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w8 ® 2 Suped in particular in peptide synthesis. '
L?.I ?g gg According to a conventional route, a synthetic
% _§ AS@: “pEPtide may be prepared in solution by addition
& -g % g §(:ondensation) of an amino acid, the amino group of which
o« § —O‘T-’ g §iks' protected and the -  carboxyl group of which is
\E\B S\Ela:tivated, to a peptide chain or to another amino acid in
the case of the preparation of a dipeptide. However, such
10 a process involves a large number of steps. Thus, in
order to prepare a dipeptide from two single amino acids
having no reactive ‘groups on their side chain, it
requires, prior to the condensation reaction, the amino
.group of the first amino acid and the carboxyl group of
15~ the second amino acid ‘to be protected and the carboxyl
groﬁb of the first amino acid to be activated and then,
' /ﬁ after the condensation reaction between the activated

carboxyl group of the first amino acid and the free amino
group of the second amino acid, it also involves a
- 20 deprotectlon of the amino group of the first amino acid
constituting the dipeptide and of the carboxyl group of
the second amino acid constituting the dipeptide. The
. overall chemical yield for the synthesis is, of course,
affected by the large number of synthesis steps, and even
25 more so when a chirally pure product is desired.
The invention redresses the disadvantages of the
conventional processes for peptide synthesis in solution
" by providing a new process for coupling an ¢-amino acid
amide with a compound containing a free amino group, the
- 30 process requiring a limited number of steps and making it
possible to obtain the desired product with an improved
chemical yield, while notably conserving the chiral
purity of the structures used.
__ Consequently, the invention relates to a process
'35 for the preparation of an a-amino acid amide, according
to which a compound containing a free amino group is
reacted, in basic medium, with a derivative of the amino
acid containing an N -aryloxycarbonyl group. This process
._i's particularly advantageous in peptide synthesis.
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10 one carboxyl group are linked to the same carbon atom of

the molecule. This may in partlcular be alanine, valine,
leucine, isoleucine, proline, phenylalanine, tryptophan,
methionine, glycine, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, 1lysine, arginine,

15 = histidine, glutamic acid and aspartic acid.

Amino. acid derivative containing an'N“—aryloxy-
carbonyl group, also referred to hereinafter as Nd—aryl—
oXycarbonylamino acid, is understood to denote any .

~ a-amino acid derivative in which an aryloxycarbonyl group

20 of formula R-0-CO-, with R symbolizing an aryl group, is:
linked to the nitrogen atom of an a-amino group of the
amino acid. | '

Peptlde is understood to denote, for the purposes
of the present invention, any compound consisting of the

- 25  combination of at least two amino acids as defined above,

in which at least one bond between two amino acids is a

" normal peptide bond, that is to say an amide bond between

an a-amino group of an amino acid and a carboxyl group of
another amino acid.

30 _ In the process according to the invention, the
use of an N%-aryloxycarbonylamino acid is essential.
Indeed it appeared, surprisingly, that the aryloxy-
carbonyl group linked to the a-amino group of the amino -
acid induces, in the presence of a compound containing a

35 free amino group, a reaction of the free carboxyl group
of the said amino acid with the free amino group of the
said compound and that the amino group of the amino acid
is concomitantly freed of the aryloxycarbonyl group which
was bonded thereto. The process according- to the
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under stood to denote, f%BhetFE-aryloxyeesbonydi demivatidenef ithermbro

any conmpound acid used generally includes a group containing from 7 to
5 15 carbon atoms as aryloxycarbonyl group. This aryloxy-

éarbonyl group is most often a phenyloxycarbonyl or
naphthyloxfcarbonyl group, optionally substituted with at

least one group chosen from alkyl groups containing 1 to

4 carbon atoms and nitro, halo and haloalkyl groups. By

10 way of examples of aryloxycarbonyl groups which may be
used in the process of the invention, there may be
mentioned phenyloxycarbonyl, tolyloxycarbonyl xylyloxy-
carbonyl, mesitylyloxycarbonyl, ethylphenyloxycarbonyl,
diethylphenyloxycarbohyl, propylphenyloxycarbonyl,

15 isopropylphenyloxycarbonyl, nitrophenyloxycarbqnyl,
dinitrophenyloxycarbonyl, chlorophenyloxycarbonyl,
trighloromethylphenyloxycarbonyl, trifluoromethylphenyl-~
oxydarbonyl and naphthyloxycarbonyl groups. The aryloxy-~
carbonyl group is preferably a phenyloxycarbonyl, tolyl-~

20 oxycarhqnyl,p-nitrophenyloxycarbonyl,2,4-dinitrophenyl-

- oxycarbonyl, p-chlorophenyloxycarbonyl or p-trichloro-
methylphenyloxycarbonyl group. Good.tesults were obtained .
in the process according to the invenfion with the
N%-phenyloxycarbonyl derivative of the amino acid.

25 - An N“-aryloxycarbonyl derivative of any «-amino
acid may be used in the process according to the
invention. _ '

The N&%-aryloxycarbonylamino acid is a réadily
accessible and inexpensive product. It may conventionally

30 be prepared by an acylation method similar to those used
in order to attach a piotecting group of the alkyloxy-

- carbonyl or aralkyloxycarbonyl type to an amino group of

" an amino acid. A standard method, known as the Schotten-
Baumann procedure, consists in reacting, in aqueous:

35  medium, the sodium form of the amino acid with a suitable
acylating agent, . such as an aryl chloroformate or an
aryloxycarbonyloxysucciniﬁide. | '

Another procedure for the preparation of the

'N“-aryloxycarbonylamlno acid, whlch_lled to excellent
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: 10 is then added very slowly and, after reaction for a few
minutes, the solution is then concentrated and the
N%-aryloxycarbonylamino acid is isolated by the most
suitable route, depending on its physicochemical pro—.

perties.

15 : The process makes it possible to prepare primary,
secondary or tertiary amides, depending on the nature of
the compound containing the free amino group. The
compound conta:.nlng a free amino group, which reacts with

~ the N“-aryloxycarbonylam:.no acid in the process according

20 to the invention is any compound of general formula
R1R2NH in which R1 and R2 répresent, independently of
each other, hydrogen atoms or alkyl, cycloalkyl or
aralkyl radicals or in which Rl and R2 together form an
alicyclic radical. In this compound, the alkyl, cyclo-

25 alkyl, aralkyl or alicyclic radicals may be substituted
with one or more functional groups containing at least
one oxygen, sulpilur or nitrogen atom, in particular such
as a c_arboxyi_ , hydroxyl, mercapto, indolyl or imidazolyl
group. Compounds which may be used in the process

30 according to .the invention are, for example, ammonia,
primary or secondary amines, amino acids and peptides.
The process according to the invention is particularly
-advantageous when the compound containing a free amino
group is an amino acid. It constitutes in this case a

35 very simple process for the synthesis of dipeptides.

The process according to the invention is carried
out in a basic medium.

The process according to the invention is
generally carried out in an aqueous .liquid medium



f the pre‘sent ThrsbemHasrBee a¢:e¢rrpound ‘consi st | ng of the 25 conbination of

at | east two am f| ned above, in which at | east one bond
bet ween two am n normal peptide bond, that is to say an
ani de bond bet vveen an err] am no groBp-of an anmtno acid and a

car boxyl group of anot her am no acid. 30 In the process

according to thpréﬁeeablpncontraining aswvageramiNcdiblle an;gand;a:asdabrqxh'am no

acid is essentig] gm%ﬁﬁ ta
aryl oxy- car bony gr ouﬁﬁpr nl& to t'he ’fy"f&r&][ﬂgﬂrfin%}%l?%u%é 0 ee%tn? no
aci d induces, rﬁomaeupﬂemmlw canfdieRl aping rgFQUR e ﬁr:eel%atﬁiho

group, a reactlpareiawy fercg%masr bozih tdpPEP organi¥ sBAveditd aFbPO @gd d
wi.th the free am no roug sai d cgrgound d that t%& m no

group of the anPhBCGEP A °°rd1r%9 Ish&ss t’-&ﬁf’-f‘ PelHe olOYeR 3t ardbny|
group which parndicubandetcht hes efnethanbd, prideassl 'aﬁdoricbdgopmolhe

tetrahydrofuran and dimethoxyethane. Good results were
obtained in a water/ethanol medium. The water/ organic
solvent weight ratio may vary within a wide range. It is
10 generally at least equal to 0.1 and does not exceed 10.

