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h ~ ~ . - P e n i c i l l i u m  wwucosum var. cyclopium RV 677 18 isolated from ground cassava 
collected in Burundi, was cultivated under laboratory conditions to produce the mycotoxin 
rcqueforcine C 111 and a new structurally related but previously unpublished metabolite [2]. In 
addition, the tremorgenic compounds penitrems A and B 13 and 4, respectively] were isolated. 
The structure of 2 was determined using spectroscopic methods. 

Hplc in combination with ms has 
been used for the analysis of mycotoxins 
produced in food or fungal matrices (1- 
3). In this work, 13 different fungal strains 
were isolated from cassava. Penicillium 
verrucosum var. cyclopium (Westling) 
Samsonetal. ERV67718, Mycologyunit, 
Instituut voor Tropisch Geneeskunde 
(ITG), Antwerp} was the most abundant 
of these, and was further cultivated on 
commercial growth media. Under these 
conditions, this strain produced the tox- 
ins penitrems A 131 and B 147 and 
roquefortine C 117 (4-7). Besides these 
known fungal metabolites, qualitative 
analysis by tlc and uv3& and hplc 
(diode-array detector) revealed the pres- 
ence of numerous other secondary me- 
tabolites. Among these, a toxin [2} struc- 
turally related to 1 and having a molecu- 
lar weight of 417 was isolated. In this 
paper, we report on the isolation and 
structure determination of this new me- 
tabolite. 

A comparison of the uv, ir, ms, and 
nmr spectra of 1 and 2, with published 
data for 1 (8-12) showed closely related 
structural similarities. The uv absorption 
at 242 nm is typical of an indoline chro- 
mophore (8). A band observed at 326 nm 
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typified C=O groups at C-1 and C-4 in 
line with the carbonyl groups common in 
aflatoxins. Ir spectral comparison of 1 at 
2 showed typical similarities. The 
fingerprint regions are almost identical 
and confirmed, among other ir evidence, 
the four adjacent hydrogens of the ortho- 
substituted benzene ring at 750 cm-'; 
the carbonyl stretching at 1700-1650 
cm and the "-stretching vibrations 
at 3440 and 3220 cm-'. The 'H-nmr, 
COSY, and HMQC spectra of 2 and 
corresponding data for 1 also indicated 
very close structural similarities. These 
include, among others, signals corre- 
sponding to the four aromatic protons of 
an indoline nucleus (H-7, 8, 9, lo), an 
inverted isoprenyl unit and the two aro- 
matic protons of an imidazole nucleus 
(H-15 and H-17). HMQC 'H-I3C one- 

- 1  

bond correlations, HMBC 'H-13C long- 
range correlations and COSY data of 2 
showed that the ring system remains 
intact as in 1. 

Although the nmr spectra of the two 
compounds are overwhelmingly similar 
(Table l ) ,  they also indicate regions with 
structural differences. A comparative 
analysis of the 13C-nmr data of 2 with 
corresponding literature (10) and experi- 
mental values for 1 showed that 2 is a 
formyl version of 1 with the CHO group 
attached to the indoline nucleus. This 
was confirmed specifically by analogy of 
the APT and DEPT spectra indicating 
the methine signal (C-23) present in the 

C-nmr spectrum of 2 that was absent in 
1. The resonance value of this signal 
(161.8 ppm) corresponds with carbonyl 
resonance data of amides ( 160-1 80 ppm). 

13 

TABLE 1. 

Position 

lob . . . . . .  
18 . . . . . . .  
3 . . . . . . . .  
6a. . . . . . . .  
loa. . . . . . .  
13 . . . . . . .  
Sa. . . . . . . .  
l l a . .  . . . . .  
7 . . . . . . . .  
8 . . . . . . . .  
9 . . . . . . . .  
10 . . . . . . .  
15 . . . . . . .  
17 . . . . . . .  
12 . . . . . . .  
19 . . . . . . .  
1 . . . . . . . .  
4 . . . . . . . .  
11 . . . . . . .  
20 . . . . . . .  
21 . . . . . . .  
22 . . . . . . .  
2 . . . . . . . .  
6 . . . . . . . .  
23(2) . . . . .  

Nmr Swctral Data of 2 with 'H- and %-Nmr Data for 1 Provided for Comparison. 

