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Verrucosidin, a Tremorgen from Peniciffium verrucosum var cyclopium 
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The structure of a nitrogen-free fungal neurotoxi n, verrucosidin, isolated from Penicillium verrucosum var 
cyclopium, has  been established as  (1) by chemical, spectroscopic, and X-ray crystallographic methods. 

The structure of the tremorgenic mycotoxin, herein named 
verrucosidin, isolated earlier1 from the fungus Penicillium 
verrucosum var cyclopium, has now been established as (1). 
The neurotoxin is unusual in that it contains no nitrogen, 
while almost all other fungal tremorgens with known struc- 
tures contain an alkaloidal element.2 

The compound crystallizes from ether as colourless plates, 
m.p. 90-91 "C, [a]"," $92.4" (c  0.25, MeOH). The empirical 
formula, C24H3206, was determined by mass spectrometry 
(m/z  416) and by elemental analysis. The i.r. spectrum revealed 
a C=O stretch at 1700 cm-l and strong C-0-C absorption in 
the 1240-845 cm-I region; no other signals for oxygen- 
containing functional groups were present. The lH and 13C 
n.m.r. spectra7 revealed that more than one third of the 
carbon atoms were methyl groups: 3 bonded to quaternary 
sp3 carbon, 4 to quaternary sp2 carbon, and one each to a 
methine sp3 carbon and to an oxygen atom. The presence of a 
6-substituted 4-methoxy-3,5-dimethylpyrone moiety was sus- 
pected suggesting a possible structural relationship to citreo- 
viridin (2),394 and associated m y c o t o ~ i n s . ~ ~ ~ ~ ~  In fact the five 
13C n.m.r. signls of the pyrone unit of (2) bear a close relation- 
ship to those of (1) except that the signal at 6 88.2 p.p.m. for 
unmethylated C-2 of (2) is replaced by one at 110.0 (or 110.6 
p.p.m.) for methylated C-2 of (1) (Table 1). A major difference, 
however, is that the U.V. spectrum of (1) [A,,, 294 nm (E 
13 000) and 241 nm (E 21 OOO)] is consistent with an isolated 
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t lH N.m.r. (CDCI,) 6 1.21 (3H, d, J 7 Hz), 1.42 (s), 1.44 (s), and 
1.48 (s) (total of 9H), 1.93 ( s )  and 1.98 (s) (total of 6H), 2.05 (6H, s), 
3.45 ( l H ,  s), 3.50 (lH,s),  3.85(3H,s), 4.12 ( I H ,  q, J 7 H z ) ,  5.50 
( l H ,  s), and 5.88 ( l H ,  s); I3C n.m.r. (CDCI,) 6 (off-resonance 
multiplicity) 8.9 (q), 10.0 (q), 13.5 (q), 15.0 (q), 15.2 (q), 18.2 (q),  
18.5 (q), 21.6 (q), 60.0 (q), 60.3 (s), 64.4 (d), 67.1 (s), 67.1 (d), 
76 .4(d) ,79 .7(~) ,  110.0(s), 110.6(s), 127.7(s), 131.1 (d), 132.7(d), 
134.2 (s), 155.6 (s), 164.5 (s), and 167.5 (s) p.p.m. 

pyrone, whereas extended conjugation in (2) leads to a maxi- 
mum at 388 nm (E 48 000). 

The C1,H,@3 fragment attached to C-6 of the pyrone con- 
tains the two trisubstituted double bonds, 6 of the methyl 
groups, and three oxygen atoms, all of which must be present 
as epoxides or other cyclic ethers. Degradation of (1) with 
KOH (0.5 M in H,O-MeOH, 1 : 1)  gave two fragments, one a 
carboxylic acid, CI0Hl4O4, for which the structure is not yet 
conclusively known and the other an aldehyde, C14HZ0O3 (3). 
The u.v., i.r., and lH and I3C n.m.r. spectra: of (3) established 
that the aldehyde was present as a 5-substituted-2,4-dimethyl- 
penta-2,4-dienal unit. The remainder of the structure of (3) 
was tentatively assigned by comparison with (2). The linkage 
between the pyrone and side-chain fragments was assigned as 
an epoxidized alkene which isolates the pyrone chromophore 
from the diene. 

