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SYNTHESIS OF ENDURACIDIDINE, A COMPONENT AMINO ACID
OF ANTIBIOTIC ENDURACIDIN 1

%
Shinichi TSUJI, Shoichi KUSUMOTO, and Tetsuo SHIBA
Faculty of Science, Osaka University, Toyonaka, Osaka 560

Enduracididine (1), a component amino acid of the antibiotic
enduracidin, was synthesized starting from L-histidine. Bamberger
cleavage of methyl L-histidinate followed by catalytic hydrogenation
afforded a mixture of (25,4R)- and (25,45)-2,4,5-triaminopentanoic
acid derivatives. Deprotection and guanidination of them yielded 1
of the natural configuration and its diastereoisomer, Z.e., the
enantiomer of natural alloenduracididine respectively.

Two guanidino amino acids, enduracididine (1) and alloenduracididine (2), are
both components of the peptide antibiotic enduracidin produced by Streptomyces
fungicidicus.z) Chemical and spectroscopic studies indicated that they are
diastereoisomers of 2-amino-3-(2-iminoimidazolidin-4-yl)-propionic acid differing
only at the C-2 configuration. X-Ray analysis of 2 monoperchlorate determined its
absolute configuration to be (2R,4R). Consequently, 1 was concluded to possess
(25,4R) configuration.s) Recently, 1 was also identified as a component of another

c1s s . . .. 4
antibiotic minosaminomycin. )
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In this investigation, we describe the syntheses of 1 with the natural configu-
ration and the enantiomer of 2 viag guanidination of the intermediate 2,4,5-triamino-
pentanoic acid (3). Methyl L-histidinate was treated with n-butyryl chloride and
Na,CO; in a mixture of water and CH,Cl, to afford 2,4,5-tributyrylamino-4-pentenoic
acid methyl ester (4) in 42 % yields): Found: C, 58.30; H, 8.49; N, 11.23 %, mp
113-114°C, AL (10g €): 206 (3.72), 210 (3.80), 251 (4.16)mm. The olefinic bond
in 4 was hydrogenated in the presence of platinum oxide in acetic acid giving
tributyrylaminopentanoic acid ester (5) in a quantitative yie1d6): Found: C, 58.04;
H, 9.00; N, 11.26 %, mp 108-114°C. Since the hydrogenation of this double bond can
not be expected to proceed stereospecifically, the product (5) of this reaction could
be a mixture of two diastereoisomers, Z.e., (25,4R) and (25,43). Deprotection of the
former would lead to the triamino acid with the desired stereochemistry for the
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synthesis of 1, while the latter could be converted into the enantiomer of natural
alloenduracididine.

The compound .5 was hydrolyzed by refluxing it in 2M HC1 for 4 hr. The hydroly-
sis product was isolated as picrate: mp 219-222°C (dec.), whose elemental analysis
(Found: C, 34.73; H, 2.95; N, 21.52 %) and IR spectrum (1730 cm~!) indicated the
y-lactam (8) dipicrate structure rather than the triamino acid (3) di- or tripicrate.
The lactam structure was also supported by the formation of lactam dibenzoate (9) on
benzoylation with benzoyl chloride and triethylamine: Found: C, 67.39; H, 5.66;

N, 12.15 %, mp 222-226°C.

For the guanidination, a form of triaminopentanoic acid with free amino groups

on C-4 and C-5 is required. Thus, either hydrolysis or methanolysis of 5, 8, tri-

butyrylaminopentanoic acid (6) and its p-nitrobenzyl ester (1)7) was examined under
various acidic conditions, e.g., refluxing in 2M or 6M HC1, in 2M HBr or in 10 % dry
HC1 in methanol. However, the isolated product was the lactam (8) dipicrate in all
cases.

