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Configuration of the 3,12 Double Bond of Roquefortine

The E configuration of the 3,12 double bond of roquefortine, a metabolite of the commercially important
fungus Penicillium roqueforti, was established by comparison of its spectral properties with those of

a photoisomer.

The structure (FE)-3-(1H-imidazol-4-ylmethylene)-6-(1H-indol-3-ylmethyl)-2,5-

piperazinedione is proposed for the major product of an acid-catalyzed de-isoprenylation reaction of

roquefortine.

Roquefortine is a metabolite of Penicillium roqueforti
strains isolated from blue cheese (Scott et al., 1977) and
has itself been found in blue cheese at estimated con-
centrations of up to 6.8 ppm (Scott and Kennedy, 1976).
The same alkaloid has been isolated in Japan under the
name roquefortine C (Ohmomo et al., 1977). Neurotoxic
properties have been attributed to roquefortine {Scott et
al., 1976) but these were not observed in recent experi-
ments by Arnold et al. (1978). Roquefortine was assigned
either structure I
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or IT (10b-(1,1-dimethyl-2-propenyl)-6,10b,11,11a-tetra-
hydro-3-(1H-imidazol-4-ylmethylene)-2H-pyrazino[1,2";
1,5]pyrrolo[2,3-blindole-1,4(3H,5aH)-dione) without de-
termination of the configuration of the 3,12 double bond
{Scott et al., 1976). This has now been shown to be E by
comparison of spectral properties of roquefortine with
those of a photoisomer.

EXPERIMENTAL SECTION

Photoisomerization of Roquefortine, Ninety mil-
ligrams of roquefortine in 100 mL of 95% ethanol was
irradiated under nitrogen for 6 h at a wavelength of 330
nm. After evaporation of solvent, the residue was chro-
matographed on a column of 9 g of Florisil. Elution with
chloroform-methanol (99:1) yielded 78 mg of photopro-
duct, which was further purified by preparative thin-layer
chromatography (TLC) (Scott and Kennedy, 1976) to give
a pale buff, amorphous solid.

Acid Fragmentation of Roquefortine. A solution of
160 mg of roquefortine in 5 mL of methanol-1 N hy-
drochloric acid (4:1) was refluxed for 3 h, cooled, and
passed through a column of 3 g of Amberlite IR-45 (OH),
previously washed with 5 mL of methanol-1 N hydro-
chloric acid (4:1). The column was washed with 40 mL of
methanol and the combined eluates were evaporated and
dissolved in chloroform-methanol (1:1). The reaction
mixture was separated by preparative TLC on E. Merck
silica gel 60 F-254 using chloroform-methanol (4:1) as
solvent system and chloroform-methanol (1:1) to elute the
products from the silica gel. The major product (53 mg)
was further purified by preparative TLC, then added to
a small column (1 g) of silica gel 60 and eluted with
chloroform methanol (3:1). Evaporation of a methanol
solution yielded 17 mg of crystalline solid, mp 252-253 °C
(dec).

cis-Urocanic Acid. Photoisomerization of trans-
urocanic acid (Edlbacher and Heitz, 1943) afforded cis-
urocanic acid, mp 178-179 °C.

0021-8561/798/1427-0201$01.00/0

Nuclear Magnetic Resonance (NMR) Spectroscopy.
'H and *C NMR spectra of irradiated roquefortine and
the 18C NMR spectrum of the fragmentation product were
recorded on a Bruker HX-90E F.T. NMR spectrometer
operating at 90 MHz or 22.63 MHz. *C NMR spectra of
cis- and trans-urocanic acid were measured on a Bruker
WP-80 F. T. NMR spectrometer at 20.1 MHz. Broad band
and off-resonance decoupling were used for 3C NMR
spectra. All signals were measured in ppm (§) downfield
from tetramethylsilane internal standard.

High-Resolution Mass Spectroscopy. Mass spectra
were recorded cn Varian MAT 311 and AEI MS 50 mass
spectrometers.

