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Botcinins E and F were isolated together with the known botcinolide. The structures of botcinins E and F were determined
to be 30O-deacetylbotcinin A %) and 3O-deacetyl-2epi-botcinin A (6), respectively, by spectroscopic methods and
chemical conversion. The structure of botcinolide was revised on the basis of spectroscopic data and chemical conversion.
Botcinolide was originally reported as a nine-membered lact@pé (it the revised structure is the seco acid of botcinin

E (13). Thus botcinolide is renamed botcinic acid, and homobotcinolide is renamed botcineric acid. Reinvestigation of
the spectroscopic data reported for all botcinolide analogues indicates @aethylbotcinolide and ®-acetyl-2-
epibotcinolide are the same as a methyl ester of botcinic a3d) (and botcinin A (), respectively, and that
2-epibotcinolide may be the same as botcinirbE Compounds, 6, and13 showed weak antifungal activity against
Magnaporthe griseaa pathogen of rice blast disease.

Botrytis cinereais a well-known pathogen of a number of H CHg ORy
commercial plants and produces many structurally diverse metabo- Oy 0 O\’(\/v\/\/&;
lites, such as botrydials,” mycosporine$; 1 botrylactoneil12 Ro.|" |77 o
abscisic acid?® cinereain* and botcinolided®> 18 Recently, we R Y CHO “‘CHy
reported the isolation of botcinins AD (1—4), which show ORj; °
antifungal activity againd¥lagnaporthe griseaa pathogen of rice Ry Ro R; R; Rs
blast disease, from the neutral fraction of a culture filtrate of a strain 1: CHi H Ac H CHg
(AEM 211) of B. cinereal® The botcinins’ structures are comprised 2: CH3 H Ac H (CHy),CHj
of a unique bicyclic unit and a fatty acyl portion. Our continuing g gH gHa ﬁc : gHHZ)ZCH3
search for new botcinins among metabolites in an acidic fraction 5a: CH; H Ac Ac CHg
obtained from the culture filtrate of the same fungus resulted in 6: H CHzH H CHg
isolation of three anisaldehyde-positive substances. Two of them
were determined to be @-deacetylbotcinin A%) and 30-deacetyl- H CHs OH
2-epibotcinin A (6), named botcinins E and F, respectively, and O OO CHs
one was identified as botcinolid@® However the chemical '\ ! o
behavior of botcinolide was not in accordance with the reported HsC CH? “CH3
structure. Further analysis through chemical reactions allowed us
to revise the structure. 4

Botcinolide (7) was first reported in 1998 The structure was
elucidated by extensive spectroscopic studies, suggesting that OH
botcinolide had a nine-membered lactone ring and a fatty acyl R
portion1>16 The relative stereochemistry, except for C-was 6
proposed on the basis of the NOE correlations, the coupling
constant, and molecular modelifjTo date, homobotcinolides],
4-O-methylbotcinolide 9), 3-O-acetyl-50-methylbotcinolide 10),
2-epibotcinolide {1), and 3©O-acetyl-2-epibotcinolide 12) have Rs Rs
been reported as botcinolide analogl@s$.Their structures were H H CHg
determined only by comparison of their MS and NMR data with H H  (CHp),CHg
those reported for. We carefully reinvestigated the spectroscopic CH; H  CHg
data reported for all botcinolide analogues and revised the structures :(1) gH ﬁHg' f‘ic : ﬁH3 8:3
of 4-O-methylbotcinolide and ®-acetyl-2-epibotcinolide as a 12: CHz H Ac H H CHg
result.

In this paper, we report the isolation and structure elucidation
of two new botcinin A analogues, botcinins B) @nd F @), and CHg OH

the structural revision of botcinolid@Yand 2-epibotcinolidel(1).

Furthermore, we discuss the validity of structures of the other
botcinolide analogues. The antifungal activities%f6, and 13
againstMagnaporthe griseare also reported.
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Botrytis cinereaAEM 211 was cultured on a malt extract are observed 2.8 ppm downfield, 1.9 ppm downfield, 7.2 ppm
medium, without shaking, at 24C for 14 days in the dark. The  upfield, and 2.5 ppm downfield, respectively, compared to that of
metabolites in the culture filtrate were extracted with ethyl acetate 5. These shifts are due to the disappearance of the lactone ring. To
and separated into neutral and acidic fractions. The acidic fraction verify this speculation, we treatetB with acetic anhydride and
was purified by chromatographic separations to afford three pyridine to afford an acetylated and lactonized product, which was
anisaldehyde-positive compounds ¢, and13) in respective yields identical in all respects t®a Thus the structure of botcinolide

