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DE LA SANTE ET DE LA RECHERCHE MEDICALE

for a patent for an invention entitled: PEPTIDE DERIVATIVES WHICH INHIBIT 
RENIN AND ACID PROTEASES
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Ja-(tire} the actual inventor(s) of the invention and the facts upon which
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,/11 ‘ is (arefentitled to make the application are as follows:
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ii

Declared at.....EARIS...(P.r.anc.d. this.......2.1 St........................... . day of.... .March........................ ig....8 6

Signed.../../ Status.., Directeur Juridique

Declarant’s Name.....Mi.c.h.e.l....de...Haas...

E B. RICE & CO PATENT ATTORNEYS
This form is suitable for any type of Patent Application. No legalisation required.L



1

#*

Inventors :

Jean Wagnon of Le Hameau de la Rauze - Villa 34, Avenue du Pont 
Trinquat, 34000 MONTPELLIER, France

Georges Callet, Cite Fleurie - Batiment 3, Avenue de Maurin,
34000 MONTPELLIER, France

Jean-Pierre Gagnol of Place de 1'Eglise, 34380 - SAINT MARTIN de 
LONDRES, France .

Dino Nisato of 4, Impasse de 1 Olivette, 34680 SAINT-GEORGES*»» 
D'ORQUES, France ”·' ’

r » »
» « ·

Catherine Cazaubon of Residence du Mas de Neuville, 20, Rue ’de ‘la 
Felouque 34100 MONTPELLIER, France

»♦ »
» « ♦

0 » » »

a * *
S S » i



Commonwealth of Australia 
The Patents Act 1952

DECLARATION IN SUPPORT

In support of the (Convention) Application made by: INSTITUT NATIONAL DE LA SANTE ET DE
LA RECHERCHE MEDICALE

: \ _· -SANOFI . '. .,. .. . e

for a patent for an invention entitled: PEPTIDE DERIVATIVES WHICH INHIBIT RENIN AND 
ACID PROTEASES

IffiK Michel Dodet, Secretary General
of and care of do solemnly and sincerely declare as follows:

INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE

"θ*— (INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE 
b) I am^We-are) authorised by thxJt{tp)k3tKt^l«iRthxiiXtXKt to make this declaration on its behalf.

Delete tlw following ifnot a Convenlion Application..

The basic application(s) as defined by section W(142) of the Act was (were) made

in France on 12 February 1985

in France on 12 February 1985

4-n- -Oft-

5 * bv SANOFI & INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE
' MEDICALE

The basic application(s) referred to in this paragraph ie-(are) the first application(s) made in 
a Convention country in respect of the invention the subject of the application.

X
1 t

< i.

I i

b)

see back hereof

/s/are) the actual inventor(s) of the invention and the facts upon which 
the applicant companies

/«''(are) entitled to make the application are as follows:

SANOFI & INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE 

ARE PERSONS WHO WOULD;, IF A PATENT .WERE GRANTED UPON AN APPLICATION 

MADE BY THE ACTUAL.INVENTORS / BE ENTITLED TO HAVE THE PATENT 

ASSIGNED TO THEM.

Declared at..?ARI.§ (France.)., this............2..1..3,fc......................... day of.......M.a.t.C.h...................... 19..,,8 6

Signed.......... ............................................................Status....Le.. s„e.cx.e.t.a.i.r.b......U.s.n.e.r..al.............

Declarant’s Name,,Mi.chel.,..,Dode,t..

R B. RICE & CO PATENT ATTORNEYS
This farm is suitable for any type of Patenl Application. No legalisation required.



(12) PATENT ABRIDGMENT (11) Document No. AU-B-53272/86 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 606312

(54)
PEPTIDE DERIVATIVES MODELLED ON PEPSTAIN AND WHICH INHIBIT RENIN AND 

ACID PROTEASES

(51)4

(21)

(30)

(31)

(43)

(44)

(71)

(72)

(74)

(57)
1.

International Patent Cl assif ication(s)
C07K 005/06 A61K 037/02

Application No. : 53272/86 (22) Application Date : 06.02.86

Priority Data

Number (32) Date (33) Country
85 01981 12.02.85 FR FRANCE

85 01982 12.02.85 FR FRANCE

Publication Date : 14.08.86

Publication Date of Accepted Application : 07.02.91

Applicant(s)
SANOFI; INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE

Inventor(s)
JEAN WAGNON; GEORGES CALLET; JEAN-PIERRE GAGNOL; DINO NISATO; 

CATHERINE CAZAUBON

Attorney or Agent
F B RICE & CO, 28A Montague Street, BALMAIN NSW 2041

Claim
A peptide derivative:

R.-NH-CH-C-NH-CH-C-NH-CH-CH0H-CHo-C-X-Y-R (I)

r2. 0 R3 0 CH,

in which:

- R^ represents an acyl group chosen from the following 
groups: alkylcarbonyl, alkoxycarbony 1, arylcarbonyl,
arylalkylcarbony 1, arylalkoxycarbony 1, in which the alkyl 
group denotes saturated or unsaturated aliphatic hydrocarbon 
radicals containing 1 to 10 carbon atoms and is optionally 

substituted by a hydroxyl group, or represents a (lower alkyl)
sulfonyl group which is unsubstituted or substituted on the alkyl
by a free amino group or an amino group carrying a protecting group |

as hereinabove defined, or by a phenyl, or represents a phenyl-
sulfonyl group which is unsubstituted or substituted on the phenyl
nucleus by a lower alkyl ;

../2
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~ represents a lower alkyl group which is unsub­
stituted or substituted by a phenyl, naphthyl, cyclo­
hexyl or pyridyl, or represents a phenyl, naphthyl, 
cyclohexyl or pyridyl radical;
- Rg represents hydrogen, a lower alkenyl, a phenyl,
a naphthyl, a cycloalkyl containing 3 to 6 carbon atoms, 
a 5-membered or 6-membered monocyclic heterocyclic 
group which is unsubstituted or substituted by a lower 

alkyl or trifluoromethy1 and selected from the group consisting of 
pyrrolidine, imidazole, thiazole, thiophene, furan, pyrrole, 
triazole, oxazole, isoxazole, pyridine, and thiadiazoles, or 
alternatively a lower alkyl substituted by a di(lower alkyl)amino 
group, by a carboxyl esterified by a lower alkyl or a benzyl, by 

a free carbamoyl or a carbamoyl substituted by one or 
two lower alkyls or by a phenyl, by a lower alkoxy or 
benzyloxy group, by a pyridylmethoxy group, by a 

(lower alky1)sulfiny1 or (lower alky1) sulfonyl group, 
by a cycloalkyl containing from 3 to 6 carbon atoms or 
by a 5-membered or 6-memb.ered monocyclic heterocyclic 
group which is unsubstituted or substituted by a lower 
alkyl or a trifluoromethyl and selected from the group consisting 
of pyrrolidine, imidazole, thiazole, thiophene, furan, pyrrole, 
triazole, oxazole, isoxazole, pyridine and thiazoles, with the 
provisio that Rg is not the (imidazol-4-yl)methyl group ;
- R^ represents a hydroxyl, a lower alkoxy, a benzyloxy 
or a free amino group or an amino group substituted by 
one or 2 lower alkyls;
- Zj represents isopropyl, phenyl or cyclohexyl, 
respectively forming with the radical:

-NH-CH-CHOH-Cfk-CO-.I 2
GH0
I 2 '·

the residue of the amino acid statin, namely (3S,4S)- 
4-amino-3-hydroxy-6-methylheptanoic acid, of (3S,4S)- 
4-amino-3-hydroxy-5-phenylpentanoic acid (AHPPA) or 
of (3S,4S)-4-amino-5-cyclohexyl-3-hydroxypentanoic acid 
(ACHPA); and ■■
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- X-Y is a di peptide chosen from the group comprising 
Ala-Sta, Ala-Leu, Leu-Phe, Val-Sta, Abu-Sta, Ile-Ser 
and Phg-Sta;
as well as any pharmaceutically acceptable salts of the 
said peptide derivative with mineral or organic acids 
or alkali metals or alkaline earth metals, provided that 
Rg is not hydrogen when X - Y = Ala-Sta ; = isopropyl and R^
is OH or an alkoxy group, the term lower alkyl or lower alkenyl designating 
unsaturated or saturated aliphatic hydrocarbon radicals 
containing up to 6 carbon atoms and the term lower alkoxy 
representing the hydroxyl group substituted by a lower 
alkyl group such as defined above.

5. A process for the preparation of a peptide deriva­
tive as claimed in claim 1, wherein, starting from a 
compound of the formula;

H-Y-R'
in which R' is a lower alkoxy, a benzyloxy or a free 
amino group or an amino group substituted by one or two 
lower alkyls, and Y is chosen from the residues of the 
amino acids Sta, Leu, Phe and Ser, the various amino 
acids or fragments of the sequence of the said peptide, 
appropriately protected, are coupled in a stepwise 
fashion, the product obtained at each step being de­
protec ted by known processes before being subjected to 
further coupling, and each of the coupling operations 
being carried out using either an activated ester of the 
amino acid to be coupled or the N-protected amino acid 
in the presence of dicyclohexylcarbodiimide, wherein, 
if appropriate, the compound obtained is saponified to 
form the peptide of the formula (I) in which = OH, 
and/or wherein, if appropriate, the peptide obtained is 
converted to one of its pharmaceutically acceptable salts 
with mineral or organic acids or alkali metals or 
alkaline earth metals.
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Complete Specification for the invention entitled:
PEPTIDE DERIVATIVES WHICH INHIBIT RENIN AND ACID PROTEASES.

The following statement is a full description of this invention 
including the best method of performing it known to us :-

1
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The present invention relates to new peptide 
derivatives which inhibit renin and acid proteases.
It also relates to a process for their preparation and 
their application in therapy.

5 In 1970, UMEZAWA isolated a pentapeptide from
a culture of streptomyces; this pentapeptide was 
called pepstatin and its structure was subsequently 
established and corresponds to the formula:

isovalery1-L-valyl-L-valyl-statyl-L-alany1-statin

t (-
« ί If
• < e• t
« « <
• ♦ « 
6 0 0 1

<; < «
< ♦ <

« C t ί

t <
C t '

© s, <

*© <
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» t t

« ί > t <C ( t »

10 in which the name "sta:in" denotes the uncommon amino 
acid (3S,4S)-4-amino-3-hydroxy-6-methylheptanoic acid.

It has been shown that pepstatin inhibits acid 
proteases and is active especially against pepsin, 
cathepsin D and renin. In particular, renin, an enzyme

15 originating from the kidney, is involved in the sequence 
angiotensinogen - angiotensin I - angiotensin II in 
the conversion of angiotensinogen to angiotensin.

As a powerful vasoconstrictor, angiotensin II 
plays a part in regulating the arterial pressure. The

20 possibility of using pepstatin to combat arterial 
hypertension in man has been considered. However, 
since pepstatin acts on all acid proteases and has a 
low solubility in aqueous media and a low affinity for 
renin, its use in therapy has proved difficult.