RESULTS AND DISCUSSION

The photoisomer of roquefortine had molecular formula
C»Hy3N50, (by high-resolution mass spectrometry) with
[a]p —409° (¢ 0.071 in chloroform), A,,,, (95% ethanol), 212
(log € 4.236), 240 (log € 4.113), and 311 nm (log ¢ 4.434) and
vmax (chloroform) 3464, 3197, 3093, 2982, 1676, and 1627
cm ', The 'H NMR spectrum measured in CDCl; showed
signals at 6 1.02 (s, 3 H, H-21), 1.14 (s, 3 H, H-22), 2.50 (m,
2 H, H-11),4.09 (dd, 1 H, J = 10.5 and 6.5 Hz, H-11a), 5.00
(s, br, 1 H, NH), 5.10 (m, 2 H, H-20), 5.66 (s, 1 H, H-5a),
6.03 (m, 1 H, H-19), 6.57-7.20 (6 H, including 6.67 s, 1 H,
H-12,and 7.12s,1 H, H-17), 7.66 (s, 1 H, H-15), 11.02 (s,
br, 1 H, NH), and 11.81 (s, 1 H, NH) ppm. The peak due
to H-12 shifted from 6 6.35 in a comparable spectrum of
roquefortine to 6.67 for the photoisomer on account of
deshielding by the carbonyl group at position 4, analogous
to a shift from § 6.45 to 7.06 for the vinylic proton of cis-
and trans-3-benzylidene-1-methyl-2,5-piperazinedione
(Porter and Sammes, 1970). Thus the photoisomer II has
the Z configuration about the 3,12 double bond. The signal
at 6 7.26 in the spectrum of roquefortine, assigned to H-17,
shifted in the other direction to ¢ 7.12 in the spectrum of
the isomer. The 3C NMR spectrum of the photoisomer
(in CDCly) closely resembled that of roquefortine (Scott
et al.,, 1976) except for differential shifts of carbons as-
signed to C-3 (from § 122.3 to 137.1), C-12 (from é 110.9
to 105.7 or 118.0), and C-17 (from 6 134.3 to 118.0 or 105.7).
Comparison of the *C NMR spectra (in Me,;SO-dg) of cis-
and trans-urocanic acid (3-(1H-imidazol-4-yl)-2-propenoic
acid), which had signals at 6 167.1s, 136.1 d, 134.2 5, 130.2
d, 123.0 d, and 118.5 d (cis) and 6 168.3 s, 137.9 d, 135.7
d, 134.5 s, 123.8 d, and 115.2 d (trans), showed virtually
no change in the chemical shift of the singlet due to C-4
on the imidazole ring, corresponding to C-13 in roque-
fortine and the photoisomer. Further evidence for the 3Z
configuration of the photoisomer of roquefortine is given
by the hypsochromic shift in the longwave UV absorption
band (326 nm in roquefortine), comparable to such shifts
in cis- and trans-3-benzylidine-2,5-piperazinediones (Blake
and Sammes, 1970; Porter and Sammes, 1970).

The 3E configuration in roquefortine (I) is the same as
in the didehydrohistidine moiety of oxaline, an alkaloid
from P. oxalicum (Nagel et al., 1976). Roquefortine is
exceptional in that as far as is known, other microbial
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Figure 1. Probable mechanism for the acid cleavage of ro-
quefortine; R = 1H-imidazol-4-yl.

piperazine-2,5-diones formally derived in part from «,3-
didehydroamino acids, viridamine (didehydrohistidine)
(Holzapfel and Marsh, 1977), neoechinulin A, cryptoe-
chinuline A, and related compounds (didehydrotrypto-
phan) (Cardillo et al., 1975; Marchelli et al., 1977), my-
celianamide (didehydrotyrosine) (Kirby and Narayanas-
wami, 1976), and albonoursin (didehydroleucine and di-
dehydrophenylalanine) (Shin et al., 1977), have the Z
configuration.

