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Albonoursin has been obtained in the isolation and purification of the antifungal antibiotics of albofungin (produc-
ing agent Actinomyces albus var. fungatus) and nystatin (producing agent Actinomyces noursei) [1]. At the same time,
in a study of the antibiotic phalamysin a compound called "component 2" was found [2]. As a result of a comparison
that we have made between albonoursin and a sample of "component 2" kindly provided by R. Brown, it has been esta-
blished that these substances are identical,

In 1960 a compound B-73 was described, which was obtained in an investigation of the antibiotic E-73 (producing
agent Actinomyces albulus) [3]; this also proved to be identical with albenoursin,

A determination of the molecular weight and, consequently, the empirical formula of albonoursin is difficult be-
cause of its poor solubility in the majority of organic solvents. Thus, the molecular weight of albonoursin has been found
to be 377 and 393 (Rast method [1]); and its composition, from the results of elementary analysis, is expressed by the
formula CygHjp; NgOg. This formula does not contradict the molecular weight determined by isothermal distillation [8] in
chloroform. However, this method is not very reliable when the concentration of the chloroform solution is low (because
of the poor solubility of albonoursin). Brown and Kelley have found the equivalent weight of albonoursin (260) by poten-
tiometric titration in pyridine with tetrabutylammonium hydroxide, in accordance with which they proposed for albonour-
sin the empirical formula Cy5H1sNyOq [4]), and then CygHygNyO, [5]. For a definitive answer to the question of the com-
position of albonoursin, we have determined the molecular weight thermoelectrically (260.3) [6] and mass-spectrometri-
cally (M*, m/e 256), which, in combination with the results of elementary analysis, has undoubtedly shown the correct-
ness of the formula Cy5Hyg NaOs.

The UV spectrum of albonoursin in ethanol shows two absorption maxima A, .. 232-234 my, loge 3.95 and Apax
316-318 my, loge 4.4. Spectra of this type, as a rule, indicate the pressence of o, B-unsaturated carbonyl groupings in
the molecules (cf. [7]). V

However, substituted pyrazines also have spectra of a similar nature (cf., for example [8]).

In the interpretation of the IR spectrum of albonoursin (Fig. 1) it may be assumed that its molecule contains the
following structural elements: '

1) > C==0 group (1690 cm'l), which can be assigned to an o, B-unsaturated ketone (with a long chain of conjuga-
tion) or to a cyclic amide with a small number of members (absence of a second amide band);

2) Highly conjugated G==C bonds or the carbonyl of a secondary amide (1646 cm™);
3) A substituted benzene ring (inflexion ~1600 cm”™Y, bands with v 1500, 750, and 630 cm ™1y
4) NH or OH groups. The latter are less likely, since there is no absorption band in the 1050-1350 cm ! region,

The low solubility of albonoursin in water and in the majority of organic solvents hinders the performance of func-
tional analysis. In studying its chemical properties, it was found that albonoursin readily undergoes bromination with the
formation of a dibromide of composition CysHis NpOsBry, which we had previously given the formula CygHyeBraNgOg [91.
The consumption of bromine, determined iodometrically, the liberation of hydrogen bromide, and also a comparison of
the IR and UV spectra of albonoursin and its dibromide permit us to speak with confidence of the occurrence of a substi-
tution reaction,

Albonoursin is not oxidized by potassium permanganate and chromic anhydride in an acid medium, but readily
reacts with KMnQy in alkaline solution or in pyridine with the formarion of benzoic acid.

When albonoursin is heated with thionyl chloride, a product is obtained whose elementary analysis agrees well with
the formula C;H4C1,N505,. A study of the UV and IR spectra of this compound shows ﬂlat its structure is apparently of
the same type as that of the dibromide. Albonoursin does not undergo acylation or methylation and does not react with
phenylhydrazine. The reduction of albonoursin with LiAlH, in tetrahydrofuran gave a base containing, from the results of
the NMR spectrum, a monosubstituted benzene ring (5 = 7.8), an isopropyl group (6 = 1.2), two NH groups, and two CH,
groups attached to nitrogen (8 = 8.4 and 3.1).

