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COMMUNICATIONS

Diastereoisomeric 4a,10a-dihydrofusarubins: True metabolites of Fusarium solani?
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ITsuo KUROBANE, LEO C. VINING, A. GavIN McINNES, and DoNALD G. SMiTH. Can. J.

Chem. 56, 1593 (1978).

In alkaline cultures of Fusarinm solani fusarubin is formed by nonenzymic oxidation of two
previously unknown dihydrofusarubins, re/-(3R.4aR,10aR)- and rel-(3R,4aR,10a5)-5,10-dioxo-
3,4,4a,5,10,10a-hexahydro-7-methoxy-3-methyl-3,6,9-trihydroxy-1H-naphtho[2,3-c]pyran.

ITsuo KUROBANE, LEO C. VINING, A. GAVIN McINNES et DONALD G. SMiITH. Can. J. Chem.

56, 1593 (1978).

Dans des cultures alcalines de Frusarium solani, il y a formation de fusarubine par Poxydation
non-enzymatique de deux dihydrofusarubines inconnues jusqu’a maintenant soit les rel-
(3R,4aR,10aR) et rel-(3R,4aR,10aS) dioxo-5,10 hexahydro-3,4,4a,5,10,10a méthoxy-7 méthyl-3

trihydroxy-3,6,9 1H naphto{2,3-¢] pyrannes.

Fusarubin (oxyjavanicin (1)), which has structure
1 (2-5), has been regarded as a metabolite of F.
solani and F. javanicum for over 30 years. Fusaru-
binogen, an ammonium sulfate ester of a reduced
form of 1, has been reported as a possible progenitor
metabolite in one strain of F. solani (3) but more
probably is an artifact produced by the isolation
procedure. We now report the isolation of two
diastereoisomeric dihydrofusarubins (2 and 3) from
F. solani cultures, and present evidence that air
oxidizes them under alkaline conditions to yield 1.

Cultures of F. solani grown on a maltose (2%) -
ammonium tartrate (0.467) — salts medium were
harvested at 2 days when the pH had dropped to 3
from an initial value of 5. An ethyl acetate extract of
the filtrate was taken to dryness and the residue
chromatographed on silicic acid. Elution with a 5:1
benzene — ethyl acetate mixture gave 2, [o]p?°
+145.4° (¢ 0.31, acetone); mp 153-154°C (reddish-
orange needles from CH,Cl,); M? at m/e 308.0905
(caled. for C, sH O, : 308.08961); A, (957, EtOH):
213, 243, 273, 300, and 391 nm (log ¢: 4.17, 4.30,
3.87, 3.71, and 3.94). Decreasing the benzene — ethyl
acetate ratio to 3:1 gave 3, [a]p?® +23.3° (¢ 0.31,
acetone); mp 117-118°C (pale-yellow needles from
methanol); M? peak too small for mass measure-
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ment, M — 18 (also observed in the mass spectrum
of 2) at mje 290.0784 (caled. for C, H,,O4:
290.07904; A, (959 EtOH): 213, 243, 273, 300,
and 391 nm (log &: 4.15, 4.31, 3.89, 3.70, and 3.96).
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TaBLE 1. 'H nmr data (100 MHz) for dihydrofusarubins®
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Compound CH, OCH3; H-8 3-OH 6,9-OH
2 1.75(s) 3.87(s) 6.98(s) 7.96(bs) 12.58,12.83(bs)
3 1.38(s) 3.94(s) 6.72(s) 2.50(s) 12.34,12.69(s)
H-lax H-leq H-10a H-4a H-4eq H-4ax
2 4.46 4.45 3.37 3.97 2.72 1.92
Jlux,lcq —114 chq.lozls-o -/10:,4:. 132 J—ta,-tuxll-é ‘/-h:q,-l.’lx —132
Jlax.lo;; 10.8 J.k,'.;m 3.5
3 4.51 4.00 . 3.00 3.55 1.97 1.59
Jiax1eq — 11,6 Jieq.104 1.4 J10a,40 5.4 Jia,a0x 13.6 Jieqaax — 13.2
Jiax, 100 3.2 Jaa,acq 4.2 Jieq10a 1.2

*Compound 2 in Cs2HsN at 0°C and compound 3 in C2H,Cl; at 28°C. Chemical shifts in ppm relative to TMS. Coupling constants J, 4 in
Hz. The protons H-lax through H-dax form a coupled six-spin system which was analyzed with the Varian spin simulation program on a 620L

data system.

Conversion of 2 and 3 to 1 occurs rapidly at room
temperature in 0.1 & NaOH solution and when F.
solani cultures are basified at 2 days with NaOH.
The conversions also take place in pyridine although
2 is stabie at solution temperatures <0°C. The uv
data are consistent with 2 and 3 containing a 5,8-
dihydroxy-1,4-dioxo-1,2,3,4-tetrahydronaphthalene
ring system (6) whereas the chemical evidence re-
quires that they be isomeric dihydrofusarubins.

The signals for the methyl and methoxy groups in
the 'H nmr spectra of 2 and 3 (see Table 1) were
readily assigned. Resonances for the ketal and intra-
molecularly hydrogen-bonded phenolic hydroxyl
groups were temperature dependent and removed by
exchange with 2H,0. H-8 was deshielded relative to
its counterpart (3 6.36) in 1 (5) and was, therefore,
present in a phenolic rather than a quinone ring
(5, 7). From the chemical shifts and spin-spin
coupling constants (e.g., ref. 8) the ketal ring systems
giving rise to the coupled six-spin systems had the
conformations shown, with H-4a and H-10a anti-
periplanar in 2 and synclinal in 3. Conformational
free energy calculations (9) indicate that the hydroxyl
group at C-3 in both 2 and 3 is axially orientated,
assuming a methyl group has a stronger 1,3-diaxial
interaction with hydrogen (0.9 kcal mol™') than a
hydroxyl group and the ‘anomeric effect’ favours the
epimer with an axial hyroxyl group (0.55 kcal
mol~?!). Thus the combined evidence establishes 2
and 3 as rel-(3R,4aR,10aR)- and rel-(3R,4aR,10aS)-
5,10-dioxo-3,4,4a,5,10,10a-hexahydro-7-methoxy-3-
methyl-3,6,9-trihyroxy-1 H-naphtho{2,3-c[pyran.

The total weight of crude extract (347 mg ¢ ~?)

from F. solani cultures changed little after 2 days but
the amount of 2 and 3 rapidly decreased after 3 days.
This loss was accompanied by a rapid increase in the
pH of the medium from 3 to 8, and an increasing
proportion of 1 in the product. Maintaining the pH
of the culture at about 3 by adding acetic acid pre-
vented this conversion. We presume that enolization
involving H-4a, H-10a, and the carbonyl groups of
2 and 3 is promoted by alkaline conditions, and the
hydroquinones thus obtained are oxidized by air to
quinones. The tautomeric form of fusarubin initially
formed subsequently rearranges to 1.
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