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Phaeofurans and Sorbicillin Analogues from a Fungicolous®?haeoacremoniunSpecies
(NRRL 32148)
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Two new benzofuran-derived metabolites of polyketide origin called phaeofurans A ahdri®l2), along with three
sorbicillin analogues3—5), have been obtained from a fungicolous isolate of the gé&thaeoacremoniuniNRRL

32148). The structures were determined by analysis of MS and 2D NMR data. The antifungal effects of the extract
were ascribed to the sorbicillin analogues.

Previous chemical studies of mycoparasites and fungicolous fungi
that attack the nutrient-rich stromata of wood-decay fungi have
yielded novel metabolites with antifungal effects and other biologi- ~
cal activities'=® As part of our ongoing studies of these types of Q¢
fungi, chemical investigations of a culture identified RBaeo- .
acremoniunsp. (ncertae sedisNRRL 32148) isolated from field-
collected stromata dflypoxylon truncatunXylariaceae) produced
two new polyketides named phaeofurans A andlBagd 2) and
three sorbicillin analogues3{-5), two of which have not been
previously reported. Details of the isolation and structure determi-
nation of these compounds are presented here. R GH,OH
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Results and Discussion ~OCH, OCH,4

Solid-substrate fermentation cultures ofPhaeoacremonium  H,C
species grown on rice were extracted with ethyl acetate. The
resulting extract showed antifungal activity agaidstpergillus o OH o OH
flavus and Fusarium verticillioides and was partitioned between
acetonitrile and hexane to yield an acetonitrile-soluble mixture that
was subsequently fractionated over Sephadex LH-20. Active
fractions were subjected to silica gel flash chromatography and/or
reversed-phase HPLC to yield compouridss.

Phaeofuran AX) was isolated as a white film that formed fine
needles upon evaporation of an acetone solution. The formula of
was tentatively assigned agHizO, by analysis of EIMS (apparent
M+ at m/z 168) and NMR data (Table 1). The intensities of the
EIMS M+ ion and the ESIMS Mt H ion proved to be insufficient
for obtaining high-resolution MS data, but the NMR data suggested
the presence of two exchangeable protons in the molecule, so a%C 6 7
diacetate derivative df was prepared. HRESIMS analysis of this
derivative (obsdm/z 253.0712 [M+ H]*, calcd for G,H130,
253.0712), together with analysis of ##d and13C NMR spectra,
confirmed the molecular formula df as GHgO..

With five unsaturations, four olefinic or aromatic2sparbon
atoms (two of them protonated), four oxygenatetinspthines, and
no carbonyl carbons, phaeofuran &) (nust contain three rings,
two double bonds, and two OH groups. In addition, observation of
four pairs of signals with very simila¥*C NMR chemical shifts
(Table 1) suggested a pseudo-symmetrical structure. The NMR
shifts for two of the oxymethine unit$)¢ 55.9 and 55.%Y 3.40
and 3.38) were diagnostic for the presence of a 1,2-disubstituted
epoxide. Each of the epoxide protons was coupled to one of the
other two oxymethines with a smalvalue, enabling construction
of a substructure corresponding to the-G2l7 unit in1. The same
unit was evident in théH NMR spectrum of the diacetate, except

OH

H,C,
N N CH,

that the signals for the oxymethine protons at C-4 and C-7 were
downfield shifted fromd 5.05/5.06 tad 6.12/6.18. The remaining
two 'H NMR signals in the spectrum dfcorresponded to olefinic/
aromatic protons that showed long-range coupling (1.6 Hz) to each
other. These data, together with the number of unsaturations and
the ¢ values for the spcarbons, limit the number of possible
structures, with one containing fused furan and cyclohexane rings
as most likely to accommodate these requirements. HMBC cor-
relations (Table 2) of H-4 with C-2, C-3, and C-8, and of H-7 with
C-3, C-8, and C-9, enabled closure of the six-membered ring and
established the locations of all of the?sfarbons. Correlations of
H-2 with C-9 and of H-9 with C-2 supported assignment of the
furan ring, thereby completing the gross structure of phaeofuran A
as shown inl. NOESY correlations (Table 2) of olefinic/aromatic
protons H-2 and H-9 to the oxymethine proton signals for k-4 (

