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Summary: Both citreoviral and citreoviridin, metabolites of Penicillium citreo-viride B., 

have been synthesized starting from D-glucose, in connection with which their absolute 

configuration has also been established. 

In connection with citreoviridin (l), a potent inhibitor of ATP-synthesis and ATP-hydroly- 

sis catalyzed by mitochondrial enzyme system,' we have isolated more than 10 novel metabolites 

of Penicillium citreo-viride B. (IF0 6050 and 6200), including citreoviral (L).2 Recent 

publications of synthetic studies on citreoviridin3 and asteltoxin4 prompted us to describe 

the total synthesis of citreoviral and citreoviridin, starting from D-glucose. In connection 

with D-glucose, furthermore, we could determine the absolute configuration of these two metabo- 

lites (1 and L), which remained unsettled, as described herein. 

The known dibenzyl ether (3), which was derived from D-glucose,5 was readily converted 

into the corresponding hexanol 72)" in 4 steps [1) Ac20 - BF3,etherate (0 'C, 1 h), 2) 0.4M 

NaOMe in MeOH (room temp., overnight), 3) excess NaBH4 in H20 - MeOH (1 : 2) (room temp., 5 h), 

4) e-TsOH - Drierite in acetone (room temp., 1 h)], in 40% overall yield from 5 Catalytic 

hydrogenation of ft. over Pd - C in MeOH (room temp., 24 h) afforded a trio1 (2),7 in quantita- 

tive yield, which was then treated with NaI04 (2.1 equiv.) in MeOH - H20 (1 : 1) (room temp., 

2.5 h) followed by Wittig reaction [Ph3P=C(Me)COOMe in benzene (room temp., 11 h and then 

70 'C, 1 h)] to give an @-unsaturated ester (k)8 in 64% yield. In 3 steps [1) DIBAL-H in 

toluene (-78 "C, 2 h), 2) PDC in DMF (0 "C, 1.5 h), 3) Ph3P=C(Me)COOMe in benzene (refluxing 

temp., 4 h)], furthermore, the ester (2) was converted into ank@,ykunsaturated ester (l),' 

in 79% overall yield from 2, which was treated with Amberlite IR - 120 (H+) in MeOH - H20 

(2 : 1) at room temperature for 2 h to give a diol (3_)" in 77% yield. In the next step, the 

desirable tetrahydrofuran ring corresponding to both citreoviridin (L) and citreoviral (2 

was constructed in 2 steps fromz, as follows. 

On epoxidation" with m-chloroperbenzoic acid (1.5 equiv.) in CH2Cl2 (0 "C, 3 h) followed 

by stereospecific cyclization [CsOH in CH2Cl2 (room temp., 1.5 h)], the diol (k) was readily 

converted into two cyclization products (2 and llD)12 in 72% yield (232 = 3/4). As monitored 

by analytical TLC, the latter (2) was formed in the process of epoxidation followed by 

simultaneous intramolecular cyclization, while the epoxide corresponding to 9_was rather 

stable and its stereospecific cyclization took place on treatment with CsOH giving rise to& 

Finally, the compound (9) was reduced with DIBAL-H (5 equiv.) in THF (-78 'C, 1 h) and 

then treated with active Mn02 in CH2C12 (room temp., 4 h) to afford an aldehyde, in 57% 
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According to essentially the same procedure as described in 9_ [l) DIBAL-H (5 equiv.) in 

THF (-78 "C, 1 h), 2) excess Mn02 in CH2Cl2 (room temp., 13 h)], g was readily converted 

into the corresponding aldehyde (z),14 in 42% yield, whose optical rotation (w]i" -22.9" 

(c 1.2, CHC13)) is negative in contrast to that of citreoviral (z). 

