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a b s t r a c t

Foliar fungal endophytes of Pinus strobus (eastern white pine) were collected from different sites across
south-eastern New Brunswick, Canada and screened for the production of bioactive metabolites. From
one site, two fungal isolates representing a formerly unknown genus and species within the family
Massarinaceae (Pleosporales, Dothideomycetes, Ascomycota) were resolved by phylogenetic analysis.
These isolates produced crude organic extracts that were active against Microbotryum violaceum and
Saccharomyces cerevisiae. From these strains, DAOM 242779 and 242780, four dihydrobenzofurans (1–
4) and two xanthenes (5–6) were characterized. Structures were elucidated by HRMS, interpretation of
NMR spectra and other spectroscopic techniques. All isolated metabolites displayed antimicrobial activity
against the biotrophic fungal pathogen M. violaceum and Bacillus subtilis.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

White pine blister rust (Cronartium ribicola) has virtually elimi-
nated white pine as a commercial species in the Pacific Northwest
and there is concern that the disease will become more serious in
Eastern Canada and New England (Geils et al., 2010; Tanguay,
2013). From the Acadian forest, foliar endophytes of Eastern white
pine (Pinus strobus) were identified that produce potently antifun-
gal compounds (Sumarah et al., 2011). This includes the antifungal
macrolide pyrenophorol isolated from Lophodermium nitens. This
compound was inhibitory to haploid cultures of white pine blister
rust at low lM concentrations (Sumarah et al., 2015). Richardson
et al. (2014) isolated an undescribed Xylaria endophyte from pine
in a number of locations in New Brunswick that produced the anti-
fungal metabolite griseofulvin. There is some evidence that foliar
endophytes contribute to tolerance of white pine blister rust.
Ganley et al. (2008) demonstrated that seedlings of Pinus monticola
infected with uncharacterized endophytes subsequently exposed
to C. ribicola lived longer and had less severe symptoms compared
to control seedlings. Sumarah et al. (2011) argued that the majority
of the response they observed was likely due to antibiosis.
In the present work, metabolites from two strains of a previ-
ously undescribed needle endophyte of eastern white pine within
the family Massarinaceae are discussed. Recovered as part of a
comprehensive survey of pine endophytes, this taxon was found
at only one of five sites in New Brunswick, Canada. Four dihy-
drobenzofurans (1–4) were isolated; two are reported here for
the first time (3–4), whereas two are new natural products (1–
2). Two new xanthenes (5–6) with their basic framework intact
were also characterized. Compounds 1–6 displayed antimicrobial
activity against Microbotryum violaceum and the Gram-positive
bacterium Bacillus subtilis. In view of the metabolites observed,
the relatedness of these endophytes to other fungi described
within the same family (Massarinaceae) from which secondary
metabolites have been reported were examined.

2. Results and discussion

Based on phylogenetic analysis, this taxon belongs to a new
genus and species in the Order Pleosporales (Ascomycota), repre-
senting a new lineage within the family Massarinaceae (Fig. 1).
This was confirmed by Dr. Ewald Groenewald based on a compar-
ison with the internal validated sequence database using ITS and
28S sequences at the Centraalbureau Schimmelcultures (Utrecht,
The Netherlands).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.phytochem.2015.07.009&domain=pdf
http://dx.doi.org/10.1016/j.phytochem.2015.07.009
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Table 1
Metabolite production of endophyte strains studied.

1 2 3 4 5 6

DAOM 242779 ++ ++ ++ +++ ++ ++
DAOM 242780 +++ + + ++ � �

(+) < 0.5 mg/L; (++) > 2 mg/L; (+++) > 5 mg/L.

 Lindgomyces ingoldianus AB5217... 

 Lindgomycetaceae sp. A25-17 GU... 

 Lindgomyces lemonweirensis JF4... 

 Pleomassaria siparia DQ678078 

 Lophiostoma arundinis DQ782384 

 Alternaria alternata DQ678082 

 Pleospora herbarum DQ678049 

 Leptosphaeria maculans DQ47094... 

 Paraconiothyrium fuscomaculans... 

 Massarina eburnea CBS 473.64 

 Phaeosphaeria avenaria AY54468... 

 Phaeosphaeria eustoma DQ678063 

 Paraconiothyrium fuckelii GU23... 

 Byssothecium circinans AY01635... 

 Paraconiothyrium maculicutis C... 

 Paraconiothyrium polonense CBS... 

 Corynespora olivacea GU301809 

 Neottiosporina paspali  CBS 33... 

 DAOM 242779 

 DAOM 242780 
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100 
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100 
100 

82

100 
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Fig. 1. Tree represents a PHYML maximum likelihood analysis of 20 taxa based on 28S nrDNA sequence data (1273 bp). Branch labels refer to PHYML bootstrap support
values >70% based on 1000 replicates. Bar indicates nucleotide substitution per site.
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2.1. Chemistry

In a preliminary screening bioassay, the crude ethyl acetate
(EtOAc) filtrate extract of DAOM 242779 displayed strong antifun-
gal activity against M. violaceum. This endophytic strain was subse-
quently grown on a larger scale and after an eight week
fermentation period, the culture filtrate was exhaustively
extracted. Metabolites were purified from the EtOAc soluble
extract by a combination of normal phase flash chromatography
and semi-preparative reversed-phase HPLC. Structures were deter-
mined by mass spectrometry, interpretation of NMR, IR, and UV
spectra as well as comparisons with the literature. Six metabolites
were characterized representing two chemical classes: dihy-
drobenzofurans (1–4) and xanthenes (5–6). The two xanthenes
and two 2,3-dihydrobenzofuran-4-carboxylic acids (3–4) are
reported here as new structures, whereas the others are identified
for the first time as natural products. Previously, compounds (1–2)
were only identified as synthetic intermediates. The four dihy-
drobenzofurans; but not xanthenes, were isolated from a related
endophyte, DAOM 242780 (Table 1).

