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Summary On epoxidation using mchloroperbenzoic acid, citreoviridin and its acetate have 

been converted to isocitreoviridinol, epiisocitreoviridinol and epicitreoviridinol and their 

acetates, respectively. Particularly, epicitreoviridinol bas been newly isolated from the 

mycelium of Pcnicillium pekmontanum IF0 9583. 

Citreoviridin and related metabolitesl are quite attractive because of their novel structures as well as 

physiological properties inhibiting ATP-synthesis and ATP-hydrolysis catalyzed by mitochondrial enzyme 

systems.2 Among them, the synthesis of citreoviridin (1) was first accomplished by us3 and quite recently by 

other two groups4. In addition, several citreoviridinol-type compounds have also been synthesized including 

citreoviridinol,5 neocitreoviridinol,5 aurovertin B,6 asteltoxin,7 and verrucosidin.8 Furthermore, l3C- and 180. 

isotope incorporation studies of citreoviridm (1) by Vleggaar et al.9 clarified tbe origin of live oxygen atoms 

included in its structure, and they postulated a biosynthetic pathway for citreovitidin, as shown in Scheme 1, 

wherein a bii-epoxide (2) is regarded as a key intermediate. 

Recently, we could isolate three citreoviridin-type metabolites (3, 4 and 5),l having a 2,6- 

dioxabicyclo13.2.1 Ioctane ring similar to that of aurovertin B (6). As judged from their stereostructures, further 

epoxidation of 1 or its precursor (2) does not take place in a stereospeclfic manner, but the terminal double bond is 

attacked by monooxygenase from both sides to afford two unstable epoxides (7 and 8), which are spontaneously 

converted to four possible stereoisomers (3,4,5 and 9), as shown in Scheme 2. Of them citreoviridinol(3), 

isocitreoviridinol(4) and epiisocitreoviridinol(5) have been found in nature,1 and the remaining stereoisomer (9) 

named epicitreoviridinol, will be dkxussed later. 

From a biogenetic point of view, epoxidation of citreovirldin (1) was carried out under various conditions, 
particularly using mchloroperbenzoic acid (1.2 equiv) and NaIICO3 (2.9 equiv) in CII2Cl2 (-20 oC - room temp., 

10 h, under Ar) to afford 4, l 5 l and epicitreoviridinol (9)*8 in 3.6, 4.4 and 3.4% yields, respectively.1 l 

Monoacetylcitreoviridin (10) was also subjected to epoxidation using m-chloroperbenzoic acid ( 1.04 equiv) in 
CH2C12 (room temp., overnight, under Ar) to give monoacetates (11,12 and 13)l2 corresponding to 4,5 and 9 

in 19, 2.1 and 4.4% yields, respectively. The compound (9), named epicitreoviridinol, is quite similar to 

citreoviridinol (3)’ in spectra1 data. Finally, the stereostructure of epicitreoviridinol was unambiguously 

determined by chemical tmnsfonnation of the monoacetate (13)13 to cltreoviridinol(3), as follows. 

Themonoa&ate(l3)wassubjectedtoMoffattoxidation [DMSO/DCC/pyridiw/TFAinbenzene(OOC 

- room temp., overnight)] to afford the corresponding ketone (14),13 in almost quantitative yield, which was 
reduced with NaBIQ in EtOH (0 oC, 1 h) to give an alcohol (15)l in 63% yield. Finally, 15 wa8 treated with 
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Scheme 2 

K2CO3 in MeOH (room temp., 1 h) to give rise to citrcxwiridinol(3)l in a~ 100% yield. The newly formed 

compound (9), cpicitmoviriclmol, WBS also isolated from the mycclium of l? pcdenwnfau~~~ IF0 9583. 

According to essentially the same proccdum as -bed in the previous paper,1 the polished rice (450 g), 

which was inoculated with a suspension of mycclium of P. pedcmontaaum IF0 9583 in a sterilized water, was 

incubated stationarily at 20 - 23 Oc for 32 days and then extmctcd with EtOAc. The EtOAc extract (14.9 g) was 

chromatographed on silica gel (Wake gel C-60) using a gradient solvent of MeOH - CHCl3 (WOO - SW100 v/v). 

After elution with McOH - CHC13 (1: 20) giving a mixture of hydrocarbons, elution with a gradient solvent (YlOO 
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- 6000 v/v) afforded a brown oil which was rechromatogmphed on silica gel using CHCl3 - acetone (20 : 1) to give 

citreoviridin (1)1 in 4.7% yield.14 Further elution with MeGH - CHC13 (7 : 100) provided a reddiih brown oil 

which was separated by repeated preparative TLC (Kieselgel PF254) using CHC13 - MeGH (10 : 1) and then 

hexane - EtGAc - acetone (1 : 1 : 1) to give epineocitreoviridino11 in 0.17% yield.14 The fractions eluted with 

MeGH - CHC13 (7/100 - 1(2/100 v/v) were combined and then subjected to repeated preparative TLC (Kieselgel 

PF254) using hexane - EtGAc - acetone (1: 1: 1) and then CHC13 - MeGH (10 : 1) to afford isocitreoviridinol(4) 

and a new metabdite (9), named epicitreoviridinol, 10 which was completely identical with the synthetic one 

derived from citreoviridin ( 1). 

The present study means biomimetic synthesis of citreoviridin-type metabolites (4,5 and 9) and strongly 

suggests a plausible mechanism of the formation of citreoviridinol and related compounds with a 2,6- 

dioxabicyclo[3.2.l]octane ring, as shown in Scheme 2, wherein the third epoxidation does not occur in a 

stereospecific mamrer in contrast to that of aurovertin B (6). 15 In addition, epicitreoviridinol(9) was found in 

nature, as expected.16 

This research has been supported in part by grants from the Ministry of Education, Science and Culture as 

well as the Terumo Foundation, to which grateful acknowledgement is made. 
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