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-1- NEW PHOSPH NI C AM NO ACI D COVPOUNDS, A PROCESS FOR
THEI R PREPARATI ON AND PHARMACEUTI CAL COVPOSI Tl ONS
CONTAI NIl NG THEM The present invention relates to new
phosphi nic am no acid conmpounds, to a process for 5
their preparation and to pharnmaceuti cal conpositions
containing them The new phosphinic am no acid

q . . ,

Femar kabi S oA ISPHINICANINOERD CvRQRDs,

angi ot ensi n | AGROETSSTORTHRER PREPARATIOMdot hel i n
ti ECE). Th t i

bt o0h FIEABRE V8 ER 6P e EG8 s PhafinENG TrEM

(angiotensin Il, 10 endothelin-1) on the one hand and

vasodi l ators (natriuretic factors, bradykinin) on the
The tphesenthiamehtioncrekegdsi tb uteesplansphimsoanpiantacisi emmeprtunids to a process for

requl ating arterial pressure. Synthesis.a degr adati on
e et dua e B R b Bs AR oR o Pous
enzynmes, anongst which three zinc netall oproteases

seemto play a preponderant role - angiotensin | |
The onerér phosphisisz pmeng ACE) commppuriso acerangnt bt dnrsyipar have the

iotensin | . .1 i . i nt
e S ERBHY r Be ERYpR A0 f5om) 2l copms )
andandbthdliogoadasnpeadyld MOE) nto i nactive pepti des,

endot hel in converting enzyme (ECE), which cl eaves big
endothelin-1 to form endothelin-1 and seens to

BRIy L SRS AR @,
enddtbgin- Vabde shatont dland and i wasetilacorp épdtiideti¢ AnRprsabdadyR(nin) on the

bradykinin to forminactjve peptides. iptensin Il is
ottgr tlscomgihcs OB Hlerral TrGRdETiE BETHDESIES. | The
SyRAEat RRA !dggraﬁﬁ on BARRONRPAAGE AL RAe: BRI bdib! lodnatibes enzymes,
pol ypepti dés of about twenty am no acids contai ni ng
amongst dNisel thidedendmedtepsrotensesisagn ¢y sl apecnoadérduiasle :
Bradykinin is a vasodilator and natriuretic
nonapepti de. - 2-
- angiotensin I converting enzyme (ACE), which on the one hand converts angiotensin I,

an inactive decapeptide, into angiotensin II, an active octapeptide, and on the other hand

degrades bradykinin into inactive peptides,

- endothelin converting enzyme (ECE), which cleaves big endothelin-1 to form

endothelin-1 and seems to participate to a lesser degree in the degradation of bradykinin,

- neutral endopeptidase (NEP), which inactivates atrial natriuretic peptide (ANP) and

bradykinin to form inactive peptides.

Angiotensin II is a vasoconstrictor and antinatriuretic octapeptide. The endothelins are
vasoconstrictor and antinatriuretic polypeptides of about twenty amino acids containing
two disulphide bridges linking cysteine residues. Bradykinin is a vasodilator and natriuretic

nonapeptide.
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Angiotensin Il, endothelin and bradykinin are the nost

i nportant pol ypeptides hitherto considered to be

i nvolved in regul ati ng vascul ar tone, cardi ovascul ar

renodel | i ng and hydroel ectrol ytic honmeostasis. Their

metabolismis essentially controlled by the three

enzynes ACE, ECE and NEP. 5 Arterial hypertension and

r 0 :

i R T R L S R
codfiderad o dbﬁS]lhlVDlG?Ed) rin pegilatites vadoilah tence rcardaovasodar ednpodelling and

dver se action t he. r.eno-cardi ovascul ar, s r ter
ryGRaIes Bl i BteaREr B | Holg AR U0 SCHYBRT ik ﬁﬁév@ fle three

EmfyéégACErE@ghh@}@ﬁ)the maj or therapeutic advances nade
the 1980s by nmeans of selective ACE inhibitors, the

developnent of new conpounds has been 10 found to be

S in or r to |npr e still er. the
AL BiRob e b AR RO, BEEES g Syeffsed by o
diseQ@libritunfig t@(ﬁ@ﬁid@'bﬁhéné@ﬁlnﬁflblﬁl cﬁ'va&%h@tﬁc@ﬂ pthteledBych exert an
cardi ovascul ar risk factors). The three

overall sAdverse orcian s themenEemdpyasoaizp S@b%fér Qvaten gndappdigm fegention,
car*ﬂ?ov%gc%ﬁgr ?g}ro%g? %‘ics) IB% ﬁ%? tk# O& tic advances ade in the

I ovas seases. ere er to co
198 trebyaetsSf selkbtiveas QEdnisibitos] tthE dﬁd@ﬁﬁmt of nawg:bmpemmismas been
Il and of endothelin-1 and to rotective

fowélst?db? TSP B PO ARPIOYRGHTE f&‘agﬁ? opd prepsurqepntrol of
n5GE d%eﬁ%h@! el Scilsjaaﬂl%lrbﬁ%g ex&%ﬁéﬁk?%gneﬂxweic@igﬁ on the major

onmpoun avi ng one or other ‘of those activities are
cmmnuwmmkmumkﬁmﬂmspatent appl i cations describe am no acid
conmpounds that are useful as ACE and 20 ECE inhibitors
and useful as m xed ACE/ NEP and ECE/ NEP i nhi bitors.

Tho@h8E Eiei/a@lo ds@shA@Et PCE MRINHP RRYRIINEE Bpptae! b&Zpromlsmg targets

anti - yper ensi ves or Sone years are descri in the
forptheetratnpcof ¢ardiovanculas disedgs Tiraefohdnfasderiioaeoraiat ithe adverse

vas:o&gﬁs%ﬂ %rsif&c%ch a!mbg?o erllsrfr? h hnd of endc%le(lm-} & to progn%ﬂe }he protective
vasodilator effects of ANP and of bradykinin, ACE, NEP and ECE inhibitors have been
developed.

Numerous compounds having one or other of those activities are known.
Numerous patent applications describe amino acid compounds that are useful as ACE and

ECE inhibitors and useful as mixed ACE/NEP and ECE/NEP inhibitors.

Selective ACE inhibitors which have been used as anti-hypertensives for some years are
described in the patent specification US 4 396 772. The formulae of the compounds

described include :

o bh ]
R;—T——«}g%——CH——CL—ﬁg—~J——o——R4

OR,
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OP, -3- The patent specifications WD 97/32874 and US 5
476 847 descri be conpounds that are ECE inhibitors.
The formul ae of the conmpounds described include in

pat ent specification WO 97/32874 Ri\ Il RHS(CHR) CC
-NH ~ A 5 in patent specifii.cation US 5 476 847 O R~

R OR ~1 Ino(- ), /RSNPA HORR3Rg According to
ik 18R LENRA0N G2 oano0) AL RO BRGNSt e

Edisiahibitorsn Thé éorinmuéetofelnt coniponad ddavdiseluhelndeli seases are
known. The fornul ae_of the conmpounds described include
-* 110 paientspeeiication - WOSH M8 000H OH 10 CHz R M xed
ACE/ NEP inhibitors ("vasppeptidase inhibitor" class)
have al so been synt hesi ségw angd clinicglly tested.

1

I
HS—(CH,),—C—C —~NH4<

e in patent specification US 5476 847

D

R ), R

G\N P// A/ 5
. |

OR R

According to the patent application WO 95/35302, certain phosphinic acid compounds
having an ECE inhibitory activity useful in the treatment of cardiovascular diseases are
known. The formulae of the compounds described include :
RI
—P— - —C—CO~——N—"CH— COCH
R s

OH

CH; R

Mixed ACE/NEP inhibitors ("vasopeptidase inhibitor" class) have also been synthesised
and clinically tested.

Mixed ACE/NEP inhibitors are described in the patent specifications WO 97/24341,
WO 96/22998, WO 93/08142 and EP 0 723 974. The compounds described are
sulphurated derivatives of peptides.

In Bioorganic and Medical Chemistry Letters, 1996, 6(11), 1257-1260, there are described
phosphinic acid compounds having a mixed ACE/NEP inhibitory activity useful in the

treatment of cardiovascular diseases. The formulae of those compounds include :

0
TR q ) 2 Na
RN i N._ _Co,
e
R, ol
N
H
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M xed ACE/ NEP i nhibitors are described in the patent

speci fications WD 97/ 24341, WD 96/22998, WD 93/08142

and EP 0 723 974. The conpounds descri bed are 15

sul phurated derivatives of peptides. In Bioorganic and

Medi cal Chem stry Letters, 1996, 6(11), 1257-1260,

there are described phosphinic aci d conpounds having a

n iy bftatlp &hdtl isl Brebfd® than that of th

Th?&éggﬁ@ﬁghggﬁggr%{%@%@f |seag§”3 Thg grnu a%l fa o He
seltdm'seAGErTmhlhimﬁ INe\I’emlxﬂleless Hih&}Oha‘R ntdjcﬁ Mcondiy RefcG; @8pecially

P.1P Yo Those co ds hav
relafifig; tﬁ;ﬁ'ﬁ&‘r"?@‘ﬁ&?n V&rﬁépfqbeswsmﬂee% W A s o bpiin Gfrends in

PhbPacoRRhi Q8 sty € oREE 20 NfadRi T $he JBB;YL%E ti@@l1e§§8 ﬁsbsmsba)verms has
maj or secondary ef fects, especially relatin

resaliefl o drispEnsipar yf rih@bélmoyl algsdepra@rédomthm faﬁg@f(o@s(gn@ﬂ mixed

AR Somb T S bt CRE 258 bges, Sl vl aza)

Thé Eﬁéﬂﬂa@é‘io bidalSpepaisd Mheitddes CENBRahitdRyedapriimiatin die prior art
e furthest advanced m xed ACE/ NEP inhibjtors such as

ovqﬂﬁ@béh@ jaggr @al(d@maﬁcmlﬁ, rﬁlq ftbg pmd@tl’gﬂ@@gstegddgw ngl of Hypertension,
199’%L 1@%(%21\(:@%5@{% O%v%ﬂeg%ﬁp R E@S iR thk h?’egradatlon of

tOfS escrl Int prior
encmﬂ&ﬂinODKlt Bl majen., CH@O; Q6Aas tul5ar 1466 Atécdrdhﬁgly, treatment using

.endothel i n system (Journal of (tensjon
mixgsy 6f-E/MBE fnf{gé@l)s félﬁdhf‘aF%I&eﬂ‘I?ég? RC bicTais: ng eyt epdothelin- 1,

g RO Ay oS R B,

m xed ACE/ NEP i nhi bitors has the consequence of
Finall§ SAeh MEEAEP S8 o ard AACEDS (LY ib Sciences, 2000, 67(9), 1025-1033
and Naunyn-Schmiedeberg’s Arch. Pharmacol., 358 (1, suppl 1) : R 513-514 (Abstr). The
formulae of those compounds are :

e in Life Sciences

o in Naunyn-Schmiedeberg’s Arch. Pharmacol.
OH
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which in the long termcan prove detrinental to the
expected therapeutic benefits. Finally, m xed ECE/ NEP
inhibitors are described in Life Sciences, 2000, 67(9),
1025- 1033 and Naunyn- Schm edeberg's Arch. Pharrnacol .,
358 (1, suppl 1) : R 513-5145(Abstr). The 15 formnul ae
of those conpounds are : in Life Sciences O P\ It N

Th%:oﬁlgrd%sathga hld\aﬁk rr_liixgg W}’N@P%f& Fl‘\egeﬂ'ogreﬁu&' &2 level of endothelin

-~ The interest
whilst ihereasigg thexiede! mt‘nlamﬁ&twmmphdwomsl acsortdmglje@tuobtamm additive or

NN U IR TE ST R RS-

additive or synergistic effect which is beneficial for
the treatnment of cardiovascular and renal diseases. _
Nepgrthstashebaseuse EEBal@sceleNEPthﬁgn@ﬂﬁeH@Drt@mfeplms in oo degradation of

bra@y? %rz“glvlzvg)f gﬁ C%L%d at | %E%&Eﬁ\t]ﬁ% o?lgoq%g%#ﬁa ovélgegrly ﬁlbﬁma’ted

theC @@ dpmenf Vst bﬂl@i efultipReimhediRk @Wﬁﬂsopﬁ‘pﬂdhd&@hnﬁlbﬁﬁiﬂgp t@nbining
i nhibitors of vasopeptidases includin conblnln%
inhiliipmpt NER, wq{Emwﬁlﬁ@E@\IEﬁ &réapksc%ilﬁd%ﬂ% EPyinjyibgors.

ECE/ ACE/ NEP i nhi bitors. On the other hand, the
alternative of m xed ACE/ ECE i nhibitors renains
Onpthendthémyand, the alternative of mixed ACE/ECE inhibitors remains promising,

allowing the expectation of increased cardiovascular efficacy and good safety of use. Such
compounds should make it possible to reduce the formation of the two potent
vasoconstrictor peptides, angiotensinII and endothelin-1, and to increase levels of

bradykinin to a reasonable degree.

It is moreover interesting to note that, although the angiotensin and endothelin systems do
function independently, they also function interactively. This "crosstalk" between the two
systems has been studied on the experimental level and also on the clinical level. The role
of endothelin-1 as a mediator of certain cardiovascular effects of angiotensin II has very
particularly been explored (Hypertension, 1997, 30, 29-34 ; Cardiovasc. Res., 1999, 43,
300-307 ; Hypertension, 2002, 40, 840-846 ; Clin. Exp. Pharmacol. Physiol., 2003, 30,
278-283 ; Hypertension, 2002, 39, 715-720 ; Hypertension, 2003, 42, 825-830 ; Bioorg.
Med. Chem. Letters, 2003, 13, 1093-1096).

Overall, the data obtained suggest that inhibition of one of those systems gives rise to
hyperactivity of the other system, which favours the "mixed inhibition" approach in order
to reinforce the therapeutic potential of each of those properties, whilst avoiding counter-

regulation.

