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Abstract—Communiols A-D (1-4), new tetrahydrofuran and bis-tetrahydrofuran derivatives, have been isolated from cultures of
the coprophilous fungus Podospora communis, and identified by spectroscopic methods.

© 2004 Elsevier Ltd. All rights reserved.

During our ongoing search for new bioactive natural
products from coprophilous (dung-colonizing) fungi,!-?
an isolate of Podospora communis (Speg.) Niessl (JS
161)* obtained from horse dung was subjected to chem-
ical studies. A subculture of this isolate was grown in
liquid culture, and the EtOAc extract of the culture
broth exhibited antibacterial activity. Fractionation of
this extract by Sephadex LH-20 column chromatogra-
phy and reversed-phase HPLC afforded four new tetra-
hydrofuran and bis-tetrahydrofuran derivatives that we
called communiols A-D (1-4).* Details of the structures
and bioactivities of these compounds are reported here.

The molecular formula of communiol A (1) was deter-
mined to be C;1H,004 (two unsaturations) on the basis
of HRFABMS and NMR data (Tables 1 and 2). Anal-
ysis of 'H and '*C NMR data for 1 revealed the pres-
ence of one methyl group, six methylene units (one of
which is oxygenated), three sp® methine carbons (two
oxygenated), and one carboxyl carbon. These signals,
together with two exchangeable protons, accounted for
the formula, and required 1 to be monocyclic. The iden-
tity of the sole proton spin system in 1 was established in
part by COSY and decoupling experiments. The pres-
ence of units corresponding to C2-C4, C5-CS8/Cl1,
and C9-C10 in 1 was unambiguous, but assembly of
these substructures required additional data due to sig-
nal overlap in the upfield region. Selective INEPT corre-
lations of H-11a with C-4, C-6, and C-7, and of H-7 to
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C-11 provided most of the necessary information, and
established the presence of a tetrahydrofuran ring. The
signal for H-8 showed correlations to C-6, C-7, C-9,
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Table 1. '"H NMR data for Communiols A-D (1-4) in CDCI3*

# Communiol A (1)° Communiol B (2)° Communiol C (3)° Communiol D (4)°
1 3.75 (t, 6.0)
2 233 (t, 7.4) 5.84 (dt, 16, 1.5) 2.42 (dd, 7.8, 16) 1.78 (m)

2.44 (dd, 7.2, 16) 1.69 (ddt, 14, 8.4, 6.0)
3 1.62 (m) 6.99 (dt, 16, 7.2) 2.63 (br septet, 7) 4.25 (m)
4a 1.40 (m) 2.28 (m) 2.08 (ddd, 13, 8.4, 6.6) 1.85 (ddd, 13, 6.0, 2.1)
4b 1.52 (ddd, 13, 7.8, 6.0) 1.78 (m)
5 2.17 (br septet, 7) 2.35 (m) 3.90 (ddd, 10, 7.8, 3.6) 2.93 (m)
6a 2.03 (ddd, 12, 8.4, 6.9) 2.06 (dt, 13, 7) 3.68 (ddd, 8.4, 4.8, 3.6) 2.11 (dt, 13, 9.6)
6b 1.43 (m) 1.50 (ddd, 13, 9.0, 7) 1.58 (ddd, 13, 6.3, 2.4)
7 3.89 (ddd, 10, 6.9, 3.6) 3.88 (dt, 3.3, 7) 1.40 (m) 4.09 (ddd, 9.9, 6.3, 3.6)
8 3.66 (ddd, 9.0, 5.7, 3.6) 3.66 (ddd, 8.7, 5.4, 3.3) 0.96 (t, 7.4) 3.72 (ddd, 7.8, 4.8, 3.6)
9 1.40 (m) 1.39 (m) 4.09 (brt, 7.2) 1.37 (m)

3.41 (brt, 7.2)
10 0.96 (t, 7.4) 0.95 (t, 7.4) 0.96 (t, 7.4)
lla 4.02 (dd, 8.1, 6.6) 4.02 (dd, 8.4, 6.9) 5.74 (d, 5.4)
11b 3.32 (dd, 8.1, 7.5) 3.32 (dd, 8.4, 7.0)