The basicity of the medium may be obtained by
adding a basic compbund '_to the medium, for example by
adding an inorganic base such as LiOH , NaOH or KOH or by
adding an organic base which is inert under the reaction

15 conditions, such as a tertiary. amine. Good results were
obtained in the presence of triethylamine. When the
compound containing a free amino group is an amino acid-
or a peptide - containing free carboxyl functions,- the
basic compound must. be used in a sufficient amount to

20 neutralize the carboxyl functions. When the compound
containing a free amino group has a sufficiently basic
character, the basicity of the medium may'-op'tionally be
obtained by working with an excess of this compound
relative to the stoichiometric amount required to react

25 with the N%-aryloxycarbonylamino acid.

The process according to the invention may be
used in a wide range of concentration of the reactants in
the liquid medium. The N“—aryloxyéarbonylamino acid  is
generally used at a concentration of 0.05 to 5 inol/l,

30 preferably from 0.1 to 1 mol/l.

. The molar ratio between the compound containing
a free amino group and the N%-aryloxycarbonylamino acid
is generally at least equal to 1. This ratio is
'preferably at least equal to l.1. In principle, there is

35 no upper 1limit to this ratise. In practice, it is
generally pointless to work with a molar ratio between
the compound containing a free ‘amino group and the
N“-—aryloxycarbonylamno acid greater than 100. Most
often, the molar ratio does not exceed 10. When the
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propyl phenyl oxy d& b@yﬁdva.ﬂ_ls"—agﬁ@{ﬁir bstyeep 30 and 80°C. A
ni trophenyl oxycchpiWature of 40 to 60°C is very partlcularly preferred.
Under these conditions, the reaction time is
generally less than 10 hours. Most often, the reaction is

10 complete after a period of 1 to 4 hours. '

" The process according to the invention appears to
be particularly advantageous comparéd with the known
processes for the preparation of e¢-amino acid amides. The
N%-aryloxycarbonyl derivative of the amino acid used in

15 the process according to the invention may readily and
cheaply be prepared from the amino acid. It may be easily
isolated in pure form. It is stable and may be conserved
for a long time. The process according to the invention
is particularly adv'anté.geous in peptide synthesis, that

20 is to say when the compound containing a free amino group
is an amino acid or .a peptide. It constitutes, in this
case, a peptide synthesis process which is particularly
simple, effective and very respectful of the chirality of
the coinpounds used. In the process according to the

25 -invention, the aryloxycarbonyl group acts both as a
protecting group for. the «-amino group and as an
activator for the condensation reaction of the carboxyl
group with a free amino .group of another compound.' In
addition, when the N%-aryloxycarbonyl derivative of the

30 amino acid reacts with the compound containing a free
amino group, the amino group of the amino acid is

- simultaneously freed of the aryloxycarbonyl group which
was bonded thereto. Moreover, the removal.of the aryloxy-
carbonyl group generates only relatively inoffensive

35 by-products in the medium, which do not disrupt ‘the
synthesis. For example, when it is the phenyloxycarbonyl
group, only phenol and carbon dioxide .are generated.
Consequently, when the compounds used contain very labile
groups, ‘such as certain protecting groups, the by-
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step, reacting according to the prqcess of the invention
the N%-aryloxycarbonylamino acid obtained with the second
amino acid. The need for a step of activation of the
carboxyl group of the first amino acid or for a coupling
15 agent is superfluous, as is any deprotection step. The
process according to the invention is‘conéequently very
éarticularly:appropriate for the preparation of dipeptides.
| The symbolic representations of the amino acids
_ "and of the peptides addpted in the description and the
20 examples follow the IUPAC nomenclature recommendations
generally adopted and which are described, for example,
in "Nomenclature and Symbolism for Amino Acids and
Peptides, Recommendations 1983", Eur. J. Biochem. (1984),
138, p. 9-37. Except where otherwise stipulated, all the
25 amino acids described are (L)-amino acids.
‘The examples which follow - illustrate the
invention.. o
The various synthesis intermediates and products
reported iﬁ the examples were characterized by various
30 analytical metho&s, used under the following conditions:
- -optical rotation («¢): measured at 589 nm at 25°C
- thin layer. chromatography (TLC): '
MERCK 60F-254 silica gel plates
eluents: Rf(1l) ethyl acetate/n-butanol/acetlc
35 acid/water 1:1:1:1 , '
' Rf(2) acetonitrile/chloroform/acetic
acid/water 5:2:2:1
- HPLC chromatography.
.C-18 Vydac 5 uym column
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Example 1: Synthesis of tryptophyl-alanine and trypto-
phyl-(D)-alanine _ .

2.922 g (9 mmol} of N%-phenyloxycarbonyl-
tryptophan were dissolved in 20 ml of methanol. 3.204 g
(36 mmol)'of (D,L)-alanine were dissolved in 20 ml of
water and converted to the triethylamine salt by addition
of 3.643 g of the amine. The two solutions were mixed,
followed by heating under gentle reflux, until the
N“-phenyloxycarbonyltryptophan_disappearéd. The methanol

ogtét.
15

20

was stripped off by evaporation under reduced pressure
and the residue neutralized with 4.9 g (36 mmol) of KHSO,
in 30 ml of water. After extraction of the majority of
the phenol released during the reaction using ethyl
acetate, the aqueous phase was diluted to 250 ml and then
(DeltaPak C18
The pure fractions were combined and then
freeze-dried to give 1.12 g of
(Trp-Ala) 0.66 g of tryptophyl-(D)-alanine
(Trp-(D)-Ala), both optically pure. The products obtained
have the follo&ing physicochemical properties:

Trp-Ala

o +17.9 (¢ =1,
M.P. = 104°C

TLC: Rf(1) = 0.63
HPLC Rt: 8.44 min

25

purified by preparative chromatography
30 reverse phase).
tryptophyl-alanine

and

35

1% acetic acid)
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sliow y and, aft a few - mnutes, the solution is then
concentrated an [err] aryl oxycargonyl am no acid is isol ated by

t he nost sw.tabl e route, depending on its physicochem cal pro-
perties. 15 NMR (1Ehe1mrnmsssdpakes It possible to prepare primary,
secondary or tenrti by de n re. h o] und
containing the #?eg anmi no’ §5 qﬁPngagge’céig%hngigbn aQ$%1s;. gﬁegggfno
group whi ch readt-&3wi(H, d) Bfeindele] %432 ddffoadioRy! aminbeac?dZDn(lHe
process accor di g% 3 _.glg.k;ft.e | pVeet (98,1 ¢)amk c:p,wd gfgger’(qraal £prayl a
R1IR2NH i n whi ch represent, independent ach ot her,
hydrogen atgms &P Sﬁﬁyl é?cl‘&gl'kmbﬁﬁ’ q) H‘ér%?-‘Ryl:’r?;\@l (:%ﬁ’s dd) | BewRFen R1

and R2 toget her 3taom am, ddgl i B§&| mep,ad2cad . (vH,! hdd)cag®umep,t he.abkyl ,

cycl o- 25 al kyl b alicyclic-radicals may be substituted W t h
one or nore fun((,gpdn I é 8u%§ cont ai ni ng at | east one oxygen, sul phur
or nitrogen atoRppriDpaBdacul ar such ~as a carboxyl, hydroxyl, mercapto,

indo]yl or imdgzalyhg 1 (¢ = 1, 1% acetic acid)