Therefore, an alkaline hydrolysis of 8 was next investigated by refluxing it in
1M NaOH for 4 hr. Amino acid analysis of the resultant mixture indicated a formation
of two new compounds with very close elution times (in a ratio of about 1 : 1) in
place of 8 which disappeared completely. When this reaction mixture was allowed to
stand at room temperature, the pH of the solution fell down to 8.5 by absorbing
atmospheric CO, and a considerable amount of 8 was regenerated simultaneously. These
facts showed that the lactam ring was cleaved by alkali to give sodium salt of 3
which partly recyclized even at pH 8.5. The two new peaks found in amino acid
analysis might be assigned to the two diastereoisomers of 2.8)

Without isolation of 3 in order to prevent the recyclization, the product of the
alkaline hydrolysis was directly guanidinated. Thus, after ethanolic solution of 8
dihydrochloride had been heated under reflux with 4 equivalents of NaOH for 2 hr, 1
equivalent of S,S’-dimethyl—N—tosyliminodithiocarbonimidateg) was added and the
mixture was again refluxed for 2 hr. This reaction condition was chosen from the
results of preliminary experiments using various amounts of alkali, where the best
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10) of the highest optical rotatory power

yield of the tosylguanidino derivative (10)
was obtained with use of 4 equivalents of NaOH. With theoretical amount, <.e., 3
equivalents, the desired product 10 could not be obtained.

Since the compound 10 was rather unstable on standing, the reaction product
containing 10 was directly treated with anhydrous HF at room temperature for 5 hr
for detosylation.g) Amino acid analysis of the detosylated mixture indicated that
two main products with comparable yields were identical with 1l and 2, accompanying

1) The products 1 and 2 were

with one minor product of a smaller elution time.
separated by repeated column chromatography on Dowex 50 x 8 with 4M hydrochloric acid.
The sum of the yields of 1 and 2 was 44 % form 5.

Synthetic 1 was isolated as bis-4-hydroxyazobenzene-4’-sulfonate hemihydrate:
Found: C, 48.87; H, 4.46; N, 14.85; S, 8.82 %, mp 224-226°C (dec.), [a]%7 +15,6°
(c 0.5, CHs0H), natural salt: mp 226-228°C (dec.), [a]}” +23.9°. Synthetic oxalate,
mp 191-193°C (dec.), Ioc];1 +44.3° (c 0.23, H,0), natural salt: mp 197-199°C (dec.),
[0]5' +58.8°. The IR spectra of the both salts as well as the NMR spectrum of the
oxalate of synthetic 1 were identical with those of the natural specimen. However,
the mps and the Jalp values were somewhat lower than those of the corresponding
natural material presumably owing to the slight racemization at C-2 which occurred
inevitably during the alkaline hydrolysis of 8, though care had been taken to avoid
the use of excess alkali.

Synthetic 2 was also isolated as bis-4-hydroxyazobenzene-4’-sulfonate hydrate:
Found: C, 48.06; H, 4.50; N, 14.79; S, 8.60 %, mp 232-234°C (dec.), and oxalate: mp
194-196°C (dec.). This product was identified with the natural alloenduracididine by
means of amino acid analysis, paper chromatography and paper electrophoresis. Direct
spectroscopic comparison was not possible because neither of the pure salts of
natural 2 was available. ORD curve of the synthetic oxalate (500-280 nm) had the
opposite sign to that of the natural specimen described in the 1iterature,3) thus
indicating the enantiomeric relation between natural and synthetic 2, although the
[a]p values of the synthetic salts were too small for precise discussion on optical
purity.

From the fact that the guanidination of a mixture of (25,4R)- and (25,45)-2,4,5-
triaminopentanoic acid certainly afforded the enantiomer of natural alloenduracidi-
dine, whose absolute configuration (27,4R) had been already established by X-ray
analysis, as one of the products, the another product identified with natural endura-
cididine including optical property must have (25,4R) configuration. Conclusively,
the structure of enduracididine could be now determined to be (29,4R)-2-amino-3-(2-
iminoimidazolidin-4-yl)-propionic acid by the present synthetic study, in accordance
with the assumption by Horii et al.

The authors are deeply indebted to Takeda Chemical Industries Ltd., for their
kind supply of the sample of natural enduracididine and alloenduracididine.
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