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The present invention relates to a new method of
synthesising peptides containing one or more amino acid
residues bearing an N-carbamoyl functional group. The
invention also relates to new synthesis intermediates

5 used in this method and to new peptide fragments.
~Various éynthetic peptides, used especially as
reagents for analytical tests, as éweetening agents,
c_:édes [sic] synthetic hormones or codes [sic] medicinal
products, contain amino acid residues bearing an
10 N-carbamoyl functional group, either on ‘the a-amino
functional group of the N-terminal residue, or on the
o-amino functional group of a diamino acid residue, that
is to say at the end of a side chain. Such diamino acids
are especially norcitrulline (Nci), citrulline (Cit) or
15 "homocitrulline (Hei). |

The introduction of an amino acid residue bearing
an N-carbamoyl functional group into a peptide chain,
starting' directly with the amino acid carrying this
carbamoyl functional group, has some disadvahtages.

20 Indeed, the presence of a ureido or ureino functional
group seriously interferes with known methods of pepi:ide ,
synthesis, both in the "solid" phase based on the so-
called Merrifield technique, and in the liquid phase. The
chemical yields are poor and an adeqhajl:e chiral purity is

25 obtained only at the cost of laborious and costly purifi-
'cations. Furthermore, in the case of diamino acids, the .
synthesis of amino acids bearing a ureido’ or ureino
functional group ‘at the end of the side chain, in pure
enantiomorphous form, is difficult and therefore costly..

30 S The synthesis of a peptide containing an amino
acid residue bearing an N-carbamoyl functional group is
therefore generally carried out in two stages. In a first
step, a .pre_clirsor peptide containing the amino acid
residue - bearing the amino functional group to be

35 carbamdylate& is synthesised. In a second step, the amino
functional group to be carbamoylated is converted, inside
the peptide chain, to a ureino functional group. ‘

The conversion of the a-amino functional group of
the N-terminal valine residue of the B chain of
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depranocytic haemoglobin into a ureido functional group

by carbamoylation by means of sodium isocyanate is, for
example, well known (Lehninger A.L.; Biochemistry; (1975)
second Ed:LtJ.on, p. 149).

However, this known method does not appear to be
satisfactory in peptide synthesis, mainly because of the

‘insufficient specificity of the cyanates or isocyanates

for the amino functional group(s) to be carbamoylated and.
because of the racemisation which may be induced by such
a treatment. | ' _ '

Moreover, R.A. Boissonnes and G. Preitner
(Helvetica Chimica Acta, (1953), Vol. 36 (4), p. 875-886)
studied the removal of - phenyloxycarbonyl (PhOC) and
p-tolyloxycarbonyl (TOC) groups, which are used as groups
for blocking the a«-amino functional group of some a-amino
acids, by means of various dissociating agents. All the
dissociating agents used led to the complete removal of
these groups and to the release of the a-amino functional
group. | N

The invention overcomes the . disadvanteges of
known methods of  preparing . N-carbamoyl-peptides by

. providing a new method for preparing N-carbamoyl-peptides

with an improved chemical yield, which makes it possible
to preserve. to a remarkable extent the chiral purity of
the structures used. ' |
Consequently, the invention relates to a method
of produc:.ng a pept:.de containing one or more N-carbamoyl
functional groups, according to which an intermedlate |
peptide containing one or more aryloxycarbonyl groups
cons:.st:.ng of a group of general formula
R3-0-C~-

|

o .
attached to the nitrogen atom of an amirio functional
group and in which R3 ‘ represents an aryl gi'oup, unsub-

. stituted or substituted by one or more aik_yl groups

containing 1 to 4 carbon atoms, is reacted with a com-
pound of general formula RIR2NH in which R1 and R2
represent, indepen'dently_ of each other, hydrogen atoms,
alkyl, cycloalkyl or aralkyl radicals, containing at most
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12 carbon atoms, orlin which R1 and R2 together form an

alicyclic radical containihg from 3 to 6 carbon atoms.

Peptide is understood to mean, for the purposes
of the present invention, 'any natural or synthetic
compound consisting of the combination of at least two
natural or synthetic amino acids, and more particularly,
ones which are joined by an amide bond. In a wider sense,
the term "peptide"” is also understood to include any
peptide structure some of whose functional groups are
optibnally substituted by protecting groups or activating
groups. o

Amino acid is understood to mean below any
organic acid possessing at least one carboxyl functional
group and at least one primary or secondary amino func-
tional group, such as natural amino acids or synthetic
amino acids. In a wider sense, the term "amino acid" is
also understood to include below any amino acid some of
whose functional groups are optionally substituted by
protecting groups or activating groups. The amino acids

. are preferably those containing at least one carbon atom

carrying both a carboxyl functional group and an amino
functional group. — _

N-carbamoyl funct:.onal group is understood to
mean below any carbamoyl functional group -CO-NH,
attached to the nitrogen atom of an amino functional
group'of an amino acid or of a peptide. In a wider sense,

'the term "carbamoyl" is also understood to include below

any carbamoyl functional group at least one of whose two
hydrogen atoms is substituted by an alkyl, cycloalkyl or
aralkyl radical containing at most 12 parbbn atoms or
whose two hydrogen atoms are substituted by a bivalent
alicyclic radical containing from 3 to 6 carbon atoms.
The carbamoyl function group forms, with the nitrogen

.atom to which it is attached, a ureino or ureido

functional group depending on whether the carbamoyl
functional group is substituted or  unsubstituted.

In the compound of the general formula R1R2NH,
the expression alkyl, cycloalkyl or alicyclic radical is
nndérstood, for the purposes of the present invention to
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mean both radicals which are hydrocarbons exclusively and
hydrocarbon radicéls substituted by functional groups
containing at least one oxygen, sulphur or nitrogen atom,
such as carboxyl, hydroxyl, sulphydryl, indolyl or
imidazolyl groups. '

-4 -

In the remainder of the description, just as
N-carbamoyl functional group is used to designate any
carbamoyl - functional group -CO-NH, attached to the
nitrogen atom of an amino functional group of an amino
acid or of a peptide, N?aryloxycarbonyl will be used to
designate any.aryloxycarbonyl group R3-0-CO- attached to

~the nitrogen atom of an amino functional group of an

amino acid or of a peptide.

In the method according to the invention, the
nature of R3 is critical. Indeed, it emerged, sur-
prisingly} that unlike the conventional groups for
protecting an amino functional group, such as for example
the N?benzyloxycarbonyl group or the N-phthaloyl group,
which groups, in the presence of ammonia or an aminé,
release the amino functional group unaltered, the N-aryl-
oxycarbonyl groups lead, in the presence of such com-
pounds, to the formation of an N-carbamoyl functional

group. Generally, R3 is a group containing at most 12

carbon atoms. Most often, R3 is a phenyl, naphthyl,
tolyl, xylyl, mesitylyl, ethylphenyl, diethylphenyl,
propylphenyl or isopropylphenyl group. Preferably, R3 is

~a phenyl or tolyl group. In a particularly preferred

manner, R3 is a phenyl or p-tolyl group. In this latter
case, the intermediate peptide used in the method accor-
ding to the invention is the N-phenyloxycarbonyl (PhOC)
derivative or the N-tolyloxycarbonyl (TOC) derivative
respectively. By analogy with the names PhOC and TOC, the

' various aryloxycarbonyl groups which can be used in the

method according to the invention are designated below by
the generic abbreviation AroC. , |

- Excellent results have been _obtained in the
method according to the invention using R1R2NH compounds
in which the radicals Rl and R2 are hydrogen atoms or
radicals which are hydrocarbons exclusively. Such
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compounds are, for example, ammonia or the primary or

secondary amines chosen from alkylamines,
cycloalkylamines, aralkylamines and heterocyclic amines.
These amines generally contain at most 12 carbon atoms.
By way of nonlimitative examples, there may be mentioned,
as alkylaminés, methylamine, ethylamine, n-propylamine,

isopropylamine, n~butylamine, tert-butylamine,
2-methylbutylamine, dimethylamine, diethylamine and
N-methyl-N-ethylamine, as cycloalkylamines,

cyclopentylamlne and cyclohexylamlne, as aralkylamines,
benzylamine, N-(phenylethyl)amlne, N-(phenylpropyl)amine
and N-(phenylbutyl)amine, as heterocyclic amines,
pyrrolidine and piperidine. | '

As examples ~of RIR2NH compounds in which the
radicals Rl and/or R2 are hydrocarbdn radicals
substituted by functional groups containing at least one

, 6xygen; sulphur or nitrogen atom, particular mentibn'may

be made ‘of amino ac1ds, as defined above.

In the case where the compound RI1R2NH is ammonla,
the N-carbamoyl functional group formed by the method
according to the invention is unsubstituted and the
peptide obtained therefore contains a ureido functional
group. In all the other cases (Rl and/or R2 different
from H), the N-carbamoyl functional group formed by the
method according to the invention is substituted by at
least one group containing one or more carbon atoms and
the peptide obtained thus contains a ureino functional
group. | _

In a peptide, 2 types of amino functional groups
are capable of being carbamoylated: on the one hand, the
x-amino functional group of the N-terminal residue and,
on the other hand, the w-amino functional group of a
diamino acid residue regardless of the position of this
diamino acid within the peptide chain. |

The method according to the invention makes lt
possible to . prepare N¢-carbamoyl-peptides and
N“-carhamoyi-i:eptides. N°*-carbamoyl-peptide is understood -
to mean any peptide bearing a carbamoyl functional group,
as defined above, on the a-amino functional group of the
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thermlnal residue of a peptide chain. N°-carbamoyl-

-6 -

" peptide is understood to mean any peptide bearing a
. carbamoyl functional group, as defined above, on one or

more o-amino functional groups of any diamindé acid
residue situated in any position in the peptide chain.
Thé method accordiﬁg to the invention appears to
be particularly efficient -for the production of
lP-darbamoyl-peptides' starting with an intermediate
peptide bearing an aryloxycarbonyl group on one or more

‘w-amino functional groups. Preferably, the method accor-

ding to the invention is used for converting, inside a
peptide structure, a lysine, ornithine or 2,4-diamino-
butyric residue, whose w-amino functional group at the
end of a side chain is substituted by an ArOC group, to
a homocitrulline, citrulline or 2-amino-4-ureido-butyric
(norcitrulline) residue respectively, regardless of their
conflguratlon (D, L or DL). -

The intermediate peptide, containing one ‘or more
N-aryloxycarbonyl groups, which is used in the method
according to the invention may additionally contain other
functional groups substituted by protecting groups or
activating groups. ' _

' Protecting group or activating group are under-
stood to mean any compound cited in the literature for
this purpose. By way of illustration of such protecting
or activating groups capable of substituting one or more

. functional groups of the intermediate peptide containing

one or more N-aryloxycarbonyl groups used in the method
according to the invention, there may be mentioned:

~a) as groups protecting the amino functional group,

- substituted or unsubstituted groups of the alkyl
or aralkyl type, containing heteroatoms or other-
wise, such as benzyl, diphenylmethyl, di(methoxy-
phenyl)methyl and triphehylmethyl (trityl)
groups, '

- substituted or unsubstituted groups of the acyl

type such as especially formyl, acetyl, tri-

fluoroacetyl, benzoyl and-phthaloyl groups,

- substituted or unsubstituted groups of the aral-
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kyloxycarbonyl type such as espec1ally benzyloxy-

carbonyl, p-chlorobenzyloxycarbonyl, p-bromo-
benzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, benzhydryloxy-
carbonyl, 2-(p-biphénylyl)isopropyloxycarbonyl,
2-(3,5-dimethoxyphenyl)isopropyloxycarbonyl,
p-phenylazobenzyloxycarbonyl), triphenyl-
phosphonoethyloxycarbonyl and 9-f1uoreny1methyl-"
oxycarbonyl groups,
- substituted or unsubstituted groups of the alkyl-
oxycarbonyl type such as especially tert-butyl-
oxycarbonyl, tert-amyloxycarbonyl, diisopropyl-
methyloxycarbonyl, isopropyloxycarbonyl, ethyl-
oxycarbonyl, allyloxycarbonyl, 2-methylsulphonyl-
ethyloxycarbonyl and 2,2,2-trichloroethyloxy-
carbonyl groups,
~ groups of the cycloalkyloxycarbonyl type such as
especiallycyclopentyloxycarbonyl, cyclohexyloxy-
carbonyl, adamantyldxycarbonyl and isobornyloxy-
carbonyl groups, |
~ groups derived from heteroatoms, such as benzene-
sulphonyl, p-toluenesulphonyl (tosyl), mesity-
lenesulphonyl, methoxytrimethylphenylsulphonyl,
o-nitrophenylsulphenyl and trimethylsilyl groups,
as groups proteéting the carboxyl functional group,
groups such as especially methyl, ethyl, t-butyl,
cyclohexyl, benzyl, p-nitrobenzyl, phenacyl, tri-
methylsilyl, carboxamidomethyl and fluorenylmethyl
groups, _ '
as groups protecting the hydroxyl functional group,
groups such as especially t-butyl, tetrahydro-
pyranyl, benzyl, trimethylsilyl, methoxymethyl,

"trityl and fluorenylmethyl groups,

as activating groups especially O;suCcinimidoyl,
O-norbornenedicarboximidoyl, O-benzotriazolyl,
O-oxodihydrobenzotriazolyl, O-hydroxypyridyl, penta~
chlorophenyl, trichlorophenyl, pentafluorophenyl,
isobutyloxycarbonyl and trimethylacetyl groups.

In a first embodiment of the method for producing
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an N-carbamoyl-peptide according to the invention, the

intermediate peptide containing one or more N-ArOC groups
is synthesised starting with the N-ArOC derivative of an
amino acid, that is to say by incorporation into the
peptide chain of the amino acid of which it is desired to
convert an amino functional group to a ureido or ureino
functional group, directly in the form of its N-AroC
derivative. Indeed, it emerged,.surprisingly, that thege
N-ArOC derivatives of amino acids are not only remarkably
stable, but are furthermore excellent at preserving the
chirality of the compounds, which allows tlieir use in
conventional chemical methods for péptide synthesis both .
in the solid phase and in the liquid phase. The use, as
reagent for synthesising the intermediate peptide, of the
amino acid which is N—subétituted'by the ArOC group is

particularly advantageous. Indeed, the ArOC group acting,

in a remarkably effective manner, as the group protecting
the amino functional'group in question, and also as an
intermediate, particularly one which is specific for the
desired wureido or ureino functional group while
preserving ‘the chirality of the compounds, this
embodiment of the method according to the invention makes
it possible to prepare the desired N-carbamoyl-peptlde

with a yield never achieved before.