Compound 1 was isolated as a pale yellow amorphous solid
with the molecular formula C10H10O3 determined by HRMS (m/z
179.0715 [M + H]+). The UV spectrum displayed an absorption
maxima at 217 nm and IR bands were observed at 3400 and
1723 cm�1 indicative of a carboxylic acid functionality. The 1H
and 13C NMR spectra displayed ten proton and carbon signals
respectively (Table 2) indicating the purified metabolite had six
units of unsaturation. Explicitly, the 1H NMR spectrum had seven
signals integrating for ten protons; a single hydroxyl at d 11.03
(s), three aromatic methines at d 7.41 (dd, J = 8.4, 7.4 Hz), 6.90
(bd, J = 8.4 Hz), and 6.69 (dd, J = 7.4, 0.7 Hz), an oxygenated
methine at d 4.73 (m), a methylene at d 2.93 (d, J = 7.3 Hz) and a
methyl at d 1.54 (d, 6.4). Examination of the 13C, HSQC and DEPT
spectra illustrated that of the ten carbon signals, four are quater-
nary: d 170.1, 162.4, 139.5, and 108.5.

COSY correlations were observed from H-6 (d 7.41) to H-5 (d
6.90) and H-7 (d 6.69). Their chemical shifts and corresponding
coupling constants additionally suggested they are vicinal and pre-
sent within a 1,2,3-trisubstituted aromatic ring. COSY correlations
were also observed from the oxygenated methine proton H-2 (d
4.73) to H-3 (d 2.93) and H-2-Me (d 1.54). Both H-2-Me and H-3



Table 2
1H and 13C NMR spectroscopic data for dihydrobenzofurans (1–4).

Position (1) (CDCl3) (2) (CD3OD) (3) ((CD3)2CO) (4) (CD3CN)

dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz)

2 76.1 4.73 m 77.2 4.69 m 76.0 4.78 m 74.3 4.55 m
3 34.8 2.93 bd (7.3) 35.5 2.92 dd (16.4, 3.6) 32.7 3.27 dd (17.1, 3.3) 33.9 3.21 dd (17.0, 2.9)

2.84 dd (16.4, 10.9) 2.82 dd (17.1, 11.5) 2.78 dd (17.0, 11.6)
3a 108.5 101.5 101.9 116.8
4 139.5 143.5 137.5 139.9
5 116.4 6.90 bd (8.4) 107.8 6.21 d (2.3) 112.1 113.2
6 136.3 7.41 dd (8.4, 7.4) 165.6 157.8 158.9
7 118.0 6.69 dd (7.4, 0.7) 102.2 6.20 d (2.3) 108.3 115.8
7a 162.4 164.1 159.2 154.9
2-Me 20.9 1.54 d (6.4) 20.9 1.54 d (6.4) 20.8 1.52 d (6.3) 20.6 1.54 d (6.3)
4-COOH 170.1 11.03 s 170.3 170.3 161.9
6-OMe 62.4 3.88 s

Fig. 2. Dihydrobenzofurans (1–4) isolated from unidentified foliar endophyte
DAOM 242779.

Fig. 3. Key HMBC and observed COSY correlations for compounds 1 and 5.
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proton signals appeared as doublets further proving they are each
vicinal to H-2. From interpretation of the 13C, HSQC and DEPT spec-
tra, three of six aromatic carbon signals are methines, C-5 (d 116.4),
C-6 (d 136.3) and C-7(d 118.0), leaving three as quaternary, C-3a (d
108.5) C-4 (d 139.5) and C-7a (d 162.4), supporting a trisubstituted
aromatic ring. HMBC cross-peaks were observed from H-6 to C-4
and C-7a, whereas both H-5 and H-7 had long range correlations
to C-3a. An HMBC correlation was also observed from H-5 to C-
4-COOH (d 170.1). The deshielded nature of C-7a suggests it is oxy-
genated, while the chemical shift of C-4 is consistent with that of
an aromatic carbon bound to a carboxylic acid using common shift
parameters of substituted benzenes (Balci, 2005). This spectro-
scopic data supports a 2,3-dihydrobenzofuran framework. The
spectroscopic data discussed above and chemical shift of C-4 eluci-
dated compound 1 as 2-methyl-2,3-dihydrobenzofuran-4-car-
boxylic acid (Fig. 2) and not 2-methyl-2,3-dihydrobenzofuran-7-
carboxylic acid. If compound 1 were in fact the 7-carboxylic acid
congener, the chemical shift of C-7 would be expected to be lower
because of the ipso carboxylic acid and ortho ether functionalities
(Balci, 2005). Observed COSY and key HMBC correlations for com-
pound 1 are found in Fig. 3.