Finally, evidence for the mixed ACE/ECE inhibition concept, that is to say the therapeutic
benefit expected for that approach, has hitherto been analysed on the experimental level, in
three therapeutic directions : arterial hypertension, cardiac insufficiency and renal

protection. Evidence for the concept has generally been provided by combining two
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all owi ng the expectation of increased cardi ovascul ar
ef fi cacy and good safety of use. Such 10 conpounds
shoul d make it possible to reduce the fornmation of the
two potent vasoconstrictor peptides, angiotensin Il and
endothelin-1, and to increasé-levels of bradykinin to
a reasonabl e degree. It is noreover interesting to note
selbBfle: cofbRUT Bn o AN AL £R8ERVRNICE MIGbIRG! drinSiSIREMBIn 1T AT,
do funéklon i ndependently, they also function
redeptoe blckénfet hlocKing she'angoertsal $ysteeandeemn therhenhgnd, 1@ endothelin-

ste s .been studi e n.th rimental, l.evel .and
L S on Rerker phe Biied Salein] AR B e RoHG B Mg ceses
an BOE@hMOf fRfend@htia] Hloslangdi ovascul ar effects of
angiotensin Il has very particularly been expl ored

(Hypertension, 1997, 30, 29-34 ; Cardiovasc. Res.,

e 50 P 0 B0 B
anithAdEEitRR9hahe st2@dral BYel drldr the Guanctidyipleletenaianterial2iR@8rtension (J

42, 825-830 ; Bioorg. 20 Med. Chem, Letter 0Q3, .
Cardigmase fgymaes/er?Q0P,, 36 H83d=ar4 ! otftld red %oaégi@:t,z%éﬁgt%%g ; Am J

i nhj hi t ¢ gy YESrdidvele. Us., 2002, 54, 85-
L, 0%, 1 520%78 old 038N SLERRAE] (OS82, 3
94":nCxedaiio)i2002 DI6, 1dpPrldadh Protecdiodenf cettoin wrget orgamstsheh as the

.Iherapeutic potential of ch of those p erti
iy rod DR el AR B sunared Foda Seo s’ RRGR, £ 2580
The iR RCALQlont d¥elnh &b AR ECRsUAOERIIL bOR FoR&GaRimbet Babatients

Is to say the therapeutic benefit expected for that .
noappisedbh thehmxeli ttdatmerd. bhewprobatd¢ Sheb theghladgepressure” benefit will, in

experjnmental |evel, i three therapeuti | rect] : .
‘fheaﬁ}’@r tegfl’ &?}ef pmlﬁﬂgfirgﬁé] by ap%ff%égr?tﬁ%tb(f |8{5 iﬂgen gé/rggtné}g?g% gf arterial
hypérhnSieh i (98, plevédRMCEr figiget Brat QERPE" BRthegedgiofhdcylaneenal and

provi ded by conbining two -6- selective conpounds: on .
corehial dnvelshandi2lsa boeluotrbie SROESIORHRInoRslofacks, thercby preventing

ngj..ot en I ' pt or bl ocker for bl ocking the
Cm%ﬁg?%@é%éﬁn‘%%%ﬁ%%?%ﬁ%?ﬁon t he ot her hand, an

endothelin- 1 ETA receptor blocker or a m xed

endothelin-1 ETA/ ETB receptor. bl ocker or, in rare ced
The gaessnt inyentisashas e Bie OF PIORdiBAdEYHOMRUBHD m@%g‘?ehéverﬁ%mlxe
ACE/EEERhMDRoRNARMLY o RAROLE SinkBRicGRAERD .  The

t]%er apeut IR((): bene lytes are (feim)lns% rated 1n
The compounds of the present invention are accordingly very effective in the treatment of
arterial hypertension and complications thereof including pulmonary arterial hypertension,
myocardial ischaemia, angina pectoris, cardiac insufficiency, vasculopathies,
nephropathies, diabetic retinopathies, atherosclerosis and post-angioplasty restenosis, acute

or chronic renal insufficiency, cerebrovascular diseases including stroke and subarachnoid

haemorrhage, and peripheral ischaemia.

More specifically, the present invention relates to compounds of formula (I) :
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animals either on the structural |evel or on the
functional level in arterial hypertension (J
Car di ovasc Pharmacol ., 2000, 36, S337-S341 ; din Sci.
2002, 103, 363S-366S ; Ana J Hypertens., 2003, 16,
324-328) and cardi ac i nsuffigiiency (Cardi ovasc. Res.,
2002, 54, 85- 94 ; Circulation, 2002, 106, 1159-1164).
Protection of certain target organs guch as the 10
ki dney and brain is strongly antlglp.‘ed Jd Apa. Soc.
Nephrol ., 2001, 12, 2572-2584).
of all those precl|n|cal resul t&” cott'd be a _gyeater
nunber of patlents reat ment .

' ﬁ%e" bepefi t mnl*
by et t &r protec{)on

yper en3|8ﬁk(|

gﬂ@nagé) at t he
der ebr al vel s) and al so
akn risk fa@%ors t her eby

eri al hypertension. The

car di ovascul ar, al a
by favourable effétts on
preventing conplications
present invention has the provi di ng new

conmpounds whi ch behave as 2 ACE/ ECE inhibitors
whifefnout exerting any inhibition on NEP. The conpounds

of the present invention are accordingly very effective
R, i reptdsents reea\lydmgbn oftom26r ar geup a$eld¢pqde% an<Cofsateyl-carbonyloxy-

C i.C t thereo clu ar.teri al

ritmeroeRi ohbeingyisetpis & ht Ak bRy be Sl ftpanched. and

C@ﬂ@éﬂ)&lkbfﬁ@ﬁﬁéﬂﬁﬂhﬁﬁ@lrc&é‘lﬁﬁy hoRahh bessible MePEHcRPAkNIBSiety to be
di abet'i c" reti nopat hi es erosclerosis and

pbsear gnbiaopheslst y restenosis, acute or chronic rena
insufficienc cer brov c S I ) :
o AL, G RGP A, 2585l ELCNR vy
| gChegatkal, 2 5061@3’ @ossﬁblel foir c@lch yalkglhemopate sie nbe i lmeentorr chranched,
relates to conpounds of formnula ﬁl) ON HHs N gUN
sarp\cagyoppihior @q)allgle being possible for the alkyl moiety to be linear or
branched, and aryl-(C,-Cg)alkyl, it being possible for the alkyl moiety to be linear or
branched and the aryl moiety of which is optionally substituted by a (C-Cg)alkyl-
carbonyloxy group,
R; represents a phenyl group optionally substituted by a hydroxy group or Rj represents a

3-indolyl group,

or
R| can also represent a linear or branched (C;-Cg)alkyl group, R, represents a linear or

branched (C;-Cg)alkyl group, when Rj represents a phenyl group substituted by a hydroxy

group,

to their enantiomers and diastereoisomers, and also to addition salts thereof with a

pharmaceutically acceptable base, and to hydrates and solvates thereof.

Among the pharmaceutically acceptable bases there may be mentioned, without implying

any limitation, sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine etc..
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wherein : R represents a hydrogen atom or a group

sel ected from (Cr-C6)al kyl -car bonyl oxy- (d -C6)al kyl,

it being possible for each al kyl noiety to be |inear or

branched, and 5

(G - CB) al kyl - carbonyl t hi o- (Cg-.C6) al kyl, it being

possi bl e for each alkyl noiety to be linear or

branched, R2 represents a hydrogen atom or a group

sel ected from (G -C6)al kyl - carbonyl oxy- (d -C6)al kyl,
Actbrdbf RYap@asidhgohioendagimeant kY lthamdivehiiod, Opberied n@aipoands are

branched,  arylcarbonylthio-(d-C6)alkyl, it being
comgpewids Matered Ry prd Re Ryah rapyeesnya hydiegen #A@ar or 10

branched, and aryl-(Cl-C6)al kyl, it being possible for

t he aIkyI noiety to be Iinear or branched and the aryl
Acrmridetgyto(ﬁ sambhd: radi/ahta:get)imembd)@imsmtbtsﬁ the utexattiby, preferred compounds

(CL- CB) rbon OXy (gro R3 represents

areS S Bt MO B SBEERe e BT 2 Y R TGP Sars ToF PR eroup
Su&ﬁgﬁ&ﬁ&p&ﬁ &mxﬁghﬁ£°|y| group, 15 or R can also

represent a |imnear or branched (G -C6)al kyl group, R2

represents a linear or branched (Cl-C6)alkyl group,

ACHQI%}I@X%;) a tgﬁg Le?g\e,g tt%gegH egé%grg{lﬁocgﬁ%? gxgzgﬁtgctmmp?e erré(d gompounds are

coflba®ide r\@l‘%réﬁnﬁ{ $epréfeisad %?dlb@erﬁ@ﬂin{ la@f FatdpgestiterLphenyl group
mrth a har maceuti cal [y acceptabl e base, and to

Sﬂwvaﬁgi@Sa oxyBifaPes t hereof. Anong the
pharmaceutically acceptabl e bases there may be
mentioned, without inplying any limtation, sodium
Arhotdr Iﬁ&ﬂeﬁf@d chapastis vitheyiavaxin eherd magbh )ﬂeatrbmﬁl, more specifically :
vant ageou

: Eé%@ﬁi@%% %é"mzyfﬁehxdﬁwhf - ol oimehy Sonbaimas. arevs 13-
gnﬂﬁxﬂ& grh ﬂgga-ﬁ% e(g%é HB%ﬁl%H&d&aﬁqurﬁgenamd 6-

Acc secon vant us enbodi nent of
bhﬂe;nventron preferred conmpounds are conpounds

- Eﬂg%&%g@%} L—ﬁ@:fe%%ﬁ%-ﬁy%olgyg ,r99cgg)?o- Ip%@lyq&q[(gzgphengf §s€ nts
isoxazolyl)methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oic acid 6-oxide,

- (5R,8R,118)-5-benzyl-6-hydroxy-11-(4-hydroxybenzy!)-3,9-dioxo-1-phenyl-8-[(3-
phenyl-5-isoxazolyl)methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oic  acid  6-

oxide.

The enantiomers, diastereoisomers, and addition salts with a pharmaceutically acceptable

base, of the preferred compounds form an integral part of the invention.

The present invention relates also to a process for the preparation of compounds of
formula (I), which process is characterised in that there is used, as starting material,
diphenylmethanamine chloride, which is reacted with phenylacetaldehyde in the presence

of phosphinic acid, H3PO,, and hydrochloric acid to yield the compound of formula (II) :



5 substituted by a hydroxy group. According to a third
advant ageous enbodi nent of the invention, preferred
conmpounds are conpounds wherein R2 represents a
hydrogen atom and R3 represents a phenyl group
substituted by a hydroxy grogp. Anmong preferred
conpounds of the invention there may be nentioned nore
specifically : to -
(5R 8R, 115) - 5- - 6- hydr oxyy 11- (1H-i ndol - 3-yl net hyl )
-3, 9-di oxo- 1 - 8-[(%7 |
phenyl - 5-i soxa 2-10X
odecan- 12-o0i ¢ acrd 6-
(5R 8R, 11S) -5, 11-di benzyl -6 hydroxy 3, 9-di oxo- 1| - phenyl -
8- [ (3- phenyl

o|azﬁ

- 5_
isoxazolyl)nethyl]-

-oic acid 6-oxide,

(5R 8R, 11S) - 5- benzyl- ydr oxy- 4- hydr oxybenzyl)-3,9

% ueous hydrobromic acid to

Whl% gm{glg g%zn (1)l ?a { )gtsets u@?ﬁt?dZtoot)}gg ailtloln OOde}qaz a- yp hosphad
ymmﬂﬁmanm@amniMthndaﬁHDGX|de The enanti omers,

di ast ereoi sonmers, and addttion salts with a

I

514 10- di 452 6- phosphad

6- phosphadodecan- 12

pharmaceutically acceptabfje base, of the preferred
conpounds form an [irR§ egr a —pdrt of th@llj,nvention. 20
The present invention>xelates also to a process for the

preparation of conmpounds of OHornula (1), which process
Is characterised in that_there is used, as starting
material, diphenyl net hanchl ori de, which is

reacted wi th phenyl acet al in the presence of
phosphi nic acid, H3PQ2, andyhydrochloric acid to vyi eI d

R I NN W TR

ERYS ron1c acid to yield the
tog%%%%gﬁ%£8gﬂgbrnula (Ilqh O

o. H_ p-H av),

which compound of formula (IV) is placed in the presence of R—(+)-N,N-(phenyl)(ethyl)-
amine and then subjected to the action of hydrochloric acid to yield the compound of

10 formula (R-1V), the R enantiomer of the compound of formula (IV) :

0]

q
0 N.R _p—H
AN
T e
0

which compound of formula (R-IV) is reacted, in the presence of 1,1,1,3,3,3-hexamethyl-

R-IV),

disilazane, with a compound of formula (V) :
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HZN Pl \ H (Ill), OHS5 which conmpound of fornula (II11)
is reacted with benzyl chlorofonnate in a basic nmedi um
to yield the conpound of fornmula (I1V) : 0O O NPISH
(1V), OH 0 which conmpound of formula (1V) is placed
in the presence of R-(+)-N_Ng(phenyl)(ethyl)- am ne and
then subjected to the action of hydrochloric acid to

yi el d the conmpound of formula (R-1V), the R

enanti omer of the co d of formula (I1V) : O / ONR

1p~ H(R1V), 'If OH|0 which conpdi¥id of formula
(R-TV) is reacted, i he Q?ee of
1,1,1,3,3, 3- hexamet i silazane, with a conpound of

formula (V) : -10 (V) O to yield the conpound of
formula (RVI) 0 OO0\~ PRVI), NRIII OH
to yield the compound of formula (R-VI) :

O
1

R P O (R-VI),
| 8 \/

which compound of formula (R-VI) is reacted with a solution of sodium hydroxide to

yield the compound of formula (R—-VII) :

I (R-VID),

which compound of formula (R—VII) is subjected :

1) either, in the presence of diisopropylethylamine, 1-hydroxybenzotriazole and 1-ethyl-3-
[3-(dimethylamino)propyl]carbodiimide chloride, to the action of a compound of

formula (VIII):
0O

HN
2 OR, | (VIID),

RI
3
wherein R'; represents a linear or branched (Ci-Ce)alkyl group and R's represents a

group selected from phenyl (optionally substituted by a linear or branched

(C,-Ce)alkoxy group) and 3-indolyl,



0 0 which conpound of fornmula (R VI) is reacted with a
sol ution of sodium hydroxide to 5 yield the conpound
of formula (RVII) / O\ ONRPI OH(RVII), YOO/
O which compound of formula (R-VII) is subjected : 1)
either, in the presence of djjsopropylethylam ne,
1- hydroxybenzotri azol e and 1-ethyl - 3-
3-.(diyret hyl am.n ro odiimde chloride, to the
c¥1élgﬁge§?°‘ép%%ﬂ~ﬁg@%&‘“@¥ &é,g.gk?m mila (VII1): 0 H2N OR

(M11), Z R 3 wherein R2 represents a |linear or

brapched (Cl1-C6) al kyl "é represents a group
Se ad from phenyl | [ uted by a

[ or branched h and 3-ind

) @ & -1X) o ¥,
N R N S 2 wherein

R 2 and R 3 areg

wherein R'; and R'; are as defined hereinbefore,
which compound of formula (R,S-IX) is reacted with benzaldoxime in the presence of

N-chlorosuccinimide in a basic medium to yield the compound of formula (R,5-X) :

