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STRUCTURE OF FISCHERIN, A NEW TOXIC METABOLITE FROM
AN ASCOMYCETE, NEOSARTORYA FISCHERI VAR. FISCHERI'?

HARUHIRO FUJIMOTO, MASAKO IKEDA,? KAZUMI YAMAMOTO, and MIKIO YAMAZAKI*

Faculty of Pharmaceutical Sciences, Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba 263, Japan

ABSTRACT.—A new toxic metabolite named fischerin {1} from an Ascomycete. Neosartorya
Sfischeri var. fischeri, which caused lethal peritonitis in mice, was deduced to have a structure
including a 1,4-dihydroxy-3,5-disubstituted-2(1H)-pyridone moiety by chemical and spectral
dara.

In our screening program on biologically active components of fungi, the Me,CO
extract of an Ascomycete, Neosartorya fischeri (Wehmer) Malloch & Cain var. fischeri,
caused tremors and lethal peritonitis in mice. The tremorgenic principles of the fungus
were proved to be identical with fumitremorgins A and B (1,2), which were formerly
isolated from Aspergillus fumigatus (3,4). The toxic component of the fungus causing
peritonitis was further isolated and named fischerin. This report deals with the isolation
and structure determination of fischerin.

RESULTS AND DISCUSSION

The Me,CO extract of N. fischeri var. fischeri cultured on sterilized rice was treated
with n-hexane to remove the fatty portion. The defatted extract was then treated with
CHCI, to obtain a CHCl,-soluble portion. The CHCl;-soluble portion (yield 0.28%
from the rice medium) was divided into non-polar and polar fractions through chroma-
tography on a Si gel column. From the non-polar fraction causing severe tremors in mice,
fumitremorgins A and B (3,4) were isolated (1,2). On the other hand, the polar fraction
causing lethal peritonitis in mice was separated on a Sephadex column, a flash
chromatographic column of Si gel, and a medium pressure liquid chromatographic
(mplc) column of reversed-phase octadecyl Si gel (ODS), successively, to afford fischerin
{1} (yield 1.3% from the CHCl;-soluble portion). Fischerin caused death after acute
peritonitis in mice on ip administration of 100 mg/kg within 2 h.

Fischerin [1}, pale yellow powder, was soluble in 5% NaHCO, and 1 N NaOH,
insoluble in 1 N HCI, and positive to the triphenyltetrazolium chloride (TTC) (5) and
FeCl, tests. The fact that 1 was positive to the TTC test and gave no fragment peak based
on decarboxylation in the eims suggested that the acidity of this compound is mainly due
not to a carboxylic but to a hydroxamic acid group. In the '"H nmr spectrum of 1 in
DMSO-4,, foursignalsat 8 4.85 (1H, brd, J=6.0Hz),5.34,11.74,and 16.98 (each 1H,
br s) were assigned to the hydrogens in the OH groups of a secondary alcohol (ambiguous
in the '"H-nmr spectrum in CDCl,), a secondary or tertiary alcohol, a hydroxamic acid,
and a hydrogen-bonded phenol, respectively. From the 'H- and *C-nmr spectral data of
1 in CDCl, and DMSO-4; with the aid of spin decoupling, '"H-"H COSY, INEPT or
DEPT, ’C-'H COSY, and NOESY experiments, the presence of partial structures, A (1-
substituted-2-methyldecalin-3-ene), B (a phenolic OH hydrogen-bonded with a car-

'Dedicated to the memory of Professor Edward Leete.

’An expected structure of this compound (tentatively named NFA) was reported at the 32nd
Symposium on the Chemistry of Natural Products, Chiba, Japan, October 1990 {Chem. Abstr., 115,49190u
(1991)1. In this paper, the structure is partly revised on the basis of the nmr spectral data.

