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Fruit-bodies of the toadstools Cortinarius sodagnitus, C.
fulvoincarnatus, C. arcuatorum (Agaricales) show a
remarkable ink-red colour reaction when treated with
aqueous base. We isolated six chromogens, named the

sodagnitins A-F, from the toadstools and elucidated their
structures by spectroscopic techniques. The sodagnitins are
triterpenoids of the malabaricane type with a highly modified
side chain. A mechanism for the colour reaction is proposed.

Several toadstools of the genus Cortinarius, for example
C. arcuatorum R. Henry, C. cf. calochrous Fr., C. fulvoincar-
natus Joach., and C. sodagnitus R. Henry show a striking
colour reaction.™®? When the cap skin or the stalk base of
these species is exposed to aqueous alkali an intense inkred
tint develops. In the case of C. fulvoincarnatus and C. arcua-
torum the colour reaction can be observed with the whole
fruit-body. Unfortunately, all these species are rather rare
and the amount of chromogens present in the cap skins is
insufficient for a complete structure elucidation. Fortu-
nately, we were able to collect a larger quantity of C. fulvo-
incarnatus that allowed the chemical investigations de-
scribed in this communication.

Isolation of the Chromogens and Structure
Elucidation

The freeze-dried fruit-bodies of C. fulvoincarnatus and C.
sodagnitus were extracted with ethyl acetate, until the colour
reaction with alkali was no longer observed. The combined
extracts were subjected to gel chromatography followed by
purification of the chromogens by preparative HPLC.

The main chromogen of C. fulvoincarnatus is sodagnitin
C (3), which amounts to 0.03% of the fresh weight of the
toadstool (Figure 1). Like the other sodagnitins, 3 showed
UV maxima (MeOH) at 230 and 292 nm and gave the
characteristic red colour reaction with alkali (see below).

In the high resolution atmospheric pressure chemical ion-
isation mass spectrum (HR-APCIMS) of 3 a [M* + H]
peak could be observed at m/z = 643.3491 corresponding
to the molecular formula C3¢Hs;,049. The molecular weight
of 642 is supported by a strong [M~ — H] peak at m/z =
641 in the (—)-FAB spectrum and [M* + Na] and [M* —
H + 2 Na] peaks at m/z = 665 and 687, respectively, in the
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Figure 1. Sodagnitins A—F (1—6)

(+)-FAB spectrum. In the IR spectrum (KBr) 3 exhibits
strong bands at 1730 (sh, saturated ester), 1720 (carboxyl
group, saturated ketone) and 1705 cm~* (unsaturated ke-
tone) and a broad absorption at 3435 cm~! indicating
hydroxy functions.

The 'H-NMR spectrum of sodagnitin C (3) (Table 1)
showed seven clearly separated signals in the olefinic region.
The HETCOR spectrum revealed that the signals at 6 =
5.74, 5.78, 5.82, and 6.19 belong to olefinic protons,
whereas signals at 6 = 4.73 (6c = 72.5) and 5.68 (6¢ =
64.7) were assigned to two methine groups, each carrying
an oxygen atom. The singlet at 6 = 5.37 (6c = 92.0) was
attributed to the CH of a hemiacetal group.

The methine proton resonating at 6 = 5.68 is adjacent to
the carbonyl group at 8¢ = 209.4. In the aliphatic region
many signals are coincident and could not be differentiated,
even at 600 MHz. Only the signals of seven CH; groups at
o = 0.77, 1.11, 1.16, 1.24, 1.40 (2X), and 1.47 could be
easily discerned. All appear as singlets and were therefore
located on quarternary C atoms. An analysis of the
HETCOR spectrum allowed the assignment of the proton
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Table 1. *H-NMR data of sodagnitin A (1), C (3), and E (5) (600 MHz, in CDCls)
Position o 1 m J oy 3 m J oy 5 m J
1 1.19 m 1.51 dd 13, 13 1.50 m
2.31 dd 12,8 2.14 dd 13, 6 2.30 m
2 4.55 dd 12,7 5.68 dd 13,6 3.70 ddd 14,14, 5
3 3.00 d 10
5 1.22 m 1.24 m 1.22 m
6 1.58 m 1.65 m 1.58 m
1.67 m
7 1.32 m 1.36 m 1.32 m
1.80 ddd 12, 3,3 1.80 dd 13,13 1.88 dd 12, 4
9 1.34 m 1.11 m 1.34 m
1.38 m
11 1.50 m 1.57 m 1.50 m
1.63 m 1.63 m
12 1.76 m 1.76 m 1.76 m
13 2.30 m 2.32 dd 18, 10 2.28 m
15 5.75 d 6 5.74 d 5.5 5.76 d 5
16 2.24 ddm 19, 19 2.24 ddd 17, 3,3 2.22 ddd 17
2.35 m 2.35 dd 14, 14 2.32 m
17 4.73 dd 11,3 4.73 dd 11, 3 4.73 dd 8,3
20 5.74 S 5.82 S 5.75 S
23 1.13 S 1.11 S 0.94 S
24 1.16 S 1.16 S 0.85 S
25 1.20 S 1.24 S 1.03 S
26 0.76 S 0.77 S 0.71 S
27 5.38 S 5.37 S 5.38 S
28 5.78 S 5.78 S 5.78 S
6.18 S 6.19 S 6.18 S
29 1.41 S 1.40 S 1.41 S
30 1.41 S 1.40 S 1.41 S
2' 2.76 m
4 2.69 m
6’ 1.47 S

signals for the remaining CH, and CH groups. The coup-
ling constants J (Hz) could only be determined in a limited
number of cases.

