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Absaucc A novel buhupolone, pyctudtoue (1). was dated by bmassay @uded frac~onauon from fermenu@ons 
0faPhomasp ?besmtctufewes deterrmned by spectmscqx methods and single aystd X-ray ddhdion 

A screenmg program1 to rdenttfy novel strnctural types of stromelysm mhtbnors from fungal cultums 

resulted m the ~solatton and charactenzahon of the novel bistropolone pycnidtone (1). Stromelysm is a zinc 

contammg metalloendoprotemase found m elevated levels m the synovial fluid of pauents with rheumatoid 

arthnas. Proteolysrs by stromelysm IS postulated to cause the carttlage degradatron and ~mpatred Jomt function 

and thus uthrbnors of thrs enzyme are potential anharthnttc drugs.2 
31 32 
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RESULTS AND DISCUSSION 

The producmg fungus, stram MF 5726, was isolated from sod collected on Korase Island, Federated 

States of Micronesia and was tdentttied as a Phoma sp Fermentanons of the culture produced large quanattes 

of pycnuhone which crystaked as hexagonal prrsms upon concentratton of a methyl ethyl ketone extract of a 21 

day fermentabon Recrystalhzatron from CHzClz MeOH nuxtures, EtOH or CH3CN provrded pure 1 

HREIMS (M+ 548 2744) and carbon- 13 nmr data (33 umque carbons) determtned the molecular formula to be 

C33H4007 Sdylatlon of 1 resulted III the formatton of a tn-TMS denvauve, as mdrcated by an ran at 749 m/z in 

the EI mass spectrum of the denvattzed sample cormspondmg to [(l+TMS3) - CH3]+, suggesting the presence 

of three exchangable hydmgens 

Crystals suitable for X-ray drffractton were obtamed by recrystalhzaaon from CH3CN with traces of 

Hz0 The uutral solutton of the structure was obtamed by statrsttcal methods, without any assumptions 

concemmg the chemical structure of the molecule All atoms were mmally assigned as carbon atoms During 
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the course of the refinement the posltmns and rdentmes of the oxygen atoms were derived from the temperature 

factors, bond &stances and angles. These consrderaaons also idennfied the posmons of the keto and hydroxyl 

substttuents as well as the C-l 1 = C-12. C-6 = C-29 and C-16 = C-22 double bonds Both seven membered 

rings exhibited a htgh degree of planarity, indrcatmg addmonal unsaturatton No defimtrve locatton of the 

unsaturahon could be made on the basis of the observed mslons of the rings The crystal structure contatns 

an unknown amount of solvation per mole of 1 in a hrghly Qsordered arrangement (modelled as 4 half- 

occupancy water molecules), hnnnng the accuracy of the coot&rates m thrs structure determination (Figure 1) 

Complete 1H and 1st.I nmr assignments for 1 are shown tn Table 1. Both of the spectra exhlhted 

considerable symmetry because of the two identically subsmuted ttopolone / pyran nngs COSY and HETCOR 

expenments were used to tdenttfy the three isolated spin systems of the 11 -membered nng. Long range 1H-1% 

correlatrons from these spur systems to the gem dnnethyl quatemary carbon C-10 and the two oxygenated 

quaternary carbons, C-14 and 27, were observed wtth a long range HETCGR opttmtzed for a mulaple bond Ja 

of 10 Hz and completed the assignment of thus pomon of the molecule The tropolone assignments were 

estabhshed wrth long range HRTCOR tH-1% correlations from H-1.3 and 30 or H-17,20 and 34 to then 

correspondmg quatemary tropolone nng carbons. Correlattons from either H-7 or H-23 methylene protons into 

then respecttve tropolone rmg carbons were not observed in the long range HETCOR and thus the two 

tropolone spms systems could not be differentiated. An HMBc3 experrment at 500 MHz (‘H dimension) 

optmnxed for a 1H-%I! multtple bond couplmg of 10 Hz provtded correlaaons of H-7a wtth C-5, C-27, and C- 

29 and the correspondmg H-23a with C-14, C-16 and C-21. The tmportant two and three bond HMBC 

correlattons obtamed are shown m Frgure 2. 