The stereochemistry at position 2 is assigned as (S) after com-
parison of the optical rotation of compound 1, [a]25

D � 8.0 (c 0.15,
CH2Cl2), with that of the structurally similar chemical (S)-2-
methyl-2,3-dihydrobenzofuran, ([a]20

D = �22.3 [c 1, CH2Cl2]). The
(R) enantiomer of the synthetic intermediate used in this compar-
ison has an optical rotation of [a]20

D = 20.3 [c 1, CH2Cl2] (Mangas-
Sanchez et al., 2010). As all of these compounds have a single chiral
center and share the same basic 2-methyl-2,3-dihydrobenzofuran
framework, compound 1 is assigned as (S)-2-methyl-2,3-dihy-
drobenzofuran-4-carboxylic acid (Fig. 2).

Compound 2 was also isolated as a pale yellow solid but with
the molecular formula C10H10O4 determined by HRMS (m/z
195.0659 [M+H]+). UV maxima were observed at 269 and 230 nm
while a broad absorption at 3431 cm�1 and an intense band at
1633 cm�1 indicative of a conjugated carboxylic acid were dis-
played in the IR spectrum. The 1H spectrum displayed some similar
features compared to compound 1 including an oxygenated
methine at d 4.69 (m) and doublet methyl at d 1.54 (d,
J = 6.4 Hz). Unequivalent methylene signals at d 2.92 (dd, J = 16.4,
3.6 Hz) and d 2.84 (dd, J = 16.4, 10.9 Hz) are due to the same chem-
ical environment as compound 1 but appear differently in the 1H
spectra since CD3OD as opposed to CDCl3 was utilized. In contrast
to the three aromatic methines of compound 1, only two were
observed at d 6.21 (d, J = 2.3 Hz) and d 6.20 (d, J = 2.3 Hz) for com-
pound 2. The 13C spectra was very similar to compound 1, also dis-
playing ten resonances (Table 2). Interpretation of the 13C, DEPT
and HSQC identified a single methyl (d 20.9) and methylene (d
35.5); however, five quaternary signals (d 170.3, 165.6, 164.1,
143.5 and 101.5) and three methines (d 107.8, 102.2, 77.2) as
opposed to four and four respectively in compound 1.

HMBC cross-peaks from H-3 (d 2.92) to C-4 (d 143.5), C-5 (d
107.8), C-3a (d 101.5), C-2 (d 77.2) and C-2-Me (d 20.9) as well as
COSY correlations from H-2 to H-2-Me and H-3 establish the same
2,3-dihydrobenzofuran framework as compound 1. Differences in
the chemical shifts and coupling constants of methines H-5 (d
6.21) and H-7 (d 6.20), and an increased molecular weight indi-
cated an additional substitution to the aromatic ring. A loss of
COSY cross-peaks between aromatic protons compared to com-
pound 1 and the magnitude of the coupling constant, J = 2.3 Hz,
between H-5 and H-7 are consistent with a 4J or meta relationship.
These data and the chemical shift of the additional quaternary car-
bon, C-6 (d 165.6), established that compound 2 is structurally sim-
ilar to compound 1 but hydroxylated at position 6. Comparison of
the optical rotation of compound 2, [a]25

D � 7.0 (c 0.1, CH2Cl2), with
compound 1 and the synthetic intermediates indicated that its only
chiral center is also of the (S) configuration. Therefore, compound 2
is assigned as (S)-6-hydroxy-2-methyl-2,3-dihydrobenzofuran-4-
carboxylic acid (Fig. 2). Compound 1 and 2 are reported here for



Table 3
1H and 13C NMR spectroscopic data for xanthenes (5–6) in CD3OD.

Position (5) (6)

dC dH (J in Hz) dC dH (J in Hz)

1 129.0 6.86 d (1.8) 130.3 6.89 o
2 129.2 129.3
3 132.0 6.91 bs o 127.3 6.89 o
4 128.3 123.8
4a 151.8 150.7
5 115.8 6.66 d (8.1) 114.4 6.68 d (8.0)
5a 152.7 151.4
6 128.7 6.81 dd (8.1, 1.8) 127.4 6.83 dd (8.0, 2.2)
7 130.3 128.7
8 131.8 6.91 bs o 130.5 6.89 o
8a 130.0 128.8
9 31.1 3.81 s 29.4 3.84 s
9a 125.3 123.6
2-Me 20.6 2.19 s 19.2 2.21 s
7-Me 20.6 2.17 s 19.1 2.19 s
10 72.1 4.48 s 69.2 4.63 s
20 58.2 3.36 s 68.3 4.60 s
30 123.5
40 153.2
50 114.6 6.71 d (8.2)
60 129.1 6.95 dd (8.0, 2.3)
70 128.5
80 129.9 7.06 d (2.3)
70-Me 19.2 2.24 s
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the first time as natural products, as they have previously only been
generated as synthetic intermediates of antiinsectan and analgesic
benzofuran compounds respectively (Huang et al., 2011; Occelli,
1979).