25 Pepstatin derivatives have been described in the
scientific literature. For example, attempts have been 
made to solubilize pepstatin by lengthening the peptide 
chain (J. Cardiovasc. Pharmacol., 1980, 2, 687-698).

By contrast, the present invention relates to
30 peptides modeled on the basis of pepstatin. In certain 

cases, the introduction of unnatural amino acids makes 
it possible to increase the solubility of these compounds 
and their resistance to proteolysis. Totally sur­
prisingly, it has been found that the peptides according

'1
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to the invention, which carry hydrophilic residues at 
various sites, have a high level of activity which is 
greatly superior to that of pepstatin as an inhibitor 
of human renin.

The present invention relates to peptides 
having a high level of activity as inhibitors of renin 
and other acid proteases.

The following abbreviations will be used in 
the present description and in the claims:
Amino acids and protecting or activating groups

These abbreviations are consistent with those 
indicated by the Nomenclature Commission of IUPAC-IUB, 
Biochemistry Section. The most recent recommendations 
are reported in Eur.-.J. Biochem., 1984, 138, 5-7 and 
9-37.
Amino acids and derivatives:

20

25

30

Ala : alanine
Asn : asparagine
Asp : aspartic acid
Gin : glutamine
Gly : glycine
His : histidine
lie : isoleucine
Leu : leucine
Met : methionine
Nle : norleucine
Nva : norvaline
Phe : phenylalanine
Ser : serine
Sta : statin
AHPPA : 4-amino-3-hydroxy-5-phenylpentanoic acid 
ACHPA : 4-amino-5-cyclohexyl-3-hydroxypentanoic acid

ί

ft

i

MetCOj) : methionine dioxide 
(PhCH-pAsp : 0-benzylaspartic acid
Abu : 2-aminobutyric acid35
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(Pyr-2)Ala

- 3 -

(pyridin-2-yl)alanine 
N CH„-CH-COOH2 I

NH„

t « 1r <. < ί

4 t t < € ‘

(Pyr-3)Ala 
(Pyr-4)Ala 
( tauMe)His

(tauEt)His 
(piMe)His

(pyridin-3-yl)alanine 
(pyridin-4-yl)alanine 
(tele-methyi)histidine

(tele-ethyl)histidine 
(pros-methyl)histidine 
N-- \Λ

-N
I
CH.

-CH--CH-C00H2 I
NH„

10 (2-methylthiazoi-4-yl)Gly

C £ t Γ

(l-methylimidazol-2-yl)Ala:
nh2-ch-cooh

U-
’NCH-3

Hph : homophenylalanine 
15 Phg : phenylglycine
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Cpg cyclopentylglycine
ethyl ether of serine 
t-butyl ether of serine 

benzyl ether of serine
: (pyridin-2-yl )methyl ether of

ί/

(CH3CH20)Ser :
((CH3)3C0)Ser :
(PhCH20)Ser :
((Pyr-2)CH2O)Ser 
serine
(Pentyl)Ala : 2-aminooctanoic acid 
(Ph)Gln : N-phenylglutamine 
(Ph)Asn : N-phenylasparagine

Unless indicated otherwise, 
have the L configuration.

Unless indicated otherwise, 
ACHPA have the 3S,4S configuration. 
Protecting and activating groups:

these amino acids

S ta , AHPPA and

Ac
Boc
(Boc)20
HONSu
OEt
OMe
ONp
ONSu
OTcp
i Va
Z

AcOEt
AcOH
Bop

acetyl
t-butoxycarbonyl
bisftert.-butoxycarbonic) anhydride 
N-hydroxysuccinimide 
ethyl ester
methyl ester 
p-nitrophenyl ester 
N-hydroxysuccinimide ester 
2,4,5-trichlorophenyl ester 
isovaleryl
benzoyloxycarbonyl 

The following abbreviations will also be used:
ethyl acetate 
acetic acid
benzyloxytrisdimethylaminophosphonium hexa-

30 fluorophosphate

35

TLC
DCCI
DOHA
DCU
DIPEA

thin layer chromatography
dicyclohexylcarbodiimide
dicyclohexylamine
dicyclohexylurea
d i i s o p r ,o p y Iethylamine

1 €
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DMF dimethylformamide
DMSO dimethyl sulfoxide
Ether ethyl ether
HOBt 1-hydroxybenzotriazole
KHSO^-K^SO^ : aqueous solution
potassium bisulfate and 33.3 g of
per liter
MeOH methanol
NEM N-ethylmorpholine
NMM N-methylmorpholine
RT room temperature
TFA trifluoroacetic acid
min minutes
h hours

15 The compounds according to the invention 
correspond to the following general formula:

* c <
ί t 1 
t ! t t

Rq-NH-CH-C-NH-CH-1 ( II I
R2 0

J-NH-CH-CHOH-CH2-j-X-Y-R4 (I)
CH,R3 °

in which:
R^ represents an acyl group chosen from the following

20 groups: alkylcarbonyl, alkoxy~arbony 1, arylcarbonyl, 
arylalkylcarbonyl, aryIalkoxycarbony1, heterocyclyl- 
carbonyl, heterocyclylalkylcarbonyl, in which the alkyl 
group is optionally substituted by a hydroxyl group, 
heterocyclylcarbonylalkylcarbonyl, heterocyclylalkenyl-

25 carbonyl and cycloalkylcarbonyl, or represents a
(lower alkyl) sulfonyl group which is unsubstituted or 
substituted on the alkyl by a free amino group or an 
amino group carrying a protecting group, or by a phenyl, 
or represents a phenylsulfonyl group which is unsub-

30 stituted or substituted on the phenyl nucleus by a
lower alkyl;

R2 represents a lower alkyl group which is unsub-

L
4
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stituted or substituted by a phenyl, naphthyl, cyclo­
hexyl or pyridyl, or RQ represents a phenyl, naphthyl, 
cyclohexyl or pyridyl radical;
- Rg represents hydrogen, a lower alkenyl, a phenyl, 
a naphthyl, a cycloalkyl containing 3 to 6 carbon 
atoms, a 5-membered or 6-membered monocyclic hetero­
cyclic group which is unsubstituted or substituted by 
a lower alkyl or trifluoromethyl, or alternatively a 
lower alkyl substituted by a di(lower alkyl)amino 
group, by a carboxyl esterified by a lower alkyl or
a benzyl, by a free carbamoyl or a carbamoyl substituted 
by one or two lower alkyls or by a phenyl, by a lowe.r 
alkoxy or benzyloxy group, by a pyridylmethoxy group, 
by a (lower alkyl)sulfinyl or (lower alky1) s uIf onyl 
group, by a cycloalkyl containing from 3 to 6 carbon 
atoms or by a 5-membered or 6-membered monocyclic 
heterocyclic group which is unsubstituted or substituted 
by a lower alkyl or a trifluoromethyl, with the proviso 
that Rg is not the (imidazol-4-yl)methyl group;
- R^ represents a hydroxyl, a lower alkoxy, a benzyl­
oxy or a free amino group or an amino group substituted 
by one or 2 lower alkyls;
- represents isopropyl, phenyl or cyclohexyl, 
respectively forming with the radical:

25
-NH-CH-CHOH-CH2-CO-

CH,

30 the residue of the amino acid statin, namely (3S,4S)~ 
4-amino-3-hydroxy-6-methylheptanoic acid, of (3S,4S)- 
4-amino-3-hydroxy-5-phenylpentanoic acid (AHPPA) or of 
(3S,4S)-4-amino-5-cyclohexyl-3-hydroxypentanoic acid 
(ACHPA); and .

L
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- X-Y is a dipeptide chosen from the group comprising 
Ala-Sta, Ala-Leu, Leu-Phe, Val-Sta, Abu-Sta, Ile-Ser 
and Phg-Sta.

The present invention also includes any pharma- 
5 ceutically acceptable salts of the peptides of the

formula (I) with mineral or organic acids or alkali 
metals or alkaline earth metals.

The term "alkyl" denotes saturated or un­
saturated aliphatic hydrocarbon radicals containing 1

10 to 10 carbon atoms. The preferred "alkyl" groups for 
the purposes of the invention are the lower alkyl 
groups such as defined below.

The expressions "lower alkyl", "lower alkenyl"
, and "lower alkylidene", as used here, denote saturatedCi

15 or unsaturated aliphatic hydrocarbon radicals con- 
' taining up to 6 carbon atoms.

f* The expression "lower alkoxy" represents the 
hydroxyl group substituted by a lower alkyl group such

* * as defined above.
20 The expression "5-membered or 6-membered mono-

cyclic heterocycie" includes pyrrolidine, imidazole,
; thiazole, thiophene, furan, pyrrole, triazole, oxazole,I <

isoxazole, pyridine and thiadiazoles.
The expression "protecting group" is understood

' 25 as meaning a protecting group normally used in peptide
chemistry, for example Boc, Z or iVa.

The expression "acyl group" used to define i?
. includes the residues of aliphatic, alicyclic, aromatic

or heterocyclic carboxylic acids. Preferred acyl
30 groups are the residue of esterified carbonic acid,

especially ' le groups Boc and Z, the residue of alkanoic 
acids containing from 2 to 6 carbon atoms, especially 
the group iVa, the residue of cyclohexylcarboxylic acid, 
the residue of phenylaliphatic acids, especially the
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phenylacetyl, 3-phenylpropiony1 and dibenzylacetyl 
groups, the residue of arylcarboxylie acids, such as 
naphthoic acid, biphenylcarboxylic acid and benzoic 
acid which is unsubstituted or substituted on the 
phenyl nucleus, especially the benzoyl group, the 
residue of a carboxylic acid in which the carboxyl 
is bonded to a 5-membered or 6-membered monocyclic heterocycle, 
especially the piperidinylcarboxylic groups, the picolinoyl, 
nicotinoyl and isonicotinoyi groups, and the residue of alkanoic 
or alkenoic acids, such as acetic acid, propionic acid, butyric 
acid, valeric acid and their omega-hydroxy or omega-oxo derivatives 
substituted in the omega position by a 5-membered or 
6-membered monocyclic heterocycle as exemplified above .