10 M.P. = 107°C
TLC: Rf(1) = 0.59
HPLC Rt: 11.67 min
NMR ('H) in DMSO-d,
10.88 (1H, s) NH indole, 8.20 (1H, broad s) NH Ala, 7.58

15 (1H, d) H4 indole, 7.32 (1H, d) H7 indole, 7.16 (1H, s)
H2 indole, 7.05 (1H, t) B6 indole, 6.97 (1H, t) HS
indole,  4.05 (1B, broad gq) Ha Ala, 3.73 (1H, dd) Ha
Trp,3.12 (1H, dd) HPA Trp, 2.88 (1H, dd) HBPB Trp, 1.12
(1H, t) CH3 Ala - _

20 Example 2: Synthesis of (e-tert-butyloxycarbonyl)lysyl-

(e-tert-butyloxycarbonyl)lysine ((Boc)Lys-(Boc)lys)
1.46 g * (4 mmol) of NE€-tert-butyloxycarbonyl-

N%-phenyloxycarbonyllysine were dissolved in 16 ml of
ethanol. 1.13 g (4.6 mmol) of N€-tert-butyloxycarbonyl-
25  lysine, 1.91 ml '(13.8 mmol) of triethylamine and 4 ml of
water were added thereto. The solution was heated under
gentle reflux (% 80°C) for 5 h and then coocled to room
temperature and neutralized with 12.2 ml of 1IN
hydrochloric acid. The ethanol was removed by evaporation
30 under vacuum.:. The residue. (: 15 g) was élacéd -in a
refrigerator for 3 h. The precipitate formed was isolated
by filtration and then washed with 7 ml of cold water and
25 m1 of sulphuric ether.: After drying, 1.42 g of
(Boc)Lys-(Boc)Lys were obtained, corresponding to a yield
35 of 75%. A sample recrystallized in a methanol/water
mixture had the following bhysicochemical properties:
¢ = +19.2 (¢ = 1, methanol)
M.P. = 180-189°C |
TLC: Rf(1) = 0.85
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"5 (1H, m) Hp Lys, 1.50 to 1.40 (26H, m) Hy+é+t-Bu

This 'example illustrates the very particular
advantage of the process according to the invention for
preparing homodipeptides, which may be obtained with a
virtually stoichiometric molar ratio. between the compound

10 containing a free amino group and the N%-aryloxycarbonyl-
amino acid.
Example : Synthesis of s-(trityl)cysteinamide
(~(Trt)Cys—~NH,) ' '
 48.5 g (100 mmol) of N&%-phenyloxycarbonyl-
15  S-tritylcysteine were dissolved in 200 ml of tetrahydro-
furan. 135 ml of aqueous ammonia at a concentration of
25% (+ 1.75 mol) were added thereto. This solution was
heated for 5 h at 50°C with stirring. After cooling, the
reaction mixture was diluted with 400 ml of methyl tert-
20 ~butyl ether. The aqueous phase obtained was discarded and
the organic phase washed 3 times with 200 ml of an
aqueous solution containing 5% of NaCl. It was
subsequently treated with 50 ml of water and S-(trityl)-
cysteinamide was then precipitated in the form of a
25 hemisﬁlphate by addition of 13.6 g of KHSO, dissolved in
70 ml of water. It was isolated by filtration and washed
with 150 ml of cold water and then dried:. 29 g of product
were obtained (yield: 71%). The product has the following
physicochemical properties:
30 ¢ =+18 (c =1, meﬁhanol)
TLC: Rf(2) = 0.80
HPLC Rt: 25.3 min
NMR (‘H) in CD,0D (+ one drop of trifluoroacetic acid)
7.42 (6H, d), 7.32 (6H, t), 7.26 (3H, d) o- m-
35 p-trityl,3.53 (1H, t) He 2.67 (2H, o) Hp’s.

This example demonstrates that +the process
according to the invention may be used successfully to
prepare the amide of an amino acid bearing, at the end of
the side chain, a very labile protecting group.



pref erabl y cont ai ﬂlisrﬁ g er - n] sci bl e organi ¢ sol vent, I n which nedi um
the N err]-aryl oxy Eﬁ”ﬁ‘ﬂm aF‘ﬁ’i d and the conmpound containing a free
am no group are at ially soluble. Suitable organic solvents
for the 5 proces i the i nventlon are | onerERIEohd? s267 nal

particul ar such as nethanol, ethanol and isopropanol, t et rahydrof uran
and di met hoxyet hane. Good results were CEAEMBajned in a water/ethanol

medi um The vvater./organipeqcessscfb\terﬁhé/\qlbzgiﬁafaa&ji&a NeF War \-winitic' acidde
range. It is 10@%@”%'%0%; Iezﬂ_ﬁe{r&% to 0.1 eind does not ex&eed 0.
The basicity of CredifimGta?he’ oY B PORY L3 FHMP ra I pblind
to the nedi um Wwhichxaapl eofyyound adshtegirdmg nar gfimee baméneucraspli 1,
NaCH or KCHgor addi.n 0 ' [ | S_ 4 t ,
Feact i on 155 condperess thBaBle hORMLE, BEEL X! dSkivat VY of KRS ddifrio

obt ai ned in t heapgidsepatadningi anhifaarydoxyparboh¥l groupenpound
containing a free am NopghadBs AcHdraTnd0 6 Elaim 107 chRURULAS LN fHNI Ng
free carboxyl functions, Ehe basj ¢ "compound nust be used in-a
sufficient anoukbatoths Nnagylaxysarbanyldesiyative et ohke apbporaeid

conmpound used includes a group containing 7 to 15 carbon atoms as
' 10 aryloxycarbonyl group. | |

3. Process according to Claim 2, characterized in

that the aryloxycarbonyl grbup is a phenyloxycarbonyl or

naphthyloxycarbonyl group, opfionally substituted with at

least one group chosen from alkyl groups containing 1 to

15 4 carbon atoms and nitrd, halo and halocalkyl groﬁps.

- 4. Process according to Claim 3, characteéerized in
that the 'aryloxycarbonyl group is a phenyloxycarbonyl,
tolyloxycarbonyl, p-nitrophenyloxycarbonyl, 2,4-dinitro-
phenyloxycarbonyl, .p—chlorophenyloxycarbonyl or p-tri-

20 chloromethylphenyloxycarbonyl group. , '
5. Process according to Claim 4, characterized in
that the aryloxycarbonyl group is the phenyloxycarbonyl
group. ' _

6. Process according to any one of Claims 1 to 5,

25 characterized in that the compound containing a free
amino group is chosen from ammonia, primary or secondary
amines, amino acids and peptides. '

7. Process according to Claim 6, characterized in
that the compdupd containing a free amino group is an

30 amino acid. .

8. Process according to any one of Claims 1 to 7,
characterized in that it is carried out in an aqueous
liquid medium "containing a water-miscible organic
solvent.

35 9. Process according to any one of Claims 1 to 8,
characterized in that the‘N“—aryloxycarbonylamino acid is
.used at a concentration of 0.05 to 5 mol/l.

10. Process according to any one of Claims 1 to 9,
characterized in that the molar ratio - between the

* c L M S *




contai ning a free amno group has<a sufficiently basic character, the
basicity of t ional ly be obt ai ned by working with an
excess of thi gm}mmmml mlllel ative to the stoichionetric amount required
to react 25 w*thcthe N ersr]|*aryl oxycarben¥2ami no acid. EP 0 633 267 Ahe
process according to the invention may be used in a wide range of
concentration ofORReUPRdacieaRtaiming ~at hdreequialiili ugFoupe. and  the

N err]-aryl oxymmbﬂﬂghaﬁyaarashylhﬁmo acganfrsaa{ywasé &4uay ceacentration

of 0.05 to 5 nol/l preferably from0.1 to 1 The
nmol ar rati 0 ber mEert"he_pomound cont ai ni ng a free am no group and the

N err]-aryl axyeReAa0%k gcid is generally at |east equal to 1.