*Present address: Research Center, Taisho Pharmaceutical Co. Ltd., 1-403, Yoshino-cho, Ohmiya 330,

Japan.
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bonyl at the peri position), C {a hydroxamic acid with an olefinic proton at # position,
>C,=CH-N,(-OH)-C,(=0)-1,D{-C H(OH)-CrH(O-)-CuH(O-)-])E( -CH,-C,H,-),and
F[-C, (O )<}wa.s suggested (see Table 1). The 'H-detected multiple-bond heteronuclear
multiple quantum coherence (HMBC) experiment of 1 in CDCIl, and DMSO-4
suggested that together moieties B and C constructed a 1,4-dihydxoxy-3—carbonyl-5-
substituted-2(1 H)-pyridone moiety G, because of the presence of significant cross peaks
between CH in C and C, in B, and between COH in B and C, in C (Scheme 1).
Compound 1 afforded a dihydro derivative 2 on catalytic hydrogenation. The signals of
two olefinic protons in A at 8 5. 40(1H dt,J,=9.9,J,=J,=1.7 Hz)and 5.59 (1H, ddd,
J,=9.9,],=4.7,],=2.8 Hz) in the "H nmr spectrum of 1 in CDCl, were replaced with
the signals of two aliphatic methylenes at 8 1.33-1.40 (4H, m) in the '"H-nmr spectrum
of 2 (Tables 1 and 2). On methylation with CH,N, in MeOH/Et,0, 1 gave a
dimethylether 3. The 'H-nmr spectrum of 3 in CDCl, showed that the hydroxyls of the
phenolic and the hydroxamic acid in G were methylated during this reaction: 8 3.88,
4.07 (C-OMe, N-OMe). The dimethylether 3 was negative to the FeCl, test.
On acetylation with Ac,O/pyridine, 1 gave a triacetate 4, 'H nmr (CDCL,) 3 2.01,

TaBLE 1. C-nmr and ‘H-nmr Spectral Data for Partial Structures A—F in Fischerin {11.*
Partial Structure “C nmr Data 'H nmr Data-1° 'H amr Data-2°
A 19.8q,C, 0.91 3H)d (7.2) 252m
22.0¢,Cy 1.212H)m 1.60 2H) m
26.1¢,C, 121 m 1.60 2H) m
1.60 m 1.21m
29.0¢,C, 139 2H)m 2.24dd (10.2,3.9)
30.2t, C 1.21m 1.60m, 2.02 m
1.60 m 1.21m,2.02m
37.04, C, 202m 2.24dd(10.2,3.9),
5.40dc (9.9, 1.7),
5.59ddd (9.9,4.7,2.8)
37.6d, G 252m 4.68 ¢ (10.2),
5.40dc (9.9, 1.7),
5.59ddd (9.9,4.7, 2.8)
38.14d,C, 2.24dd(10.2,3.9) 4.68£(10.2)
48.9d,C, 4.68 £ (10.2) 2.24dd (10.2,3.9),2.52 m
131.24,C, 5.40dt (9.9, 1.7) 5.59 ddd (9.9, 4.7, 2.8)
131.34d,C, 5.59 ddd (9.9, 4.7, 2.8) 5.404dc(9.9,1.7)
- S 107.45,C,
173.25,C, 17.60 5%, [16.98 br s}, OH
215.65,C,
C oo 113.85,C,
134.24,C, 7.93s
1574, C,
N, ca. 10.00 brs’, [11.74 br s}, OH
Do 56.2d, C, 3.50t(3.9) 4,15dd (8.0, 3.9)
58.7d,C, 3.52d (3.9
63.84, C, 4.15dd (8.0,3.9)
[4.85 br d (6.0), OH
E e 25.71¢,C, 145 m 183m,192m
1.92m 1.45m,1.83m
2841, C, 1.832H) m
) 70.6, C,
B-O)-H ..o 4.15s,[5.34 br s}, OH

‘3 (ppm) from TMS in CDCl,, (coupling constants in parentheses).
*Correlated with the *C-nmr data in *C-'"H COSY experiment.

“Correlated with the 'H-nmr data-1 in spin decoupling and "H-'"H COSY experiments.
?Assigned by comparison of the ‘H-nmr spectrum of 1 with that of 3.

‘Observed in DMSO-4;.

‘Assigned by comparison of the '"H-nmr spectrum of 1 with those of 3 and 4.
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ScHEME 1. Construction of the partial structures G from B and C, and X from D, E, and
Fvia H.
—: HMBC data of 1 in CDCl, and DMSO-4;.