In alkaline solution in the cold, albonoursin couples with diazotized sulfanilic acid, and on heating it decomposes
with the formation of benzaldehyde and isobutyraldehyde, which were identified in the form of the 2, 4-dinitrophenylhy-
drazones [9].
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Fig. 1 IR spectrum of albonoursin.

After the acid hydrolysis of albonoursin, substance A was isolated with a molecular weight found by isothermal dis-
tillation in acetone, of 161.4; in combination with the elementary analysis, this permits it to be assigned the formula
GoH3gOg. It is interesting to note that a mass-spectrometric determination of the molecular weight of substance A gave a
figure of 327, which shows the dimeric state of the substance even in the vapor phase.

The UV spectrum of compound A has one absorption maximum, the position of which varies somewhat according
to the nature of the solvent (Fig. 2). The IR spectrum of substance A (Fig. 3) shows the presence in it of hydroxyl groups
participating in intramolecular and intermolecular hydrogen bonds (absorption bands at 3050—3200 and 3480 cm™); a
>C=0 group forming part of the carboxyl group of a dimer (1700
cm™'); conjugated C=C bonds (1625 cm~1); and a benzene ring
(1500, 749, 693 cm™1).

On studying the chemical properties of substance A it was found
that it is a hydroxyacid (it reacts with NaHCOQ; liberating CO,, gives
a coloration with FeCly, and is acetylated by (CH3CQ,),0 in pyridine
with the formation of a mono-derivative Cy3H;q0O4 ). On bromination,
compound A is readily converted into a monobromide CgHBrO;, and
in alkaline solution it couples with diazotized sulfanilic acid.

L . . ) ) \ By comparing the experimental results obtained for substance A
20 M0 260 280 0 30 A,mu and the literature data for hydroxyacids with the composition CgHgOq

containing an aromatic nucleus we have come to the conclusion that

substance A is identical with phenylpyruvic (o-hydroxycinnamic)

Fig, 2 UV spectrum of substance A: 1)
in ethanol; 2) in chloroform.

acid.
Experimental Literature data
Characteristic results for sub- | for phenylpyruvic

stance A acid
Mp, °C 149-150 150 [10]
Mp of the monacetyl derivative, °C 160,5-161 168 [11]
Mp of the monobromo derivative, °C 98-99 102 [12]
Reaction with ferric chloride Green Green
Azo-coupling reaction Positive Not reported

The great similarity of substance A and phenylpyruvic acid is also found when their UV and IR spectra are compar-
ed (cf. [13, 147]).

We hLave carried out an independent synthesis of this acid by the azlactone method [15]. The results of a direct
comparison of compound A and a synthetic sample showed that these substances were identical.

In addition to phenylpyruvic acid, a mixture of 2, 4-dinitrophenylhydrazones of carbonyl-containing compounds
was isolated from the hydrolysis products. After separation by the method that we have described previously [9], the 2,
4-dinitrophenylhydrazones of benzaldehyde and acetone were isolated and identified by direct comparison with synthetic
samples. On the basis of the quantitative ratios of the products isolated, it may be assumed that in acid hydrolysis ben-
zaldehyde is the product of side reactions or secondary reactions.

A combination of the results obtained in the study of albonoursin (see chart) enables us to assume the presence of
the following structural elements in its molecule:

1) a CgHsCH=C— C grouping (formation of benzaldehyde on alkaline hydrolysis and of phenylpyruvic acid on acid
hydrolysis);
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2) a (CHg)pCH—C== or (CHy)yC==C grouping (formation of isobutyraldehyde on alkaline hydrolysis and of acetone
on acid hydrolysis); ' '

3) two amide groups CONH (production of more than 1 mole of ammonia on acid and alkaline hydrolysis and ab-

sence of reactions for a ketone carbonyl group although a carbonyl frequency is present in the IR spectrum, formation of
a diamine on reduction with LiAlHy

4) Two hydrogen atoms capable of being replaced by bromine atoms (by the action of SOCLy).
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Fig. 3 IR spectrum of substance A, Frequency, cm”

But, in spite of the definite nature of a large number of the groupings contained in the molecule of albonoursin, it
has not yet been possible to establish its full structural formula. All the reactions of albonoursin can be explained more
or less convincingly by taking the following formula as a basis

