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Ahstraet-A crystalline antibiotic has been isolated from an unknown species of Streptomyces 
and its structureestablished as N-(O-methyl-aci-nitroacetyl)-3-amino acrylamide (1). The relationship 
between this antibiotic and enteromycinl is discussed. 

DURING the course of an investigation of the antibiotic activity produced by an un- 
known species of Strepfomyces, a new crystalline antibiotic was isolated and identified 
as N-(O-methyl-a&nitroacetyl)-3-amino acrylamide (I), the amide of the known 
antibiotic enteromycin. *l 

Special problems were encountered in isolating and characterizing the antibiotic 
due to its very poor solubility in most common solvents and its marked instability 
towards heating. It was found, indeed, to be soluble only in glacial acetic atid, 
dimethylsulfoxide, dimethylformamide or, to a much smaller extent, in methanol. 
Enteromycin carboxamide* could be crystallized from these solvents in small white 
rosettes, m.p. 155” (dec). The antibiotic proved to be extremely unstable and only some 
10% of the material being crystallized could be recovered as crystalline antibiotic even 
when a nitrogen atmosphere was used. A similar loss was encountered upon recrystal- 
lization. NMR examination of the crude material, before crystallization, established 
the presence of enteromycin carboxamide (I) and thus diminished the likelihood that 
I was formed by some thermal process from an uncharacterized precursor. The residue 
generally proved to be intractable gums. 

Although the NMR spectrum of these gums was very poor, containing a series 
of very broad maxima indicative of generalized decomposition, the IR and UV spectra 
were very similar to those of the material obtained after heating the antibiotic in the 
dry state at 110”. This product (III) will be described later. 

The crystalline antibiotic has an empirical formula of C,H9Ns04 established on 
the basis of several analyses. Its low solubility, however, and lack of volatility 
prevented the determination of its mol. wt. by conventional means or by mass spectros- 
copy, and its poor crystal form eliminated use of the X-ray technique. Basic hydrol- 
ysis of the antibiotic liberates ammonia, identified as ammonium chloride by paper 
chromatography. The amide function thus suggested is also indicated by a band in 

* The name enteromycin amide has been used in the Lit. to describe a degradation product of 
enteromycin. The substance so named is an amidine resulting from the addition of ammonia to the 
aci-nitro ether function. For ease of reference and to avoid confusion with this substance, we have 
chosen to name our compound enteromycin carboxamide. 

l K. Mizuno, Bull. Chem. Sot. Jqmn 34, 1633 (1961). 
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the IR spectrum at 1674 cm-l while other bands, at 1110 and 985 cm-i suggest an ether 
and a trans double bond respectively. The UV spectra in neutral and acidic media 
are essentially identical (A max 230, 270 (sh) and 300 mr) but in alkaline solution 
particularly distinctive changes occur suggesting decomposition to an ultimately 
stable tautomeric fragment. Maxima are initially observed at 272 and 341 mp, 
shifting finally to a single peak at 268 m,u (after 1 hr), which disappears upon acidifi- 
cation (leaving a solution transparent throughout the UV region) and is regenerated 
by basification. The antibacterial activity was also found to disappear rapidly in 
alkaline solutions. 

At this point a striking similarity was noted between these spectra and those of 
the known antibiotic enteromycin, the structure of which was established by Mizunol 
to be N-(0-methyl-a&nitroacetyl)-3-amino acrylic acid (II). Unlike enteromycin, 

iL /OR 

HyC+=C\, 

CH30ANb-H 

I, R=NH, m 
II, R=OH 

however, our antibiotic was not titratable as an acid and since its molecular formula 
indicated an additional NH, and a lack of one oxygen atom it seemed likely that we 
had isolated the carboxamide of enteromycin. A key reaction performed by Mizuno 
in establishing the enteromycin structure was the isolation of glycyl+alanine after 
hydrogenation. It was expected, therefore, that hydrogenation of I under the same 
conditions would produce glycyl-/I-alanyl amide. This was found to be the case. The 
complex mixture produced was examined by paper chromatography using several 
solvent systems and compared with an authentic sample of glycyl-#Salany amide. 
The mobilities and ninhydrin color clearly established the major product to be iden- 
tical to the model compound. Further confirmation of this result was obtained by 
hydroiysis of the hydrogenation mixture to give glycine and #?-alanine, identified by 
paper chromatographic comparison with authentic samples. These results established 
the sequence of all the nitrogens and all but one of the carbons in the molecule. The 
remaining carbon atom, from the spectra of I and by analogy to enteromycin, was 
thought to occur as an a&nitro-N-(0-methyl)group, an inference consistent with 
the production of formaldehyde concomitant with loss of the ether peak in the NMR 
and IR spectra on heating the compound. This reaction, the suggested mechanism of 
which is shown below,l is typical of the aci-nitro ether grouping. 