# 0y (mult., J in hertz).
® Recorded at 600 MHz.
°Recorded at 300 MHz.

Table 2. '3C NMR data (5¢) for 1-4 in CDCls

# 1 2 3 4

1 178.3 170.8 176.3 60.8
2 339 122.5 37.2 37.7
3 23.4 148.5 355 78.9
4 325 35.6 30.7 39.3
5 39.2 38.2 81.3 42.6
6 30.9 30.6 73.7 31.2
7 81.5 81.5 25.6 82.6
8 73.7 73.7 10.3 72.4
9 25.6 25.6 73.7 25.5
10 10.3 10.3 10.3
11 73.6 73.2 108.8

and C-10. Irradiation of H,-2 resulted in polarization
transfer to carboxyl carbon C-1, as well as to C-3 and
C-4, indicating that the carboxyl carbon is attached to
C-2. The two exchangeable protons must be present as
a free hydroxy group at C-8 and a free carboxylic acid
at C-1. The presence of the free acid group was con-
firmed by formation of a methyl ester upon treatment
of 1 with TMSCHN,. These data enabled assignment
of the gross structure of 1 as shown.

The substituents at C-5 and C-7 were assigned a trans
relative orientation on the basis of NOESY data. For
example, the signals for H-5 and H-7 showed no mutual
correlation, but each showed a strong correlation to a
different C-6 methylene proton, placing them on oppo-
site faces of the ring (Fig. 1). NOESY experiments for
other compounds in the series (see below) gave analo-
gous results, suggesting retention of this relative stereo-
chemistry in all four compounds. The C-7/C-8 relative
stereochemistry could not be unambiguously established
by analysis of NOESY data or "H NMR J-values, but
was proposed on the basis of *C NMR shift data.>”
During investigations of acetogenins and model com-
pounds, Born et al. proposed a method using '*C
NMR shift values to determine the relative configura-
tion of an hydroxymethine carbon attached to a tetra-
hydrofuran ring at a position o to the ring oxygen

Figure 1. Key NOESY correlations for 1 («) and additional relevant
correlations observed for 3 (<«-»).

atom.®> Studies of further synthetic model compounds
by Fujimuto et al. provided evidence in support of this
approach.” The '>C NMR shift for the hydroxymethine
carbon is normally ca. § 74 for a threo configuration,
and ¢ 72 for an erythro relationship. This rule has been
subsequently applied by other researchers for various
THF-containing acetogenins, although these are gener-
ally (cis- or trans-)2,5-disubstituted analogs.>® The near
identity of the relevant NMR shifts and coupling con-
stant data for 1-3 (Tables 1 and 2) suggested that these
compounds all have the same relative stereochemistry at
these positions, and the hydroxymethine chemical shift
(6 73.7 in each case) suggested a threo (S*,S™) relation-
ship.

The NMR data for communiol B (2; C;;H;30y; three
unsaturations) were similar to those of 1, except that
two of the side-chain methylene units (C2-C3) were
clearly replaced by a trans-disubstituted olefin unit to
give 2. The 'H and '*C NMR data for communiol C
(3; CoH604) were also similar to those of 1, except for
the absence of two methylene units of the side chain.
Both structures were assigned by NMR comparisons
with 1 and by analysis of homonuclear decoupling
experiments. In the case of 3, additional NOESY corre-
lations beyond those described for 1 were observed,
which lent further support to the proposed ring sterco-
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chemistry (Fig. 1). In the spectrum of 1, the signal(s) for
the side-chain methylene H,-4 overlapped with the sig-
nal(s) for methylene H»-9 at ¢ 1.40, rendering correla-
tions to that signal position ambiguous. However, in
the data for 3, the corresponding methylene (numbered
as H,-2 in 3) appeared as a distinctive, somewhat down-
field-shifted AB pair that showed correlations to H-5
and to the H-4 and H-11 methylene proton signals on
the same face, thereby providing further support for
the relative stereochemistry at the ring positions as
shown.

