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In 1937, 2. toxicarium liyske 01~s found in Formosan rice by Viyake (1). 
Sinoe 1940 a series of studies on the toxicity of the fungus molded on 
rice have been extensively carried out by many workere (2), and one of 
us (Y.H.) isolated from the rioe a toxio yellow Oompound *iah nas 
named citreoviridin, since later 2. citreoviride was found to produce 
the same substanoe (3). Tsunoda found that 2. oehrosalmoneum Udagawa, 
which was found by Udagawa in 1959 (4), also produoed citreoviridin 
when being parasitized on rice (5). 

Citreoviridin (I), when being crystallized from methanol, forms 
yellow crystals, m.p. 107-ill', having a moleoular formula C23E3006' 
CH30H, whose methanol of crystallization is lost in storage. It ex- 
hibits hrz 388 nyl (E 48,OCC), 294 (27,100), 286sh (24,600), 234 
(10,x)0), 204 (17,000);~~~ 3500, 1702, 1689, 1654, 1626, 1562, 1531, 
1452, 1405, 1249, 1094, 1069, 999, 821, 811 om-'j NMFf (Fig 1); and 
contains one methoxyl group (Zeisel) and about 6 double bonds (oata- 
lytic hydrogenation). Acetylation of the compound afforded a mono- 
acetate (II), m.p. 99-lOlo, whereas p-nitrobenzoylation gave a mono- 
(III), m.p. 178-178.5", and a di-pnitrobenzoate (IV), m.p. 269-271'. 

Permanganate oxidation of citreoviridin (I) in pyridine afforded 
a carboxylic acid (V), n.p. 216'. The acid, C8H805, exhibits iEtoH max 
293 QI (E 6,400) and pKa' 2.8. The hXR spectrum of its methyl ester, 
m.p. 131-132') shows the presence of one methyl (2.25 p.p.m., 8)*, two 

* 683~~; solvent CDC13; p.p.m. from internal tetramethylsilane; 8 = 
singlet, d = doublet, q = quartet, br = broad. 
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methwl groups (3.92, 8, 6H), one of which is attributable to a 
methorycarbonyl group, and one vinyl proton (5.78, s). The infrared 
(17x), lt,30, 1558 Cm') and the ultraviolet spectra (&z$ 294 W, c 

6.030) of 

y-p;yroneI 

a partial 

the methyl ester suggest that it is an a-pyrone, and not a 
derivative (6). Thus, the acid (V) can be represented by 
formula (Va). That the 6-position in (Va) is substituted 

is evident from the signal of vinyl 

d 0 6 

(W 

-=3 
-oCH3 
-CCCH 

proton (5.78), since signals of C6- 
proton in a-pyrone derivatives are 
usually around 7.5 p.p.m. (7). 
When a limited amount of permanganate 
was used, the oorresponding aldehyde, 
m.p. 140-141', was obtained. 

Osonol.ysis of citreoviridin (I) gave glyoxal and diacetyl, both of 
which were identified as their 2,4-dinitrophenylhydraaone. The p 
nitrobensoate (III), on ozonisation in dichloromethane at -70" followed 
by chromatography on silica-gel, gave an oily substance (VI), which 
exhibits hEz 2x) W; q_ 3340, 1746, 1643 cr-'; NMR: 1.65 (8, 3H), 

3.98 (a, 3H), 5.10 (s, lH), 5.65 (br, lH)+ and on treatment with a 
solution of 2,4_dinitrophenylhydrarazine in hydrochloric acid gave di- 
acetyl 2,4-dinitrophenylhydraeone. Thus, (VI) can be condidered as 
a precursor of diacetyl and the physical constants suggest its struc- 
ture as I:VIb), which is in equilibrium with the open-chain acid (Via). 

a?=3 
CH3C-C=CHCCOH 

(VIaI 

H3d '0' 

(VIb) 

Partial catalytic hydrogenation, followed by ozonisation, of cit- 
reoviridin (I) afforded methyl pyruvate (characterized as its 2,4-di- 
nitrophenylhydrazone) and an oily methyl ester (VII). The latter 
(VII) has a molecular weight 228 (mass spectrometry), showed a Positive 
iodoform test, and gave a 2,4-dinitrophenylhydrazone, C H 0 h' 19 28 6 4' 
m.p. 82-82.50. The I?Lm spectrum of (VII) shows the following signals: 
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0.96 p.p.m. (d, 3H; eeoondary methyl), 1.38 (km:, 12E1 satureted C-H), 

2.30 (5, 3H; CH3CO-), 2.50 (br, 3H;-WH-) and 4.50 (8, 3H; a,o-). 
The structure of the methyl ester (VII) arst be represented by (v118), 

in whioh the methoxyoarbonyl and the methyl groups axe viainel to each 
other einoe they must have been present in the pyrone moiety. 

