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Abstract-Desoxyverrucarin E is the main nitrogenous metabolite of Eupenici/[ium hiraynmar. On the basis of 
chemical and spectroscopic data the compound was identified as 3-acetyl-4-methylpyrrole. Radiochemical data 
showed that the compound is biogenetically derived from acetate. 

INTRODUCTION 

IN THE course of an investigation on the secondary nitrogenous products of the genus 
Eupenicillium a simple pyrrole compound was isolated from cultures of E. hirayamae Scott 
and Stolk. This product was identified as 3-acetyl-4-methyl-pyrrole and named desoxyver- 
rucarin E (1). A closely related compound, verrucarin E (2), has previously been isolated 
from a culture of Myrothrcium urrrucnrium.‘~ 3 

70 = MeCOOH 

< 0 = Decarboxylation 

SCHEME A SCHEME B 

RESULTS AND DISCUSSION 

Desoxyverrucarin E synthesis was examined in batch cultures of E. hirayamae employ- 
ing synthetic media. In this investigation, optimum yields of the metabolite were obtained 
in media which contained two carbon and energy sources. The two carbon sources were 
utilized in a typical diauxic growth cycle and the metabolite appeared in the culture filtrate 
after both substrates were exhausted. 

I HARRI. E., LOEPLERR, W., SEC, H. P., STKHELIN, H.. STOLL, CH.. TAMM, CH and WESINGER, D. (1962) H&I 
Chim. Acta 45, 839. 

* FETZ, E. and TAMM. CH. (I 966) Hrk. Chim. Acta 49, 349. 
3 PFAFFLI. P. and TAMM. CH. (1969) Hell>. Chiru. Actu 52, 191 I. 
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The compounds listed in Table 1 were utilized as carbon md energy source in the first 
phase of the growth cycle and the di- or tricarboxylic acids listed in Table ‘7 satisfied both 

the carbon and energy requirements of the fungus in the second phase of the growth cycle. 
Glucose and L( +)-tartaric acid were employed as carbon and energy sources in all the e.y- 
periments described in this paper. 

TABLE I. THE EFFECT OF VARIOUS CARBOY AND ~NERC;Y SOL'RCES ox THE PRODL'CTID\ 01 rxSoSIVt RRI (‘AKI~~ E 

IS THF BASAL .MEDIU.M PLCS 0.33”, AMMONIl M 7'ARTR.411 
---- 

Compound Dry wt Product yield 
added (g/ZOO ml) (mg I.) 

_~_ ____-. 

Glucose I .40 i2.l 
Fructose I.25 1s.s 
Sucrose 1.40 7x.5 

Maltose 140 ’ ‘4 -. 
Sodium acetate + glucose I .35 I X.6 
Starch 0.70 I 2 1 
Glpcerol I I 6 1 ?fl 

The concentration of the carbon and energy sources added to the culture medium \\:Is equivalent to 1.15”,, 
glucose. Incubation period 6 days. 

TABLE 2. THE LFE~CT OF VARIOL s ORGANIC ACIDS ON THF PRODL'C 710~ OI I)LSOS‘~ \~I(KI'C'\KIY 1. I\ 1‘111 I~.ISAI. 

mxirs PLUS 1.25”,, ~;LI~COSE 

Organic acid 
Dry wt 

(g.200 ml) 

Dcsox>vcrruc;lrin E 
concentration 

img I.) 

L( +)Tartaric acid 
Citric acid 
Succinic acid 
Malic acid 
Lactic acid 
Acetic acid 

The concentration oforganic acid added to the culture medium was squivalcnt to 0,33”,, tartark acid, Inuuha- 
tion period 6 days. 

The results, summarized in Table 3, show that the concentration of glucose has a 
marked effect on the utilization of tartrate. The metabolism of this acid in the second phase 
of the growth cycle is inhibited in cultures in which the glucose concentration was varied 
above or below the optimum concentration level. This inhibition of the second phase of 
the growth cycle has an adverse effect on the production of the metabolite. 

The effect of different isomers of tartaric acid on the production of desoxyverrucarin 
E is shown in Table 4. D( -)-tartaric acid was not utilized by the organism and media con- 
taining this isomer did not support the production of the metabolite. The addition of D( -)- 
tartaric acid to a medium containing L(+)-tartaric acid or mesotartaric acid did not. how- 
ever. affect the utilization of the latter isomers or the production of desoxqverrucarin E. 
These results suggest that the occurrence of a diauxic growth cycle is csscntial for the pro- 
duction of desoxyverrucarin E. 
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TABLE 3. THE EFFECT OF THE GLUCOSE CONCENTRATION ON THE PRODUCTION OF DESOXYVERRUCARIN E IN A MEDIUM 
CONTAINING 0.33% L( +)TARTARIC ACID 

Glucose 
concentration 

(g/200 ml) 

0.25 
0.5 
1.25 
2.0 
4.0 
6.0 

Dry wt 

k/200 ml) 

0.71 
1.23 
1.60 
205 
2.42 
2.74 

Residual 
tartaric 

acid 

@g/ml) 

3.0 
I.09 
0.0 
1.2 
2.9 
3.1 

Desoxyverrucarin E 
concentration 

(m&J 

3.25 
5.0 

16.3 
6.0 
0.0 
0.0 

Incubation period 6 days. 