The N-ArOC derivative of the amino acid, for
which it is desired to produce in fine the N-carbamoyl
derivative inside a peptide, may be conventionally
prepared by a method similar to those used for attaching
onto an amino functional group a protecting group of the
alkyloxycarbonyl or aralkyloxycarbonyl type. A conven-
tional method, known as the Schotten-Baumann procedure,
consists in reacting, in an aqueous medium, the sodium

. form of the amino acid with the desired aryl chloro-

formate. Another procedure which gives excellent results
and which is therefore preferred, cbnsists in using the
amino acid in the form of its persilylated derivative.
This persilylated derivative may be produced for example
by a treatment under reflux with an excess amount ' of
trimethylcyanosilane until a homogeneous solution is
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préduced. This solution is then diluted, for example with
methylene chloride, and coocled to a temperature of less
than -10°C, preferably less than or equal to -15°C. The
stoichiometric gquantity of aryl chloroformate is then
added very slowly, then after reacting for a few minutes,
the solution is concentrated and the N-ArOC-amino acid is
isolated via the most appropriate route, dependlng on its
physicochemical properties. .

This first embodiment of the method' according to .
the invention is preferred when it is desired to

incorporate in fine, inside a peptide, the N°-carbamoyl
derivative of a diamino acid. In this special case of
a,0-diamino acids, where it is necessary selectively to
block the amino functioh_al group of the side chain, the
N°-ArOC derivative may be prepared by using the well
known techniques of selective acylation, for exampie by
means of the copper(II) complex 'accdrding to a procedure
similar to that described especially in "Methoden Der
Organischen Chemie" (BOUBEN-WEYL), 1974, Volume XV/1,

‘P. 472, with respect to N°*-benzyloxycarbonyl-L-lysine.

In this specific case of a,w-diamino acids,

depending on the method of peptide synthesis and depen-

ding on the strategy used, the ¢-NH, functional group may
be blocked, if necessary, by any customary protecting
group or may constitute the amine-containing component to
be introduced into a peptide chain whose. carboxyl ter-
minal functional group is activated in a conventional
manner. The N“—Ar_OC-amiho acid may be coupled to this
chain, for example in silylated form, it being pd-ssible
to carry out the silyl_ai:ion by means especially of
trimethylsilyl chloride and triethylamine, hexamethyl-
disilazane ¢ Dbistrimethylsilylacetamide, or trimethyl-
cyanosilane (TMSCN), as desc:ibed' in European Patent
EP-B-184243. Any other coupling method may also be used

such as, for example, the use of the N*-ArOC-amino acid

as it is, in combination with an act:Lve ester, in a semi-
aqueous medium. _

Similarly, depen_ding on the method of peptide
synthesis and depending on the strategy used, the
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carboxyl functional group of any N-ArOC-amino acid 'ma.y be

' .optionally blocked by a customary protecting group or

activated by a conventional activating agent.

After incorporation of the N~ArOC-amino acid into
a peptide fragment, the pept:l.de synthesis may be
continued in a conventional manner by condensation
between a fragmgnt reacting via its amino functional
group . _.(aminei-containing component) and a fragment
reacting via its carboxyl functional group (carboxylic
component). The presence of the N-ArOC group, both on the
amine-containing component and on the " carboxylic
component does not in any way interfere either with the
coupling with other amino acids or peptide fragments, or
with the methods of ‘activation normally used.

This first embodiment of the method according to
the invention is particularly preferred for synthesising
peptides containing L, D, DL 2-amino-4-ureido-butyric
(norcitrulline) ; citrulline and homocitrulline residues
from the corresponding L, D or DL -precursor amino acids
respectively, that is to say from 2,4-diaminobutyric
acid, ornithine and lysine respectively. These -amino
acids may be introduced without difficulty  .into an
intermediate peptide chain, preferably directly in the
form of their N*-~-PhOC or N*-Toc d.eriv_a.tiVes, which deriva-_
tives are subsequently converted in situ inside the
peptide or a peptide fragment to an N*-carbamoyl deriva-
tive with a very high yield and, in the case of the D or
L structures, without modification of the chiral purity,
which is a key element in physiological or therapeutic
activity. .

In a second embodiment of the method for pro-
ducing N-carbamoyl-peptides according to the invention,
the intermediate peptide containing one or more N-ArOC
groups is synthesised starting with a precursor peptide,
by introducing the ArOC group onto the amino functional
group(s) to be carbamoylated inside the peptide chain and
not in the amino acid. This embodiment of the method may
be used eépecially to carbamoylate one or more free amino
functional groups of a natural pepf-ide  but may also be
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used in the case of synthetic peptldes. In this latter
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case, the intermediate peptide is prepared in two suc-
cessive stages: a first stage consists in the synthesis
of the precursor peptide containing ‘the amino acid
residue bearing the amino functional grbup to be
carbamoylated; étartihg' with the various amino acids:
fdrming it, and a second stage consisting in the conver-
sion of the precursor peptide to an intermediate peptide
cohtaining an N-ArOC group. The amino acid of which it is
desired to convert an amino functional group to a ureido

or ureino functional group is incorporated into thg
peptide chain of the precursor peptide in a conventional
manner, masking this amino functional group during the
peptide synthesis by a customary protecting group, for
example by a benzyloxycarbonyl, tert-butyloxycarbonyl or
phthaloyl group. At a subsequent stage of the synthesis,
after incorporation into the peptide chain of the amino
acid residue containing the protected amino functional
group and at the most approprlate time depending on the

- strategy adopted the customary group protectlng this

functional group is removed in the conventional manner so
as to obtain the precursor peptide. .

In the natural or synthetic precursor peptide,
the amino functional group which it is desired to
carbamoylate, at that time in the free form, is then
converted, in a second stage,'to an ArOC-amino functional
group to form the intermediate peptide. The introduction ]

-of this ArOC group is carried out by reaction of this

free amino functional group with an aryloxycarbbnylating
agent, for example with an aryl chloroformate or with an
aryloxycarbonyloxysuccinimide. In cases where the amino
functional group which it is desired to carbamoylate is
an o-amino functional group, the introduction of the AroC
group may be carried out in the conventional manner using
a method similar to the one used for attaching a
conventional protecting - group, ‘such as a
benzyloxycarbonyl group, to an amino functional group. In
cases where the amino functional group which it is
desired to carbamoylate is an a-amino functional group,
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one procedure for introducing the N-AroC group which
gives excellent results and which is therefore pr.efei.'red,
consists in using the precursor peptide in the form of
its persilylated derivative, which derivative may be
obtained in a manner known per se, by reaction with a
silylatihg agent considered above. The persilylated

heet Has Been Reilaced
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derivative is placed in contact with  the

aryloxycarbonylating agent, preferably in stoichiometric
proportions, in a water-immiscible solvent. Suitable
solvents are especially methyl tert-butyl ether,
dichloromethane and ethyl acetate. This latter solvent is
preferred. ‘The reaction between the persilylated
derivative and the aryloxycarbonylating agent is carried
out at a temperature of 0 to 40°C,. preferably at room
temperature. After reacting for a few minutes, preferably
not more than two minutes, water is added to the reaction
medium and the two-phase system obtained is stirred for
a period of about 10 to 30 minutes. After separating the
phases, the intermediate peptide containing the N-AroC
group is then isolated from the organic phase by the most
appropr:.ate route, according to its phys:.cochemical
properties. This preferred procedure makes it possible to
prepare the intermediate peptide in a very selective
manner, while preserving the chirality of the compounds
and avoiding the formation of by-products of a
heterocyclic nature.

' Preferably, after purification of the inter-
mediate peptide containing the N-ArOC group(s) by any
known method, for example by crjrstallisation,_ the said
peptide is placed in contact with a compound R1R2NH as
defined above, to give, by the method according to the
inventioxi . the peptide in which the free amino functional
group of the precursor peptide has been converted to a
ureino functional group. _

Using a conventional group for protect:.ng the
amino functional group to be carbamoylated in order. to
introduce this amino acid into the peptide chain of the
precursor peptide, which protecting: group must
subsequently be removed and replaced by an ArOC group to
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give the intermediate peptide, this second embodiment of

the method according to the ‘invention involves, for a
synthetic peptide, a greater number of steps than the
first embodiment of the method in which the intermediate

N-ArOC-peptide is prepared from the outset with an N-ArOC
~amino acid. Consequently, when the peptide to be car-

bamoylated is a peptide prepared by the synthetic route
starting with the constituent amino acids, the first
embodiment of the method for producing N-carbamoyl-
peptides according to the invention is preferred. On the
other hand, in the case of natural peptides, the second
embodiment of the method for producing N-carbamoyl-
peptides according to the invention is preferfed.

' - Regardless of the method for incorporating the
N-ArOC group into the peptide structure, the amino acid
residue bearing an N-ArOC group is then converted in
situ, inside the peptide chain, at a time judged most
appropriate, by reaction with a compound RI1R2NH as
defined above, .to give, by the method according to the'
invention, the corresponding N-carbamoyl-peptide.

The compound R1R2NH is used in excess relative to
the intermediate N-ArOC-peptide, generally in a quantity

of at leesf twice the stoichiometric quantity, and
‘usually in a .quantity 5 to 100 times, preferably 5 to 20

times, greater than the stoichiometric quantity. The

reaction is carried out in any appropriate medium,

especially in an organic solvent such as tetrahydrofuran,
dimethylformamide, ethyl acetate or an alcohol such as
methanol. The compound R1IR2NH is used either in anhydrous
form, or in concentrated aqueous solution. The reaction
is getierally carried out at a temperature ‘of =20 to
+50°C. Preferably, the method accordlng to the invention
is carried out at a temperature of 0 to 20°C, such a
temperature making it possible to obtain a good reaction
rate while preserving a very high selectivity. | '

It is evident that the other protecting groups

~which may be present in the intermediate peptide struc-

ture during the use of the method according to the
invention must be stable under the conditions of ammono-



10

15

20

25

30

35

40

- This Sheet Has Been Re epla

T i’

lysis or of aminolysis of the N-ArOC groub, unless it is
desired to take advantage of the ammonolysis or the
aminolysis of the method according to the invention to
remove at the same time the other protecting groups still
present in the peptide structure.

- 14 -

The invention also relates to the diamino acids
N°-substituted by an ArOC group and the intermediate
peptides containing one or more diamino acid residues

- N*-~-substituted by an ArOC group. These diamino acids and

intermediate peptides may be optionally substituted,
protected or activated. Consequently, the invention
relates to the compounds corresponding to the general
formula

| R3-o-c-NH-(cng,-?n-c-RS
' - |
o NH O

R&

" in which

- R3 represents an aryl Qroup which is unsubstituted
or substituted by one or more alkyl groups con-
taining 1 to 4 carbon atoms

- R4 represents a hydrogen atom, a group for protec-
ting the amino functional group, an amino acid or a

~peptide some of whose functional  groups are
optionally substituted by a protecting group or by=
an activating group | .

- R5 represents a hydroxyl group, a ﬁélogen atom, a
group for protecting the carboxyl functional group,
an activating group, an amino group, an amino acid
or a peptide some of whose functional groups are
optionally substituted by a protecting group or by
an activating group

- . n is an integer from 1 to 10.

As nonlimitative examples of groups for protec-
ting the amino functional group which may be represented
by R4, there may be mentioned especially subgtitutgd or
unsubstituted groups. of the alkyl or aralkyl type, such
as benzyl, diphenylmethyl, di(methoxyphenyl)methyl and
triphenylmethyl (trityl) groups, substituted or unsub-
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stituted groups of the acyl type such as formyl, acetyl,

trifluorocacetyl, benzoyl and phthaloyl groups,
substituted or unsubstituted groups of the aral-
kyloxycarboﬂyl type such as benzyloxycarbonyl,
p-chlorobenzyloxycarbonyl, p-bromobenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, p-methokybenzyloxycarbonyl,_
benzhydryloxycarbonyl, 2-(p~biphenylyl)isopropyloxy-
carbonyl, 2-(3,5-dimethoxyphenyl)isopropyloxycarbonyl,
p-phenylazobenzjloxycarbonyl), triphenyl-

'phosphonpethyloxycarbonyl and 9~fluorenylmethyloxy~-

carbonyl -groups, substituted or unsubstituted groups of

‘the alkyloxycarbonyl type such as tert-butyloxycarbonyl,

tert-amyloxycarbonyl, diisopropylmethyloxycarbonyl,
isopropyloxycarbonyl,ethyldxjcarbonyl,allyloxycarbonyl,
2-methylsulphonylethyloxycarbonyl and 2,2,2-trichloro-

- ethyloxycarbonyl groups, ._grdups of the cycloalkyloxy-

carbonyl type such as A cyclopentyloxycarbonyl,
cyclohexyloxycarbonyl, adamantyloxycarbonyl and
isobornyloxycarbonyl groups, ‘groups containing a
heterocatom, such as benzenesulphonyl, p-toluenesulphonyl
(tosyl), mesitylenesulphonyl, methoxytrimethyl~-
phenylsulphonyl, o-nitrophenyisulphenyi and trimethyl-
silane groups.

As nonlimitative examples of groups for protec-
ting the carboxyl functional group which may be represen-
ted by R5, there may be mentioned especially methyl,
ethyl, t-butyl, cyclohexyl, benzyl, p-nitrobenzyl,
phenacyl, trimethylsilyl, carboamidomethyl aﬁd fluorenyl-
methyl groups. .

As nonlimitative examples of activating'groups
which may be represented by R5, there may be mentioned
especially O-succinimidoyl, O-norbornenedicarboximidoyl,
O-benzotriazolyl, O-oxodihydrobenzotriazolyl, O-hydroxy-
pyridyl,'pentachlorophenyl, trichlorophenyl, pentafluoro-
phenyl, isobutyloxyéarbonyl and trimethylacetyl groups.

Generally, R3 is a group containing at most 12
carbon atoms. Most often, R3 is a phenyl, naphthyl,
tolyl, xylyl, mesityly;, ethylphenyl, diethylphenyl,

' propylphenyl or isopropylphenyl group. Preferably, R3 is
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a phenyl or tolyl group. In a particularly preferred

manner, R3 is a phenyl or p-tolyl group.

Preferably, n is an J.nteger from 2 to 6. In a
particularly preferred manner, n is an integer from 2 to
4. |

Finally, compounds which give very good results
in the method according to the invention are especially -
those where: .

- R3 represents a phenyl group

- R4 represents a hydrogen atom or the dipeptide
Z~Ser-Tyr-

- R5 represents-a hydroxyl group, an amino acid or a

peptide some of whose functional groups are .
optiohally substituted by a protecting group or by
an activating group

- n is equal to 2; 3 or 4.