of 0.4, 0.5, and 0.6 mg/L. was revised from7 to 13, and the absolute configuration was
Compoundb was isolated as an amorphous solid. The molecular assigned asR 3S, 4S 5S 6S 7R, 8S 4S The name botcinolide
formula of GoHz,0; was established by HRFABMS afC NMR is associated with the lactone, and thus botcinolide is renamed

data, requiring five degrees of unsaturation. F@&NMR spectrum botcinic acid. )

of 5in CD;OD displayed 20 carbon resonances: five owing to  Although botcinins E§) and F €) are neutral metabolites, they
methyls, three to methylenes, seven tdmethines (five of which were isolated from the acidic fraction together with botcinic acid
were oxygenated), two to 3pnethines, one to an oxygenated (13). the seco acid of botcinin E, as described above. In addition,

quaternary carbon, and two to carbonyl carbons. THeNMR although neutral polar substances could be found in the acidic
spectrum of in CDCl; was very similar to that of botcinin Alj, fract_iqn by the present ex_traction procedure, the polarities of
indicating thas was a botcinin A analogue. Two resonancedat  Potcinins E and F are not high enough that they can be separated
20.6 and 170.1 due to the acetoxyl in #€ NMR spectrum ofl into the acidic fraction. This suggests that they exist as an

and a resonance 8 2.12 due to the acetyl methyl protons in the equilibrium mixture of seco acid and lactone in the culture filtrate
1H NMR spectrum ofL disappeared in thEC and!H NMR spectra and that lactonization of a part of the seco acid in the acidic fraction
of 5, respectively. Moreover, a resonancedat5.40 due to the occurs during extraction and purification. Thus, the seco acid of
oxygenated methine proton H-3 dfshifted upfield tody 4.14 in botcinin F is probably present somewhere in the acidic fraction of
the *H NMR spectrum of5. These data indicated thatwas a this funlgus. . , o
deacetyl derivative ofl. To confirm the presumption5 was The H and *C NMR data in CDC for botcinin E 6g_were
acetylated using acetic anhydride and pyridine, affording diacetyl almost identical to those reported for 2-ep|blotcmo||ﬂie){ in the
derivative 6a), which was identical in all respects to the compound S&@me solvent except for thrééC and one'H resonance. The
obtained by acetylation oL.1® Thus 5 was identified as 3- resonance aic 77.2 in the reported data could not be distinguished
deacetylbotcinin A, and the absolute stereochemistry was assigned"©M the resonances of CDGh our spectrum. Two resonances at
as R, 3S 4R 5S 6R, 7R, 8S 4'S on the basis of the absolute 0c 174.0 and 165.3 in our spectrum havg been .reportég ar3.2
configuration of botcinin A 3-O-Deacetylbotcinin A §) was and 170.1, respectively. Th(_e latter chemical sbftL70.1 for C-1
named botcinin E. may be mistaken because it should be observed around 166 ppm.
Compounds was obtained as an amorphous solid. The molecular The resonace @iy 7.02 in our data corresponded with the resonance
formulapof G0, was the same as [t)hat p Thé 13C NMR atdy 7.91 in the reported data, whose chemical shift may be typed

speciral data 06 were verv similar to those d excent for some incorrectly. Further investigation is needed before identifying
P . . M xcept for . . 2-epibotcinolide to be the same as botcinin E.
differences in chemical shifts. In the NOE experiments, irradiation

Thus, the structures of @-methylbotcinolidé® and 30-acetyl-
of H-5 produced NOE enhancement of the H-3 and H-7 resonances,, _ . P . L
irradiation of the 4-methyl protons caused NOE enhancement of 2-epibotcinolidé® should be revised. &-Methylbotcinolide )

the H-2, H-6, and H-8 resonances, and irradiation of H-6 produced must be a methyl ester of botcinic acitBg) because C-4 and the

A . oxygen atom attached to C-4 were a part of the tetrahydropyrane
NOE enhancement of the H-8 resonance, indicating @hatthe ring in the corrected structure of botcinolide. The repottédNMR

C-2 epimer .OE' From .the biogenetic viewppint, com.pourﬁiand .__data for 40-methylbotcinolide in GDg were identical to those of
6 may be biosynthesized from the same intermediate, suggestind; 3. in the same solvent. Thus, the structure d4nethylbotci-

that5 and6 have the_ same absolute configurat_ions (_ax_cept for C-2. nolide is revised fron® to 13a In the course of reinvestigation we
Thus, 6 was determined to be @-deacetyl-2epi-botcinin A and found the NMR data for 3-acetyl-2-epibotcinolide 1) to be

was named botcinin F. completely identical to those of botcinin AL) Therefore, the

