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Abstract: A novel bistropolone, pycmidione (1), was 1solated by bioassay guided fracuonation from fermentations
of aPhomasp The structure was determined by spectroscopic methods and single crystal X-ray diffraction

A screening program! to identify novel structural types of stromelysin inhibitors from fungal cultures
resulted 1n the 1solaton and characterization of the novel bistropolone pycnidione (1). Stromelysin 1s a zinc
contaiming metalloendoprotewnase found 1n elevated levels in the synovial fluid of patents with rheumatoid
arthntis. Proteolysis by stromelysin 1s postulated to cause the cartilage degradation and impaired joint function

and thus mhibitors of this enzyme are potential antiarthritic drugs.2
31 32

RESULTS AND DISCUSSION

The producing fungus, strain MF 5726, was 1solated from soil collected on Korase Island, Federated
States of Micronesia and was identified as a2 Phoma sp Fermentations of the culture produced large quantities
of pycmdione which crystallized as hexagonal prisms upon concentration of a methyl ethyl ketone extract of a 21
day fermentaton Recrystallization from CH2Cl; MeOH muxtures, EtOH or CH3CN provided pure 1
HREIMS (M* 548 2744) and carbon-13 nmr data (33 unique carbons) determined the molecular formula to be
Cs3Ha007 Silylation of 1 resulted 1n the formation of a tri-TMS derntvative, as indicated by an 1on at 749 m/z in
the EI mass spectrum of the derivatized sample corresponding to [(1+TMS3) - CHs]*, suggesting the presence
of three exchangable hydrogens

Crystals suitable for X-ray diffraction were obtained by recrystallization from CH3CN wath traces of
H20 The imtal solution of the structure was obtamed by statistical methods, without any assumptions
concermng the chemical structure of the molecule All atoms were imtially assigned as carbon atoms During
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the course of the refinement the positions and 1dentities of the oxygen atoms were derived from the temperature
factors, bond distances and angles. These considerations also 1dentified the positions of the keto and hydroxyl
substituents as well as the C-11 = C-12, C-6 = C-29 and C-16 = C-22 double bonds Both seven membered
rings exhibited a high degree of plananty, indicating additional unsaturation No defimtive location of the
unsaturation could be made on the basis of the observed dimensions of the rings The crystal structure contains
an unknown amount of solvation per mole of 1 in a highly disordered arrangement (modelled as 4 half-
occupancy water molecules), hrmting the accuracy of the coordinates 1n this structure determination (Figure 1)

Complete 'H and 13C nmr assignments for 1 are shown in Table 1. Both of the spectra exmbited
considerable symmetry because of the two identically substituted tropolone / pyran nngs COSY and HETCOR
expenments were used to identify the three 1solated spin systems of the 11-membered nng. Long range 1H-13C
correlations from these spin systems to the gem dimethyl quaternary carbon C-10 and the two oxygenated
quaternary carbons, C-14 and 27, were observed with a long range HETCOR optimized for a muluple bond Jcu
of 10 Hz and completed the assignment of this portion of the molecule The tropolone assignments were
established with long range HETCOR 1H-13C correlations from H-1,3 and 30 or H-17,20 and 34 to their
corresponding quaternary tropolone ring carbons. Correlations from either H-7 or H-23 methylene protons into
therr respective tropolone ring carbons were not observed in the long range HETCOR and thus the two
tropolone spins systems could not be differentiated. An HMBC3 expenment at 500 MHz (!H dimension)
optimzed for a 1H-13C multiple bond coupling of 10 Hz provided correlations of H-7a wath C-5, C-27, and C-
29 and the corresponding H-23a with C-14, C-16 and C-21. The important two and three bond HMBC
correlations obtained are shown 1n Figure 2.

Table 1 1H and 13C nmr Assignments for 1

No | 13c(s) H 3), m,J (Hz) No T 13¢c(p) H (3), m,J (Hz)
1 114 26 703, s “10 171.47 -
2 164.44 - 20 124’57 7.08, s
3 17227 ] 21 150 87 -
4 12420 706, s 2 124 31 ]
5 15118 - 23 a 3423 306, dd, 5, 17
b 233, m

6 122.39 ; 2 3999 185 m
7a 34 52 267, m 25 a 3330 213, 4, 15

b 240, m b 122, m
8 3179 1.66, m 26 76 22 358, d, 10
9 a 46 24 162,d, 145 27 84 40 ;

b 112, dd, 4, 145
10 37 10 . 29 161.68 ;
11 14429 540, m 30 27.20 238, s
12 12227 540, m 3% 3132 101, s
13 a 49 26 270, m 32+ 2186 106, s

b 233, m

14 82 84 ) 33 1870 121, s
16 161 85 - 34 27 20 242, s
17 114 87 692, s 35 15.76 119, s
18 165 09 -