These preferred compounds according to the
invention are N*-PhOC derivatives of 2,4-diaminobutyric
acid, ornithine or lysine and peptides or peptide
structures containing an N°~PhOC derivative of a residue
of one of these diamino '_acids, regardless of their
configuration (D, L or DL). _

As examples, there may be mentioned, as compounds
according to the invention, N'-PhOC-diaminobutyric acid
and the peptides containing a diaminobutyric residue in
any position, whose y-amino functional group is substi-
tuted by a PhOC group; N®-PhOC-D-ornithine and the pep-
tides containing a D-ornithine residue in any position,
whose 8-amino functional group is substituted by a PhOC
group; N*-PhOC-lysine and the peptides. containing a
lysine residue in any positioh, whose e-amino functional

.group is substituted by a PhOC group. A peptide con-

taining a diamino acid residue N°-substituted by an ArOC
group is for example the tripeﬁtide %Z-Ser~Tyr-~D-Orn-
(PhoOC) . o

‘ These compounds according to the invention are
excellent synthesis intermediates for the preparation of
various peptides including amino acid residues bearing a
ureino gfoup, such as the citrulline, homocitrulline,



10

*15

20

. 25

30

35

" in which

This Sheet Has Been Replac

A IIl

2-amino—4-ureidobutyr1c residues: the N°-ArOC amino acids

may be easily incorporated into intermediate peptide
structures, which structures may then be easily converted
to’ N"-carbamoyl-peptldes by the method according to the
invention.

In pérticular, these compounds are excellent
intermediates for the manufacture, in liquid phase, of
fragments of modified hormones. o

The invention also relates to the peptides of
general fbrmula_ |
. R6-Ser(R7)-Tyr(R8)-RI-R10

- R6 is a hydrogen atom or a group for protecting the
amino functional group,

- Ser(R7) is a serine residue with R7 representing a
hydrogen atom or a group for protecting the hydroxyl
functional group of the side chain of the serine
residue

- Tyr(R8) is a tyrosine residue with R8 representing

"a hydrogen atom or a group for protecting the
hydroxyl functional group of the side chain of the
tyrosine residue

- R9 is, in a first variant, a 2,4-diaminobutyric or

ornithine residue of the D, L or DLlconfiguration,
and in a second variant, a 2-amino-4-ureidobutyric,
citrulline or homocitrulline residue of the D, L or

- DL configuration, in which the hydrogen atoms of the
carbamoyl functional group are optionally sub-
stituted by an alkyl, cycloalkyl or aralkyl group
containing at most 12 carbon atoms, or by a
cycloalkylene group containing from 3 to 6 carbon
atoms

- R10 is a hydroxyl radical, an amino .acid or a
'peptlde some of whose functional groups are

~optionally substituted by a protecting group.

As nonlimitative examples of groups for pfotec-
ting the amino functional group,'which.may be represented
by R6, there may be mentioned especially benzyloxy-
carbonyl and tert-butyloxycarbonyl groups.
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As nonlimitative examples of groups for protec-

ting the hydroxyl functional group of the side chain of
the serine residue or the tyrosine residue, which may be
represented by R7 or by R8, there may be mentioned
especially benzyl, benzyloxycarbonyl, trimethylsilyl
groups. I .
Preferably, R9 represents residues with a D
configuration. Preferably, R10 is a hydroxyl radical or
a peptide fragment containing 1 to 5 amino acids. In a
particularly preferred manner, R10 is a hydroxyl radical.

When R9 is an amino acid residue according to the
flrst variant, the peptides are especially precursors of
some intermediate peptides containing an N-aryloxy-

carbonyl group used. in - the method according to ‘the

invention. The préparation of  these precursor peptides

- may be carried out by any conventional method of peptide
 synthesis, either in "solid" phase according to the

technique described by Merrifield, or in liquid ﬁhase.
When R9 is an amino acid résidue according to the

. second variant, the peptides are especially fragments of

some modified hormones. The preparation of these peptide
fragments may be easily carried out in liquid phase by
means of the method according to the invention, by using
their N°-ArOC intermediates according to the invention,
optionally obtained starting with the precursor peptides
above.

The symbolic representations of the amino acids
and peptides adopted in the description and the examples
follow the IUPAC recommendations on nomenclature, which

. are generally adopted and described for example in
"Nomenclature and Symbolism for Amino Acids and Peptides,

Recommendations 1983“, Eur. J. Biochem. (1984), 138,
p. 9-37. By convention, the peptides.ére represented with
their N-terminal end to the left and their C-terminal end
to the right. The abbreviations used to designate the
amino acid residues are derived from the trivial names of
the amino acids and are a,bu, 2,4-diaminobutyric acid;

- Orn, ornithine; Lys, lysine; Nci, 2-amino-4-ureidobutyric

acid or norcitrulline; Cit,  citrulline; Hci, homo-
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citrulline; Ser, serine; Tyr, tyrosine; Leu, leucine;

Arg, arginine; Pro, proline; Gly, glycine; Ala, alanine.

' Unless otherwise stated, all the amino acids described

are amino acids of the I form.

The various products and synthesis intermediates
reported in the examples were characterised by various
analytlcal methods which are used under. the follow1ng

_ condltlons.

C- thin-layer chromatography (TLC)._ , °

* silica gel plates MERCK 60F-254
eluents: Rf(1) HCOOMe:HCOOH:MeOH 95:2.5:2.5
Rf(2) EtOAc:EtOH:BOAc 8:1:1
RE(3) CH,CN:CHC1,:HOAC;H,0 7:7:4:2
Rf(4) BOOOMe;HCOOH:MeOH:E,0 92.5:2.532.5:2.5

- HPLC chromatography:

column: Vydac 5u C-18

- elution: gradient from 98% A + 2% B up to 25% A
+ 75% B in 49 minutes (A = H,0 containing 0.1%
TFA; B = CH,CN containing 0.1% TFA)

* flow rate = 2 ml/min

+ detection: UV 220 nm.

nuclear magnetie resonance (NMR):

* apparatus: Briiker AMX 500 MHz

* shift given in ppm

course of the resonances: m=multiplet, s=singlet,
d=doublet, t=triplet, g=quadruplet, .
quint=qﬁintuplet.
The following abbreviations are used in the

examples below: . ' ,

¢ = optical rotation, measured at 589 nm at 25°C

CH,CN = acetonitrile

DMF = dimethylformamide

EtOAc_= ethyl acetate

EtOH = ethyl alcohol

HCOOH = formic acid

HCOOMe = methyl formate

HOAc = acetic acid _

i.BuOCOCl = isobutyl chloroformate

MeOH = methyl alcohol
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MTBE = methyl tert-butyl ether
NMM = N-methylmorpholine

' NMP = N-methylpyrrolidone

PhEt = phenylethyl =
PhOC = phehylotycarbonyl

PhOC-0Su = phenyloxycarbonyloxysuccinimide

Pht = phthaloyl

PivCl = pivaloyl chloride

m.p. = melting point

Pyr = pyridine

TEA = triethylamine

TFA = trifluoroacetic acid

THF = tetrahydrofuran

TMS = trimethylsilyl

TMSCN = trimethylcyanosilane
= benzyloxycarbonyl

Example 1: Preparation of N°*-PhOC-lysine from lysine

A solution-containing.36.5 g of LysHC1l and 16 g
of NaOH in 200 ml of water is mixed with 25 g of
CuS0,- 58,0 dissolved in 80 ml of water 25 g of NaHCO, are
then introduced, with stirring.

' After dissolution of the bicarbonate, thé_
solution is cooled to 0°C and then treated dropwise with
30 ml of phenyl chloroformate (duration of the introduc-
tion 1 h). After allowing to stand for' 3 h at room

- temperature, the precipitate formed is filtered, washed

twice with 200 ml of water, twice with 200 ml of acetone
and then air dried. The copper(II) domplex thus obtained
is suspended in 400 ml of water and then decomposed by
the addition of 80 ml of concentrated HCl. The copper(II)
ions are then precipitated by the addition, in small
portions, of the stoichiometric quantity of sodium
sulphide. After degassing in order to remove the HZS
which may have formed, the suspension is mixed with 10 g
of celite. _

After filtration and washing of the cake with
200 ml of water, the pH of the filtrate is adjusted to 7
by introduction of NaHCO,. N*-PhOC-Lys precipitates. After
1 h at 0°C, it is collected by filtration, washed with
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water, with methanol and with acetone and then dried.
Yield: 45 g (84%) |

m.p.: 211-215°C (decomp.

a: +16.6 (c = 1/1 N HC1)

TLC: REf (3) = 0.50

HPLC: t, = 11.70 min

NMR (%H): (ref. DMSO-d, at 2.49 ppm; product dissolved in
DMSO-d; by adding a drop of TFA)

8.27 (3H broad s) NH3 7.70 (1B broad s) NE

- 21 -

7.35.(2H. t) m-phenyl 7.18 (1H t) p-phenyl
7.08 (2H d) o-phenyl 3.89 (1H broad s) Ha

3.06 (2H m) He- : :
1.79 (2H m), 1.48 (3H m) and 1.37 (1H m) Hf, Hy and H&.
Example t Preparation of N-PhOC-D-ornithine -from
D-ornithine - | ' 1
N*-PhOC-D-ornithine was prepared, with an iden-
tical yield, according to the same procedure as
N*-PhOC-lysine of Example 1. _'
m.p. = 197-199°C (decomp.)
¢« = -17.8 (¢ = 1.1/1 N HC1)
TLC: Rf (3) = 0.54
HPLC: t, = 9.69 min. |
Example 3: Preparation of N'-PhOC-D-diaminobutyric acid
from D*diaminobuigric acid -
N'~PhOC-D~diaminobutyric acid was prepared, with
a yield of 65%, according to the same procedure as
N*~PhOC-lysine of Example 1. ]
m.p. = 202-204°C '
TLC: RE (3) = 0.60
HPIC: t; = 7.55 min.
Example 4: Synthesis of Z-Ser-Tyr-D-Orn(PhOC)
4.03 g (10 mmol) of Z-Ser-Tyr are dissolved in
15 ml of THF and then neutralised with 1.10 ml (10 mmol)
of NMM. The activation of the peptide is carried out at
=15°C by addition of 1.3 ml (10 mmol) of i.BuOCOCl. After
3 minutes, the coupling is carried out'by addition of a
solution, cooled to o<°c, of persilylated
N*-PhOC-D-ornithine, prepared from a suspension of 3.15 g

(12.5 mmol) of N*-PhOC-D-ornithine in 6.5 ml (50 mmol) of
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TMSCN which is refluxed until a clear solution is
obtained.

After reacti.ng for 5 minutes at low temperature,
the temperature is ‘increased to 20°C and the mixture is
allowed to stand for 1/2 h. The reaction is stopped by
addition of 60 ml of EtOAc and 50 ml of a 5% aqueous

.solution of KHSO,. After removing the aqueous phase, the

organic phase is washed with 20 ml of water and then
concentrated to dryness. The residue is dissolved in

- 60 ml of methanol and the crystallisation of the tri-

peptide, in the form of an ammonium salt, is induced by
addition of concentrated ammonium hydrox:.de up to pH 8.
Yield: 5.1 g (78%) :
Analytical data for a sample released from its salt:
m.p.: 140°~160°C (decomp.)

«: -23.3 (c = 1.06/MeOH)

TLC: Rf (1) = 0.76/Rf (2): 0.70

HPLC: t, = 23.43 min . i

NMR (‘H) (ref. CD,OD at 3.31):

7.30 (7H m) SH of 2, 2H of PhOC 7.19 (1H t) p-PhOC

7.08 (4H m) 2H of PhOC, 2H of Tyr 6.71 (2H d) 2H of Tyr

5.10 (28 q) phenylCEO 4.67 (1H q) Tyra

4.41 (1H q) OrnBx 4.17 (1H t) SerHux

3.79 (2H m) Serfi’s 3.16 (2H t) Ormd ‘s

3.10 (1H q) TyrfA 2.90 (1H q) TyrfB

1.89 (1H m) 1.74 (1H m) 1.50 (2H m) OrnHp ‘s + OrnBy‘s.

BExample 5: Synthesis of Z-Ser-Tyr-D-Cit

' 2.0 g (3.15 mmol) of Z-Ser-Tyr-D-Orn(PhOC)
obtained in Example 4 are added to a mixture of 20 ml of
MeOH and 20 ml of 25% NH,OH. The solution obtained is
kept at 40°C for 75 minutes ‘and then evaporated to
dryness. The residue is resuspended in a mixture of 10 ml
of water and 10 ml of EtOAc. The crystallisation of the
tripeptide Z-Ser-Tyr-Cit is induced. by acidifying the
aqueous phase (pH 3) by means of a concentrated solution
of KHSO,. The peptide is collected by filtration and then
dried. Yield: 1.45 g (82%). The analytlcal data for the
tripeptide Z-Ser-'I'yr-D-CJ.t produced are:

m.p.: 132~ 138°c (decomp )
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«: -8.10 (c = 1.1/DMF)
TLC: Rf (4) = 0.17

"HPLC: t, = 16.44 min

NMR ('H): |

Spectrum identical to that for Z-Ser-Tyr-D-Orn~
(PhOC) (Exampie 4), but disappearance of the resonances
of the PhOC group and appearance of the resonances of the
carbamoyl grohpz
5.90 (1H t) NH 5.36 (2H s) NH,
Example 6: Synthesis of Z-Ser-Tyr-D-Cit (PhEt)

654 mg (1 mmol) of Z-Ser—Tyr-D-Orh(?hOC),
crystallised in the form of its ammonium salt, is sus-
pended in a two-phase system composed of 10 ml of 2%

'KHSO, and 20 ml of EtOAc. The mixture is stirred at 50°C
.for 1 hour. The organic phase is recovered, concentrated

to one half, then treated with 1.22 g (10 mmol) of
phenylethylamine. The progress of the reaction can be
monitored by TLC. As soon as conversion of the tripeptide
is complete, the reactiox{ medium is concentrated to

. dryness and the solid obtained washed twice with 20 ml of

MTBE. The tripeptide is thus recovered in the form of the

- phenylethylamine salt (Z-Ser-Tyr-D-Cit(PhEt)-NHPhEt). In

order to obtain the free tripeptide, the salt it dis-
solved in a minimum amount of methanol and then precipi-
tated in a large volume of a 5% solution of KHSO,. After
filtration and washing with water, the tripeptide -
Z-Ser-Tyr-D-Cit (PhEt) is obtained. '
Yield: 630 mg (95%)

m.p.: 160-169°C (decomp.)