TABLE 4. THE EFFECT OF TARTARIC ACID ISOMERS ON GROWTH AND DESOXYVERRUCARIN E PRODUCTION IN A MEDIUM 
CONTAINING 1.25”/, GLUCOSE 

Tartrate 
isomer 

L( + )-Tartratc 
Meso-tartrate 
D( - )-Tartrate 
L( +)-Tartrate + 

D( -)-tartrate 
Meso-tartrate + 

D( -))-tartrate 

Dry wt 

(g/200 ml) 

1.15 
1.21 
0.86 

1.10 

1.15 
096 

Residual 
tartaric 

acid 

(mg/ml) 

0.0 
- 

3.1 

I ,45 

1.54 

Desoxyverrucarin E 
concentration 

(mg/l.) 

24.5 
23.2 
- 

22.6 

24.4 
- 

Tartaric acid isomers were added to the culture medium in concentration of 0.33%. Incubation period 6 days. 

Purification of the metabolite was carried out by chromatography on a formamide im- 
pregnated cellulose column followed by chromatography on silica gel and finally crystalli- 
zation. Accurate mass determination of the metabolite indicated a molecular formula of 
C,H,NO. It gave a red colour with Ehrlich’s reagent suggesting that it is a substituted 
pyrrole. The UV spectral max 247 and 277 nm (sh), ~11 070 and 2204 respectively, is typical 
of a p-acetylpyrrole.4 The IR spectrum showed inter alia absorption bands at 3480 cm- ’ 
(vinylogous amide NH) and 1660 cm- ’ (vinylogous amide CO). 

The PMR spectrum showed two singlets each representing three protons at 6 2.26 and 
6 2.38. These signals are ascribed to an acetyl methyl and a vinyl methyl group. The 
remaining two signals each representing one vinylic proton appeared at 6 6.42 and 6 7.25. 
Both these peaks showed some fine splitting. 

The MS was most informative with regard to the placing of the acetyl group on the pyr- 
role skeleton. The base peak of the spectrum appeared at M-15 (m/e 108) which indicated 
the loss of a methyl group to give a stabilized acylium ion 4. Only a small peak at M-43 
(l~/e 80) is present due to the loss of the acetyl group. This fragmentation pattern leads 
to the conclusion that the acetyl group is situated in the /3-position because a-acetylated 

4 EISMR. U. and Goat, P. H. (195X) J. C/KWL SOC. 922. 



pyrroles are known to give strong M-43 peaks while /,‘-acetylated do not lose the acetyl 
group readily on electron bombardment.i 

On reduction with LiAIH, a new compound with molecular fotmula C-H, , N (M f 109) 
was obtained, The IR spectrum of this reduction product did not show any carbonyl 
absorption. The PMR spectrum showed a typical AIX,? pattern of signals: a triplet at (5 

1.18 (J 7 Hz) and a quartet at 3 1.45 (J 7 Hz). This pattern is ascribed to an ethyl group 
linked to a carbon carbon double bond. A three proton singlet at (3 _1%)3 is iii accordance 
with reported resonance f~qucncy ofa methyl on the C-3 of the p!rrolc ring.“ In the viny- 
lit proton region a signal representing two protons is present at ;i 640. A very small split- 
ting (J 0. 5 Hz) that disappears on treatment with D,O is observable in this signal. In the 
mass spectrum the base peak appears at M-15 (11r.o 93) \+hich is the expected major frag- 

ment 5 in the mass spectra of C-cthylpyrroles.’ It is known that J-acetqlpyrroles being 

vinylogous amides are reduced to 3-eth>lpyrroles with LiAlH, h>dridc.- 

The above data indicate that tho metabolite isolated is 3-acetyl--i-mcthylpyrrole (1). the 
desoxy derivative of verrucarin E’.” (2) and therefore it follows that the reduction product 
is the 3-ethyl-4-methylpyrrole (3). Final proof of structure 1 was obtained by direct com- 

parison with an authentic sample of the synthetic 3-acetyl-4-mcthyl~~~rrole.~~ 
in view of the similarity in structure of dcsosyverrucarin E (I) to verrucarin E (2)‘,-’ it 

appeared likely that these compounds have the same biogenetic origin. PEiffli and Tamm8 
showed that verrucarin E (2) is branch-chain acetate derived, either according to scheme 
A or B. In order to establish whether desoxyvcrrucarin li is derived in a similar manner. 
acetate-l I-’ 4C] was administered to ;I culture of t‘. hir~r~~r/rltrr. The radioactive label was 
incorporated into desoxyverrucarin E, to the cstent of Z”,,. Acetate-[?-“C‘] was incorpor- 
ated to the same extent. A Kuhn Roth oxidation of the [I-‘%“] labelled product yielded 
two equivalents of acetic acid. a portion of which was converted into its I’-bromo~~hcnacyl 
ester and recrystallized to constant activiti. It was found that the specilic activity of the 
acetic acid was approuimatclq ;I quarter 0-l tlwt of the original compound. Degradation 
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of the labelled acetic acid by the Schmidt procedure showed that the compound contained 
all its activity in the carboxyl moiety. These results indicate that desoxyverrucarin E is 
constructed from 4 acetate units according to either scheme A or B. 