Table 1 1H and *X! nmr Assignments for 1 

lH (6). m, J @Ia) 

706, s 

267. m 
24O.m 
1.66, m 

1 62, d, 14 5 
1 12, dd, 4, 14.5 

54O.m 
540,m 
2 70, m 
2 33, m 

6.92, s 

124 57 
I 

7.08, s 
150 87 
124 31 

I 

. 

34 23 306,dd,5,17 
2.33. m 

39 99 
33 30 

76 22 
84 40 

1 85; m 
2 13, d, 15 

1.22, m 
3 58, d, 10 

161.68 
27.20 2 38, s 
31 32 101, s 
21 86 106,s 

1870 1.21, s 
27 20 242, s 
15.76 1 19, s 
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Figure 1 ORTEP Drawmg of 1 Figme 2 Selected HMBC Ckelattons for 1 

0s 

The presence of two tropolone chromophores m pyctione suggested that the absolute stereocheonstry 

mqht be obtained by apphcation of the exczton chirahty u~thod.~ The CD spectrum of 1 exhlhted a posittve 

first Cotton effect at 260 um and a negative second Cottou effect at 238 nm for the IC -> X* transmon observed 

111 the UV specmun at 255 nm The first (270 - 400 nm) aud second (210 - 270 nm) bauds of tmpolone and 

tmpone are known to each be composed of two electxumc trana~ons ~th parallel (bands II and IV, charge 

transfer from the rmg to the carbonyl) and peqenduxdar (bands I and III) polanzat~~s ~rlth respect to the long 

axts of the molecule 5.6 Thus the second (255 nm) adaorphon maxunum of 1 should consist of two sut&auds, 

one polarized parallel (correspontig to band IV of tqolone) to the carbonyl and the other perpen&cula.r (band 

III of troPolone). The Cotton effect observed can be explamed by exctton couphng of band IV of the two 

tropolone rings The positive sign of the fmt of the two Cotton effects lmphes that the mtramolecular charge 

transfer elecmc trausmon moments of the aqx~lones have a posmve chuahty relattve to each other, onented m 

the sense of nght-handed screw (Figure 3) Tlus result suggests that 1 has the absolute stereochermstry shown. 

Figure 3 Relanve Onentauon of the Tropolone Rmgs of 1 

HP--- v v 

Pycmdlone ttihted the cleavage of 3H-p casem by stromelysm7 with an IQ0 = 31 FM but &d not 

tiht a panel of other proteases mcludmg angotensin converhng enzyme (metalloprotease), human leucocyte 

dastase (senne protease), papam (duo1 pmtease), and HIV-lprotease (aspaxt~ acid protease) 

The occurrence of the tmpolone moiety m natural products IS rare and only two other brstropolones have 

been reported, utabm from Jumperus utahems 8 and fusanocm C fivm Fusanum motulifome 9 Luc&net”, a 

sesquiterpene tsolated recently from the higher plant Uvaria &da ssp luck&~, possesses a sun&r 1 1-membaed 
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nng system wtth his-benzopyranyl substrtution As for lucidene, pycmdtone appears to be of mtxed 

btosynthettc orrgm It can be viewed as the condensatton of a sesqmterpene such as humulene and two 

tropolones, formed from acetate / malonate and methionme as described for strprtatrc actd.” Luctdene 

crystalhzed as enantiomenc parrs and was opttcally macave which led to the proposal of a non-enzymatrc 

hosynthesrs. In contrast, pycnnhone 1s opncally active and formed in large quantmes suggestmg that tt 1s 

formedenzymaWuy 

EXPERIMENTAL 

General Methods - Proton nmr spectra were recorded either at 300 MHz on a Vanan XL-300 spectrometer or 

at 500 MHz on a Vanan Unity 500 spectrometer. 1H Chemrcal shrfts am mported m ppm downfield from TMS 

at 0 ppm and spectra are referenced to CHDCl2 = 5.32 ppm Carbon spectra were recorded at either 75 MI-Ix or 