@: =21.7 (c = 1/MeOH)

TILC: Rf (1) = 0.65/Rf (2) = 0.51

. HPIC: t; = 23.59 min

NMR ('H) (ref. DMSO-d, at 2.49 ppm):
9.12 (1H s) OHTyr 8.16 (1H d) NHOrn  7.91 (lh d) NHTYr

7.35 (5B m) H’s %7.28 (2Hm) + 7.17 (38 H’s of Ph. ethylam.l.ne
m)

- 7.21 (1B d) NHser 6.99 (2H d) H3‘sTyr 6.60 (2H d) He 'sTyr

5.84 (1B t) NH ureido-Orn
5.77 (1H t) NH uréido-phenylethylamine' :
5.01 (2H q) CH, % 4.48 (1H m) HaTyr 4.13 (lH m) HaOrn -
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4.05 (1B m) HaSer 3.48 (2E d) HB’sSer.

3.19 (2H q) NHCEH, phenylethylamine 2.92 (28 q) H3/s0rn

2.87 (1H q) HBATYr '2.69 (1H q) HPBTYT

2.64 (2B t) CH,Ph. phenylethylamine 1.63 (1E m) HPAOrn

1.50 (1H m) HBBOrn 1.28 (2H m) Hy’sOrn

“Example 7: Synthesis of Z-Ser-gyr-D-01t(2-methylbutxl)

The synthe31s of Example 6 was repeated using
2-methy1butylam1ne in place of phenylethylamine.
Z-Ser-Tyr-D-Cit (2-methylbutyl) was obtained.

TIC: Rf (1) = 0.63/Rf (2) = 0.52

' 'HPLC: t, = 23.07 min

NMR ('H): compared with the starting material. (Example

4), the lines for the PhOC group disappeared and the

lines for the 2-methylbutylamine residue appeared at 3.03

and 2.90 for. the N-CH,-; at 1.40 for the

N-CH,-CH(CH,)-CH,-; at 1.12 for the N-CH,-CH-, at 0.89 for

the N-CH,-CH(CH,;)-CH,-CH, and at 0.87 for the

N-CH,-CH(CH,) - - |

Example 8: Synthesis of Z-Ser-zgreD-cit(tetfamethxlene)
The synthesis of Example 6 was repeated using

pyrrolidine in place ' of  phenylethylamine.

Z-Ser~-Tyr-D-Cit (tetramethylene) was obtained.

TLC: Rf (1) = 0.35/Rf (2) = 0.21

HPLC: t, = 19.18 min

NMR ('H): the lines due to the pyrrolidine residue are

- situated at 3.30 (4H) and at 1.87 (4H). o o
‘Example : Synthesis of Z-Ser-Tyr-D-Orn{(PhOC) from

Z-Ser-Tyr-D-Orn .

a) Synthesis of Z-Ser-Tyr-D-Orn(Pht) :
The tripeptide 2-Ser-Tyr-D-Orn(Pht) is first

prepared by reactlon of Z-Ser-Tyr with 8-Pht-D~ornithine

according to a procedure similar to that of Example 4.

‘The desired tripeptide is obtained in the form of an

ammonium salt, with a yleld of 85%.

Analytical data:

HPLC: t, = 24.06 min

NMR ('H) (in DMSO-d,):

7.80 (4H, m) ﬁ'srht 7.31 (5H, m) H’s £  6.96 (2H, d) H3Tyr
6.60 (28, d) BeTyr  4.96 (2H, q) CH-Z 4.4 (1E m) HaTyr
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4.15 .(1H, m) HaOrn 3.99 (lH, m) Haser . 3.53 (2H, m) H3Orn
3.44 (28, d) BfSer  2.83 (1 dd) EPATyr 2.67 (1H dd) HBBTYr
1.65 (1H m) + 1.52 (3H m) Hp + Hyorn
b) Preparation of Z-Sér-Tyr-D-Orn

The side group of the ornithine res:Ldue is
deprotected by hydraZinolySis: 28 g of
Z-Se_r-Tyr,—b-Orn(Pht) are suspended in 1.3 L of MeOH.
After addition of 10 ml of NH;NH,-H,0, the mixture is
heated to boiling temperature. After 2 hours, the reac-
tion product begins to crystallise. One hour later, the
heating is stopped and the mixture is cooled to room
temperature. The precipitate is collected by filtration.
After washing with water and with cold methanol, the cake
is dried so as to give 90% of pure Z-Ser-Tyr-D-Orn.

. HPLC 3 t, = 15.37 min

NMR(*H) (in CD,0D) :

7.34 (5H m) H-arom. Z 7.08 (2H d) HSTYr 6.73 (2E m) HeTyr
5.09 (1H d) and 4.98 (1E d) CH,~Z 4.59 (1H m) HaTyr
4.45 (18 m) BeOrn 4.13 (1H m) HaSer -  3.68 (2H m) Hpser

3.13 (1H dd) HBATYr 2.90 (3H m) HPBTyr + H3Orn
1.94 (1H m), 1.77 (1B m) and 1.63 (2E m) H + Hyorn
c)  Synthesis of Z-Ser-Tyr-D-Orn(PhOC)
The PhOC group is introduced into the side chain

of the ornithine residue in the following manner:

5.17 g (10 inmol) of Z-Ser-Tyr-D-Orn are dissolved
in 50 ml of a 1:1 THF:H,0 mixture by volume. Then the pH
is adjusted to 7.5 by addition of TEA. 3.54 g (15 mmol)
of PhOC~-OSu are then introduced into the reactor. The
conversion is complete after allowing the mixture - to
stand for a period of 2 h 30 min. The THF is removed .
under vacuum, then 100 ml of EtOAc and, with stirring .
25 ml of a 10% aqueous solution of KHSO, are added. The

" decanted organic phase is washed with 50 ml of water, and

then concentrated to dryness. The residue is taken up in
50 ml of MeOH and the pH is adjusted to 8 by means of
concentrated - ammonium hydroxide. The tripeptide
Z-Ser-Tyr-D-Orn(PhOC) cr'ystaliises in the form of an

" ammonium salt. It is identical to the produce synthesised

via the direct route described in Example 4.
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obtained. After dilution with 30 ml of dichloromethane,

the mixture is cooled to -15°C. 20 mmol of phenyl chloro-
formate are then slowly added. After 10 minutes, the
solution is concentrated to dryness, the residue is taken
up in 40 ml of dichloromethane and washed with 50 ml of

a 5% aqueous solution of citric acid and then with 50 ml

of water. The organic phase is concentrated, taken up in
40 ml1 of hot sulphuric ether, .and then diluted with
hexane until the mixture becomes torbid. After overnight
storage in .a refrigerator, the crystals formed are

filtered, washed and dried to give 3.6 g of PhOC-Ala

(vyield = 86%).

m.p. ¢ 119-124°C .

o -45.6 (c = 1/MeOH)

HPLC: t; = 13.45 min

NMR('H): In CDCl,; for some protons, two forms appear,
Major = M minor = m): '

7.36 (2 t) PhOC meta 7.21 (1H t) Phoc para 7.14 (‘28 d) Phoc ortho
6.51 (d) NH-m and’ 5 62 (d) NH-M 4.49 (1n quint) He

1.60 (d) CH;-m 1.55 (d) CHy-M

b) Synthesis of PhOC-Ala-Phe

2.1 g (10 mmol) of PhOC-Ala, dissolved in 10 ml
of dichloromethane are neutralised with 1.1 ml (10 mmol)
of NMM. The soiution, cooled to -10°C, is treated with
1.3 ml (10 mmol) of i.BuOCOCl. After activating for
4 minutes at -10°C, the solution of persilylated
phenylalanine is added and after allowing to stand fdr
1 hour at room temperature, the dipeptide formed is
desilylated by addition of 0.2 ml of water. Then the

mixture is washed with 100 ml of a 3% aqueous solution of -

KHSO,. The PhOC-Ala-Phe crystallises from the two-phase
system. After overnight storage in a refrigerator, it is
recovered by filtration. Yield: 3.1 g (86%)

m.p.: 143-144°C

«: -19.5 (c = 1 / MeOH) .
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HPLC: t, = 22.63 min

v oo (AN fiu

7.3 to 7.1 (10H m) B aromat. PhOC + Phe 6.74 (1E d) NH rhe
6.12 (1H d) NH Ala 4.77 (1B g) HaPhe 4.23 (18 quint) Haala
3.20 (1H dd) HBAPhe 3.06 (1H dd) HPBPhe
c) conversion to NH,-CO-Ala-Phe :

30 mg of PhOC-Ala-Phe are dissolved in 0.5 ml of
a 1l:1 mixture by volume of concentrated ammonium hyd-
roxide (25%) and MeOH. After 3 'hours, HPLC analysis |
indicates a complete and selective conversion
(by-products <2%). The reaction medium is diluted with
THF until the mixture becomes turbid. After overnight
storage in a refrigerator, a theoretical quantity of

_NHz-CO-_Ala-Phe, is recovered in the form of an amm_onium

salt by filtration.
«: 33.1 (¢=0,4 / H,0)
HPLC: ty = 10.14 min

'NMR _ (H) in DMSO-d:
7.48 (1HE d) NHPhe 7.13 (5H m) H arom.Phe 6.33 (1H d) NHAla

5,62 (2H s) NH,-CO 4.08 (1H g) HePhe 3.99 (1B quint) HaAla
3.07 (1H dd) HfAPhe 2.89 (1B dd) HPBPhe 1.10 (3H d) CHjAla.
Example 11: Synthesis of PhOC~Phe-Val

To 2.04 g (5 mmol) of persilylated Phe-Val (TMS-
Phe-Val-OTMS) is added a solution of 20 ml of EtOAc
containing 1.17 g (5 mmol) of PhOC~OSu. After 2 minutes,
15 ml of water are added. The two?-phasé system is stirred
for 15 minutes and then the aqueous phase is removed. The -
organic phase is extracted twice with 10 ml of water. The
residue of the organic phase after evapoi:ation consists
of 1.6 g of PhOC-Phe-Val, contaminated with trace amounts _
of Phe-Val. By taking up this residue in a two-phase
water/MTBE system, the free dipe'ptide' is extracted into
the équeous phase and the residue of the organic phase is
PhOC-Phe-Val with a peptide, pur:.ty greater than 95%.
TLC: RE£(2) = 0.86 :
HPLC: t;, = 25.2 min

' NMR (H).(ref. CD,OD at 3.30 ppm)

7.30 (7H m) 5H Phe, 2H m~PhOC 7.17 (1H t) p-PhOC

1 6.98 (2H d) o-PhOC 4.56 (1H t) Ha Phe

4.39 (1H d) He Val 3.22 (1H dd) Hp-1 Phe
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2.92 (1H dd) HB -2 Phe 2.20 (1H m) Hﬁ val
1.00 (6H m) 2 x CH, Val.
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| | CLAIMS | |
1. . Method of producing a peptide containing one or’

more N-carbamoyl functional groups, according to which an
intermediate peptide containing one or more aryloxy-
carbonyl groups consisting of a group of general formula

R3-0~-C~

{
0

attached to the nitrogen atom of an amino functional
group and in which R3 represents an aryl group, unsub-
stituted or substituted by one or more alkyl groups
containing 1 to 4 carbon atoms, is reacted with a com-
pound of general formula RIR2NH in ‘which Rl and R2
represent, independently of each other, hydrogen atoms,
alkyl, cycloalkyl or aralkyl radicals, containing at most
12 carbon atoms, or in which R1 and R2'together form an
alicyclic radical containing from 3 to 6 carbon atoms.
2. Method according to Claim i, characterised in
that R3 is a phenyl, naphthyl, tolyl, xylyl, mesitylyl,
ethylphenyl, diethylphenyl,  propylphenyl or
isopropylphenyl group. :

3. Method according to Claim 1, characterised in
that R3 is a phenyl or p-tolyl group.
4. Method according to any one of Claims 1 to 3,

characterised in that the intermediate peptide bears an
aryloxycarbonyl group on one or more e-amino functional
groups. _ '
5. Method according to any one of Claims 1 to 4,
characterised in that the - intermediate pepfidé is
synthesised starting w1th the N—aryloxycarbonyl deriva-
tive of an amino acid.
6. - Method according to Claim 5, characterised in
that the intermediate peptide is synthesised starting
with the N°-aryloxycarbonyl derivative of a diamino acid.
7. Method according to any one of Claims 1 to 4,
characte;ised in that the intermediate peptide. is
synthesised starting with a precursor peptide, by intro-
ducing the aryloxycarbonyl group onto the amino func-
tional group(s) to be carbamoyiated'inside the peptide
SR et

L]
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oo compomin ot genered somta TG

R3-0-C-NH-(CH,) ,~CH-C-R5
) . I

0 NH O
I
R4
in which _ _
~  R3 represents an aryl group which is unsubstituted

or substituted by one or more alkyl groups con-
taining 1 to 4 carbon atoms

- R4 represents a hydrogen atom, a group for protec-
ting the amino functional group, an amino acid or a
peptide some of whose functional groups are
optionally substituted by a protecting group or by
an activating group . '

-~ RS represents a hydroxyl group, a halogen atom, a
group for protecting the carboxyl functional group,
an activating group, an amino group, an amino acid
or a peptidé some of whoseé functional groups are
optionally substituted by a protecting group or by
an activating group

- n is an integer from 1 to 10.

9. Compound according to Claim 8, characterised in

that R3 is a phenyl or p-tolyl group and n is an integer

from 2 to 4. _

10. Peptides of the generai formula

R6-Ser (R7)-Tyr (R8)~R9-R10

in which w

- R6 is a hydrogen atom or a group for protecting the

amino functional group,

- Ser(R7) is a serine resxdue with R7 representing a
hydrogen atom or a group for protectlng the hydroxyl
functional group of the side chain of the serine
‘residue _ |

- Tyr(R8) is a tyrosine residue with R8 representing
a hydrogen atom or a group for protecting the
hydroxyl functional group of the side chain of the

* [+ L M S *
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tyrosine residue

R9 is, in a first variant, a 2,4-diaminobutyric or
prnithine residue of the D, L or DL configuration,
and in a second variant, a 2-amino-4-ureidobutyric,
citrulline or homocitrulline residue of the D, L or
DL configuration, in which the hydrogen atoms of the
carbamoyl functional 'group are optionally sub-
stituted by an alkyl, cycloalkyl or aralkyl group
containing at most 12 carbon atoms, or by a C;-C;
cycloalkylene group containing from 3 to 6 carbon
atoms |

R10 is a hydroxyl radical, an amino acid or a
peptide some of whose functional K groups are
optionally substituted by a protecting group.

* ¢ . L M S *
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ABSTRACT

eth f id egig
" new _synthesgis in;g;megigtga .