The molecular formula 0fL3 (CxHs40g) was obtained by  structure of 30-acetyl-2-epibotcinolide is revised frod? to 1.
HRFABMS and*C NMR data. The spectroscopic data were  The structures of the other botcinolide analogues are also
completely identical to those reported for botcinolidg¢16 Since discussed below. ThiH NMR data for 30-acetyl-50-methyl-
the optical rotation of botcinolide had not been reported, it was potcinolide (L0)!8in CDCl; are very similar to those fdk3ain the
measured and found to be identical with thafl8f indicating that same solvent. A new resonance due to acetyl methyl protons appears
botcinolide andL3 were identical. In the course of our purification, in thelH NMR spectrum of 3-acetyl-50-methylbotcinolide, and
the behavior ofl3 was not consistent with expected properties for 3 resonance due to the methine proton (H-3) attached to the acetoxyl
the reported structure. For example, a remarkable tailing of the peakshifts downfield from the!H NMR spectrum of13a Thus the
of 13 was produced when analyzed by HPLC without addition of structure of 30-acetyl-50-methylbotcinolide should be revised
acetic acid to the solvent, suggesting the existence of an acidicfrom 10to 14. Compoundl4is a methyl ester of ®-acetyl botcinic
function. Furthermore, treatment &8 with diazomethane gave a  acid. Homobotcinolid¥ differs from 7 only in the length of the
monomethyl ester derivativel8a), whose'H NMR spectrum  fatty acyl portion. Hence, the structure of homobotcinolide should
showed a new methoxy resonancedgt3.65 (3H, s), providing be revised fron8 to 15, and homobotcinolide is renamed botcineric
evidence for the presence of a carboxyl group. Thus, the earlier g¢id.

reported structure of botcinolide was not correct and its structure  |n an antifungal assay, compoun8s6, and 13 showed weak

should be revised. The molecular formulal&fhad one more O antifungal activity, all with MICs of 10(M, againstMagnaporthe
than that of botcinin E). The*H—'H COSY of13revealed the  grisea Botcinins B @) and D @) were the most active (both with
three spin systems efC(2)CH—C(3)H—, —C(5)H—C(6)HCH;— MIC 12.5 zM) among the compounds tested so far.

C(7)H—C(8)HCH;—, and the acyl portion, which are the same as

in botcinin E. If one allows for the existence of a carboxyl group, EXxperimental Section

compound13 would be a seco acid of botcinin E. TA&E NMR General Experimental Procedures.Optical rotations were mea-
spectrum ofL3, including DEPT, is similar to that d§, except for sured with a Horiba SEPA-200 polarimeter. UV spectra were recorded
the chemical shifts of the resonances of C-1, C-4, C-5, and C-6. In with a Hitachi U-2001 spectrophotometer, and IR spectra with a JASCO
the 13C NMR spectrum ofL3, C-1, C-4, C-5, and C-6 resonances FT/IR 7000 spectrometer. NMR spectra were measured with a JEOL
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Table 1. 'H and'3C NMR Data (500 and 125 MHz) fds, 6, and13
5 6 13
position oc? Oon (Jin Hz) ocP On (Jin Hz)P ocP On (Jin Hz)P oc? On (Jin Hz)2
1 177.4 174.0 172.9 180.2
2 39.5 3.21dq (9.4,7.3) 38.4 3.05dq (9.9, 7.4) 42.2 2.54dq (9.2, 7.4) 39.7 2.74dq (7.1, 2.3)
2-CHs 105 1.15d(7.3) 103 1.28d(7.4) 16.0  1.47d(7.4) 17.4  1.32d(7.1)
3 75.0  4.09d(9.4) 74.0  4.14d(9.9) 787  3.58d(9.2) 777  357d(2.3)
4 78.1 c 74.0 80.0
4-CHg 11.6 1.19s 11.0 1.24s 8.9 1.28s 14.9 1.23s
5 79.6  3.95d(11.0) 78.4  3.70d (11.0) 79.5  3.54d(11.5) 72.4  3.78d(10.8)
6 36.8 2.22ddq (11.0,10.8, 35.6 2.18ddq (11.0,10.5, 35.3 2.12ddq (11.5,10.3, 39.3 1.88 ddq (10.8, 10.5,
6.2) 6.2) 6.2) 6.4)
6-CHs 13.9 1.03d(6.2) 13.7  1.06d(6.2) 135  1.05d(6.2) 14.7  0.98d (6.4)
7 77.9 4.51dd (10.6, 9.9) 76.2 4.53 dd (10.5, 9.6) 76.6 4.50 dd (10.3, 9.6) 78.4 4.34dd (10.5, 9.8)
8 69.5 3.79dq (9.9, 6.2) 68.4 3.73dq (9.6, 6.2) 68.2 3.75dq (9.6, 6.2) 69.3 3.61dq(9.8,6.2)
8-CHs 18.6  1.08d(6.2) 182  1.12d(6.2) 18.2  1.12d(6.2) 18.1  1.00d(6.2)
1 167.6 165.8 165.7 167.7
2 119.9 6.06 dd (15.6, 1.6) 119.1 6.07 dd (15.6, 1.6) 119.1 6.07 dd (15.6, 1.6) 120.1 6.03 dd (15.6, 1.8)
3 154.1 7.03 dd (15.6, 4.6) 151.8 7.02 dd (15.6, 4.6) 151.8 7.02 dd (15.6, 4.6) 153.6 6.99 dd (15.6, 4.8)
4 71.6 4.26m 71.1 4.34m 71.1 4.34m 71.6 4.24 m
5 37.2 1.50-1.63 m 36.4 1.541.67m 36.4 1.541.67m 37.2 1.491.62m
6 28.7 1.33-1.47m 27.4 1.331.48 m 27.4 1.331.45m 28.7 1.291.46 m
7 23.6 1.33-1.47m 22.5 1.331.48m 22.5 1.231.43m 23.6 1.291.46 m
8 143  0.93t(7.3) 13.9  0.91t(7.1) 13.9  0.92t(7.1) 143 0.90t(7.1)