- ] 5.06) and H-7 ¢ 5.05), respectively, supported this assignment.
- To Mo conespondence shoud be addressed. Tel (519) 35-1361. Thc et & Condsiont with adional HMBG coraatons
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*USDA. signals in the!H NMR spectrum. Residual one-bond correlations
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Table 1. NMR Data for Phaeofuran Alj in Acetoneds

HMBCH NOESY

position On (Mult; Jin Hz)2 ocP H#—C# H#—H#
2 7.41(ddd; 1.6,1.6,0.5) 1403 3,4,7,8,9 4
3 123.4

4 5.06 (dd; 1.8, 1.6) 640 2,3,8 2,5
4-OH  4.46 (brs)

5 3.38 (ddd; 3.9, 1.8, 0.5) 555 2,3,4,6,7 4,6
6 3.40 (dd; 3.9, 2.5) 559 4,5/7,8,9 5,7
7 5.05 (d; 2.5) 60.5 3,5,8,9 6,9
7-0H  4.46 (brs)

8 1231

9 7.49 (d; 1.6) 1416 2,3,6,7,8 7

aRecorded at 400 MHZ Recorded at 100 MHZ Variable; some-

Reaegui et al.

different cis relationships in the same molecidfeln the case of
what is perhaps the closest literature analogue (integragne;
values of 3.0 and 1.5 Hz were assignedcts- and transtype
relationships, respectivel§ In the latter instance, thivalues were
cited as reasons for the assignment, as well as a notable difference
in intensity for the NOESY correlations between the hydroxy-
methine protons and their vicinal epoxide neighbais ¢ trans).
However, despite the close proximity of the H-5/H-6 and H4/H-7
signals in the spectrum df it was possible at 600 MHz to observe
distinct, strong NOESY correlations for both pairs (i.e., H-4 with
H-5 and H-6 with H-7), with approximately equal intensity.
Molecular modeling calculations fdr(Spartan '02; Wavefunction,
Inc.) supported the concept that the value for ¢igerelationship

times resolved, sometimes observed as a single broad signal thaghould be larger, since the expected dihedral bond angle would be

integrated as two protond-values to the OH signals were not observed
in the'H NMR spectra obtained fdt. ¢ Several HMBC and NOESY
correlations observed fdr(and?2) in the acetonels data were somewhat
ambiguous due to signal overlap, but were confirmed by analysis of
data recorded in CEDD.

Table 2. NMR Data for Phaeofuran B2} in Acetoneeds

HMBC NOESY
position Oy (mult; Jin Hz)2 ocP H#— C# H# — H#
20 4.42 (m) 76.0 3,8,10 29
26 4.73 (ddd; 12,5.9, 3.4) 3,4,7,8,10 a4, 10, 11
3 133.8
4 4.36 (br d; 6) 61.7 3,5,6,8 5
4-OH  4.43(brd; 6) 3,4,5
5 3.33 (dd; 3.6, 1.2) 56.8 2,3,4,6 .6
6 3.42 (ddd; 3.6,3.3,0.5) 553 5,7,8,9 5,7
7 4.64 (br m) 64.5 6, 10
7-OH  4.18(d; 7.2) 6,7,8
8 134.3
9 4.74 (m) 90.0 3,4,7,810 o210,11
10 3.64 (m) 743 27,911
10-OH 3.84(d;5.4) 9,10, 11
11 1.42 (m), 1.57 (m) 357 9,10,12,13 9,10,12, 13
12 1.37 (m), 1.56 (m) 195 10,11,13 11,13
13 0.89 (t; 6.6) 145 11,12 10,11, 12

aRecorded at 400 MHZ.Recorded at 100 MHz.

in the HMBC spectrum of allowed assignment of protons to their

approximately 30, while that for thetrans relationship would be
nearly 90, but it has been noted that employment of Karplus-type
calculations relating bond geometry Jevalues in such instances
can be equivocd® Ultimately, the larged-value was assigned to
the cis relationship as shown in Table 1 on the basis of these
considerations and by analogy with the assignment made(&we
below), though this is not considered to be definitive.

Phaeofuran B2) was isolated as an oil, and its molecular formula
was assigned as;&:50s on the basis of HRESIMS'H NMR
(Table 1),13C NMR (Table 1), and DEPT spectral data. Analysis
of the 1D NMR spectra revealed the presence of one methyl, three
sp® methylenes (one oxygenated), one tetrasubstituted olefin unit,
and six oxygenated gethines. With four unsaturations and only
two sp carbons, phaeofuran B) must also contain three rings.