2.04, 2.31 (each 3H, s), soluble in 1 N NaOH, insoluble in 5% NaHCO,, positive to
the FeCl, test, negative to the TTC test. Comparison of the 'H-nmr spectrum of 4 with
that of 1 in CDCI, indicated that the signals of the hydroxamic acid and the secondary
or tertiary alcoholic OH disaappeared, and the signal of CH in D was shifted to 8 5.17
(+1.02). Comparison of the °C-nmr spectrum of 4 with that of 1 showed that the signals
of C—C,, respectively in D, E, and F were observed at 8 67.7 (+3.9), 54.0 (—2.2), 56.0
(—2.7),21.9(—3.8),27.5(—0.9),and 77.2 (+6.6) in CDCl;, and 8 70.3 (+2.6), 55.8
(—2.6),58.6(—2.5),22.7(—3.7),28.5 (—3.8), and 78.2 (+7.0) in CD,OD (Table 3).
These results indicated that the hydroxyls at C, and C, were acetylated to afford 4,
suggesting that the hydroxyl group in F should be a tertiary, which was assignable to
the signal at 8 5.34 in the '"H-nmr spectrum of 1 in DMSO-d,. The signals of C;H, CH,
C.H, CH,, and C H,, respectively, were observed at d 4.15 (1H, dd, J,=8.0, J,=3.9
Hz),3.50(1H,t,J=3.9Hz),3.52(1H,d, J=3.9Hz), 1.45,1.92 (each 1H, m),and 1.83
(2H, m) in the 'H-nmr spectrum of 1in CDCl,,and 8 5.17 (1H, ¢d, J;=5.9,J,=J,=3.5
Hz),3.52(1H,t,J=3.5Hz),3.96(1H,d,J=3.5 Hz), 1.42,1.89 (each 1H, m),and 2.15
(2H, m) in the spectrum of 4 in CDCl,, respectively (Table 2). Comparison of the °C nmr
spectral data of C~C, in 4 with the corresponding data in 1 on the basis of the acetylation
shift rule (6,7) and the coupling pattern of the 'H-nmr signals of CH-C_H, of 4 with
that of 1 suggested that CH, C H, and C_H, were connected with CH,, C_, and C_,
respectively. Therefore, it was supposed that D, E, and F construct 1,4-dihydroxy-2,3-
di-O-substituted-1-substituted-cyclohexane H. The presence of partial structure H was
also supported by the fact that the cross peaks of CH/C,, CH/C,, C H/C_, and C H/C,
in the HMBC spectra of 1 in CDCl; and DMSO-d and 4 in CD,0D, and also the cross
peaks of CCOH/C,, C.OH/C,, and CCOH/C_ in the HMBC spectrum of 1 in DMSO-d,,
were observed. As the molecular formula of 1 has only four hydroxyls, H was assumed
to be 1,4-dihydroxy-2,3-epoxy-1-substituted-cyclohexane ¥(Scheme 1). The presence of
the A, G,and I moieties in 1 was also supported by the data from the 2D INADEQUATE
spectrum of 1 in CD,0OD (see Experimental). Thus, the structure of fischerin was
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TABLE 3. C nmr Data for Fischerin {1}, Fischerin Dimethylether {3}, and Fischerin Triacetate [4].*

Compound
Carbon 1 3 4
in CDCL, in DMSO-d¢" | in CD,0D" in CDCL,* in CDCLy in CD,0D"