Group 

C 
C 
C= 
C= 
C= 
C= 
CH 
CH 
CH= 
CH= 
CH= 
CH= 
CH= 
CH= 
CH= 
CH= 
c=o 
c=o 

CH,= 
CH, 

CH3 
CH, 
NH 
NH 
CHO 

1' 

'H-nmr 

- 
- 
- 
- 
- 
- 

5.65 
4.06 

6.60-7.30 

7.71 
6.28 
6.00 
- 
- 

2.58 
5.14 
1.04 
1.16 
8.74 
1.75 
- 

3 ~ - n m r  

61.6 
41 .O 

121.6 
149.9 
128.6 
125.4 
78.5 
58.9 

111.3 
129.1 
119.2 
125.2 
136.5 
135.1 
109.2 
143.4 
166.6 
159.5 
36.8 

114.7 
22.6 
22.9 
- 
- 
- 

Compound 

2 

H-nmr 

- 
- 
- 
- 
- 
- 

6.20 
4.06 
8.06 
7.38 
7.30 
7.18 
7.75 
7.25 
6.36 
5.89 
- 
- 

2.60 
5.15 
1.16 
1.02 
9.35 

9.20 
- 

I3c-nmr 

60.5 
41.1 

120.5 
141.6 
131.8 
125.2 
77.4 
58.8 

117.0 
129.6 
125.1 
125.2 
137.4 
136.1 
112.1 
142.4 
165.8 
159.5 
37.3 

115.6 
22.4 
23.1 
- 
- 

161.8 

HMBC Correlations 

6a, loa, lob, l l a ,  18,23 
1 , l l  
9, 10, loa 
6a, 10 
8, 10 
7,8, loa 
17 

3,4, 17 
18,22 

1,5a, 1% lob, l la,  18 
18,19 
lob, 18, 19,22 
lob, 18, 19,21 

6a 

'Numbering according to Scott etal. (10). 'H- and "C-Nmr values were also compared with published 
data for 1 (8-12). 
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Using the nmr data of 1, N -  
formylindoline (1 3), and HMBC correla- 
tions in 2 between H-23 and the quater- 
nary C-6a, and between H-5a and the 
aldehyde C-23, the position of the CHO 
group was assigned to N-6. This assign- 
ment agrees with the large downfield 
shift of C-7 (Table 1) induced by an 
electric field effect of the carbonyl sub- 

stituent of the indoline nucleus (1 3). 
Strong evidence supporting the pro- 

posed similarities and differences in 1 
and 2 was also provided by ms data. Both 
compounds exhibited prominent peaks 
at m/z41,69,80,108,130,157,and 320, 
thus confirming the presence of similar 
structural features (1 2). The difference in 
the two compounds is indicated by their 

-69 amu /;/2P;;\ -28 amu 

(C=O unit) (isoprene unit) 

WEN, 
rnlz 130 

C17H1402N5 j/ m l z 3 2 0  \ 

f *J 
H 

C,H,O,N, 
rnlz 192 

FIGURE 1. Major Ms Fragmentation Pattern of 1 and 2. 

H 

C l W 2  
rnlz 157 
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molecular ions. The loss of CO (mlz 4 1 7 - 
389=28) from 2 indicates that the formyl 
substituent was eliminated with con- 
comitant hydrogen rearrangement to give 
a radical ion corresponding to 1 (14). 
Further ms-ms showed that the ion at mlz 
389 was formed by fragmentation from 
mlz 417. The fragmentation pattern giv- 
ing rise to the peaks mentioned above is 
shown in Figure 1. 

By comparing the ms and nmr data 
of the two compounds, both their struc- 
tural similarities and differences were 
apparent and used in assigning the struc- 
ture of 2, a new metabolite. 

The production of penitrems A and 
B E3 and 4}, roquefortine 117, and related 
metabolites by P. vmcosum var. cyclopium 
indicates that this mold is a potential 
hazard forpublic health,particularly when 
it occurs in stored food products. 

EXPERIMENTAL 
GENERALEXPERIMENTALPRO~DU.&~- 

umn chromatography was performed using Si gel 
60 extra pure (70-230 mesh ESTM). Si gel plates 
(Kieselgel 60 F,,,, 2 0 x 2 0  cm; E. Merck, 
Darmstadt, Germany)of2 mmand 0.2 mm thick- 
ness were used for prep. and qualitative tlc, respec- 
tively. An HP Series 1050 liquid chromatograph 
(Hewlett-Packard, Waldbronn, Germany) 
equipped withanHP-1040Adiode-array detector 
coupled to an HP 9OOO series 300 Pascal worksta- 
tion with an HP 9153C l O M B  disk drive was 
employed. Samples were injected through a 
Rheodyne valve fitted with a 20-pl sample loop. 
Separations were accomplished at room tempera- 
ture with a 250x4 mm i.d. Lichrospher 100RP- 
18 (5 pm) column (E. Merck, Darmstadt, Ger- 
many). All solvents were distilled, filtered, and 
degassed prior to use. Separated peaks from the 
crudeextractwerecoll~edwithanLKB(Bromma, 
Sweden) Model 22 12 Helirac programmable frac- 
tion collector connected to the remote output porn 
of the diode-array detector and programmed in the 
window collection mode. Ms-ms and hrms were 
obtainedonaVG70SEQ(VG 1nstnunendFison.s) 
mass spectrometer in the ei mode at 70 eV. Me- 
dium-resolution ei (70 eV) ms data were routinely 
obtained by the direct inlet probe (dip) method 
from a Hewlett-Packard Model 5988A gclms sys- 
tem with the ion source temperature kept at 200'. 
Ionization was also effected by ei at 70 eV. Confir- 
mation ofthe mol wt peak was obtained by d y z -  
ing the compound in the chemical ionization (ci) 
mode using CH, as reagent gas. Further, the 