Method‘of'synthesising peptides contaiﬁing one
or more amino acid residues bearing an N-carbamoyl
functional group, by aminolysis of N-aryloxycarbonyl
derivatives, which are excellent synthesis intermedi-
ates for the preparation of various peptides containing
amino acid residues bearing a ureino group, such as
citrulline, homocitrulline, 2-amino-4-ureidobutyric
residues.

No figure



REPLACEM}*NT SHEET

2 5 FEB 1007

WoF443~-A
30>

FrrLATEMENT SHEETS SG
EfIMukr¢¢W" : paged ). > pagel .21
¥ Clam(s) - paged 30 40 paged .3l
£ »bmwing(s) paged .. to pa.g)éa
paged.ﬁhtd paged ...

L_ .t‘ s DT

DATE OF RECEIRT.. =07 ...

10

15

20

25

30

35

"reagents for analytical tests,

Method of peptide synthesis and ‘rrew
synthesis intermediates

The present invention‘relates to a new method of
synthesising peptides containing one or more amino acid
residues bearing an N-carbamoyl functional group. The
invention. also relates to new syntheéis intermediates
used in this method and to new peptide fragments. '

.Varions synthetic peptides, used especially as
as sweetening agents,
codes ([sic] synthetic hormones or codes (sic] medicinal
products, contain amino acid residues bearing an
N-carbamoyl functional group, either on the a~-amino
functional group of the N-terminal residue, or on the
w-amino functional group of a diamino acid residue, that
is to say at the end of a side chain. Such diamino acids
are especially norcitrulline (Nci), citrulline (Cit) or
homocitrulline (Hci).

The introduction of an amino acid residue'bearing
an N-carbamoyl functional group into a peptide chain,
starting directly with the amino "acid carrying this
carbamoyl functional group, has some disadvantages.
Indeed, the presence of a ureido or ureino functional
group seriously interferes with known methods of peptide
synthesis, both in the "solid" phase based on the so-
called Merrifield technique, and in the liquid phase. The
chemical yields are poor and an adequate chiral purity is
obtained only at the cost of laborious and costly purifi-
cations. Furthermore, in the case of diamino acids, the
synthesis of amino acids bearing a ureido or ureino

functional group at the end of the side chain, in pure

" enantiomorphous form, is difficult and therefore costly.

' The synthesis of a peptide containing an amino
acid residue bearing an N-carbamoyl functional group is
therefore generally carried out in two stages. In a first
step, a precursor peptide containing the amino acid
residue bearing the amino functional group to be
carbamoylated is synthesised. In a second step, the amino

functional group to be carbamoylated is converted, inside
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obin into a ureido functional group
by carhamoylat:.on by means of sodium isocyanate is, for
example, well known (Lehninger A.L.; Biochemistry; (1975)
second Edition, p. 149).

. However, this known method does not appear to be
satisfactory in peptide synthesis, mainly because of the
insufficient specificity of the cyanates or isocyanates
for the amino functional group(s) to be carbamoylated and
because of the racemisation which méy be induced by such
a treatment.

Moreover, R.A. Boissonnas and G. Preitner
(Helvetica Chimica Acta, (1953), Vol. 36 (4), p. 875-886)
studied the removal of phenyloxycarbonyl (PhOC) and
p-tolyloxycarbonyl (TOC) groups, which are used as groups
for blocking the «-amino functional group of some «=-amino
acids, by means of various dissociating agents. All the
dissociating agénts used led to the complete removal of
these groups and to the release of the «-amino functional
group. ' .

The invention overcomes the disadvantages of
known methods of preparing N-carbamoyl-peptides by
prdviding a new method for preparing N-carbamoyl-peptides
with an improved chemical yield, which makes it possible
to preserve to a remarkable extent the chiral purity of
the. structures used.

Consequently, the invention relates to a method
of producing a peptide containing one or more N-carbamoyl
functional groups, according to which an intermediate
peptide containing one or more aryloxycarbonyl groups
consisting of a group of general formula

R3-0-C-

i
0

attached to the nitrogen atom of an amirio functional
group and in which R3 represents an aryl group, unsub-
stituted or substituted by one or ‘more alkyl groups
containing 1 to 4 carbon atoms, is reacted with a com-
pound of general formula RIR2NH in which R1 and R2
represent, independently of each other, hydrogen atoms,
alkyl, cycloalkyl or aralkyl radicals, containing at most
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12 carbon atomé; or in which Rl and R2 together form an
alicyclic radical containing from 3 to 6 carbon atoms.

Peptide is understood to mean, for the purposes
of the present invention, any natural or synthetic
compound consisting of the combination of at least two
natural or synthetic amino acids, and more particularly,
ones which are joined by an amide bond. In a wider sense,
the term "peptide" is also understood to include atiy
peptide structure some of whose functional groups are
optionally substituted by protecting groups or activating
groups. _ :

Amino acid is understood to mean below any
organic acid possessing at least one carboxyl functional
group and at least one primary or secondary amino func-
tional group, such as natural amino acids or synthetid
amino acids. In a wider sense, the term "amino acid" is
also understood to include below any amino acid some of
whose functional groups are optionally substituted by
protecting groups or activating groups. The amino acids
are preferably those containing at least one carbon atom
carrying both a carboxyl functional group and an amino
functional group.

’ N-carbamoyl functional group is understood to
mean below any carbamoyl functional group =-CO-NH,
attached to the nitrogen atom of an amino functional

- group of an amino acid or of a peptide. In a wider sense,

the term “carbamoyl" is also understood to include below

- any carbamoyl functional group at least one of whose two

hydrogen atoms is substituted by an alkyl, cycloalkyl or
aralkyl radical containing at most 12 carbon atoms or

whose two hydrogen atoms are substituted by a bivalent

alicyclic radical containing from 3 to 6 carbon atoms.
The carbamoyl function group forms, with the nitrogen
atom to which it is attached, a ureino or ureido
functional group depending on whether the carbamoyl
functional group is substituted or unsubstituted.

In the compound of the general formula R1R2NH,
the expression alkyl, cycloalkyl or alicyclic radical is
understood, for the purposes of the present invention to
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memm.ich are hydrocarbons exclusively and

hydrocarbon radicals substituted by functional groups
containing at least one oxygen, sulphur or nitrogen atom,
such as carboxyl, hydroxyl, sulphydryl, indolyl or
imidazolyl groups.

In the remainder of the description, just as
N-carbamoyl functional group is used to designate any
carbamoyl functional group -CO-NH, attached to the
nitrogen atom of an amino functional group of an amino
acid or of a peptide, N-aryloxycarbonyl will be used to
designate any aryloxycarbonyl group R3-0-CO- attached to
the nitrogen atom of an amino functional group of an
amino acid or of a peptide.

In the method act:ording to the invention, the
nature of R3 is critical. Indeed, it emerged, sur-
prisingly, that wunlike the - conventional groups for
protecting an amino functional group, such as for example
the N-benzyloxycarbonyl group or the N-phthaloyl group,
which groups, in the presence of ammonia or an amine,
release the amino functional group unaltered, the N-aryl-
oxycarbonyl groups lead, in the presence of such com-
pounds, to the formation of an N-carbamoyl functional
group. Generally, R3 is a group containing at most 12
carbon atoms. Most often, R3 is .a phenyl, naphthyl,
tolyl,  xylyl, mesitylyl, ethylphenyl, diethylphenyl,

- propylphenyl or isopropylphenyl group. Preferably, R3 is

a phenyl or tolyl group. In a particularly preferred
manrier, R3 is a phenyl or p-tolyl group. In this latter
case, the intermediate peptide used in the method accor-
ding to the invention is the N-phenyloxycarbonyl(PhOC)
derivative or the N-tolylokycarbonyl (TOC) derivative
respectively. By analogy with the names PhOC and TOC, the
various aryloxycarbonyl groups which can be used in the
method according to the invention are designated below by
the generic abbreviation ArOC.

Excellent results have been obtained in the
method according to the invention using R1R2NH compounds

-in which the radicals R1 and R2 are hydrogen atoms or

radicals which are hydrocarbons exclusively. Such
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‘compounids are, for example, ammonia or the primary or

secondary amines = chosen from alkylamines,
cycloalkylamines, aralkylamines and heterocyclic amines.
These amines generally contain at most 12 carbon atoms.
By way of nonlimitative examples, there may be mentioned,
as alkylaminés, methylamine, ethylamine, n-propylamine,

isopropylamine, n~butylamine, tert-butylamine,
2-methylbutylamine, dimethylamine, diethylamine and
N-methyl-N-ethylamine, as cycloalkylamines,

cyclopentylamine and cyclohexylamine, as aralkylamines,
benzylamine, N-(phenylethyl)amine, N-(phenylpropyl)amine
and N-(phenylbutyl)amine, as heterocyclic amines,
pyrrolidine and piperidine. '

As examples of RI1R2NH compounds in which the
radicals Rl and/or R2 are hydrocarbon radicals
substituted by functional groups containing at least one
oxygen, sulphur or nitrogen atom, particular mention may
be made of amino acids, as defined above.

In the case where the compound RIR2NH is ammonia,
the N-carbamoyl functional group formed by the method
according to the invention is unsubstituted and the
peptide obtained therefore contains a ureido functional
group. In all the other cases (Rl and/or R2 different
from H), the N~carbamoyl functional group formed by the
method according to the invention is substituted by at
least one group containing one or motre carbon atoms and
the peptide obtained thus contains a ureino functional
group.

In a peptide, 2 types of amino functional groups
are capable of being carbamoylated: on the one hand, the
e-amino functional group of the N-terminal residue and,
on the other hand, the «-amino functional group of a
diamino acid residue regardless of the position of this
diamino acid within the peptide chain.

The method according to the invention makes it
possible to prepare N*-carbamoyl-peptides and
N°~carbamoyl-peptides. N*~carbamoyl-peptide is understood
to mean any peptide bearing a carbamoyl functional group,
as defined above, on the a-amino functional group of the
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N-tew—m a peptide chain. N‘~carbamoyl-
peptidé is understood to mean any peptide bearing a
carbamoyl functional group, as defined above, on one or
more «-amino functional groups of any diamino acid
residue situated in any position in the peptide chain.

The method according to the invention appears to
be particularly efficient for the production of
N*~-carbamoyl-peptides starting with an intermediate
peptide bedring an aryloxycarbonyl group on one or more
o-amino functional groups. Preferably, the method accor-
ding to the invention is used for converting, inside a
peptide structure, a lysine, ornithine or 2,4-diamino-
butyric residue, whose w-amino functional group at the
end of a side chain is substituted by an ArOC group, to
a homocitrulline, citrulline or 2-amino-4-ureido-butyric
(norcitrulline) residue respectively, regardless of their
configuration (D, L or DL).

The intermediate peptide, containing one or more
N-aryloxycarbonyl groups, which is used in the method
according to the invention may additionally contain other
functional groups substituted by protecting groups or
activating groups.

Protecting group or activating group are under-
stood to mean any compound cited in the literature for
this purpose. By way of illustration of such protecting
or activating groups capable of substituting one or more
functional groups of the intermediate peptide containing
one or more NQaryloxycarbonyl groups used in the method
according to the invention, there may be mentioned:

a) as groups protecting the amino functional group,

~ substituted or unsubstituted groups of the alkyl
or aralkyl type, containing heteroatoms or other-
wise, such as benzyl, diphenylmethyl, di(methoxy-
phenyl)methyl and triphenylmethyl  (trityl)
groups, '

= substituted or unsubstituted groups of the acyl
type such as especially formyl, acetyl, tri-
fluoroacetyl, benzoyl and phthaloyl groups,

- substituted or unsubstituted groups of the aral-
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kyloxycarbonyl type such as especially benzyloxy-

carbonyi, p-chlorobenzyloxycarbonyl, p-bromo-

benzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, benzhydryloxy-
5 carbonyl, 2-(p-biphenylyl) isopropyloxycarbonyl,
2-(3,5-dimethoxyphenyl)isopropyloxycarbonyl,
p-phenylazobenzyloxycarbonyl), triphenyl-
phosphonoethyloxycarbonyl and 9-fluorenylmethyl-

oxycarbonyl groups,

10 - substituted or unsubstituted groups of the alkyl-
oxycarbonyl type such as especially tert-butyl-
oxycarbonyl, tert-amyloxycarbonyl, diisopropyl-
methyloxycarbonyl, isopropyloxycarbonyl, ethyl-
oxycarbonyl, allyloxycarbonyl, 2-methylsulphonyl-

15 o ethyloxycarbonyl and 2,2,2-trichloroethyloxy-
car'bonyl' groups, . .

- groups of the cycloalkyloxycarbonyl type such as
especially cyclopentyibxycarhonyl ¢ cyclohexyloxy-
carbonyl, adamantyloxycarbonyl and iéobornyloxy-

20 carbonyl groups,

- _groupé derived from heteroatoms_, such as benzene-
sulphonyl, p-toluenesulphonyl (tosyl), mesity-
lenesulphonyl, methoxytrimethylphenylsulphonyl,

_ o-nitrophenylsulphenyl and trimethylsilyl groups,
25 b) - as groups protecting the carboxyl functional group,
| groups such as especially methyl, ethyl, t-butyl,
cyclohexyl, benzyl, p-nitrobenzyl, phenacyl, tri-
methylsilyl, carboxamidomethyl and fluorenylmethyl

groups, -

30 c) as groups protecting the hydroxyl functional group,
groups such as especially <t-butyl, tetrahydro-
pyranyl, benzyl, trimethylsilyl, methoxymethyl,
trityl and fluorenylmethyl groups,

d) as activating groups especially O-succinimidoyl,

35 O-norbornenedicarboximidoyl, O-benzotriazolyl,
O-oxodihydrobenzotriazolyl, O-hydroxypyridyl, penta-

~chlorophenyl, trichlorophenyl, pentafluorophenyl,
isobutyloxycarbonyi and trimethylacetyl groups.