Compound 3 was additionally isolated as a pale yellow solid
with a molecular formula of C10H8O4Cl2 determined by HRMS
(m/z 262.9893 [M+H]+). The presence of chlorine atoms within
the metabolite is supported by an increase in the
[M+H]+:[M+H+2]+ isotopic peak ratio observed in the mass spec-
trum. The 1H, 13C, UV and IR spectroscopic data were similar to that
of compounds 1 and 2 indicating they are structurally similar. The
oxygenated methine at d 4.78 (m) and methyl at d 1.52 (d, J = 6.3)
had similar chemical shifts and splitting patterns indicative of the
same chemical environment as the previously described metabo-
lites. The unequivalent methylene proton signals were more
deshielded, d 3.27 (dd, J = 17.1, 3.3) and d 2.82 (dd, J = 17.1, 11.5).
In contrast to the 1H NMR spectrum of 1 and 2, no aromatic proton
signals were observed for compound 3 indicating the aromatic ring
is fully substituted. From examining the 13C, DEPT and HSQC spec-
tra, compound 3 is comprised of seven quaternary carbons (d
170.3, 159.2, 157.8, 137.5, 112.1, 108.3, and 101.9), one methine
(d 76.0), one methylene (d 32.7), and one methyl (d 20.8).

Similar to compound 2, HMBC correlations were observed from
one of the unequivalent H-3 methylene signals (d 2.82) to C-4 (d
137.5), C-5 (d 112.1), C-3a (d 101.9), C-2 (d 76.0) and C-2-Me (d
20.6) establishing the same dihydrobenzofuran scaffold as com-
pounds 1 and 2. The chemical shift of C-6 (d 157.8) indicated it is
hydroxylated as it was for compound 2. The isotopic peak ratio,
loss of aromatic methines and chemical shifts of C-5 (d 108.3)
and C-7 (d 112.1) indicated compound 3 is chlorinated at these
positions. Comparison of the optical rotation of compound 3,
[a]25

D � 18.0 (c 0.2, CH2Cl2), to 1 and 2 showed that it is also of the
(S) conformation at C-2. Compound 3 is therefore assigned as a
new structure, (S)-5,7-dichloro-6-hydroxy-2-methyl-2,3-dihy-
drobenzofuran-4-carboxylic acid (Fig. 2).

Compound 4 was isolated as a pale yellow solid with the molec-
ular formula C11H10O4Cl2 based on the [M+H]+ peak at m/z
277.0044. As for compound 3, an increase of the
[M+H]+:[M+H+2]+ isotopic peak ratio suggested compound 4 is also
chlorinated. NMR spectroscopic data (Table 2) for compound 4
were similar to that of the other 2,3-dihydrobenzofurans reported
above, particularly compound 3. In contrast to compound 3, an
additional oxygenated methyl singlet at d 3.88 (s) and carbon sig-
nal at d 62.4 were observed in the 1H and 13C spectra respectively.
An HMBC correlation from this additional methyl C-6-OMe (d 3.88)
to C-6 (d 158.9) indicated that the hydroxyl group in compound 3
has been exchanged with a methoxy in compound 4. An additional
methyl group in compound 4 is also reflected in the increase in
molecular weight. The same sign of the optical rotation for com-
pound 4, [a]25

D � 102.0 (c 1.0, CH2Cl2), determined the stereochem-
istry at position 2 is also (S). Compound 4 is assigned as a new
structure, (S)-5,7-dichloro-6-methoxy-2-methyl-2,3-dihydrobenzo-
furan-4-carboxylic acid (Fig. 2).

Compound 5 was purified as a pale yellow oil and given the
molecular formula C17H18O2 based upon the [M+H]+ peak at m/z
255.1346. Additionally, in the mass spectrum, a predominant peak
at m/z 241 was observed suggesting the neutral loss of a labile
methyl functionality. The UV spectrum displayed absorption max-
imum at 285 and 229 nm, whereas the 1H and 13C NMR spectra had
eighteen proton and seventeen carbon signals, respectively
(Table 3). Evaluation of the mass spectrometry and spectroscopy
data suggested a trisubstituted xanthene structure with nine units
of unsaturation.

The 1H NMR spectrum displayed ten signals integrating for
eighteen protons; three methyl functionalities at d 3.36 (s), 2.19
(s) and 2.17 (s), two methylenes at d 4.48 (s) and 3.81 (s), as well
as five aromatic protons at d 6.91 (bs; two overlapping signals),
6.86 (d, J = 1.8 Hz), 6.81 (dd, J = 8.1, 1.8 Hz) and 6.66 (d, J = 8.1).
Examination of the 13C, HSQC and DEPT revealed that seven of
the seventeen carbon signals were quaternary. These were a result
of sp2 carbons at d 152.7, 151.8, 130.3, 130.0, 129.2, 128.3, and
125.3.

A COSY cross-peak was observed between H-5 (d 6.66) and H-6
(d 6.81); however, both H-1 (d 6.86) and H-6 additionally have cou-
pling constants of 1.8 Hz. This is indicative of 4J coupling within a
heteroaromatic structure to the overlapping aromatic protons H-
3/8 at d 6.91 respectively. HMBC correlations from two singlet
methyls, H-2-Me (d 2.19) and H-7-Me (d 2.17), to C-1 (d 129.0),
C-2 (d 129.2), C-3 (d 132.0) and C-6 (d 128.7), C-7 (d 130.3), C-8
(d 130.0) respectively, support a substituted heteroaromatic struc-
ture. The proton chemical shifts and coupling constants are consis-
tent with two distinct systems, 1,2,4-trisubstituted and 1,2,3,5-
tetrasubstituted aromatic rings. A xanthene core structure was
deduced from the chemical shifts of C-4a (d 151.8) and C-5a (d
152.7), two oxygenated aromatic quaternary carbons, and HMBC
correlations from the deshielded singlet methylene H-9 (d 3.81)
to C-1, C-8 and C-5a, bridging the two distinct aromatic systems.
The 1H and 13C chemical shifts of compound 5 were compared to
those of 9H-xanthene and were found to be similar to those
reported by both Osborne et al. (1995) and Dradi and Gatti (1975).