This ratio i's cFy at least equal to 1.1. In principle, there is
35 no uppeﬂmlﬂllw{ E is ratio. In practice, it is general ly
pointless to | ar ratio between t he conpound cont ai ni ng

a.free amno group and the N err]-aryl oxycarbonyl am no acid greater
t han. 100. Most . often, the nolar ratio does-not exceed 10. Wen the



I I Iy sy

-6- =% = conpound containing % ®ree anino grqup is an am no acid or
a peptide, the nolar ratio preferably does ‘ot exceed. 5.

The reaction may be carried out between room 5 tenperature and the
boiling point of the organic solvent. It is advantageously carried
out between 30 and 80[ err] CPracess foxerhher gineparsfti4h tof @@ err]C is very

particul arly preferpégha-amino acid anlidee whiilods enayorbdi tuseds ,int peptaaie isymthesi

time is generally less than 10 hours. Mst often, the reaction is 10
conplete after a period of 1 to 4 hours. Abstract The process
according to the invention appears-to-. be particul arly advant.ageous

conmpared with the known®n a-amino acid amide is prepared Dy reaction of
an N%-aryloxycarbonylamino acid with a compound
containing a free amino group. This process makes it
posgible readily to prepare peptides, by direct reaction
between the carboxyl group of the N%-aryloxycarbonyl
derivative of an amino acid and the free amino group of
a second amino acid or of a peptide fragment, without
requiring protection of the carboxyl function of the
second amino acid or of the peptide fragment, nor a
couplirig agent nor a deprotection step.

No figure.

This Sheet Has Been Reilaced
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efeasily _ splated 1 n ., pur or-m
Tor aTong tine isﬁ)éawﬁ?ggséésos?seé """" o pag

synt hesi! Ra 5 S— 0SBy e _conmpound cont ai ni- pg—a—Free—anT1To
gr oup is an anino aci d $REGTEE, YRich may, becpsed i poplide, synthesis
case, a peptide synthesis process which is particularly si npl e,
effective and very respectf u# of the chirali r% of the conpounds used.
In the process according to the P5BSeRt AANEREERN FREALES |tk e ABoRYPEEFBup
acts both as a ferotbet PrRpayiadienf of arthe-aming 96igramigleawbics magynbe
activator for the corgRasahi parteacld®in0beptiid ayROKYSis. group with a

({2, smine, goup of enoLher KgROHNS U4 o gomsBOLAEIIED 4 Mot
conpound cont ai nithg Peptdde may aRenoPFeRAed t HE afehBtip®uPiof addétas® no
acid is si mul t greadehgatier «ff ahhemiatoyhekd c ahleoayindg goip W @hich
was bonded thereto. My eQyetectd§ LARVANOl chfifofY! P¥up of which is
activated, to a peptide chain or to another amino acid in
the case of the preparation of a dipeptide. However, such

10 a process involves a large number of steps. Thus, in

' order to prepare a dipeptide from-two single amino acids
having no reactive groups on their side chain, it
requires, prior to the condensation reaction, the amino
group of the first amino acid and the carboxyl group of

15 the second amino acid to be protected and the carboxyl
group of the first amino acid to be activated and then,
after the condensation reaction between the activated
carboxyl group of the first amino acid and the free amino
group of the second amino acid, it also involves a

20 deprotection of the amino group of the fiJ:_'Sii amino acid
constituting the dipeptide and of the carboxyl group, of
the second amino acid constituting the dipeptide. The
overall chemical yield for the synthesis is, of course,
affected by the large number of synthesis steps, and even

25 more so when a chirally pure product is desired. _

' The invention redresses the disadvantages of the
conventional processes for peptide synthesis in solution ~ -
by providing a new process for coupling an «-amino acid
amide with a compound containing a free amino group, the

30 process requiring a limited number of steps and making it
possible to obtain the desired product with an improved
chemical yield, while notably conserving the chiral
purity of the structures used.

Consequently, the invention relates to a process

35 for the preparation of an a-amino acid amide, according
to which a compound containing a free amino group is
reacted, in basic medium, with a derivative of the amino
acid containing an N"-&fyloxycétbohyl group. This process
is particularly advantageous in peptide synthesis.

e
¥



carbonyl group generates only relatively inoffensive @%EPI{%CEJ@MQMA’}AEEFQ

the nmedi um which do not disrupt the synthesis. Fof exanple, when jit
i s the, phenyl oxycarbonyl group, only phenol and carbon] d| o HAUG 996
gener at ed. Consequent |y, when the conpounds usedj chbntain_very | gbijl e

groups, such as certain protecting groups,, the by-
products generated in the nmedium do not bring about any———degradatian jof
t hese conpounds. By conpamiinen sa¢id tie undeesBuwedt i ovaldesptidiesEsrr ales,
a synthetic peptide may be _ epared by.the, pr accqQrdin e
invention in a 5P RIS sifh e?‘kema ﬁreﬁsé@trhuégvgﬁﬁfggfde%nwt oqzc%)u?pe%la}}de a
containing at least one &mino group and at least one

carboxyl group. By extension, the term "amino acid" is
5 also understood below to encompass any amino acid as

defined above in which certain groups are possibly linked
to organic groups such as protecting groups. In
particular, «-amino acid is understood to denote any
amino acid in which at least one amino group and at least

10 one carboxyl group are linked to the same carbon atom of
the molecule. This may in particular be alanine, valine,
leucine, isoleucine, proline, phenylalanine, tryptophan,
methionine, giycine, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, lysine, arginine,

15 histidine, glutamic acid and aspartic acid.

Amino acid derivative containing an N%-aryloxy-
carbonyl group, also referred to hereinafter as Nd—aryl—
oxycarbonylamino acid, is understood to denote any
«-amino acid derivative in which an aryloxycarbonyl group

20 of formula R~0~CO-, with R symbolizing an aryl grodp, is
" linked to the nitrogen atom of an ¢~amino group of the
amino acid.

Peptide is understood to denote, for the purposes
of the present invention, any compound consisting of the

25 combination of at least two amino acids as defined above,
in which at least one bond between two amino acids is a
normal peptide bond, that is to say an amide bond between -
an a-amino group of an amino acid and a carboxyl group of
another amino acid.

30 In the process according to the invention, the
use of an N“-aryloxycarbdnylamino acid is essential.
Indeed it appeared, surprisingly, that the aryloxy-
carbonyl group linked to the c-amino group of the amino
acid induces, in the éresence of a compouhd containing a

35 free amino group, a reaction of the free carboxyl group
of the said amino acid with the free amino group of the
said compotind ‘and ‘that the amino group of the amino acid
is cqncomitgntly_freed of the aryloxycarbonyl grodp_which
was bonded thereto. The piocess aéébfding to the



di pepﬁi de fromtwo single am no acids having no reacti BBPLACEMEM SHﬁET)n

their:- side chain, the process according to the inJertion only reqdiifes
two sinple steps, nanely, in a first step, attachijnd ag pAYGA9&albonyl
group to the 10 am no group of the first amno acid]jarid, in a secon
step, reacting according to the process ot ghe inventijo the '
Nf err]-aryl oxycarbonyl am no acid obtained with the seqond anm no aciid.
The need for a suepem’tlamt ittats omaloés t he posslbheb(bnylobglagup nefadiily fam st

ami no a0t or 1 Ok-2pigurllodd Hiiaetdgal bE RUAGHIIGSrrRRy S BB

deprot ection step. rocess accor nvention is )
consequently very pgﬁﬁld% %ﬁqXAQﬁﬁﬂaﬁbPPx%edFGFVFﬁéVEr85aﬁ§¥%cﬁF%ﬁ°

di gep]E i dﬁs- acid alsedTgénEYQﬁDirl m&m&anﬁﬁbﬁpr&rﬂfamﬁﬁgalﬂ‘rﬁﬁ acials

and of the pep s adgpted ., n the descriptio h £xa, ol I ow
t he 1 UPAC no??enclg ?fé‘c@rﬁ?é‘?fdaat i o lodyca gﬁgyalg Su g%i)y]\?\i %h are
described, for examplomyl group "ionewstatafterand SghﬁbmhmbOMncpmm ds

and Pepti des,, Sﬁi by 118§§&p, %ﬂtloﬁal oShedR i k¥ vith at
138, p. 9-37. Except ere othermnse stipul ated, all the 25 ., am no, acids

described are (L)-eafith®ngcigFoup chosen from alﬂ%‘/ SEMPSSOnGALRANI £ b FRw
illustrate the 4 carbon atoms and nitro, halo and haloalkyl groups. By

