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mixture extracted with petrol (1 1. x 3) and then with CHCI, (1 1.
x 3). The CHCl, soluble fraction (173 g) was chromatographed
on a silica gel column. Elution with solvents of increasing
polarity yielded 1a [1], amarolide, acetylamarolide [2]} and
100 mg of 1b.

2-Dihydroailanthone (1b). White prisms, mp 262-263°
(MeOH), IRv_, cm™' 3500-3300, 1715, 1620 and 980.
UV A, nm: 205. '"HNMR and **C NMR (pyridine-ds): see
Tables 1 and 2. MS m/z 378 [M] ", 266 and 250. (Found C, 63.18;
H, 6.90. C,,H,¢0 requires C, 63.48; H, 6.939.)

Acetylation of 1b. A soln of 2-dihydroailanthone (1b) (50 mg),
pyridine (2 ml) and Ac,O (0.5 ml) was kept at room temp. for
48 hr. Usual work up gave 2 (55 mg) which was crystallized from
EtOH (Mp 234-236°). 'H NMR (CDCl,): see Table 1. MS m/z
486 [M —18]".

Sodium borohydride reduction of 1a. Asoln of 0.1 gof 1a,0.18 g
of Na,CO; and 0.03 g of NaBH, in 50 ml of H,O was kept for
72 hr at 0°. The reaction mixture was filtered on Amberlite IR 120
(in H* form) column; the resin was then eluted with MeOH and
the eluate evaporated. Chromatography of the residue on silica
geland elution with CHCl,-MeOH (95: 5) yielded 30 mg of semi-
solid 1c. '"H NMR and '3C NMR (pyridine-d;): see Tables 1 and
2. UV A, nm: 205.
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Abstract—The mutagen, necatorin, has been obtained from Lactarius necator and identified as 5-hydroxycoumaro

(7,8-ckinnoline.

Several species of mushrooms in the genus Lactarius have
been found to contain mutagenic compounds in the
Ames/Salmonella assay [1]. By far the highest mutagenic
activity was found in Lactarius necator (Fr.) Karst. We
have previously reported [2] the isolation of a mutagenic
compound in crystalline form by HPLC of an extract of
Lactarius necator. In the present communication we
report its tentative identification.

Interpretation of the mass spectrum reveals the com-
pound to be a coumarin on the basis of two sequential
losses of carbonyl ((M — CO]" is the base peak) [3]. The
coumarin structure is further confirmed by the photo-

sensitizing effect of the compound; this effect is similar to
that of several furanocoumarins [4]. This structure is
further confirmed by two doublets in the 'HNMR
spectrum at 86.55 and 87.55 (J =9 Hz) assigned to
protons three and four in a coumarin system. The
benzo(c)innoline structure is revealed by the loss of
nitrogen after two losses of carbonyl in the mass spectrum.
The benzo(c)innoline structure is in accordance with the
presence of a four proton system in the 'HNMR
spectrum. The third loss of carbonyl is indicative of the
hydroxyl group, which is confirmed by proton exchange in
the 'H NMR spectrum in CF;COOD. The presence of a
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Fig. 1. Photosensitizing effect of necatorin on the bacterium

Salmonella typhimurium TA 100. (O) Survival of bacteria sus-

pended in saline containing necatorin (2 ug/ml). (@) Survival of

bacteria exposed to necatorin and irradiated with 360 nm light.
The bars indicate the s. d. of three experiments.

broad singlet at  7.30 in 'H NMR excludes the possibility
ofaproton in the -position in relation to the diazo group.
The absence of a proximity effect [5], that would lead to
loss of a diazo group instead of nitrogen, excludes also the
possibility of a hydroxyl group f to the diazo group. To
further elucidate the structure, the lactone ring was
opened by raising the pH to 10 and closed again by
lowering it to 4.5. In HPLC the compound remained as a
single peak. Since the isolation procedure also employs
factone ring opening and closing, the isolated compound
would be a mixture of possible isomers. Thus the absence
of proximity effects also excludes 5-hydroxycoumarins.
Boiling of the compound in 0.5 N NaOH for 3 hr had no
effect on it which suggests that it has neither para- nor
ortho-hydroxyl groups. All these data suggest the struc-
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ture of 7-hydroxycoumaro(S,6-cicinnoline to the com-
pound called necatorin. The structure is further supported
by the abundant occurrence of various 7-mono-oxy-
genated and the absence of S5- or 6-mono-oxygenated
coumarins in nature.

EXPERTMENTAL

Crystalline necatorin (4.8 mg) was isolated from 30kg
Lactarius necator (Fr.) Karst. mushrooms as described previously
[2], mp 220-225° (d); FDMS emitter current 20 mA, m/z 264:
CIMS (ammonia, probe) m/z 265 [M+H]"; EIMS (probe)
70 eV, m/z (rel. int.): 264.053 (27); [M]* (C,sHzN,O; requires
264.053), 236.058 (100) [M—-CO]" (C,,HgN,0, requires
236.058), 208.063 (21) [M —CO —~CO]}" (C,3;HgN,O requires
208.063), 207.052 (10) [M -~ CO ~CO —~H]" (C,3H,N,O re-
quires 207.056), 180.059 (8) [M —CO —~CO —N,}* (C,;H,O
requires 180.057), 179.062 (11) [M-CO-CO-CO-H]}"
(C,,H,N, requires 179.061), 152 (4} [M—-CO—-CO-N,
—-CO], 151 ) [M~CO—~CO ~CO-~H-N,]" or [ M—-CO
—~CO-N,-CO-H}".

HPLC for separation of isomeric forms. M-6000A pump.
M-710B injector, RCM-column chamber with C,4 column (100
x 8 mm with 5 um particles) and dual M-440 UV detector
monitoring at 254 and 405 nm (all from Waters Assoc.). Eluent
was 20 mM H;PO,~KOH buffer (pH 3.5--MeOH (9:11) at a
flow rate of 1 miymin. UV iMeOHpm: 425 31055, 265, 235
AHOMNaOH pH 0 nm: 520, 325, 245, 'H NMR (60 MHz,
CF,COOD): 66.55 (1H,d,J = 9 Hz), 7.30 (1H, br s), 7.55 (1H, d,
J =9Hz), 831 (1H, m), 6.5-7.8 (3H, m) IRvEBrem™" 3350
(OH), 3375 (NH tautomeric with OH proton) 1650 (C =0), 1610
(Ar-H), 1230 (C-O0-C-O)

Photosensization studies. The bacterium used was Salmonella
typhimurium TA 100 [6]. Exponentially growing cells were
suspended in physiological saline containing necatorin (2 ug/mi).
Half of the suspension was preserved as unirradiated control and
the other half was irradiated in an open Petri dish with 360 nm
light from TLC reading apparatus. Aliquots were withdrawn
from both the irradiated and control suspensions at regular
intervals and the viable bacterial counts were determined.

The mushrooms were identified by Mr. M. }. Pellinen in this
institute.
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