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ABSTRACT

An Australian isolate of the soil ascomycete ~ Gymnoascus reessii yielded a series of cytotoxic metabolites, including the known polyenylpyrroles
rumbrin (1) and auxarconjugatin A (2), and the new rumbrin stereoisomer 12 E-isorumbrin (3), as well as an unprecedented class of polyenylfurans
exemplified by gymnoconjugatins A (4) and B (5). Structures were assigned with detailed spectroscopic analysis.

In recent years our research has focused on the isolationjnvestigation, and reveals tl&. reessiicytotoxic agents as
identification, and evaluation of bioactive metabolites from the polyenylpyrrole metabolites rumbrid)(and auxarcon-
Australian marine and terrestrial biodiversity. In this report jugatin A (2), and the new stereoisomerB-Eisorumbrin @).

we describe our investigations into the terrestrial soil This represents the first reported observation that such poly-
ascomyceté&symnoascus reesdaranetzki, collected near  enylpyrroles display cytotoxic properties. Significantly, this
Sussex Inlet on the southern coast of New South Wales,study also discovered an unprecedented class of polyenyl-
Australia. The MeOH extract of a liquid culture Gf reessii furans, exemplified by gymnoconjugatins A (4) and B.(
displayed significant growth inhibitory activity against the  concentration of a MeOH extract derived from a liquid
bacterium Bacillus subtilis the nematodeHaemonchus  fermentation ofG. reessiyielded a cytotoxic red precipitate.
contortus, the plant fungal pathog8eptoria nodorum, and  Hp| C-DAD analysis of the precipitate revealed a complex

a tumor cell line (murine NS-1). Quite apart from these mixture comprising many components, all possessing similar
biological properties, we also took note of the fact that the 54 highly distinctive UV-vis spectra (see Figure 1).
genus Gymnoascushad not featured prominently in the

natural products literature, and were intrigued by preliminary

HPLC-DAD analyses which revealed an extract rich in _
structurally diverse metabolites. In earlier studies on this

isolate we determined the antibacterial principle to belong

to the rare roquefortine class of isoprenylated diketopipera-

zines, and went on to describe a new example of this structure

class, roquefortine ELikewise, we succeeded in attributing

the antifungal activity in th&. reessiiextract to a series of

novel aromatic butenolides, designated gymnoascolides

A—C2 This report represents the third installment in our
P P Figure 1. Representative U¥vis spectrum of polyene metabolites
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Table 1. NMR (600 MHz, ds-DMSO) Data for Compound3—5*

12E-isorumbrin (3) gymnoconjugatin A (4) gymnoconjugatin B (5)
oc ou (m, J(Hz)) oc ou (m, J(Hz)) gHMBC (H to C)® ou (m, J (Hz))
1 11.47 (dd, 2.6, 2.9)
2 1204 6.90 (dd, 2.9, 3.0) 143.4 7.68 (br s) C-3,C-4,C-5 7.68(dd, 1.1, 1.1)
3 109.1 6.13 (dd, 2.6, 3.0) 112.3 6.53 (br s) C-2,C-4,C-5 6.53 (br s)?
4 111.8 109.9 6.54 (br s)° C-2,C-3,C-5 6.54 (br s)?
5 126.0 152.7
6 120.5 6.52 (d, 15.6) 121.1 6.59 (d, 13.9) C-4,C-5,C-8 6.59 (d, 15.6)
7 124.8 6.78 (dd, 11.2, 15.6) 127.2 6.76 (dd, 10.8, 13.9) C-5,C-9 6.76 (dd, 10.3, 15.6)
8 136.3 6.61 (dd, 11.2, 14.7) 135.2 6.61 (m) C-10 6.59 (dd, 10.3, 14.7)°
9 131.7 6.47 (dd, 10.4, 14.7) 133.5 6.58 (m) 6.55 (dd, 10.3, 14.7)°
10 138.6 6.72 (dd, 10.4, 15.2) 138.3 6.75 (dd, 10.7, 14.4) C-8, C-12 6.74 (dd, 10.3, 14.8)
11 127.9 6.77 (dd, 11.1, 15.2) 128.8 6.78 (dd, 12.3, 14.4) C-9 6.51(dd, 11.3, 14.8)
12 131.1 7.05 (d, 11.0) 130.8 7.05 (d, 12.3) C-10, C-14, 13-Me 7.06 (dd, 11.3, 15.2)
13 125.8 126.5 6.36 (d, 15.2)
14 158.8 158.7
15 93.7 6.57 (s) 94.0 6.59 (s) C-13, C-14, C-16, C-17 6.67 (s)
16 166.0 166.0
17 100.3 100.5
18 1634 163.4
13-Me 12.4 2.05 (s) 12.4 2.05 (s) C-12, C-13, C-14
16-OMe 56.7 3.95 (s) 56.7 3.95 (s) C-16 3.89 (s)
17-Me 8.7 1.81 (s) 8.7 1.81 (s) C-16, C-17, C-18 1.81 (s)