10 way of examples of aryloxycarbonyl groups which may be
used. in the process of the invention, there may be
mentioned phenyloxycarbonyl, tolyloxycarbonyl, xylyloxy-
carbonyl, mesitylyloxycarbonyl, ethylphenyloxycarbonyl,

- diethylphenyloxycarbonyl,. propylphenyloxycarbonyl,

15 isopropylphenyloxycarbonyl, nitrophenyloxycarbonyl,
dinitrophenyloxycarbonyl, chlorophenyloxycarbonyl,
trichloromethylphenyloxycarbonyl,'trifluoromethylphenyl-
oxycarbonyl and naph{:hj_l_oxycarbonyl groups. The aryloxy-
carbonyl group is preferably a phenyloxycarbonyl, tolyl-

20 oxycarbonyl, p-nitrophenyloxycarbonyl, 2,4~-dinitrophenyl-
oxycarbonyl, p-chlorophényloxycarbonyl or p-trichloro-
methylphenyloxycarbonyl group. Good results were obtained
in the process according to the invention with the
N%-phenyloxycarbonyl derivative of the amino acid.

25 An N%-aryloxycarbonyl derivative of any a-amino
acid may be used in the process according to the
invention.

The N“-aryloxycarbonylamlno acid is a readily
accessible and inexpensive product. It may conventionally
30 be prepared by an acylation method similar to those used
in order to attach a protecting group of the alkyloxy-
carbonyl or aralkyloxycarbonyl type to an amino group of
an amino acid. A standard method, known as the Schotten-
Baumann procedure, consists in reacting, in aqueous
35 medium, the sodium form of the amino acid with a suitable
acylating agent, such as an aryl chloroformate or an

' -ary'loxyca:rbonyloxysucc'ihimide; ' '
Another procedure. for the. preparation of the
- N“-aryloxycarbony__laminq acid, which led ._ to e:;celleh’t



[ nvent [ on. The various synthesis inter
reported in the exanpl es were characterized by vari ous

met hods, used under the follow ng conditions: B %@bh gé i d
(a) measured at 589 nm at 25C - thin |ayer ch ojma og '@ THO)
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MERCK 60F-254 silica gel plates * _ el uent

acet at e/ n- but anol / acetic 35 : aci d/

ter
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1. 1 1:1

Rf (2) acet0n|trté@%!%%(HﬂH(NHﬂE%P§E|Eonseguent ref& Eé&’“@bﬁ&l?té £nl

h n1co|
é&e amino acid in the £ ts per511yl deriva-

- HPLC chronatgg{gg

tive. This persilyl derivative may be

obtained,

for

example, by a treatment at reflux with an excess of

5 trimethylcyanosilane, until a homogeneous. solution is

obtained. This solution is subsequently diluted,

for

example using methylene chloride, and cooled to a tem-
perature lower than -10°C, preferably lower than or equal

to -15°C. The stoichiometric amount of aryl chloroformate

100 is then added very slowly and, after reaction for a few
minutes, the solution is then concentrated and the
N%-aryloxycarbonylamino acid is isolated by the most

suitable route, depending on its physicochemical pro-

perties.

15 The process makes it possible to prepare primary,
secondary or tertiary amides, depending on the nature of
the compound containing the free amino group. The

compound containing a free amino group which reacts with

the N%*-aryloxycarbonylamino acid in the process according

20 to the invention is any compound of general formula
RIR2NH in which Rl and R2 represent, independently of

each other, hydrogen atoms or alkyl,

cycloalkyl or

aralkyl radicals or in which Rl and R2 together form an

alicyclic radical. In this compound, the alkyl,

cyclo-

25  alkyl, aralkyl or alicyclic radicals may be substituted
with one or more functional groups containing at least

one oxygen, sulphur or nitrogen atom, in particular such
as a carboxyl, hydroxyl, mercapto, indolyl or imidazolyl
group. Compounds which may be used in the process

30 according to the invention are, for example,

ammonia,

primary or secondary'amines, amino acids and peptides.

The process according to the invention is particularly

advantageous when the compound containing a free amino

group is an amino acid. It constitutes in this case a
35 very simple process for the synthesis of dipeptides.

The process accordlng to the lnventlon is carrled

out in a basic medium.

" The process accdrding to ﬁhe

~generally carried out in an aqueous

invention

is

liquid - medium



8- - elution: grad| ent from 98% A + 2% B to EEBLACEMENT SHEET
75% B ‘over 49 mni nutes (A=0.1%tri- fl uoroaceticjafid
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di ssol ved i n 20 rprafess according to the invention are lower alcohols, in
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particular such as methanol, ethanol and isopropanol,
tetrahydrofuran and dimethoxyethane. Good results were
obtained in a water/ethanol medium. The water/organic
solvent weight ratio ma-y vary within a wide range. It is
generally at least equal to 0.1 and does not exceed 10.

The basicity of the medium may be obtained by
adding a basic compound to the medium, for example by
adding an inorganic base such as LiOH, NaOH or KOH or by
adding an organic base which is inert under the reaction
conditions, such as a tertiary amine. Good results were
obtained in the presence of triethylamine. When the
compound containing a free amino group is ‘an amino acid
or a peptide containing free carboxyl functions,- the
basic compound must be used in a sufficient amount to
neutralize the carboxyl functions. When the compound
containing a free amino group has a sufficiently basic
character, the basicity of the medium may optionally be
obtained by working with an excess of this compound
relative to the étoichiometric amount required to react
with the N“-aryloxyc‘:.arbonylamino acid. '

The prbcess according to the invention may be
used in a wide range of concentration of the reactants in
the liquid medium. The N%-aryloxycarbonylamino acid is
generally used at a concentration of 0.05 to 5 iuol/l,
preferably from 0.1 to 1 mol/l.

The molar ratio between the compound containing
a free amino grbup and the N%-aryloxycarbonylamino acid
is generally at least equal to 1. This ratio is
preferably at least equal to 1.1. In prinéiple, there is
no upper 1limit to this ratio. In practice, it is
generally pointless to work with a molar ratio between
the compound containing . a free amino group and the
N‘.’"-aryloxycarbc_)ny_lan}ino .acid greater than -100.  Most

often, the molar ratio does not. exceed 10. When the

exinnaroteei8oo B Banie opLrBRES diin FESuer o



20 water and converted to the triethylamne salt by add %ACLMEN &E Fh
g of the am ne. The two sol utions Wre m xed, fol | owedj by heati ng ungelr
gentle,reflux, until the N err] - phenyl oxycar bonyltrypt pplgan AUG 1904
di sappeared. The net hanol was stripped off by evaporat|on under reduced
pressure 25 and the residue neutralized wtg 4.9 g (36 Mol ) O RF
in 30 M of water. After extraction of the majority of | t he phenol
rel eased during teempeacd oentsingngt Ayfree amimet@teypths aguemisophasd
was diluted to 25@41 Aen f h

(Del taPak C18 30 re\?e?’ggt%haset):he anlla;e)}%)%rfeecg' rlgg%gg\%g eﬁggﬁbﬁggggggggghen
freeze-dried to g|SVe 1.12 g of tryptophyl -al ani ne (Trp-Al a) and
0.66 g of t rypt ophyl - (fBe- atemtiti®n may ( bep-ddDridd) oubotkhetsmié:ﬁal:bﬁm
pure. The proguct o] m
properties: q’: %eﬂ%te%'a'%%Qe and é]%%g&?ﬁmg %{4)19%0 acgztw %%51? gg![vmqﬁ _
104[err] C TLét RfS( @dvan@&aesously FPETLEY : ogt daetween 30 and 80°C. A

temperature of 40 to 60°C is very particularly preferred.
Under these conditions, the reaction time is
generally less than 10 hours. Most often, the reaction is

10 complete after a period of 1 to 4 hours.