COSY correlations revealed the presence of two spin-systems
corresponding to the C9C13 and the C4C7 structural units in
2. ThelH NMR data for the latter spin-system displayed a coupling
pattern andd-values very similar to those in the corresponding
segment of phaeofuran Al), suggesting the presence of an
analogous unit. HMQC data fda enabled assignment of protons
to their respective carbons. HMBC correlations (Table 2) of H-5
to C-3, and of H-6 to C-8, connected the ©37 unit to the sp
carbons, revealing the presence of a six-membered ring unit similar
to that found in phaeofuran AL). The presence of this unit was
corroborated by additional correlations of OH-4 to C-3, C-4, and

respective carbon atoms, and the shift assignments and relevanf-> @nd of OH-7 to C-6, C-7, and C-8. Correlations of a third
Jvalues observed were consistent with the presence of the relativelyydroxyl proton doublet ab 3.84 to C-9, C-10, and C-11 placed

rare 3,4-dialkylfuran moiety?
Interestingly, the relative stereochemistry of phaeofurarbA (

this OH group at C-10. This leaves only one oxygen atom, which
must connect to both C-2 and C-9 to form the remaining ring.

was readily assigned on the basis of symmetry considerations. OfAlthough no HMBC correlations between+2 and C-9 or between
the three possible diastereomeric structures of phaeofuran A, twoH-9 and C-2 were observed using acetdbes the solvent, a weak

have H-4 and H-Zisto each other, leading to a plane of symmetry
that would give rise to an achiral molecule showing only thitede
NMR methine signals and fodfC NMR signals. Therefore, H-4
and H-7 must bdrans to each other in phaeofuran A, thereby
establishing the relative stereochemistry as showh idowever,
specific position assignments for the NMR signals proved to be

correlation was observed between H-and C-9 when the data
were recorded using GODD. Four-bond correlations of H-5 and
H-6 to C-2 and C-9, respectively, were also observed and are most
likely if C-2 and C-9 are connected to C-3 and C-8, respectively.
On the basis of these data, the gross structure of phaeofuran B was
proposed as shown i This structure was further supported by

somewhat problematic. Although NOESY data enabled association2dditional HMBC correlations.

of each furan proton with its nearby hydroxymethine counterpart,
they did not enable assignment of which hydroxymethine proton
was cis to the epoxide oxygen (both hydroxymethine protons

Observations of a strong HMBC correlation of ld-20 C-10
and a weak correlation of H520 C-10 were initially unexpected.
However, these long-range correlations could be rationalized by

showed correlations of similar intensity with the corresponding the occurrence of heteronuclear homoallylic coupling analogous

vicinal epoxy CH proton). As expected, tligs—ns and Jug—n7
couplings were different, but only minimally so (1.8 and 2.5 Hz).
Unfortunately, to our knowledge, no literature examples with a

to the particularly large homoallylitH—1H couplings anticipatéd
and observed in this system. The coupling constants fooutdid

H-25 were measured in GIOD to suppress the hydroxyl signals

dihydroxyepoxycyclohexane ring fused to a furan moiety as in of 2 (and the coupling thereto), and the splitting patterns ofoH-2

structurel are available, and a conclusive assignment based on

(dddd,J = 12, 3.1, 2.3, 0.8 Hz) and H&(dddd,J = 12, 5.8, 3.3,

coupling values for somewhat analogous compounds proved to be0.4 Hz) reflected the large homoallylic couplings of k-2J =

elusive. The correspondintranstype relationships in several

3.1 Hz) and H-2 (J = 5.8 Hz) with H-9. Dihydrofuran rings of

compounds containing somewhat similar 1,4-dioxy-2,3-epoxycy- this type are rare among natural products, and a suitable model
clohexene units range from 1 to 4 K23 while examples of compound was difficult to find in the literature. The closest known
J-values forcistype relationships range from1 to 3 Hz}013-15 analogue of phaeofuran B)(appears to be integrason),® a

and in one instance, values of 3.0 and 1.2 Hz are reported for two recently reported HIV-integrase inhibitor. Comparison of the data



Phaeofurans and Sorbicillin Analogues

Table 3. 'H and13C NMR Data for Compoundd and5
(CDClg)