H
0 N R S R,S-X
\H/ ORl2 ( 2 )J
OH
@) 0]

wherein R'; and R'; are as defined hereinbefore,

—g =0

which compound of formula (R,S-X) is placed in an acid medium to yield the

compound of formula (I/a), a particular case of the compounds of formula (I) :

wherein R, and Rjs are as defined for formula (I),



whi ch conpound of formula (R S-1X) is reacted with
benzal doxinme in the presence of 5 N-chlorosuccinimde
in a basic nediumto yield the conpound of fornula
(RS-X) ONOO HIIl HONRI * NISOR (R S-X),
OH2 0/ OR 3 wherein R2Zpnd R 3 are as defined
her ei nbef ore, V\,hi ch conmpound of formula (R S-X) is

| aced in an iumt I 0 f

2) BBt st POy e Bt B shghig (R SRR 8t compound
Epfowhﬁ(({l—)(l} (]N OHII HOYNRI Njj ORZ(I/a)
CH O/ R3 1o wherein R2 and R3 are as defined for
forrrula(l) -12- 2) or to the s asthe
compound of formula (R S-1X) to ound of
formula (RXI) O O NR O (RX

OH (R-XD),

which compound of formula (R—XI) is subjected :

A/ either, in the presence of diisopropylethylamine, 1-hydroxybenzotriazole and 1-ethyl-3-
[3-(dimethylamino)propyl]carbodiimide chloride, to the action of a compound of
formula (XII) :

0

HN
OR, (XID),

OPG,

wherein R, is as defined hereinbefore and PG, represents a protecting group for the
phenol function (T. W. Greene, "Protective Group in Organic Synthesis", Wiley-
Interscience, New-York, 1981) well known to the person skilled in the art,

to yield the compound of formula (R,S—XIII) :



10

Tb which conpound of fornmula (R-XI) is subjected : 5
Al either, in the presence of diisopropylethylam ne,

1- hydr oxybenzotri azol e and 1-ethyl - 3-

[ 3- (di met hyl am no) propyl ] carbodiim de chloride, to the
action of a conmpound of forFHa (XI1) 0 H2N OR2
(XI1), OPGA wherein R2 is as defined hereinbefore and

PGA represents a protecting gr oyp for the—=l0 pheno

function (T. W G eene, "Protecti 0 QR Organi c
Synt hesi s", WIley- Intersciend 981) wel |
to the person skilled j to/yield the

ﬁ%-m : WNOO HII O
Sgal 1 unct 1 SR,

wel | known to
<l he compound
gonpounds of

OPG,

the person skilled iy
of formula (1/b), ap

formula (I) : O-N QL

ar case of

wherein R, and PG, are as defined hereinbefore,
the phenol function of which compound of formula (R,S-XIII) is deprotected by
customary techniques of organic chemistry well known to the person skilled in the art to

yield the compound of formula (I/b), a particular case of the compouhds of formula () :

o)
H H
i % m’
\H/ OR,
OH
o) 0]
OH

wherein R, is as defined hereinbefore,

B/ or to the action of a compound of formula (XIV) under the same conditions as

hereinbefore :

OR, (XIV),

OPG,
wherein R'; and PG, are as defined hereinbefore,

to yield the compound of formula (R,S-XV) :



10

wherein RZ is as defined hereinbefore, B/ or to the
action of a conpound of formula (XIV) under the sane
conditions as hereinbefore O HzN ORz (XIV), 10 OPGA
wherein R 2 and PGA are as defined hereinbefore, to
yield the compound of formut# (R S XV) : -14- O-NO _ O
H1IHO/NRP MNSOR (RS-XV), OHz OPGA wherein
R 2 and PGA are as defined herei R]before wtN ch conpound
of formula (R S-XV) is subject@d \a) e in the
presence of sodi um i odi de, A

t eyl am ne, to the po

yound of
wherein R and

pitlesents a |i :
ohae con‘pggﬁng)’

)

OPG,

wherein R'; and PG, are as defined hereinbefore,

which compound of formula (R,S—XV) is subjected :

o) either, in the presence of sodium iodide, (nBu){NHSO, and triethylamine, to the
action of a compound of formula (XVI) :
Cl~_ _O R

RN XD,

0]
wherein R, and R}, each independently of the other represents a linear or branched

(C1-Cyp)alkyl group,
to yield the compound of formula (R,S-XVII) :

~N

0O
0 II;II R |P| I}\II
S R,S-XVID),

\H/ N\ OR,, R, D)

0

O \ O
R,~o
4}\R OPG,

wherein R,, Ry, R'; and PGy are as defined hereinbefore,

B) or, in the presence of PyBOP and diisopropylethylamine, to the action of a
compound of formula (XVIII) :
HO___ S R

R’ \Wf/ b (XVIID,

0]
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OO0 H11I0H (RS XVI), OINRPNSOR z0O0 Ra-O \
[ Ill --ROPGA 10 O wherein Ra, Rb, R 2 and PGA are as
defi ned herei nbefore, (3) or, in the presence of PyBOP
and diisopropyl ethylam ne, to the action of a conpound
of formula (XVIlIl) : HOB ,SyRp-(XVill), Ra O - 15 -
wherein R and Rb are as defined hereinbefore, to

yi e{idrdiR, 6RIRE R kAT MBkiabdfReS-XIX) © O O HI | H
/I O INRPN Njj~ OR(RS-XIXY, INN OzO\ O/ O
oPGyieihibe eprpRand ForrR2 BAdXBEN are as defi ned

her ei nbefore, 5 the conpounds of fornul R S XVI1)
and (R S-XIX) constituting theoebl\ oun

O

H
NS R,S-XIX),
Y \ OR’Z ( )
0
0 \ 0
R—S§
)\Rb OPG,

wherein R,, Ry, R'; and PG, are as defined hereinbefore,

the compounds of formulae (R,S—XVII) and (R,S—XIX) constituting the compound

of formula (R,S-XX) :

wherein R, is as defined for formula (I), and R'; and PGy are as defined hereinbefore,
the phenol function and carboxylic acid function of which compound of
formula (R,S—XX) are deprotected by customary techniques of organic chemistry

well known to the person skilled in the art to yield the compound of formula (I/c), a

particular case of the compounds of formula () :



of formula (RS XX) O\ O 0 H1) HO /NR\ NS
(RS XX), IxI OR2 ORI OO0 OPGA wherein RlL is as
defined for formula (1), and R 2 and PGA are as defined
her ei nbefore, the phenol function and carboxylic acid
function of which conpound 1610 fornula (R S-XX) are
deprotected by customary techniques of organic

chem stry well known to the pers skill-ed~n the art
to yield the conpound of fornul@™ ﬁ pyticul ar
case of the conpounds of fornul- 16 O/ 0/ ON
R P Njj OH(I/c) ORI OO whereNn—RA is as

d her ei nbef or e, %% formul ae

(1 (1/Db) ,and (/) i §] desired, int

t he i S ' i on we),
techni ques, are||purifi y 5

conventi onal puyifi e converted,

i f desired, into thelkr addition salts

wherein R, is as defined hereinbefore,

which compounds of formulae (I/a), (I/b) and (I/c) are separated, if desired, into their
stereoisomers by conventional separation techniques, are purified, where necessary, by
conventional purification techniques and are converted, if desired, into their addition salts

with a pharmaceutically acceptable base.

The compound of formula (XII) :

O
H,N
OR, (X1D)
OPG,
can be obtained starting from a compound of formula (XXI) :
0
H
/N
PG; OH (XXD),
OPG

A
wherein PG, is as defined hereinbefore and PGg represents a protecting group for the

amine function (T. W. Greene, "Protective Group in Organic Synthesis", Wiley-
Interscience, New-York, 1981) well known to the person skilled in the art,
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The conpound of fornula (XI1) : 0 H2N 10R2 (XI1) OPGA
can be obtained starting froma conpound of fornula
(XXI') 0 HPG OH (XXI), OPGA to wherein PGA is as
defi ned herei nbefore and PGB represents a protecting
group for the amne functien7¢T. W G eene,
"Protective Goup in Organic Synthesis", WIey-

wHiBl ESrBEIRIAGE foraa (0K K.is 48ty . wel | known to the person
skilled in the art, - "17- which conpound of fornula

a) (SReY ins thee gagsetce of) Nel,t ) NHS@heandr d8#nceithf aNedmpound of
( 14%%,and NEt3, with a conpound of fornula
(@%ﬂ%?: - d (XXI'l), 5 wherein R2 is as defined
herei nbefore, to yiel Ri-hel conpguxanof formula (XXI11)
0. HPEB N O -(XXlI1) OPGA  wherein PGA, PGB and R2
Arherein Rads aslsfingd herembefoss. & yisid Be compownskofdpaada (X8 -
EDC. HCl and 4-di net hyl - anynopyridine, with a conpound
of H

N
PG;” o (XXIID),

OPG,

wherein PGy, PGp and R; are as defined hereinbefore,

b) or, in the presence of EDC.HCI and 4-dimethyl-aminopyridine, with a compound of
formula (XXIV) :
R, - OH (XX1V),
wherein R; is-as defined hereinbefore,
to yield the compound of formula (XVIII) as defined hereinbefore,
the amine function of which compound of formula (XXIII) is deprotected according to

customary techniques of organic synthesis well known to the person skilled in the art.

The present invention relates also to pharmaceutical compositions comprising compounds

of formula (I) in combination with one or more pharmaceutically acceptable excipients.

Among the pharmaceutical compositions according to the invention there may be
mentioned more especially those that are suitable for oral, parenteral, nasal, per- or trans-
cutaneous, rectal, perlingual, ocular or respiratory administration, and especially tablets or
dragées, sublingual tablets, sachets, paquets, gelatin capsules, glossettes, lozenges,

suppositories, creams, ointments, dermal gels, and injectable or drinkable ampoules.
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formula (XXIV) : 10 R2 - OH (XXIV), wherein R2 is, as
defi ned hereinbefore, to yield the conpound of fornula
(XVI'11) as defined hereinbefore, the am ne function of
whi ch conpound of formula (XXI11) is deprotected
according to customary techh8gques of organic synthesis
well known to the person skilled in the art. 15 The
Ther essit dbsy eRtitPhcE@tResH ahs Qe 0aph %nﬁa%k%ﬂt C&ft the patient, the
conposi tions conprising compounds ~of formula (1) in
adgdHBir A0 rertewibe mabwme 061%6 errepcyte vieasion iapdlahy associated treatments
an&?%l}%@g ﬁ?lneO BA & 19%15324 HOURN gnlgeorphoarg ggx%%ﬁnlilgtlra‘%f%lns.
conposi t1 ons cording to e 1 nvention ere nmay be
menti oned nore especially those that are suitable for
oral, parenteral, .nasal, per- or trans- cutaneous,
Th,ee@)fagppﬁespg}ar ifw&mpl’lus@@fﬂ @'% @yeqt;@gpwngp%tr &;mmng it in any way. The
Préfifl 3 Ul RlIRRy rRDR iSRRG ¥r h8 R0 br RIS S Rermediates
subl'i ngual tablets, sachets, paquets, gelatin capsules,
of ghoiggetraegion| dfzlenigesntionsupposi t ori es, creans,
ointnments, dermal gels, and injectable or drinkable
anpoul es. -18- The useful dose varies according to the
The SNarti &Y BrafHA I \@e@hike 85mmBRiNFkdRis: orlHE pr@AMdURbiddld @ known
route, the nature of the therapeutic indication and any
meikads of areparatiprat nents  and ranges from0.1 ng to 1 g
per 24 hours, in one or nore adm nistrations, The
Exanpl es that followillustrate the invention, wthout
ThkistFuétuReg off thd dondsyind@Nescribe&l inahEELRApIE MRS déthrdtindPidcOMIing to
result in conPounds of the invention or in synthesis
cU§tRmaLYHPEs tERPagTomstrig teehnigues (imirariad. M Re mash epechomatyon.
The starting materials used are conmercial products or
are prepared according to known nethods of
A (BRePiat B8)i @mpotihé istiidecdtorde® méant heacemipmiids s diabtbedisomers

i.n the anpl es wer.e determnm ned cording to 10
hw@ﬂ%ﬁ@ﬁ@ggu?ﬁ€8§g@%ﬂ%ﬁ%ﬁﬂﬁ%§H§%Sé@ﬁ&ﬂ%@%é1g?nfra-red,
NMR, mass spectronetry). A (5R 8*,11S) conpound is
understood to nean a racem c m xture of 2
Prefizxation éoiltbye2-metindenaad-pehtynabeol ut e confi gurati ons
(5R, 8S, 11S) and (5R, 8R, 119)

34.9 g of diethyl malonate are slowly added to a solution of EtONa prepared by dissolution
of 5.0 g of sodium in 280 ml of absolute ethanol. The reaction mixture is heated at 50°C
for 1 hour, and then 38.8 ml of 3-bromo-1-propyne in 100 ml of absolute ethanol are added
dropwise to the mixture. The reaction ‘mixture is stirred for 12 hours at that temperature.
After evaporation under reduced pressure, the residue is taken up in diethyl ether and
extracted with water. The organic phase is dried over sodium sulphate, filtered and then
evaporated under reduced pressure. The oil obtained is taken up in 100 ml of absolute
ethanol and then a solution of KOH (12.2 g in 340 ml of ethanol) is added dropwise. After
stirring at ambient temperature for 1.5 hours, the ethanol is evaporated off under reduced
pressure, and the residue is dissolved in water and extracted with diethyl ether. The
aqueous phase is cooled with the aid of an ice bath, acidified with 2M HCI to pH~1 and
extracted with diethyl ether. The organic phase is dried over sodium sulphate, filtered and

then evaporated under reduced pressure. 35.0 ml of pyridine, 13.4 g of paraformaldehyde
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Preparation 1 : Ethyl 2-nethylene-4-nentynoate 34.9 g

of diethyl malonate are slowy added to a sol ution of

Et ONa prepared by dissolution 15 of 5.0 g of sodiumin

280 m of absolute ethanol. The reaction m xture is

heated at 50C for 1 hour, ah¥-then 38.8 m of

3-brono-1-propyne in 100 nl of absolute ethanol are
an@ddlédml df Ppwiristhet ae tal@edrioxtht rresiduhebthi@ad,t dreinthei r¥ddiio® nhikture is

rreg or 12 hours at that tenperature. After
Stle%ﬁbﬂ il8%° QL iford é rhoquesd uelEsy G9pHRS (P @mbigné tpraRsayes:jthe mixture is

dllhﬁhe\ﬁﬂ&' Rob Hﬂch &1@&'1#/1 9%915351 ad orEXtik %%E&dlsv\éutﬁ&sméﬁrwashed with
e organic ase r|e over “sodi um sul pha
watdr) 2Mrlé61 énth NhH@CB &okumap andsadrageidsaClr sxdutced The esgamiephase is
.The oil aptain 100 nl of, absol ute
arigq Fonfber SR MORME s BEER o ey pbqry9d L D80 ooy pressure.
Chedm&bHAapRY dvirSsiladdrd gﬁ&@&%&mﬁﬁb%ooﬁaﬂeﬂm BheAl 9.5/0.5 to 8/12)
ambi ent tenperature for 1.5 hours, the ethanol is
allewapercapedicoproduridebe tselidadled pressure, and the residue