The process according to the invention appears to
be particularly advantageous compared with the known
processes for the preparation of ¢-amino acid amides. The
N&-aryloxycarbonyl derivative of the amino acid used in

15 the process according to the invention may readily and
' cheaply be prepared from the amino acid. It may be easily
isolated in pure form. It is stable and may be conserved

for a long time. The process according to the invention

is particularly advanfageous in peptide synthesis, that

20 is to say when the compound containing a free amino g:j.'o.up
is an amino acid or a peptide. It constitutes, in this
case, a peptide synthesis process which is particularly
simple, effective and very respectful of the chirality of

the compounds used. In the process according to the

25 invention, the aryloxycarbonyl group acts both as a
protecting group for the «-amino group and as. an
activator for the condensation reaction of the carboxyl'
group with a free amino group of another compound. In
addition, when the N%-aryloxycarbonyl derivative of the

30 amino acid reacts with the compound containing a free
amino group, the amino group of the amino acid is
simultaneously freed of the aryloxycarbonyl group which

was bonded thereto. Moreover, the removal of the aryloxy-

~ carbonyl group generates only relatively inoffensive

35 by-—products in the medium, which do not disrupt the
synthes:.s. For exa.mple, when it is the phenyloxycarbonyl
group, only phenol and carbon dioxide are generated.
Conseguently, when the compounds used conta:.n very labile
groups, such as certain protecting groups, the by-



- 9- _ NWR ("H) in DMSOd[err] 10.92 (1H, s) NH

broad- s) NH Al a, 7.63 (1H, d) H4 indole, 7.32 (1H Mﬁﬂg$#% :
(xH, . s) H2 indole, 7.05 (1H, t) H6 indole, 6.97 ( H i ndo
4.16 (1H, broad gq) Ha Ala, 3.76 (1H, dd) Ha Trp,

Hierr] A Trp, 2.90

Trp (D) - Ala

a
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(1H, dd) Herr]B Trp, 1.35- (1

= +79.1 (c =1, 1%acetic acid) 10

TLC Rf(l) = 0. 599r0ducﬂﬁmg§d%ratbﬁ.&ﬁ the medium do not brlng bout any

degradation of these compounds. By comparison with the
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conventional synthesis routes, a synthetic peptide may be

prepared by the process according to the invention in a

much simpler manner. Thus, in order to prepare a

dipeptide from two single amino acids having no reactive

functions on their side chain, the process according to

the invention.only requires two simple steps, namely, in-

a first step, attaching an aryloxycarbonyl group to the

amino group of the first amino acid and, in a second

step, reacting according to the process of the invention

the N%-aryloxycarbonylaminc acid obtained with the second

amino acid.. The need for a step of activation of the

carboxyl group of the first amino acid or for a coupling

agent is superfluous, as is any deprotection step. The

process according to the invention is consequently very

particularly appropriate for the preparation of dipeptides.

The symbolic representations of the amino acids

and of the peptides adopted in the description and the
examples follow the IUPAC nomenclature recommendations

generally adopted and which are described, for example,

in

“Nomenclature and Symbolism for Amino Acids and

Peptides, Recommendations 1983, Eur. J. Biochem. (1984),

amino acids described are (L)-amino acids.

The examples which follow illustrate the

invention.

The various synthesis intermediates and products

reported in the examples were characterized by various

analytical methods, used under the following conditions:

optical rotation (a«): measured at 589 nm at 25°C
thin layer chromatography (TLC):

MERCK 60F-254 silica gel plates

eluents: Rf(1l) ethyl acetate/n-butanol/acetic
acid/water 1:1:1:1
Rf(2) acetonitrile/chloroform/acetic
acid/water 5:2:231

HPLC chromatography.
' ‘C-18 Vydac 5 pm column

138, p. 9-37. Except where otherwise stipulated, all the



NVR ([err]H) in DVMSO-d[err] 10.88 (1H, s) NH indole
s) NH Ala, 7.58 15 (1H, d) H4 indole, 7.32 (1H, d) H7
s) . H2 indole, 7.05 (1H, t) H6 indole, 6.97 (1H,

4105 (1H, broad q) Ha Ala, 3.73 (1H, dd) Ha Trp, 3. 1P
Trp, 2.88 (1H, dd) Herr]B Trp, 1.12 £181,-t) CH3 Al
Synthesis of (e-tert-butyl oxycarbonyl)lysyl -

I L

nplolGe1 AURL®I61

H

i

B. 20 (1H, broﬁd :

1A dd) Herr]

(e-tert-butyl oxycar bonyl )élatiren{ (Brdient (Booh 9§% A + 2% B to 25MAgH(4
mol ) of Nerr]-tert-butyl oxycarbojsd - oved\N £5 B! oy cardanyldysine

were dissolved in 16 m of ethanol. 1.13 g (4.6 pnol) of _
N err]-tert-butyl oxycarbonyl - 25 &%Qﬁ"&etﬂ%la&?d( 113'.‘8")1%%1’); of = 0-1%
triethylamne and 4 ml of watteri fiercrcitead d leeviel dn Heetoolitri @e ) was

heat ed under
tenperature and
acid. The et hanol

gent) e | 800 far: 5 h and then cooled to room
ffgw f%& t1(¥ﬁﬂ%{%ﬁn

neutralized of 1N hydrochl oric
was Terfferrplony dPor2dd gw 30  under vacuum  The

residue (+ 15 g) was nptBe£d mdyretic rdHddt@y gtwmr)f:or 3 h.- The
preci pitate formed was isgl.ated siﬂt% | ltrati,on and then washed with 7
n of cold water and ’S)"z‘gk‘?ﬁ Bx ﬁ'{ﬂ%d“aé’ttkﬂé’re After drying, 1.42 g of
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shift data in ppm
resonance responses: m = multiplet, s = singlet,
| d = doublet, t
q = quartet,

-triplet,

quint = quintet,

o = octet.
Example 1: Synthesis of t tophyl-alanine and trypto-
phyl-{D)-alanine :

2.922 ¢ (9 mmol) of N&-phenyloxycarbonyl-
tryptophan were dissolved in 20 ml of methanol. 3.204 g
(36 mmol) of (D,L)-alanine were dissolved in 20 ml of
water and converted to the triethyiamine salt by addition
of 3.643 g of the amine. The two solutions were mixed,
followed by heating under gentle reflux, until the
N%-phenyloxycarbonyltryptophan disappeared. The methanol
was stripped off by evaporation under reduced pressure
and the residue neutralized with 4.9 g (36 mmol) of KHSO,
in 30 ml of water. After extraction of the majority of
the phenol released during the reaction using ethyl
acetate, the aqueous phase was diluted to 250 ml and then
purified by preparative chromatography (DeltaPak C18
reverse phase). The pure fractions were combined and then
freeze~dried to give 1.12 g of tryptophyl-alanine
(Trp-Ala) and 0.66 g of tryptophyl-(D)-alanine
(Trp-(D}~-Ala), both optically pure. The products obtained
have the following physicochemical properties:

Trp-Ala

¢ = +17.9 (c =1, 1% acetic acid)
M.P. = 104°C '
TLC: Rf(1l) = 0.63

"HPLC Rt: 8.44 min



(Boc)Lys (Boc)Lys were obtained, corresponding to a yield.35 of 78%

sanpl e recrystallized in a nethanol/mater m xt ur EME
a = +19.2 (c = 1, ne%lﬁjﬂ\,@ N 3H

physi-cochem cal
180-189[err] C

NVR ([err]H) in CD30D 4.26 (1H dd) Herg]_Lys2, B. 36QﬂmU(i?99ﬁ[epr

Lysl, 3.04 (4H,
1.73 |
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properties: .
TLC. Ri(l) = 0.85 HPLE Rt: 20. 79 mi

quint) He's Lysl+2, 1.95to 1.80 (3d_m.Herrl . sil
NMR (*H) in DMSO-d, 5

10.92 (1H, s§) NH indole, 8.45 (lH, broad s) NH Ala,
7.63 (1H, d) H4 indole, 7.32 (1H, d) H7 indole, 7.20 (1H,
s) H2 indole, 7.05 (l1H, t) H6 indole, 6.97 (1lH, t) HS
indole, 4.16 (1H, broad q) He Ala, 3.76 (1H, dd) .Ha Trp,
3.19 (1H, .dd) HBA Trp, 2.90 (1H, dd) HPB Trp, 1.25
(1H, t) CH3 Ala

Trp-(D)-Ala

a = +79.1 (c = 1, 1% acetic acid)

M.P. = 107°C

TLC: Rf(l) = 0.59

HPLC Rt: 11.67 min

NMR ('H) in DMSO-d,

10.88 (1H, s) NH indole, 8.20 (1H, broad s) NH Ala, 7.58

(1H, d) H4 indole, 7.32 (1H, d) H7 indole, 7.16 (1lH, s)
H2 indole, 7.05 (1H, t) H6 indole, 6.97 (1lH, t) H5
indole, 4.05 (1H, broad gq) Ha Ala, 3.73 (1lH, dd) Ha
Trp,3.12 (1H, dd) HBA Trp, 2.88 (1lE, dd) HPB Trp, 1l.12
(1H, t) CH3 Ala ' '

Example 2: Sy:nthesis of (e-tert-butyloxycarbonyl)lysyl- -

(e-tert-butyloxycarbonyl)lysine ((Boc)Lys=(Boc)Lys)

. 1.46 g (4 mmol) of NE€-tert-butyloxycarbonyl-
N&-phenyloxycarbonyllysine were dissolved in 16 ml of
ethanol. 1.13 g (4.6 mmol) of N€-tert-butyloxycarbonyl-
lysine, 1.91 ml (13.8 mmol) of triethylamine and 4 ml of
water were added thereto. The solution was heated under
gentle reflux (¢ 80°C) for 5 h and then cooled to room
temperature and neutralized with 12.2ml of 1N
hydrochloric acid. The ethanol was removed by evaporation
under vacuum. The residue (¥ 15 g) was placed in a
refrigerator for 3 h. The precipitate formed was isolated
by filtration and then washed with 7 ml of cold water and
25 ml  of sulphuric ether. After drying, 1.42 g of

(Boc)Lys~—(Boc)Lys ‘were obtained, corresponding to a yield
of 75%. A sample recrystallized in a methanol/water
mixture had the following physicochemical properties:

@ = +19.2 (c = 1, methanol) '

M.P. = 180-189°C

TLC: Rf(1l) = 0.85



5 (1H, m Herr] Lys, 1.50 to 1.40 (26H, m Hy+[err]+t-BL§f§, "v‘ j
This .exanple illustrates the very particul ar advant age RO~ PI-OE
according to the invention for preparing honodi pepti deg, ch may
obtained with a virtually stoichionetric nolar ratio betwee@ 1tAHG 19%
conpound 10 containing a free am no groupgand the . 4
N err]-aryl oxycar bonyl - am no aci d. Exanpl e 3: Synt hesi s of
s-(trityl)cystei mpidert: 20.(79( Wih) Cys-NH err])

nmol ) of Ner rﬁlﬁpdeﬁxl g_ﬁyearoqi)nyl 15 S-tritylcystei ne were di ssol ved

in 200 M of tetra turan. 135 ml of aqueous ammonia at a
concentration of 4 %6 OHde (dd). BE hy#d, wer86 afidBd theHet dysihi $-9d utdfon

was heated f 1x5t)h #e - SOl 142G Wil g rir.igng. ( 34, &) d Ngs e 73

[rﬁgcgl:]agoms)(t%ase )néixde ?'dlqsggo&é’dl %8m?5‘h’¥|'t’ﬂg g?’ﬁgﬁFcB{gEgL %Qﬁ;d

3tines with 200 ml of arThis eaqmpdeas Sbluntmtemntalenlngr‘j%pﬁrﬁmmﬁt
8 a0 45168, W Tl dectitings Bld Livkiion o
addition of 13.6 @F%ﬂaF&EEI8???d%9%ﬂﬁﬂ4ﬂﬁi| ich may be °btal“ed with a
virtually stoichiometric molar ratio between the compound
10 containing a free amino group and the N%-~aryloxycarbonyl-
amino acid.
Example 3: Synthesis of s-(trityl)cysteinamide
(-(Trt)Cvys—-NH,} : )
' 48.5 g (100 mmol) . of N%-phenyloxycarbonyl-
15 S-tritylcysteine were dissolved in 200 ml of tetrahydro-
furan. 135 ml of aqueous ammonia at a concentration of
25% (% 1.75 mol) were added thereto. This solution was
heated for 5 h at 50°C with stirring. After cooling, the
reaction mixture was diluted with 400 ml of methyl tert-
? 20 butyl ether. The aqueous phase obtained was discarded and
the organic phase washed 3 times with 200 ml of an
aqueous solution contaihing 5¢ of NaCl. It  was
subsequently treated with 50 ml of water and S-(trityl)-
cysteinamide was then precipitated in the form of a
25  hemisulphate by addition of 13.6 g of KHSO, dissolved in
70 ml of water. It was isolated by filtration and washed
with 150 ml of cold water and then dried. 29 g of product
were obtained (yield: 71%). The product has the following
physicochemical properties:
30 @« = +18 (c = 1, methanol)
TLC: Rf(2) = 0.80
HPLC Rt: 25.3 min
NMR (‘H) in CD,0D (+ one drop of trifluoroacetic acid)
7.42 (6H, d), 7.32 (6H, t),.7.26 (3H, d) o- m-
35 p-trityl,3.53 (1H, t) Be 2.67 (2H, o) Hf’s.
This example demonstrates that the process
according to the invention may be used successfully to

prepare the amide of an amino acid bearing, at the end of
the side chain, a very labile protecting group.




70 m of “wat er..

It was |solar«=d_byf||trat|on and washed - 19 gwA) .
of cold water ‘and then dried. 29 g of product wer e obt R%AQEKEMT SHEET

IR || ] T ¢

NVR ([err]H in*CDfert]a (% ohe drop of trifluoroacetic acijd) %139628%

(6H, d), 7.32
t) Herr] 2.67 (
that the process
to . prepare

(6H, t), 726 (3H, d) o- m 35 p-trift S5 —fdiinm
2H, 0) H[err] : CLAIMSThi s exarrple enonstrat es

EQ%{!EQQ €2 g, d Brab: t'z%'h%‘?ay&e agﬂ(i%%esééi&' Y

tlhe am de an amno acitd Bear| ng

side chain, a veﬁ-yllﬁablflréeplo(ftéétN‘f‘g‘agTYd@Eﬂycarbonyl ‘JIOUP: aCCOrdlng to

which a compound containing a free amino dgroup is

reacted, in basic medium, with a derivative of the amino

acid containing an N%~aryloxycarbonyl group.