In a first embodiment of the method for producing
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an N-carbamoyl-peptide according to the invention, the
intermediate peptide containing one or more N-ArOC groups
is synthesised starting with the N-ArOC derivative of an
amino acid, that is to say by incorporation into the
peptide chain of the amino acid of which it is desired to
convert an amino functional group to a ureido or ureino
functional group, directly in the form of its N-AroOC
derivative. Indeed, it emerged, surprisingly, that these
N-ArOC derivatives of amino acids are not only remarkably
stabie, but are furthermore excellent at preserving the
chirality of the compounds, which allows their use in
conventional chemical methods for peptide synthesis both
in the solid phase and in the liquid phase. The use, as
reagent for synthesising the intermediate peptide, of the
amino acid which is N-substituted by the ArOC group is
particularly advantageous. Indeed, the ArOC group acting,
in a remarkably effective manner, as the group protecting
the amino functional group in question, and also as an
intermediate, particularly one which is specific for the
desired ureido or wureino functional group while
preserving the chirality of the compounds, this
embodiment of the method according to the invention makes
it possible to prepare the desired N-carbamoyl-peptide
with a yield never achieved before. -

The N-ArOC derivative b;E the amino acid, for
which it is desired tb produce in fine the N-carbamoyl
derivative inside a peptide, may be conventionally
prepared by a method similar to those used for attaching
onto an amino functional group a protecting group of the
alkyloxycarbonyl or aralkyloxycarbonyl type. A conven-
tional method, known as the Schotten-Baumann procedure,
consists in reacting, in an aqueous medium, the sodium
form of the amino acid with the desired aryl chloro-
formate. Another procedure which gives excellent results
and which is therefore preferred, consists in using the
amino acid in the form of its persilylated derivative.
This persilylated derivative may be produced for example
by a treatment under reflux with an excess amount of
trimethylcyanosilane until a homogeneous solution is
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produced. This solfition is then diluted, for example with
methylene chloride, and cooled to a temperature of less
than -10°C, preferably less than or equal to -15°C. The
stoichiometric quantity of aryl chloroformate is then
added very slowly, then after reacting for a few minutes,
the solution is concentrated and the N-ArOC-amino acid is
isolated via the most appropriate route, depending on its
physicochemical properties.

This first embodiment of the method according to
the invention is preferred when it is desired to
incorporate in fine, inside a peptide, the N°-carbamoyl
derivative of a diamino acid. In this special case of
«,0-diamino acids, where it is necessary selectively to
block the amino functional group of the side chain, the
N*-ArOC derivative may be prepared by using the well
known techniques of selective acylation, for examplé by
means of the copper(II) complex according to a procedure
similar to that described especially in "Methoden Der
Organischen Chemie" (HOUBEN-WEYL), 1974, Volume XV/ 1,
p. 472, with respect to N‘-heniyloxycarbonyl-L-lysine.

In this specific case of «,0-diamino acids,
depending on the method of peptide synthesis and depen-
ding on the strateéy used, the «~NH, functional group may

'_'be blocked, if necessary, by any customary protecting

group or may constitute the amin__e-cor_itaj.ning component to
be introduced into a peptide chain whose carboxyl ter-
minal functional group is activated in a conventional
manner. The N“-ArOC-amino acid may be coupled to this
chain, for example in silylated form, it being possible
to carry out the silylation by means especially of
trimethylsilyl chloride and triethylamine, hexamethyl-
disilazane, bistrimethylsilylacetamide, or trimethyl-
cyanosilane (TMSCN), as described in Eﬁropean Patent
EP-~B-184243. Any other coupling method may also be used
such as, for example, the use of the N*-ArOC-amino acid
as it is, in combination with an active ester, in a semi-
aqueous medium. .

Similarly, depending on the method of peptide
synthesis and depending on the strategy used, the
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carboxyl functional group of any N-ArOC-amino acid may be
optionally blocked by a customary protecting group or
activated by a conventional activating agent.

After incorporation of the N-ArOC-amino acid into
a peptide fragment, the peptide synthesis may "be
continued in a conventional manner by condensation
between a fragment reacting via its amino functional
group (amine-containing component) and a fragment
reacting via its carboxyl functional group (carboxirlic
component). The presence of the N-ArOC group, both on the
amine-containing component and on the carboxylic
component does not in any way interfere either with the
coupling with other amino acids or peptide fragments, or
with the methods of activation normally used.

This first embodiment of the method according to
the invention is particularly preferred for synthesising
peptides containing L, D, DL 2-amino-4-ureido-butyric
(norcitrulline), citrulline and homocitrulline residues
from the corresponding L, D or DL precursor amino acids
respectively, that is to say from 2,4-diaminobutyric
acid, ornithine and lysine respectively. These amino
acids may be introduced without difficulty into an
intermediate peptide chain, preferably directly in the
form of their N*-PhOC or N°-Toc derivatives, which deriva~-
tives are subsequently converted in situ inside the
peptide or a peptide fragment to an N*-carbamoyl deriva-
tive with a very high yield and, in. the case of the D or
L structures, without modification of the chiral purity,
which is a key element in physiological or therapeutic
activity.

In a second embodiment of the method for pro-
ducing N-carbamoyl-peptides according to the invention,
the intermediate peptide containing one or more N-ArOC
groups is synthesised starting with a precursor peptide,
by introducing the ArOC group onto the amino functional
group(s) to be carbamoylated inside the peptide chain and
not in the amino acid. This ewbodiment of the method may
be used especially to carbamoylate one or more free amino
functional groups of a natural peptide, but may also be
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used in the case of synthetic .peptides. In this latter
case, the intermediate peptide is prepared in two suc-
cessive stages: a first stage consists in the synthesis
of the precursor peptide containing the amino acid
residue bearing the amino functional group to be
carbamoylated; starting with the various amino acids

forming it, and a second stage consisting in the conver-

sion of the precursor peptide to an intermediate peptide

containing an N-ArOC group. The amino acid of which it is

desired to convert an amino functional group to a ureido
or ureino functional group is incorporated into the

peptide chain of the precursor peptide in a conventional

manner, masking this amino functional group during the

peptide synthesis by a customary protecting group, for

example by a benzyloxycarbonyl, tert-butyloxycarbonyl or
phthaloyl group. At a subsequent stage of the synthesis,

after incorporation into the peptide chain of the amino

acid residue containing the protected amino functional

group and at the most appropriate time depending on the

strategy adopted, the customary group protecting this

functional group is removed in the conventional manner so
as to obtain the precursor peptide.

In the natural or synthetic precursor peptide,
the amino functional group which it is desired to
carbamoylate, at that time in the free form, is then
converted, in a second stage, to an ArOC-amino functional
group to form the intermediate peptide. The introduction
of this ArOC group is carried out by reaction of this
free amino functional group with an aryloxycarbonylating
agent, for example with an aryl chloroformate or with an
aryloxfcarbonyloxysuccinimide. In cases where the amino
functional group which it is desired to carbamoylate is
an o-amino functional group, the introduction of the ArOC
group may be carried out in the conventional manner using
a method similar to the one used for attaching a
conventional protecting group, such as a
benzyloxycarbonyl group, to an amino functional group. In
cases where the amino functional group which it is
desired to carbamoylate is an «-amino functional group,
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one procedure fIor introducing the N-AroC 'group which
gives excellent results and which is therefore preferred,
consists in using the precursor peptide in the form of
its persilylated derivative, which derivative may be
obtained in a manner known per se, by reaction with a
silylating agent considered above. The persilylated
derivative is placed in contact - with the
aryloxycarbonylating agent, preferably in stoichiometric
proportions, in a water-immiscible solvent. Suitable
solvents are especially methyl tert-butyl ether,
dichloromethane and ethyl acetate. This latter solvent is
preferred. The reaction between the persilylated
derivative and the aryloxycarbonylating agent is carried
out at a temperature of 0 to 40°C, preferably at room
temperature. After reacting for a few minutes, preferably
not more than two minutes, water is added to the reaction

medium and the two-phase system obtained is stirred for

a period of about 10 to 30 minutes. After separating the
phases, the intermediate peptide containing the N-ArOC
group is then isolated from the organic phase by the most
appropriate route, according to its physicochemical
properties. This preferred procedure makes it possible to
prepare the intermediate peptide in a very selective
manner, while preserving the chirality of the compounds
and " avoiding the formation of by-products of a
heterocyclic nature. ’

Preferably, after purification of the inter-
mediate peptide containing the N-ArOC group(s) by any
known method, for example by crystallisation, the said
peptide is placed in contact with a compound R1R2NH as
defined above, to give, by the method according to the
invention, the peptide in which the free amino functional
group of the precursor peptide has been converted to a
ureino functional group.

Using a conventional group for protecting the
amino functional group to be carbamoylated in order to
introduce this amino acid into the peptide chain of the
precursor peptide, which protecting group must
subsequently be removed ‘and replaced by an ArOC group to
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give the intermediate peptide, this second embodiment of
the method according to the invention involves, for a
synthetic peptide, a greater number of steps than the
first embodiment of the method in which the intermediate
N-ArOC-peptide is prepared from the outset with an N-AroC
amino acid. Consequently, when the peptide to be car-
bamoylated is a peptide prepared by the synthetic route
starting with the constituent amino acids, the first
embodiment of the method for producing N-carbamoyl-
peptides according to the invention is preferred. On the
other hand, in the case of natural peptides, the second
embodiment. of the method for producing N-carbamoyl-
peptides according to the invention is preferred.

Regardless of the method for incorporating the
N-ArOC group into the peptide structure, the amino acid
residue bearing an N-ArOC group is then converted in
situ, inside the peptide chain, at a time judged most
appropriate, by reaction with a compound RIR2NH as
defined above, to give, by the method according to the
invention, the corresponding N~carbamoyl-peptide.

The compound R1R2NH is used in excess relative to
the intermediate N-ArOC-peptide, generally in a quantity
of at least twice the stoichiometric gquantity, and
usually in a guantity 5 to 100 times, preferably 5 to 20
times, greater than the stoichiometric quantity. The
reaction is carried out in any appropriate medium,
especially in an organic solvent such as tetrahydrofuran,
dimethylformamide, ethyl acetate or an alcohol such as
methanol. The compound RIR2NE is used either in anhydrous
form, or in concentrated agueous solution. The reaction
is generally carried out at a temperature of -20 to
+50°C. Preferably, the method according to the invention
is carried out at a temperature of 0 to 20°C, such a
temperature making it possible to obtain a good reaction
rate while preserving a very hiéh selectivity.

| It is evident that the other protecting groups
which may be present in the intermediate peptide struc-
ture during the use of the method according to the
invention must be stable under the conditions of ammono-
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lysis or of aminolysis of the N-ArOC group, unless it is
desired to take advantage of the ammonolysis or the
aminolysis of the method according to the invention to
remove at the same time the other protecting groups still
present in the peptide structure.

The invention also relates to the diamino acids
N*-substituted by an ArOC group and the intermediate
peptides containing one or more diamino acid residues
N*-substituted by an ArOC group. These diamino acids and
intermediate . peptides may. be optionally substituted,
protected or activated. Consequently, the invention
relates to the compounds correspondlng to the general
formula

R3-0-C~NH-(CH, ) ,~CH-C-R5
; a b

R4
in which _
R3 represents an aryl group which is unsubstituted
or substituted by one or more alkyl groups con-
taining 1 to 4 carbon atoms _
R4 represents a hydrogen atom, a group for protec-
ting the amino functional group, an amino acid or a
peptide some of whose functional groups are
.optionally substituted by a protecting group or by
an activating group
R5 represents a hydroxyl group, a halogen atom, a
group for protecting the carboxyl functional group,
an activating group, an amino group, an amino acid
or a peptide some of whose functional groups are
optionally substituted by a protecting group or by
an activating group
- n is an integer from 1 to 10.

As nonlimitative examples of groups for protec-
ting the amino functional group which may be represented
by R4, there may be mentioned especially substituted or
unsubstituted groups of the alkyl or aralkyl type, such
as benzyl, diphenylmethyl, di(methoxyphenyl)methyl and
triphenylmethyl (trityl) groups, substituted or unsub-
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i '
stituted groups of the acyl type such as formyl, acetyl,
trifluoroacetyl, benzoyl and phthaloyl groups,
substituted or unsubstituted groups of the aral-
kyloxycarbonyl type such as benzyloxycarbonyl,

p-chlorobenzyloxycarbonyL, p-bromobenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, p~-methoxybenzyloxycarbonyl,
benzhydryloxycarbonyl, 2-(p-biphenylyl)isopropyloxy-

carbonyl, - 2-(3,5-dimethoxyphenyl)isopropyloxycarbonyl,
p-phenylazobenzyloxycarbonyl), triphenyl-
phosphonoethyloxycarbonyl and 9-fluorenylmethyloxy-
carbonyl groups, substituted or unsubstituted groups of
the alkyloxycarbonyl type such as tert-butyloxycarbonyl,
tert-amyloxycarbonyl, diisopropylmethyloxycarbonyl,
isopropyloxycarbonyl, ethyloxycarbonyl, allyloxycarbonyl,
2-methylsulphonylethyloxycarbonyl and 2,2,2-trichloro-
ethyloxycarbonyl groups, groups of the cycloalkyloxy-
carbonyl type such as cyc;opentyloxycarbonyl,
cyclohexyloxycarbonyl, adamantyloxycarbonyl and
isobornyloxycarbonyl groups, groups containing a
heterocatom, such as benzenesulphonyl, p-toluenesulphonyl
(tosyl), mesitylenesulphonyl, methoxytrimethyl-
phenylsulphonyl, o-nitrophenylsulphenyl and trimethyl-
silane groups. '

As nonlimitative examples of groups for protec-
ting the carboxyl functional group which may be represen-
ted by R5, there may be mentioned especially methyl,
ethyl, t-butyl, cyclohexyl, benzyl, p-nitrobenzyl,
phenacyl, trimethylsilyl, carboamidomethyl and fluorenyl-
methyl groups.

As nonlimitative examples of activating groups
which may be represented by R5, there may be mentioned
especially O-succinimidoyl, O-norbornenedicarboximidoyl,
O-benzotriazolyl, O-oxodihydrobenzotriazolyl, O-hydroxy-
pyridyl, pentachlorophenyl, trichlorophenyl, pentafluoro-
phenyl, isobutyloxycarbonyl and trimethylacetyl groups.

Generally, R3 is a group containing at most 12
carbon atoms. Most often, R3 is a phenyl, naphthyl,
tolyl, xylyl, mesitylyl, ethylphenyl, diethylphenyl,
propylphenyl or isopropylphenyl group. Preferably, R3 is
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a phenyl or tolyl group. In a particularly preferred

manner, R3 is a phenyl or p-tolyl group.

Preferably, n is an integer from 2 to 6. In a
particularly preferred manner, n is an integer from 2 to
4.

Finally, compounds which give very good results
in the method according to the invention are especially
those where:s
- R3 represents a phenyl group
- R4 répresents a hydrogen atom or the dipeptide

Z-Ser-Tyr- .

- R5 represents a hydroxyl group, an amino acid or a
peptide some of whose <functional groups are
optionally substituted by a protecting group or by
an activating group

- n is equal to 2, 3 or 4.