More particularly, the present invention 
relates preferentially to the peptide derivatives of 
the formula (I) in which R2, Rg, R^, X, Y and Z^ are 
as defined above and R^ represents one of the 
following groups:

(CH ) COC-
II
0

(CH,),CH-CH,-C- 3 2 2 ,
0

C^Hg-CCHg^-C-, in which a = 0, 1 or 2

I
is
I

30

35

(c6h5-ch2)2ch-c-

0

C,H -CH,-O-C-6 5 2 II
0
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0, 1, 2, 3, 4, 
5 or 6

and n= 1,2, 3, 4 or 5

ί { 1ί t
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10

15
in which E = -11 or -CHg 
and s = 1, 2, 3 or 4

CCi^b-T’ in which h
20 •N 6

II

o, 1, 2, 3, 4, 
5 or 6

25

30 c6Hn-c-

u

0
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nh2ch2ch2-so2-

BocNHCH CH2-SO2-
ZNHCH CH2-S02-

A-SO2~, in which A is a lower alkyl
C^H^-(CH2)a“S02~, in which a = 0, 1 or 2

Particular preference is given to the peptide 
derivatives of the formula (I) in which R2, R^, R^, X,
Y and Z^ are as defined above and R^ represents an
acyl group chosen from: {
-isovaleryl, '·<

4-(pyridin-2-yl)-4-oxobutyryl,
- 4-(pyridin-2-y1)-4-hydroxy butyryl,

3- (pyridin-3-y1)propiony1, . j
4- (pyridin-3-yl) butyryl, j
nicotinoyl and

-benzenesulfonyl. 4
Particular preference is also given to the ■ ■ ΐ τcompounds of the formula (I) in which R^, R2? R^, X, , (

Y and Z^ are as defined above and R^ is such that the
residue -NH-CH(R2)-CO- represents the residue (tauMe)- ·
His.

The products according to the invention can be Lji
prepared by the methods normally used in peptide 
chemistry. More particularly, starting from a compound 
of the formula:

- , I;

H-Y-R’

30
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in which R'^ is a lower alkoxy, a benzyloxy or a free 
amino group or an amino group substituted by one or two 
lower alkyls, and Y is chosen from the residues of the 
amino acids Sta, Leu, Phe and Ser, the various amino 
acids, appropriately protected, are coupled in a step­
wise fashion, the product obtained at each step being 
deprotected by known processes before being subjected 
to further coupling, and each of the coupling operations 
being carried out using either an activated ester of the 
amino acid to be coupled or the N-protected amino acid 
in the presence of dicyclohexylcarbodiimide. The 
starting material is advantageously a lower alkyl ester

of the C-terminal amino acid with which the next
amino acid in the sequence is condensed. After the 
amine group of the dipeptide has been freed, the 
peptide chain is lengthened by coupling with the next, 
appropriately protected amino acid. Each coupling
phase is followed------ .------------- ---------------
by a selective operation to free the amine which will 
take part in the reaction to create the next peptide 
link. The various coupling operations are carried out 
either using an activated ester of the amino acid to 
be coupled or using the N-protected amino acid in the 
presence of dicyclohexylcarbodiimide. Depending on 
the nature of the protecting group used, the phases 
involving selective deprotection of the amine are 
carried out either by hydrogenolysis or by acidolysis 
in a strong acid medium such as trifluoroacetic acid.
If the amino acid to be introduced into the sequence 
has a reactive group in its side chain, the said group 
should be blocked by an appropriate protecting group, 
which is subsequently removed.

The protection of the initial amino acid by 
the. group is carried out by known methods before

NV

35 the residue:
R1-NH-CHR2-CO-

L
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is coupled with the next amino acid.
The residue -NH-CHRg-CO- is an unnatural amino 

acid prepared by known methods; it is then coupled 
with the next amino acid by the usual method.

5 The peptides (I) in the acid form (R^ = OH)
can be obtained from the corresponding esters by 
saponification in a dilute alkaline medium. It is 
also possible to prepare their salts. The peptides (I) 
in the amide form (R^ = NH^ or R^ = N(Alk)2) are

10 obtained directly by taking the commercially available 
amino amides as the starting materials.

According to the general scheme, it is possible 
either to prepare the whole of the desired sequence 
or to prepare 2 fragments of this sequence, which are

15 finally coupled to give the desired peptide.
Any pharmaceutically acceptable salts of the 

peptides according to the invention with mineral or 
organic acids or alkali metals or alkaline earth 
metals are formed by conventional methods. .

20 The compounds of the present invention have a

t,
I
k

t.
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very strong inhibitory action on human plasma renin 

activity, which in general is considerably greater 

than that of the natural .product: pepstatin; in this 

capacity, they can be used in the treatment of arterial

5 hypertension.

They also possess a marked inhibitory action 

on acid proteases, especially pepsin. It is therefore 

possible to consider using the products according to 

the invention in areas of therapy where the inhibition

10 of such enzyme systems is justified; apart from

arterial hypertension, particularly relevant areas
I 4 ( ’

* are gastroduodenal ulcers and inflammatory complaints.9 t
* u« The present invention also relates to antihypertensive

« < a

’„ pharmaceutical compositions in which the peptides of the

15 formula (I) or their pharmaceutically acceptable salts
β a

» are present as active principles.

The peptides of the present invention can be 

administered in therapy by intravenous, intramuscular
?·, or subcutaneous injection. They are used in a solvent

20 such as physiological serum (isotonic saline solution)
1 * t —

or in a buffer such as phosphate buffer; they can 
?·, also be suspended in a pharmaceutically acceptable

aqueous or non-aqueous diluent. Each dosage unit can 

contain from 1 to 1000 mg of active principle.
·? 25 The quantity of active principle to be used

varies according to the desired therapeutic effects, 
the severity of the complaint to be treated and the 

chosen method of administration. It must be determined 

for each patient and is most commonly between 0.100 g

30 and 2 g of active principle.
The non-limiting examples which follow are

given in order to illustrate the present invention.

In all these examples, the pH of the solutions

in an organic solvent is measured or monitored using

35 wet pH indicator paper.
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The indicated melting points (m.p.) are 
measured by the capillary tube method.

Finally, the nuclear magnetic resonance spectra 
were run at 250 MHz in DMSO solution with hexainethyl- 
disiloxane as the internal standard.

The following abbreviations are used:
s : singlet
d:doublet
m : multiplet or unresolved signals
q : quadruplet
Further abbreviations used are:
• H ar denotes aromatic H
• H im denotes H of the imidazole
• H pyr denotes H of the pyridine
The chemical shifts (delta) are measured in

ppm .
EXAMPLE 1:

Boc-Phe-(PhCIlg ) Asp-Sta-Ala-Leu-OMe (SR 42926)
1. Boc-Ala-Leu-OMe
2.86 g of Boc-Ala-ONSu, 1.81 g of Leu-OMe.HCl 

and 1.15 g of NEM are dissolved successively in 50 ml 
of CH2C12 at RT. The pH is checked to see that it is 
6-7; if not, it is adjusted by the addition of NEM.
The organic solution is stirred for 4 hours at RT and 
then washed successively with 5% KHSO^-l^SO^ solution, 
water and 5% NaHCOg solution; it is dried over Na2S0^ 
and the solvent is then evaporated off to give an oil.

Yield: 2.93 g (92%) .
2. Ala-Leu-OMe.TFA
360 mg of the previous product are covered 

with 5 ml of TFA. After 20 min, the TFA is evaporated 
off and the residue is taken up by a mixture of equal 
volumes of pentane and ether. A white solid appears 
on scratching and is filtered off, rinsed with ether 
and dried.

I

f
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Yield: 320 mg (85%).
3. Boc-Sta-Ala-Leu-OMe
330 mg of the previously obtained TFA salt are 

solubilized in 30 ml of dioxane containing 230 mg of 
NEM; 275 mg of Boc-Sta-OH, 206 mg of DCCI and 135 mg of 
HOBt are added, the pH is adjusted to a value of 6-7 
with NEM if necessary and the mixture is then stirred 
for 24 hours at RT. The DCU is filtered off, the 
solvent is evaporated off, the residue is dissolved in 
a mixture of equal volumes of AcOEt and hexane and the 
solution is chromatographed on a column of Merck 60 
silica gel in the same solvent mixture, elution being 
carried out with 250 ml of the same solvent mixture, 
then 250 ml of the mixture in proportions of 75/25 by 
volume, and then 100 ml of AcOEt. The fractions con­
taining the product are evaporated and the residues are 
taken up in ether, filtered off and dried.

Yield: 380 mg (80%) .
4. Boc-(PhCH2)Asp-Sta-Ala-Leu-0Me
473 mg of the previously obtained peptide are 

treated with 8 ml of TFA at 0°C for 15 min; the mixture 
is concentrated in vacuo at t = 25°C, the concentrate is 
taken up with ether and the mixture is evaporated.
This gives a solid which is taken up with CH2C19, the 
salt is neutralized in the cold with a slight excess of 
NMM, and 405 mg of Boc-(PhCH2) Asp, 191 mg of HOBt and 
258 mg of DCCI are thenadded. The pH is adjusted to 
7 by the addition of NMM and the mixture is then stirred 
for 18 h. It is then washed with a solution of KHSO^ 
(about 1 M) and a solution of NaHCO^ (about 1 M), dried 
and concentrated. After chromatography on a silica 
column with AcOEt as the eluent, 169 mg of the expected 
product are obtained, which crystallizes on evaporation; 
m.p. = 147-149°C.

Hi

-
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5. SR 42926
169 mg of the previous product are treated with 

8 ml of TFA at 0°C for 15- min. The mixture is concen­
trated in vacuo at 25°C, the concentrate is taken up with

5 ether and the mixture is evaporated. This gives an 
oil which is taken up with CH?C1 , and the salt is 
neutralized in the cold with a slight excess of NMM.
A mixture of 100 mg of Boc-Phe-ONp, 38 mg of HOBt and 
26 mg of NMM is stirred for 2 h in CHgClg and then

10 added to the above salt. After stirring for 24 h, the 
organic phase is washed with a solution of KHSO^ and 
a solution of NaHCOg, dried and concentrated. After 
chromatography on silica (eluent: AcOEt), the expected 
product is obtained, which crystallizes on evaporation

15 of the solvent.
Yield: 103 mg (50%); m.p. = 154-155°C.

NMR SPECTRUM

f.{

I

Delta Appearance Protons Assignment
8.34-7.05 m 14 H 4 NHCO

10 H ar
6.86 d, J = 8 Hz 1 H nhco2
5.04 s 2 H co7ch2c6h5
3.55 s 3 H 0CH3

2.20-2.00 m 2 H CH2CO (Sta)
1.20 s 9 H c(ch3)3
1.13 d, J = 7 Hz 3 H CH3 (Ala)

0.86-0.69 m 12 H (ch3)2ch

3!

β

I!
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EXAMPLE 2:
Boc-Phe-(2-methylthiazol-4-y1^ly-Sta-Ala-Leu-
OMe (SR 43059) ■
1. Ethyl (R,S)-(2-methyIthiazol-4-yl) glycinate
This product is prepared by the method des­

cribed in J. Med. Chem., 1973, 15, 978-984.
2. Ethyl (R,S)-(2-methylthiazol-4-yl)-N-

tert.-butoxycarbonylglycinate
5.5 g of the previously prepared compound are

stirred for 3 days in 60 ml of water with 8.1 g of
B0C2O, 32.5 ml of dioxane and triethylamine to give an
alkaline pH. The mixture is then concentrated at 30°C,
the concentrate is taken up with ether and the mixture
is washed with water and then with a solution of KHSO,,

4
water and a solution of NaHCOg·, dried and concentrated. 
This gives 8.5 g of a yellow oil.

