SO
The conpounds of formula (V) and (VI) are new products,
useful as synthesis internediates in the chem cal or

Thphegmpereds | efalfoirmdastW)y anésPadi ak! yiew Npiodectsy NS 28 S¥nthesis

) . i t of th
inBEIRAPH s FREHE 3 FHREGrtisn ROBHED SEcBt iy feckynghesis of

eriftopel, iyl g s@MForn] bR iftRIHRch fQhe HREM kR kiidd ) can be
g obtgined starting from S)-N-benzélé#gnlno*, which is
reacted with ethyl bronpacetate in the presence of

j ' jeld fter cleaving the benzyl
Th%%’ﬁ‘gw%%; 1—%‘?%’?%%@%%?%@@?%% hyl) al ani nol, which is
then protected by the group P as defined hereinbefore,

ich is then cyclised by reaction with para- _
Thé:/\@cl)n%pound 0 fonnulg (ITI) can be){:)btamed starting from (S)-N-benzylalaninol, which

is reacted with ethyl bromoacetate in the presence of triethylamine 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 (3S,5S)-3—allyl—5—methyl—2-0x0-4—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 -3 0°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 tol uenesul phonic acid. Exanple : N[(S) _

Et hoxycar bonyl -1 -bartylj-(S)-al ani ne hydrochl oride Step

A :tent-Butyl _

(3S,5S)-3-al lyl -5-net hyl -2- oxo- 4- nzor phol i necar boxyl at e

Introduce into a reactor 2qg_g of tert-butyl

(5S) - 5- net hyl - 2- oxo- 4- nor phol i necar boxyl ate and 700 ni

of tetrahydrofuran, then cool the solution to -60C and

add 700 mM of a 2M 20 sol ution of Iithiug] h

i | aqi [ t furan and. hept an ile

T S s D S e S o PR Bk R e reolfied by
cobesntratinghiE€ethéfdl ehaseeadiyiness it asedlashol in tHRABI1AZARE Gt

allyl brom de while maintaining the tenperature of the

reaction m xture at -30C, and stir for 3 hours.

&e@’%ﬂﬂﬁﬂﬂ %ShfS%H{z{/}@gﬁf—\f{oﬁ%ﬁJo%ﬁ%@ﬁ?fé%%éwgﬁ .

enperature, hydro an “aqueou
chloride solution, extract with ether and wash the

i  h -6 _The tert-butyl _
infaslBE & 4 PR GribioR sty 100 6608 cRoppi) dhibied bk e Step in

solufi6h & eGakd, fARRRANY 8l 91 ¢ DEpih }Qlkoéé Gt tngmqglyﬂ}gs%tslre and
1I %%ep. :

is used as it is in“the follow ng’
ampgant teBiperature 3815 sonsichldm@int of hydrogen has been absorbed.

e P s A S, P2 2087 2l o R S e - mopyi->-

oxb-AemaipayiencBhidpxy1Bte by dAtdHiiaBRg tddrghdgnol . fol | oned by 5
g ofa?o Wde/CLykyéébgenate a% nof mal pressure and

anbi ent tenperature until the theoretical anount of

b or bed. ve. the catal yst )
S AL S P B A R D g e Teasamin)-
(3S, Sgnitramed hyl - 3- propyl - 2- _
oxo0- 4- nor phol i necar boxyl ate by concentrating to
dryness. Step C : Ethyl

Int(c@BYe ¢ (af adioh 200 y6Rthe WoMIpblind oBlaired MIhO%¥ove Step, 500 ml of
- et h I% hyl Jam no}- 10 pentanoate Introduce into a _
ac*‘i@%’ﬂ%é é@é Q Vtteriand 508 mH o hex st aidrben add 3he oAlthim hydroxide

hy®h@Rind 38005 18firs 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)[(18)-2-hydroxy-1-methylethylJamino} pentanoate in a yield of 60 %.

Step D : N-[(S)-Ethoxycarbonyl-1-butyl]-N-(i 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 mM of water and 500 ml of hexane, and
then add 33 g of |ithium hydroxide hydrate and stir
for 3 hours at 0OC. The reaction m xture is then
concentrated to dryness and the |ithiumsalt obtained
is 15 dissolved in 1.5 Ii[é@s of di net hyl f or mam de and
subsequently treated with 122 g of i odoethane at

aﬂg[sp tenperature. After renoval of the

St hbﬁ*@ﬁﬁ%ﬁ?ﬁ@”@&févaébﬂﬁﬂﬁﬁﬁﬂehm@Od@@ﬁﬂue is
concentrated to dryness, taken up in ethanol and
filtered over silica to give ethyl (2S)-2-{(tert-

Inﬂmzs dlmzx?]mglahm‘m?r)Q[OOéghofl th(ta rc1or|npound_ obtained itn the al%ove_Step and 1.? (ljitres of
- 2- roxy- | -me e ami no}pentanoate in a yie
etl’t}% ag@}a‘e% tlg?@ylgiirégp ths %/eactionym]ixmre to PC and pass HCI gas tﬁmugh it for
- - = J - - but oxycar.bonyl) -