2|n CDs;OD solution.” In CDCl; solution.© The resonance could not be distinguished from the solvent.

JNM-ECP 500 spectrometer. Chemical shifts were referenced to£DCI
(0n 7.26,0c 77.0) and CROD (dc 49.0). Mass spectra were obtained
with a JEOL AX505HA spectrometer (direct probg}Nitrobenzyl
alcohol was the matrix used for FABMS. In EIMS, the ionization
voltage was 70 eV. In CIMS, the reaction gas was isobutane. HPLC
was carried out with a Cosmosil AR column (Nacalai Tesque, 10

x 250 mm), a flow rate of 1.0 mL/min, and detection at 220 nm. Merck
Kieselgel 60 k=4 was used for the TLC. The spots on TLC plates were
detected by spraying anisaldehyde-sulfuric acid reagent on the plate
and heating it at 110C for 20 min. The spray reagent was prepared
freshly before use by adding 1 mL of concentrate®@, to a solution

of 0.5 mL of p-anisaldehyde in 50 mL of acetic acid.

Fermentation and Extraction. The fungu&® was grown without
shaking at 24C for 14 days in the dark in 500 mL conical flasks (50)
containing liquid medium (200 mL/flask) composed of glucose (30 g/L),
peptone (3 g/L), the extract from 50 g/L of malt, angdH Metabolites
were extracted from the culture filtrate with EtOAc {310 L) after
adjusting the pH to 2.0 wit 6 M HCI. The EtOAc solution was
extracted wih 1 M NaHCQ (2 x 0.5 volume). The NaHC@solution
was acidified to pH 2.0 wit 6 M HCI and extracted with EtOAc. The
EtOAc solution was dried over N8O, and concentrated to dryness to
give a residue (5.2 g).

Isolation. The residue was subjected to silica gel partition column
chromatography (100 g; impregnated with 60 mL of 0.1 M HEO
32 x 250 mm), with 2000 mL (200 mLx 5) each of 10, 20, 30, 40,
and 60% EtOAc im-hexane saturated with 0.1 M HG as eluent.
The second fraction of 20% EtOAc mhexane was purified by silica
gel column chromatography (22 105 mm). Elution was performed
with 200 mL (40 mLx 5) each of 20, 30, and 40% aceton&ihexane.
The fourth and fifth fractions of 20% acetone mhexane were
combined and further purified by Sephadex LH-20 column chroma-
tography (28x 800 mm) with MeOH as the solvent. Fractions-2ZB
were purified by reversed-phase HPLC (60% MeOH) to yield com-
pounds5 and 6 (0.4 and 0.5 mg/Ltr 50 and 55 min, respectively).
The second fraction of 30% EtOAc mhexane was subjected to silica
gel column chromatography (6 100 mm), with 400 mL (80 mLx
5) each of 20, 30, and 40% acetoneniiexane as eluent. The third
fraction of 30% acetone in-hexane was purified by reversed-phase
HPLC (70% MeOH in 1% AcOH) to yield compouriB (0.6 mg/L,
tr 22 min).

