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PEPTIDE SYNTHESIS BY USING PHENYLPHOSPHONIC ESTER AS A COUPLING REAGENT
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The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

Synthesis of peptides containing various functions was ef-
ficiently accomplished by treatment of the tetrabutylammonium
salts of N-protected amino acids (or peptides) with amino acid
esters in the presence of bis(o- or p-nitrophenyl) phenyl-
phosphonate. Synthesis of leucine-enkephalin was successfully
achieved by the above method employing a (3+2) or (4+1) fragment
coupling approach.

In a previous paper,l) it has been pointed out that bis(o- or p-nitrophenyl)
phenylphosphonate(l or 2) is a superior coupling reagent for the peptide synthesis
based on the results obtained by the Young test which is known as one of the most
severe racemization tests. Moreover, employment of N-protected amino acids as
their tetrabutylammonium saltsz) proved to be effective in view of high reactivity
and increased solubility, and the reaction was accomplished without use of tertiary
amines, which play a main role in causing racemization during coupling reaction.

The results prompted us to apply the method to synthesis of peptides including
various functional groups in the side chains. The reaction of tetrabutylammonium
salts of N-protected amino acids (or peptides) with amino acid esters in the
presence of bis(o- or p-nitrophenyl) phenylphosphonate was carried out according to
the following general procedure. A methanol solution of equimolar amounts of an
N-protected o-amino acid and tetrabutylammonium hydroxide was subjected to
evaporation and the residue was azeotroped with benzene and dried in vacuo. To a
stirred DMF (10 ml/mmol) solution of the ammonium salt thus obtained and an o-amino
acid ester (1.1 or 0.9 equiv.) was added bis(o- or p-nitrophenyl) phenylphosphonate
(1.1 equiv.) and the mixture was stirred under the reaction conditions shown in
Table. After removal of DMF in vacuo, the residue was dissolved in ethyl acetate,
and the organic solution was washed successively with 2N hydrochloric acid, water
(twice), saturated sodium hydrogen carbonate, water(twice), and saturated brine,
and then dried (MgSO4). After evaporation of ethyl acetate, the peptide was
purified by column or thin layer chromatography on silica gel.

The results are summarized in the table. No protection of functional groups
in the side chains such as aliphatic and phenolic hydroxyl groups, and imidazole
and indole rings was demonstrated in the present peptide synthesis. The amino
acids containing methyl- and benzylthio, nitroguanidino groups did not show any
trouble. Further, the carbamoyl group in the side chain of Z-L-asparagine was
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Table. Preparation of peptides

0 NO2
R' O It R O R' O
R Q-+ n L PhP(O@ ), Lo L0
X-NH-CH-C-0 NBu, + H,N-CH-C-Y ———————=-=——> X-NH-CH-C-NH-CH-C-Y
4 2 DMF
Peptide Phospho- Reaction Yield Mp(°C) [a]D(temp.,c,solv.) Ref.a)
nate conditions (%) [1lit.] [1it.]
Z-Phe-Ser-0MeP) 2 0°C,7h 73 122-3  -5.7(23,1.0,DMF)
then r.t.,6h [125] [-5.7] 3
Z-Tyr-Gly-OEt 2 0°C,14h 93 168-70 -23.6(25,5.0,DMF)
then r.t.,2h [170-1] [24.2]
Z-Ile-His-OMe 2 0°C,6.5h 79 183-4 -44.3(26,1.0,
then r.t.,13h MeOH-NHC1(1:1))
[181-3] [-44.7]
Boc-Trp-Gly-0EtS) 2 0°C,6h 96 111-2  -17.7(25,1.0,DMF)
then r.t., 14h [112-3] [-18] 6
Z-Asn-Gly-0Etd) 2 0°C,13h 86 185.5-6.5 - 5.4(25,1.1,DMF)
then r.t.,4h [185-7] [-5.6] 7
Z-Met-Gly-OEt 2 0°C,8h 94 94.5-5 -18.3(24,4.8,EtOH)
then r.t.,1.5h [98-9] [-17.9] 8
Bal 1 0°C,8h 86 85-7 -34.8(25,2.1,DMF)
Z-Cys-Leu-0Bz1l then r.t.,16.5h
NOZ 2 0°C,13h 90 110-1 -10.6(24,2.0,MeOH)
Z-Arg=Gly-OEt then r.t.,7h [119-20] [-15.4] 7
NO, 1 0°C,6h 82 133-4 -13.0(26,1.0,DMF)
Z-Gly-Arg=0Bz1 then r.t.,15h
NO, 2 0°C,16h 73
Z-Tyr-Arg=0Bz1l then r.t.,5h
2 0°C,14h 85 o0il not messured
Z-Gly-Pro-0Bzl - then r.t.,5h
e L -10°C,7h,0°C,12h 81 117.5-8 -12.7(23,2.0,EtOH)] 9
Z-Gly-Phe-Gly-OEt then r.t.,2h [118-9] [-12.4(23,2.0,EtOH)]

a) Literature values of melting points and specific optical rotations were cited
from the same literature indicated by reference number.