* interchangeable
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Figure 1| ORTEP Drawing of 1 Figure 2 Selected HMBC Correlations for 1

The presence of two tropolone chromophores 1 pycnidione suggested that the absolute stereochemustry
might be obtained by application of the exciton chirality method.# The CD spectrum of 1 exhibited a positive
first Cotton effect at 260 nm and a negative second Cotton effect at 238 nm for the & —> x* transiuon observed
1n the UV spectrum at 255 nm  The first (270 - 400 nm) and second (210 - 270 nm) bands of tropolone and
tropone are known to each be composed of two electronic transitions with parallel (bands II and IV, charge
transfer from the ring to the carbonyl) and perpendicular (bands I and III) polarizations with respect to the long
axis of the molecule 56 Thus the second (255 nm) adsorption maximum of 1 should consist of two sub-bands,
one polanzed parallel (corresponding to band IV of tropolone) to the carbonyl and the other perpendicular (band
I of tropolone). The Cotton effect observed can be explamned by exciton coupling of band IV of the two
tropolone rings  The positive sign of the first of the two Cotton effects imphes that the intramolecular charge
transfer electric transition moments of the tropolones have a positive chirality relatuve to each other, oniented 1n
the sense of nght-handed screw (Figure 3) Ths result suggests that 1 has the absolute stereochemustry shown.

Figure 3 Relauve Onentation of the Tropolone Rings of 1

Pycnidione mhibited the cleavage of 3H-B casemn by stromelysin? with an ICsp = 31 pM but did not
mhibit a panel of other proteases including angiotensin converting enzyme (metalloprotease), human leucocyte
clastase (serine protease), papain (thiol protease), and HIV-1protease (aspartic acid protease)

The occurrence of the tropolone mozety in natural products 1s rare and only two other bistropolones have
been reported, utahin from Juniperus utahensis 8 and fusanocin C from Fusarium moniliforme ® Lucidenel®, a
sesquiterpene 1solated recently from the higher plant Uvaria lucida ssp lucida, possesses a similar 11-membered
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rning system with bis-benzopyranyl substitution As for lucidene, pycmidione appears to be of mixed
biosynthetic origin It can be viewed as the condensation of a sesquiterpene such as humulene and two
tropolones, formed from acetate / malonate and methionine as described for supitatic acid.!! Lucidene
crystallized as enantiomeric pairs and was optically mactive which led to the proposal of a non-enzymatic
biosynthesis. In contrast, pycnidione 1s optically active and formed 1n large quantities suggesting that 1t 1s

formed enzymatically

EXPERIMENTAL

General Methods - Proton nmr spectra were recorded erther at 300 MHz on a Vanan X1.-300 spectrometer or
at 500 MHz on a Varan Unity 500 spectrometer. !H Chemical shifts are reported 1n ppm downfield from TMS
at 0 ppm and spectra are referenced to CHDCl2 = 5.32 ppm Carbon spectra were recorded at either 75 MHz or
125 MHz on the above spectrometers 13C Chemical shifts are reported downfield from TMS at O ppm and are
referenced to CD2Cla = 53.8 ppm. Al nmr spectra were recorded mn a mixture of CD2Cla  CD30D (2'1).
Ultraviolet spectra were recorded on a Beckman DU70 spectrophotometer. The CD spectra were obtained on a
AVIV Model 62DS circular dichroism spectrophotometer. High resolution electron ionization mass
spectrometry (HR EIMS, 90 V) data were obtained on a MAT 212 double-focusing mass spectrometer
Perfluorokerosene was used as the internal reference compound. Optical rotation was recorded on a Perkin
Elmer 241 polarimeter at 25°C. The infrared spectrum was recorded as a thin film on a ZnSe multiple internal
reflectance crystal on a Perkin Elmer 1750 FTIR spectrophotometer. Trimethylsilyl derivatives were prepared
with a 1-1 mixture of bis(tnmethylsilyl) trifluoroacetamide - pynidine at room temperature.

Producing Organism - The producing strain was recovered from soil using a modified soil-washing
protocol.12 Colony morphology 1s based on growth at 25° C under continuous fluorescent ight Comidiomata
formation 1s best observed on oatmeal agar under a combination of near-ultraviolet light and fluorescent hght
with a 12 hr photopenod

Colonies on oatmeal agar (Difco) after 14 days > 90 mm, plane at margin, with uregular stromatic growths
radiating from moculation point, with cottony, white, aenal mycelium on surface of stroma, but aenal mycehum
sparse and floccose or appressed toward margn, pale olive gray to gray, Light Olive - Gray!3, Ohve - Gray,
Olive -Buff, Dark Olive - Gray, with a few drops of clear exudate. After 21 days comdomata formed over inner
third of colony. Comidomata less than 0 3 mm 1n diameter, small dark grayish areas emedded 1in amoung
stromatic growths, exuding pale grayish yellow conidial masses.