Long range proton–carbon couplings from the other deshielded
singlet methylene, H-10 (d 4.48), to C-4, C-4a and C-9a (d 125.3) and
an oxygenated methyl, C-20 (d 58.2), place a different substituent at
C-4. This moiety could not be attached at C-3 as it would disrupt
the 4J coupling observed within the tetrasubstituted ring. The only
HMBC correlation H-20 (d 3.36) displayed was to C-10 (d 72.1).
These cross-peaks, the neutral loss of a methyl group suggested
by the mass spectrometry data as well as the chemical shifts of
C-10 and C-20 attach a methoxymethyl functionality at C-4. COSY
and HMBC correlations for this xanthene derivative can be found
in Fig. 3. As compound 5 does not have a chiral center, its structure
was determined to be 4-(methoxymethyl)-2,7-dimethyl-9H-xan-
thene, a new xanthene derivative, geoxantether A (Fig. 4).

The molecular formula of compound 6 was determined to be
C24H24O3 based on the [M+H]+ peak at m/z 361.1878. Similarly to



Fig. 4. Xanthenes (5–6) isolated from unidentified foliar endophyte DAOM 242779.
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compound 5, a predominant peak at m/z 241 was also observed
indicating the two structures share the same 2,7-dimethyl-9H-
xanthen-4-yl methanol core but have different labile moieties.
Additionally, the 1H and 13C NMR spectroscopic data for compound
6 (Table 3) were similar to those of compound 5; however, com-
pound 6 lacked the methoxy moiety and some additional reso-
nances were observed. In the 1H spectrum, this included three
aromatic protons at d 7.06 (d, 2.3), 6.95 (dd, 8.0, 2.3), 6.71 (d,
8.2), another deshielded methylene at d 4.60 (s) and singlet methyl
at d 2.24 (s). From interpreting the 13C, DEPT and HSQC spectra,
three additional aromatic quaternary carbons at d 153.2, 128.5
and 123.5 were observed. These additional signals are suggestive
of a 1,3,4-trisubstituted aromatic ring and an oxygenated
methylene.

The chemical shifts of the additional proton and carbon signals,
a COSY cross-peak between H-50 (d 6.71) and H-60 (d 6.95) and a 4J
(J = 2.3 Hz) coupling between H-60 and H-80 (d 7.06) suggest the dif-
ferential moiety is a substituted aromatic ring. The chemical shift
of C-40 (d 153.2) suggests that it is hydroxylated while HMBC cor-
relations from H-70-Me (d 2.24) to C-60, C-70 (d 128.5) and C-80 (d
129.9) determined C-70 is methylated. Additional HMBC correla-
tions were observed from the deshielded methylene C20 (d 4.60)
to C-10 (d 69.2), C-30 (d 123.5) and C-80. This indicates that the
methoxy group of compound 5 has been exchanged with a 2-hy-
droxy-5-methylbenzyloxy moiety in compound 6. The NMR and
mass spectrometry fragmentation data assign compound 6 as a
new xanthene, 4-((2-hydroxy-5-methylbenzyloxy)methyl)-2,7-
dimethyl-9H-xanthene, geoxantether B (Fig. 4).

Differences in metabolite production were observed between
the two deposited strains (Table 1). Xanthene derivatives were
not detected in the extract of DAOM 242780; however, all of the
other compounds were detected in similar amounts. Compound
1 was isolated from the extract of DAOM 242780 in abundance,
whereas compound 4 was dominant in culture filtrate extracts of
DAOM 242779.
2.2. Biological activity

In vitro, compounds 1–6 significantly reduced the growth of M.
violaceum at 50 lM (p < 0.05). Additionally, compounds 1, 2, and 3
exhibited significant activity against the Gram-positive bacterium
B. subtilis with a minimum inhibitory concentration (MIC) of
8.9 lg mL�1, 9.7 lg mL�1 and 13.1 lg mL�1 respectively
(p = 0.000, p = 0.005, and p = 0.001). An inhibitory effect was also
observed for compounds 4, 5, and 6 against B. subtilis with MICs
of 27.7 lg mL�1, 25.4 lg mL�1, and 36.1 lg mL�1 respectively
(p = 0.003, p = 0.000, and p = 0.000). The positive control, chloram-
phenicol, had an MIC of 68 lg mL�1 which was in accordance with
literature values (Citron and Appleman, 2006). None of the isolated
compounds demonstrated bioactivity against Pseudomonas fluo-
rescens or Saccharomyces cerevisiae at concentrations tested up to
500 lM.

