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Communications to the Editors

ENDURACIDIN,

A NEW ANTIBIOTIC.
V

STRUCTURES OF NEW BASIC AMINO
ACIDS, ENDURACIDIDINE AND
ALLOENDURACIDIDINE

Sir:
The acid hydrolysis of enduracidin15, an

 antibiotic isolated from Streptomyces fungi

cidicus No. 5477, yielded glycine, aspartic

 acid, alanine, serine, threonine, allothreo

nine*, ornithine, citrulline, <#-amino-4
hydroxyphenylacetic acid, <#-amino-3, 5
dichloro-4-hydroxyphenylacetic acid and two

 new basic amino acids, designated endura

cididine (I) and alloenduracididine (II).The hydrolysate was purified by ion

exchange chromatography on Dowex 50W x 8

 using a hydrochloric acid gradient. I was

 eluted before II in this system. Rechromato

graphy on Dowex 50Wx8 using pyridine-

acetic acid buffer gave pure I and II as

 crystalline salts and their elemental analyses
 indicated the same empirical formula C6H12
N4O2 for both I and II (Table 1).
I and II can be resolved on the paper

 chromatogram with w-propyl alcohol - am

monium hydroxide-water,7 : 1 : 2 (I,Rf0.27;
 II, Rf 0.34) and by means ofan amino acid

 autoanalyzer (I, retention volume 117 ml; II,

 retention volume 124 ml)**.The optical rotation of I mono oxalate

 was less positive in alkaline solution than in

 acid solution (Md +63.3° in H20+1m
 HC1***; +57.6°, H2O+1 M NaOH; +55.7°,,
 H2O+2 M NaOH; +56.4°, H2O+3 M NaOH).
II mono oxalate increased under similar con
dition d>]!)3+8.7o, H2O+1m HC1 ; +13.3°,
 H2O+lMNaOH; +16.0°, H2O+2mNaOH;
 +14.0°, H2O+3 m NaOH).
These data suggest an L-^-amino acid

 configuration for I and D-^-amino acid

 configuration for II (Clough-Lutz-Jirgensons
T a b le 1 . P ro p e rtie s o f e n d u ra c id id in e ( I ) a n d a llo e n d u r a c id id in e ( II) s a lts

F o r m u la M . P .(d ec o m p .) I E le m e n ta l a n a ly s isc a lc d . F o u n d

I M o n o -o x a la te C 6H 12N 4O 2 -C 2H 2O 4 2 0 1 - 2 0 3 - C , 3 6 .6 4 ; H , 5 .3 8 ;N , 2 1 .3 7 C , 3 6 .7 5 ; H , 5 .2 2 ;N , 2 1 .2 8

M o n o -o x a la t e C 6H 12N A -C 2H 2O 4 1 9 7 - 1 9 8 - C , 3 6 .6 4 ;N r 2 1 .3 7 H , 5 .3 8 ; C , 3 6 .3 6 ; H , 5 .3 0 ;N , 2 1 .1 4

I D i- fl a v ia n a t e C 6H iaN A -2 C lOH 6N aO 8S . H 2O 2 2 0 - 2 2 5 -
C , 3 8 .14 ; H , 3 .2 0 ;N , 1 3 .6 9 ; S , 7 .8 3 C , 3 8 .18 ; H , 3 .1 5 ;N , 1 3 .22 ; S , 7 .9 0

II D i- fla v ia n a te C 6H 12N 4O 2�"2 C lOH 6N 2O 8S .H 20 C , 3 8 .14 ; H , 3 .2 0 ;2 1 8 - 2 2 2 - N , 1 3 .6 9 ; S , 7 .8 3m o l. w t., 8 18 .7

I M o n o -h y d r o b r o m id e C 6H 12N 4O 2 'H B r 2 3 5 - 2 3 6 - C , 2 8 .4 7 ; H , 5 .18 ;N , 2 2 .14 ; B r , 3 1 .5 7 C , 28 .1 8 ; H , 5 .0 6 ;N , 2 1 .8 9 ; B r , 3 1 .12

II M on o -h y d ro b ro m id e C 6H 12N 4O a -H B r 2 4 9 - 2 5 2 - C , 2 8 .4 7 ; H , 5 .18 ; C , 2 8 .7 0 ; H , 5 .2 4 ;N , 2 2 .1 4 ; B r , 3 1 .5 7 N , 2 2 .1 6 ; B r , 3 1 .9

* Threonine and allothreonine were resolved by paper chromatography with the upper phase of
 a system composed of n-butyl alcohol-methyl ethyl ketone-ammonium hydroxide-water
 (5:3:1:1).
** Autoanalyzer determinations were performed with Beckman amino acid analyzer model 120B
 (pH 5.28 citrate buffer, 15 cm column, flow rate 30 ml/hr) and <^(2-iminohexahydro-4-pyrimidyl)
 glycine isolated from the hydrolysate of capreomycin5) showed retention volume 111.5 ml.
*** These represent the number of moles of hydrochloric acid or sodium hydroxide per mole of I
 or II in water.
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Tiile)2). Enzymatic evidence also agreed with
 this assignment (Table 2).
I and II gave almost equivalent color yield

 of the ninhydrin complex and had HW

 values between histidine and lysine at 570mju
 "by means of an amino acid autoanalyzer,
 but gave negative copper-ninhydrin test3).The Van Slyke analysis indicated one