b) Other literature values; mp 122-123°C, [a] -6.4(cl,DMF): R. Appel and L. Willms,
Chem. Ber., 112, 1057 (1979). 20

c) Other literature values; mp 118-119°C, [a]25-12.8 (c 1.1,EtOH): Reference 7.

d) Other literature values; mp 188-190°C, [a]“”-6.0 (c 1.1,DMF): Reference 7.

e) The dotted line indicates the point of coupling.

kept intact during the reaction with ethyl glycinate. According to the present
method, the Anderson test gave good result as well as the Young test reported
previously.l) Thus, racemization-free N-benzyloxycarbonylglycyl-L-phenylalanyl-
glycine ethyl ester was prepared by the reaction of tetrabutylammonium salt of N-
benzyloxycarbonylglycyl-L-phenylalanine with glycine ethyl ester in the presence
of bis(o-nitrophenyl) phenylphosphonate(1).

In order to demonstrate the usefulness of employment of tetrabutylammonium
salt, we examined the reaction of glycylglycine ethyl ester(3) and N-benzyloxy-
carbonylglycylglycylglycylglycine(i) which is hardly soluble in ordinary organic
solvents even in DMF. Thus, the reaction of 3 with free 4 in the presence of
triethylamine and phosphonate 1l at 0°C for 5 h resulted in the formation of fully
protected hexaglycine 5 only in 25% yield. In contrast to the poor result,
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NO2
Ph-g( OD )2

—————  Z4Gly ¥ OEt
DMF, 0C, 5h

Z-Gly-Gly-Gly-Gly-ONBU, *+ H-Gly-Gly-OEt
82 %
(25 % , Z4Gly), OH+EtzN)

employment of the tetrabutylammonium salt of 4, which easily dissolved in DMF,
brought about the smooth reaction under the same reaction conditions to afford 5
in 82% yield. These results clearly indicate that employment of the tetraalkyl-

10) and nucleophilicity of the

ammoniumsalts increases both the solubility
carboxyl component in the peptide synthesis. Consequently, it is expected that
various peptides including large peptides would be smoothly prepared by the
present method even in the cases using carboxyl components sparingly soluble in
organic solvents.

The present method was efficiently applied to synthesis of leucine-enkephalin

(6) by means of a (4+1) or (3+2) fragment coupling approach as shown in the

Scheme. Synthesis of leucine-enkephalin

(i) (4 + 1) Fragment coupling

Tyr Gly Gly Phe Leu
Boc OH HCl:H——OMe
84
Boc 2, 8ak OMe

Boc —{—OH HCIH—2 22 OMe

Bzl
Boc a, 85% OMe

Bzl 90
Boc $: %% OH TsOHH——0BZ

Bzl a, 81%
Boc 0Bz

H d,e, 88% OH (6]
(ii) (3 + 2) Fragment coupling
Tyr Gly Gly Phe Leu
z OH H OEt Boc——O0OH TsOH-H— 08zl
a, 94%
z 2, 928 OEt Boc -0Bzl
£, 75% , 95%

z d OH HCIH-E o821
2 a, 94% 0821
H h, 88% OH [6]

a, n-Bu ﬁOH/MeOH then 1/Et3N/DMF; b, 2.5N HC1/AcOEt; c, 1N NaOH/
MéOH/Hz ; d, 5% Pd-C/AcOH; e, 2.5N ﬁCl/dioxane; f, 1IN NgOH/DMF;
g, 5N HC1/AcOEt; h, 5% Pd-C/90% aq. AcOH/0.2N HC1(1l equiv).
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following scheme. No requirement for protection of the phenolic hydroxyl group in
the tyrosine residue was demonstrated in the (3+2) fragment condensation

(Scheme ii). Both pentapeptides 6 so obtained were identical chromatographically
with an authentic leucine-enkephalin. The melting point and optical rotation found
for‘g}s) obtained by a (4+1) fragment coupling approach were in accord with those
for 916) obtained by a (3+2) fragment coupling approach. Furthermore, the

activity of each synthetic Leu-enkephalin(6) as an opioid agonist in mouse vas
deferens was identical with that of an authentic sample (Protein Research

Foundation, Osaka).
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