Benzofurans and their derivatives are commonly reported as
metabolites of both bacteria and fungi, including endophytes of
trees (Findlay et al., 1997; Richardson et al., 2014; Xia et al.,
2011). A wide array of biological activities have been reported from
these compounds including antiproliferative (Chen et al., 2002;
Zeng et al., 2012), antitubercular (Huang et al., 2008), antiinsectan
(Findlay et al., 1997) and antimicrobial (Boonphong et al., 2007).
Due of their potency in different assays, benzofurans and dihy-
drobenzofurans are often the targets of chemical synthesis
(Richard et al., 2009; Silveira and Coelho, 2005). As previously
noted, griseofulvin and a simple dihydrobenzofuran were isolated
from a Xylaria foliar endophyte (Richardson et al., 2014). The chlo-
rinated benzofurans reported here (3, 4) may be intermediates of
metabolites not produced under the conditions tested.

Xanthenes are commonly isolated as plant metabolites (Cao
et al., 2007; Shrestha et al., 2011) but so far have rarely been
reported from fungi. To our knowledge, paranolin, isolated from
Paraphaeosphaeria nolinae (IFB-E011) (Pleosporales), an endophyte
of wormwood (Artemisia annua; Ge et al., 2006) is the only previ-
ous report of a fungal derived xanthene natural product. Various
xanthenes exhibit anticancer (Chatterjee et al., 1996), antivenom
(Selvanayagam et al., 1996), cytotoxic (Huang et al., 2010) and
antifungal (Krasnoff et al., 1999) activity. Their pharmacological
properties and use as industrial dyes have made numerous xan-
thenes the subject of chemical syntheses (Giri et al., 2010; Wu
et al., 2005). An investigation of oxidative xanthone synthetic
schemes produced in the same reaction step xanthones and a
spirobenzofuran resembling griseofulvin (Omolo et al., 2011).
Metabolites in this chemical class have been identified as by-prod-
ucts of griseofulvin biosynthesis in liquid culture (Harris et al.,
1976). Related xanthones have been previously isolated from fun-
gal endophytes of white spruce (Picea glauca; Sumarah et al., 2008)
and from a Xylaria endophyte of a shrub found in Australia
(Glochidion ferdinandi; Davis and Pierens, 2006). To the best of
our knowledge, compounds 5 and 6 represent the first examples
of natural product xanthenes having an unmodified 9H-xanthene
skeleton.

A number of compounds not observed here have been reported
from fungi described within the family Massarinaceae and do not
seem to be biosynthetically related to the compounds in the pre-
sent report. Spiromassaritone, comprised of an uncommon spiro-
5,6-lactone ring, and massariphenone were isolated from a sterile
isolate obtained in marine sediment described as a Massarina spe-
cies based on a partial ITS sequence (Abdel-Wahab et al., 2007). An
analysis of the taxonomic position of this isolate (CNT 016) sug-
gests that the species is not appropriately placed as a Massarina
(Supplemental Fig. 1).

Numerous interesting natural products were described from a
freshwater aquatic hyphomycete including three sesquiterpenoids,
massarinolins A-C possessing unusual ring systems (Oh et al.,
1999), the polyketides massarilactones A and B comprised of novel
ring systems (Oh et al., 2001), four rosigenin analogs and two aro-
matic polyketides, massarins A-B (Oh et al., 2003). This isolate was
given as Massarina tunicata A-25-1 and produced a metabolite with
the same unusual ring system observed in spiromassaritone
(Abdel-Wahab et al., 2007; Oh et al., 1999). However, this species
remains unpublished and is not in the Massarinaceae (Fig. 1;
Shearer et al., 2009, their Fig. 2).
3. Concluding remarks

The ongoing search herein for novel bioactive compounds from
conifer endophytes has resulted in the isolation of two strains of a
unique foliar fungal endophyte from P. strobus. These strains were
obtained from a single site in New Brunswick, Canada and poten-
tially represent a new Ascomycete in the family Massarinaceae.
Notably, DAOM 242779 produced xanthenes with their basic
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framework intact. Compounds 1–6 displayed antimicrobial activity
against M. violaceum and bacterium B. subtilis. This suggests that
many remarkable fungi and novel metabolites remain to be found
within the forests of Canada.
4. Experimental

4.1. General

Optical rotations were determined using an Autopol IV
polarimeter (Rudolph Analytical, Hackettown). UV spectra were
recorded on Varian Cary 3 UV–VIS spectrophotometer scanning
from 190 to 800 nm. IR spectra were measured using a Varian
1000 FT-IR. Metabolite NMR spectra were obtained on a Bruker
Avance 400 Spectrometer (Milton, On) at 400.13 (1H) and
100 MHz (13C) using a 5 mm auto-tuning broadband probe with
a Z-gradient. Secondary metabolites were dissolved in CD3CN,
CD3OD, CDCl3 or (CD3)2CO (CDN Isotopes, Point Claire, Quebec)
and referenced to the corresponding solvent peak (dH 1.94, 3.31,
7.26, 2.84 and dC 118.7, 49.1, 77.2, 206.2). HRMS data were
acquired with a Bruker MaXis 4G ultrahigh-resolution quadrupole
TOF mass spectrometer. Column fractions were screened by LC–
UV–MS using a Waters 2795 separation module, Waters 996 diode
array detector, and Micromass Quatro LC mass spectrometer.
Fractions were separated by a Phenomenex Kinetix C18
(100 � 4.60 mm, 2.6 lm, 100 Å) column (Torrance, CA, USA).
Semi-preparative HPLC was achieved using an Agilent 1100 HPLC
system equipped with a diode array detector and a mobile phase
consisting of CH3CN and distilled deionized H2O (ddH2O). Linear
gradients were programmed according to the polarity of each
metabolite with a flow rate of 4 mL min�1. Silica’ gel (Silicycle;
40–63 lm) was utilized for flash chromatography.