Finally, citreoviridin (L) was synthesized from citreoviral (2), as follows. Citreo- 

viral (L) was subjected to Wittig reaction [Ph3P=CHCOOEt in benzen: (room temp., overnight)] 

followed by reduction with DIBAL-H (5 equiv.) in THF (-78 "C, 1.5 h) to give a trio1 (E),15 

in 64% overall yield from ,2, which was further oxidized with active Mn02 in CH2C12 (room 

temp., 4 h) to afford a desirable @J,Yd-unsaturated aldehyde (E),16 in 57% yield. When 

treated with a triphenylphosphorane (2) in benzene (0 "C, 1 h), 5 was successfully converted 

into a desirable condensation product, in ca. 10% yield,'7 - which was completely identical with 

natural citreoviridin (l_) in all respects of spectral data and chromatographic behavior (TLC 

and HPLC). In the above reaction, the triphenylphosphorane (l4_) was readily produced from 

secocitreoviridin (l5),which had been already synthesized by Suzuki 3 fi., 18 in 4 steps: 

E was quantitatively reduced with DIBAL-H (1 equiv.) in THF (-78 "C, 3 h) giving a hydroxy 

compound (2)" and then treated with meSY1 chloride - pyridine in CH2C12 (0 "C, 2 h) to 

afford a mixture of a mesylate (_l7) and a chloride (1_8),20 in almost quantitative yield, which 

was directly treated with triphenylphosphine in benzene (refluxing temp., 2 days) and then 

with NaH in THF (0 "C, 1 h) to give the triphenylphosphorane (,l4). 

This is the first synthesis of citreoviridin (L). In addition, it should be noted that 

the absolute configuration of both citreoviridin (L) and citreoviral (2_) was established in 

connection with D-glucose. Furthermore, many mycotoxins related to citreoviridin (l_) are 

expected to have the same absolute configuration as that of L. 

This research has been supported in part by grants from the Ministry of Education, 

Science and Culture, to which grateful acknowledgment is made. 
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A as an oil: C2 H3 0 [m/z 401.2314(Mt + l)]; [a]$6 -10.0' (c 2.4, CHC13); IR (film) 
3550 cm-l; 1H NiR @13): )l.l8(3H, s), 1.23(3H, d, J= 6Hz), 1.35(3H, s), 1.43(3H, s), 
2.95(lH, br.s), 3.50 - 3.90(4H, complex), 4.00(1H, q, J= 6Hz), 4.58(lH, d, J= 10.5Hz), 
4.68(2H, s), 4.99(lH, d, J= 10.5Hz), and 7.35(10H, br.s). 

5 as an oil: ClOH2OO5 [m/z 205.1070(Mt - 15)]; [oC]a" -15.0" (c 0.68, CHCl ); IR (film) 

?~~(;!~'romplex), 3.75($H; 
1H NMR (CDCl )* '61.18(3H, s), 1.30(3H, d, J= 6Hz), 1.38(3H, s 7, 1.45(3H, s), 

complex), and 4.17(lH, q, J= 6Hz). 
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Las an oil: Cl2H 004 [m/z 213.1123(M+ - 15)]; [&Ii0 -25.3' (c 2.0, CHC13); IR (film) 
f 1720 and 1655 cm- ; 'H NMR (COC13): 61.23(3H, s), 1.28(3H, d, J= 6Hz), 1.35(3H, s), 1.47 

(3H, s), 2.08(3H, d, J= lHz), 3.77(3H, s), 4.05(lH, q, J= 6Hz), and 6.62(lH, q, J= 1Hz). 

1 as an oil: Cl5H 404 [m/z 253.1434(M+ - 15)]; 
? 

[DL] 7 -28.4' (c 8.0, CHC13); IR (film) 
1715 and 1630 cm- ; 1H NMR (CDC13): $1.20(3H, d, J = 6Hz), 1.22(3H, s), 1.33(3H, s), 1.43 
(3H, s), 1.95(3H, d, J= lHz), 2.00(3H, d, J= lHz), 3.77(3H, s), 4.02(lH, q, J= 6Hz), 5.40 
(lH, br.s), and 7.lO(lH, br.s). 

8 as an oil: Cl2H2OO4 [m/z 229.1443(Mt + l)]; [&]E7 -15.9" (c 1.9, CHC13); IR (film) 
3470, 1705, 1620 cm-l; 1H NMR (CDCl3): 61.19(3H, d, J= 6Hz), 1.35(3H, s), 1.98(3H, d, 
J= lHz), 2.08(3H, d, J= lHz), 2.30(2H, br.s), 3.80(3H, s), 3.83(lH, q, J= 6Hz), 5.55(lH, 
br.s), and 7.lO(lH, br.s). 

The oxidation condition for epoxidation is not always optimum. Further study of stereo- 
specific epoxidation of 2 giving zis is progress, using other reagents. 