These preferred compounds according to the
invention are N*-PhOC derivatives of 2,4-diaminobutyric
acid, ornithine or 1lysine and peptides or peptide
structures containing an N*~-PhOC derivative of a residue
of one of these diamino acids, regardless of their
configuration (D, L or DL).

As examples, there may be mentioned, as compounds
according to the invention, N'-PhOC-diaminobutyric acid
and the peptides containing a diaminobutyric residue in
any position, whose y-amino functional group is substi-
tuted by a PhOC group; N®*-~-PhOC-D-ornithine and the pep~
tides containing a D-ornithine residue in any position,
whose $-amino functional group is substituted by a PhOC
group; N°-PhOC-lysine and the peptides containing a
lysine residue in any position, whose e-amino functional
group is substituted by a PhOC group. A peptide con-
taining a diamino acid residue N*-substituted by an ArOC
group is for example the tripeptide Z-Ser-Tyr-D-Orn-
(PhoC) .

These compounds according to the invention are
excellent synthesis intermediates for the preparation of
various peptides including amino acid residues bearing a
ureino group, such as the citrulline, homocitrulline,
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2-amino-4-ureidobutyric residues: the N“-ArOoC amino acids
may be easily incorporated into intermediate peptide
structures, which structures may then be easily converted
to N*-carbamoyl-peptides by the method according to the
invention.

In pérticular, these compounds are excellent
intermediates for the manufacture, in liquid phase, of
fragments of modified hormones.

The invention also relates to the peptides of
general formula

R6-Ser(R7)~-Tyr (R8)-R9-R10
in which
- R6 is a hydrogen atom or a group for protecting the
amino functional group,
Ser(R7) is a serine residue with R7 representing a
hydrogen atom or a group for protecting the hydroxyl
functional group of the side chain of the serine
residue ' | )
Tyr(R8) is a tyrosine residue with R8 representing
a hydrogen atom or a group for protecting the
hydroxyl functional group of the side chain of the
tyrosine residue
R9 is, in a first variant, a 2,4-diaminobutyric or
ornithine residue of the D, Lor DL confiéura.tion,
"and in a second variant, a 2-aﬁino-4-nreidobutyric,
citrulline or homocitrulline residue of the D, L or
DL configuration, in which the hydrogen atoms of the
carbamoyl functional group are optionally sub-
stituted by an alkyl, cycloalkyl or aralkyl group
containing at most 12 carbon atoms, or by a
cycloalkylene group containing from 3 to 6 carbon
atoms _ ,
R10 is a hydroi:yl radical, an amino acid or a
peptide some of whose functional ' groups are
optionally substituted by a protecting group.

As nonlimitative examples of groups for protec-
ting the amino functional group, which may be represented
by R6, there may be mentioned especially benzyloxy-
carbonyl and tert-butyloxycarbonyl groups. '
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As nonlimitative examples of groups for protec-
ting the hydroxyl functional group of the side chain of
the serine residue or the tyrosine residue, which may be
represented by R7 or by R8, there may be mentioned
especially benzyl, benzyloxycarbonyl, trimethylsilyl
groups. '

Preferably, R9 represents residues with a D
configuration. Preferably, R10 is a hydroxyl radical or
a peptide fragment containing 1 to 5 amino acids. In a
particularly preferred mannér, R10 is a hydroxyl radical.

When RY is an amino acid residue according to the

first variant, the peptides are especially precursors of

some. intermediate peptides containing an N-aryloxy-
carbonyl group used in the method according to the
invention. The preparation of these precursor peptides
may be carried out by any conventional method of peptide
synthesis, either in "solid" phase according to the
technique described by Merrifield, or in liquid phase.
When R9 is an amino acid résidue according to the
second variant, the peptides are especially fragments of
some modified hormones. The preparation of these peptide -
fragments may be easily carried out in liquid phase by
means of the method according to the invention, by using
their N'-ArOC intermediates according to the invention,
optio'nhlly obtained starting with the precursor peptides
above. ‘
| The symbolic representations of the amino acids
and peptides adbpted in the description and the examples
follow the IUPAC recommendations on nomenclature, which
are generally adopted and- described for example in
"Nomenclature and Symbolism for Amino Acids and Peptides,
Recommendations 1983", Eur. J. Biochem. (1984), 138,
p. 9-37. By convention, the peptides are represented with
their N-terminal end to the left and their C-terminal end
to the right. The abbreviations used to designate the
amino acid residues are derived from the trivial names of
the amino acids and are Abu, 2,4-diaminobutyric acid;
Orn, ornithine; Lys, lysine; Nci, 2-amino-.4-urei.dobutyr.i.c
acid or norcitrulline; Cit, citrulline; Hci, homo-
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citrulline; Ser, serine; Tyr, tyrosine; Leu, leucine;
Arg, arginine; Pro, proline; Gly, glycine; Ala, alanine.
Unless otherwise stated, all the amino acids described
are amino acids of the L form.

The various products and synthesis intermediates
reported in the examples were characterised by various
analytical methods which are used under the following
conditions:

- thin-layer chromatography (TLC):
silica gel plates MERCK 60F-254
- eluents: Rf(1) HCOOMe:HCOOH:MeOH 95:2.5:2.5
Rf(2) EtOAc:EtOH:HOAc 8:1:1
Rf(3) CH,CN:CHCl,:HOAc;H,0 7:7:4:2
Rf(4) BCOOMe;HCOOH:MeOH:HO 92.5:2.5:2.5:2.5
- HPLC chromatography:
* column: Vydac 5p C-18
+ elution: gradient from 98% A + 2% B up to 25% A
+ 75% B in 49 minutes (A = H,0 containing 0.1%
TFA; B = CH,CN containing 0.1% TFA)
+ flow rate = 2 ml/min
-+ detection: UV 220 nm.

- nuclear magnetic resonance (NMR):

- apparatus: Briiker AMX 500 MHz
- shift given in ppm .
'+ course of the resonances: msﬁultiplet, s=singlet

d=doublet, t=triplet, g=quadruplet,
quint=quintuplet.
The following abbreviations are used in the

examples below: .

¢ = optical rotation, measured at 589 nm at 25°C

CH,CN = acetonitrile

DMF = dimethylformamide

EtOAc = ethyl acetate

EtOH = ethyl alcohol

HCOOH = formic acid

HCOOMe = methyl formate

HOAc = acetic acid

i.BuOCOCl = isobutyl chloroformate

MeOH = methyl alcohol
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MTBE = methyl tert-butyl ether
NMM = N-methylmorpholine

NMP = N-methylpyrrolidone

PhEt = phenylethyl |

PhOC = phenyloxycarbonyl

PhOC-0OSu = pPhenyloxycarbonyloxysuccinimide
Pht = phthaloyl

PivCl = pivaloyl chloride

Pyr = pyridine _
TEA = triethylamine 2 SFEB 1997
TFA = trifluorocacetic acid
THF = tetrahydrofuran

TMS = trimethylsilyl

TMSCN = trimethylcyanosilane
Z = benzyloxycarbonyl
Example 1: Preparation of N°~-PhOC-lysine from lysine

A solution containing 36.5 g of LysHCl and 16 g
of NaOH in 200 ml of water is mixed with 25 g of
CuSO,- 5H,0 dissolved in 80 ml of water 25 g of NaHCO, are
then introduced, with stirring.

After dissolution of the bicarbonate, the
solution is cooled to 0°C and then treated dropwise with
30 ml of phenyl chloroformate (duration of the introduc-
tion. 1 h). After allowing to stand for 3 h at room
temperature, the preéipitate formed is filtered, washed
twice with 200 ml of water, twice with 200 ml of acetone
and then air dried. The copper(II) complex thus obtained
is suspended in 400 ml of water and then decomposed by
the addition of 80 ml of concentrated HCl. The copper(II)
ions are then precipitated by the addition, in small
portions, of the stoichiometric quantity of sodium
sulphide. After degassing in order to remove the H,S

which may have formed, the suspension is mixed with 10 g
of celite.

After filtration and washing of the cake with
200 ml of water, the pH of the filtrate is adjusted to 7

by introduction of NaHCO,. N*-PhOC-Lys precipitates. After

1 h at 0°C, it is collected by filtration, washed with
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water, with Efﬁargol and with acetone and then dried.
Yield: 45 g (84%)

m.p.: 211-215°C (decomp.

«: +16.6 (c = 1/1 N HCl)

TLC: Rf (3) = 0.50 |

HPLC: t; = 11.70 min

NMR ('H): (ref. DMSO-d, at 2.49 ppm; product dissolved in
DMSO-d; by adding a drop of TFA)

8.27 (3H broad s) NH3 7.70 (1H broad s) NH
7.35 (2H t) m-phenyl ' 7.18 (1B t) p-phenyl
7.08 (2H d) o-phenyl 3.89 (1H broad s) Ha

3.06 (2B m) He -
1.79 (2B m), 1.48 (3HE m) and 1.37 (1H m) HP, Hy and HS.
Example 2: Preparation of Ni-PhOC-D-ornithine -from

‘D=ornithine

_ N*-PhOC-D-ornithine was prepared, with an iden-
tical yield, according to the same procedure as

- N*-PhOC-lysine of Example 1.

m.p. = 197-199°C (decomp.)
« = -17.8 (c = 1.1/1 N HC1)
TLC: Rf (3) = 0.54

HPLC: t; = 9.69 min.

Example 3: Preparation of N'-PhOC-D-diaminobutyric acid

rom D-diaminobutyric acid -
N'-PhOC-D-diaminobutyric acid was prepared, with

a yield of 65%, according to the same procedure as

N*-PhOC-lysine of Example 1.

m.p. = 202-204°C

TLC: Rf (3) = 0.60

HPLC: t, = 7.55 min.

Example 4: Synthesis of Z-Ser-Tyr-D-Orn(PhOC)

4.03 g (10 mmol) of Z-Ser-Tyr are dissolved in
15 ml of THF and then neutralised with 1.10 ml (10 mmol)
of NMM. The activation of the peptide is carried out at
-15°C by addition of 1.3 ml (10 mmol) of i.BuOCOCl. After
3 minutes, the coupling is carried out by addition of a
solution, cooled to o°c, of persilylated
N*-PhOC-D~ornithine, prepared from a suspension of 3.15 g
(12.5 mmol) of N*-PhOC-D-ornithine in 6.5 ml (50 mmol) of
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TMSCN —which - is—fefluxed until a clear solution is
obtained. _

After reacting for 5 minutes at low temperature,
the temperature is increased to 20°C and the mixture is
allowed to stand for 1/2 h. The reaction is stopped by
addition of 60 ml of EtOAc and 50 ml of a 5% aqueous
solution of KHSO,. After removing the aqueous phase, the
organic phase is washed with 20 ml of water and then
concentrated to dryness. The residue is dissolved in
60 ml of methanol and the crystallisation of the tri-
peptide, in the form of an ammonium salt, is induced by
addition of concentrated ammonium hydroxide up to pH 8.
Yield: 5.1 g (78%)

Analytical data for a sample released from its salt:
m.p.: 140°-160°C (decomp.)

«: =-23.3 (c = 1.06/MeOH)

TLC: Rf (1) = 0.76/Rf (2): 0.70

HPLC: t;, = 23.43 min

NMR (*H) (ref. CD,0D at 3.31):

7.30 (7H m) 5H of %, 2H of PhOC 7.19 (1H t) p-PhOC
7.08 (4H m) 2H of PhOC, 2H of Tyr 6.71 (2B d) 2H of Tyr
5.10 (2H q) phenylCHO 4.67 (1H q) TyrHe

4.41 (1H q) OrnHz 4.17 (1H t) Serfix

3.79 (2H m) Serfi‘s 3.16 (2H t) Ormd ‘s

3.10 (18 q) TyxfA 2.90 (1H q) TyxrfB

1.89 (1Hm) 1.74 (1B m) 1.50 (2 m) OrnHP ‘s + OrnHy’s.
Example 5: Synthesis of Z-Ser-Tyr-D-Cit

2.0 g (3.15 mmol) of Z-Ser-Tyr-D-Orn(PhOC)
obtained in Example 4 are added to a mixture of 20 ml of
MeOH- and 20 ml1 of 25% NHOH. The solution obtained is
kept at 40°C for 75 minutes and then evaporated to
dryness. The residue is resuspended in a mixture of 10 ml
of water and 10 ml of EtOAc. The cryétallisation of the.
tripeptide 2Z-Ser~Tyr-Cit is induced by acidifying the
aqueous phase (pH 3) by means of a concentrated solution
of KHSO,. The peptide is collected by filtration and then
dried. Yield: 1.45 g (82%). The analytical data for the
tripeptide Z-Ser-Tyr-D-Cit produced are:

m.p.: 132-138°C (decomp.)
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TLC: Rf (4) = 0.17

HPLC: t;, = 16.44 min
NMR (H): .
| Spectrum identical to that for Z-Ser-Tyr-D-Orn~
(PhOC) (Exampie 4), but disappearance of the resonances
of the PhOC group and appearance of the resonances of the
carbamoyl group:

5.90 (1H t) NH 5.36 (2H s) NH, :

Example 6: Synthesis of Z-Ser-Tyr-D-Cit (PhEt) _

654 mg (1 mmol) of Z-Ser-Tyr-D-Orn(PhOC),
crystallised in the form of its ammonium salt, is sus-
pended in a two-phase system composed of 10 ml of 2%
KHSO, and 20 ml of EtOAc. The mixture is stirred at 50°C
for 1 hour. The organic phase is recovered, concentrated
to one half, then treated with 1.22 g (10 mmol) of
phenylethylamine. The progress of the reaction can be
monitored by TLC. As soon as conversion of the tripeptide
is complete, the reaction medium is concentrated to
dryness and the solid obtained washed twice with 20 ml of
MTBE. The tripeptide is thus recovered in the form of the
phenylethylamine salt (Z-Ser~Tyr-D-Cit (PhEt)-NHPhEt). In
order to obtain the free tripeptide, the salt it dis-
solved in a minimum amount of methanol and then precipi-
tated 'in a large volume of a 5% solution of KHSO,. After
filtration and washing with .water, the tripeptide
Z-Ser-Tyr-D-Cit (PhEt) is obtained.

Yield: 630 mg (95%)

m.p.: 160-169°C (decomp.)