4 5
position Oy (mult; Jin Hz) oc On (mult; Jin Hz) oc
1 192.2 204.3
2 6.92 (d; 15) 121.8  2.96(t; 7.4) 37.9
3 7.45 (dd; 15,10) 1445 2.39(m) 27.3
4 6.31 (M) 130.6 5.49 (dtq; 15, 5.4,1.1)  130.3
5 6.28 (dg; 15, 6.1) 141.2 5.47 (dgt; 15,5.9,1.1) 126.2
6 1.90 (d; 6.1) 15.7 1.64(ddt;5.9,1.1,1.1) 17.9
2 (OH) 13.40 (s) 161.2  12.91(s) 163.7
3 6.39 (s) 99.1 6.42(s) 99.6
4 165.2 165.3
5 113.0 120.8
6 7.49 (br s) 1305 7.64(s) 129.3
7 2.13(d; 0.5) 18.9 4.61 (brs); 2.02 61.1

(br s; OH)

g 3.84(s) 55.7 3.87(s) 55.8

a2 These assignments may be interchanged.

for 2 and 6 (recorded using the same solvent; 00D) indicated
close similarities in the relevant features of the data, particularly
for the dihydroxyepoxycyclohexene unit.

Unlike the case forl, the relative stereochemistry was not
independently dictated by symmetry considerations. NOESY cor-
relations (Table 2) observed for phaeofuranZB fully supported
assignment of the regiochemistry shown. In addition, a key NOESY
correlation was observed between H-7 and H-10 that allowed
placement of H-7 and the hydroxybutyl side-chain on the same
face of the molecule. The configurations at C-4, C-5, C-6, and C-7
were assigned by analysis dfvalues in comparison to those of
phaeofuran A 1) and integrasone6j. The presence of 3.3- and
1.2-Hz couplings forJys—ns and Jye-n7 again supported the
assignment of &ransrelationship between H-4 and H-7, as these
values were very similar to those reported 6a(3.0 and 1.5 HZf
and described above fdr As was reported fo6 (but unlike the
situation inl), the epoxide proton signal displaying the larger (3.3-
Hz) vicinal coupling showed a significantly more intense NOESY

Journal of Natural Products, 2006, Vol. 69, Nb13

NMR resonances observed fBiwith signals characteristic of an
extra aryl methyl groupdy 2.136¢ 18.9) allowed assignment of
the structure as 1-(zhydroxy-4-methoxy-5-methylphenyl)-2,4-
E,E-hexadien-1-one, as shown 4n

Compound5 was obtained as a white powder, and its formula
was assigned as; ;50,4 by analysis of EIMS (M at nv/z 250),

IH NMR, 13C NMR, and DEPT data (Table 3) and by comparison
with data for another close analogue, which differs ffenly by
replacement of the hydroxymethylene unit with an aldehyde gfoup.
Inspection of théH NMR spectrum of revealed the presence of

a downfield oxymethylene proton signal at4.61, a broad OH
singlet até 2.02, and a side-chain containing only one olefin unit
(at C-4 and C-5) instead of two as 8 4, and7. The chemical
shift of the ketone carbony®(204.3) is consistent with the absence
of conjugation with an olefin unit. Comparison of the remaining
chemical shifts with the corresponding values for other ana-
logued®19 again revealed a 1,2,4,5-tetrasubstituted benzene ring
bearing a chelated hydroxyl grou 1{2.91) and a methoxy group
arrangednetato each other. These data enabled assignment of the
structure ob as 1-(2-hydroxy-4-methoxy-5-hydroxymethylphen-
yl)-E-4-hexen-1-one.

Phaeofurans A and B.@nd2) appear to be of polyketide origin.
They did not show antifungal activity againsusarium verticil-
lioides(NRRL 25457) orAspergillus flaus(NRRL 6541), nor did
they show activity agains$taphylococcus aurey&TCC 29213),
Escherichia coli(ATCC 25922), orCandida albicans(ATCC
14053) in standard disk diffusion bioassays (at 2a/disk).
However, they are chemically distinctive. While isobenzofuranoids
occur occasionally as fungal metabolites, most such examples retain
the aromaticity of the benzene ring, rather than that of the furan
moiety. Representatives that incorporate reduced benzene ring units
are precedented;2°but are more unusual, with the recently reported
integrasone ) being the closest analogue to our knowledge.
Compounds3—5 are also presumably of polyketide (hexaketide)
origin, with the extra carbon atom at Cerived from a @-donor
such asS-adenosylmethionine, and witB and 5 being further
oxidized at this position relative td. The known compoun®

