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Abstract: Structure of sorokinianin, a novel phytotoxin from an isolate of Bipolaris sorokiniana was
determined to be 3-hydroxy-5-(8'-hydroxymethyl-4'-isopropyl-1'-methyl-7'-methylenebicyclo[3.2.1]oct-
6"-yl)tetrahydro-2-furanone predominantly on the basis of 2D NMR. The preliminary incorporation
study suggested that this phytotoxin is derived biogenetically not from a geranylgeranylpyrophosphate
through removal of two carbons but from a farnesylpyrophosphate and an additional C, unit.

In the course of our investigations of phytopathogenic fungi as sources and/or metabolism models for
novel phytotoxic secondary metabolites,' a culture of Bipolaris sorokiniana isolated from imported barley
grain (Hordeum vulgare L., from Australia) was found to produce an unknown phytotoxin which inhibits
germination of barley seeds. Bipolaris sorokiniana (Sacc.) Shoem. (anamorph of Cochliobolus sativus (Ito &
Kurib.) Drechsler ex Dastur) is a phytopathogen which causes spot blotch or foot and root rot diseases of
wheat, barley, oats and other grasses.> The production of sesquiterpenes,? sterigmatocystin® and bipolaramide*
by this species of fungus has been reported. Victoxinin, a novel nitrogen-containing sesquiterpene, is the
only phytotoxic metabolite reported from this species.® We would now like to report here on the structure
and presumed biosynthetic origin of a novel phytotoxin, sorokinianin isolated from B. sorokiniana OB-25-1.

Sorokinianin (1) was isolated as an oil from the culture filtrate of the fungus, strain OB-25-1, by several
chromatographies in yields of 2 mg/L of medium.” The *C NMR data (Table 1) and HREIMS® revealed its
molecular formula as C,;H,,0, (5 unsaturations). The
DEPT data demonstrated that two of the protons in
the molecule are bound to oxygen. Acetylation of
sorokinianin afforded a diacetate derivative (2),’
confirming that the two exchangeable protons were
associated with alcoholic hydroxy groups. A ylactone
ring was indicated by a carbon signal at 177.2 ppm
and IR carbonyl absorption at 1773 cm™. The two carbon signals at 108.1 and 160.4 ppm indicated one
double bond and thereby 3 rings in the structure.
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The structural fragments in sorokinianin shown in Fig. 1 were deduced through analysis of 'H-'H COSY
and HETCOR, and chemical shifi considerations. In the 'H NMR spectrum of the diacetate (Table 1), proton
signals associated with an gxygenated methine and an oxymethylene unit were shifted downfield (from 4.26
to 5.24 ppm and 3.02 and [3.58 10 3.63 and 3.94 ppm), indicating that the two carbons (C-2' and C-14) in
natural product bear free OH groups.
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Fig.1 Structural Fragments of Sorokinianin (1)

The connectivity of these structural fragments was deduced by long-range "*C-'H comelations detected
through an LR-HETCOR experiment (Table 1). Three carbons, C-2, C-7 and C-8, as well as C-1 correlated
with 15-H,, indicating the connections of C-1 with C-2, C-7 and C-8. The connections of C-5 with C-6 and
C-8 were revealed by corre ations of three carbon resonances for C-1, C-7 and C-14 with 5-H proton signal.
The connections described ~hus far were confirmed by the correlations between C-7 and 8-H, C-1 and 12-H,,
and C-7 and H-8. The carbon resonance for C-4 showed correlations to the proton signals due to two
geminal methyls (10-H, and 11-H,), indicating the connection of C-4 and C-9. The C-3' signal correlated
with the 1'-H, signal and the C-3 signal correlated with the 5-H signal. These lead to the plane structure for
sorokinianin,

The relative stereochemistry of sorokinianin is proposed on the basis of the 'H NMR coupling constant
and NOE difference spectal data. For
example, the coupling constants of the +
lactone ring protons (J,,=3.6, 7.1 Hz and
J15=60, 7.1 Hz) indicaed the trans
orientation of two substituens of the ring. '
The key NOE difference spectral data as
well as 'H NMR coupling constants
suggested the relative stereochemistry of
sorokinianin as shown in Fig. 2.
Additionally, the MM-2 energy calculation
afforded the most stable conformational

model for sorokinianin (Fig. 2), which . .

. . Fig. 2 Significant NOE Correlations and the Most Preferable
coincided perfecily with NOE results and Conformation (35.7 keal/mal) in Sorokinianin
'"H NMR coupling constants.