a Assignments made with the assistance of gHSQC and gHMBC correlations and by comparison to known corjioteasive overlap ofH NMR
signals at~6.76 and~6.60 ppm means some uncertainty exists in gHMBC correlations from these protbAssignments may be interchanged.

Fractionation of a portion of this material with Sephadex mers. Such stereoisomers have been shown to exist in the
LH-20 (MeOH), silica flash chromatography (GEl./ auxarconjugatin seri¢gsand as might be expected, acid
MeOH/AcOH), and reversed-phase HPLC (MeOb{liA treatment of theG. reessiired precipitate resulted in a
TFA) yielded the known compounds rumbrin {1and simplified HPLC-DAD profile, asZ double bond isomers
auxarconjugatin A (2) as relatively minor components, equilibrated to more stablgé isomers. Consistent with this
together with a new major isomer dfidentified as 12E- observation, attempts to isolate components incorporating

isorumbrin (3). double bonds by HPLC proved challenging, due to facile
High-resolution ESI(+)MS analysis 08 suggested a  equilibration of the purified materials 1 isomers. Having
molecular formula (gH200sCIN) requiring 11 DBE. Ex- identified the major constituents in th€&. reessiired

amination of the!H NMR (ds-DMSO) data for3 revealed
resonances closely related to those for auxarconjugatin Al NG
(2), with a major difference being replacement of an olefinic
methine 0y 6.32) with an olefinic methyl resonancéy(
2.05). Detailed analysis of the NMR data f8rrevealed
resonances consistent with the conjugated chloropyrrole,
tetraene, and pyrone moieties characteristic of this structure
class (Table 1). Large values fdg; (15.6 Hz),Jgo (14.7
Hz), andJip 11 (15.2 Hz) supported assignment©ftereo-
chemistry about these three double bonds. However, sig-
nificant differences in théH NMR chemical shift for H-12,
and the'3C NMR chemical shift for the 13-Me, in rumbrin
(1) (0w 6.47 andoc 21.1) compared to those 8f(oy 7.05
and d¢c 12.4), suggested a A'?13 stereochemistry foB.
Thus3 was attributed the trivial name E2isorumbrin, and
the structure assigned as indicated.

Further HPLC-DAD-MS analysis of the crude red pre-
cipitate suggested a complex of related polyenyl stereoiso-

(1) Clark, B.; Capon, R. J.; Lacey, E.; Tennant, S.; Gill, J.JHNat.
Prod. 2005,68, 1661—1664. ) ) .
(2) Clark, B.; Capon, R. J.; Lacey, E.; Tennant, S.; Gill, J. H.; Bringmann, Figure 2. Polyenes isolated frorymnoascus reessii.
G.; Bulheller, B.J. Nat. Prod.2005,68, 1226—1230.
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Figure 3. HPLC-DAD-MS (400 nm shown) analysis of (a) polyenylpyrroles and polyenylfurans froi@theessiired precipitate (eluting
over a narrow and overlapping range of retention times). (b) BOC-protected polyenylpyrroles eluting later than polyenylfurans. The expansion
box reveals the complex of minor polyenylfurans. Major BYNIS ions are displayed for selected peaks.