Analysis of 'H and '3C NMR data for communiol D (4)
revealed the presence of one methyl group, five methyl-
ene units (one oxygenated), and five sp® methine units
(four oxygenated). NMR and HRFABMS data indi-
cated that 4 is an isomer of 1, but that it lacks olefinic
or carbonyl carbons, and must therefore be bicyclic.
Comparison of the DEPT and '"H NMR data again indi-
cated two exchangeable protons. The single, continuous
proton spin system in the molecule was established
based on decoupling experiments, and these and other
connections were verified by selective INEPT data.
The chemical shifts of H-11 (éy 5.74) and C-11 (6c
108.8) required linkage of two oxygen atoms to C-11.
The bis-THF skeleton was established by the observa-
tion of selective INEPT correlations of H-11 to both
C-3 and C-7. The two exchangeable protons were as-
signed to free OH groups attached to C-1 and C-8. A
key, strong NOESY correlation of H-3 with H-7 in 4
essentially sets the relative stereochemistry at all four
centers of the ring system, since it indicates that these
two protons are on the same face of the molecule, and
also requires 4 to have a cis ring fusion, with the bridge-
head protons on the opposite face of the ring system rel-
ative to H-3 and H-7. A NOESY correlation of H-5 with
H-11 and a Jy.s_p1.11 value of 5.4 Hz® were both consist-
ent with a cis relationship. This relative stereochemistry
is consistent with that assigned for compounds 1-3. The
relative stereochemistry at C-7 and C-8 was not pro-
posed using Born’s rule in this instance because the
model compounds used in its development are mono-
cyclic, and the C-8 shift in 4 (shifted slightly upfield to
dc 72.4) could be affected by the presence of the second
THF ring. Although detailed coupling information has
not been systematically reported for model compounds
of this type, the Jy.7_pgg value of 3.6Hz in 4 closely
matched the corresponding values for 1-3. This observa-
tion, together with the biogenetic similarity, suggested
that 4 likely has a threo relationship at C-7 and C-8.
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Although the threo assignments in 1-4 were not consid-
ered completely conclusive, an effort was made to pro-
pose the absolute stereochemistry at C-8 in 1 by
application of the modified Mosher NMR method.’
Treatment of communiol A (1) with (S)-MTPACI or
(R)-MTPACI in the presence of DMAP afforded the
(R)-MTPA ester or the (S)-MTPA ester, respectively.
Formation of the esters was confirmed by a significant
downfield shift of the signal for H-8, and by the appear-
ance of the expected new aromatic and methoxy signals
in the "H NMR spectra. Upon comparison of the 'H
NMR chemical shifts for the two products (Ad values
shown in Fig. 2), the shifts of the nearby methine (H-
7) and methyl (H5-10) signals were considered to be of
greatest value in making the assignment, as the H,-9
and H,-6 methylene proton signals overlapped with oth-
ers. The signals for Hy-11 also showed significant shift
differences. All of the corresponding Ad values (Fig. 2)
were consistent with assignment of the S absolute con-
figuration at C-8, leading to proposal of the overall
5R,7S,8S absolute stereochemistry in 1 as shown. Com-
muniols B-D (2-4) were assumed to possess analogous
absolute stereochemistry.

Communiols A-C (1-3) afforded 8- to 16-mm zones of
inhibition against Bacillus subtilis (ATCC 6051) and
Staphylococcus aureus (ATCC 29213) in standard disk
assays at 200 ug/disk. Communiol D was inactive in
these assays. A gentamicin sulfate standard (Sigma
Chemical Co.) showed ca. 25-mm zones of inhibition
in both assays at 50pug/disk. None of the compounds
showed activity against C. albicans (ATCC 90029).

Most of the known naturally occurring mono- and bis-
tetrahydrofurans have been reported from plants, and
include annonaceous acetogenins and clerodane diterpe-
noids. However, there are examples from fungal sources,
such as aureonitol, from Chaetomium'® and Helichrysum
spp.,!! and asteltoxin, a bis-THF derivative from As-
pergillus stellatus'?> Although other fungal metabolites
contain fused furanoid rings, to our knowledge, astel-
toxin is the only other fungal metabolite that possesses
an isolated bis-THF (hexahydrofuro[2,3-b]furan) unit
like that found in communiol D (4). Communiols
A-D (1-4) are likely to be derived from the polyketide
pathway, although the pattern of oxygenation is un-
usual. The closest precedent for 1-4 appears to be aure-
onitol and its epimer(s), which possess butadienyl and
pentadienyl substituents at the 2- and 4-ring posi-
tions.!%!113 Stable isotope incorporation experiments
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Figure 2. Observed chemical shift differences (Ad = dg—ds in parts per million at 300 MHz) for selected protons of the R- and S-MTPA esters of

communiol A (1).
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reported for aureonitol confirmed a polyketide origin,
with a decarboxylation step and an epoxide rearrange-
ment invoked to rationalize the labeling pattern.'* How-
ever, 1-4 lack the 3-OH group present in aureonitol, and
also have ring closure at a different point along the
chain. Compounds 1-4 are the first compounds to be
reported from P. communis, and are among the few
metabolites reported from members of the relatively
common coprophilous genus Podospora.
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