4.2. Fungal strains

A description of the collection sites and the methodology are
reported in Richardson et al. (2014). The strains discussed in this
paper were isolated from white pine branches collected from
healthy trees between 70 and 100 years old in stands
(45�25017.28200N 66�30010.13500W) near St. George, New
Brunswick. Living green needles were harvested from the
branches, surface sterilized, bisected cross-wise and each half sub-
sequently plated and incubated on 2% MEA (Difco). Fungi that grew
from the cut end of the needle were sub-cultured and maintained
on 2% MEA slants at 5 �C. Approximately 25% of the cultures from
the site were screened using the Oxford disc assay against S. cere-
visiae and M. violaceum (Sumarah et al., 2011). Cultures showing
antifungal activity were grown on a larger scale. DAOM 242779
and DAOM 242780 were isolated from two trees collected at the
St. George site (GenBank Accession # KJ486534 and KJ486535,
respectively).

4.3. Identification

Despite repeated attempts at inducing sporulation, fungal iso-
lates remained sterile in culture and thus were identified using
DNA sequence data from the internal transcribed spacer (ITS).
The ITS region is the formally acknowledged DNA barcode used
for fungal species identification (Schoch et al., 2012). DNA was
extracted from fungal cultures grown on 2% MEA using an
UltraClean Microbial DNA Isolation Kit (MoBio, Carlsbad, CA). The
ITS region (ITS1–5.8S-ITS2) was amplified using Illustra Ready-
To-Go™ PCR Beads (GE Healthcare, Waukesha, WI) with ITS5 and
ITS4 primers, using the following thermocycler conditions: initial
denaturing at 95 �C for 3 min; 34 cycles of denaturing at 95 �C
for 60 s, annealing at 56 �C for 45 s; extension at 72 �C for 90 s;
and a final extension step of 72 �C for 10 min. Amplification was
confirmed using gel electrophoresis and forward and reverse ITS
sequences were obtained by the dideoxy chain-terminating
method using sequencing primers ITS5 and ITS4 and ABI PRISM
3100 or ABI PRISM 3130xl automated DNA sequencers (Applied
Biosystems, Foster City, CA). Sequences were edited and aligned
using Geneious 6.0.4 software (Biomatters, Auckland, NZ).
Consensus sequences were searched against relevant fungal
sequence databases including the reference NCBI sequence data-
base GenBank using the BLAST search algorithm. To place the iso-
lates phylogenetically, the closest reliable BLAST ITS sequence
matches were downloaded and a maximum likelihood (ML) analy-
sis was performed in PHYML using 510 informative characters (bp)
from the ITS region (Guindon and Gascuel, 2003; Schmitt and
Barker, 2009). The results of this analysis (Fig. 1; Supplemental)
have placed this fungus taxonomically as a Dothideomycete
(Ascomycota) in the Order Pleosporales, representing a potentially
new lineage in the family Massarinaceae.

4.4. Fermentation

For inoculation, a slant of each strain was macerated in sterile
ddH2O under aseptic conditions. The resulting suspension was
used to inoculate (5%, v:v) fifteen 250 mL Erlenmeyer flasks each
containing 50 mL of 2% malt extract (Difco) medium. The starter
cultures were allowed to grow for two weeks, macerated and indi-
vidually transferred to corresponding Glaxo bottles containing 1 L
of the same medium. These were incubated for eight weeks at
25 �C.

4.5. Extraction, purification and isolation of metabolites

After fermentation, the culture filtrate was separated from the
mycelia by vacuum filtration (Whatman #4), saturated with NaCl
and exhaustively extracted with EtOAc. The organic layer was
dried over anhydrous Na2SO4 and evaporated under reduced pres-
sure to provide a light orange oily crude extract; 726 and 735 mg
for DAOM 242779 and DAOM 242780 respectively. Each crude
EtOAc soluble extract was subjected to flash chromatography using
a short silica gel column and step gradient. Metabolite elution was
achieved with hexane and increasing EtOAc proportions from 5% to
100% (v/v) in 10% increments followed by 5%, 15% and 50% EtOAc–
MeOH (v:v). Fractions were screened by LC–UV–MS and four were
selected for further purification by semi-preparative HPLC.
Explicitly for the extract of DAOM 242779, chemically distinct frac-
tions 2 (17.4 mg) and 3 (73.2 mg) were eluted with 15% hexane–
EtOAc (v:v). They were further separated using a linear gradient
programmed from 20–85% CH3CN-H2O yielding compounds 1
(3.2 mg) and 3 (4.0 mg), and compounds 5 (4.1 mg) and 6
(3.5 mg) respectively. Fraction 5 (100.7 mg) eluted with 25% hex-
ane–EtOAc (v:v) and was further chromatographed using a 10–
80% CH3CN-H2O linear HPLC method yielding compounds 2
(2.2 mg) and 4 (33.7 mg). The approximate metabolite production
reported in Table 1 was determined by the mass of each purified
compound from both deposited strains divided by the volume of
culture filtrate extracted. The 1H and 13C NMR spectra for com-
pounds 1–6 can be found as Supplemental material.