correlation to its hydroxymethine neighbor, supporting assignment displayed potent activity in disk ass&ysgainstA. flavus (40-

of the 3.3-Hz coupling to &is relationship. However, a subtle

difference in the data argued for a slight stereochemical variation

betweer2 and6. In the data fo, the oxymethine signal displaying
the 1.5-Hz {rans) coupling to its vicinal epoxide neighbor showed
a NOESY correlation with a side-chain signak{iH)6 However,

in the data for2, the oxymethine signal that showed this key
correlation was the one that displays a 3.3-Eig)(coupling with

its vicinal epoxide proton neighbor. This minor distinction led to
assignment of a different overall diastereoisomeric configuration
in 2 relative to that assigned f@ and resulted in proposal of the
relative stereochemistry of phaeofuran B (with the exception of
position 10) as shown i@.

Known metabolite3'® and two new analogueg @nd5) were
also obtained in this investigation. Compoungis5 are close
analogues of the known antibiotic sorbicillif) (° and the structures
of 4 and5 were determined by comparison of NMR data with those
for related known metabolites, includir8y which was identified

mm-diameter clear zone at 48 h) and moderate activity agginst
verticillioides (18-mm zone of partial clearing at 48 h; 20@/

disk in each case). New analogbishowed similar activity against

F. verticillioides (18-mm zone of partial clearing at 48 h), but
somewhat weaker activity agaimstflayus(18-mm zone of reduced
sporulation at 48 h). Compourddshowed no activity in these assays
when tested at the same level. CompouBdsd5 were obtained

in limited quantities, but the amounts actually isolated are not
representative of their concentration in the extract, and their potency
suggests that they account for a significant amount of the antifungal
activity originally observed.

Experimental Section

General Experimental ProceduresProcedures and instrumentation
used for measurement of melting points, optical rotations, IR, UV, and
MS data have been described elsewliéréd NMR spectra were

by inspection of its NMR spectra and comparison of these data to fécorded with Bruker AMX-600 or DRX-400 instruments, aff@

literature value$® Compound4 was obtained as a yellow solid,
and its formula was assigned as48,60; by analysis of EIMS
(M* atm/z 232),'H NMR, 13C NMR, and DEPT data (Table 3).
The chemical shifts of the olefinic protons of the side-chain are
very similar to those 08, and their coupling constants are consistent
with anE, E configuration. Additional features dfinclude signals

NMR and DEPT spectra were recorded with the DRX-400. ‘AT
NMR multiplicities were verified by DEPT data and are consistent with
the assignments provided in the tables. HMBC and HMQC spectra were
recorded at 400 or 600 MH2ZH dimension, Bruker DRX-400 or Bruker
AMX-600). All NMR spectra were referenced to the residual solvent
signals for acetoné€s (0n 2.046¢ 29.8) or CROD (01 3.306¢ 49.0).
HPLC isolation was performed using a Beckman 110B solvent delivery

fora 1,2,4,5-tetrasubstituted benzene ring with two singlet aromatic moqyle and a Beckman 168 diode array detector.

proton signals indicating placemegdrato each other, a@-methyl

group, and a hydrogen-bonded hydroxyl grodfi8.4) at positions
analogous to those i (based ondc values). The chemical shift
of the ketone carbon carbonyd (192.2) is consistent with its

Fungal Material. Phaeoacremoniursp. was isolated by D.T.W.
from the surface of stromata fypoxylon truncatunfSchw.:Fr.) J.H.
Miller that had formed on a dead hardwood branch collected at Chehaw
Park, Albany, Georgia, by Dr. Bruce W. Horn on April 28, 2000. A

connection to olefinic and aryl groups. Replacement of the aldehyde subculture has been deposited in the Agricultural Research Service
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(ARS) collection at the NCAUR (accession number NRRL 32148). H,O (7 x 1 mL) until the pH of the aqueous phase was approximately
The isolate was recognized d&haeoacremoniunby Dr. Richard 7 as checked with litmus paper. The organic phase was dried oyer Na
Summerbell of the Centraalbureau voor Schimmelcultures (CBS), SO, and then filtered through glass wool and evaporated under a stream
Utrecht, The Netherlands. However, the characteristic features of this of air to afford 0.5 mg of the diacetyl derivative &f *H NMR (400
species did not match those of any previously described species ofMHz, CDCk) 6 7.52 (H-2, d,J = 1.6), 7.31 (H-9, ddJ) = 1.6, 1.6),