Roquefortine (I) underwent an unusual facile frag-
mentation when refluxed in dilute methanolic hydrochloric
acid. The major product, (EF)-3-(1H-imidazol-4-yl-
methylene)-6-(1H-indol-3-ylmethyl)-2,5-piperazinedione
(III) (Polonsky et al., 1977), had [«a]p +164.5° (¢ 0.46 in
pyridine), molecular formula C,;H;5N;0, (by high-reso-
lution mass spectrometry, with principal fragment ions of
composition CgHgN,O, and CoHgN), A .« (95% ethanol)
221 (log € 4.532), 286 sh (log ¢ 4.027), 291 (log € 4.073), and
326 (log € 4.275) nm, in agreement with the presence of two
chromophores, and v, (Nujol) 3500, 3250, 1690, and 1620
cm™l. The 'H NMR spectrum (60 MHz, in pyridine)
confirmed loss of the isoprene unit while signals in the *C
NMR spectrum (in Me,SO) were assigned as indicated in
structure III
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by comparison with *C NMR spectra of roquefortine
(Scott et al., 1976), 3-methylindole (Fraser et al., 1976),
3-ethylidene-6-(1H-indol-3-ylmethyl)-1-methyl-2,5-
piperazinedione (Kakinuma and Rinehart, 1974), and
echinulin (Cardillo et al., 1974). The fragmentation in-
volves breakage of a C-C bond under mild reaction
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conditions (Figure 1) and may be conjectured to occur in
vivo during metabolism of roquefortine. Similar loss of
a 1,1-dimethyl-2-propenyl side chain has been previously
observed when oxaline was treated with dilute HCI but the
product, which contained chlorine, was not structurally
characterized (Nagel et al., 1976).

ACKNOWLEDGMENT

We are grateful to B. Septe, C. Fontaine, G. Berenger,
D. Legault, and H. W. Avdovich for recording NMR
spectra and C. Marazano and W. F. Miles for high-reso-
lution mass spectroscopy.

LITERATURE CITED

Arnold, D. L., Scott, P. M., McGuire, P. F., Harwig, J., Nera, E.
A., Food Cosmet. Toxicol., in press (1978).

Blake, K. W., Sammes, P. G., J. Chem. Soc. C, 980 (1970).

Cardillo, R., Fuganti, C., Gatti, G., Ghiringhelli, D., Grasselli, P.,
Tetrahedron Lett., 3163 (1974). .

Cardillo, R., Fuganti, C., Ghiringhelli, D., Grasselli, P., Gatti, G.,
J. Chem. Soc., Chem. Commun., 778 (1975).

Edlbacher, S., Heitz, F., Hoppe-Seyler's Z. Physiol. Chem. 279,
63 (1943).

Fraser, R. R., Passannanti, S., Piozzi, F., Can. J. Chem. 54, 2915
(1976).

Holzapfel, C. W., Marsh, J. J., S. Afr. J. Chem. 30, 197 (1977).

Kakinuma, K., Rinehart, K. L., Jr., J. Antibiot. 27(10), 733 (1974).

Kirby, G. W., Narayanaswami, S., J. Chem. Soc., Perkin Trans.
1, 1564 (1976).

Marchelli, R., Dossena, A., Pochini, A., Dradi, E., J. Chem. Soc.,
Perkin Trans. 1, 713 (1977).

Nagel, D. W., Pachler, K. G. R., Steyn, P. S, Vleggar, R., Wessels,
P. L., Tetrahedron 32, 2625 (1976).

Ohmomo, S., Utagawa, T., Abe, M., Agric. Biol. Chem. 41 (10),
2097 (1977).

Polonsky, J., Merrien, M.-A., Scott, P. M., Ann. Nutr. Aliment
31, 693 (1977).

Porter, A. E. A., Sammes, P. G., J. Chem. Soc. C, 2530 (1970).

Scott, P. M., Kennedy, B. P. C., J. Agric. Food Chem. 24(4), 865
(1976).

Scott, P. M., Kennedy, B. P. C.,, Harwig, J., Blanchfield, B. J.,
Appl. Environ. Microbiol. 33(2), 249 (1977).

Scott, P. M., Merrien, M.-A., Polonsky, J., Experientia 32(2), 140
(1976).

Shin, C. Hayakawa, M., Mikami, K., Yoshimura, J., Tetrahedron
Lett., 863 (1977).

Peter M. Scott*!
Judith Polonsky?
Marie-Annick Merrien?
'Food Directorate
Health Protection Branch
Health and Welfare Canada
Ottawa, Ontario, Canada K1A 0L2
2Institut de Chimie des Substances Naturelles
C.N.R.S.
91190 Gif sur Yvette, France

Received for review May 30, 1978. Accepted August 14, 1978.