Botcinin E (5): amorphous solid;d]?% —69 (c 0.23, EtOH); UV
Amax(log €) 212 (4.03) nm; IR (KBrymax 3430, 2940, 1721, 1700 crh
NMR data, see Table 1; FABM&V/z 385 [M + H]*; HRFABMS nvz
385.2243 (calcd for gH3:07, 385.2226).

Diacetylbotcinin E (5a). Compound5 (0.7 mg) was treated
overnight with 40uL of acetic anhydride and 20L of pyridine. The
product was purified by HPLC (70% MeOH, 1.0 mL/min), givibg

(0.6 mg). Similarly, compound3 (1.4 mg) was treated with acetic
anhydride and pyridine to afforsh (1.0 mg): colorless needlesi]
—70 (c 0.10, EtOH);*H NMR (CDCls, 500 MHz)6 0.90 (3H, t,J =
6.9 Hz, H-8), 1.06 (3H, d,J = 6.4 Hz, 6-@H3), 1.09 (3H, d,J = 6.0
Hz, 8-CH3), 1.12 (3H, d,J = 6.9 Hz, 2-GH3), 1.26 (3H, s, 4-Ely),
1.28-1.71 (6H, m, H-5-7"), 2.11 (3H, s, EG;CO), 2.13 (3H, s,
CH3CO), 2.19 (1H, ddgJ = 11.0, 10.1, 6.0 Hz, H-6), 3.16 (1H, d4g,
= 9.6, 7.4 Hz, H-2), 3.67 (1H, dd),= 9.6, 6.0 Hz, H-8), 3.80 (1H, d,
J=11.0 Hz, H-5), 4.53 (1H, dd] = 10.6, 9.6 Hz, H-7), 5.41 (1H, d,
J=9.7 Hz, H-3), 5.42 (1H, m, H*¥, 5.94 (1H, ddJ = 15.6, 1.4 Hz,
H-2), 6.90 (1H, ddJ = 5.1, 15.6 Hz, H-3; EIMS m/z 468 [M]" (7),
269 (22), 268 (100), 171 (12), 141 (84), 140 (24), 125 (15), 124 (36),
123 (45), 109 (58), 97 (64), 96 (15), 95 (28), 69 (27).

Botcinin F (6): amorphous solid;d]?®% —51 (c 0.26, EtOH); UV
Amax (I0g €) 212 (4.05) nm; IR (KBr)vmax 3432, 2940, 1721 crd;
NMR data, see Table 1; FABM&/z 385 [M + H]*; HRFABMS mvz
385.2206 (calcd for &H3307, 385.2226).

Botcinic acid (13): amorphous solid;d]?> —14 (c 0.35, EtOH);
FABMS mVz 403 [M + H]*; UV Amax (log €) 210 (4.03) nm; IR (KBr)
Vmax 3428, 2936, 1717 cnt; HRFABMS m/z 403.2352 (calcd for
CooH3s50s, 403.2332).

Botcinic acid methyl ester (13a) CompoundL3 (0.8 mg) in acetone
was treated with ethereal diazomethane to afi@a(0.8 mg): colorless
needles!H NMR (CDCls, 500 MHz)6 0.92 (3H, t,J = 7.1 Hz, H-8),
0.98 (3H, d,J = 6.2 Hz, 6-GH3), 1.01 (3H, d,J = 6.2 Hz, 8-CH3),
1.29-1.46 (4H, m, H-6 7'), 1.29 (3H, s, 4-El3), 1.36 (3H,dJ=7.1
Hz, 2-CH3), 1.49-1.62 (2H, m, H-5), 1.88 (1H, ddgJ = 10.8, 10.6,
6.2 Hz, H-6), 2.79 (1H, dg) = 2.1, 7.1 Hz, H-2), 3.56 (1H, d= 2.1
Hz, H-3), 3.65 (1H, s, 630), 3.72 (1H, q,J = 6.2 Hz, H-8), 3.89
(1H, d,J = 10.8 Hz, H-5), 4.33 (1H, m, H*% 4.40 (1H, ddJ = 10.6,
9.9 Hz, H-7), 6.07 (1H, dd) = 15.6, 1.6 Hz, H-2, 6.99 (1H, ddJ =
4.6, 15.6 Hz, H-3; CIMS m/z 417 [M + H]".

Antifungal Assay. The antifungal activities of compoun@s6, and
13 were determined using the procedures reported previdtisly.
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