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In 1963, New Zealand scientists showed that the spores of the fungus Pithomyces chartarum — the pathogen of
facial eczema of ruminants — were covered with a crystalline protective coating consisting of cyclic depsipeptides [1].
Until recently, the only substances isolated from this spore coating were the following cyclohexadepsipeptides, which
are extremely similar in respect to structure — sporidesmolides I (1), II (2), III (3), and IV (4), the moleculesof which
are constructed of two hydroxyacid residues and four aminoacid residues [2]. We have confirmed the structure of three
compounds of this group of metabolites, namely sporidesmolides I (1), II (2), and IV (4), by their complete synthesis
[3]:
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Recently, Russell et al. [4] have isolated a new cyclic depsipeptide called angolide from the chloroform extract
of the dried spores of one of the strains of Pithomyces related to Pithomyces chartarum. Its structure was established
in the following way. Vigorous acid hydrolysis of angolide led to a mixture of equimolecular amounts of L-isoleucine
and D-alloisoleucine, and also to L-a-hydroxyisovaleric acid [4]. On the other hand, the hydrazinolysis of this meta-
bolite led through the rupture of the ester bonds to a mixture of hydrazides of hydroxyacylaminoacids, the molecule of
one of which was constructed from the residues of hydroxyisovaleric acid and isoleucine, while the molecule of the
other contained an alloisoleucine residue in addition to a hydroxyisovaleric acid residue. This shows that angolide,
in contrast to the sporidesmolides, possesses a structure with a regular sequence of hydroxyacid and aminoacid residues.

In orde: to solve the question of the structure of angolide, it remained to determine the size of its molecular ring,
i.e., to determine its molecular weight. Since, in the case of the cyclic depsipeptides, the usual methods of de-
termining molecular weight frequently lead to very low results [5, 6], Russell requested us to determine the molecular
weight of angolide thermoelectrically. Theresultsobtained by M. Yu. Feigina (mol. wt. 413, 422 intrifluoroacetic acid)
showed that angolide is a cyclotetradepsipeptide and, consequently, its structure corresponds to formula (5).

These results have been confirmed by mass spectrograph in our Institute by N. S. Vul'fson et al. [7] (found mol.
wt. 426), which, on the basis of the fragmentation characteristics of the cyclodepsipeptides that we have established
previously, confirmed Russell's conclusion on the regular sequence of hydroxy=- and aminoacids in the angolide mole-
cule. In actuality, the fragmentation of angolide takes place mainly by the so-called CO, route which is character-
istic for cyclotetradepsipeptides of regular structure, and begins with the splitting out of CO, with the subsequent elim-
ination of hydroxy- and aminoacid fragments*: '
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In order to confirm this structure for angolide, which is unusual for the metabolites of Pithomyces, we have carried
out its synthesis by a scheme analogous to that which we used previously for the synthesis of cyclotetradepsipeptides
structurally related to the antibiotics of of the enniatin group [5] (see Scheme), The condensation of carbobenzoxy-
-D-alloisoleucine (6) and of carbobenzoxy-L-isoleucine (8) with t-butyl L-o-hydroxyisovalerate ( 7) by the mixed an-
hydride method (benzene -sulfonyl chloride in pyridine ) gave the diesters (9) and (10 ), respectively. The first of

* Simultaneously, and independent of us, a mass-spectrometric investigation of angolide was carried out by Mac-
donald and Shannon [8]. The scheme of the fragmentation of angolide which they give coincides with our results in
every detail, and completely agrees with the fragmentation characteristics of the cyclodepsipeptides that we have
discovered.
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these compounds was converted into the acid ( 11) by the action of trifluoroacetic acid, and the second, after hydro-
genolysis over platinum black, gave the corresponding aminoester ( 12). The fragments ( 11) and ( 12) obtained in
this way were linked by an amide bond by the acid chloride method (see Scheme).