precipitate as polyenylpyrroles we turned our attention to a *H NMR spectrum of4, assignment of aft A%° stereo-
series of minor unhalogenated analogues. The first of thesechemistry could be inferred from analysis of the 2D NMR
to be isolated by reverse-phase HPLC was gymnoconjugatindata and comparison of the assigned chemical shifts (see

A (4). High-resolution ESI(+)MS analysis dfsuggested a
molecular formula (&H2004) that, unlike the polyenylpyr-
roles described above, lacked both ClI and N atoms.
Comparison of théH and 2D NMR data fo# (see Table 1)

Table 1) with those fod and 3.

Given the high relative concentration of polyenylpyrroles
over polyenylfurans in the crude mixture, together with their
similiar HPLC and NMR properties, it was speculated that

with those for 1E-isorumbrin (3) revealed resonances additional very minor polyenylfuran co-metabolites might
indicative of a 1,8,8-trisubstituted tetraene chain conjugated exist. To test this hypothesis, a sample of the red precipitate

to a pyrone-i.e., a methoxydy 3.95), two olefinic methyls

(6 2.05 and 1.81), a pyrone mething,(6.59), and seven
olefinic protons. The most noticeablel NMR differences

between the polyenylpyrroles addwere the replacement
of the two pyrrole methine resonances 8f.0n 6.90 and

6.13) with three deshielded methine resonances4(cdy

was first defatted by using a DMSO/hexane partition to yield
material enriched in polyenes. This enriched material was
then reacted with diert-butyl-dicarbonateto convert poly-
enylpyrroles to their correspondifgtBOC protected deriva-
tives. HPLC-DAD-MS analysis of this material (Figure 3)
revealed a suite of new underivatized minor polyenylfurans.

7.68, 6.54, and 6.53). Likewise, the most significant changes Reverse-phase SPE and HPLC of this material permitted

in the 3C NMR spectra ot involved large downfield shifts
for both C-2 (cf. fromdc 120.5 in3 to d¢c 143.4 in4) and
C-5 (cf. from 6c 126.0 in 3 to dc 152.7 in 4). These

isolation of additional quantities of gymnoconjugatin 4 (
in addition to small amounts of a minor co-metabolite
designated gymnoconjugatin B)( HRESI#)MS analysis

observations suggested that gymnoconjugatin A (4) was theof 5 indicated a molecular formula (&1,0,) differing from

polyenylfuran pyrone shown (less stereochemistry). Assign-

ment of ankE stereochemistry about®” andA1%tin 4 was
achieved by consideration d§7 (13.9 Hz) andlip; (14.4
Hz), while assignment of aB stereochemistry about'213
was achieved through consideration of tHeNMR chemical
shift for H-12 in 4 (6y 7.05) relative to those of B2
isorumbrin (3) ¢n 7.05) and rumbrinX) (04 6.47). This
latter assignment was further supported by (a)'#aeNMR
chemical shift for 13-Me i (6c 12.8) compared t& (d¢
12.4) andl (6c 21.1), and (b) a diagnostic 2D NMR NOESY
correlation between the 13-Me and H-11 in gymnoconjugatin
A (4). While Jg ¢ could not be directly measured from the

(3) Yamagishi, Y.; Shindo, K.; Kawai, Hl. Antibiot.1993,46, 888—
891.