3. (R,S)-(2-methylthiazol-4-yl)-N-tert.-butoxycarbonylglycine
4.5 g of the previously obtained compound are 

reacted in 80 ml of dioxans with 0.72 mg of sodium 
hydroxide dissolved in 15 ml of water. The reaction 
is followed by TLC. After 2 h, a further 0.6 g of 
sodium hydroxide in 2 ml of water is added. After 3 h 
45 min, no more starting material is present. The pH 
is brought down to 5 with 15 ml of N HCl, the mixture 
is concentrated at 30°C, the concentrate is taken up 
with water, the mixture is acidified with KHSO^ and 
extracted with AcOEt and the extract is washed with 
water, dried and concentrated. 2.7 g of a yellow powder 
are collected .

· Boc-S ta-A'la-Leu-OMe
This peptide is prepared by the method described

in Example 1. ■
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5. (R,S)-Boc-(2-methylthiazol-4-yl)Gly-Sta-
Ala-Leu-OMe

473 mg of the previous product are placed in 
5 ml of TFA at 0°G. After 20 min, the mixture is

5 concentrated, the concentrate is taken up 3 times with 
anhydrous ether and the mixture is then concentrated 
to minimum volume. The product obtained is dissolved 
in 20 ml of Cl^Cl^ and the pH is brought to about 7 
by the addition of DIPEA. 260 mg of the compound

10 obtained in step 3 and 441 mg of Bop are then added. 
After stirring for 4 days at pH 7, the mixture is 
treated with an aqueous solution of sodium chloride 
and then with an aqueous solution of bicarbonate and 
with water, dried and concentrated, and the concentrate

15 is then chromatographed on silica. By elution with 
AcOEt and then an AcOEt/MeOH mixture, 9/1 by volume, 
an amorphous solid fraction of 607 mg is collected by 
precipitation in pentane.

6. SR 43059
20 251 mg of the previously obtained compound are

placed in 4 ml of TFA at 0°C and are then treated in 
the usual way. The TFA salt obtained is placed in 
15 ml of CH2CI2, the reaction medium is brought to 
pH 7 by the addition of DIPEA, and 149 mg of Boc-Phe-

25 ONp and 61.2 mg of HOBt are then added. After 24
hours, the mixture is washed in the same way as in the 
previous step and then chromatographed on silica, 
elution being carried out with an AcOEt/AcOH mixture, 
9/1 by volume. 230 mg of a white powder are collected.

I
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Delta Appearance Protons Assignment
7 - 8.4 m 11 H 5 NH

5 H ar
1 H of the 
thiazole

3.5 s 3 H och3
1.25 s 9 H c(CH3)3

EXAMPLE 3: ί
Boc-Phe-(Pyr-3)Ala-Sta-Leu-Phe-OMe (SR 43064
and SR 43066) \
1. Ethyl (R,S)-2-acetamido-2-ethoxycarbonyl-

3-(pyridin-3-yl)propionate
48 g of diethyl acetamidomalonate are added 

to 11 g of a solution of sodium in 300 ml of EtOH, , j
and then, while heating under reflux, 36 g of 3-chloro- .,
methylpyridine hydrochloride are added and the mixture
is kept under reflux for 5 h. The EtOH is evaporated
off, the residue is taken up with water, the mixture
is extracted and the extract is dried, concentrated and J
chromatographed on silica. Elution with a CH2CI2/
AcOEt mixture, 60/40 by volume, gives 23 g of the
expected compound.

2. (R,S)-(Pyr-3)Ala.2HC1 (
15 g of the previous diester are heated under >■

reflux in 200 ml of 5 N HC1 for 5 h. The mixture is «
concentrated to dryness, EtOH is added and the mixture ,,
is evaporated. The process is repeated until the di- j

f Jfchydrochloride recrystal'lizes : 15 g. ? *>
3. (R,S)-Boc-(Pyr-3)Ala } j
1 g of the previous dihydrochloride is ί 4

dissolved in a mixture of equal volumes ofwaterand J
dioxane. 350 mg of sodium hydroxide and 1 g of |

25

t.tΛX
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(Bocj^O are added and the mixture is then stirred 
overnight at RT. The dioxane is evaporated off, water 
is added and the medium is neutralized with 8 g of 
amberlite CG 120 1 (acid form), stirred for 1 h at RT

5 and then transferred to a column containing 8 g of
the same resin. Elution is carried out with distilled 
water until the pH reaches 5 and then with a 4% 
solution of ammonia in distilled water. The eluates 
are concentrated. 0.69 g of the expected product is

10 collected.
4. Boc-(Pyr-3)Ala-Sta-OMe
A mixture of 465 mg of Sta-OMe.TFA and 500 mg 

of Boc-(Pyr-3)Ala is stirred for 3 days at RT in 10 ml 
of acetonitrile in the presence of 780 mg of Bop, the

15 medium being kept at about pH 7 by the addition of 
DIPEA. The mixture is then evaporated to dryness, 
water is added, the mixture is extracted with AcOEt 
and the extract is washed with a solution of ^£00^, 
water and an aqueous solution of sodium chloride and

20 then dried over MgSO^ and evaporated to dryness. The 
residue is chromatographed on silica gel by elution 
with a 0Η20ΐ2/Αο0Εΐ mixture, 1/9 by volume, which 
successively elutes:

( t

- the less polar A isomer: 150 mg;
25 - the more polar B isomer: 180 mg.

5. Leu-Phe-OMe
This dipeptide is prepared by the coupling

process described in the previous examples.
6. Boc-(Pyr-3)Ala-Sta-Leu-Phe-OMe

30 This compound is first prepared from the A
isomer isolated in step 2. 200 mg of this A isomer
are hydrolyzed at RT for 1 h in a mixture of equal
volumes of water and dioxane. The mixture is partially
evaporated under reduced pressure at RT, a trace of

35 HCl is added to bring the pH to about 4, the mixture
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is then evaporated to dryness and the residue is dried 
in vacuo. It is taken up in 10 ml of acetonitrile;
200 mg of Leu-Phe-OCHg.TFA and 230 mg of Bop are added 
and the reaction medium is kept for 18 h at about pH 7

5 by the addition of DIPEA. It is then evaporated to 
dryness, an aqueous solution of bicarbonate is added 
and the mixture is extracted with AcOEt. The organic 
phase, washed with water and an aqueous solution of 
sodium chloride and then dried over MgSO^, yields the

10 crude peptide after evaporation. This is purified by 
chromatography on silica gel using CI-^C^/AcOEt, 1/4 
by volume, as the eluent. This gives 300 mg of product.

7. SR 43066
197 mg of the previous compound are brought

15 into contact with 5 ml of TFA at 0°C for 20 min, the 
solvent is then evaporated off and the salt obtained 
is dried in vacuo. The residue is suspended in CH2CI2 
and neutralized with DIPEA. A solution of 110 mg of 
Boc-Phe-ONp and 45 mg of HOBt is CH2CI2 is added; the

20 mixture is then stirred for 18 h at RT, the pH being
kept at about 7 by the addition of DIPEA. The mixture 
is evaporated to dryness, an aqueous solution of 
carbonate is added and the mixture is extracted with 
AcOEt. After washing several times with water and

25 drying over MgSO^, the residue is chromatographed on 
silica gel (eluent: AcOEt). This gives 150 mg of 
SR 43066.

8. SR 43064
Starting from the B isomer isolated in step 4,

30 the procedure of steps 4 and 5 is foil wed in order to 
prepare SR 43064.

i
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NMR SPECTRUM OF SR 43066

Delta Appearance · Protons Assignment
6.80 d, J = 8 Hz 1 H NH-Boc
4.84 d, J = 4 Hz .1 H OH (Sta)
3.50 s 3 H och3
2.16-2,05 m 2 H CH2-CO (Sta)
1.20 s 9 H (%)3c

NMR SPECTRUM OF SR 43064

Delta Appearance Protons Assignment
6.85 d, J = 8 Hz 1 H NH-Boc
4.83 d, J = 4 Hz 1 H OH (Sta)
3.50 s 3 H och3
2.10-1.95 m 2 H CH2CO (Sta)
1.21 s 9 H (ch3)3c Λ

ίί , EXAMPLE 4:
: Boc-Phe-(Pyr-4)Ala-Sta-Leu-Phe-OMe (SR 43065

‘‘‘·υ 5 and SR 43144)
1. Boc-(Pyr-4)Ala-Sta-OMe

j 1 “ By following the procedure of the previous
i- ' ,example, Boc-(Pyr-4)Ala is prepared first and this

,,,. product is then coupled with Sta-OMe.TFA. 2 isomers
} j :‘ 10 are isolated successively by chromatography:
,i - the less polar A isomer;

!-* - the B isomer.
’ 2. SR 43065

This compound is obtained from the A icomer by
15 following the procedure of the previous example.

3. SR 43144
This compound is obtained from the B isomer by

following the procedure of the previous example.

Β ί

4
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'j NMR SPECTRUM OF SR 43065

Delta Appearance Protons Assignment
6.82 d, J = 8 Hz 1 H NH-Boc
4.85 d, J = 4 Hz 1 H OH (Sta)
3.50 s 3 H och3
2.10-2.07 m 2 H CH2CO (Sta)
1.21 s 9 H (ch3)3c

NMR SPECTRUM OF SR'43144

Delta Appearance Protons Assignment
6.87 d, J = 8 Hz 1 H NH-Boc
4.85 d, J = 4 Hz 1 H OH (Sta)
3.50 s 3 H 0CH3
2.10-2.00 m 2 H CH2CO (Sta)
1.23 s 9 H (ch3)3c

; , EXAMPLE 5:
t.(L( Boc-Phe-(Pyr-2)Ala-Sta-Leu-Phe-OMe '(SR 43150

I 1 “ 5 and SR 43151)
I , : 1 , ' 1 · (R,S)-Boc-Phe-(Pyr-2)Ala

j 1 g of pyridin-2-ylalanine dihydrochloride and
| 1.65 g of Boc-Phe-ONp are stirred for 48 h at RT in
j '■ t 30 ml of a DMF/dioxane mixture, 1/2 by volume, in the
Γ 10 presence of 2.5 ml of triethylamine. \ small quantity
ft of insoluble material is filtered 'off, the solution is

evaporated to dryness and the residue is chromatographed 
on silica gel. A CHClg/MeOH/NH^OH mixture (84/15/5 by 
volume) elutes the dipeptide in the form of a water-

15 soluble foam. Yield: 58%.
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2. Boc-Phe-(Pyr-2)Ala-Sta-0Me
880 mg of Bop and DIPEA are added to 808 mg of 

the previous product in at 0°C; after a contact
time of 15 min, 600 mg of Sta-OMe.TFA are then added 
and the pH is brought to about 6-7 by the addition of 
DIPEA. The mixture is stirred for 4 days at RT and 
then evaporated to dryness, an aqueous solution of 
carbonate is added and the mixture is extracted with 
AcOEt. After washing with water and an aqueous solution 
of sodium chloride, an oil is isolated. 850 mg are 
chromatographed on silica gel and the following are 
isolated successively by elution with AcOEt:

the less polar tripeptide, A, homogeneous in TLC; 
the more polar tripeptide, B, containing 30% of A.