ReLH 1 GRRLYEH L0 B gt 8 b Ot et byl et her

"The al d of an ice
bat h, aC|d|f|ed with 2M HO to pH 1 and 25 extracted
W|th d| eth I ethelr The or anll;: phase |s dri ed over

A S ’ : t h C N

reducedpr e& 4 L %cd“lc , 13 4 g of
par af or mal pi peridine are
added to the resi due obt ai ned and the reaction mxture

After cooling to
A ‘ : ¢ uted with 400

n1 of di et hyI et her and the orgam Cc phase is

successi vely washed wwth water, 2MHCO, 5 % Nal | CO3
51.§ohlivf erbOattdagrbus stledorNalH; B0} atd ghled Ther susgensian phad®s g of

diny T et G LI Pedh S0 TR ELaRY. 90 oot e gy opeiue i

hea$¢d k€ B5gRlC( pat mat %iﬂ%e@itﬁl%r 58401f086D) pRirSRYal RhD& in 175 ml of
5/0.5 to 8/12) allows the expected product to be

ethmscélam éddedrever Bariqdoef chlow:rﬂef he&tm(m ®otppedi farymore hours,

r
ro Py Rl SO RMUH sBoprare S resigityf dipjh pmed s
filtérgd rodk yyashtd Wi sphbd E’ghlahcﬂemhiy With4dipgigt etz Gandcihen Sred, fhereby

Benzl i Vdr VI anzi no) - 2-pl zenyi etl zyl pl zospl zi ni c
all%pgghe expecte product to be)lsolatgd y yip P

trred at 100- %OSIC for 3 houlrs

Step B : 1-Amino-2-phenvylethylphosphinic acid

181.1 g of the compound of Step A above in 500 ml of hydrobromic acid are heated at
110-120°C for 2 hours. The mixture is then concentrated under reduced pressure, and the
residue is diluted with water and extracted with diethyl ether. The aqueous phase is
concentrated and 600 ml of absolute ethanol are added to the residue. 60 ml of previously
cooled propylene oxide are slowly added to the reaction mixture, which is held at 0°C. The
expected product which precipitates out on cooling is filtered off, washed with diethyl

ether and then dried.
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51.5 mM of a 50 % aqueous sol ution of H3P02 are added
to a suspension of 109.5 g of di phenyl net hanam ne
chloride in 750 ml of ethanol 90 % and then the
reaction mxture is heated to 85-90C. At that
tenperature, 58.4 m of phenylacetal dehyde in 175 n] of
15 et hanol are added over a period of 3 hours, and

EL1IRG(Beszflowh) bRyl @hind }-0W1Rn 1Oy B osp iRk IlcQMﬁid by
stirring for 1 ours at” anbi en enper at ur e.
precipitate that is forned is filtered off, mashed

i I er and t.hen

110k al4s E%%%V@I%Qld‘é" bfludh eké‘égg of % SHeptid b 49.4 g of the

co'rr}pohlai edeteﬁBaboBe in M%nhzﬁ waer. I-hB Iﬁeactlon m1xture is brought to 0°C, and
of the conmpound

en t | zos ZZIC acid 20 181.1
th X%? é%‘ly%‘t’o WO@WaFﬁ argadfedy P%ragﬁ@raodaef Y hgyre The mixture is
stite@beskcafor 1]{:1ICQ1I‘ 120G Iugfamgt t@ﬁ’l Edturd R 4Th 11'stgbr§x{kg%the pH of
concentrated under reduced essure an
the @I@tmnuﬁoe%lwby fddangeM amﬂiumﬂt}«dm@mmmdn (T hehﬂnytur@ishhﬁn stirred

eous phase is centrated a
B BRO b B 0 & et ol Fifietiefyt BhepThe aqueous

ph@sfeevsl atiglfied B9O0fhe dadiiiy lo€ Vo %&ecm& Sk %@@Qﬁ&tédo product

the reaction m xture, which is held at 0C. The
presipiieies oyt gy Gidgred ofhivshest with piatestaad vath disthyt OTdibI argi isghen dried
Ov%ﬁ#hered of f, washed with diethyl ether and then

. -20- Step C:

I'- (/ (Benzvl oxv) car bonyl | ami nol - 2- pl zettyl et/ zyl p/ zosph

| C aC|d 110 n|I of a 4ylsod|un1hydroxbde solutlon are

Step B above in 1207n1 of water. The reaction n1xture
is brought to 0C, and then 45.5 nl of benzyl
A ghttomodfod v igeofahe canhgenhdoafeStep (psidvedn A0d n f rabsdlﬂilt% ethanol is

hedfid Bbtefotr @ 3G R6ATE Wit B BN NUPRGDIEhySToRe Tt a0 m of
ethaMIus sRR1Y ad@dl@ MY réfddbmehiddtes %qjtey%r?ﬁﬁﬁﬁﬁé“ S react1on mixture is

solution.” The mxture Is then stirred at a
broughipier ambiert Brmerdtghktandnwoled 4tHER evernight élihevprt:hpltate formed is

thwl_ether. .The,ague e IS pelifi
el O oo PoRhscr JarO BTN P o ey Sl ol sold s
recgrsemqaa tfidhes4 Dl of hssolité E@RRA, P saltideied ﬂé"sﬁ.ﬁ)eﬁ@écﬁirh 300 ml of
Q with diethyl ether and is then dried 10 over P205.
M hydrochloric acid and is stirred for 2-3 hours. The solid is filtered off, washed with
H,0 and with Et,0, and is then dried over P,0s.

Optical rotation [ot]oo°= -46.7° (1 % in absolute ethanol)

Step E:  (IR)-1-{] (Benzyloxy)carbonyllamino}-2-phenylethyl-[2-(ethoxycarbonyl)-

4-pentynyllphosphinic acid

1.3 mmol of the compound of Preparation 1 are added dropwise to a mixture of 1 mmol of
the compound of Step D above and 5 mmol of HMDS heated at 110°C for 1 hour under an
argon atmosphere. The reaction mixture is heated at 100-105°C for 3 more hours. It is then
cooled to 70°C, and absolute ethanol is added in small portions still under an argon

atmosphere. Stirring is continued for a further 15 minutes at that temperature. The solvent
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Step D: (IR -1-([(Benzvl oxv) carbon

yl [ am no[ - 2- pl zenyl et hvl phosphi ni ¢ acid A sol ution of
83.4 g of the conpound of Step C above in 1000 ni of
absol ute ethanol is heated at reflux. A solution of
34.4 M of R (+)-N N (phenytRlethyl)amine in 170 nil of
ethanol is slowy added to the reaction m xture. After

is 1theil ewipetated Nt r @akt | ﬁbﬂuéEdtiﬂdEs@uﬂeS @Brobfa@ipgdphyt Q)Ver silica gel
anbi ent tenperature and cool ed at 4C overni ght.

he
(chdproéerpy mgthanelmegiieiagid : 740;3/Q.-a) dlpvesrthe wctﬁd%@@cmw isolated.
absol ute ethanol and with diethyl ether. The solid is
recrystallised from445 nl of absol ute ethanol. The
StaalFt oBt/AIRed - {/@@Mﬂpﬁﬂd@dolzﬂ]@ﬂﬁom e nylotiyl) (hydroxy)-
hydrochloric acid and is stirred for 2-3 hours. The
sol i d Plosphopylpragthyli--vegliomikcapcid tn  H20 and with Et 20,
and is then dried over P205 20 Optical rotation [a] 20D=
-46.7 (1 % in absolute ethanol) Step E
A thR)'ori of(1(1hBeoh 2 thexconpanibelfem Eiahove @ik ehsgthatdyd sc[oied(to 0°C.

SR DN op PSR AR s 38 BBt ppared Treacton

mlﬁtu?@ Xt éﬂfn%dchft a TR herBperathiitefos GO BURE. AfterAEMARHAROWRL 2M HCI,
and 5 mol of |11 MDS heated at 110C for 1 hour under an

thepgthapod snevappiotndHdf.cnd theeresidae 19 t@henmlp( tiuweter enchevdrastedawith ethyl

ace]tgtg Jfgg g] é i)th ar & Qv%%ﬁe% d\g eté wgte %ho' (leraaed Z%E’Hn chloride

no 'S a I'n sna IOﬂS S

solutiche fand fis &fegcﬂiwdad\ré@%@dl&mesul[ﬁtatd andwgvapsmt@mmdw eedfced paessure.
further_ 15 mnutes at that tenperature. The sol vent
The xpegied prrdycieirapipiaed dyorecipiaing fremye diptprl eyhsmstroleum ether

Hl%gﬁ?natography over silica ge
or of or m net hanol /acetic acid : 7/0.3/0.3) allows

t he expected product to be isolated. Step F

eRAIALion 3.: 3 R)-d=£1¢Beng ) in, pagh £
sol ution Oﬁhéspﬁ@% !'Qfléj Bﬁe@%@i@b‘%o&mxﬂtﬁg]&%%%ﬁ dcﬂi 9
m of ethanol 1S

hydr oxi de are added in snall portions, and then the

Ster v

et hanOblzés%h@MWﬁﬁlﬁd—ﬂhfyngﬁnﬁ”l he resi due is taken up
in water and extracted w th ethyl

(;tl

This compound is obtained in accordance with a procedure described in the literature (A.

Makaritis ef al., Chem. Eur. J., 2003, 9, 2079-2094).

Step B : 3-[((1R)-1-{[(Benzyloxy)carbonyllamino}-2-phenylethyl) (hydroxy)-

phosphoryl]-2-[(3-phenyl-5-isoxazolyl)methyl]propanoic acid

1,3-Dipolar cycloaddition is carried out on the compound of Step A above using
benzaldehyde oxime, in accordance with a procedure described in the literature (A.

Makaritis et al., Chem. Eur. J., 2003, 9, 2079-2094).
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acetate. The organic phase is washed with water and
wi th saturated sodiumchloride 10 solution and is then
dri ed over sodi um sul phate and evaporated under reduced
pressure. The expected product is obtained by
precipitating froma diethyl22ther/ petrol eum et her
m xture. Preparation 3: 3-f((1R)-1-{
EXBsmeEk axy) car bonyl | am no} - 2- phenyl et hyl ) (hydr oxy) -
hosphoryl | - 2-1 ( 3- phenyl - 5-i soxazol yl ) met hyl | pr opanoi c
(SB SR 18-5SBegryh6- hydroxy-ll (1H-indol- 3-ylmethyl) 3,9-dioxo-1-phenyl-8-[(3-

n2| Jeth
Py it S Vo s PR oo A RRA B FaR T AL
6-cxidpound i s obt ai ned |n accordance mnth a procedure
descri bed in the literature (A. Mkaritis et at.
Chem Eur. J., 2003, 9, 2079-2094). Step B:
st k() g)xkﬂzi{t(ﬁﬁﬁ%sév?amwmﬂw;' PDRLI e BRI 1A
phosph mmddl43—ﬂn{e(lﬁd)phﬁ@ﬂ;dxv5-mmﬂazt]awhz)}bmﬂ;bhw-/4Exrahnamﬁ
c acid 1, 3-Di ole{ cycloaddition is carried out on the
conpouﬂéﬁﬂﬂﬂﬁﬁéﬁiA above using benzal dehyde oxine, in
accordance with a procedure described in the literature

(A. Mkaritis et al., Chem Eur. J., 2003, 9,
Tozeosngpg@gm)of 1- 1212[1.01 EXAvREEpPund 6P 8Rrati@) 2 5a B0 ml of dichloromethane

thc?% %}e{eln%/c?d:egy’gd ; OX% of dusgpropylgt%olammé/ | lrret héil gf I’Stryptoplcl)e{(noﬁllethyl ester

chpfidsy! ninéISeXED®: Vhd ekl of ZDXXECE. "me gagd@r BripbRsR@eed for
odecan-12-o0ic acid 6-oxide 5 Step

2 hopp) at ArfbiqUBEHRRATHRIE) a0drip @he@@lp@ﬁﬂﬂbyimhlommethane IM hydrochlonc
ac@:‘l%_ﬂgefnln&ed%ﬁlefzi ft%)l("é/rgrgg %ﬁa]sﬁ\l '[‘T‘II‘ /dr an%) l)ﬁgéfz %@ﬁédt thiM HCl, dried

ovendodiuny kilphfib asptiien IcOnc&ﬁtrdtea' Qn&er&bkimﬁﬂl @trﬁ;@ur@f THe empal:te@fproduct
the c ound . of Preparation 2 in

is QHtEFOP bRECIABON (A s %%@&trslemth%ﬁmxmre
di i sopropyl ethylamne, | mmol of 1-tryptophan nethyl
ester to chloride, 1 mmmol of HOBt and 4 mmol of

Stdp>. HCULR)Th ¢/ (B eveylaxelrarfoxtyljumiriog-2spherayiediyflgB-{/(1S)-1-(1H-

imlol-3-vlmethvl)-2-methoxv-2—0xoetlrvllamino}-3-oxo-2-[(3-plzenvl-4-

isoxazolyl)methyl) Ipropvl}phosphinic acid

6 mmol of benzaldoxime are dissolved in 5 ml of chloroform, and 2 drops of pyridine are
added to the solution. 6 mmol of N-chlorosuccinimide are then added and, after stirring for
10 minutes at ambient temperature, the reaction mixture is stirred at 45°C for 3-4 hours.
I mmol of the compound of Step A above is then added, as well as 7 mmol of
triethylamine. The reaction mixture is stirred at 45°C for 96 hours and is then concentrated
under reduced pressure, and the residue is taken up in ethyl acetate and washed with 1M
HCI and with saturated sodium chloride solution. The organic phase is dried over sodium
sulphate and concentrated under reduced pressure. The expected product is obtained by

precipitation from a diethyl ether/petroleum ether mixture.
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2 hours at anbient tenperature and is then diluted with
di chl or onet hane. 1M hydrochloric acid is then added to
formtwo phases. The organic phase is washed with I M
HCl, dried over sodium sul phate and then concentrated
under reduced pressure. The-@Xpected product is
obt ai ned by precipitation froma diethyl