125 MHz on the above spectmmetem 13C Chemtcal shrfts am mpcrted downfield from TMS at 0 ppm and are 

referenced to m2Cl2 = 53.8 ppm. All nmr spectra were recorded m a mrxtum of CQCl2 CD3OD (2.1). 

Ultravrolet spectra were reunded on a Beckman DU70 spectmphotometer. The CD spectra were obtatned on a 

AVIV Model 62DS crrcular dichrorsm spectrophotometer. Htgh resolution electron ionization mass 

spectrometry (HR EIMS, 90 eV) data were obtamed on a MAT 212 double-focusing mass spectrometer 

Perfluomkemsene was used as the mternal reference compound. Optical rotation was recorded on a Perkin 

Elmer 241 polarimeter at 25°C. The mfnued spectrum was recmrled as a thm fihn on a Z&e multtple mternal 

reflectance crystal on a Perkm Ehner 1750 FDR spectrophotometer. Trrmethylalyl derivatives wore prepared 

wuh a 1-l titure of bis(tnmethylstly1) triflb - pyndme at mom temperature. 

Producing Organism - The producing sham was recovered from sol1 usmg a modrfied so&washing 

protoco1.t~ Colony morphology 1s based on growth at 25” C under conttnuous fluorescent hght Comdtomata 

formatton 1s best observed on oatmeal agar under a combmation of near-ultravtolet hght and fluorescent hght 

wtth a 12 hr photopenod 

Colonies on oatmeal agar (Difco) after 14 days > 90 mm, plane at margm, wrth rrregular stromattc growths 

&tmg from moculatton point, wrth cottony, whtte, aenal mycehum on surface of stroma, but aerial mycehum 

sparse and flcccose or appressed toward margm, pale ohve gray to gray, Ltght Olive - Grayt3, Olive - Gray, 

Ohve -Buff, Dark Ohve - Gray, wrth a few drops of clear exudate. After 21 days comdomata formed over mner 

thud of colony. Comdomata less than 0 3 mm in drameter. small dark grayrsh areas emedded m amoung 

stromanc growths, exuding pale grayrsh yellow co~dd masses. 

Comdomata are pycnuha, 250-400 pm m drameter, subglobose, translucent to dark greenish gray. densely 

gregarious to confluent, exudmg pale grayish yellow comdtal masses, osholate, covered with white mycelmm 

when young, glabrous m age, wrth walls composed of psedoparenchymatous assue, 2-4 cell layer thrck, urlth 

internal cavtty lmed with comdiogenous cells Comdtogenous cells enteroblasac, phrahdrc, 4-6 pm m diameter, 

pyrtform, subglobose to dohform, wtth 2-4 com&ogenous loct. Corn&a aseptate, hyalme, smooth-walled, 1.5- 

2.5 x 3-4 pm 

The producmg stram was assrgned to form-genus Phoma (Deuteromycohna, Coelomycetes) based on the 

cntena estabhshed by Sutton.t4 The isolate has been accesstoned m the Merck Mrcrobral Resources Culture 

Collectton as Phoma MF5726 Dned culture mats have been deposited at U SD A the National Fungus 

Collectton (BP1 1112552) 



Isolauon of pycnidrone 2143 

Fermentation - Culture MF5726 was grown m cotton-plugged, 250 ml Erlenmeyer flasks contammg euher 54 

ml of the seed medmm described prev~ously*~ or 45 ml of a productton medmm conststmg of yellow cornmeal 