II 
II CHR 

Although enteromycin carboxamide is poorly soluble in most suitable solvents, 
it was possible to measure NMR spectra in dimethyl sulfoxide and trifluoroacetic acid 
if care was taken to prevent decomposition upon preparing the solutions. Although 
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rearrangement occurred during the heat treatment which involved the methyl ether 
function in such a way as to produce a grouping which was readily removed by hydro- 
genation in acidic media and was also capable of liberating formaldehyde upon mild 
acid hydrolysis. The simplest explanation for the observed results would be the 
formation of a methyl01 function by reaction of the liberated formaldehyde with the 
primary amide function as is illustrated by formula III. Such adducts between form- 
aldehyde and amines and amides of all kinds are well known and have been isolated 
from many different systems .s Ample precedent exists for such a reaction although the 
conditions of formation in this case are rather special. The fact that enteromycin itself 
does not react in the same way would follow as a natural consequence of its being a 
carboxylic acid and not a carboxamide. The expected poor basicity of the secondary 
amide grouping in enteromycin carboxamide (actually a vinylogous imide function) 
diminishes the probability of reaction at that site. Unfortunately the heat degradation 
product is unstable in all the solvents which have been examined to date and this has 
so far eliminated the possibility of a diagnostic NMR spectrum. 

EXPERIMENTAL 

Isohtion of enteromycin carboxamick. The fermentation broth (30 1.) was filtered to remove 
suspended solids and the beer filtrate slurried with 5.5 ‘A (w/v) magnesol for 30 min. The mixture was 
filtered, the fltrate discarded and the magnesol cake slurried with 85 % aqueous acetone (30 min, 6 I.). 
Filtration of this mixture followed by concentration of the filtrate to an aqueous phase precipitated 
an amorphous brown solid (2.0 g). This material was dissolved in hot glacial acetic acid and from 
this solution, on cooling, the antibiotic crystallized as small white rosettes, m.p. 155” (dec) Ji”.oIH 
230,270 (sh), 300 mCa (E,,, “% 650,740,820). No change was observed in the UV spectrum on acidi- 
fication; however, with base a marked shift was noted; AEaiE 272, 341 rnp (E$, 680, 860) and 
after 1 hr, izgH 268 q (El,, loA 1080). (Found: C, 38.6; H, 5.0; N, 21.7; 0, 35.2; OMe, 7.0. 
CIH,N,O, requires: C, 38.5; H, 4.8; N, 22.4; 0,34*2; OMe, 8.0%). 

Dep&titm of enteromycin carboxamih 

(a) By base: A sample of enteromycin carboxamide (1.0 g) was dissolved in O-1 N NaOH (20 ml) 
and the flask connected ok a glass tube to one containing 10 ml I.0 N HCI. This apparatus was 
allowed to stand at room temp for 18 hr. The acid solution was taken to dryness, redissolved in 1 ml 
water and paper chromatographed on Whatman No. 1 paper using a butanol-acetic acid-water 
(4: 1: 5) system. The chromatograms were first sprayed with a 1% solution of 1,2-napthaquinone-4- 
sulphonic acid sodium salt, dried, and then sprayed with sat NaHCOt aq (Folin’s reagent).’ The 
hydrochlorides of methyl and dimethylamine and NH&l were also examined. From the culour and 
R, of the spot given by the reaction mixture basic degradation of enteromycin carboxamide produced 
ammonia. 

(b) By acid. A sample of crystalline enteromycin carboxamide (50 mg) was dissolved in dimethyl- 
sulfoxide (O-5 ml) and the solution diluted with water (5 ml). After addition of some cont. HISOl 
(3 drops) the solution was placed in a Conway dish containing excess 2,4-dinitrophenylhydrazine 
reagent and the dish maintained at 35” in an incubator for 5 days. Examination of the reagent 
solution by thin layer chromatography on silica gel plates using Prelog’s system (CCl,+ther (4: l)p 
and comparing with various known samples established that acetaldehyde had been released from 
enteromycin carboxamide. 