«: -21.7 (c = 1/MeOH)

TLC: Rf (1) = 0.65/Rf (2) = 0.51

HPLC: t; = 23.59 min

NMR ('H) (ref. DMSO-d, at 2.49 ppm):

9.12 (1H s) OHTyr 8.16 (1H d) NHOrn  7.91 (1h d) RHTyr

7.35 (5Hm) H’s 27.28 (2H m) + 7.17 (3H H’s of Ph.ethylamine
m)

7.21 (1H d) NHSer 6.99 (2H d) H3‘sTyr 6.60 (2H d) He’sTyr
5.84 (1H t) NH ureido-orn

5.77 (18 t) NB ureido-phenylethylamine

5.01 (28 q) CH, % 4.48 (1H m) HaTyr 4.13 (1B m) HaOrn
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4.05 (1H m) HeSer 3.48 (2H d) Hf’sSer

3.19 (2H q) NHCH, phenylethylamine 2.92 (2H gq) HE8’s0rn
2.87 (1B q) HBATYr 2.69 (1H q) HPBTYT
2.64 (28 t) cH,Ph. phenylethylan_nine 1.63 (1H m) HPAOrn

~1.50 (1H m) HfBOrn 1.28 (2H m) Hy’sOrn

Example 7: Synthesis of 2-Ser-Tyr-D-Cit(2-methylbutyl})

The synthesis of Example 6 was repeated using
2-methylbutylamine in place of phenylethylamine.
Z-Ser-Tyr-D-Cit (2-methylbutyl) was obtained.

TLC: Rf (1) = 0.63/Rf (2) = 0.52

HPIC: t, = 23.07 min

NMR ('H): compared with the starting material (Example
'4) + the lines for the PhOC group disappeared and the
lines for the 2-methylbutylamine residue appeared at 3.03
and 2.90 for the N-CH,-; at - 1.40 for the
N-CH,~CH(CH,;)~CH,~; at 1.12 for the N-CH,-CH-, at 0.89 for
the N-CH,-CH(CH,)-CH,-CH, and at 0.87 for the
N-CH,~CH(CH, ) - | - ) |
Example 8: Synthesis of Z-Ser-Tyr-D-Cit(tetramethylene)

The synthesis of Example 6 was repeated using
pyrrolidine in place of phenylethylamine.
Z-Ser_-'l'yr-n-cit(tétrameﬁhylene) was obtained.

TLC: Rf (1) = 0.35/Rf (2) = 0.21

HPLC: t; = 19.18 min _

NMR (H): the lines due to the pyrrolidine residue are
situated at 3.30 (4H) and at 1.87 (4B) '

Example 9: Synthesis _of Z-Ser-Tyr-D-Orn(PhOC) from
E=Ser-Tyr-p-Orn -

a) Synthesis of Z-Ser-Tyr-D-Orn(Pht)

The tripeptide Z-Ser-Tyr-D-Orn(Pht) is first
prepared by reaction of Z-Ser-Tyr with §-Pht-D-ornithine
according to a procedure similar to that of Example 4.
The desired tripeptide is obtained in the form of an
ammonium salt, with a yield of 85%.

Analytical data: '

HPILC: t;, = 24.06 min

NMR ('H) (in DMSO-d):

7.80 (4H, m) H’sPht 7.31 (5H, m) H's & 6.96 (2H, d) HOTYr
6.60 (28, d) HeTyr  4.96 (2H, q) CH,~% 4.41 (1H m) HaTyr
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4.15 (1H, m) HeOrn 3.99 (1H, m) HaSer 3.53 (2H, m) abozj:n
3.44 (28, d) Hpser  2.83 (1H dd) HPATYr 2.67 (1E dd) HPBTYr
1.65 (1H m) + 1.52 (3 m) Hf + Byorn
b) Preparation of Z-Ser-Tyr-D-Orn

The side group of the ornithine residue is
deprotected by hydrazinolysis: 28 g of
Z-Ser-Tyr-D-Orn(Pht) are suspended in 1.3 L of MeOH.
After addition of 10 ml of NH,NH,-H,0, the mixture is
heated to boiling temperature. After 2 hours, the reac-
tion product begins to crystallise. One hour later, the
heating is stopped and the mixture is cooled to room
temperature. The precipitate is collected by filtration.
After washing with water and with cold methanol, the cake
is dried so as to give 90% of pure Z-Ser-Tyr-D-Orn.
HPILC : t; = 15.37 min
NMR('H) (in CD,0D)

7.34 (5H m) H-arom. Z 7.08 (2H d) HOTyYr 6.73 (2H m) HeTyr
5.09 (1H d) and 4.98 (1B d) CH,-2 4.5%9 (1H m) HeTyr
4.45 (1H m) HeOrn 4.13 (1H m) HaSer 3.68 (2H m) Hpser

3.13 (1H dd) HfATYr 2.90 (3H m) HABTyr + HSOrn
1.94 (1B m), 1.77 (1H m) and 1.63 (2H m) Hf + Hyorn

c) Synthesis of Z-Ser-Tyr-D-Orn(PhOC)

The PhOC group is introduced into the side chain
of the ornithine residue in the following manner: _

5.17 g (10 mmol) of Z~Ser-Tyi-D-Orn are dissolved
in 50 ml of a 1:1 THF:H,0 mixture by volume. Then the pH
is adjusted-to 7.5 by addition of TEA. 3.54 g (15 mmol)

of PhOC-0Su are then introduced into the reactor. The

conversion is complete after allowing the mixture to
stand for a period of 2 h 30 min. The THF is removed
under vacuum, then 100 ml of EtOAc and, with stirring,
25 ml of a 10%. aqueous solution of KHSO, are added. The
decanted organic phase is washed with 50 ml of water, and
then concentrated to dryness. The residue is taken up in
50.m1 of MeOH and the pH is adjusted to 8 by means of
concentrated ammonium  hydroxide. The tripeptide
Z-Ser-Tyr-D-Orn(PhOC) crystallises in the form of an
ammonium salt. It is identical to the produce synthesised
via the direct route described in Example 4.
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Example 10: Synthesis of NH,-CO-Ala-Phe - . "
a) Synthesis of PhOC-Ala

20 mmol of alanine are treated under reflux with
30 mmol of TMSCN until complete solubilisation is
obtained. After dilution with 30 ml of dichloromethane,
the mixture is cooled to -15°C. 20 mmol of phenyl chloro-
formate are then slowly added. After 10 minutes, the
solution is concentrated to dryness, the residue is taken
'up in 40 ml of dichloromethane and washed with 50 ml of
a 5% aqueous solution of citric acid and then with 50 ml
of water. The organic phase is concentrated, taken up in
40 ml of hot sulphuric ether, and then diluted with
hexane until the mixture becomes torbid. After overnight
storage in a refrigerai:or, the crystals formed are
filtered, washed and dried to ~give 3.6 g of PhOC-Ala
(vyield = 86%).

. mop. H 119-124°c

s -45.6 (c = 1/MeOH)
HPLC: t; = 13.45 min
NMR('H): In CDCl,; for some pf:otons, two forms appear,
Major = M minor = m): _ :
7.36 (2H t) PhoC meta 7.21 (1H t) PhOC para 7.14 ( 2B d) PhoC ortho
6.51 (d) NH~m and 5.62 (d) NH-M 4.49 (1H quint) He
1.60 (d) CHy~m 1.55 (d) CH;~M ,
b) Synthesis of PhOC-Ala-Phe

2.1 g (10 mmol) of PhOC-Ala, dissolved in 10 ml
of dichloromethane are neutralised with 1.1 ml (10 mmol)
of NMM. The solution, cooled to =-10°C, is treated with
1.3 ml (10 mmol) of i.BuOCOCl. After activating for
4 minutes at -10°C, the ‘solution of persilylated
pPhenylalanine is added and after allowing to stand for
1 hour at room temperature, the dlpept:.de formed is
desilylated by addition of 0.2 ml of water. Then the
mixture is washed with 100 ml of a 3% aqueous solution of
KHSO,. The PhOC-Ala-Phe crystallises from the two-phase
system. After overnight storage in a refrigerator, it is
recovered by filtration. Yield: 3.1 g (86%)
m.p.: 143-144°C
«: =19.5 (¢ =1 /'MeOH)
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HPLC: t; = 22.63 min

NMR ('H) (in CDCl,) .
7.3 to 7.1 (10H m) H aromat. PhOC + Phe 6.74 (1H d) NH Phe
6.12 (18 d) NH Ala 4.77 (1H g) HePhe 4.23 (1H quint) Haala
3.20 (1H dd) HPAPhe 3.06 (1H dd) HfiBPhe
¢) conversion to NH,-CO-Ala-Phe

30 mg of PhOC-Ala~-Phe are dissolved in 0.5 ml of
a l1l:1 mixture by volume of concentrated ammonium hyd-
roxide (25%) and MeOH. After 3 hours, HPLC analysis
indicates a complete and selective conversion
(by-products <2%). The reaction medium is diluted with
THF until the mixture becomes turbid. After overnight
storage in a refrigerator, a theoretical quantity of
NH,-CO-Ala-Phe is recovered in the form of an ammonium
salt by filtration.

«s 33.1 (c¢=0,4 / H,0)
HPLC: t, = 10.14 min
NMR (*H) in DMSO-d,:

7.48 (1H d) NHPhe 7.13 (5B m) H arom.Phe 6.33 (1H d) NHAla
5,62 (2H s) NH,~CO 4.08 (1H ¢q) HaPhe 3.99 (1H quint) HaAla
3.07 (1H dd) HfAPhe 2.89 (1H dd) EBBPhe 1.10 (3H d) CHjAla.
Example 11: Synthesis of PhOC-Phe-Val

To 2.04 g (5 mmol) of persilylated Phe-Val (TMS-
Phe-Val-OTMS) is added a solution of 20 ml of EtOAc
containing 1.17 g (5 mmol) of PhOC-OSu. After 2 minutes,
15 ml of water are added. The two-phase system is stirred
for 15 minutes and then the aqueous phase is removed. The
organic phase is extracted twice with 10 ml of water. The
residue of the organic phase after evaporation consists
of 1.6 g of PhOC-Phe-Val, contaminated with trace amounts
of Phe-Val. By taking up this residue in a two-phase
water/MTBE system, the free dipeptide is extracted into
the aqueous phase and the residue of the organic phase is

PhOC-Phe-Val with a peptide purity greater than 95%.
TLC: RE£(2) = 0.86

HPLC: t, = 25.2 min

NMR ('H) (ref. CD,0D at 3.30 ppm)

7.30 (78 m) 5B Phe, 2H m-PhOC 7.17 (1H t) p-PhOC
6.98 (2H d) o-PhOC 4.56 (1H t) Ba Phe

4.39 (18 d) Ha Val 3.22 (1H dd) Hp-1 Phe



2.92 (1m dd) Hf-2 ph,

1.00 (68 m) 2 x cg,

Val.
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8. Compounds of general formula

R3-0-C~NH-(CH, ) ,~CH-C-R5

i 1 REPLACEMENT SHEET
(o) NH O
| 25FEB 1997
R4
in which
- R3 represents an aryl group which is unsubstituted

or substituted by one or more alkyl groups con-
taining 1 to 4 carbon atomis

- R4 represents a hydrogen atom, a group for protec-
ting the amino functional group, an amino acid or a
peptide. some of whose functional groups are
optionally substituted by a protecting group or by
an activating group

- ' R5 represents a hydroxyl'group, a halogen atom, a
group for protecting the carBoxyl functional group,
an activating group, an amino group, an amino acid
or a peptide some of whose functional groups are

optionally substltuted by a protectlng group or by
an activating group

- n is an integer from 1 to 10. - :
9. - Compound according to Claim 8, characterised in
that R3 is a phenyl .or p~tolyl group and n is an integer

~ from 2 to 4.

10. Peptides of the general formula
R6-Ser(R7)-Tyr(R8)~R9-R10
in which
- R6 is a hydrogen atom or a group for protecting the
amino functional group,
- Ser(R7) is a serine residue with R7 representing a

hydrogen atom or a group for protecting.the hydroxyl
functional group of the side chaln of the serine
residue

- Tyr(R8) is a tyrosine residue with R8 representing
a hydrogen atom or a group for protecting the
hydroxyl functional group of the side chain of the
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tyrosine residue

- 31 =~

R9 is, in a first variant, a 2,4-diaminobutyric or
ornithine residue of the D, L or DL configuration,
and in a second variant, a 2-amino-4-ureidobutyric,
citrulline or homocitrulline residue of the D, L or
DL configuration, in which the hydrogen atoms of the

~carbamoyl functional group are optionally sub-

stituted by an alkyl, cycloalkyl or aralkyl group
containing at most 12 carbon atoms, or by a C;~C,
cycloalkylene group containing from 3 to 6 carbon
atoms

R10 is a hydroxyl radical, an amino acid or a
peptide some of whose functional groups . are
optionally substituted by a protecting group.
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Method of synthesising peptides containing one
or more amino acid residues bearing an N-carbamoyl
functional group, by aminolysis of N-aryloxycarbonyl
derivatives, which are excellent sYnthesis intermedi-
ates for the preparation of various peptides containing
amino acid residues bearing a ureino group, such as
citrulline, homocitrulline, 2-amino-4-ureidobutyric
residues. '

No figure
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CLAIMS
1. -Method of producing a peptide containing one or

more N-carbamoyl functional groups, according to which an

intermediate peptide containing one or more aryloxy-

carbonyl groups consisting of a group of-'g"éfr_‘éral formula
R3-0-C~

1
0

attached to the nitrogen atom of an amino functional
group and in which R3 represents an aryl group, unsub-
stituted or substituted by one or more alkyl groups
containing 1 to 4 carbon atoms, is reacted with a com-
pound of general formula RIR2NH in which Rl and R2
represent, independently of each other, hydrogen atoms,
alkyl, cycloalkyl or aralkyl radicals, containing at most
12 carbon atoms, or in which Rl and R2 together form an
alicyclic radical containing from 3 to 6 carbon atoms.
2. Method according to Claim 1, characterised in
that R3 is a phenyl, naphthyl, tolyl, xylyl, mesitylyl,
ethylphenyl, diethylphenyl,  propylphenyl or
isopropjlphenyl group.

3. - Method according to Claim 1, characterised in
that R3 is a phenyl or p-tolyl group. '
4. Method according to any one of Claims 1 to 3,

characterised in that the intermediate peptide bears an
aryloxycarbonyl group on one or more w-amino functional
groups. _

5. Method according to any one of Claims 1 to 4,
characterised in that the intermediate peptide is
synthesised starting with the N-aryloxycarbonyl deriva-
tive of an amino acid.- ' ’

6. - Method accord:l.ng to claJ.m 5, cha.racterised in
that the intermediate peptide is synthesised starting
with the N°-aryloxycarbonyl derivative of a diamino acid.
7. Method according to any one of Claims 1 to 4,
characterised in that the intermediate peptide' is
synthesised starting with a preciz_rsor pepfide by intro-
ducing the aryloxycarboxiy'l group onto the amino func-
tional group(s) to be carbamoylated inside the pept:.de

" chain.