C2 i 157.4s 1579 1609 s 157.0s 15645 158.6 s
C3 1074 s 108.0s 1103 s 117.3 s 108.8s 1099 s
[ O N 173.2s 174.3 s 176.1s 165.2 5 176.1s 176.6s
C-5 i 11385 1125 115.3s 117.3s 111.0s 112.2s
[ N 134.24d 139.7d 141.1d 133.7d 139.4d 142.5d
C-7 215.6s 213.9s 21695 2048 21495 216.2s
[0 48.9d 47.0d 50.0d 56.2d 485d 50.0d
COvreen 38.1d 37.74d 40.4d 3474 38.0d 39.7d
Cl0. v 290t 295+t 30.7t 294t 29.0¢ 300t
C-1l..o 220¢ 210t 234t 233¢ 22.0¢ 22.6¢
Cl2.... i 26.1¢t 257t 281t 255+t 260t 274t
C13.. ... i 30.2¢ 28.3¢ 320¢ 31.1t 30.2¢ 313¢
Cld.......ooviinn, 37.0d 36.7d 39.4d 31.6d 36.9d 38.8d
Cl5.. ot 131.3d 131.1d 133.14d 131.0d 131.34d 1324d
Cl16... v 131.2d 131.3d 133.0d 130.3d 131.0d 132.3d
C-17. i 37.6d 37.1d 39.6d 33.0d 37.1d 389d
Cl8.. ... 19.8q 19.3q 208¢ 2234 19.9q 201q
Cl9. . oo 70.6s 68.1s 71.2s 70.7 s 77.0s 78.2s
C20.......iiinnn. 58.7d 59.9d 61.1d 59.3d 56.0d 58.6d
C2l..iiiiiiin 56.24d 56.8d 58.4d 56.2d 54.0d 55.8d
C22.. .o 63.8d 65.8d 67.74d 64.0d 67.7d 70.3d
C23.. ... 257 ¢ 246t 264t 25.8¢ 219t 227t
C24.. ... 284 ¢ 318t 323¢ 285t 275t 285¢

OCH,.........c..... 6509

63.0q
OCOCH, ............ 17.9q 17.7q
21.0q 2084
21.5q 21.5q
OCOCH, ............ 166.4's 168.3s
169.9 s 171.5s
170.6 s 172.3s

‘3 (ppm) from TMS.
*Recorded at 67.8 MHz.
‘Recorded at 125.65 MHz.
“Recorded ar 100.40 MHz.

constructed with A, G, and I to be 1 as shown in Scheme 2, because 1 gave the significant
cross peaks of CH/C, and CH/C, in CDCl; and CH/C,, CH/C,, C,H,/C,, and C,OH/
C, in DMSO-d,, and 4 gave those of C,H/C,, C H/C,, and C_H,/C, in CD,OD in the
HMBC experiment. It is well known that the signals of the carbons at the part of ring
juncture in a cis-decalin appear at § 36.5-37.0, and those in a trans-decalin appear at &
43.4-44.2 in the C-nmr spectrum (8). The signals of C-9 and C-14 were observed at
838.1and 37.0inthe ”C-nmr spectrum of 1 in CDCl,, suggesting that the ring juncture
between C-9 and C-14 in 1 is cis. The coupling constants between H-8 and H-9, and
between H-8 and H-17, were observed to be 10.2 Hz in the 'H nmr spectrum of 1 in
CDCl, {H-8 8 4.68 (t, J=10.2 Hz), see Table 2}, suggesting that the configurations
between H-8 and H-9, and between H-8 and H-17, are trans diaxial. This assumption
was also supported by the fact that a significant nOe was observed between H-9 and H-
17 in the NOESY spectrum of 1 in CDCl,. Accordingly, the structure of fischerin,
including relative stereostructure, was deduced to be 1 as shown in Scheme 2.

As fungal metabolites which include 1,4-dihydroxy-2(1H)-pyridone or its homolo-
gous moieties, several compounds, namely tenellin [5}, bassianin {6} from Beaxveria
tenella and Beanveria bassiana (9-11), ilicicolin H {7} from Cylindrociadium ilicicola (12),
funiculosin {81 from Penicillinm funiculosum (13), harzianopyridone {91 from Trichoderma
barzianum (14), and leporin A [10} from Aspergillus leporis (15), have so far been isolated
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HO ° .
OH OH © e “
U 2 2 £ [—1
HM e *
1 Hrgﬂ 0 HCY N
G

R0 2? 0 iy

(relative stereostructure)

1 R,=R,=R,=R,=H

2 R,=R,=R,=R,=H, 15,16-dihydro
3 R,=R,=CH,, R,=R;=H

4 R,=R,=R,=COCH,, R,=H

Scheme 2. Structure construction of fischerin {1} from the partial structures A, G, and L
—: HMBC data of 1 in DMSO-4,.