Comdomata are pycnidia, 250-400 um 1n diameter, subglobose, translucent to dark greemish gray, densely
gregarnous to confluent, exuding pale grayish yellow comdial masses, ostiolate, covered with white mycelium
when young, glabrous 1n age, with walls composed of psedoparenchymatous tissue, 2-4 cell layer thick, with
internal cavity hined with comdiogenous cells Comdiogenous cells enteroblasuc, phiahidic, 4-6 pm 1n chameter,
pyriform, subglobose to doliform, with 2-4 comidiogenous loci. Comdia aseptate, hyaline, smooth-walled, 1.5-
25x3-4um

The producing strain was assigned to form-genus Phoma (Deuteromycotuna, Coelomycetes) based on the
cntena established by Sutton.14 The 1solate has been accessioned n the Merck Microbial Resources Culture
Collection as Phoma MF5726 Dned culture mats have been deposited at U S.D A the National Fungus
Collecuon (BPI 1112552)
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Fermentation - Culture MF5726 was grown 1n cotton-plugged, 250 m! Erlenmeyer flasks containing either 54
ml of the seed medium described previously!S or 45 ml of a production medium consistng of yellow cornmeal
5 0%, glucose 4 0% and yeast extract 0 1%. Media were steam sterilized at 15 pst for 20 minutes Cultures
were incubated at 28° C for 3 days with shaking at 220 rpm (seed medium) or at 25° C for 21 days with shaking
at 220 rpm (production medium) A standardized inoculum was prepared by growing the fungus in seed
medium, mixing the resultng culture with an equal volume of 20% glycerol and storing 2 ml portions of the
muxture at -80° C The standard inoculum was diluted 28-fold into seed medium to prepare an mnoculum for the
production medium Production of 1 was accomplished by adding 2 ml of this seed culture to each production
flask

Isolation of 1 - Fermentations (16 flasks) as described above were extracted with 48 ml methyl ethyl ketone
MEK) per flask by stiring 1 hr at room temperature. The MEK layer was removed and concentrated to
dryness in vacuo . The extract was dissolved in CH2Cla MeOH (1.1, 25 ml), and after standing 30 mun. at
room temperature, 1 crystallized as hexagonal prisms and was collected by filtration The collected 1 (90 mg)
was recrystallized from CH3CN (45 ml) to obtain crystals suitable for X-ray crystallography

Pycnidione (1): 1H and 13C nmr (CH2Cl3 : MeOH, 2 : 1) seeTable 1; UV Apax 255 nm (¢ 67,600), 362
(24,300), 366 (24,400); CD (EtOH) Apax 260 nm (A€ = +63), 238 nm (A€ = -15), IR (film) 3400, 3215, 2934,
1631, 1594, 1445, 1280, 1180, 1152 cm-1; [a]*;, = +278° (¢ 023 1n CH2Cly CH3OH, 2 1), HREIMS obsd
for C33H4007 548 2744, calcd 548.2774, mp 216 - 219°C (decomp )

Crystallography - Single crystals, grown from acetomtrile at room temperature, were hexagonal 1n space
group P65 with a=22.023(8), c=15 638(7) A for Z=6 and a calculated density of 0.887 gcml, An automatic
four circle diffractometer equipped with Cu Kot radiation (A=1 5418 A) was used to measure 3708 potennal
diffraction peaks of which 1686 were observed (I 2 3cl). Application of a mula-solution tangent formula
approach to the phase solution solved the structure which was subsequently refined with least squares and
Fourier methods Anisotropic temperature factors were refined for most of the non-hydrogen atoms (some
would not refine and stay positive definite), while 1sotropic temperature factors were applied to the hydrogens
but not refined There was some disordered solvent present 1n the crystal structure, which was represented n
the final calculations as 4 oxygen atoms with partial occupancy factors, estimated from the final electron density
difference maps The function £aX( |Fg |- |F¢ )2 with w = 4F;2/02(Fy2) was mummuzed with full matrix
least squares calculations to give an unweighted residual of 14 6%.

The following library of crystallographic programs was used SHELXS-86, G M Sheldrick, University of
Gottingen, West Germany (1986); ORTEP II, C K Johnson, Oak Ridge National Laboratory (1965), a version
of SDPV 3, Enraff-Nonius, Delft, The Netherlands (1985) locally modified for a Sun Microsystems computer
The author (K H) has deposited atomic coordinates for this structure with Cambndge Crystallographic Data
Centre The coordinates can be obtained, on request, from the Director, Cambridge Crystallographic Data
Centre, 12 Union Road, Cambndge, CB2 1EZ, UK.

Assay of Protease Activity - Assay of stromelysin, angiotensin converting enzyme, human leucocyte
elastase, papain, and HIV-protease inhibition was performed as descnibed previously 7
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