The above resdlts indioate the partial formula (Is) for oitreovi- 
ridin. The ultraviolet speotzuP of oitretiridin (I)(388 w, c 
48,000) suggest8 that the pyrone ohromophore ia In oonjugation with 
a polyene moiety, and the NHE epeotw (Fig. 1) also supports the 
partial formula (Ia). 

Citreoviridin di-pnitrobeneoate (IV), tien being osonised in di- 
chloromethane, gave an saturated aldehyde (VIII), C#1204(COC6H&J02)2, 
m.p. 205~aw. The NME speotrum of the aldehyde suggests the pre- 
senoe of the following groups: (a) CH3-&I- (1.29 pp.m., 8, 3H); (b) 
CH3+O- (1.70, 8, 3~); (0) CH~-~-O-C*~ (1.53, d, ~=6.5 ape, 3~3 
4.46, p, 556.5 cps, 1H); (d) -Hp%Bs (6.46, 8, 1H; 8.36, 8, 4H, B5 = 
-c~H~ITo~-~); (e) -+BE (8.06, 8.21, 6.29, 8.44, AB type quartet, 4X); 

(f) -Qt CEO (9.60, .s, la). The oarbon atoms bearing the same mark, 
(2) cm ("), may be the same oarbon atom. All of the oorresponding 

signals, except that of the aldebydic proton, is present in the NMf 
spectrum of citreoviridin di-pnitrobenzoate (IV). Since on pnitro- 
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beneoylation of oitreoviridin (I) the oorresponding quartet to that 
in -up (0) is nott muoh shifted 88 expected from the transformation 
of CE3CEa to CH~CH-OBS, the oqrgen atom in (c) must link with two 
oarbonatoma. To aooommodate the above groups into the moleoular 

f"-8 %%2 4 0 ( mc6E4~02) 29 only the following four 
-VIII& are possible. 

formulas, VIII8 

(VIIIa) 

(VIIIO) 

(VIIIb) 

(VIIId) 

Since the quartet in (0) and singlet in (d) show no indication to 
oouple mutually (also in the IWR of the lactone (X)3 see below), the 
formulas; VIII0 and VIIId can be exoluded. 

The aldehyde (VIII) was oxidized with permang8nate in pyridine to 
the oorresponding acid (IX), C8H1205(COC6H4R02)2, m.p. 230-233'. 
Hydrolyrks of the aoid (IX) with base, followed by aoidifioation, 
afforded an oily five-membered laotone (X)(IR: 179@ om-1), the NM2 
of vhioh indicates no skeletal reazrrangement or dehydration: 1.21 
p.p.m. (d, 556 cps, 3H), 1.38 (s, 3H), 1.48 (a, 3H), 2.80 (br, 1H; 
hydroxyl), 3.72 (8, lH), 4.33 (q, J=6 ops, 1H). From this result, 
the aldehyde (VIII) must have the struoture (VIIIa), whose configu- 
ration is deduced 8s (VIIIe) from the following evidence: (a) the 
4-hydrowl Croup is cis to the 2-aldehyde group since the oorrespond- 
ing 8oid forms 8 lacze (X); (b) t 'RD vioinal hydroxyl groups are 
trsns tla each other since oitreoviridin (I) consumes periodate only 
very slowly (in aoidio aqueous methanol, 0.0 mole after 11 hrs., 0.8 
mole after 100 hrs.); (0) that the C -proton 

5 
is trans to the C3- 

proton is deduced from the faot that the pnitrobenzoyl group at 4- 
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position affects the IMR signal of the C3-proton very etrongly (1.31 
p.p.m.), whereas only small shift (0.26 p.p.m.) is observed for the 
C5-proton (III--+N). 

The structure of aitreoviridin is now represented by the forails, 
(Ib), which is reasonable from the biogenetic point of view. 

OH CL 

(Ib) H3C 

It may be worth to note that some of the NMR signals of citreovi- 
ridin (I) are strongly shifted by change of the solvent from deutero- 
chloroform to benzene as shown in figure 1. The signals, which mwe 
to higher field by the solvent &an&e, belong to the pyrone moiety, 
whereas slight down-field shifts were obearved on the signals belong- 
ed to the tetrahydrofuran moiety. The pyrone nuoleus is planar and 
absorbs benzene molecules, anisotropy of which may shift the signals 
of the pyrone group to higher field. 
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