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Summary. Flash vacuum pyrolysis of functionalized tricyclo15.2.1.02r6 ldecenone 

epoxide 2, and acetals 3 and 4 affords cyclopentadienone epoxide6 and -. 

acetals 10 and 8, respectively. These epoxides are suitable precur- 
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sors for the synthesis of (2) terrein. 

Oxygenated monocyclic cyclopentenones and cyclopentanones are notable struc- 

tures since many of them show a remarkable antibiotic and antitumor activity. 

Examples are prostaglandinsl, pentenomycins', methylenomycins3 and sarkomycin4. 

In the preceding paper we described the synthesis of 3-substituted cyclopenta- 

dienone epoxides and their dimethyl acetals from readily available tricyclo- 

15.2.1.02r61decenones5 (Scheme 1). 

scheme 1 

1 R=CH0,C02Et 

These epoxides are potentially useful for the synthesis of a variety of oxy- 

genated cyclopentanoids. In this communication we wish to report on an effi- 

cient synthesis of terrein 26f7, a mould metabolite from AspergiZZus terreus, 

employing appropriate cyclopentadienone epoxides as the key intermediates. 

Although already isolated in 1935, terrein was synthesized only recently. 

Most likely, its sensitivity to acid and base precluded an earlier synthesis. 

Auerbach and Weinreb' obtained (t) terrein in a low overall yield in a labo- 

rious nine step synthesis from cis-1,4-bisbenzyloxy-2,3-epoxycyclopentane. 

Barton and Hulshof' prepared (2) terrein by photochemical ring contraction of 

an appropriate 3-hydroxy-4-pyrone which was obtained from kojic acid (overall 

yield 4.5%). 

4557 



4558 

In our route to terrein we started off with the tetracyclic aldehyde 3 which 

could conveniently be prepared in three steps from tricyclodecenone ester 1 in 

an overall yield of 75% (Scheme 2). 

scheme2 

I H,O/H* 

The trans-propenyl side chain could be stereoselectively introduced via a Wit- 

tig olefination of 3 with ethylidenetriphenylphosphorane. Trans-alkene 4 was 

isolated in 95% yield together with a small amount (less than 5%) of the cis- 

isomer. Deprotection of the ketone function in 4 with diluted HCl aq. afforded 

5 in almost quantitative yield. Tetracyclic compounds 4 and 5 were both sub- 

jected to flash vacuum pyrolysis (FVP)'. At an optimum temperature of 420' 

(2x10-2 torr) ketone 5 gave the desired cyclopentadienone epoxide 6 in 48% 

yield together with some a-pyrone 71° (10%) and a small amount of starting 

material (6%). Both products 6 and 7 could easily be isolated from the mixture 

by prep. TLC or high performance liquid chromatography (HPLC)ll on silicagel. 

Thermolysis of precursor 4, still containing the acetal as the ketone protect- 

ing group, gave at an optimum temperature of 450' (2x10-' torr) a mixture Of 

dimethoxy epoxide g and its rearranged product 9. 

An alternative approach for the synthesis of fJ involves the introduction of 

the propenyl side chain after the thermal cycloreversion of the cyclopentenone 

precursor s. 

As described in the preceding paper5, epoxy aldehyde 10 can be obtained in I_ 
nearly quantitative yield by pyrolysis of 3. Subsequent Wittig-ethenylidation 
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afforded the trans-propenyl derivative 8 in 55% yield. Although both routes 

lead to 8, the latter sequence is considerably more convenient since no 

a-pyrone derivatives are formed during the thermolysis of 3 and consequently 

no chromatographic separation step is needed. The IR and NMR spectra of 6 

and 8 were entirely in accordance with the proposed structures. 

The epoxide ring in 6 as well as in 8 was found to be significantly less 

sensitive to acid as anticipatedi2. Thus, selective hydrolysis of the dimethyl 

ketal function could be accomplished by stirring 5 with 0.4 N HzSOs aq. in 

ether at room temperature for 3 h (Scheme 3). Epoxyketone 6 was isolated in 

scheme 3 

0.4N H,SO, 0 - 
ether 

H25OL ) 

a 

acetone 

I: 

65% yield after prep. HPLC on silicagel. The synthesis of terrein was com- 

pleted by the acid catalyzed epoxy ring opening of 6. After careful experi- 

mentation the hydrolysis was found to be most effective in acetone containing 

1% of a 5 N Hz.904 aq. solution. Treatment of 6 in this manner for 4 days at 

room temperature afforded (?) terrein z in a yield of 55%. Recrystallization 

from isopropanol/cyclohexanol gave 2 as a white crystalline material, m.p. 

99-lOO~Ci3. The spectral data of 2 Im/e 154.063+0.003, CeHi003; UV(C2HsOH) 

hmax 273 nm (~25.600); IR Vfiz$ 3420,1683,1632,1560 cm-i; 'H NMR (CDCl,) 61.89 

(d, JCH,,H,=6.6 Hz, CHB), -3 (broad s,OH), 4.31 (d, JH4,H,=2.6 Hz, Hb), 4.83(d, 

JH 5,H4=2.6H~,H ) 5 , 5.97 (s,H2), 6.35 (broad d, JH6,H7=15.6 Hz, HG), 6.80 ppm 

(d of q, JH7,Hs=15.6 Hz, JH7,CH3=6.6 Hz, H7); 13C NMR(CDC13) 619.3, 76.8, 81.6, 

124.8, 125.1, 141.4, 168.8, 203.2 ppml are entirely consistent with the terrein 

structurei4. In particular the 'H NMR spectrum clearly reveals the trans-rela- 

tionship of the OH-groups and E-geometry of the propenyl chain. 

The work presented here not only constitutes an efficient synthesis of ter- 

rein (overall yield from aldehyde 3 is 20%) but also demonstrates the versa- 

tility of functionalized cyclopentadienone epoxides as synthons for the syn- 

thesis of cyclopentanoid natural products. Further exploration of these epoxid- 

es is under active investigation in our laboratory. 
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