CO—NH—C=CHCH,

1
CH,
|
CO — N = C—CH(CHj),.

However, the absence of a CH, group connected to two other CH, groups from the NMR spectrum of the base ob-
tained by the reduction of albonoursin with LiAlHy is against formula (I). In addition, it does not explain some chemical
properties and spectral results,

Dichloride 500t Albonoursin Bry Dibromide
CyH,CLNGD, — CHgN,D, CiH, Br,N, 0,

Y Z Sy
C H,CH=C(OH)COOH o|  C,H.CHO
{CH,),C0 {CH,),CHCHO.
ZNH, 12 NH,
C,H,CHD (traces) CSHSCUUH
Experimnental
Bromination of albonoursin. A. A mixture of 208 mg (0.82 mmole) of albonoursin, 75 ml of chloroform, and 21 ml
of a 4% solution of Br, in chloroform was kept in the dark for 20 hr at room temperature, after which it was evaporated to
dryness under vacuum. The residue was recrystallized twice from butanol. This yielded 150 mg of a white crystalline.
product with mp 222-223°C (decomp).

Found, %: C 44.25; H 3.85; N 6.88; Br 38. 18. Calculated for Cy5H14BryNoOp % : G 43, 48; H 38.38; N 6.73; Br 38,65,

B. A mixture of 345 mg (1.35 mmole) of albonoursin and 75 ml of CHyCOOH was heated with stirring to 60-65°C,
after which a solution of 1.4 g (8.7 mmole} of Bry in 10 ml of CHzCOOH was added to it dropwise over 0.5 hr,

After being kept for 4 hr at the boil, the solution was cooled; the precipitate which was deposited was filtered
off, washed with water, dried over P;Oj5 and recrystallized from butanol. The yield of white crystalline product with
mp 223-224°C was 84 mg.

The samples of dibromide obtained in acetic acid and in chloroform had identical IR spectra and gave no depression
of the melting point in admixture with one another.

Oxidation of albonoursin, A. A mixture of 256 mg (1 mmole) of albonoursin and 10 ml of pyridine was heated with
stirring to 50-55°C, and then 3.2 g (19 mmole) of finely-ground KMnOy was added to the solution in portions over 1 hr.
After 4 hr standing at the same temperature, the resulting suspension was poured with cooling into 175 ml of 15% sul -
furic acid, and the mixture was filtered. An ethereal extract of the filirate, dried over NaySO;, was evaporated to
dryness, and the residue was sublimed. This gave a product (110 mg) with mp 119-120°C, which gave no depression of
the melting point in admixture with benzoic acid and had an IR spectrum identical with it. Yield 90% (of theoretical).
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B. A mixture of 495 mg (1.93 mmole) of albonoussin, 36 ml of 30% caustic soda, and 30 ml of 5% potassium per-
manganate was heated in a sealed tube for 48 hr at 100-105°C. After cooling, the suspension was filtered from sludge.
The filtrate was acidified with 30% sulfuric acid with cooling, and was extracted with ether. The ethereal extract was
washed with 50 ml of 5% NaHCO, solution and then the latter was made acid to congo red and again extracted with ether.
The extract, after drying over Na,SOy , was evaporated to dryness, and the residue was recrystallized from water. This
gave 70 mg (30%) of benzoic acid, mp 118-119°C,

Production of albonoursin dichloride. A mixture of 550 mg (2.14 mmole) of albonoursin and 35 ml of carefully redistilled
SOCI, was boiled in a flask with a reflux condenser for 12 hr, after which the suspension was evaporated to dryness. This
yielded 474 mg of a substance with mp 249-250°C (from butanol). .

Found, %: C 55.79: H 4.52; N 8.46; Cl 21.95. Calculated for Cy5Hy4ClyN,O, %: C 55.38; H 4,31; N 8.6; Cl 21.85.