4.5.1. Compound 1
(S)-2-methyl-2,3-dihydrobenzofuran-4-carboxylic acid: 3.2 mg;

pale yellow solid; [a]25
D � 8.0 (c 0.15, CH2Cl2); UV (MeOH) kmax

(log) 217 (2.68); IR (Film): mmax 3400, 2926, 2855, 1723, 1667,
1463 cm�1; for 1H and 13C NMR spectroscopic data, see Table 2;
HRMS m/z 179.0715 [M+H]+ (calc. for [C10H11O3]+ 179.0708).
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4.5.2. Compound 2
(S)-6-hydroxy-2-methyl-2,3-dihydrobenzofuran-4-carboxylic acid:

2.2 mg; pale yellow solid; [a]25
D � 7.0 (c 0.1, CH2Cl2); UV (MeOH)

kmax (log) 269 (2.20), 230 (2.16); IR (Film) mmax 3431, 3209, 2362,
1633, 1478 cm�1; for 1H and 13C NMR spectroscopic data, see
Table 2; HRMS m/z 195.0659 [M+H]+ (calc. for [C10H11O4]+

195.0657).
4.5.3. Compound 3
(S)-5,7-dichloro-6-hydroxy-2-methyl-2,3-dihydrobenzofuran-4-

carboxylic acid: 4.0 mg; pale yellow solid; [a]25
D � 18.0 (c 0.2,

CH2Cl2); UV (MeOH) kmax (log) 271 (3.02), 238 (3.00); IR (Film): mmax

3410, 2365, 1642, 1443 cm�1for 1H and 13C NMR spectroscopic data,
see Table 2; HRMS m/z 262.9893 [M+H]+ (calc. for [C10H9Cl2O4]+

262.9878).
4.5.4. Compound 4
(S)-5,7-dichloro-6-methoxy-2-methyl-2,3-dihydrobenzofuran-4-

carboxylic acid: 33.7 mg; pale yellow solid; [a]25
D � 102.0 (c 1.0,

CH2Cl2); UV (MeOH) kmax (log) 268 (1.78); IR (Film): mmax 3402,
2409, 1699, 1650, 1555, 1413, 1360 cm�1; for 1H and 13C NMR spec-
troscopic data, see Table 2; HRMS m/z 277.0044 [M+H]+ (calc. for
[C11H11Cl2O4]+ 277.0034).
4.5.5. Compound 5
Geoxantether A; 4-(methoxymethyl)-2,7-dimethyl-9H-xanthene:

4.1 mg; pale yellow oil; UV (MeOH) kmax (log) 285 (3.03), 229
(3.19); IR (Film) mmax 3411, 2928, 2864, 2367, 1645, 1503, 1483,
1456 cm�1; for 1H and 13C NMR spectroscopic data, see Table 3;
HRMS m/z 255.1346 [M+H]+ (calc. for [C17H19O2]+ 255.1385).
4.5.6. Compound 6
Geoxantether B; 4-((2-hydroxy-5-methylbenzyloxy)methyl)-2,7-

dimethyl-9H-xanthene: 3.5 mg; pale yellow oil; UV (MeOH) kmax

(log) 283 (2.55), 224 (2.77); IR (Film): mmax 3407, 3018, 2924,
2855, 2399, 1704, 1646, 1503, 1483, 1455 cm�1; for 1H and 13C
NMR spectroscopic data, see Table 3; HRMS m/z 361.1878
[M+H]+ (calc. for [C24H25O3]+ 361.1803).
4.6. Antimicrobial assays

Initial screening for the antifungal activity of the crude extracts,
50 mg L�1, was achieved by disk diffusion assay; see Sumarah
et al., 2008, 2011. Compounds 1–6 were tested for in vitro antimi-
crobial activity against M. violaceum, S. cerevisiae, B. subtilis (ATCC
23857) and Pseudomonas fluorescens (F9–10). M. violaceum was
grown in 20 g L�1 malt extract (Difco), 2.5 g L�1 peptone (Difco)
and 2.5 g L�1 yeast extract (Sigma) whereas S. cerevisiae was inoc-
ulated and grown in 1 g L�1 yeast extract supplemented with
10 g L�1 glucose. Bacteria were inoculated and grown in 5 g L�1

yeast extract (Sigma), 10 g L�1 peptone, and 10 g L�1 NaCl.
Compounds were individually tested at 50, 100 and 500 lM in
sterile 96-well microplates (Falcon 353072 Microtest-9, Franklin
Lakes, NJ). After dissolution in DMSO, a 10 lL aliquot of each indi-
vidual metabolite solution was added to 200 lL of bacterial or fun-
gal suspension. Chloramphenicol and nystatin were used as
respective positive controls; DMSO was the negative control.
Assays were performed in triplicate and incubated at 28 �C on a
rotary table shaker, providing gentle agitation (500 rpm). Optical
density (OD) measurements were made at 600 nm with a
Molecular Devices Spectra Max 340PC reader (Sunnyvale, CA,
USA). Antimicrobial OD data were analyzed by ANOVA followed
by Tukey’s test for significant differences (Systat V12) compared
to the negative control (DMSO).
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