The acid chloride formed by the action of PCls in ether on the acid (11) was condensed with the aminoester

( 12) in tetrahydrofuran solution in the presence of triethylamine at -20°, giving the protected tetradepsipeptide (13).
The two protective groups were removed simultaneously by the action of hydrogen bromide in glacial acetic acid, and
the resulting hydrobromide of the linear tetradepsipeptide (14) was converted by means of SOCI, into the corresponding
chloride. The latter, after cyclization in benzene solution in the presence of triethylamine, led to the cyclotetradep-
sipeptide (5) with a yield of 28 % (after recrystallization from alcohol ); mp 260°, [cx]ZD2 -83 °‘ (CHClg). This com-
pound proved to be completely identical with natural angolide in its properties (melting point, mixed melting point,
specific rotation, chromatographic behavior, IR spectrum ).

The synthesis of angolide that we have effected is thus a definitive proof of its structure and forms the first synthe-
sis of a natural cyclotetradepsipeptide constructed of o-hydroxy- and o-aminoacid residues.
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Experimental

t-Butyl carbobenzoxy-D-alloisoleucyl-L-o -hydroxyisovalerate (9). With stirring and cooling to 0°, 2,55 ml
(20 mM) of benzenesulfonyl chloride was added to a solution of 5.8 g (22 mM) of carbobenzoxy-D-alloiso-
leucine (6) in 30 ml of dry pyridine. After 15 min, 3.31 g (19 mM) of t-butyl L-a~hydroxyisovalerate (7) was ad-
ded, and the mixture was stirred for 2 hr at 0°, then for 5 hr at 20°, and then diluted with 200 ml of ether. The
ethereal solution was washed with water (8 X 100 m1), 1N HySO4 (2 X 100 ml), water, and saturated NaHCO;g solution,
and was dried with MgSO, and evaporated to dryness in vacuum. The residue was chromatographed on neutral alumina
in the benzene -ethél acetate system (gradient elution ). This gave 7.0 g (87%) of the t-butyl ester (9) in the form of
a colorless oil, [OL]D5 -1.4°(c 1. 0; benzene).

Found % : C 65.25; H 8.30; N 3.19. CygHasOgN. Calculated % : C 65.53; H 8.37; N 3.32.

t-Butyl carbobenzoxy ~L-isoleucyl-L-o-hydroxyisovalerate (10). Under the conditions of the previous experiment,
13. 3 g (50 mMole) of carbobenzoxy-L-iscleucine (7), 5.8 ml (45 mMole) of benzenesulfonyl chloride and 7.4 g (43
mMole) of t~butyl L-ct-hydroxyisovalerate (8) gave 16 g (90%) of the diester (10), [oc]% —14°(c 1. 3; benzene).

Found %: C 65.70; H 57; N 3 10. CygHgsON. Calculated %: C 65 53; H 8.37; N 3.32.

Carbobenzoxy-D-alloisoleucyl-L-o -hydroxyisovaleric acid (11). A solution of 4.22 g (10 mM) of the t-
butyl ester (9) in 10 ml of trifluoroacetic acid was allowed to stand for 30 min, after which the solution was evaporated
in vacuum, the residue treated with 10 ml of dry toluene, and again evaporated in vacuum,. The residual oil was dis-
solved in 50 ml of ether, and the ethereal solution washed with water and extracted with 2% NaHCO4 solution (3 X 20
ml). The bicarbonate extract was washed with ether (3 X 50 ml) and acidified with 2 N HCI (to Congo Red), and the
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oil which separated was extracted with ether. The ethereal solution was dried with MgSO, and evaporated to dryness
in vacuum, This gave 3.5 g (95%) of the acid (11) in the form of a colorless oil, [a]%’ +9,8°(c 1.7; benzene).

