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TOTAL SYNTHESIS OF CITREOMONTANIN AND ITS ClsZ POLYENE ISOMER 
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Abstmct: A total synthesis of citreomontanin 5, a biologically active mycotoxin isolated from P. 
pedenwntanum, and its t&Z isomer 6, is described. 

Citreoviridin 1 belongs to a group of mycotoxins which act as inhibitors of ATP-synthesis and ATP- 

hydrolysis catalyzed by mitochondrial enzyme systems. 192 This toxic metabolite has been responsible for the 

occurrence of acute cardiac beriberi in E. Asia. Citreoviridin is structurally related to aurovertins 2,s asteltoxin 

3,4 and verrucosidin 4,s and also to citreomontanin 5, a polyene a-pyrone isolated from Peniciilium 

pedemontanum6 (Scheme I). 
Biosynthetic studies of citreoviridin by Nagel et al.7 indicated that it is formed from a C tg-polyketide and 

five Cl units derived from methionine. Based on elegant 13C- and 1*0- isotope incorporation studies Vleggaar 

Scheme I 

c: R’=M% R-ZAG R”=H 

D: R’.Cti@H)&; R*=Ac; R”‘=H 

E: R=CHg.; R”=H; R”=H 
5: R, = CHs, Ra = H 

6: R, = H, Rz q CHs 

7: R, = Br, R2 = CHa 
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Scheme II. Vleggaar’s postulated mechanism for the formation of 
the tetrahydrofuran moiety of citreoviridin (ref. 8). 

CH3 

R = Hc-+J’CH3 

has further delineated the biosynthetic pathway for citreoviridin; the proposed mechanism includes the formation 

of C,S polyketide-derived 6, followed by bis-epoxide formation by a mono-oxygenase, attack by water at C-17 

and subsequent tetrahydrofuran formation (Scheme II).~ It is noteworthy that the putative polyene intermediate 6 

differs from citreomontanin in that it has the C& configuration. Herein we report a total synthesis of polyenes 5 

and 6,9 along with their ‘3C-labelled compounds. 

The all-E-tetraenal 12a was prepared from tiglic aldehyde 8a by successive Wittig-Horner olefinations 

(Scheme III); two iterative applications of (carbethoxyethylidene)triphenylphosphorane followed by a third 

homologation with diisopropyl carbethoxymethyl phosphonate afforded the all-E-polyene ester lla in overall 
40% yield. Reduction of ester lla (LAH, ether, 0’) followed by MnO2 oxidation then gave the all-E-tetraenal 

12a.lO 

The preparation of 6-formyl pyrone 14 was achieved according to known literature methods (Scheme 

IV).l 1 Carboxylation of 3-methyL2,4_pentanedione was carried out via the dianion. Cyclization through aegis of 

TFAA, and subsequent methylation with dimethyl sulfate afforded a-pyrone 13. 6-Formyl-a-pyrone 14(mp 

137-138°C) was then obtained smoothly by selective oxidation wtih Se0211, and converted into phosphonium 

salt 18 in a straightforward manner. 
Scheme III 
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a: R,=CH,, f?2=H 
b: R, = Br, R2 = CH3 
c: R,=H, R2=CHs 
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I b, c, d 

(56%) 

(60%) 

12a,b,c 
1 la,b,c 

a. Ph3PC(CH3)C02Et, PhH, reflux; b. LAH, ether, O'C; 

c. Mn02, CH2C12, RT; d. (iPr0)2P(0)CH2C02Et, tBuOK, THF, -23OC; 

e. Zn-Ag, EtOH, reflux. 
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Final condensation of tetraenal12a with the ylide derived from phosphonium salt 18 (nBuLi, THF, 

-78”+ RT) resulted in an efficient construction of the desired polyene (60-85% yield), but the newly formed (Cg- 

C1o) olefinic bond was a 3:2 mixture of E and Z. 10~12 Chromatographic separation (Si02, 1:3 EtOAc-hexane) 

gave the pure all-E-isomer 5, citreomontanin, the spectroscopic data of which was identical with that of the natural 

product from P. pedemontunum, mp 159-16l”C(lit.6 mp 165s166°C); exact mass calcd for C23H2s03 

352.2038513, Found 352.2036285. Alternative approach of the final Wittig reaction, i.e., between aldehyde 15 

and phosphonium salt derived from 12a, failed due to the extreme instability of corresponding alcohol and 

bromide intermediates. 

In order to reduce the number of iterative olefmations the Wollenberg vinylstannane methodology was also 

investigated.l3 Condensation between 6-formyl pyrone 14 and the vinyllithium reagent derived from 

transmetalation, followed by treatment of pTsOH, gave the vinylogous E,E-diene aldehyde in a disappointingly 

low (IlO%) yield.14 

Identical application of the olefination sequences as described above to angelic aldehyde would lead to 

polyene 6. Well cognizant of the configurational instability of angelic aldehyde, however, we chose 3- 

bromoangelic aldehyde 8b as the starting material. 1s Bromopolyene 7 was prepared in good overall yield but, 

unfortunately, numerous attempts to effect the required debromination of 7 failed, resulting in intractable product 

mixtures. We then chose to first achieve the debromination of ester llb prior to the final condensation with 18. 

Thus, treatment of llb with freshly prepared zinc-silver couple in refluxing ethanol16 (3hr) cleanly provided the 

debrominated ester llc (77% yield), which was subsequently converted as described above into polyene 6, mp 

112~ 114°C; exact mass found 352.2028503. Interestingly, in marked contrast to llc, the debromination product 

from lob suffered isomerization during the SiO2 chromatographic purification to give a 1:2 mixture of E and Z. 

Similarly Cs-r3C-labelled 6 [including 6 7.22 ppm (ddd, Cs-H, J= 156.1, 14.9 & 11.4Hz)] was prepared 

by employing formyl-13C-methylidenetriphenylphosphorane. 17 Further biosynthetic studies utilizing the l3C- 

labelled 6 will be reported in due course. 
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