St der /| |peR 186)1¢8)35- Beneyl-aTxdroke 1 1-XBH3h841- Bylmethyl)-3,9-dioxo-1-
(IR -1- ff(Benz ony)carbonyllanlno/ 2- phenyletlz [-13-1T

f(1S)- pl (Frpleinvi-4gisoxazabyinetlivy) | réee ()-hazaxtiphespha-
yl | am pokse 1 P05if 7 %’&t}d nvl--4-
i soxaz | phosphinic acid 6 mol of

benzal doxi me are dissolved in 5 nl of chloroforn1 and 2

r.idi ded to, the i . 6 nnol_ of,
Thmpaﬁ@& &s@%@ﬁﬁ AFCPETiZg 40 { FrapoSkdty %§ Hpf Erepé{aitlppilnasmg the

cmfn%und?& S]téb BiBHEssRhd 8k %B&péﬁ{ﬁpﬁf S%ISJEG the reaction
m xture is stirred at 45C for 3-4 hours. 1 rnrnol of

t he conpound of Step A above is then added, as mell as

under HqﬂzléﬁﬁlUS mqgﬁuvm-z@&ﬁzwﬂmz&tﬁﬁmﬂp@xhs ztoamfh mahbfb/m-
et hyl acetate and washed wth T™M HC
sat ur afledecabd2rpic avi Graxide sol ut i on. The organlc phase
is dried over sodium 25 sul phate and concentrated under
reduced pressure. The expected product is obtained by
Thpr(BGR, sb tdédstendvifoneen waddbbhahigl B8t petfiqebn afetis @ilip@iund of Step C
m xtuy - 23-
ab((V@Rﬂ&SOCﬂtg) de‘Bé‘ﬁti)]yq befen cpmpeyed Pf #4 o prgionitrde pnd A8 A3.3mM
arrﬂr)om?h[n?sfg%xﬁﬁég \%t 1%? :'6340Xua3£n a 250 lr)n.m 2AI”£X<éohimr]1_ O(stg’uonary phase
Ki@nphbépﬂmahcdddenamntglwlg)aC|d 6- oxi de The product is
obtalged g E@ gﬁg Z£%%EF procedure of Step F of
in 5 conmpound of Step B above
i nstead of the conpound of Step E. Step D:
(5R 8R, 11S) - 5- Benzvl - 6- hydroxy-1 |- (1Hirzdol - 3-yl net hyl
bX0-

<5'é8§*ﬁ%ﬁﬁ%‘°’n BT AT Rl S L3 phgay s>
isoRazoly i efihd]- QRleréﬁlOmlﬁﬁiL@r[ﬂ@bg dewmmlalaeﬂdﬁ laxide
purification of the conpound of Step C

Step A : 2-({(1S)-1-Benzyl-2-tert-butoxy-2-oxoethyllamino}carbonyl)-4-pentynyl-

((1R)-1-{[(benzyloxy)carbonyllamino}-2-phenylethyl)-phosphinic acid

This compound is obtained according to the procedure described in Step A of Example 1,
using L-phenylalanine O-di-tert-butyl ester chloride instead of 1-tryptophan methyl ester
chloride.
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10 above in isocratic node with a buffer conposed of 40

% acetonitrile and 60 % 83.3nM ammoni um formate at pH

6.4, using a 250 x 30 MM AIT colum (stationary phase

Kromasi| C18 beads of 5 m pores 100 A). Mass

spectronetry (ES/MS) = 733.229a EXAMPLE 2 : 15

(5R, 8R, 11S5) -5, 11- Di benzyl - 6- hydr oxy- 3, 9- di oxo-| - phenyl -
Stéy B{ 3- phemis )~ bBenzyl-2-tert-butoxy-2-oxoethyllamino}-3-oxo-2-[(3-phenyi-

isoxazolyl)netnyll 2-oxa-4,10-di aza- 6- Bhos phadodecan- 12

-oic aédl (IR)-I {[(benzyloxy)carbonyllaminoi-2-phenyl-

2- ({1(; hi)l sIBePEN £74 €rt - bat oxy- 2- oxoet | ryl | anzi no} car
bony ) - 1- ((( benzyl oxy) car bonyl
Jaznlno} 2 p|t enylethyl) phosphi ni c aC|d ThIS conpound

AR BRI RS o IR BOPSEAUE S B8 e |
usﬁgdﬂﬁe fc@ﬁﬁmﬂautoyISt@ﬁAebo@ Qe bﬂﬁiubﬂ% E@ﬂﬂe@ﬁy EhiohA @R Mon silica

yl ester chloride. -24-
gﬁb@bkﬁﬁ@@pmxﬂBeﬁﬂwvmczmﬂeﬁﬂl%@i@oxy 2- oxoet | zyganzi no/ - 3
- 0X0- 2- 1( 3- phenyl 5-isoxazolyl)nzetlz
yl I propyl ((1R)-1-(1(bezzzyl oxy) carbonyl | anzi no/ - 2- ph
Sty |: - abRBA VLS SZaSDIbentI-63kiddoxh 3, 8-RoNORDP ek )1 B-[(3-phenyl-
obt ai ned according to the procedure descrlbed in Step B
of ExaMawlvl)me g}iln%oxth 10 phe [

The pr is purified by chronatography'on silica
geI (cﬁggﬁ%forninethanol/acet|c acid : 7/0.3/0.3). Step

Thg g)r(]c?ug’c 1ne& %yDlregcetlr}lzg tlhe cornp unc{) X%/ Step B a 8%/%) w1thptr3f?10roacetlc
ac@ ﬂr§%ﬁﬁﬁla¥ﬁﬁlé rtﬁ&ﬂlé%hleﬂ?an@éﬁd thatkd nfjth@f)ﬁ)p@rtm%gmﬁ’@@@%a

12-o0ic’acid  6-oxid he product "i s obtained
reactlng the conpound of Step B above with

m —e -plf envl—S-[ (3-phenyl-

85/ 2. 55$Q/x2lz65vl)1§teﬂzﬁ)llg oxa-4, ] 0—dmza—6—phosplmdodecan-]Z—ozc acid
(5R 8R I'l'§)-5,11-D benzvl - 6- hydr oxy- 3, 9-di oxo-I - phenyl -
8-1(3- -
5-i soxazol yl ) met hyl | - 2- oxa- 4, 10- di aza- 6- phosphadodecan-
12-oic acid

The (R,R,S) diastereoisomer was obtained by purification of the compound of Step C

above in isocratic mode using a semi-preparative 250 x 10 mm AIT column (stationary
phase Kromasil C,5 beads of 10 um, pores 100 A). Isocratic elution under acid conditions :
52 % acetonitrile; 0.1 % trifluoroacetic acid.

Mass spectrometry (ES/MS) = 694.3 Da
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6-oxi de 15 The (R R S) di astereoi soner was obtai ned by
purification of the conpound of Step C above in
i socratic node using a sem -preparative 250 x 10 nm AT
colum (stationary phase Kromasil Cog beads of 10 m
pores 100 A). Isocratic elution under acid conditions
52 % acetonitrile; 0.1 %trifluoroacetic acid. Mss
m lretry(ES/l\/B) = 694.3 Da - 25- EXAI\/PLES:
é 8R, 119) - Benzl-6hdrox-| I -(4- 3/ yb
G ﬁliglllsﬂéﬂynaﬂo&@-yﬂrweﬂy @z([resybenzylﬁ dioxo*1-phenyl-8-[(3-

e%:%%sﬂ%ia% ac:l)gi_b%ygb_dé %ﬁgﬁﬁxg&%f%%&i&ﬁm‘? RBAC

6—dxﬁc(eBenzyI oxy) car bonVi | am nol - 2- phenyl et hyl -/ 2-({{(IS)-2
-tert-butoxy- 1-(4-test-batoxybenzyl)-2-oxoetlzyllmin
ol carbonVl ) - 4-pentyzzyl | pl z osphizzic acid This

0- di - tﬂiﬂi&j&L&MDdﬁ&Wﬂdﬂan

nmet hyI ter 10 chloride. Step B :

(1R) - 14 (Benzyl oxy) car bonyl | anzi nol - 2- phenvl et hyl - {3-{

[ (1S)-2-tert-but oxV-

1-(4-tert-bntoxybenzVl)-2-oxoetl zyl | anzi nal - 3- oxo-2-f (3
This srewmepodsis @éaéaczcbwpydmm hyiprgsedpgl dephdbsg in ditep AcifdExample 1,

S [ d u

usi SIT: Fﬁgﬂg@%%&t«%{ B\gyIa e@%x &?«fr?d’e ﬁr{égefg ofri rﬁ{tﬁéﬁa@ En%thyl ester
chleddpound of Step A above. Step C

(5R, 8*, 11S) - 5- Benzvl - 6- hydroxy-11-(4-hydroxybezzzy4-3

9- di oxo- | -phenvl _
Qﬁgﬂzil-#g-ggf %-Zﬁfe%-@ Dtoxz-

p
obt ai -tsﬁcrt:-bumx rtz {me tl elevw -Hews 2 1anyl-Stigpafolyl)-
of EXanP)Izvl]pr‘opvl}phospllzmc acid

This compound is obtained according to the procedure described in Step B of Example 2,

using the compound of Step A above.

Step C: __ (5R,8%* 11S)-5-Benzyl-6-hydroxy-11-(4-hydroxybenzyl)-3,9-dioxo-1-phenyl-8-
[(3-phenyl-5-isoxazolyl)methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-

oic acid 6-oxide

This compound is obtained according to the procedure described in Step C of Example 3,

using the compound of Step B above.
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20 using the conmpound of Step B above. -26- Step D :

(5R, 8R I S)-5-Benzvl - 6- hydr oxy-11-(4-1zydroxybenzyl) -3,

9- di oxo- | - phenyl 8-J(3-p/z ezzyl-5-isoxazolyl) nzeth

vl | -2-oxa-4, 10-di aza- 6- ph osph ado d ecan- 12-o0ic acid
6-oxi de The (R R 'S) di asteredbsoner was obtained by
purification of the conpound of Step C 5 above in

StéSDGI alF R, SROUS) 5SB G YR -H9Mox LI SNAIRHI0Db LRI S, i@zo&mzﬁiﬂ%nvl—

colum (stationary phase Kronasrl (Jﬁ beads of 10

por es BeVt3-mlrenyl 0 adyv il he D=adiag

43 @baggggp 5{ .1 Wbtrlfluoroacetlc aci d. Mass
spectr = 711.3 Da EXAMPLE4: 10
(5R 8*, 11S) - S- Benzvl - | | - (4- hydroxybenzyl )-3,9, 12, 16-tet

ra - henyl - 8-f ( 3- phenyl -
@?@»@5%@%@%@% Wa% 0 @Hffé B ipgsifcationeiyths cpmppund . ofj Step C
ab@%t Byls06hadaaRea G &’Qé}ﬁip}'%e GtiACHED BL®Pm AIT column tationary
N—I(Benzyloxy)carbony J-4-J(tert-butoxycarbonyl) oxyl ﬁ
phassyiramasil Qs bdads af $0 um, bylcérs o820 de. Isscraifidedtiorouales etidtcooditions :

43%589%%§gﬁ%égiéh§hﬁﬁenz Xxgcghbgpya£ ﬁs }gached. The

hdﬁﬁagkh@ﬂmﬁthgn@S)57999tﬁd in an ice bath, and 1.5
equl val ents of Boc20 are added, and the m xture is then

returned to ambient tenperature whilst maintaining the
EQE%% B Ee solution at 12 by addition of solid potassium
€. After 2 hours, a further 0.5 of an
(SR@Y[198)-8/Benafl- Bppﬂﬁ;dnsxaddﬂdl) 39 1 B16-1E8rAend- B-phehV1€8-[(3-phenyl-
nrxture is then c%ncentraﬂed unde& reduced pressure and

hgg ng/ troleunrether The aqueous phase is acidified
D e gord state with 2M HCl until a pHof 1 is

reached and is then extracted twice with ethyl

Potassium hydroxide is added to a solution of 10 mmol of N-[(benzyloxy)carbonyl]-4-
hydroxyphenylalanine until a pH of 12 is reached. The reaction mixture is cooled in an ice
bath, and 1.5 equivalents of Boc,O are added, and the mixture is then returned to ambient
temperature whilst maintaining the pH of the solution at 12 by addition of solid potassium
hydroxide. After 2 hours, a further 0.5 of an equivalent of Boc,O is added. After 18 hours,
the mixture is then concentrated under reduced pressure and the aqueous phase is extracted
with a mixture (1/1) of Et,O/petroleum ether. The aqueous phase is acidified in the cold
state with 2M HCI until a pH of 1 is reached, and is then extracted twice with ethyl acetate.
Chromatography (chloroform/methanol : 9.5/0.5) allows the expected product to be

isolated.
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Step B :

[ (2- ([ (Benzyl oxy)carbozzyl Jam no/-3-(4-J(tert-but oxycar
bonyl ) oxyJphenyl | - propanoyl ) oxyJnet hyl pivalate To a
solution of 2.5 mmol of the conmpound of Step A above in
15 mM of chloroformthere anré-added (nBu)4NHSO4 (0.5
of an equivalent), triethylamne (2 equivalents),

Srep@i.umysh M'M l)ox

pival ate . ' '
refIuxdﬁﬂﬂﬂﬁyﬂﬁgﬂg&ﬂbﬂaﬂﬂkimen concentrated. The

residue is dissolved in diethyl ether and is extracted
with water, twice with 0.5MHCI, twice with 5 % NaHCG3,
Tcaan doluiioiof@ b efmollbthe QbGP cﬁimaﬁAl FhovOME N i ARl AMEm there

gnato raphégﬁdlclIoronethane/nethanol : 9.9/0.1to
af@ aé WiNGwe+t(Re ek pe cadsiyajsnbd taethylemire (% shuivelgnts)osodium

loéﬁgsl gguflfal%?[e taéléitchéor?methga})galatei S %L}lvalent l'ﬁhsrrg%%logymixture is
reﬂ)wgclﬂlfmet&}ﬁ(ydrs a] thed Icﬁmhirztyd p]?lmpgs‘icb@et e dhsysglve@h% dlétéﬂﬁetﬁer and is
t he conpound o above _are dissolved. in a
xRS P B, B St el oM DG aice VRS o H 0P Biih warer The
orandVpidst iPERcaHER MR éﬂrofﬁatfaglr ? edvhbltﬁﬁfo‘?ﬁéiﬁﬁ@@ew&ol 9.9/0.1 to

reaction mxture iIs dr oge
9.5198) aldws the axjkecitad nrhéucptcebfenscletedf Pd/ C (300 ng) as
catalyst. 15 After 2.5 hours, the mxture is filtered
over Celite and is then evaporated to dryness to
St al n D ErB¥R e Ib% Earbﬁ henyl}propanovl)oxy]methyl -
(SR, 8 enzy nt oxycar bonyT ) 0oX
nzyl | - 2 2-dmzetlzvlpr0panoate Izvdroclzlortde
39, 12, 16-t etraoxo- | - phenyl - 8-1 ( 3- phenyl - 5-i soxazol yl ) nz
et hyl I -21315-
2 thmbbofethd cdifipeliralze-Stah B abeierze syl @t inatdeeane-(81pbosRMdYwater,

% acid 20 To_a suspension of 1.3 mmpl of the conpound
f oy dpngs &f i0oM 3G hparg addedgmtilip o erlowe?#rélﬁé Thetvspetioarnaixture is