sample was derivatized using CH,CI, in Et,O and 
then re-analyzed in the ei mode. Ir spectra were 
recorded on a Beckman AcculabTM-4. Nmr spectra 
were recorded on a 400 MHz Varian Unit spec- 
trometer and Bruker DRX 400 spectrometer in 
CDCI,. Multiple signals were assigned by com- 
parison ofAPT (Attached Proton Test) and DEFT 
135 spectra. Primarily assignment was accom- 
plished by a combination of 2D nmr techniques- 
COSY, inversedetected HMQC, and HMBC. 

EXTRACTION OF MYCOTOXINS AND CLEAN-UP 
OF CRUDE EXTRACIX-The lyophilized Prnird~ium 
vffnrcosum var. cyclopium RV 677 18 was grown and 
maintained on Sabouraud liquid medium for 10 
days at 25". This culture was then used as inocu- 
lum for 38 growth media each in a 2.5-liter dark 
solvent flask containing 500 ml of Czapek Dox 
liquid medium supplemented with 0.5% yeast 
extract and 0.1 % KNO,. The flasks were statically 
incubated at 27' for 2 weeks. The cultures were 
harvested by filtering the mycelium, followed by 
washing with distilled H,O and then freezedry- 
ing. The dried mycelium (160 g) was defatted by 
percolation with C,H,, at room temperature and 
subsequently extracted in a Soxhlet apparatus us- 
ing Me,CO during 12 h. This extract was then 
filtered and evaporated to dryness under reduced 
pressure. A portion (945 mg) of the dried extract 
(total yieldz4.358 g) was placed in a Si gel 
column and eluted with agradient from 0 to 10% 
MeOH in CH,CI, (v/v). The penitrems were col- 
lected as a distinct band with a greenish-blue 
fiuorescence under uv light (tubes 41 5429) .  Prep. 
and qualitative tlc were performed using CH,CI,/ 
MeOH (99:l) as eluent system. Using van Urks 
reagent, penitrems A {3] and B [4] both gave a 
purple color reaction. Complete separation was 
achieved by scraping off tlc bands from prep. 
plates, followed by extraction with MeOH and 
then analysis by reversed-phase hplc using MeOH- 
H,O (80:20) as eluent at a flow rate of 1.2 ml/min. 
The collected fractions were separately p l e d  and 
evaporated to dryness under reduced pressure. 
Product purity was determined on the hplcdad 
system using the manufacturer's software by ana- 
lyzing 20 p1 of a 0.2 mg/ml solution of each yield 
in MeOH isocratically at 230 nm. The yields (mg) 
and purity (%) of the products obtained were 27 
(98.2%) and 6.7 (9.0%) for compounds 3 and 4, 
respectively. Penitrems A 131 and B 141 were 
identified from their spectral and physicochemical 
properties in accordance with published data (15). 

Tubes 623 to 660 contained a blue fluorescent 
fraction (UV,~,). Ms analysis of this fraction re- 
vealed the presence of two major components 11 
and21ofmolwt 389and417,respectively.These 
compounds co-eluted on tlc and were sufficiently 
separated on reversed-phase hplc using the condi- 
tions described above. The yields and purity ob- 
tained for compounds 1 and 2 were respectively 12 
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mg (98.3%) and 26 mg (90.6%). Spectroscopic 
analysis (nmr, hrms, ms fragments) and compari- 
son of the data obtained with published informa- 
tion (8-12) revealed compound l as roquefortine 
C. Further purification by recrystallization of 2 
from MeOH/H,O gave a white solid with mp 
2 1 6 2  19” (dec) (uncorrected). The eims of 2 gave 
prominent fragment peaks at mlz 417 EM]’ 389, 
348, 320 (base peak), 192, 157, 130, 108, 69; 
hreims C,,H,,N,O, (found m/z 417.1798; calcd 
mlz 417.1795). Cims m/z 418 [M+H]*, 446 
[M+C,HI]+; uv A max (MeOH) 326, 242, and 
207 nm; ir v max (Kl3r) 3440,3220,2960,1700- 
1650,1480, 1400,750 cm-’. The structure of 2 
was further assigned by analysis ofcomplementary 
n m r  (COSY, HMQC, and HMBC) as well as by 
comparison of ‘H- and ”C-nmr data with pub- 
lished information on 1 (Table 1). 
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