(Figure 1). They have been isolated as fungal pigments (5, 6), antibiotics (7, 8, 9), and
an anti-insectan (10). Comparison of the "C-nmr spectral data of 1 with those of § and
7 described in the literature indicated that the spectral data at positions 1-7 of 1 are very
similar to the corresponding data of 5 and 7. The biosynthesis of these metabolites
through a pathway that starts from polyketide and phenylalanine precursors and
proceeds to 5 or 7 via an intermediate formed from condensation of the two precursors
was already reported (9,10,16). Compound 1 may also be biosynthesized through a
pathway similar to that for biosynthesis of 5 or 7 because of the structural similarity of
1 to 5 or 7, as shown in Scheme 3.

CHy CH, N0 CH,y CH,

OH
Ho, A_.oH
., Q OH CHy

[ (o] CH,
CHy CHy CH,

FIGURE 1.  Structures of the fungal metabolites including 1,4-dihydroxy-2(1H)-pyridone or
its homologous moieties, 5, 6 (9,10,11), 7 (12), 8 (13), 9 (14), and 10 (15).
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SCcHEME 3. Biogenesis of 1.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—The mp’s were measured on a Yanagimoto micro mp
apparatus (hot stage type) and are uncorrected. The optical rotations were measured with a JASCO DIP-140
digital polarimeter. The ir spectra were recorded with a Hitachi IR 260-10 spectrometer, the uv spectra with
a Hitachi U-3400 spectrometer, the eims spectra with a Hitachi M-60, the hreims spectra with a Hitachi
RMU-7M, the fabms witha JEOL JMS-$X102, the 'H-nmr spectra with a JEOL JNM-GSX270, -GSX400,
-GS8X500, -A500 or a Varian XL-VXR300 spectrometer at 270, 400, 500, 500 or 3060 MHz, the ’C-nmr
spectra with a JEOL JNM-GS§X270, -GSX400, -GSX500, -A500 or a Varian XL-VXR300 spectrometer
at 67.8, 100.4, 125.65, 125.65, or 75 MHz. Chemical shifts are expressed in & (ppm) values from TMS as
an internal standard. The tlc analyses were carried out with Si gel (Merck 60F254) plates or reversed-phase
Si gel (Merck RP-18 F2548) plates, the cc separations with Si gel columns (Wakogel C-200 or Nacalai-
Tesque Si gel 60), the flash cc separations with Si gel columns with a handy pump (NRK UP2), the mplc
separations with an mplc system (column Kusano prepacked ODS 22 i.d. X100 mm, pump Senshu SSC-
3100, controller Senshu SSC-3110, uv detector Senshu SSC Y1000 or Y3000). The toxicity of each sample
was examined by ip injection of 0.1 m! of a solution of each sample in DMSO into each mouse (ddY, male,
20-25 g) and by observation of the behavior of the injected mice within 72 h (3 mice were employed for
each sample).

ISOLATION OF FISCHERIN [1}.—N. fischeri var. fischeri CBM-FA-0156 (isolation strain 79-SH-413-1)(A
voucher specimen is deposited at the Natural History Museum and Institute, Chiba, Japan.) (1,2) was
cultured on rice medium (17) (200 g/flask X 100) at 25° for 28 days. The cultures were extracted with Me,CO
(300 ml/flask X 100) by stitring at room temperature for 12 h 3 times to afford an Me,CO extract (122 g)
after evaporation of the solvent. The Me,CO extract was treated with #-hexane (200 ml) 2 times to remove
the fatty portion. The defatted extract (73 g) was then treated with CHCI, (200 ml) 3 times to obtain a
CHCl;-soluble portion (56 g). The CHCl,-soluble portion was chromatographed on a Si gel column with
CgH,, CHCl;, CHCL,-Me,CO (1:1), and Me,CO, successively. The fraction eluted with C;H, and CHCI,
gave a non-polar fraction which caused tremors in mice. The fraction eluted with CHCl,-Me,CO(1:1) gave
a polar fraction (16.6 g) which caused lethal peritonitis in mice at a dose of 500 mg/kg. The polar fraction
was separated chromatographically on a Sephadex LH-20 column with CHCl,-MeOH (1:1), on a flash
chromatographic column of Si gel impregnated with 6% (w/w) H,O with CHCI,-MeOH (30:1), and on an
mplc column of ODS with MeOH-H,O (65:35) at a flow rate of 8.0 ml/min, successively, to afford 1 (709
mg), which gave single spots on both tlc plates of Si gel and reversed-phase Si gel developed with CHCI,-
MeOH (9:1) and MeOH-H,0 (3:1), respectively.