Found % : C 62.40; H 7.56; N 3,98, CyoHp7OgN. Calculated % ¢ C 62.45; H 7.45; N 3,83,

t-Butyl L-isoleucyl-D-a-hydroxyisovalerate (12). A solution of 21.8 g (59 mM) of the carbobenzoxy diester
(10) in 250 ml of methanol was hydrogenated (20°, 760 mm ) in the presence of 1 g of palladium black until the
theoretical amount of hydrogen had been absorbed (4 hr ). The catalyst was filtered off, the filtrate was diluted with
600 mt of benzene, washed with a saturated solution of NaHCOg, dried with MgSO,, and evaporated, Fractionation of
the residue in vacuum gave 10.8 g (75%) of the aminoester (12) with bp 112-114° (1 mm ), \[a]QS +2,8%(c 1.8;
benzene).

Found % : C 62,55; H 10,25; N 4.87. CysHpeO4N. Calculated %: C 62.28; H 10.17; N 4.87.

t-Butyl carbobenzoxy-D -alloisoleucyl-L-o -hydroxyisovaleryl-L-isoleucyl-L-o -hydroxyisovalarte. (18). To a
solution of 8. 85 g (10 mM) of the acid (11) in 30 ml of dry ether cooled to 0°, 3.12 g (15 mM) of finely ground
PCl; was added. The mixture was stirred for 1 hour at 0°, the excess of PCl; was filtered off, and the filtrate was
evaporated in vacuum. The acid chloride obtained (in the form of an oil) was dissolved in 20 ml of dry ether and the
solution was added (—20° 1 hr) to a solution of 2.87 g (10 mM) of the aminoester (12) and 2.1 ml (15 mM)
of triethylamine in 20 ml of dry ether; The mixture was stirred for a further 2 hr at 20°, washed with 1 N H,S0,,
saturated NaHCOq solution, and water, dried with MgSO,, and evaporated. The residue was chromatographed on
neutral alumina in the benzene -ethyl acetate system (gradient elution). This gave 5.1 g (80%) of the tetradepsi-
peptide (13) in the form of an oil, [0‘]2])0 +12° (¢ 1. 5; benzene),

Found % : C 64.30; H 8.51; N 4.29, Cg4Hs4CgNs. Calculated %o: C 64,33;H 8.57; N 4,41,

D-Alloisoleucyl -L-o -hydroxyisovaleryl-L-isoleucyl -L-o.-hydroxyisovaleric acid hydrobromide ( 14). To a solution
of 38.17 g (5 mM) of the protected tetradepsipeptide (13)in 6 ml of glacial acetic acid was added 20 ml of a 35%
solution of hydrogen bromide in glacial acetic acid. The solution was left for 1 hour at 20° and evaporated to dryness;
the residue was dissolved in water, and the aqueous solution was washed with ether and again evaporated to dryness in
vacuum. This gave 2.14 g (80'%) of the hydrobromide (14) in the form of an amorphous powder, [oc]zl% -30°%c 0.7;
alcohol).

Found % : Br 15.05; mol. wt. (titration with 0.01 N NaOH) 520.5. CgpH,0NyBr. Calculated % : Br 15.21;
mol. wt. 525,48,

Angolide. A solution of 1.34 g (2.5 mmole) of the hydrobromide (14) in 10 ml of thionyl chloride was left for
30 min at 20°, the excess of thionyl chloride was distilled off in vacuum, dry toluene was added to the residue, and
the solution was evaporated in vacuum. The resulting hydrochloride was dissolved in 200 ml of dry benzene and the
solution was added in drops with stirring { 20°, 10 hr ) simultaneously with a solution of 0.84 ml (6 mM) of triethyl-
amine in 200 ml of dry benzene to one liter of dry benzene. The mixture was left overnight at 20° and was evaporat -
ed in vacuum, The residue was dissolved in chloroform, the solution was washed with 1 N HCl, water, and saturated
NaHCOjg solution, thenwasdried with MgSO, and evaporated to dryness in vacuum. Recrystallization of the residue

from alcohol gave 310 mg (28%) of angolide, mp 259-260°, [a]2§ -83° (¢ 1.0; CHC13). (Cf. [4]). A mixture '
with natural angolide (mp 259. 5-260 °) gave no depression of the melting point.

SUMMARY

The structure of angolide —a depsipeptide produced by one of the strains of Pithomyces —has been established and
its complete synthesis has been effected.
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