Phaeoacremoniupmone of which are reported to be fungicold&s*
Fermentation, Extraction, and Isolation. The culture was grown

on several slants of potato dextrose agar (PDA) for 14 daySG25A

hyphal fragmentspore suspension (propagule density/rbQ of sterile

6.22 (H-7, dd,J = 1.6, 1.6), 6.16 (H-4, dJ = 2.5), 3.62 (H-6, ddd
J= 3.6, 1.6, 0.4), 3.55 (H-5, dd] = 3.6, 2.5), 2.20 (CH s), 2.04
(CHa, s); H NMR (400 MHz, acetonel) ¢ 7.60 (H-2, d,J = 1.6),
7.45 (H-9, dddJ = 1.6, 1.6, 0.4), 6.18 (H-7, dd] = 1.6, 1.6 Hz),

distilled water) prepared from the potato dextrose agar slants served6.12 (H-4, d,J = 2.4 Hz), 3.62 (H-6, ddd = 3.6, 1.6, 0.4 Hz), 3.61
as the inoculum. Fermentations were carried out in two 500-mL (H-5, dd,J = 3.6, 2.4), 2.15 (CHl s), 2.01 (CH, s); HRESIMS obsd
Erlenmeyer flasks, each containing 50 g of rice (Botan Brand; J.F.C. m/z253.0712 [M+ H]*, calcd for G,H1,06+H, 253.0712.
International). Distilled water (50 mL) was added to each flask, and 1-(2-Hydroxy-4'-methoxy-5-methylphenyl)-E, E-2,4-hexadien-1-
the contents were soaked overnight before being autoclaved at 15 Ib/one (4):yellow powder, mp 6870°C; UV (CHs;OH) Amax 307 (€ 4000),
in.2 for 30 min. After the flasks had cooled to room temperature, they 359  2000) nm; IR (film on NaCl plateymax 3308, 1618, 1567, 1382,

were inoculated with 1.0 mL of the hyphal fragmespore suspension
and incubated for 30 days at 26. Following incubation, the fermented

1365, 1261, 1148 cm; *H and*3C NMR data, see Table 3; EIMS (70
eV) m/z 232 (M*; rel int 51), 217 (84), 191 (29), 165 (37), 77 (43), 71

rice substrate in each flask was first fragmented with a spatula and (57), 69 (64), 57 (100), 55 (91).

then extracted three times with EtOAc (50 mL each time). The

1-(2-Hydroxy-4'-methoxy-5-hydroxymethylphenyl)-E-4-hexen-

combined EtOAc extracts were filtered and evaporated to yield an oil 1-one (5): white powder, mp 5961 °C; UV (CH3;OH) Amax 216

(542 mg), which was stored at20 °C until processing. This extract
was partitioned between GBN (2 mL) and hexane (X 2 mL) to
obtain an CHCN-soluble mixture (421 mg), which was fractionated
through a Sephadex LH-20 column [60 g swelled in hex&D#,Cl,

9000), 230 £ 7000), 275 ¢ 6000), 320 ¢ 3000) nm; IR (film on NaCl
plate)vmax 3307, 1635, 1498, 1446, 1378, 1273, 1209, 1141, 1029;cm
1H and*C NMR data, see Table 3; EIMS (70 ewWyz 250 (M*; rel

int 6), 232 (19), 217 (4), 181 (100), 77 (12), 69 (13), 65 (18), 55 (50).

(1:4) and loaded in a 2-cm-i.d. glass column] using a step gradient of

180 mL of hexane CH,Cl, (1:4), 190 mL of CHCl,—acetone (3:2), Acknowledgment. We thank the National Science Foundation

220 mL of CHCl,—acetone (1:4), 195 mL of acetone, and 200 mL of (CHE-0315591) and the National Institutes of Health (RO1 GM 60600)

MeOH, collecting a total of 14 fractions. for financial support, and the University of lowa NMR and MS Central
A 104-mg fraction eluted with CKCl,—acetone (1:4) was processed  Facility staff for technical assistance. We also thank Dr. R. Summerbell

by reversed-phase HPLC {&£Dynamax 60A, 250 21.4 mm, 8«m) of the Centraalbureau voor Schimmelcultures for examining the fungal

using CHCN—H0 gradient elution (10%27% CHCN over 40 min,
27%—69% CHCN over 20 min, 69% 100% CHCN over 1 min, and
100% for 5 min) at 10 mL/min and UV detection at 215 nm to afford
phaeofuran AZ; 4 mg,tr 7.0 min) and phaeofuran B;(6 mg,tr 11.6
min.