Compound 1.—Pale yellow amorphous powder: {a}*D —65.0° (¢=0.52, CHCL,); hreims m/z [M}"
431.1942 (caled for C,;H,(NO,, 431.1944); eims m/z (%) [M]" 431 (41); fabms m/z (M+HY" 432, +KI
miz IM+K1* 470; ir (CHCl,) 3550 (OH), 3200 (OH), 2920, 2840, 1640 (C=0), 1600, 1540, 1450, 1440
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cm™"; uv max (MeOH) 213 (€ 13000), 233 (7700), 290 (4800), 343 (3800) nm; 'H nmr see Table 2; °C
nmr see Table 3. The 2D INADEQUATE spectrum of 1 (230 mg) in CD,OD (0.75 ml) indicated the
presence of the C-C and/or C=C bond chains (a) and (b) at a condition of pulse repetition time=5.027 sec
(acquisition time=0.027 sec), T=6.25 msec (J..=40 Hz), and (c) at that of pulse repetition time=5.134
sec (acquisition time=0.134 sec), 7=4.17 msec (J. =60 Hz), as follows: (a) CH,-CH(-CH=)-C H(—)-
CH(-C.H,-C,H,)-CH(-C,H=)-CH,-CH,- (b) -C H,-CH(-OH)-C H(-0)-C,H(-0)-C(-0) (—)-C,H,-,
(©) -CH=C, (-)-C, (-OH)=C, (-)-C(= O)}-C,=C;-.

CATALYTIC HYDROGENATION OF FISCHERIN {1}.—A suspension of 5% Pd/C (5.5 mg) in EtOH (1.0 ml)
was stirred vigorously under H, gas at room temperature for 15 min. A solution of 1 (5.0 mg) in EcOH (1.5
ml) was added to the suspension. The reaction mixture was stirred under H, gas at room temperature for
2 h. After removal of the catalyst, the solvent was evaporated to give a residual product, which was purified
through 2 small ODS column (Waters, Sep-Pak C18) with MeOH-H,O (7:3) to afford 2 (4.2 mg): pale
yellow amorphous powder; ir (CHCL,) 3550, 3200, 2920, 2850, 1640, 1600, 1550, 1440 cm™"; 'H nmr see
Table 2.

METHYLATION OF FISCHERIN [1}.—A solution of CH,N, in Et,0 (1.0 ml) was added to a solution of
1(30 mg) in MeOH (0.3 ml). The reaction mixture was stirred at room temperature overnight. Evaporation
of the solvent gave a product mixture, which was separated chromatographically on a Si gel column with
CHCI;-MeOH (20:1), followed by preparative tlc using a Si gel plate with CHCl,-MeOH (10:1) to afford
3(7.3 mg): colorless amorphous powder; ir (CHCL,) 3560, 2920, 2850, 1640, 1600 cm™*; 'H nmr see Table
2; ®C nmr see Table 3.

ACETYLATION OF FISCHERIN {1].—A solution of 1 (85 mg) in Ac,0 (1.0 ml) and pyridine (1.0 ml)
was maintained at room temperature for 19 h. After addition of ice-H,O to the solution, the mixture was
extracted with EtOAc. After evaporation of the solvent, a solid residue was purified on a flash
chromatographic column of Si gel with CHCl;-Me,CO (40:1), followed by recrystallization from n-
hexane and Me,CO, successively, to afford 4 (38 mg): colorless needles; mp 121-123°% {a}?D —46.0°
(¢=0.44, CHCL,); fabms m/z [M+H]" 558, +KIm/z [M+K]" 596; ir (CHCI,) 3350, 2920, 2850, 1820,
1735, 1675, 1600 cm™'; uv max (MeOH) 231 (e 9500), 282 (4900), 332 (8500) nm; "H nmt see Table
2; *C nmr see Table 3.
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