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STRUClURES OF XAN'IHOVIRIDICATIN D AND XANTHOVIRIDICATIN G, 

ME'IXBOLITES OF PENICILLIDM VDUDICA?vM: 

APPLICATION OF PROTON AND CARBON-13 NMR SPECI'ROSCOPY 

Michael E. Stack, Eugene P. Mazzola*, and Robert M. Eppley 

Division of Chemistry and Physics, Food and Drug Administration, 

Washington, D.C. 20204 

The structures of xanthoviridicatin D and xanthoviridicatin G, toxic metabolites of 

Penicillium viridicatum, have been shown to be 3 and 9, respectively by spectroscopic studies. 

In a continuing search for naturally-occurring food contaminants, we have isolated several 

metabolites of the mold Penicillium viridicatum. 
1 

Four of these metabolites were found by ir, 

uv, pmr, and2ys spectral examination to be xanthomegnin, viomellein 1, rubrosulphin &, and 

viopurpurin. We now describe spectral studies which show that the structures of two new P. - 
viridicatum metabolites, whose isolation is described in reference 1 and which have been 

designated xanthoviridicatins D and G, are 3 and g, respectively. 

Ms, uv, ir, and 'H and 13C nmr data of 2 (C26H2009: M+'476, m.p. 133-136'C, X z 225, 

264, 384 nm (E 11,400; 23,100; 8100), u ;j 3420, 1725, 1664, 1590 an-') were similar to those 

of 1"-6 (Tables I and II). The appearance of only one C-methyl group in the pmr spectrum of 3, 

versus two in 1, and other data indicated that zwas a lower molecular weight congener of 1, 

possessing only one lactone ring. The presence in 2 of pmr signals at 66.58 and 6.95 ppm (later 

assigned to H-6 and H-5, respectively) and the absence of a singlet at 67.50 ppm (assigned to 

H-10' in L) suggested that the naphthoquinonyl lactone ring was absent in 2. 

Proton noise-decoupled and single-frequency off-resonance decoupled cmr spectra revealed 

the presence of 26 carbons in 2 (versus 30 in 1:, and only one signal each which could be 

attributed to a C-methyl, methylene, lactonic carbonyl, and an aliphatic methine group. 

Examination of the anr data of 1, 3, and 5a (Table II) identified carbons in 3 whose shifts are - - 
virtually identical to those of carbons l-10a in 1 and 4'a-8'a in 5a -* 
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Table I. lH NMR Dataa of Viomellein (l), Di-0-acetylrubrosulphin (Zc), 

and Xanthoviridicatins D (3) and G-diacetate (4b) 

Position 

3 

4 

5 

6 

11 

3' 

4' 

5' 

61-8' 

11 

OCH3 
9-OH 

5'-OH 

10'~CH 

lo-OH 

lb - 

4.63 

3.02 

6.96 

6.66 

1.56 

4.63 

3.02 

7.50 

1.34 

3.84,3.90 

9.80 

13.44 

13.88 

3c - 

4.74 m 

2.98d(6) 

6.95 

6.66 

l.SOd(6) 

7.2-7.8 

3.83,3.89 

9.78 

12.30 

13.92 

Position 

3 

4 

5 

6 

10 

11 

12 

13 

14 

3-cH3 

lZ-CH3 

7-ocH3 

OAc 

zc - 

4.76 

3.07 

7.44 

6.90 

4.68 

3.02 

7.99 

1.56 

1.56 

4.07 

2.51,2.61 

4b - 

4.72 m 

2.98 d (6) 

7.37 

6.87 

8.19dd(1.2,7.5) 

7.80 t (7.5) 

7.44dd(1.2,7.5) 

1.53 d (6) 

4.10 

2.51,2.69 

aIn CDC13, parts per million from 'MS. JH H in parentheses. bSpectra recorded at 100 

Mlz, reference 3. 'Spectra recorded on a Varia EM-390 spectrometer operating at 90 MIz. 