An 8-mg fraction eluted with hexareCH,Cl, (1:4) was processed
by reversed-phase HPLC {g€Alltech HS Hyperprep, 256 10 mm,
8-um) using a MeOH-H,O gradient (70% 100% MeOH over 30 min,
100% MeOH for 5 min) at 2 mL/min with UV detection at 230 nm to
afford 1-(8-formyl-2'-hydroxy-4-methoxy)-2,4-hexadien-1-on&;(1

mg, tr 38.1 min) and 1-(2-hydroxy-4-methoxy-5-methyl)-2,4-hexadien-

1-one @; 2 mg,tr 42.0 min). Compoun@ was identified by comparison
of its MS and NMR data to literature dat&!®A 13-mg fraction eluted

with hexane-CH,Cl, (1:4) was processed by reversed-phase HPLC

(Cig-Alltech HS Hyperprep, 256« 10 mm, 8um) using a CHCN—
H2O gradient (30%-65% over 20 min, 65% for 10 min, 65%100%
over 5 min, and 100% for 5 min) at 2 mL/min with UV detection at

230 nm to afford 1-(2-hydroxy-4-methoxy-5-hydroxymethyl)-4-hexen-

1-one 6; 3 mg,tg 27.2 min).

Phaeofuran A (1): white crystals, mp 127129 °C; [a]p +76 (c
0.1, CHOH); UV (CH3OH) Amax 212 € 5000) nm; IR (KBr)vmax 3429,
3263, 3144, 3127, 1554, 1432, 1349, 1126, 1049, 1034, Zekand

13C NMR data, see Table 1; HMBC and NOESY data, see Table 2;

EIMS (70 eV)m/z 168 ([M]*; rel int 15), 121 (39), 94 (21), 74 (20),
65 (100), 50 (96).

Phaeofuran B (2):o0il; [o]o —3 (¢ 0.2, CHOH); UV (CH3OH) Amax
207 € 7000) nm; IR (KBr)vmax 3370, 1638, 1459, 1420, 1383, 1223,
1115, 1035!H and*3C NMR data in acetones, see Table 1; HMBC
and NOESY data, see Table 2§ NMR (600 MHz, COD) ¢ 4.88
(m, H-9), 4.79 (dddd, 12, 5.8, 3.3, 0.4, H#)2 4.58 (m, H-7), 4.47
(dddd, 12, 3.1, 2.3, 0.8, Hed, 4.36 (br s, H-4), 3.72 (dt, 9.2, 3.6,

H-10), 3.47 (ddd, 3.7, 3.0, 0.6, H-6), 3.39 (dd, 3.7, 1.4, H-5), 1.57 (m,
H-12a), 1.52 (m, H-11a), 1.47 (m, H-11b), 1.38 (H-12b, m), 0.94 (t,

7.2, H-13); 3C NMR (125 MHz, CROD) ¢ 134.7 (C-3), 133.5 (C-

8), 90.9 (C-9), 76.8 (C-2), 74.3 (C-10), 64.6 (C-7), 62.0 (C-4), 57.4
(C-5), 55.9 (C-6), 34.8 (C-11), 20.0 (C-12), 14.3 (C-13); EIMS (70

eV) m/z169 ([M — C,HyO]"; rel int 1), 151 (2), 123 (13), 105 (5), 95
(22), 73 (24), 65 (16), 55 (100); HRESIM$/z265.1063 [M+ Na]*,
calcd for GoH1g0sNa 265.1052.

Acetylation of Phaeofuran A (1). Approximately 0.5 mg of
phaeofuran A1) was mixed with 50Q:L of acetic anhydride and two

drops of pyridine. The mixture was stirred at room temperature for 17

h, and the reaction was quenched by adding 1 mL of distille@.H
The mixture was partitioned with CHE(3 x 1 mL), and the organic
phase was washed with 0.1 N NaOHx3L mL) and then with distilled

culture.

Supporting Information Available: *H and'3C NMR spectra for
phaeofurans A and B1( 2) and sorbicillin analogued and 5 are

available free of charge via the Internet at http://pubs.acs.org.
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