Reduction of albonoursin with LiAlHy in tetrahydrofuran. 250 mg (0.97 mmole) of albononoursin in a paper thimble was
charged into a Soxhlet extractor, and a suspension of 200 mg of LiAlH, in 17 ml of absolute tetrahydrofuran was placed
in the flask, The reaction was carried out for 24 hr at the boil. The complex and excess of LiAlH, were decomposed by
the method described by Micovié and Mihailovi¢ [16]. The residue was filtered off, and the mother liquors were evapo-
rated under vacuum. The residue was dissolved in chloroform, and the chloroform solution was extracted with hydrochlo-
ric acid (1 : 2). The acid extract was made alkaline with 15% caustic soda solution to pH 10 and was extracted with eth-
er. This gave 37 mg of a brown amorphous base.

Acid hydrolysis of albonoursin. A mixture of 500 mg (1.9 mmole) of albonoursin, 34 ml of glacial acetic acid, and 17 ml
of concentrated hydrochloric acid (d = 1.19) was heated in a sealed tube for 24 hr at 100-105°C, At the end of the reac-
tion, the hydrolyzate was evaporated to dryness under vacuum in a current of CO, with freezing out of the volatile pro-
ducts, The residue was treated with 12 ml of chloroform and 12 ml of water. After separation, the aqueous layer was
washed six times with chloroform (2 ml each), and the chloroform layer was washed with water. The combined chloro-
form extract was evaporated in a current of CO,, and the residue was recrystallized from chloroform. This gave 200 mg
of a white crystalline substance, which, after repeated recrystallization from benzene, had mp 149-150°C,

Found, %: C 66.32; H 4.9. Calculated for C9H303, %: C 65.85; H 4.88. Mol.wt,: found — 161; calculated — 164.

The reaction of substance A with an alcoholic solution of ferric chloride gave an emerald-green coloration. In al-
kaline solution the product coupled with diazotized sulfanilic acid. ’

Acetylation. A mixture of 100 mg of substance A, 2 ml of (CHgCO),0, and 1.2 ml of pyridine was left for 2 days at room
temperature; after distillation under vacuum and the recrystallization of the residue from benzene and chloroform, 67 mg
of a monoacyl derivative was obtained with the composition Cy3H;O4, mp 160.5-161°C.

Found %: C 64.81; H 4,84, Calculated for CyyH;oO4, %: C 64.08; H 4.85,

Bromination. A mixture of 198 mg (1.2 mmole) of substance A in 200 mi of chloroform and 197 mg (1.2 mmole) of Br,
was left for 2 days at room temperature; subsequent distilling of the solvent under vacuum without heating in a current
of CO, and two recrystallizations of the residue from iscoctane gave a product with the composition CoH7BrOs, mp 98-
99°C.

After the thawing out of the acetic acid solution of the volatile products from the acid hydrolysis, a 40% solution
of caustic soda was added to pH 9.5-10 and the mixture was steam-distilled. From the distillate a mixture of hydrazones
was isolated, and this was separated by means of chromatography on alumina into two separate substances, benzaldehyde
2, 4-dinitrophenylhydrazone and acetone 2, 4-dinitrophenylhydrazone, which were shown to be identical with synthetic
samples.

When a saturated solution of 2, 4-diphenylhydrazine in 2 N HCI was added directly to the acetic acid distillate, a
yellow crystalline substance was obtained which gave a spot at the start on thin-layer chromatography in the hexane—
ether (2 : 1) system.

The crude albonoursin was given to us by G.I. Kleiner (Riga Medicinal Products Factory). The analyses were carri-
ed out under the direction of M. N. Chumachenko, and the NMR spectra were taken by V.1, Sheichenko. The IR spectra
of the substances in the crystalline s ate were taken on a UR-10 infrared spectrophotometer (Zeiss).

Summarz

1. A direct comparison of albonoursin with "component 2" isolated from the producing agent of phalamysin (2 mu-
tant of Actinomyces noursei) has established their identity.

2. Phenylpyruvic acid and acetone have been identified as products of the acid decomposition of albonoursin.

3. The presence of the following groupings in the albonoursin molecule has been shown: CgHz—CH=C~C, (CHj),
CH—C= or (CHy),C=C, two amide groups, and two hydrogen atoms readily capable of being replaced by halogen atoms
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(under the action of Bry or SOCly).

4,

There is no malonamide group in albonoursin.
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