3- SR 43150
This compound is obtained from the A isomer 

by following the method described in Example 3 .
4. SR 43151
This compound is obtained from the B isomer 

and contains 30 to 40% of SR 43150 after purification.

' I
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NMR SPECTRUM OF SR 43150

Delta Appearance Protons Assignment

6.86
4.76
3.50
2.13-2.07
1.22

d, J = 8 Hz 
d, J = 4 Hz

s
m
s

1 H
1 H
3 H
2 H
9 H

NH-Boc
OH (Sta)
°ch3
CH CO (Sta) 
(CH3)3c

4'i
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Boc-Phe-Met(Q2)-Sta-Ala-Sta-OMe (SR 42845)
1. Z-Ala-Sta-OMe ■
1.44 g of H-Sta-OMe.TFA, 595 mg of NEM, 2.06 g

5 of Z-Ala-OTcp and 1.29 g of HOBt are dissolved in 35 ml 
of DMF at room temperature. The pH is adjusted to 6-7 
to pH paper with NEM if necessary and the mixture is 
stirred at RT for 48 h. The DMF is evaporated off in 
a water bath at 40° under a pressure of 0.01 mm of

10 mercury. The residual oil is taken up in 50 ml of
AcOEt and the mixture is washed successively with 5% 
KHSO^-I^SO^ solution, NaCl/H20, 5% NaHCOg solution and 
NaCl/H20 and dried over MgSO^, and the solvent is 
evaporated off. The residue is taken up in ether and a

15 solid appears. After one hour in a refrigerator, the 
solid.is filtered off and dried.

Yield: 1.46 g (86%); m.p.: 117-120°C.
2. H-Ala-Sta-OMe
1.46 g of Z-Ala-Sta-OMe are dissolved in 20 ml

20 of MeOH, 1.03 g of ammonium formate are then added at 
RT, the mixture is stirred until a solution forms,
400 mg of 10% Pd/C are then added and the mixture is 
stirred for 5 min at RT. After 5 min, checking by 
TLC shows that the starting material has disappeared.

25 The pH is 8 to pH paper. The whole mixture is filtered
on celite and then , the methanolic. solution
-------- is filtered on a column of Amberlite IR 45
resin (OH) and the methanol is evaporated off. The 
residue is taken up in ether, the mixture is evaporated

30 to dryness, the residue is then dissolved in CH2C12> the 
insoluble material is filtered off and the filtrate is 
evaporated to dryness to give a white powder.

Yield: 810 mg (75%); m.p.: 123-134°C.
3. Boc-Sta-Ala-Sta-OMe
960 mg of H-Ala-Sta-OMe, 1 g of Boc-Sta-OH,35
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420 mg of HONSu and 750 mg of DCCI are dissolved
successively in 50 ml of CH2C12 at RT. A white pre­
cipitate appears very quickly. The mixture is stirred 
at RT and, after 7 h, the DCU formed is filtered off
and washed with CF^C^. The organic solution is
washed successively with KHSO^-K^SO^ (5% solution in
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H^O) and NaHCOg (5% solution in 1^0) · It is dried 
over MgSO^ and filtered and the solvent is evaporated 
off. The product is solubilized in the minimum 
quantity of a chloroform/MeOH mixture (97.5/2.5, vol/ 
vol) and deposited on the top of a column o-f silica 
gel; elution is carried out with the same mixture 
and the eluate is fractionated.

One batch of pure product and two batches of 
product for recycling under the same conditions are 
collected, giving an overall yield of 67%; m.p.: 95-
98°C.

4. Η-Sta-Ala-Sta-OMe.TFA
200 mg of Boc-Sta-Ala-Sta-OMe are treated 

with 3.5 ml of TFA at 0°C. The mixture is stirred for 
20 min at RT. Then, after concentration in vacuo, the 
oily residue is extracted by successively adding and 
concentrating anhydrous ether. This gives a white 
solid .

5. Boc-Met(Q2)-Sta-Ala-Sta-OMe
10 ml of DMF are added to the TFA salt 

obtained in the previous step (85 mg) and the pH is 
brought to 7 with NMM. 56.3 mg of Boc-Met(02)-OH,
45.9 mg of HOBt and 45.4 mg of DCCI are introduced at 
-5°C. After a pH check, the mixture is stirred for 6 
days at RT. 1 drop of AcOH is then added to the 
reaction mixture, this is stirred for 30 min and the 
DCU is then filtered off; the filtrate is taken up 
with an AcOH/butan-1-oT mixture, 75/25 by volume; the 
organic phase is washed successively with a saturated

L
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solution of NaCl, a 1% solution of KHSO^, water, a 1% 
solution of NaHCOg and finally water. After drying 
and concentration, 120 mg- of a white solid residue are 
recovered which are chromatographed on silica with 
AcOEt and then with an AcOEt/MeOH mixture, 9/1 by 
volume. This gives 60 mg of an amorphous white solid 
precipitated in hexane.

6. SR 42845
The 60 mg of product obtained in the previous 

step are added to 2 ml of TFA at 0°C and the mixture 
is stirred for 20 min at RT. After concentration in 
vacuo, the oily residue is extracted by successively 
adding and concentrating anhydrous ether. 10 ml of 
CH^C^ are added to the white solid TFA salt thus 
obtained and the pH is brought to 7 with NMM. 33.4 mg 
of Boc-Phe-ONp and 14 mg of HOBt are then introduced; 
after a pH check, the mixture is stirred for 72 h at 
RT. The solution is diluted by the addition of CH^l^ 
and the organic phase is washed successively with a 
saturated solution of NaCl, a 1% solution of KHSO^, 
water, a 1% solution of NaHCO^ and then water. After 
drying and concentration, 58 mg of a solid residue are 
recovered which are chromatographed on silica with 
AcOEt and then with an AcOEt/MeOH mixture, 9/1 by 
volume. This gives 37 mg of an amorphous white solid 
precipitated in hexane.

j

I
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NMR SPECTRUM

Delta Appearance Protons Assignment
6.9-7.35
7.6-7.85

5 d,
J = 8 Hz 5 H 5 NH

8.05
7.1-7.25 m 5 H H ar (Phe)
4.8-5 m 2 H OH (Sta)
2.9 s 2 H CH-SO„
3.45 s · 3 H

3 2
°CH3

1.25 s 9 H c(ch3)3

EXAMPLE 7:
(R,S)-Boc-Phe-Hph-Sta-Ala-Sta-OMe (SR 42727)
1. Boc-Ala-Sta-OMe

5 4.1 g of H-Sta-OMe.TFA are introduced into 250
cm3 of CH2C12; 1.7 cm3 of NEM, 3.86 g of Boc-Ala-ONSu
and 2 g of HOBt are added successively, the pH is then 
adjusted to 7 by the addition of NEM and the mixture 
is·stirred overnight at RT. The mixture is washed

10 twice with 500 cm3 of a saturated solution of NaHCO^, 
twice with 500 cm3 of a KHSO.-KnSO. solution and with 
500 cm3 of a saturated solution of NaCl and then dried 
over MgSO^ and evaporated to dryness under reduced 
pressure.

15 Yield: 3.86 g (74.7%) .
2. (R,S)-Hph.HCl
Homophenylalanine hydrochloride is prepared by 

the method described in J. Med. Ghem., 1968, 11, 1258­
1262.

20 3. (R,S)-Boc-Hph.HGl
In 50 ml of water, 2.8 g of the above hydro­

chloride are mixed with triethylamine to neutralize
the solution to pH 7-8. 25 ml of dioxane, in which
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3.12 g of tert.-butoxycarbonyl anhydride, (Boc)?, 
have been dissolved beforehand, are then added slowly 
at about 30-40°C and the·mixture is then stirred 
overnight at RT. The resulting solution is diluted

5 with water and washed twice with ether; AcOEt is
added and the pH of the aqueous phase is then brought 
gradually to about 2.5-3 by the addition of 6 N HjSO^. 
After 3 extractions with AcOEt and washing of the 
organic phase with a saturated aqueous solution of

10 NaCl, the said organic phase is dried over NazSO^ and 
then concentrated. 1 g of an amorphous white solid 
is recovered which precipitates in hexane.

4. (R,S)-Boc-Hph-Sta-OMe
434 mg of Boc-Sta-OMe are added to 5 ml of TFA

15 at 0°C and the mixture is stirred for 20 min at 0°C. 
After concentration in vacuo at RT, the oily residue 
is extracted by successively adding and concentrating 
anhydrous ether. 15 ml of CH?? are added to the 
white solid residue thus obtained, the pH is brought

20 to 7 with NMM and 309.5 mg of DCCI, 229.5 mg of HOBt
and 419 mg of previously obtained Boc-Hph.HCl are then 
added. The pH is checked (pH 7) and the mixture is 
stirred for 72 h at RT.

The insoluble material is filtered off and the
25 methylene chloride filtrate is washed successively with 

a saturated solution of NaCl, a 1% solution of KHSO^, 
water, a 1% solution of NaHCOg and water. After drying 
and concentration, 900 mg of an oily residue are ' 
obtained which are chromatographed on fine silica with

30 AcOEt. This gives . mg of an amorphous white solid 
precipitated in hexane.

5. (R,S)-Boc-Hph-Sta-Ala-Sta-OMe
182 mg of Boc-Ala-Sta-OMe obtained in step 1

are added to 4 ml of TFA at 0°C, the mixture is
35 stirred for 30 min at 0°C and the excess TFA is then
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concentrated; the oily residue is subsequently ex­
tracted by successively adding and concentrating 
anhydrous ether. A white, residue remains, 10 ml of 
CH^Cl^ are added, the pH is brought to 7 with NMM and

5 then 76.5 mg of HOBt, 103.2 mg of DCCI and 220 mg of 
the product obtained in step 4 are added. The pH is 
checked (7) and the mixture is stirred for 72 h at RT. 
The insoluble material is filtered off and the filtrate 
is then washed with a saturated solution of NaCl, a

10 1% solution of KHSO^, water, a 1% solution of NaHCO^
and water. After drying and concentration, 364 mg of 
a residue are recovered which are chromatographed on 
fine silica with AcOEt. This gives 190 mg of an< t :

't amorphous white solid which is a mixture of isomers.
i‘r 15 6. SR 42727I < r < ——— · -

J 170 mg of the product obtained in the previous
l it

<« << step are added to 3 ml of TEA at 0°C; after stirring
* « t . -

’ * for 30 min at 0°C, the excess TFA is concentrated andJit ■« < <' the oily residue is extracted by successively adding
20 and concentrating anhydrous ether. 10 ml of CHjCl^ are

* “r added to the resulting white residue, followed by NMMI I It ,< to bring the pH to 7, and 96.6 mg of Boc-Phe-ONp and
tic

* ! 38.3 mg of HOBt are then added; the pH is adjusted to
; 7 and the mixture is stirred for 120 h at RT.