B A A B 2 ol SARTPRY (ERUARIAFC 00 me) as catelyst.
Afeqdisvhowent thofmbiGBe iafittefzdenyer Caliendrsl B3f thEDEvifdrated @ dryness to
b{eaﬁtion Fl %ﬁ& is stirred for 75 mnutes and is then
ObRE R KRoSId PO reduced pressure. The residue is
dissolved in 50 m of a mxture (9/1) of ethyl
acstate/dlethyl ether and is then extracted 25 four

trioxa-4,10-diaza-17,1 7-dzmetlzvloctadecane—6-phosplumc acid

To a suspension of 1.3 mmol of the compound of Preparation 3 in 7 ml of dichloromethane
there are added 3 equivalents of diisopropylethylamine, 1 equivalent of the compound of
Step C above, 1 equivalent of HOBt and 5 equivalents of EDC.HCL. The reaction mixture
is stirred for 75 minutes and is then concentrated under reduced pressure. The residue is
dissolved in 50 ml of a mixture (9/1) of ethyl acetate/diethyl ether and is then extracted
four times with 1M HCI, H,0O, three times with 5 % NH4HCOs3, H,0, twice with 5 %
NaHCO;, H,O, IM HCI and then brine. The organic phase is concentrated and
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- 28- chromat ography (chl orof onn/ net hanol /acetic acid :

9.5/0.4/0.1) allows the expected product to be

isolated. Step E

(5R 8*, 1JS)-5-Benzvl -1 | - (4-hydroxybettzyl)-3

91216-tetraoxo-1-pheityl- -28-

8-[ (3-phenyl -5-isoxazolyl)nietltyll-2,13,15-tri oxa,
chfordddo %‘a (él?logo?oén/gie'tﬂé%ll/dc\éh@ Calci?&j ec 9%% B HZ OSIRINitfre expected

acid r nnol e conmpound of D above is
IﬂﬁmsﬁﬁﬂvsaﬂMNdlo n1 of formc aC|d and 200 | of

triisopropylsilane. The reaction mxture is stirred at

anbi ent tenperature for 50 minutes and is then

S t%E GentsRised 1y !}g-@enrzﬁd}ﬁ@h @r@%@b‘ﬁ;{eﬂ )-3h b‘,?Z,rI%StieﬁMﬁtoLﬁ-ﬁh enyl-
| SSOl ve In et acetat e ?n ex raC e \N| Ce W

bri ne, SthtE-pheryliShisaxagoly

The 1 @@ ! ase is c ncent?ated to yleld fhe
eXpeCt % ggl‘g Cﬁl QJ] % /SOS glllC (114 (NB- ES|) 826. 3
(I\/H-H)+ EXAVPLE 5 : (SR 8 *, 115)-5- Benzvl - |

- dr oxybenzyl)-3,9, 12- trloxo | - phenyl - 8-1 ( 3- phenyl
SJ OP %C com){)ound gf tep D above is dissolved 1% 10 r¥d of fongnc erl)md al)l/d 200 pl

of @11%51951?}21%33‘1%) TR %X%Sor%%'léc%purg\lsfjﬁﬂreﬂ’a% Ol a? AR RLEEAEE minutes

6- nhosphi ni ¢ aci
an@ iy theBenzoentxie)l cadfrordtded mressiire 3Thed refs{dueris db;smoe@/ nmthydmcetate

o N GRO TRE Wiaibien aT5F et "A N e i HCh i b, The

or@REOIHAEE1s c@h&%&‘a{edt@ ?fef‘d b expddad Rt (1.1

eqU|vaIents) 1 equivalents), DVAP
P d DIMEA) (1.1 equi val ents). The

reactlon n1xture |s'sf|rred at ambi ent 20 tenperature
for 18 hours and is then concentrated. The residue is

EXABIRVed in diethyl ether, and is extracted with
SMBteE tMACGIMAth 0. 5M HCI tMAce MAth ? @6BBFKIB and

5- 1§%§mgﬂm%ﬁ&ﬁ?§t1§%&9a I!‘i()ydlf ladpgnlgz?de%xge 8tp osp irn?cdgc(iﬁ
2- Anzi no- 3- (4-f (tert-bat oxycar bonyl ) oxVl pbenyl }etl tyi
r a e
Ste% /P : P ?—?/?ﬁenzvloxv)carbonvl]amin0}-3-{4—[(tert—butoxvcarblonvl)oxvlplzenvl}ethvl

propanoate

To a solution of 4 mmol of the compound of Step A of Example 4 in 5 ml of absolute
ethanol there are added HOBt (1.1 equivalents), EDC.HCI (1.1 equivalents), DMAP
(catalytic amount) and DIPEA (1.1 equivalents). The reaction mixture is stirred at ambient
temperature for 18 hours and is then concentrated. The residue is dissolved in diethyl ether,
and is extracted with water, twice with 0.5M HCI, twice with 5 % NaHCO; and with water.
The aqueous phase is dried over Na,SO4 and is then concentrated to yield the expected

product.
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hydrochl ori de The product is obtained in accordance
wWith the procedure of Step C of Exanple 4, using the
compound of Step A above. 5 Step C:

(5R 8*,11S)-S-Benzvl -11-(4-f(tert-butoxycarbonyl)oxyl be
nzyll-3,9,12- trioxo-I-ph et2%}-8-1(3-ph

enyl - 5-i soxazol yl ) met hyl | - 2, 13- di oxa- 4, 10-di aza-

StepSpt admmﬁa@tg_h@@pmlnb@cmml]@ z@@y@yzgy BropRhadmped
N _accordance W € procedure o ep DO anmpl e
4, usikgroc¢itleridonpound of Step B above. t0 Step D :
(SR, 8*,11S)-5-Benz
1-11- (4- hvdr oxybenzyqg- 3, 9, 12-tri oxo-1| - phenyl - 8- [(3-ph

Thé Producbisi sieaaedIyhdcoriahde with1Re pdeeldox af $1p0C dif dxanipénd, using

adecane- 6- phosphinic acid The product is obtained in

ﬂwé@aawaa%eésmpﬁhamﬂ@ procedure of Step E of Exanple 4,
using the conpound of Step C above. 15 Mass
spectrometry (MsS-ESI) = 740.2 (MtHf EXAMPLE 6 : (5R 8

Stéb (118) 53R, 8EIIIZS'/)I-5-IBenzvl-] 1-{4-[(tert-butoxycarbonyl)oxylbenzyl}-3,9,1 2-

f ( 3 rzorx(()))-( gnzv); |8) /(.% p? env% 51 Zo%a%[ysgz)é?hv}ﬁ} 33 %1&(1—4 Y b diaza-

pheny!| géith&é%&ﬁé-%'-%dakﬁ%’hm&c‘id 2, 13-di oxa-4, 10-di aza- 16-th
i ahept adecané- 6- phosphinic acid 20 Step A
2-(Be) zzoyl sul pl zanyl

i B AN RO b RS ASABA), i

ﬂmethﬁﬁ@ofgmgquﬁQance W th the procedure of Step A of
Exanple 5, using PnocTyr (OBu )(OH) instead of the

compound of Step A of Exanple 4 and using -30-

Steg*mf@%gb(ﬂ%%ﬁzdz he JgJ{bdD bl B Y5 8ibro-rSHERNLE

'4:)

oJd41l-OY

absol uf, (E-pflz@hﬂnﬂbsokﬁzoﬁulphéthvlmﬁhﬁm 4 30elbadd-pentadecane-6-
2- (Benzoyl sul phanvl ) - 2- am no- 3- (4-tert-but oxyphen

yi ) et | B¥AspRideaeidat o

The product is obtained in accordance with the procedure of Step E of Example 4, using

the compound of Step C above.
Mass spectrometry (MS-ESI) = 740.2 ( M+H)*

EXAMPLEG6:
(5R,8*,115)-5-Benzyl-11-(4-hydroxybenzyl)-3,9,12,17-tetraoxo-1,17 -diphenyl-8-[(3-
phenvl-5-isoxazolyl)methvl]-2,13-dioxa-4,10-diaza-16-thiaheptadecane-6-phosphinic

acid

Step A :  2-(Benzoylsulphanyl)-3-(4-tert-butoxyphenyl)-2-{J(9H-fluoren-9-ylmethoxy)-

carbonyl]aminojethyvl propanoate

The compound is obtained in accordance with the procedure of Step A of Example 5, using

FmocTyr (OBu')(OH) instead of the compound of Step A of Example 4 and using
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1.5 nunol of the conmpound of Step A above are dissol ved
in 12 m of dinethylfonnam de 5 and 3 equivalents of
di et hyl aniine. The reaction mxture is stirred at
anbi ent tenperature for 1 hour and is then
concentrated under reduced ps@ssure. The residue is
dissolved in ethyl acetate and is extracted three
PhUOHﬂ}Hz‘@HztDH/\@fegé’rlBéﬂ% metlheﬂafdra? LeEWATBLA9TaPRY. Chem., 1995, 38,
gchloroforninet anol : .5) and then precipitation
39¢ -8 @ lmtsadmf@b@czmt)etlmolptetdncdﬂcegmethenmer/ di et hyl et her
al l ows the expected product to be isolated. 10 Step C
(5R, 8*,11S)-5-Benzvl -11-(4-tert-bzztoxybenzyl)-3
Sté&P1B 1 2=(Behiod ¥y liahiph) - 7k h@n3Ly4-Brk ko henyl)ethyl propanoate
enyl -5-isoxazol yl')nzeth y/7-2,13-di oxa- 4, 10-di aza- 16-
t hi ahept adecane- 6- phosphi nic acid The product is
ORhLAl [ t
LT DEhy' Rr00A OFRER bl R APAENES B o bR Rimanice
and3 :eq(iSRIe81s, df 1d53 thplaBeéms \Ilhelrbactlén wamoe(mtmmﬁla)t -athbient temperature

forgfg%ur[ a(ngt %ﬁg%}? F%@]ég‘g%tgclé %ﬂeﬂ ’)ed‘tl'erét fprgssure. The residue is dissolved in
thyl beetatd 3mdi RXSaAddd dhaz

eh? F%h% tt adecane- 6- phos?ﬁ#ﬁigmgevgerﬁgdawgagg?elghunnmognmhy
(Chdfbpﬁnrméuethwcéc “o¥/84anerd Wienrpredipitgsiondeato rremodturst @Q ) Bf ktroleum

the ¢ oun Step, C above. 20 Mass
efhf?ﬁé‘lﬁ@ o?%é‘?rr#lso -%@i%ecmgg% tth’(ri?Fl—BOt‘atg% EXAVPLE 7 :
(5R 8*, 11S) - 5- Benzvl - 11- 4- (tert - but oxybenzvl) - 6-
f2 ethanethloate et hoxyl -3 9-di oxo- 1-phenyl-8-f
StepL. nhoR.8%1 e B drit d R /‘,(_,; 9,12, 17-tetraoxo-1 17-
0~ta:/:t 98- A

912t rnlmmpkadpbmﬁznatbhos%ﬁb(zaam en yl-5-isoxazol yl)
znetl zyl | -2, 13-di oxa-4, 10-di aza- 14, 14-di neth yl -
pent adecane- 6- pl zosphi ni ¢ acid The product is obtained
Thé4 Eroggélgtﬁﬁ SBRER A g RABE AR o durd 8PSt 9 oFXRIMBE 4, using
the cempound of Step B above.

Step D : (5R,8* 11S)-5-Benzyl-11-(4-hydroxybenzyl)-3,9,12,17-tetraoxo-1,17-
diphenyl-8-[(3-phenyl-5-isoxazolyl)methyl]-2,13-dioxa-4,10-diaza-16-

thiaheptadecane-6-phosphinic acid

The product is obtained in accordance with the procedure of Step E of Example 4, using

the compound of Step C above.
Mass spectrometry (MS-ESI) = 874.3 (M-HY
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t he compound of Preparation 3 and HCL. HTyr (OBu) OBut. 10

Step B: tert-Butyl

(5R, 8*, 11N-5- benzyl -1 1-4-(tort - but oxybezzzyl )-6- [2

(eilz an etlz io ate) etlz ox y I -3, 9-dioxo-|I

- phenyl -8-((3-ph en y1-5- -31-

i soxazol yl )nzetl zyl | - 2- oxa- 4, 10- di aza- 6- phosphadodecan-
EXAMPqiEe76- oxi de 0.36 mmol of the conpound of Step A

aﬁove I'S dlssolved in4n of dlnethylfornanlde 15 and

hpBenaph1 brd o b t-Bubmgybone §2 (efhabkthigate B thoxy]-3,9-dioxo-

ouBME£BmXIhe reaction mxture is stlrred at anblent
tenperature for 48 hours and is then diluted with
et hyl acetate The organi c phase is extracted four

dried &4 -phSelﬁ)(DS tzhﬁd&za‘lol}lﬁzemw J, Eﬂdwﬁﬂ@l’(ﬁﬂiﬁ@i—&i@,hy—duneﬂz yi-
(chl or of or n1 et hanol 9.8/0.2) allows the expected
pr oducke! ne-6-n1/ mc C
(SR 8*,11S)-S-Benzvl -11-4-(tert-butoxvbenzyl)-6-f2(etha
nethloate)etlzotly 3

The pidugiois Iobttieeryin c((d8aq wihylhe Hrocsbxand Biep) 2 né tHxayiple- £ using

AR i SRS AR 5, 5 e o o

procedure of Step E of Exanple 4, using the conpound
of Step B above. Mass spectronetry (Ms-ESI) = 814.3
Step pﬂ,.;_n HertaButyl RN ES')QS—belgth -4-(tert-butoxybenzyl)-6-

( 5R S*Lﬁéﬁ)zlzé@izggpeﬁ/thoxvl %’tﬂh 24 o-]-plgenv;I 3{%30 l))(lY ?—_77}/ 1)-3,9-

O-T- PHETITYyT =07

phenyl ts&xdz&b)l)amkﬂl :umtznyj O-didz 28-pldspilnldiiaan- B-ahe s Rhngd
odecan- 12-oate 6-oxide Step A Ethyl
(5R 8*,11S)-5-benzVI-11-(4-1(tert-butoxycarbonyl)oxVl be

0.39%%hbr & @ i

et hoxy- 3, 501 6% 0- of Eteﬁﬁ a%o (1§ drlJ S%Ir\@ u;o.4|ns110()>(fac%18}eth[y)lfon¥1am1de
and thytel arg -thbnaadtieﬂlCB eqliiealent6 op DdSBEAaBI adenalents2ofo@HeCOSCH,CH,0H
1. Be@0dSs ar, 1. Med. Chem., 1995, 38, 3941-3950) and 3 equivalents of P,POB. The

reaction mixture is stirred at ambient temperature for 48 hours and is then diluted with

ethyl acetate. The organic phase is extracted four times with 1M HCI, H,O, three times
with 5 % NH4HCOs, twice with 1M HCI and then brine. The organic phase is dried and is
then concentrated. Chromatography (chloroform/methanol : 9.8/0.2) allows the expected

product to be isolated.