Position 

1 

3 

4 

4a 

5 

Sa 

6 

7 

a 

9 

9a 

10 

10a 

1' 

3' 

4' 

4'a 

5' 

5'a 

6' 

7' 

8' 

9' 

9'a 

10' 

10'a 

3-CH3 

3'-CH3 

7-OCH3 

7'-0CH3 
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Table II. '3C NMR Dataa of Viomellein (l), Di-0-methylrubrosulphin (Zb), 

Xanthoviridicatins D (3) and G&acetate (4b), and Juglone (5a) 

lb - 

171.2 

76.5d 

34.6t 

134.0 

116.0d 

140.5 

97.8d 

160.1 

99.9 

161.3 

105.1 

155.3 

107.9 

162.4 

74.ld 

36.3t 

147.9 

116.4d 

134.4 

180.1 

158.2 

123.6 

188.3 

114.8 

162.8 

117.6 

20.7q 

20.7q 

55.9q 

60.3q 

Position 

1 

3 

4 

4a 

5 

5a 

6 

7 

a 

9 

9a 

10 

10a 

3= 5aC - - 

171.4 

76.6d 

34.7t 

133.9 

116.2d 

140.6 

97.9d 

160.6 

99.9 

161.2 

105.8 

155.5 

108.2 

Position 4bC 

1 d 161.3 

3 74.2d 

4 36.lt 

4a 138.3 

5 122.3d 

5a 138.9 

6 102.3d 

7 155.8 

7a 111.2e 

7b 126.6 

a 177.4 

8a 124.9 

9 161.5d 

10 124.8d 

7' 135.2d 136.6d 

8' 124.6d 124.5d 

ata 131.8 131.9 

1' 180.8 184.2 

2' 159.2 

3' 123.2 

4' 189.7 190.3 

4'a 114.8 115.0 

5' 162.8 161.5 

6' 119.ld 119.2d 

3-CH3 20.79 

11 134.4d 

12 130.9d 

12a 133.7 

13 173.3 

13a 150.7 

14a 152.2f 

14b 114.1e 

15 152.1f 

15a 118.6e 

3-cH3 2o.aq 

7-oCH3 55.9q 

2'-OCH3 60.4q 

Position 

1 

3 

4 

4a 

5 

5a 

6 

7 

7a 

7b 

a 

8a 

9 

9a 

10 

12 

13 

13a 

14 

14a 

15 

15a 

16a 

16b 

17 

17a 

3-u-r3 

l2-CR3 

7-oCH3 

9-oCH3 

17-oCH3 

2bb - 

161.7 

74.2d 

36.5t 

138.6 

119.7d 

138.9 

101.9d 

155.1 

113.3 

126.2 

176.8 

124.8 

162.7 

125.6 

160.1 

74.2d 

36.5t 

147.1 

120.4d 

136.1 

172.5 

150.8 

154.9 

111.7 

159.5 

113.9 

2o.aq 

2o.aq 

55.aq 

63.4q 

62.7q 

7-CCH3 

cH3CCJ 

56.2q 

21.1,21.2 

%s! 169.5,169.9 

aIn CDC13, parts per million from TMS. bSpectra recorded at 25.2 M-lz, reference 5. 

'Spectra recorded on a Varian CFT-20 spectrometer operating at 20 Mlz. Signals assigned 

using SFO!?D experiments, chemical shift correlationsg, and by comparison with each other. 

dse*fThese signals could not be more specifically assigned. 
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A question remained concerning the location of the hydroxyl group in the phenyl ring of the 

naphthoquinone system of 3, i.e. whether this hydroxyl group was positioned at C-5' or C-8'. - 
Scheuer has investigated the proton nmr spectra of the naphthoquinones 5b and SC and found that -- 
the chemical shifts of the phenolic protons are sensitive to the location of the methoxyl 

group.8 Specifically, in 5b the chemical shift of the phenolic proton is 611.70 ppm. Two of - 
the observed phenolic proton chemical shifts of 3 are nearly identical to two resonances - 
reported for 1, viz. those at 69.8 and 13.9 ppm which were assigned to 9-CH and lo-OH, 

respectively. 
3- This leaves the signal at 612.26 ppm due to 5'-OH, a chemical shift value which 

is essentially the same as that found for the hydroxyl proton of 5b. A structure for 3 - - 
corresponding to SC is, therefore, eliminated. 

MS, uv, ir, Ed 'H and 13C nmr data of 4a (C25H1608: M+'444, m.p. 318-320°C, h E 280, - 
355, 440 nm (c 29,200; 3200; 4400), v g 3390, 1737, 1664, 1580 cm-') and 4b resembled those - 
of 2. (Tables I and II). The fact that 4a was obtained from 3 on refluxing in K2C03 and acetone - - 
in the same manner as 2a was formed from l3 established the structure of xanthoviridicatin G as - - 
4a -* Like compound 2, C-7, C-8, C-13, C-13a, and C-14 show upfield shifts relative to the 

corresponding carbons in the naphthalene-naphthoquinone systems (1 and 2) due to steric 

compression effects resulting on formation of the furanoid ring. 9- 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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