25 The solution is diluted with CH^C^ and the.
organic phase is washed successively with a solution of

< r"( NaCl, a 1% solution of KHSO^, water, a 1% solution of
““ NallCOg and water. After drying and concentration,

300 mg of a residue are recovered which are chromato—
30 graphed on fine silica with AcOEt and then with an

AcOEt/MeOH mixture, 9/1 by volume. This gives 170 mg
of an amorphous white solid. This is the expected
product (SR 42727) in the form of a mixture of isomers
with respect to Hph.
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NMR SPECTRUM
Delta Appearance . Protons Assignment

7 - 8.1 m 15 H 5 NH
10 H ar
(Phe, Hph)

4.75 and
4.9

d, J = 4 Hz
J = 4 H z

2 H 2 OH (Sta)

3.5 s 3 H °CH3
1.25 s 9 H c(ch3)3

S’ C ί 
t t K€ f ί

t r 
« «
< t c t

r < t 
« t <

♦ t«

« 0 < c
0 « *
·. t

< t ( t t tu.
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EXAMPLE 8:
Boc-Phe-(piMe)His-Sta-Ala-Sta-OMe (SR 43061)
This product is prepared from histidine pro- 

5 tected by 2 Boc groups, one being on the amine group
and the other on the tele nitrogen of the histidine:

BocN——\
ch2-ch-cooh

NHBoc

€ < ( c < t< 11<

1. Bis(Boc)His-Sta-QMe
3.7 g of Boc.-Sta-OMe are reacted with 15 ml of

10 TFA at between 0°C and +5°C for 20 min. The mixture 
is concentrated, the concentrate is taken up 3 times 
with anhydrous ether and the mixture is concentrated 
to minimum volume. The TFA salt obtained is placed in 
150 ml of CH2C1 and the pH is brought to 7 using

15 DIPEA, with cooling. 6.6 g of Bis-Boc-His in the form 
of the DOHA salt are then added, the pH is brought to 
7 with DIPEA, 6.3 g of Bop are added and the mixture 
is stirred for 3 days at RT and at pH 7. It is washed 
with an aqueous solution of sodium chloride, an aqueous
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solution of bicarbonate and then water, dried and 
concentrated, By chromatography on silica with AcOEt 
as the eluent, 7.8 g of a white powder are collected.

2. Boc-Phe-(piMe)His-Sta-OH
5 A mixture of 1 g of the product obtained in

the previous step, 10 ml of anhydrous DMF and 5 ml of 
methyl iodide is heated under -gentle reflux; after 
standing for 48 h, it is concentrated with a vacuum
pump. When the concentrate is taken up with anhydrous :

10 ether, a yellow gum is obtained which hardens in AcOEt |
and solidifies in anhydrous ether. It is filtered off ?

{and dried with a gun. The solidified part and the :
concentrated mother liquors are added to 20 ml of TFA =
at 0°C. The mixture is stirred for 20 min, concen-

15 trated, treated 3 times with anhydrous ether and con­
centrated to minimum volume. The TFA salt obtained
is dissolved in 25 ml of CH2C1 and the pH is rought ;;
to 7 with NMM. 724.5 mg of Boc-Phe-ONp and 299 mg of 
HOBt are added and the mixture is stirred for 4 days

20 at ET. It is washed with an aqueous solution of
sodium chloride, an aqueous solution of bicarbonate ·■?and then water, dried and concentrated. By chroma- ;
tography on silica and elution with AcOEt/MeOH, 8/2 by (
volume, 2 polar fractions solidified in anhydrous '

25 ether are collected. This gives 639 mg of product. ;
A saponification is then carried out starting from -
300 mg to which 13 ml of MeOH, 2 ml of water and 167 mg : ■
of hydrated barium hydroxide are added, followed after .:
1 h by 84 g of hydrated barium hydroxide. TLC shows '

30 that the ester has disappeared. Small pieces of f
solid carbon dioxide are added until the pH drops below
7, the mixture is filtered on celite, the material on 
the filter is rinsed with methanol and the filtrate 
is concentrated; the residue is taken up with the 

35 minimum quantity of warm MeOH, the mixture is filtered

*
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and the filtrate is concentrated to give 248 mg of 
a white powder .

3. SR 43061
The compound obtained in the previous step is 

5 coupled with Boc-Ala-Sta-OMe by the methods described
above .

NMR SPECTRUM

ιr
««tt

f I ©f

Delta Appearance Protons Assignment
6.9, 7.4,
7.6, 7.8,
8.05

5 d,
J = 8 Hz 5 H NH

7.1 - 7.25 m 5 H 5 H ar (Phe)
6.7, 7.4 2 s 2 H 2 H im
3.5 s 3 H 0CH3
3.55 s 3 H (piCHg)His
1.25 s 9 H C(CH3)3

EXAMPLE 9:
Boc-Phe-(tauMe)His-Sta-Ala-Sta-OMe (SR 43062) 

10 1. (tauMe)His-OH is prepared by the method
described in J. R. Neth., Chem. Soc., 1978, 97, 293-295

i

1

2. (tauMe) His-OMe.2HC1
4.5 g of the dihydrochloride of the above 

15 product are dissolved in 50 ml of MeOH; the solution
is saturated with HC1 gas at 10-15°C and then stirred 
at RT for 72 h. It is concentrated to dryness and the 
residue is taken up twice with ether and then with 
acetone; it crystallizes and 4 g of crystals are

ί
jf

■1 A
?! ' '
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25
3λ

~

filtered off.
3. Boc-Phe-(tauMe)His-OMe
508 mg of the above product are placed in 25 ml 

of CH2C12 and the pH is brought to 7 by the addition
5 of DIPEA. 772 mg of Boc-Phe-ONp and 306 mg of HOBt 

are added. After stirring for 2 days at RT, the 
mixture is washed with iced water and then dried and 
concentrated. By chromatography on silica and elution 
with an AcOEt/MeOH mixture, 9/1 by volume, 849 mg of

10 the expected product are collected.
4. Boc-Phe-(tauMe)His
768 mg of the above product are dissolved in 

33 ml of MeOH and 5 ml of water, to which 561 mg of 
hydrated barium hydroxide are added. After 1 h, 280 mg

15 of barium hydroxide are added and the mixture is 
stirred for a further 1 h. Small pieces of solid 
carbon dioxide are then added until the pH is below 
7, the mixture is then filtered on celite, the material 
on the filter is rinsed with MeOH and the filtrate is

20 concentrated. The concentrate is taken up with MeOH, 
the small quantity of insoluble material is filtered 
off and the filtrate is concentrated. The concentrate 
is taken up with ether and the mixture is then filtered 
to give 634 mg of a white product.

25 5. H-Sta-Ala-Sta-OMe,TFA
This is prepared from 130 mg of Boc-Sta-Ala-

Sta-OMe by the method described in Example 1.
6. Boc-Phe-(tauMe)His-Sta-Ala-Sta-OMe -
The previously obtained TFA salt is placed in

30 10 ml of CH2C1 and DIPEA is added to bring the pH to
7; 124 mg of Bop and 104 mg of the product obtained
in step 4 are then added, followed by 3 ml of anhydrous
DMF, and the mixture is stirred for 72 h at pH 7. It
is washed with an aqueous solution of sodium chloride

35 and then with a dilute solution of bicarbonate and

ί J
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with water, dried and concentrated. The concentrate 
is chromatographed on silica by eluting with an AcOEt/ 
MeOH mixture, 9/1 by volume. A fraction of 80 mg of 
a white product is isolated.

NMR SPECTRUM

Delta Appearance Protons Assignment
7.0, 7.3, 5 d, 5 H 5 NH
7.4, 7.95, J = 8 Hz
8.1 J = 10 Hz

J = 6 Hz
J = 6 Hz

J J = 8 Hz
5 6.8 and 7.4 2 s 2 H 2 H im

centered at
* <

♦ i 4.95 m 2 H 2 OH (Sta)t »t 7.1 - 7.3 m 5 H 5 H ar (Phe)
ί 3.5 d 6 H OCH^ (tauMe)-

His

« <"< t ί
1.25 s 9 H C(CH3)3

EXAMPLE 10:
Boc-Phe-(cyclohexy1)Gly-Sta-Ala-Sta-OMe
(SR 43091)
N-Boc-(2-alpha-c,yclohexyl)glycine is prepared 

10 from L-alpha-phenylglycine by catalytic hydrogenation
over Adams' catalyst (PtO^). The methods described 
above are then followed in order to prepare SR 43091.

1;

1
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NMR SPECTRUM

Delta Appearance ' Protons Assignment
6.9 - 7.85 m ’ 5 H 5 NH
centered at
7.2 m 5 H 5 H ar
4.8 and 2 d, J = 5 Hz 2 H 2 OH (Sta)
4.95 J = 4 Hz
3.5 s 3' H °CH3
1.25 s 9 H °(οη3)3

. ■ f t; 
E ·. >r

20

EXAMPLE 11:
Boc-Phe-(Pyr-3)Ala-Sta-Ala-Sta-0Me (SR 43429)
1. Ethyl 2-acetamido-2-ethoxycarbonyl-3-

(pyridin-3-yl)propionate
48 g of diethyl acetamidomalonate are added to 

11 g of a solution of sodium in 300 ml of EtOH, and 
then, while heating under reflux, 36 g of 3-chloro- 
methylpyridine hydrochloride are added and the mixture 
is kept under reflux for 5 h. The EtOH is evaporated 
off, the residue is taken up with water, the mixture 
is extracted and the extract is dried, crncentrated and 
chromatographed on silica. Elution with a C^C^/AcOEt 
mixture, 60/40 by volume, gives 23 g of the expected 
compound .

2. (Pyr-3)Ala.2HC1
15 g of the previous diester are heated under 

reflux in 200 ml of 5 N HC1 for 5 h. The mixture is 
concentrated to dryness, EtOH is added and the mixture 
is evaporated. The process is repeated until the di­
hydrochloride recrystallizes: 15 g.

3. Boc-(Pyr-3 ) Ala
1 g of the previous dihydrochloride is dissolved 

in a mixture of equal volumes of water and dioxane.

i I
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350 mg of sodium hydroxide and 1 g of (Boc)90 are 
added and the mixture is then stirred overnight at RT. 
The dioxane is evaporated off, water is added and the 
medium is neutralized with 8 g of amberlite CG 120 1

5 (acid form), stirred for 1 h at RT and then trans­
ferred to a column containing 8 g of the same resin. 
Elution is carried out with distilled water until the 
pH reaches 5 and then with a 4% solution of ammonia 
in distilled water. The eluates are concentrated.