2. Process according to Claim 1, characterized in

that the N%-aryloxycarbonyl derivative of the amino acid

"used includes a group containing 7 to 15 carbon atoms as
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aryloxycarbonyl group. )

3. Process according to Claim 2, characterized in
that the aryloxycarbonyl group is a phenyloxycarbonyl or
naphthyloxycarbonyl group, optionally substituted with at 
least one group chosen from alkyl groups containing 1 to
4 carbon atoms and nitro, halo and haloalkyl groups.

4. Process according to Claim 3, characterized in
that the aryloxycarbonyl group is a phenyloxycarbonyl,
tolyloxycarbonyl, p-ni#rbphenyloxycarbonyl, 2,4-dinitro-
phenyloxycarbonyl, p-chlorophenyloxycarbonyl or p-tri-
chloromethylphenyloxycarbonyl group.

5. Process according to Claim 4, characterized in
that the aryloxycarbonyl group is the phenyloxycarbonyl
group.

6. Process according to any one of Claims 1 to 5,
characterized in that the compound containing a free
amino group is chosen from ammonia, primary or secondary
amines, amino acids and peptides. .

7. Process according to Claim 6, characterized in
that the compound containing a free amino group is an
amino acid.

8. Process according to any one of Claims 1 to 7,
characterized in that it is carried out in an aqueous
liquid medium containing a water-miscible ' organic
solvent. ' '

9. Process according to any one of Claims 1 to 8,

characterized in that the N%-aryloxycarbonylamino acld is
used at a concentratlon of 0.05 to 5 mol/1l.

10. Process according to any one of Claims 1 to 9,
characterized in that the molar ratio between the

This Sheet Has Been RT
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1. Process for the preparation of an [err]-am no acid EH - '!J'
an N- roup, according to which a conpo of forrrul a
R[err]R[eJﬂlMﬂ”"mﬁrmuferr] and Rl err] independent!|y represebtl H}é@r‘ﬁ@é
5 atoms or “al Rylt c'yclsoal kyl, or aral kyl radicals or in whic .
together forman alicyclic radi cal, whereimzhe al kyl, cycl
aral kyl or alicyclic radicals may be unsubstituted or substi t
at | east one funciompralngr OLq:Joxcmuraiug' N at freast amanooxygreenp  andi t tdgen,
orsuffur, is rea ::Sﬁ:% an. [ r { dedO1.
cont ai ni ng an N[gir] lalryl xycar ?\S%J%D%ff? ofirru]}%ﬁlg- %%%?1 in whi ch
Ris an aryl group, linked to the nltrogen atom of an a- am no acid,
and an am no acid am de free of said N F\rr]- ___a.r_y| oxycar bony| group is
i sol at ed. 2. Process accor d| ng. f’l m 1, characterized in

- BeenRepace

L




15 thé} the Nlerr]-aryl oxycarbonyl derivative of the anino {REPLACEMENG SHERT

I ncl udes a group containing 7 to 15 carbon atons as aryl px

group. ; 3. Process according to Claim?2, characterize n 0ﬂé}?tw%he
aryl oxycarbonyl group is a phenyl oxycar bonill or 20 napht hyl §x czgﬂ

group, optionally substituted with at 2ast one group cho

groups cont aining 1 to 4 carbon atons and nitro, halo afd hal oal Kyl
gr.oups. 4, Process according to Caim 3, characterized=m

that the aryl oxycarbonyl Wmmmm&;ﬂit ol yl oxycar bonyl ,

p-ni t rophenyl oxy@dPhangming acidnamide whighenay de cssdrbrigd peptide synthesis
p- chlorophenyloxycarbonyl or p-tri- chl or omet hyl phenyl oxycar bonyl group.
5.; Process according to C aim4, Absaraeiteri zed in .that the

aryl oxycar bonyl gr OUpAnI ;s!_t he Bhenytlioaﬁggr bfgyérepagec?%y reaction of

an N%¥-aryloxycarbonylamino acid with a compound
containing a free amino group. This process makes it
posgible readily to prepare peptides, by direct reaction
between the carboxyl group of the N%¥-aryloxycarbonyl
derivative of an amino acid and the free amino group of
a second amino acid or of a peptide fragment, without
requiring protection of the carboxyl function of the
second amino acid or of the peptide fragment, nor a
coupling agent nor a deprotection step.

No figure.
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Afffedozd cof™

- 12 - 6. anyoneofCIaimsltoS
characteriZzed in that nd_containing a frm-: EEEWWSHEETS SG
chosen from anmoni a, [Iiljﬁ ﬂmﬂ l!!,a am rje dandto paged .=

. cl
peptides. 5 7. to Claimé6, f% r| zg ,Jdn'_{[.tg paged .....
that the conpound containing a free amno group is ~_to plged ..
Process according to any one of Clains 1 to 7, c i DIAVIDE® th phged..'--.
is carried out in an aqueous 10 |iquid nmedi dt contpithiAg %cvvat ?"m"s"él bl'e
organi c sol vent. 9. Process accordi ng f'o any one of C alg%l,&;qg
8, characterized in that the Nerr]- %ar boDATENORORE GEEPT """""""""
used at a concentration of 0.05 to 5 nol /1.

1.- Process for the preparation of an -amino acid amide free of-an N>
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aryloxycarbonyl group, according to which a compound of formula -
RyR:iNH; in which R; and R; independently represent hydrogen
atoms or.alkyl, cycloalkyl, or aralkyl radicals or in which R, and Rz
together form én alicyélic radical, whéréin the alkyl, cycloalkyl,
aralkyl or alicyclic radicals may be unsubstituted or substituted
with at Jeast one functional group containing at least ona oxygen,
nitrogen, or sulfur, is reacted, in basic medium, with an a—ammo acid
containing an N*-aryloxycarbonyl group of formula R-O-CO- in .
which R is an aryl group, linked fo the nitrogen atom of an c-
amino acid, and an amino acid amide free of said N*-
aryloxycarbonyl group is isolated.

2. Process according to Claim 1, characterized in
that the N%®-aryloxycarbonyl derivative of the amino acid
used includes a group containing 7 to 15 carbon atoms as
aryloxycarbonyl group.

3. Process according to Claim 2, characterized in
that the aryloxycarbonyi group is a phenyloxycarbonyl or
naphthyloxycarbonyl group, optionally substituted with at
least one group chosen from alkyl groups containing 1 to
4 carbon atoms and nitro, halo and haloalkyl groups.

4. Process according to Claim 3, characterized in
that the aryloxycarbonyl group is a phenyloxycarbonyl,
tolyloxycarbonyl, p-nitrophenyloxycarbonyl, 2,4-dinitro-
phenyloxycarbonyl, p-chlorophenyloxycarbonyl or p-tri-

' chloromethylphenyloxycarbonyl group.

5. Process according to Claim 4, characterized in
that the aryloxycarbonyl'group is the phenyloxycarbonyl
group.
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15 10. Process according to any one of Clains 1 to 9,

characterized in thfaH ) tio between the conpound
containing a free ani m ml"p'm mlt,Hm N err]-aryl oxycarbonyl ani no aci d
IS 1* L M s o«

at | east equal to c

- 12 -

- 6. Process according to any one of Claims 1 to 5,
characterized in that the compound containing a free
amino group is chosen from ammonia, primary or secondary
amines, amino acids and peptides.

5 7. Process accofding to Claim 6, characterized in
that the compound containing a free amino group is an
amino acid.

8. Process according to any one of Claims 1 to 7,
characterized in that it is carried out in an aqueous

10 1liquid medium containing a water-miscible organic
solvent. ) _

9. Process according to any one of Claims 1 to 8,
characterized in that the N®-aryloxycarbonylamino acid is
used at a concentration of 0.05 to 5 mol/l.

15 10. Process according to any one of Claims 1 to 9,
characterized in that the molar ratio between the
compound containing 'a free amino group and the
N%-aryloxycarbonylamino acid is at least equal to 1.

“uw-mmmi‘i
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