(4) Hosoe, T.; Fukushima, K.; Takizawa, K.; Miyaji, M.; Kawai, K.-I.
Phytochemistry1 999,52, 459—-463.
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4 by the loss of a single methylene unit. Although the yield
of 5 (0.4 mg) precluded 2D NMR analysis, thE NMR
and UV—vis data indicated th&t was a close analogue of
gymnoconjugatin A4). In particular, the absence of the 13-
Me resonance in théH NMR spectrum suggested th&t
was a demethyl homologue df while comparison of the
UV—vis spectra and analysis of the tetraene coupling
constants supported an &lstereochemistry. Thus gymno-
conjugatin B b) was tentatively assigned the structure shown.
Reports on the isolation of polyenylpyrroles are rare.
Rumbrin (1) has been previously isolated from the fungus
Auxarthron umbrinuni;f while auxarconjugatin AZ) and
its demethyl and dechloro derivatives, auxarconjugatins B

(5) Grehn, L.; Ragnarsson, ngew. Chem1984,96, 291—292.
(6) Alvi, K. A.; Rabenstein, JJ. Ind. Microbiol. Biotechnol2004,31,
11-15.
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and C, were first isolated from anoth&uxarthronspecies. s
lelted. b'os_yf!the“c §tud|es orl have confirmed its Table 2. Anticancer Properties of E2lsorumbrin (3) and the
polyketide origin, and it has also been reported to possesscryde Polyene Mixture

activity as a cytoprotective agehiThe only other closely

related polyenylpyrroles on record are the keronopsins, ICs0 (ng/ml)
brominated metabolites from the marine cilif&seudoker- cell line cancer type crude 3
onopsis rubrg® and the wallemia8hich were isolated from A549 lung 4.94 14.3
the mitosporic ascomyceWallemia sebt? Polyenylfurans C180-13S ovarian 55.9 47.2
are even less common: to our knowledge, the gymnocon- DU145 prostate 10.0 7.61
jugatins represent the first occurrence of polyketide polyenyl-  HT29 colon >1000 >1000
2-furans. However, the known polyenylpyrone mycotoxin JMAI\I/}’IL%L °V'<11“an 10(15-28 412-‘316
H i AiAll H melanoma B .
citreoviridin'! certainly bears a strong resemblance to the NFF control line 96.3 659

gymnoconjugatins.

Rumbrin (1) has been reported to possess cytoprotective
activity,” and has been patented as a calcium accumulationgey| ines; the crude red precipitate was of greater toxicity,
inhibitory agent and lipid peroxide production inhibitdr.  ossibly indicative of the presence of other cytotoxic agents
Given these literature repo_rts apd the po.t(.ant cytotoxic activity o ¢ synergistic effects. For example, given thatE12
_of the cru_de extract, the biological activities of the polyenes isorumbrin (3) may very likely be an isomerized artifact of
isolated in the current study were of great interest. COM- q |ess stabl@-isomer rumbrin (1), it is possible that the
pounds2—4 were tested for antimicrobial and cytotoXic  jmproved activity against A549 and MML96L displayed by
activities: 1 and5 were not tested due to the small amounts o rude polyene mixture is due to the presencel.of

of material available. Minimal Qntimicrobial _activity Was  Gymnoconjugatin A (4) was also tested, but showed sig-
revealed, but both auxarconjugatin2) @nd 1Z-isorumbrin - piicanty lower levels of activity against all cell lines.

(3) possessed potent cytotoxic properties against an NS-1

cell line (LDgg 2.3 and 0.4Jug/mL), while gymnoconjugatin Acknowledgment. The authors would like to thank C.

A (4) was significantly less active (Lg950 ug/mL). Zapata for running anticancer assays against human cell lines,
Because cytotoxicity can be indicative of anticancer G. MacFarlane for acquisition of HRESIMS data, and D.
properties, 12E-isorumbrin (3) was sent for further assays Howse for database support. This research was partially

against human cancer cell lines, the results of which are givenfunded by the Australian Research Council.

in Table 2. These studies revealed potent and selective

activity against ovarian cancer (JAM) compared to the Note Added after ASAP Publication. The compound
control cell line (NFF). In most cases the crude mixture was shown in the TOC and the Abstract was gymnoconjugatin
less active than purified; however, for a few cancer types, B, not A, in the version published ASAP January 19, 2006;
in particular lung (A549) and melanoma (MML96L) cancer the corrected version was posted ASAP February 1, 2006.
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