2 as an oil: Cl2H2OO5 [m z 226.1207(Mt - 18)]; Cpc] 
i 

6 t3.3" (c 3.7, CHCl ); IR (film) 
3470, 1700, and 1640 cm- ; 1H NMR (CDC13): 51.20( H, d, J= 6Hz), 1.23($H, s), 1.35(3H, 
s), 1.97(3H, d, J= lHz), 1.97(2H, overlapped with Me doublet, OH), 3.75(3H, s), 3.83 
(lH, q, J= 6Hz), 3.97(lH, br.s), and 7+02(lH, q, J=2iHz). 
u as an oil: Cl2H2OO5 [m/z 726.120l(M - 18)]; [o(] 
3500, 1710, and 1640 cm-l; 

-4.3" (c 4.5, CHC13); IR (film) 
H NMR (CDC13): 81.22(3fl, s), 1.25(3H, d, J= 6Hz), 1.30(3H, s), 

1.88(lH, br.s), 1.98(3H, d, J= lHz), 2.93(lH, d, J= 10.5Hz), 3.58(lH, q, J= 6Hz), 3.77 
(3H, s), 3.84(lH, d, J= 10.5Hz), and 6.95(lH, q, J= 1Hz). 

The value of optical rotation cited in the previous paper (see ref. 2) should be corrected. 

u as an oil: CllH1804 [m/z 214.1231(Mt)]; IR (film) 3450, 1690, and 1635 cm-l; 1~ NMR 
(CDC13): bl.30(3H, d, J= 6Hz), 1.30(3H, s), 1.43(3H, s), 1.97(3H, d, J= lHz), 1.97(lH, 
overlapped with Me doublet), 3.12(lH, d, J= 9Hz), 3.67(lH, q, J= 6Hz), 3.92(lH, d, J= 9Hz), 
6.67(lH, q, J= lHz), and 9.45(lH, s). 

12 as an oil: CljH22O4 [m/z 242.1494(Mt)]; [p]g6 -20.1" (c 2.1, CHC13); IR (film) 3400 
zd 1640 cm-l; H NMR (CDC13): $l.l7(3H, d, J= 6Hz), 1.23(3H, s), 1.38(3H, s), 1.93(3H, 
br.s), 1.97(2H, br.s), 2.58(lH, d, J= 6Hz), 3.80(lH, q, J= 6Hz), 3.93(lH, d, J= 6Hz), 4.18 
(2H, d, J= 6Hz), 5.78(lH, br.s), 5.82(lH, dt, J= 15, 6Hz), and 6.25(lH, d, J= 15Hz). 

E as an oil: Cl3HfO04 [m/z 240.1359(Mt)]; [&Ii7 -27.6" (c 0.98, CHC13); IR (film) 3450, 
1675, and 1620 cm- ; 'H NMR (CDC13): Sl.22(3H, d, J= 6Hz), 1.28(3H, s), 1.43(3H, s), 2.00 
(3H, br.s), 2.00(2H, overlapped with Me signal), 3.87(lH, q, J= 6Hz), 4.00(lH, br.s), 
6.20(lH, dd, J= 15, 9Hz), 6.33(lH, br.s), 7.15(lH, d, J= 15Hz), and 9.65(lH, d, J= 9Hz). 

The reaction condition for this Wittig reaction is not always optimum. 

E. Suzuki, B. Katsuragawa, and S. Inoue, J. Chem. Research (S), 1982, 224. This pyrone 
has also been synthesized by G. Pattenden (University of Nottingham) (private communica- 
tion from Prof. Pattenden). 

1_6: mp 158 - 160 'C; [m/z 196.0732(Mt)]; IR (Nujol) 3480, 1735, 1700, 1665, 
1630, and 1570 cm-l; 

C10H120 
1~ NMR 4 CDCl3): 61.98(3H, s), 3.87(3H, s 

5.50(lH, s), 6.55(lH, d, J= 16.5Hz), and 6.85(lH, dt, 16.5, 4 
LHzj38(2~, d, J= 4.5Hz), 

This mixture was directly used for the next experiment without separation. Clearly, this 
mixture includes the two compounds (G and 17), as judged from its 1H NMR spectrum (CDC13): 
bl.95(3H, s), 3.02(2H, s; MeS03), 3.87(3H, 57, 4_23(2/3H, d, J= 6Hz; ClC&), 4.90(4/3H, d, 
J= 6Hz; MeS03C%), 5.5l(lHTs), and 6.70(2H, complex). 
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