According to Scott’ the conidial state of E. hirayamae bears a striking morphological re- 
semblance to Penicillium thommii and P. sclerotiorum. Moreover, the major component of 
the colouring matter in E. hirayamae was reported to be a laevorotary isomer of sclero- 
tiorin, the red pigment which is commonly produced in P. sclerotiorum. This pigment is 
synthesized according to the polyketide scheme. lo In the genus Euperzicillium, E. hirayamae 
is placed near E. paruum. This latter fungus in turn closely resembles E. ,jauanicum and E. 
lapidosum. 

Representative strains of all the aforementioned fungal species were, therefore, screened 
for their ability to synthesize pyrrole metabolites. The synthetic culture medium formu- 
lated for the study of desoxyverrucarin E synthesis as well as Czapek-Dox solution and 
a Czapek-Dox solution supplemented with 1% corn steep liquor were employed as culture 
media in this survey. It was found that none of the morphologically related species pro- 
duced pyrrole type compounds in detectable amounts. 

EXPERIMENTAL 

M.ps were determined on a Kofler apparatus. UV spectra were recorded in 962, EtOH, IR spectra in CHCl,. 
PMR spectra were taken on a 60 mHz instrument with TMS as internal standard in CDC13 soln. Radioactivity 
was assayed on a Packard Tri-Carb liquid scintillation spectrometer Model 574. Organic compounds were ana- 
lysed in toluene as scintillation solvent containing PPO and DM-POPOP as scintillation solute. “‘C-BaCO, 
was assayed by suspension scintillation counting I ’ in the same scintillator mixture which contained ca 4”;;, (w/v) 
of Cab-o-sil as gelling agent. All samples were counted for a minimum of IO4 counts. 

Organism. Eupenicillium hiruyumae Scott and Stalk CSIR I1 12 was used throughout this investigation. The 
strain was maintained on oatmeal agar in the ascosporic stage. Ascospores were obtained after a 4-6 week incu- 
bation period. 

Inoculum and cultural condirions. Ascospores were obtained by scraping the surface growth of a 6-week-old 
culture. The ascospores were activated by heating at 63’ for 5 min and used to inoculate 200 ml of the culture 
medium in a 500 ml fask. The mycelium was harvested by centrifugation after a 48 hr incubation period on a 
rotary shaker at 180 revimin and 28’. and washed twice with sterile distilled H,O by centrifugation. The washed 
mycelium was resuspended in 100 ml sterile distilled Hz0 and homogeni/cd aseptically for IO sec. Five ml of the 
resultant homogenate was used to inoculate 200 ml of the culture medium in a 500 ml ilask. All cultures were 
incubated for 6 days under similar conditions to those used for the preparation of the inoculum. 

Culture medium. The basal culture medium had the following composition: KH2P0, 5.0 g; MgS0,.7Hz0 
2.5g: FeCl,.6HZ0 24.2mg; ZnS0,.7H,O 21.99mg; MnS0,.5H20 5.95mg: CuS04.5Hz0 3.93mg; 
lNH,I,Mo; .4H,O 2.52 mg: distilled H,O I I. Nitrogen was sunplied in the form of the ammonium salts of 
orea;; acids in a final concentration of 64 g N/l. The tinal pH of ;h‘e medium was adjusted to pH 6.0 with.KOH. 
Carbon and energy sources are described in the appropriate context. 

Cone ofdesoxperrucarir~ E. The cone desoxyverrucarin E was calculated using the molar extinction coefficient 
~11070 at 247 nm. 

TLC. Extracts containing desoxyverrucarin E were spotted on Merck silica G plates and developed in CHCl,- 
MeOH (9: I). The chromatoplates were sprayed with Ehrlich’s indole reagent. Desoxyverrucarin E appeared as 
a clear red spot. 

Atwlytical methods. Tartrate was determined as described by La Rivikre.” 
Isolation trntl purifiution of de.so.xyuerrucuri~l E. The culture filtrate was acidified with 2 N H:SO, to pH 2 and 

extracted with heaanc to remove fats. waxes and other neutral material. The aq. soln was basified with NH,OH 
to pH 9 and extracted with methylene chloride. The crude basic material was then chromatographed on cellulose 
powder impregnated with formamide. The metabolite was eluted with 10% CHCI, in C,H,. The partially puri- 
fied metabolite was chromatographcd on silica cluted with CH,C12, crystallized from a mixture of C,H, and 

9 SCOTT, DE B. (1968) Ph.D. Thesis. University of Cape Town 
” UDAGAWA, S. (1963) Chem. Pharm. &I(/. 11, 366. 
” CHILEY, H. J. (1962) Analyst 87, 170. 
” LA RIVI~RI., J. W. M. (19%) Thesis. Technical University Delft. 
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