O oo YT et A0 el bl (REFEGBRNY imed s
filigrech| aff,oretshdinend 588edrl toof givat &F-[(8peth6RRarBongf-1-butyl]-(S)-alanine
h_gceﬂﬁnitrile,fand thgﬂ add 141 g of sodi um peri odate

yEoghIPride I auahtiting el r ut 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(r), wash the organic phase and evaporate it

25 to dryness to yield

N-[ (S)-ethoxycarbonyl -1 -butyl]-N(tert-butoxycarbonyl) -

(S)-alanine. -7 Step E: N[(S)-Ethoxycarbonyl -

-butyl ] butyl)-(S)-al ani ne hydrochl oride : Introduce

into a reactor 200 g of the conpound obtained in the

above Step and 1.5 litres of ethyl acetate, then bring

the reaction mxture to OC and pass HC gas through it

for 30 mnutes. After stirring overni ght at anbi ent

tenperature, the precipitate forned is 5 filtered off,

rinsed and dried to give

N-[(S)-ethoxycarbonyl -1 -butyl]-(S)-al anine

hydrochloride in quantitative yield. -8 CLAl M5
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1. Process for the synthesis of conpounds of fornula
() (1) ROz CZ(s\NH (s)'CO zH wherein R represents a
| i near or branched (Cl-C6)al kyl group, 5 characterised

in that a norpholinone of formula (111) : 00 10
wherein P represents a protecting group for the amno
function, 1is reacted either with allyl brom de or

allyl triflate, in the presence of a base, to yield a
conpound of formula (1V) heLAIMS he (3S,59)
configuration : OO (S) (S) HBC N P wherein Pis as
defi ned herei nbefore, which is hydrogenated in the
presence of palladi umon-carbon, -9 or with

i pdopr opane, t ield a conpound of fornula (s
1. ( Esoc §s fgg_@e sp(]u’cgees)lls,qj.qg)mgnuncrl'rs:p of formula (T) ) (s)

CH,
< CH, @D
Rozc/@NH/(gCOZH

wherein R represents a linear or branched (C1-Ce)alkyl group,
characterised in that a morpholinone of formula D) :

O 0]
/[ :/r a |
H,C T

P

wherein P represents a protecting group for the amino function,

is reacted

e ecither with allyl bromide or allyl triflate, in the presence of a base, to yield a

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

0 ¢!
LS w
H,C rr R

P

wherein P is as defined hereinbefore,

which is hydrogenated in the presence of palladium-on-carbon,
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wherein P is as defined hereinbefore, (V) 5 which is
subjected to the action of LiOH then to the action of
an esterification reagent, to yield a conmpound of
formula (M) CH3 RRA"(~S)N | P wherein R and P are
as defi ned herei nbefore, H, 10 which is reacted with an
oxi dising agent to yield, after deprotection of the

am no. .function, the conpound of forrmula (1). 2.
*SPhYVHBIOPES8®ss according to claim 1, allowing a
conmpound of formula (I) wherein R represents an et hyl
group to be obtained. 3. Synthesis process according to
eida yield acdomipouhd of fartmaiandV),: characterised in that P 15
represents a tert-butoxycarbonyl group. 4. Synthesis
process according to any one of clains 1 to 3,
characterised in that thepbasep used for the reaction
bet ween the conpound of~for a (Il'l) and allyl brom de
or allyl -10 triflat%”is I hiun1diisoprg9ilanide,

sodi um bi s(trinethyl s | ) ami de otassitmtert-

but anol ate. 5. Synfdesis Erocé S acddtding to any one

of clainmse 1 to 4, characterised in that the

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,

: (VD)
Ro,C TN
2

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
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esterification reagent is iodoethane. 5 6. Synthesis
process according to any one of clains 1 to 5,
characterised in that the oxidising agent is NalO4 in
the presence of RuCl3. 7. Conpound of fornmula (V) : (9
(s) HBC N,/ ~CH3 P whereijg P represents a
tert-butoxycarbonyl group. 10 8. Conpound of fornula

(VRK). = F Cis\N--"(S), P OH wher ei. Pnr%nm

ke s (R AR it b i PR i G e tert

Hubplatd. Process for the synthesis of perindopril or

phar maceutically acceptable salts thereof starting

fron1a compound of formula (I), characterised in that
th%% ?Pr&iegpg (l:]o(%dL%f ‘colasn.y]c emi% %1a£n!1l_g 1 Q,bgﬂrall’]c?edrised in that the

e praocess charm 1.
estenﬁcatlon reagent is iodoethane.

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

oxidising agent is NalQy in the presence of RuCls.

7. Compound of formula (V) :

0 o
© ;/r W
N e,

3
|
P

wherein P represents a tert-butoxycarbonyl group.

8. Compound of formula (VI) :

CH

. CH,

Rozc/(s)\ITI
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.