5 0%, glucose 4 0% and yeast extract 0 1%. M&a were steam sterilized at 15 PSI for 20 mmutes Cultures 

were mcubated at 28” C for 3 days wrth shakmg at 220 rpm (seed rutdunn) or at 25O C for 21 days wrth shaking 

at 220 rpm (productron medmm) A standardtzed moculum was prepared by growing the fungus m seed 

medmm, rmxmg the resultmg culture wrth an equal volume of 20% glycerol and stormg 2 ml pomons of the 

rmxture at -800 C The standard moculum was diluted 28-fold mto seed me&urn to prepare an moculum for the 

productron medmm Productron of 1 was accomphshed by addmg 2 ml of thus seed culture to each productron 

flask 

Isolation of 1 - Fermentattons (16 flasks) as described above were extracted wtth 48 ml methyl ethyl ketone 

MEK) per flask by stunng 1 hr at room temperature. The MEK layer was removed and concentrated to 

dryness in vucuo . The extract was drssolved m CH2Cl2 MeOH (1.1,25 ml), and after standmg 30 mm. at 

room temperature, 1 crystalhzed as hexagonal prisms and was collected by filtratton The collected l(90 mg) 

was mcrystalhzed from CH3CN (45 ml) to obtam crystals suitable for X-ray crystallography 

Pycnidione (1): JH and I3C nmr (CH2CI2 : MeOH, 2 : 1) seeTable 1; UV &nax 255 nm (E 67.600). 362 

(24,300). 366 (24.400); CD (EtGH) Lax 260 nm (A& = +63), 238 nm (A& = -15). IR (film) 3400,3215,2934, 

1631,1594. 1445,1280, 1180, 1152 cm-t; [a] s,, = +278” (c 0 23 m CH2Cl2 CH3OH. 2 l), HREIMS obsd 

for C33H4@7 548 2744, calcd 548.2774, mp 216 - 219“C (decomp ) 

Crystallography - Smgle crystals, grown from acetomtnle at room temperature, were hexagonal m space 

group P65 with a=22.023(8), c=15 638(7) A for Z&l and a calculated density of 0.887 g cm-l. An automauc 

four crrcle drffractometer eqmpped wtth Cu Ku radratron (h=l5418 A> was used to measure 3708 potenaal 

&ffractron peaks of whrch 1686 were observed (I 2 301). Apphcatron of a mulh-solutton tangent formula 

approach to the phase soluuon solved the StIUCNe whtch was subsequently refmed wuh least squares and 

Pouner methods Amsotroprc temperature factors were refined for most of the non-hydrogen atoms (some 

would not refine and stay posmve definite), while rsotroptc temperature factors were apphed to the hydrogens 

but not refined There was some dsordered solvent present m the crystal structure, which was represented m 

the fmal calculattons as 4 oxygen atoms wtth partral occupancy factors, eshmated from the final electron densuy 

drfference maps The functron Ko$ IF0 I- IF, I)2 wr th w = 4F02/02(Fo2) was mmumzed wuh full mamx 

least squares calculahons to give an unwerghted residual of 14 6%. 

The followmg hbrary of crystallographrc programs was used SHBLXS-86, G M Sheldrrck, Umversrty of 

Gottmgen. West Germany (1986); ORTEP II, C K Johnson, Oak kdge Natronal Laboratory (1965), a verston 

of SDPV 3, Enraff-Nonms, Delft, The Netherlands (1985) locally modtfied for a Sun Microsystems computer 

The author (K H ) has deposited atonuc coordinates for this structure with Cambndge Crystallographrc Data 

Centre The coordmates can be obtained, on request, from the Director, Cambndge Crystallographtc Data 

Centre, 12 Umon Road, Cambndge, CB2 HZ, UK. 

Assay of Protease Activity - Assay of stromelysm, angtotensm converting enzyme, human leucocyte 

elastase, papam, and HIV-protease mhrbmon was performed as described prevtously 7 
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