10 0.69 g of the expected product is collected.
4. Boc-(Pyr-3)Ala-S ta-OMe
A mixture of 465 mg of Sta-OMe.TFA and 500 mg 

of Boc-(Pyr-3)Ala is stirred for 3 days at RT in 10 ml 
of acetonitrile in the presence of 780 mg of Bop, tbe

15 medium being kept at about pH 7 by the addition of 
DIPEA. The mixture is then evaporated to dryness, 
water is added, the mixture is extracted with AcOEt 
and the extract is washed with a solution of Na^C.Og, 
water and an aqueous solution of sodium chloride and

20 then dried over MgSO^ and evaporated to dryness, The 
residue is chromatographed on silica gel by elution 
with a CH2Cl2/AcOEt mixture, 1/9 by volume, which 
successively elutes:

the less polar A isomer: 150 mg;
25 - the more polar B isomer: 180 mg.

5. SR 43429
The expected compound is obtained in the form 

of a pure isomer from the B* isomer using the con­
ventional coupling methods.

A
Y '
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NMR SPECTRUM

Delta Appearance Protons Assignment
8.41 s 1 H H2 (Pyr)
8.32 d, J = 4 Hz 1 H H 6 (Pyr)
8.02 - 7.33 m 6 H NHCO, H (Pyr)
7.27 - 7.04 m 5 H C6H5
6.87 d, J = 8 Hz 1 H NHCO
4.97 d, J = 4 Hz 1 H OH
4.85 d, J = 4 Hz 1 H OH
4.64 - 3.90 m 3 H CH alpha

(Ala, Phe,
(Pyr-3)Ala)

3.90 - 3.67 m 4 H CHNH, CHOH '
(Sta)

3.50 s 3 H 0CH3
3.10 - 2.47 m 4 H ^5Η4Ν

ch^c;h^-2 6 5
2.96 - 1.90 4 H CH2CO (Sta)
1.57 - 1.00 m 18 H (CH3)3C, CH3

(Ala)
CH, CH (Sta)

0.87 - 0.66 m 12 H CH3 (Sta)

Π The following compounds were prepared using j
L the same coupling methods:
1 ■ i '4

L I
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SR no . F ormula
42823 Boc-Phe-Phg-Sta-Ala-Sta-OMe
42928 Boc-Phe-Asn-Sta-Ala-Sta-OMe
42939 Boc-Phe-(Ph Cl^O)Ser-Sta-Ala-S ta-OMe

42980 Boc-Phe-Gln-S ta-Ala-Sta-OMe
43075 (R,S )-Boc-Phe-(thien-2-yl)Gly-Sta-Ala-Sta-OMe
43266 Boc-Phe-(Ph)Gln-Sta-Ala-Sta-OMe
43281 Boc-Phe-(Ph)Asn-Sta-Ala-Sta-OMe
43297 Boc-Phe-((CH,,)3CO)Ser-S ta-Ala-S ta-OMe
43365 Boc-Phe-(CHgCH20)Ser-Sta-Ala-Sta-0Me
43366 Boc-Phg-Phg-Sta-Leu-Phe-OMe
43391 Boc-Phe-(tauEt)His-Sta-Ala-Sta-OMe
43428 Boc-Phe-(l-methylimidazol-2-yl)Ala-A HP PA-Ala- 

Sta-OCHg
43554 Boc-Phe-Cpg-Sta-Ala-Sta-OMe
43555 Boc-Phe-((Pyr-2)CH20)Ser-Sta-Ala-Sta-OMe
43556 Boc-Phe-(cyclohexyl) Ala-Sta-Ala-Sta-OMe
43761 iVa-Phe-(tauMe)His-Sta-Ala-Sta-OH

These products are characterized by their NMR 
spectrum.

NMR SPECTRUM OF SR 42823

Delta Appearance Protons Assignment

7 - 8.3 m 15 H 5 NH
10 H ar

4.8 and 5 2 d,
J = 4 Hz 2 H 2 OH (Sta)

3.5 s 3 H och3

1.2 s 9 H C(CH3)3
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NMR SPECTRUM OF SR 42928

1

[ Delta Appearance , Protons Assignment
6.85 - 8.25 m 12 H 5 NH

5 H ar CONH2
5.8 and 5.9 2 d,

J = 6 Hz
2 H OH (Sta)

1.25 s 9 H c(ch3)3

NMR SPECTRUM OF SR 42939

1-4.t .1 ■ Delta Appearance Protons Assignment

( < r€ i. t
6.9 - 8.1 m 15 H 5 NH

10 H ar
< f ft

t ί tc 
etc
• 1

« c r

4.85 and
4.95

2 d,
J = 5 Hz

2 H OH (Sta)

< τ <
< c t < 4.45 s 2 H 0CH2C6H5

3.5 s 3 H och3
C / ίt. < *

i i < <.
1.25 s 9 H C(CH3)3

C € tf. 4 <t € <
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NMR SPECTRUM OF SR 42980

Delta Appearance . Protons Assignment
6.75 - 8 m 12 H 5 NH

4.85 and 2 d, 2 H

5 H ar
NH2 (Gin)
OH (Sta)

4.95
3.5

J = 5 Hz
s 3 H och3

1.25 s 9 H G<CH3>3

NMR SPECTRUM OF SR 43075

Delta Appearance Protons Assignment
6.9 - 8.5 m 13 H 5 NH

5 H ar 3 H
of the thio­
phene

4.8 - 4.9 m 2 H OH (Sta)
3.5 s 3 H och3
1.25 s 9 H c(ch3)3

I

NMR SPECTRUM OF SR 43266

Delta Appearance Protons Assignment

9.8 s 1 Η NH (NHC H )6 5
6.9 - 9.1 m 15 H 5 NH 10 Η ar
4.85-5 m 2 H OH (Sta)
3.5 s 3 Η och3

1.25 s 9 Η C(CH3)3

I ,-"i
ι ,ί·
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NMR SPECTRUM OF SR 43281

Η

• ί ί
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Delta Appearance · Protons Assignment
10.1 s 1 H NH (NH-C-H )
6.95 - 8.4 m 15 H 5 NH

10 H ar
4.8 and 2 d, 2 H 2 OH (Sta)
4.95 J = 6 Hz
3.8 s broad 2 H 2 H alpha

(Sta)
3.5 s 3 H CH3 ester
1.25 ' s 9 H C(C»3)3

NMR SPECTRUM OF SR 43297

Delta Appearance Protons Assignment
7 to 7.85 m 10 H 5 NH 5 ar
4.6 to 5 m 2 H OH (Sta)
3.8 s broad 2 H 2 H alpha

(Sta)
3.5 s 3 H CH ester
1.25 s 9 H Boc
1.05 and 1 2 isomer peaks 9 H C(CH3)3
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NMR SPECTRUM OF SR 43365

Delta Appearance · Protons Assignment

7.2 m 5 H ar
6.95
7.30 5 d, 5 Η NH
7.45 J = 8 Hz
7.80
,8.0
4.8 - 4.95 2 d, 2 H OH (Sta)

J = 4 Hz
'3.75 4 H alpha
4.2 3 m 4 H (Phe , Ser ,

' ί i < Sta )
‘ < ί e, (4.4

l * l *( i 1t <
3.5 s 3 H OCH3

t itt ί I 3.35 q OCH2CH3
t <. .r r 1.25 s 9 H C(CH3)3

1 .0 t 3 H 0CH_CHo2 —3

NMR SPECTRUM OF SR 43391

Delta Appearance Protons Assignment

6.8 to 8.2

4.95
3.5
1.25

m

m
s
s

12 H

2 H
3 H
9 H

5 NH, 5 ar,
2 His
OH (Sta)
OCH3 ester 
C(CH3)3
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NMR SPECTRUM OF SR 43366

Delta Appearance · Protons Assignment

7.1 to 8.75 m 15 H 10 H C,Hc,0 J
5.35 and 5 NH
5.5 2 d, 2 H 2 H alpha

J = 8 Hz (Phg)
5 m 1 H OH (Sta)
3.65 m 2 H H alpha (Sta)
3.5 s 3 H OCHg ester
1.35 s 9 H C(CH3>3

I

I
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L _ - „ ■ > I



-rr

- 44 -

NMR SPECTRUM OF SR 43428 (2 Isomers : 7/3)

Delta Appearance · Protons Assignment
8.25 - 7.76 m 3 H NHCO
7.39 d, J = 8 Hz 1 H NHCO
7.25 -7.00 m 10 H C6H5
7.00 - 6.89 m 2 H NHCO2, H im
6.89·) 2 s 1 H H im
5.71 .
5.32 - 4.0 m 5 H OH, H alpha 

(Ala , Phe, im)
• 1 < 4.0 - 3.67 m 4 H CHNH, CHOH

• f «• it (AHPPA, Sta)
* »• 11 t 3.53' 2 s 3 H N~ch3

• < t9 4 ftft ft ft 3.44,
9 a « «
• ft ♦• « 3.50 s 3 H och3
9 ftftOft ft 3.00 - 1.95 m 10 H CH2-C6H5, CH2 in.,
«99 ft

1.57 - 1.00 m 15 H
CH2CO (AHPPA, St^ 
(ch3)3c, ch3

ft « C
4 « I (Ala) , CH and

ft ' ft ft '« β ft GH2 (Sta)
ft ft ft 0.77 - 0.69 m 6 H CH3 (Sta)
ft ft ί

♦ ft ft 
I f *

< f C t <I I. ·'

( j

L
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NMR SPECTRUM OF SR 43554

Delta Appearance . Protons Assignment
6.92 - 7.89 m including iO H 5 NH (amides)

4 d at 6.95, 5 Ar (Phe)
7.37, 7.57,
7.89 ppm
J ■· 6 Hz

4.95 2 d 2 H 2 OH (Sta)
4.80 J = 4 Hz
3.35 - 4.22 m including 10 H CH alpha (Phe)

. s at 3.51 ppm CH alpha (Cpg)
(ΟΟΗ^ Sta) 4 CH alpha

( Sta)
« ί € CH alpha (Ala)
{fit OCH, Sta OMe
< € - t 3
t 4 «

2.03 - 2.95 m 6 H CH2 (Phe)
c t it 2 CH9-C0 (Sta)

0.68 - 1.6 m including 32 H 4 CH3 (Sta)
s at 1.20 ppm CH3 (Ala)

fit
c(ch3)3

I 4 < 4 C,H2 (cyclo-
pentyl)
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NMR SPECTRUM OF SR 43556

Delta Appearance . Protons Assignment
6.90 - 8.0 m including 10 H 5 NH (amides)

4.92 and

3 d at 6.93, 
7.87, 7.96
J = 4 Hz
2 d 2 H

5 Ar (Phe)

.2 OH (Sta)
4.83
3.5 - 4.38

J = 4 Hz
m including 10 H CH alpha (Phe)

2 - 2.91

s at 3.5

m 6 H

CH alpha (Ala) 
CH alpha ((cy- 
clohexyl)Ala)
4 CH alpha
(Sta)
CH3 (OMe)
CH2 (Phe)

0.94 - 1.74 m 31 H
2 CH2CO (Sta)
3 CH3 (Boc)