Confirmation of structure (1) and assignments of the rela- 
tive configurations of the six chiral centres was obtained by 
X-ray crystallography. The compound crystallizes in the 
orthorhombic space group P212121 with a = 5.7971(8), b = 
11.912(2), c = 33.634(5) A, 2 = 4, Dc = 1.19 g/cm3. Intensity 
data were collected on a Nicolet R3m/E Crystallographic 
System equipped with a copper-target X-ray tube, a graphite- 
crystal monochromator, and an automatic attenuator. Data 
were collected using the LL) scan method with a variable scan 
rate ranging from 3.91 to 29.30"lmin. One set of data was 

Table 1. 13C N.m.r. chemical shifts (6 in p.p.m.) of the pyrone 
moiety of verrucosidin (1) and citreoviridin (2). 

C-1 C-2 C-3 C-4 C-5 C-6 C-7 
(2) 163.9 88.2 170.6 107.6 154.4 8.8 56.1 
(1) 164.5" 110.0b 167.5" 110.6b 155.6 8.9 60.0 

aqb Signals with the same letter may be interchanged. 

Figure 1. ORTEP view of the crystal structure of verrucosidin 
showing the crystallographic numbering scheme. 

1 Xma, (MeOH) 277 nm (c 11 817) (cz,F-unsaturated aldehyde); 
vmax (CDCI,) 2975, 2930, 1670 (O=CH-C=C-C=C), and 1610 
cm-l; 'H n.m.r. (CDCI,) 6 1.19 (3H, d,  J 7 Hz), 1.45 (3H, s), 1.48 
(3 H, s), 1.95 (3 H,  s), 2.16 (3 H,  s), 3.44 ( 1 H, s), 4.1 5 ( I  H, q, J 7 Hz), 
5.91 ( lH ,  s), 6.68 ( IH,  s), and 9.41 (IH, s, -CHO); I3C n.m.r. 
(CDCI,) 6 10.80 (q), 13.78 (q), 17.73 (q), 18.87 (q), 21.53 (q), 
67.19 (d), 67.47 (s), 76.8 (d), 80.03 (s), 135.24 (s), 137.13 (s), 
140.22 (d), 154.14 (d), and 195.80 (d) p.p.m. 
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collected for the (hkl) octant with 3" < 20 < I  16". This set was 
used for the solution and preliminary refinement of the struc- 
ture. A second set was collected for the (-11, - k ,  -/) octant 
with 3" <28 <loo" in an unsuccessful attempt to determine 
the absolute configuration of the compounds. All data were 
used in the final refinement. The structure was solved by the 
direct methods routine of the SHELXTL software package 
using default parameters. The structure was refined to final 
residuals of R, = 5.8 % and Rz = 6.4% for 2513 independent 
observed reflections with 1 3  30(Z). An ORTEP diagram of 
verrucosidin is shown in Figure 1.5 

Verrucosidin appears to be a pyrone of polyketide origin in 
which all C, units except the starter unit bear a methyl sub- 
stituent. The structure could arise by propionate (i.e., methyl- 
malonyl CoA) being employed to extend the polyketide chain; 
alternatively methylation may have occurred at each methyl- 
ene position of a polyketide intermediate derived solely from 

9 The atomic co-ordinates for this work are available on request 
from the Director of the Cambridge Crystallographic Data 
Centre, University Chemical Laboratory, Lensfield Rd., Cam- 
bridge CB2 1 EW. Any request should be accompanied by the fu l l  
literature citation for this communication, 

acetate. A variety of such methylated species are observed 
among the naturally occurring analogues of (2)."-" 
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