 primary amino function (I, mono oxalate
 5.53 %\ II, mono oxalate 5.36 % after 7 min)

 and mono-N-acetyl I and II (acetic anhydride
 in water) gave negative ninhydrin test.
When the primary amino function of

 methyl ester of I and II was tritylated, the

 protons of the carbomethoxyl group were

 shifted up-field 70-73 cps in the NMR

 spectra at 100 Mc.4)
 Titration of the mono-acetic acid salt in

 aqueous solution gave pKa' values of ca.2.5, 4.7 (acetic acid), 8.3 (neut. equiv. 240
 ±10) and ca.12 in both I and II. The

 pKa' value 8.3 disappeared in mono-N

acetyl I and II. The pKa' value ca. 2.5
 disappeared and pKa' 8.3 was shifted to

 pKa' 6.4 in methyl esters of I and II. These

 à"data suggest the <#-amino acid structure for
 I and II.In addition with the high nitrogen con
tents and the strong basic function which

 corresponds to a pKa' ca. 12, the low ultra

violet maximum [I and II mono oxalate:
 i£S 255-260m^ (6 about 12)] and the IR

 spectra (I di-hydrochloride : ^S I960 and

 1594 cm"1, II di-hydrochloride : vSi 1680 and
 1580 cm"1) suggest the existence of guanidine

 ;group. Permanganate oxidation of I and II

 afforded guanidine, which was characterized

 as the picrate, m.p. 330°C (decomp.). The
 IR spectrum of this picrate agreed with

 authentic guanidine picrate and established

 the nature of three nitrogens.

Alkaline degradation of I and II by 0.3 N
 barium hydroxide solution gave the neutral

 amino acid CeHnNgO*}, indicating the pre

sence of a ureido function, with the
 formation of ammonia.
The negative Sakaguchi reaction of I and

HN NH

 II
 NH

C3H6, >C-COOH
 NH2
 (1)

Table 2. Enzymatic oxidation with D-amino
 acid oxidase1"

|Enduracididine| Alloenduracididine

Recovery of
amino acidá"

71.8% 0%

f A preparation from hog kidney purchased
 from Worthington Biochemical Corporation.
ft After 14 hours of incubation at 37QC.

Fig. 1. NMR spectrum of enduracididine
mono oxalate*

Fig. 2. NMR spectrum of alloenduracididine
mono oxalate*

* NMR spectra were obtained in deuterium oxide
with an external tetramethylsilane reference
on a Varian HA-100 spectrometer.
II indicate thdt the guanidine group is not a

 mono-substituted one. These results may be

 summarized in the expression (1).
The NMR spectra (Figs. 1 and 2) and the
 double resonance technique indicate that
 both I and II have the following partial

 structure (2).
/Hft

-C,
à"Hf

Ha,Hh

i I
,Cr-Cp-Ca-COOH71II
Hd Hc NH2
(2)
The Ha proton in I and II was shifted
 down field about 0.4 ppm in mono-N-acetyl
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derivatives and assigned to a methine group

 attached to both carboxy1 and amino group.
The difference between the NMR spectra

 of the Hb and He protons of I and II

 suggests a conflgurational difference at Co

atom in these two amino acids.These evidences suggest that the disub

stituted guanidine group must be linked to

 jpatDtial structure (2) at Cr and Co atoms.
This assignment was further supported by
 their mass spectra. I and II were subjected

 to silylation with N,O-foXtrimethyl silyl)

 acetamide and the resulting tetra-(trimethyl

 silyl) derivatives of I and II exhibited peaks

 at m/e 460(Mf) and m/e 445(M+-CH3). Two
 intense peaks* are also present at m/e 242

 and m/e 228 which could be attributed to
 fragmentation which are illustrated in

 structure (3).(CHa^Si-ISI CH2 £42
A.

<CH

CHa^Si-N CH2 £42

(3)

KIH
StfCH a),

More conclusively, the high-resolution

 mass spectra of tetra-(trimethyl silyl) I and
 II showed a fragment of mass 228 at m/e

 .228.1357 (from tetra-TMS-I)" and m/e
 228.1361 (from tetra-TMS-II) (Calcd. for
 à¬9H22N3Si2 : 228.1352).The absolute stereochemistry R at Cr

 position of II mono-perchlorate, C6H12N4O2
HC1O4, has been determined by X-ray

 -crystallography and will be reported in detail
 in a later paper by K. Kamiya et at.The ORD curves [I mono-oxalate ORD
 <c=0.335, In HCI) [^^xlO-2 ^^) : +14.9°
 (280), +ll.2° (300), +6.3° (350), +4.2° (400),
 4-3.1° (450), +2.4° (500); II mono-oxalate
 ORD (c=0.342, I n HC1) [^]24xl0"1 (mju):
 +13.0° (280), +10.7° (300), +6.9° (350), +4.6°
 <400), +3.5° (450), +2.7° (500)] and the

 à"different retention volumes of I and II in

 an amino acid autoanalyzer show that the

 absolute stereochemistry at Cr of I is also

 å defined as R.
The structures are thus ^(S)-amino-/?-4
 (R)-(2-iminoimidazolidinyl)-propionic acid

for I and #(R)-amino-/?-4(R)-(2-iminoimida

zolidinyl)-propionic acid for II.
HI

Hi\P -GH2 NH2

H H
(II)
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* There are no stronger peaks than m/e 228 and m/e 242 in all peaks from mass 150 to the
 molecular ion.