(c) By heat. A sample of crystalline enteromycin carboxamide (100 mg) was heated in the absence 
of solvent at 110” in a stream of N, for 6 hr. The N, flow was arranged to carry the volatile degrada- 
tion products into 2,4-dinitrophenylhydrazine reagent which was subsequently examined by thin 
layer chromatography using Prelog’s system. The presence of formaldehyde 2,4-dinitrophenyl- 
hydrazone was indicated, The solid residue remaining melted at 158” (dec) and showed no evidence 

8 J. F. Walker, Formuldelfie p, 206. Reinhold, New York (1944). 
l K. Blau, Biocclem. J. 80, 193 (1961). 
s V. Prelog, A. M. Gold, G. Talbot and A. Zamojski, Helu. Mm. Acta 45,4 (1962). 
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of an ether peak in the IR; A;:: 222, 280 rnp. (Found: C, 38.8, H, 4.5; N, 23.0; OMe, 0.5. 
CIHDNIOI requires C, 38.5 ; H, 4.8; N, 2214%). 

Hydrolysis of this material under exactly the same conditions as those described for the acid 
degradation of enteromycin carboxamide yielded formaldehyde and acetaldehyde, identified as their 
2,4-dinitrophenylhydrazones by thin layer chromatography on silica gel. 

Hydrogerration of enteromycin carhxamide. A crystalline sample of enteromycin carboxamide 
(400 mg) was dissolved in hot glacial acetic acid and PtO, (100 mg) was added. The mixture was 
stirred in an atm. of H, for 18 hr. The total apparent uptake was 100 ml. The catalyst was removed 
by centrifugation and the solvent by distillation under vacuum. The residue, a brown gum, was 
dissolved in methanol and the solution allowed to stand at room temp for 48 hr. A small quantity 
of microcrystalline material was precipitated (Fraction A), but the mother liquor on concentration 
yielded only gum (Fraction B). The solid and gums were separately dissolved in some methanol to 
which a drop of HCI was added. These solutions were then examined by paper chromatography 
using ninhydrin for detection and compared with an authentic sample of glycyl p-alanyl amide 
hydrochloride4 using several systems (Table 2). Mixed samples were inseparable. The crude hydro- 
genate (Fraction B) was dissolved in 25 ml 6 N HCl and the solution placed in a sealed tube and 
heated at 120” for 12-14 hr. The final solution was examined by paper chromatography using 
the butanol-acetic acid-water (4: 1:5) system and compared with gfycine, @alanine and Dt-alanine 
(Table 3). Ninhydrin was used for detection. The R, and coIor indicated that glycine and 
/I-alanine were present. 

TABLE 2. PAPER CHROMATOGRAPHY OF E~ROMYCIN CARBOXAMIDE HYDROGENA'ZION 

PRODUCTS AND GLYcYL-B-ALANYL AMIDE HYDROCHLORIDE 

System Crude hydrogenate 
Fraction B 

Solid hydrogenate Glycyl-j%alanyl amide 
Fraction A Hydrochloride 

BuOH-H,O-HOAc 0.21 (Br) 0.32 (B) 0.42 (B) 0.20 (Br) 
(4:5: 1) 

BuOH-Pyridine-H,O 0.07 (Br) 0.12 (P) 0.19 (P) 0.07 (Br) 
(10:1:5) 

BuOH saturated with 3 % 0.05 (P) 0.10 (P) O-19 (Br) 0.20 (Br) 
NH,OH solution 

BuOH saturated with 1% - O-4 (Br) 
p-toluenesulphonic acid 
solution 

5 % Na,PO, solution - 0.86 (Br) 

Colour code: Br = Brown B = Blue P r- Purple 

0.23 (Br) 

0.07 (Br) 

0.19 (Br) 

0.4 (Br) 

0*86 (Br) 

TABLE 3. PAPER CHROMATOGRAPHY OF HYDROLYSATE OF ENTER• MYCIN 

CARBDXAMIDE HYDROGENATION PRODUCX, p-ALANINE, DL-ALANINE AND GLYCZINE 

Compound Rf Color 

@-Alanine o-30 Blue 
DL-AIRnine O-28 
Glycine o-19 clown 
Hydrolysate of enteromycin carboxamide o-14 

Hydrogenation product 

I 

Yellow 
o-19 Red-brown 
0.30 Blue 
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