Table 1. 'NMR ('H, 270.05 MHz, '*C, 67.8 MHz) Data for Sorokinianin and Its Acetyl Derivative
L

Sorokinianin (1), ~ Acetyl derivative (2)
Position & Sy LR-HETCOR 8c 5y
1 48.8 5-H, 12-H,, 15-H, 47.8
2 442 116" 1.39" 15-H, 426 097-1.67°
3 25.8 1.01%,1.56" 5-H 24.3 097-1.67°
4 509 097 10-H, 11-H, 49.4 097-1.67°
5 39.2 2.30br.s 39.2 2.07brs
6 499 2.36br.d (10.4) 12-H, 1-Ha" 48.1 2.52br.d (10.3)
7 1604 5-H, 8-H, 15-H, 156.4
8 58.5 1.49° 2-He”, 15-H, 53.8 097-1.67°
9 312 130" 10-H, 11-H, 30.1 097-1.67°
10 213 073d(5.6) 11-H, 20.5° 0.75d (6.4)
11 226 0.87d{6.5 10-H, 20.8° 0.87d (6.4)
12 108.1 4.73brs 109.2 4.81brd (2.0)
520br.s 5.27 br.d (1.0)
13 836 4.45ddd £2.5 4.41ddd
(6.0,7.1,10.4) (6.8, 6.8, 10.3)
14  63.1 3.024d(10.9,109) 5-H,8-H 65.0 3.63dd (9.3,11.5)
3.58 dd (6.6, 10.9) 3.944dd (7.1, 11.5)
15 21.1 0.89s 21.5 095s
1 38.7 2.05ddd 2H 48 230m
(7.1,7.1,13.7)
2.24ddd
(3.6,6.0,13.7)
2 68.8 426dd(3.6,7.1) 13-H I'K® 63.4 5.24dd (4.9,6.8)
3 1M.2 1'"Ha® 172.1
OH 3.51,4.96
COCH, 169.7
170.7
COCH, 20.2° 188
20.3° 1963

* overiapping NMR signals; ® Ha means the methylene proton that resonates in the upper fiekd;
° may be interchanged; 4 overlapping NMR signals; abbreviations, s: singlet, d: doublet, br.: broad.
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Sorokinianin is a novel fungal metabolite composed of a C, unit plus the same carbon skeleton as
prehelminthosporol,’! which is a sesquiterpene and was found to be a major metabolite of this fungus. There
are two possible biosynthetic routes to generate sorokinianin: one from a sesquiterpene and a C; unit, and

another from a diterpene through removal of a C, unit or two C, units.

The former is more likely for the

following reason. We have never detected any diterpene among the metabolites of this fungus although this
fungus produces many sesquiterpenes, such as prehelminthosparol, helminthosporol and helminthosporic acid
(data not shown). Furthermore, in the replacement culture this fungus was incubated with prehelminthosporol
and produced six times more sorokinianin (2.1 mg/L) than the control without prehelminthesporol (0.35
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mg/L).'? Experiments designed to determine the biosynthetic origin of sorokinianin ambiguously are currently
in progress.

One mM of sorokiniarjin inhibited germination of barley seeds (H. vilgare L.) completely and 300 uM of

this compound reduced thdir germination ratio to 50%. In the protoplast bioassay'* 300 pM of sorokinianin
killed all protoplasts obtained from the first leaves of barley and the..IC50 value of this compound in this
bioassay was estimated to be 150 pM. The acetyl derivative was virtually inactive in the protoplast bioassay,
indicating involvement of hydroxyl groups in the mechanism of its phytotoxicity.
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The fungus was grown on a medium containing glucose (50 g/L), peptone (3 g/L), the extract from 50
g/L of malt and water at 24°C without shaking. After 14 days incubation the cultures were filtered and
the culture filtrate was treated twice with activated charcoal at pH 2.0, The metabolites were extracted
from the activated charcoal with acetone and the solvent fractionation of the acetone extract with EtQAc
gave EtOAc-soluble seutral fraction.  Silica gel column chromatography (30% acetone in n-hexane)
and Sephadex LH-20 column chromatography (MeOH) of the fraction and subsequent purification by
silica gel flash chromatography (40% and 50% EtOAc in n-hexane) gave sorokinianin.

1: colorless oil; HREIMS: found m/z 308.2019, caled for C,H,,0, m/z 308.1988; [}, ® +46° (¢ 1.0,
MeOH); FTIR v,,, (fi m): 3328, 1773, 1183, 1127 cm™; UV A, (EtOH): 202 nm (e 3000).

2: colorless oil; HREIMS: found mvz 392.2203, calcd for C,,H,,0, m/z 392.2199; [al,® +40° (c 0.5,
CHCI,); FTIR v (fi¥m): 1794, 1748, 1655, 1230 cm™,
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The fungus was grown on 1 ml of medium in a test tube at 24°C without shaking. After 7 days
incubation the medium was replaced with 1 ml of new phosphate buffer (pH 7.5) and the fungus was
incubated for 24 hr. Then the buffer was replaced with 1 ml of new phosphate buffer with or without 1
mg of prehelminthosyorol and the fungus was incubated for 3 days. The converted products were
extracted with EtOAc from the culture filirate and the amount of sorokinianin was determined after
acetylation of the extract by capillary GC-SIM monitored at m/z 115 and 143, which are the prominent
fragment ions in EIV § of acetyl derivative. GC-SIM conditions: column: HP-5 (30 m x 0.32 x 0.25
pm film thickness); oven temperature: 240°C; flow rate of He: 1.7 ml/min; interface temperature:
200°C; ion source temrperature: 180°C; ionization voltage: 70 eV.
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