Step C: _ (5R,8%11S5)-5-Benzyl-11-4-(tert-butoxybenzyl)-6-[2(ethaneth ioate)ethoxy]-
3,9-dioxo-1-phényl-8-[(3-phényl-5-isoxazolyl) methyl]-2-oxa-4,10-diaza-6-

phosphadodecan-12-oic acid-6-oxide

The product is obtained in accordance with the procedure of Step E of Example 4, using
the compound of Step B above.
Mass spectrometry (MS-ESI) = 814.3 (M+H)"
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The product is obtained in accordance with the

procedure of Step B of Exanple 7, using the conpound

of Step C of Exanple 5 and ethanol. Step B : Ethyl

(5R, 8*,11S) - 5- benzyl - 6- et hoxy-11-(4-/zydroxybenzyl)-3,9

-dioxo-1- 10 /p -32-

cerzyl -8-1(3-phenyl -5-i soxazol yl ) nzet hyl | - 2- oxa- 4, 10-di

aza- 6- phosphadodecan-12-oate 6-oxide The product is

obtai ned in accordance with the procedure of Step E of
EXAMBUE84  using the conpound of Step A above. Mass

Et%ﬁiﬁé{éﬁfﬂ-é?{%z%ﬁpetﬂoxzﬁﬁ (% l"v'\At'lag(vben 919 3% ‘iloxlt}laltg)hen]i'?—&[ﬁ—

phée®yBisodazoB)re the) 124 bxd-4 10 Aidrich-pKydiphadyl dcahi= 122046 b hislide
I - (propi onyl oxy) -
propoxyl - 3, 9-di oxo-1| - phenyl - 8-[ ( 3- phenyl - 5-i soxazol yl )

sdfed byl bﬂ'gl% gﬂég*ﬁzéﬁs R4 %1 P PRGEBIRAREE SRy AR S -6-
(SR, 8* gtlz 85)-33-dienzy l-pldeh v BB {phentl-Bisooxpbdirmadamyl]-Paxt4)80-

el E ‘ €3 | (3- phenyl -
|soxazolvl)nzetlzvll-2 oxa 4 10- di aza- 6- phosphadodecan-
12-oate 6-oxide The product is obtained in accordance
Thevptdslutthis qbtaseesdinr @Cglfda&ee\plﬂBﬂtﬁ prEseiupd ef $iepUsiohgxample 7, using

o R ST SRRy 5, O 00

2047-2058) .- -33- Step B : Ethyl

(5R 8*. |11)-5- benzyl-ll-54 hydr oxybenzyl ) - 6-/ 2- net hyl - |
6-ethox -11 4-hydroxybenzyl)-3,9-dioxo-1-
9 di ox er —9— )m tlz diaza-

nzet/i‘y? =
6- OX|dﬂﬂﬁhkmﬂk@dﬂﬁﬂ2mamab&admed in accordance with the
procedure of Step E of Exanple 4, using 5 the conpound
of Step B above. Mass spectronetry (Ms-APClI) = 868.4

Thé Mﬂdhct 18 8BtapnddMENdrdafSAMEL el }roedure of Step E of Example 4, using

the compound of Step A above.
Mass spectrometry (MS-ESI) = 768.3 (M+H)" : 790.3 (M+Na")*

EXAMPLE9:
Ethyl (5R.8%,118)-5-benzyl-11-(4-hydroxybenzyl)-6-[2-methyl-1-(propionyloxy)-
propoxyl-3,9-dioxo-1-phenyl-8-[(3-phenyl-5-isoxazolyl)methvl]-2-oxa-4,10-diaza-6-

phosphadodecan-12-oate G-oxide

Step A : _Ethyl (5R,8*11S)-5-benzyl-11-{4-[(tert-butoxycarbonyl)oxylbenzyl}-6-[2-

methyl-1-(propionyloxy)propoxy]-3,9-dioxo-1-phenyl-8-[(3-phenyl-5-

isoxazolyl)methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oate 6-oxide

The product is obtained in accordance with the procedure of Step B of Example 7, using
the compound of Step C of Example 5 and BrCH(CH(CH3),)OCOEt (M. Neuenschwander
et al., Helv. Chim. acta, 1978, 61, 2047-2058).
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(5R 8 *,11 S)-5-B enzyl -1 I-(4-hyd roxybenzyl) - 6-
[2-met hyl -1 -(prop ionylo)cy)-
propoxyl - 3, 9- di oxo- 1 - phenyl -

[ (3- phenyl - 5-i soxazol yl ) met hyl | - 2- oxa- 4, 10-di aza-6- 10
phosphadodecan- 12-oic acid 63dxide Step A : tert-Butyl

(5R,8*,IIS)-5-bezzzyI-II-(4-tert-butoxybenzy|)-6-42-net
hyl -1- (propi onyl oxy) propoxyl -
9- dIOXO

| - phenyl
f lp

I‘c

3 h |--5-
Stqp8 gubyd Lt

t he couwaMHZanénhmdmmvﬁwﬁnggpwem%wnnﬁ%mﬂd6aﬁu&he

conmpound of Step C of Exanple 5. Mass spectronetry
(MS-ESI) = 974.5 (MtNa) Step B :
Thé %cﬁmt ld SHtaiReBaZ ddbtdahbe Mthttuéi bf&é)é&lﬁé 22 Wdp B-df BRI Y, using

-I" ro ionyioxy)propoxy/-3,9-di oxo-1

thmmgmynmgof8®pﬁhémy% 5- |soxazolyl)
Ll : :

an+12-o0ic acid
&t $6 ed—rmraccoerdance with
the procedure of Step E of Exanple 4, using the

compound of Step A above. Mass spectronetry (Ms-ESI)
%@Aﬂﬂ -34- Pl ARMACQ.OG CAL STUDY o CONPOUNDS OF

pramxweBtQ-mmxenzmrmwt-EQB pﬁedm-sasdﬁfzolv@)nmhﬂwa)ﬂah&!lﬁ-dlaza-6-
speC|f|C|ty the conpounds of the Exanples were tested
h LA onbi nant hunman form and ECE
(reconbi nant hunan formof the isoformECE-Ic). The
tests were carried out in duplicate in 96-well plates.
Stephd : | nterbBuol (S8 *,i @uﬁétlﬂxﬂl—lIMwhéutowbdnth-/énﬁ&thd-I-
for 45 ntnute [

quenche LR

2;“ tt ?%aﬂ&%lﬂﬁﬁ&ﬁilﬁd—&ﬁw mﬁt%h'&-@rq;ﬁoﬁplﬂuﬁhbk‘hrnoﬁﬁ&ﬂe 6-oxide
cen

The product is obtained in accordance with the procedure of Step A of Example 9, using
the compound of Step A of Example 7 instead of the compound of Step C of Example 5.
Mass spectrometry (MS-EST) = 974.5 (M+Na")"

Step B:  (5R,8%11S)-5-Benzyl-11-(4-hydroxybenzyl)-6-/2-methyl-1-

(propionyloxy)propoxy]-3,9-dioxo-1-phenyl-8-[(3-phenyl-5-isoxazolyl)-

methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oic acid 6-oxide

The product is obtained in accordance with the procedure of Step E of Example 4, using
the compound of Step A above.
Mass spectrometry (MS-EST) = 838.5 (M-H)
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pl ate reader (Therno-Labsystens). The fl uorogenic
substrates used are :
Mca- Ar g- Pro- Pro- d y- Phe- Ser - Pro- DpacooH (5M with ACE,
and Mca- Arg- Pro-Pro-Qd y-Phe- Ser- Al a- Phc-Lys(Dnp) coon
(5M; R&D Systens) with ECE3415 The conpounds of the
i nvention show good inhibition of ACE and of ECE, with
| GHPARWRA TEH.OGICANM POD YBOM COMIEOUNDHE OF THE INBSUNTSON
obtained are collated in the followi ng Table Conpound
1C50 (nM ACE ECE Exanple 1 36 8
MPIEA: "~""""~""""--- Examle 2 3.8 7.7 ---
BRAMBLEA: ... Exanple 3 1.4 1.4 EXAMPLE B :
In %trPhahﬂﬁmeylteiffeai ot pisteiisin o O&Gingadizghe: @BCH) and endothelin

conprisin ng of the conpound of Exanple 1
conver lng €n me

In .O.rde.r.to compare, their. specificity,.the compounds.of. the Examples. wergGegjed on 2

enzymes ngcﬁe (r%ct:o%rrlbmant human form) and ECE (recombinant human form of the

1SOfErM ECE-L1C) . - ¢ v v v v e e e e e e e e e 20 g
| act ose

The'testgave're ‘catried’ out’in dutphcaté in"96-well ‘pldtes. “The' inhibitor ‘was" intubated
Jo g ‘magnesiums

together .with. the .enzyme for. 45 minutes before. the .addition.of.a quenched-fluorescence

........................................ 2 silica
substrate. The fluorescence emitted was detected and measured in a Fluoroscan Ascent

pla.te reader (Thermo L?ﬁbsastem .................................
........ roxypropyl cel | ul ose

The ﬂuorogﬁm.c substraies used are. ;. Mca-Arg-Pro-Pra-Gly-Phe-Ser-Pro-Dpacoow . (SEM)

with' ACE, " and’ Mca:Afg-Pro-Pro-Gly-Phie:Ser-Ala-Ph-Lyatbnp) coon (SuM : R&D

Systems) with ECE.

The compounds of the invention show good inhibition of ACE and of ECE, with ICs
values of 25nM and 8nM respectively.

The results obtained are collated in the following Table :

ICsp (nM)
Compound ICE iCE
Example 1 36 . 8
Example 2 3.8 : 7.7
Example 3 1.4 1.4
EXAMPLEB :
Pharmaceutical composition
1000 tablets each comprising 5 mg of the
compound of EXample 1 ......cc.cvoiiiiiiiiinieie e 5g

WHEAL STATCH.....euiiiiicii et ee et 20¢g



CLAIMS 1- Compounds of fornula (1) ON ONONPI S
(D, OY5OCROORR OR3 wherein : 5 Rl represents a
hydrogen atom or a group sel ected from
(G -Co) al kyl -car bonyl oxy- (d-C6)al kyl, it being
possi bl e for each al kyl noie3y-to be linear or
branched, and (G -GC6)al kyl-carbonylthio-(CG -C6)alkyl,
maide sketing..possi.bl.e.for. .each. alkyl.moiety. to.be.. linearg
or branched, R2 represents a hydrogen atom or a group
lacg)ép ectedffo m(Q.%) alky'ucarbo ny.}oxy._,l.@ .................... 30 g

ma%%gsgéﬁ%@myé , It being possible for each al kyl noi ebyg

I near or branched,
siliga yl.car.bonyl.t.hi.o-.(C.~.C6).al.kyl.,..i.t..bei.ng..passi.ble.fon g

he al kyl ety to be linear or Dbranched, and
hy(%P§¥Rr‘()@?/196(llg§)(§Fky‘l“;“'"r't'"be'r'n'g"'pOS‘Si"bl'e"f“'or"'t'hE”a'I"ky'f""z g

noi ety to be Iinear or branched and the aryl noiety of
which is optionally substituted by a (G -C6)al kyl -

car bonyl oxy group, 15 R3 represents a phenyl group
optionally substituted by a hydroxy group or R3
represents a 3-indolyl group, or R] can also
represent a linear or branched (G -C6)al kyl group, R2
represents a linear or branched (G -C6)al kyl group,
when R3 represents a phenyl group substituted by a
hydroxy 20 group, -37-
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their enantiomers and di astereoi soners, and al so
addition salts thereof with a pharmaceutically
accept abl e base, and hydrates and sol vates thereof. 2-
Compounds of fornmula (1) according to the claim
characterised in that R and3®2 each represent a
hydrogen atom their enantioners and di astereoi soners,
and al so addition salts 5 thereof with a
pharmaceutically acceptabl e base. 3- Conmpounds of
fornula (1) according to dlABSclaim 1 or claim 2,
characterised in that Rl represents a hydrogen atom
and R3 represents a phenyl group substituted by a

1- Dypdhponnyds o ifermpyla (Ihei r enanti omers and di ast er eoi soner s,
and al so addition salts thereof with_g

characterised in that R2 represe
and R3 represents a phenyl
group, their ena ‘IO Br s anﬂIdlastgre0|soners,
addi ti on sa%%s thFreof Wi & D,
'call® accept abl pbase. |

f or mula™(1) Saccordiiig te-claim 1, Ghich are ORJ;S -
(5R, 8R I1S)-5-benzyl - 6- hydr OBt 11- ( 1+ |
- 3, 9-di oxo- | - phenyd - 8- [ (N
phenyl - 5-i soxazol yl ) net hy
odecan-1| 2-o0ic acid 6- oxidge
(5R 8R, 11S) -5, 11- di benzyl -6

8- | 3-pheny|-5-isoxazo|y|)-
Vﬁﬁ%%%yl]-z-oxa 4, 10- di aza- 6- phosphadodecan- 12- oi ¢ aci d

R, 6repXdsets az(hydrogen atom or a group selected from (C;-Ce)alkyl- carbonyloxy-
S5R, 8R, 119) - 5- benzyl - 6- hydroxy-1 1- (4- hydr oxybenzyl )-3,9
(ﬁllogz@ahkybﬁéhymggzqs§1@le for each alkyl moiety to be Iinear or branched and

i~az
oo SRS L Bl A ALY o v
dhﬂ&ﬁefbﬂmSMﬁmrs and al so addition salts thereof with
ically acceptabl e base. 25 6- Process for

ph
Ro¢ W@ffﬁ?%g}f E‘b’ﬁ%e@fﬁt%nﬁb an&upf sefesieduitamy (§1-Gelelipdiosgonyloxy-
S€Ca CEBLRYL it e‘tﬁﬁ%’ %S%f.‘?%lﬁsi%g dabh I8N LRRES tﬁsbyﬁglgajlr 8P branched,

rtirng rat eny r net nam ne chl ori
arylcarbonylthio-(C;-Cg)alkyl, it being possible for the alkyl moiety to be linear or

a-4,10-diaza-6-phosphad

yef oxy- 3, 9- di oxo- | - phenyl -

branched, and aryl-(C;-Cg)alkyl, it being possible for the alkyl moiety to be linear or
branched and the aryl moiety of which is optionally substituted by a (C,-Cg)alkyl-
carbonyloxy group,

R; represents a phenyl group optionally substituted by a hydroxy group or Rj represents a
3-indolyl group,

or
R} can also represent a linear or branched (C,-Cg)alkyl group, R represents a linear or
branched (C;-Cg)alkyl group, when Rj represents a phenyl group substituted by a hydroxy

group,
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-38 which is reacted with phenyl acet al dehyde in the
presence of phosphinic acid, H3P02, and hydrochloric
acid to yield the conpound of formula (I1) O N P~ H
(1), OH which conpound of formula (I1) is subjected
to the action of aqueous hydebbromc acid to 5 yield
the conpound of forrmula (I111) O HzN P~ H (lI1U, OH

thethi @anteBQUAR Ofiiafiefdditbahefs, | hld | Asd e@cﬁtlt% WAiR @%l with a

chloroformate in a basic nedium to yield the compound
phgrmaegrieallnagdeppble t@se, @nNhPclh\ateHa(id S@lvatthG}GOG to which

conpound of formula (1V) is placed in the presence of

R-(+)-N, N (phenyl) (ethyl)- am ne and then subjected to

2- Chepaaidst fofmiity deebbralngtoakd Elai®, dhaflcfrisORirCOaPRY Bﬁ’d R, each
of formula (R-1V), the R enantionmer of the conpound o
IePEESERLA layctrpgen atomgthey engntiprpers pnd d@pqerepgomg;s angpgjso @ddition salts

the s Gh 5&‘1%&1&3"%@&&@&46 is reacted, in the

pr esenc exanet hyl -

3- Compounds of formula (I) according to either claim 1 or claim 2, characterised in that
R represents a hydrogen atom and Rj represents a phenyl group substituted by a hydroxy
group, their enantiomers and diastereoisomers, and also addition salts thereof with a

pharmaceutically acceptable base.

4- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that R,
represents a hydrogen atom and Rj represents a phenyl group substituted by a hydroxy
group, their enantiomers and diastereoisomers, and also addition salts thereof with a

pharmaceutically acceptable base.

S- Compounds of formula (I) according to claim 1, which are :

- (5R,8R,118)-5-benzyl-6-hydroxy-11-(1 H-indol-3-ylmethyl)-3,9-dioxo-1-phenyl-8-[(3-
phenyl-5-isoxazolyl)methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oic  acid 6-
oxide,

- (5R.8R,115)-5,11-dibenzyl-6-hydroxy-3,9-dioxo-1-phenyl-8-[(3-phenyl-5-isoxazolyl)-
methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oic acid 6-oxide,

- (5R,8R,11S)-5-benzyl-6-hydroxy-11-(4-hydroxybenzyl)-3,9-dioxo-1-phenyl-8-[ (3-
phenyl-5-isoxazolyl)methyl]-2-oxa-4,10-diaza-6-phosphadodecan-12-oic  acid  6-
oxide,

their enantiomers and diastereoisomers, and also addition salts thereof with a

pharmaceutically acceptable base.

6- Process for the preparation of compounds of formula (I) according to claim 1,

characterised in that there is used, as starting material, diphenylmethanamine chloride,



di sil azane, wth a conmpound of fornmula (V) : (V) 0" XY
O 5toyield the conpound of formula (RRVI) 0O HO NR
I * O~ (RVlI), YOHO0 0 which conpound of fornula
(R-VI) is reacted with a solution of sodi um hydroxi de
to yield the compound of feB8ula (R-VII) O HO NRIII
* OH (RVII), YOH0 O to which compound of formula

wiiBh Ml tedcté® v@tﬁkﬁ}@ﬁilﬁ&talde}ﬁ/@e 1r§-)heeﬂr5§éﬁﬁa of ?hdsbﬁm&r 53€ %GPOZ, and
of diisopropylethylam ne,” 1-hydroxybenzotriazol e and

hyproshleyic agidtg Y(Edﬁl ﬁ@tqqmpamdw@f)fpnnwwabar bodi i mi de
chloride, to the action of a conpound of fornula
(M11): 0 H2 OR 2 ( Rig 5 wherein R 2
represents a | or bganched (G- C6)al kyl group and
R 3 represents : | e 1eﬂ’ rom pher(y,

which compound of formula (II) is subjected to the action of aqueous hydrobromic acid to

5 yield the compound of formula (III) :

[l
LN p—H (11D),

which compound of formula (III) is reacted with benzyl chloroformate in a basic medium

to yield the compound of formula (IV) :

1
p—H av,

0N

AN
\H/ ol
0

10 which compound of formula (IV) is placed in the presence of R—(+)-N,N-(phenyl)(ethyl)-
amine and then subjected to the action of hydrochloric acid to yield the compound of

formula (R-IV), the R enantiomer of the compound of formula (IV) :



to yield the conmpound of formula (RS 1X) : 00 ONR
[ * NSOR (RSI1X), OH2 O/ | 0Rs 10 wherein

R 2 and R 3 are as defined herei nbefore, which conpound
of formula (R S-1X) is reacted with benzal doxinme in the
presence of N-chlorosuccinid®de in a basic nediumto
yield the conpound of formula (R S-X) : 00 OO NRIII
Njj~ OR(R SX), OH2 0/ 0 R3 wherein R2 and R 3
are as defj erei nbefore, 1% which conmpound of
formula (R is pl aced HNn an\\am}g medi umg.gvyi el d
the conpotnd or a _(NLa a\partlcul ar case of

t he conpounds of forrrul 3 -4~ O O H11 HO
INRNSOR (I/a), IxI OHOQ O\ R3 wherein R2 and
R3 are as defined for fgrrrula or to the sane
conditions as the conpound of fo (RS-1X) to yield
t he conpound

which compound of formula (R-IV) is reacted, in the presence of 1,1,1,3,3,3-hexamethyl-

disilazane, with a compound of formula (V) :
=
O\/

V)

O
5 to yield the compound of formula (R—VI) :

@ :

which compound of formula (R—VI) is reacted with a solution of sodium hydroxide to

—"U —g)]

. O\/ (R-VD),

yield the compound of formula (R—VII) :
Z

0
0 TR |P| OH (R-VID),

|

0

10 which compound of formula (R—VII) is subjected :
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15

of formula (RXI) O\ OONRIII * OH(RXI), OHO
Co 5 which conpound of fornmula (R-XlI) is subjected :
Al either, in the presence of diisopropylethylam ne,

1- hydr oxybenzotri azol e and 1-ethyl - 3-

[ 3- (di met hyl am no) propyl ] carédi i m de chloride, to the
action of a conpound of formula (XIl1) 0O H2ZN ORZ (XII)

1) dheRPAhe PRGEREHT Ia%sd)pfro@ﬁetgﬂtcdnﬂ?ed 1%6%@9&{2%%2%%8@%@ 3-

represents a protecting group fof the phenol function
\E\k(dlmmlildmm@)prml]pénbg slei thledds, ntot H@ artion -of2a ¢ampound of

%éﬁg)conpound of formula (RS XIIl) G 00 HII
ﬁﬁl}n N (RSXIIlI), Ort, IN SOl

O

LN OR, (vIm),

R,
wherein R'; represents a linear or branched (C;-Cg)alkyl group and R's represents a
group selected from phenyl (optionally substituted by a linear or branched
(Cy-Ce)alkoxy group) and 3-indolyl,
to yield the compound of formula (R,S-IX) :

=
H H
O N. R N

Y % OR'
H

O 0

O—wu—0O

wherein R'; and R'; are as defined hereinbefore,
which compound of formula (R,S-IX) is reacted with benzaldoxime in the presence of

N-chlorosuccinimide in a basic medium to yield the compound of formula (R,S—X) :

(R,S-X),

wherein R'; and R'; are as defined hereinbefore,
which compound of formula (R,S-X) is placed in an acid medium to yield the

compound of formula (I/a), a particular case of the compounds of formula (I) :



O O OPGA wherein R2 and PGA are as defined

her ei nbefore, the phenol function of which conpound of
formula (R S-XII1) is deprotected by 5 custonary
techni ques of organic chem stry well known to the
person skilled in the art to4lyield the conpound of
formula (I/b), a particular case of the conpounds of
formul a U) O-0 0 HII HO /N Ri * OR 2
ITI( OHO0 OOH wherein R2 is as gefN : \

wherein R; and Rj are as defined for formula (I),

2) or to the same conditions as the compound of formula (R,S-IX) to yield the compound

of formula (R-XI) :

R-XI),

which compound of formula (R-X]I) is subjected :

A/ either, in the presence of diisopropylethylamine, 1-hydroxybenzotriazole and 1-ethyl-3-
[3-(dimethylamino)propyl]carbodiimide chloride, to the action of a compound of
formula (X1I) :

0

H.N
OR, (XID),

OPG,

wherein R; is as defined hereinbefore and PG, represents a protecting group for the

10

phenol function well known to the person skilled in the art,



H11 HO- NR* NS GOGOPG (R S-XV), OHA wh erein R2
and PGA are as defined herei nbefore, which conpound of
formula (R S-XV) is subjected : (x) either, in the
presence of sodium i odide, (nBu)4NHSO4 and
triethylamne, to the 5 actypn of a conmpound of
formula ()CVI) : C1"" Ra ORb (XVlI), O wherein R and

I{?@ yRACHe Log gﬂ g igh her represents a linear
br ance:hedS IIIIE ggggjp to yiel d t he conpound

of forrrula(RS—XVII) O N/ O NS

(RS XVIl), +ORz 000 ROT \

V\,hereln R,, Rh, R 2 and PGA arje_a a de 'ned
bef or e, (3) or, in the-presénce B(P and

pr opyl et hyl 1a_lm ne ﬁt o the action o conpound of
a (XYbH) R (R,S-XIID),
\(EJ O

wherein R, and PGy, are as defined hereinbefore,

— g

the phenol function of which compound of formula (R,S-XIII) is deprotected by
customary techniques of organic chemistry well known to the person skilled in the art to

yield the compound of formula (I/b), a particular case of the compounds of formula (I) :

(I/b),

wherein R; is as defined hereinbefore,

B/ or to the action of a compound of formula (XIV) under the same conditions as

hereinbefore :

HN
OR (XIV),

OPG,

wherein R'; and PG, are as defined hereinbefore,

to yield the compound of formula (R,S-XV) :
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HOB "~S\Rb (XVIIl1), Ra O -44- wherein R and Rb are as
defi ned hereinbefore, to yield the conpound of formula
(RSXIX) : O/ \0O0 HIl HO~-NRP\ NS OR
(RS-XIX), O00 " RaS/ \ / \ OPGA wherein Ra, Rb,
R 2 and PGA are as defined hédBei nbefore, s the
conpounds of fornmulae (R S-XVI1) and (R S Xl X)

constituting the conpound of forpmula (R-S- O~ \
\' OOHII X O-NR* NSOROQ - XX) O 2 00 \/
\ OPGA wherein R is as defined fy ¢ (1), and
R d PGA are as def iOned here efore(j

H 1 H
0 N R.Ii 8 N S OR' R,S-XV),
T L ,
0 0
OPG,

wherein R'; and PGy are as defined hereinbefore,

which compound of formula (R,S—XV) is subjected :

a) either, in the presence of sodium iodide, (nBu);NHSO, and triethylamine, to the

action of a compound of formula (XVI) :
INprOn e oo,
0]

wherein R, and Ry, each independently of the other represents a linear or branched
(C1-Ce)alkyl group,
to yield the compound of formula (R,S-XVII) :

o-N
0 Q
o M b f
S R,S-XVID),
\H/ \ OR'Z ( I)
0
0 \ 0
Ri—q
4&\R OPG,

0 b
wherein R,, Ry, R'; and PGy are as defined hereinbefore,

B) or, in the presence of PyBOP and diisopropylethylamine, to the action of a
compound of formula (XVIII) :

HO.__ _S._ _R

R’ \WT/ b (XVIID),

O
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t he phenol function and carboxylic acid function of

whi ch conpound of 10 fornmula (R, S-XX) are deprotected
by customary techni ques of organic chemstry well
known to the person skilled in the art to yield the
conpound of formula (1/c), a44particular case of the
conpounds of formula (1) : -45 0 \ 0 ONRPNIS 11
\ WheHiYRl andROReQs Qetined it ahberbit, i s as defined

her ei npbef ore, whi ch conpounds of fornulae (l1/a), (1/b)
andP Yieldtne spmpeupkeidowanla (R.Sg&EKt ed, into their

st ereoi sonmers by conventional separatio echni ques,
are purified, where necessary,pb 5 corveh\iona
purification techni ques and ark coiwerf{’ed, IIf desired,
[ their addition salts i nceutically

piabl e base. 7- P : conositi ons

sing, as aé¢tiye | gast one compound

: \ ; ombi nat (d8-XIX),
wi th one or e phbarmageuticallly epﬂgghe, i nert,
non-toxi ¢ excigi enks or carri eps. 8- Pharnaceutica
conmposi tions accor dyaet _gl§|n17 for>~yus€e ™y t he
preparation of a pe arrent3for the t B2nt  of
arteri al hypertensd c?pﬁkcati ons eof
i ncludi ng pul monary_-a#t eri hyper t ensi orf, nyo®a,di al

i schaem a, angina pectoris, cardiac insufficiency,

va I thies, .n r opat hj es i abetic retinopathies,

at ﬁ’glgrggrg?%r 681[%% agﬁgEAﬁges?sjdfﬁB?%gTr ‘élgfltlofeest enosi s, acute

or thehyoaipotnde fptorindg! (RLSEVTY and 6, SOKPXASSH4tiAfing the compound
di seases. 15 including stroke and subaracl noi d
haehisFrHiadB,Samd peri pheral i schaeni a.

~N

0
H 1 H
0 N R_P N s (R,S-XX),
\”/ \ OR,
OR,
0 0
OPG,

wherein R| is as defined for formula (I), and R, and PG, are as defined hereinbefore,

the phenol function and carboxylic acid function of which compound of
formula (R,S-XX) are deprotected by customary techniques of organic chemistry
well known to the person skilled in the art to yield the compound of formula (I/c), a

particular case of the compounds of formula (I) :
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=0

(I/c),

OH

wherein R, is as defined hereinbefore,

which compounds of formulae (I/a), (I/b) and (I/c) are separated, if desired, into their
stereoisomers by conventional separation techniques, are purified, where necessary, by
conventional purification techniques and are converted, if desired, into their addition salts

with a pharmaceutically acceptable base.

7- Pharmaceutical compositions comprising, as active ingredient, at least one compound
according to any one of claims 1 to 5, in combination with one or more pharmaceutically

acceptable, inert, non-toxic excipients or carriers.

8- Pharmaceutical compositions according to claim 7 for use in the preparation of a
medicament for the treatment of arterial hypertension and complications thereof including
pulmonary arterial hypertension, myocardial ischaemia, angina pectoris, cardiac
insufficiency, vasculopathies, nephropathies, diabetic retinopathies, atherosclerosis and
post-angioplasty restenosis, acute or chronic renal insufficiency, cerebrovascular diseases

including stroke and subarachnoid haemorrhage, and peripheral ischaemia.