0.71 - 0.94 m 12 H

13 CH„-C,H1,
2 CH2-CH (Sta) 
CH3 (Ala)
4 CH3 (2 Sta)

t t C (til

I
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NMR SPECTRUM OF SR 43761

Delta Appearance . Protons Assignment
6.81 - 8.52

5.13
4.15 - 4.44

3.58 - 3.78
3.52

2.63 - 3.04

0.97 - 2.11

0.55 - 0.82

m including
3 d centered
at 7.03,
8.26, 8.5
J = 8 Hz
s at 7.4
s at 7.22
s at 6.81

m
m

Π)
s

m

m

m

12 H
including
3 H

1 H
5 H
1 H
1 H
3 H

4 H
3 H

4 H

19 H

16 H

5 Ar; 5 NH ;
1 H (His)
NH (amides)

H (His)
H Ar
H (His)
OH (Sta)
H alpha (Phe)
H alpha (His)
H alpha (Ala)
Sta
CH (tauMe)-
His
CH2 (Phe)
CH2 (His)
2 CH2CO (Sta) 
CH2-CH (iVa)
2 CH2-CH (Sta) 
CHg (Ala)
2 CHg (iVa)
4 CHg (Sta)

, ·»
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The products according to the invention were 
studied for their therapeutic properties and especially 
their inhibitory action on enzymes. More particularly, 
the compounds were evaluated "in vitro" in terms of

5 their inhibition of human plasma renin activity (PRA) 
and the results are superior to those obtained with 
the natural product, pepstatin.
I - METHOD

The method of evaluation is based on that of
10 GUYENE (J. Clin. Endocrinol. Metab., 1976, 43, 1301) 

to the extent that the inhibition of PRA is evaluated 
from a human plasma pool rich in renin (15 to 20 mg of 
angiotensin I released per milliliter and per hour), 
incubated for 60 minutes at 37°C, in a phosphate

15 buffer at pH 7.4, in the presence of increasing con­
centrations of the product to be studied.

Human plasma contains the substrate angio- 
tensinogen and the enzyme renin. The angiotensin I 
released during the reaction is measured by radio-

20 immunoassay using a kit: Plasma Renin Activity Kit 
from Travenol (no. CA 533553). An inhibitor of the 
conversion enzyme, phenylmethylsulfonyl fluoride 
(PMSF), is added to the incubation medium. The total 
incubation volume is 555 microliters divided up as

25 follows:
- 420 microliters of human plasma
- 11 to 50 microliters of the product to be studied, 
at variable concentrations
- 119 to 80 microliters of phosphate buffer

30 - 5 microliters of PMSF.
A solution of acetic acid in methanol (19/1 

by volume) and a solution of sodium hydroxide in 
methanol (2/1 by volume) are prepared. In a mixture 
of equal volumes of these 2 solutions, a 0.001 M

35 stock solution of the peptide is prepared. The

1

j

L
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subsequent dilutions of the peptide are then made up 
in the phosphate buffer.

' The quantity of solvent present in a solution 
of the peptide at a concentration of less than 0.0001 M

5 does not interfere with the results.
II - RESULTS

The results are expressed as the dose of 
compound, evaluated in mol, which causes a 50% 
inhibition (ΙΟ^θ) of the human plasma renin activity

10 observed in the absence of inhibitor. '
The results obtained with various products 

of the invention are given in the following table (I), 
which shows the ΙΟ^θ values of each molecule in terms 
of their inhibition of human plasma renin activity at

■ 15 pH 7.4. From 5 to 10 doses were required in order to( 1 :
determine these IC values. Pepstatin, used as the 

t < J‘ reference substance, is always tested in parallel in
« t : :

ί r‘ each experiment. The results are expressed by their
logarithmic value (- log ΙΟ^θ).

kt
it :
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TABLE I

y-

L ■ ίI

SR no. Inhibition of human PRA
-log IC5Q M

pH 7.4

Pepstatin 4.92
42 823 7.03
42 926 6.40
42 928 5.92
42 939 6.76

42 980 6.50
43 059 5.52
43 064 6.50a3 075 6.60
43 144 5.88
43 150 5.21
43 151 6,66
43 281 5.85
43 297 5.67
43 365 6.95
43 391 7.19
43 428 6.16
43 429 6.38
43 554 7.43
43 555 6.50
43 556 6.31
43 761 6.82

I

i.

f

The toxicity of the products according to the
invention is compatible with their use in therapy.

1

i
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WHAT IS CLAIMED IS:
1. A peptide derivative:

Rn-NH-QH-C-NH-CH-C-NH-CH-CHOH-C^-C-X-Y-R,
..................... I "

CH„

(I)

R2. 0 r3 0 0

in which:

MU β t <

β © * » 
i 9© & « r

ύ } 9 6
3 « t

• « f

« f
• t

- R1 represents an acyl group chosen from the following
groups: alkylcarbony1 , alkoxycarbony1, arylcarbonyl,
arylalkylcarbony 1, arylalkoxycarbony1, in which the alkyl 
group denotes saturated or unsaturated aliphatic hydrocarbon 
radicals containing 1 to 10 carbon atoms and is optionally 

substituted by a hydroxyl group, or represents a (lower alkyl) 
sulfonyl group which is unsubstituted or substituted on the alkyl 
by a free amino group) or an amino group carrying a protecting group ι 

as hereinabove defined, or by a phenyl, or represents a phenyl- 
sulfonyl group which is unsubstituted or substituted on the phenyl 
nucleus by a lower alkyl ;
- R2 represents a lower alkyl group which is unsub­
stituted or substituted by a phenyl, naphthyl, cyclo­
hexyl or pyridyl, or R2 represents a phenyl, naphthyl, 
cyclohexyl or pyridyl radical;
- represents hydrogen, a lower alkenyl, a phenyl, · 
a naphthyl, a cycloalkyl containing 3 to 6 carbon atoms, 
a 5-membered or 6-membered monocyclic heterocyclic 
group which is unsubstituted or substituted by a lower 
alkyl or tri fluoromethyl and selected from the group consisting of 
pyrrolidine, imidazole, thiazole, thiophene, furan, pyrrole, 
triazole, oxazole, isoxazole, pyridine, and thiadiazoles, or 
alternatively a lower alkyl substituted by a di(lower alkyl)amino 
group, by a carboxyl esterified by a lower alkyl or a benzyl, by

a free carbamoyl or a carbamoyl substituted by one or 
two lower alkyls or by a phenyl, by a lower alkoxy or
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Λ ■»Ο Ο
a ott

o o a 6 9 9
ί» δ 4 3 
4 0 ί

Ο Λ 4 
9 β 1 
4 5 0 *

(lower alkyl)sulfinyl or (lower alkyl)sulfonyl group, 

by a cycloalkyl containing from 3 to 6 carbon atoms or 

by a 5-membered or 6-memb.ered monocyclic heterocyclic 

group which is unsubstituted or substituted by a lower 

alkyl or a trifluoromethyl and selected from the group consisting 

of pyrrolidine, imidazole, thiazole, thiophene, furan, pyrrole, 

triazole, oxazole, isoxazole, pyridine and thiazoles, with the 

provisio that Rg is not the (imidazol-4-yl)methyl group ;

R^ represents a hydroxyl, a lower alkoxy, a benzyloxy 

or a free amino group or an amino group substituted by 

one or 2 lover alkyls;

- represents isopropyl, phenyl or cyclohexyl,

respectively forming with the radical:

-nh-ch-choh-ch2-co~.

« S 0 β ». . 0 0 β 4 ft
» 0 9- 0 

» 3 4ft 4 «

CH.

a a 
β 4

the residue of the amino acid statin, namely (3S,4S)-

4-amino-3-hyd roxy-6-me.thylheptanoic acid, of (3S.4S)-

4-amino-3-hydroxy-5-phenylpentanoic acid (AHPPA) or 

of (3S,4S)-4-amino-5-cyclohexyl-3-hydroxypentanoic acid 

(ACHPA); and

- X-Y is a dipeptide chosen from the group comprising 

Ala-Sta, Ala-Leu, Leu-Phe, Val-Sta, Abu-Sta, Ile-Ser 

and Phg-Sta;

as well as any pharmaceutically acceptable salts of the 

said peptide derivative with mineral or organic acids 

or alkali metals or alkaline earth metals, provided that 

Rg is not hydrogen when X - Y = Ala-Sta ; = isopropyl and
is OH or an alkoxy group, the term lower alkyl or lcwer alkenyl designating
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unsaturated or saturated aliphatic hydrocarbon radicals 
containing up to 6 carbon atoms and the term lower alkoxy 
representing the hydroxyl group substituted by a lower 
alkyl group such as defined above.
2. A peptide derivative as claimed in claim 1, wherein
I? represents one of the following groups:

(CH.)nCOC- 3 3 II
0

(CHq)oCH-CHo-C- 3 2 2 g

CcHR-(CH.,) -C-, in which a = 0, 1 or 2 b o z. a

65 2'2 jj

fa 5 2 i,
0

nh2ch2ch2-so2-

bognhch2ch2-so2-

ZNHCH2CH2-SO2-

ASC?-, in which A is a lower alkyl

CgH^-(C?) a-S02~, in which a = 0, 1 or 2

or one of any pharmaceutically acceptable salts of the
said peptide derivative with mineral or organic acids or
with alkali metals or alkaline earth metals.



« f

- 54 -

3. A peptide derivative as claimed in claim 1, wherein 
is chosen from the following groups:

isovaleryl and 
benzenesulfonyl.

• titt (♦ * € *
I t t t

ί
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4. Α pept--i.de derivative as claimed in claim 1, wherein 
the residue -NH-CH(R3)-C07 represents the residue 
(tauile)His.
5. A process for the preparation of a peptide deriva­
tive as claimed in claim I, wherein, starting from a 
compound of the formula:

H-Y-R',
in which R'is a lower alkoxy, a benzyloxy or a free 
amino group or an amino group substituted by one or two 
lower alkyls, and Y is chosen from the residues of the 
amino acids Sta, Leu, Phe and Ser, the various amino 
acids or fragments of the sequence of the said peptide, 
appropriately protected, are coupled in a stepwise 
fashion, the product obtained at each step being de­
protected by known processes before being subjected to 
further coupling, and each of the coupling operations 
being carried out using either an activated ester of the 
amino acid to be coupled or the N-protected amino acid 
in the presence of dicyclohexylearbodiimide, wherein, 
if appropriate, the compound obtained is saponified to 
form the peptide of the formula (I) in which R^ = OH, 
and/or wherein, if appropriate, the peptide obtained is 
converted to one of its pharmaceutically acceptable salts 
with mineral or organic acids or alkali metals or 
alkaline earth metals.
6. A pharmaceutical composition which contains, as the 
active ingredient, a product as claimed in claim in

combination with a pharmaceutical excipient.

7. A pharmaceutical composition as claimed in claim 6, 
which can be used especially for the treatment of 
arterial tension and which contains from 1 to 1000 mg 
of a product as claimed in claim 1, per dosage unit, 
mixed with a pharmaceutical excipient.

ί

1
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Dated this 7th day of November 1990.

SANOFI
Patent Attorneys for the
Applicant

F.B. RICE & CO
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