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THE CHEMICAL SYNTHESIS
OF PEPSTATIN A

Sir:

Pepstatin A is a pepsin inhibitor isolated
from cultured broths of Streptomyces testa-
ceus Hamada et Okami and Streptomyces
argenteolus var. toyonakensis1^. It is the
N-zso valeryl derivative of a pentapeptide
composed of one mole of L-alanine, two

moles of L-valine and two moles of 4-amino-
3-hydroxy-6-methylheptanoic acid (abbre-

viated as AHMHA)which is a new natur-
ally-occurring amino acid. The amino acid
sequence was determined by mass spectro-
metry as follows35. In this communication,
wereport the chemical synthesis of pepstatin
A.

dehydrated in the process of saponification.
So we chose to use AHMHAwith the free
amino, with the carboxyl blocked by the
/>-nitrobenzyl ester, which was more stable
than the benzyl ester when the carboben-

zoxyl group was removed by treatment with
hydrogen bromide in acetic acid4).

The scheme of chemical synthesis of

pepstatin A is shown in Fig. 1.
The ^-nitrobenzyl ester of AHMHAwas

prepared by azeotropic distillation procedure.
A mixture of 1eq. of AHMHA, 1.4eq.
of ^-nitrobenzylalcohol and 1.5 eq. of p-
toluene sulfonic acid in carbon tetrachloride
was refluxed for two days with Dean-Stark
adaptor. After removal of the solvent, the
formed ester was crystallized from methanol
and ether (76 % yield).

Carbobenzoxyvaline and AHMHA p-

In determining synthetic strategy, the
following was considered. The protection
of the amino of AHMHA with carboben-

zoxyl group was undesirable because of easy
formation of the 2-oxazolidone derivative
by participation of neighbouring hydroxyl
group. The carboxylic acid-blocking group

for AHMHAshould be removed by catalytic
hydrogenolysis because AHMHAmight be

Fig. 1. The scheme of the synthesis of

pepstatin A

Abbreviations : IVA, fso-valeric acid; Val,
L-valine ; AHMHA, 4-amino-3-hydroxy-6-
methylheptanoic acid ; Ala, L-alanine ; Z,
carbobenzoxy; Bz(NO2) , _£-nitrobenzyl; DCC,
dicyclohexylcarbodiimide ; HOSu, N-hydroxy
succinimide.

nitrobenzyl ester were coupled by the DCC
method. Carbobenzoxyvaline in dichloro-

methane was cooled to 0°C and an equivalent
of dicyclohexylcarbodiimide was added.

Thirty minutes after addition, ^-nitrobenzyl
AHMHA ^-toluene sulfonate and triethyl-
amine were added. The reaction mixture
was stirred for 15 hours at 0°C. After
removal of dicyclohexylurea by filtration,
the nitrate was evaporated under reduced
pressure. The product was purified by
silica gel column chromatography using
benzene-ethyl acetate (2: 1) (63% yield).

Carbobenzoxyalanyl-AHMHA ^-nitrobenzylester was prepared by the same method
(60 % yield).
Jso-valeryl-valine was prepared with iso-

valeryl chloride and valine by Schotten-
Baumann reaction.

Hydrogen bromide in acetic acid was used
to remove the carbobenzoxyl group. The
/>-nitrobenzyl ester of carbobenzoxyvalyl-

AHMHAwas dissolved in acetic acid con-
taining 25% HBr at 0°C and 40 minutes
later dry ether was added to precipitate
valyl-AHMHA ^-nitrobenzyl ester hydro-
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bromide. It was washed with ether (90%

yield). Alanyl-AHMHA ^-nitrobenzyl ester
hydrobromide was prepared the same way
(95 % yield).

Valyl-AHMHA ^>-nitrobenzyl ester hy-
drobromide was dissolved in dimethylfor-
mamide, and 1.0 eq. of triethylamine, 1.2
eq. of zso-valeryl-valine, 2.0 eq. of N-hy-
droxy succinimide and 1.1 eq. of dicyclo-
hexylcarbodiimide were added at -16°C.

The reaction mixture was stirred for 2 days
at 0°C and 1 day at room temperature. After
removal of dicyclohexylurea by filtration,
the filtrate was dried. The residue was

washed with a small amount of methanol
giving colorless zso-valeryl-valyl-valyl-

AHMHÂ-nitrobenzyl ester (47 % yield).
The ^>-nitrobenzyl ester was readily removed
by catalytic hydrogenolysis with 10 % palla-
dium-on-charcoal in dimethylformamide so-
lution containing a small amount of acetic

acid. After removal of catalyst by filtration,
the solution was dried up, and the formed
^>-toluidine was removedby washing of ether.

The final coupling was done between iso-
valeryl-valyl-valyl-AHMHA and alanyl-

AHMHÂ-nitrobenzyl ester hydrobromide
under the same procedure just described
above. The product was purified by silica

gel column chromatography with chloroform,
methanol and acetic acid (95.5: 3 : 1.5) (70 %
yield). After removal of />-nitrobenzyl ester
by hydrogenolysis, the synthesized pepstatin
was crystallized from methanol.

The elemental analysis agreed with the
calculated value. Found: C 59.ll, H 9.22,
N 10.16. Calcd. for C3,H63N5O9: C 59.53,

H 9.25, N 10.21. It decomposed at 226~
229°C (natural : 228-229°C3)). The optical

rotation of synthetic pepstatin A (c 0.1,
methanol) was t>]23665 -295°, |>]lj6 -220°,
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Mfse -177°, and [>]ff6 -100°, while that

of natural material was MiSs -298°, [aOlos
-222°, [>]f36 -183°, and |>]jg6 -102°. The

IR spectrum was the same as the natural
product and the inhibitory activity against
pepsin was also the same, indicating a high
degree of optical purity for the synthetic
material.
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