The 13C-NMR spectrum of sodagnitin C (3) shows a dis-
tribution of 36 signals over a range from 6 = 15 to 209
(Table 2). According to the DEPT spectrum the signals be-
long to 7 CH3;, 9 CH, (including one exo-methylene group),
8 CH, and 12 quarternary carbon atoms. This result is con-
sistent with the molecular formula CsgHs50049 derived from
the high resolution mass spectrum.

A notable feature is the large number of quarternary car-
bons, of which the two carbonyl signals at 8 = 209.4 and
208.3 could be ascribed to ketone functions, whereas the
signals at 6 = 172.9 and 170.9 are typical for saturated acids
or esters. The signals at 6 = 181.7 and 101.2 (CH, 6y =
5.82) were assigned to the carbons of a donor-acceptor sub-
stituted double bond.

A comparison of the mass spectrum of sodagnitin A (1)
(HR-EI; [M™]: m/z 498.2989, C3qH4,0¢) with that of sodag-
nitin C (3) (HR-APCI; [M* + H]: m/z = 643.3491,
C36Hs5101) reveals a mass difference of 144 (C¢HyO,) that
is indicative of a 3-hydroxy-3-methylglutaric acid (HMG)
residue.

Conjugates of HMG with triterpenoids are known from
other basidiomycetes.¥! Finally, a careful analysis of the 2D
NMR spectra of sodagnitin C, especially the *H,'H COSY,
NOESY, and HMBC correlations (Figure 2) led to the
elucidation of the complete formula.
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The structure of the side chain is supported by compari-
son with the NMR data of known 5,6-dihydro(2H)pyran-
2-ol and 3(2H)furanone derivatives (see below).

The relative configuration of 3 was determined by com-
parison of the NMR data with the corresponding data pub-
lished in the literature (see below) and by analysis of the
NOE spectra (Figure 3). The all-trans configuration of the
tricyclic ring system is revealed by the NOE correlations of
the B-CHs; group at C-10 (6 = 1.24) with the H atom at C-
2 (6 = 5.68) as well as with the $-CH; groups at C-4 and
C-8 (6 = 1.16 and 0.77, respectively). The configuration at
C-13, C-17, and C-27 is suggested from the observed NOE
cross peaks, however, the assignment at C-17 is ambiguous.
The absolute configuration of the sodagnitins is as yet un-
known.

Sodagnitin C (3) was also isolated from C. arcuatorum
and C. cf. calochrous, and its presence in some undeter-
mined Cortinarius samples exhibiting the red alkali reaction
was confirmed by HPLC analysis. The sodagnitins A and
C are present in C. fulvoincarnatus in relatively high
amounts. In contrast, C. sodagnitus contains only very low
concentrations of the six sodagnitins A—F. After determin-
ing the structure of sodagnitin C (3) we are able to propose
formulae for the minor compounds.

Sodagnitin A (1) is derived from sodagnitin C by removal
of the HMG residue. The expected changes of the *H- and
3C-NMR signals were observed at C-1, C-2, and C-3 in
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Table 2. 13C-NMR data of sodagnitin A (1), C (3), and E (5) (150
MHz, in CDCly)

Position 5c 1 mil 5.3 mil 5.5 mlal
1 49.1 t 45.3 t 46.0 t
2 69.3 d 725 d 68.9 d
3 216.2 S 209.4 S 84.2 d
4 47.9 S 49.1 S 39.1 S
5 58.3 d 57.9 d 56.2 d
6 19.9 t 20.1 t 19.2 t
7 40.0 t 40.1 t 40.4 t
8 43.5 S 43.7 S 43.5 S
9 62.4 d 62.6 d 62.9 d
10 37.4 S 37.9 S 37.9 S
11 19.4 t 19.6 t 16.6 t
12 24.8 t 24.9 t 24.8 t
13 52.3 d 52.5 d 52.5 d
14 136.6 S 136.9 S 136.8 S
15 123.3 d 123.4 d 123.1 d
16 30.0 t 30.0 t 30.0 t
17 64.7 d 64.7 d 64.6 d
18 139.1 S 139.1 S 139.1 S
19 181.2 S 181.7 S 181.5 S
20 100.9 d 101.2 d 100.9 d
21 207.6 S 208.3 S 207.6 S
22 87.9 S 88.2 S 87.8 S
23 24.8 q 25.1 q 28.6 q
24 21.0 q 20.8 g 19.3 q
25 16.0 q 16.1 q 16.3 q
26 15.2 q 15.4 g 15.0 q
27 91.9 d 92.0 d 91.9 d
28 121.3 t 121.7 t 121.2 t
29 23.0 q 23.2 q 22.9 q
30 23.0 q 23.2 q 23.0 q
1 170.9 S

2' 45.4 t

3’ 70.1 S

4’ 45.3 t

5’ 172.9 S

6' 27.4 q

[ Multiplicities determined by DEPT sequences

H CH; CHs
CH; HO7 ~07/™~p
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Figure 3. Selected NOE correlations of sodagnitin C (3)

agreement with the data reported for analogous cases in
the literature. 34

A comparison of the high resolution mass spectrum of
sodagnitin A (1) (M*: m/z = 498.2989, C39H.,0¢) with that
of sodagnitin E (5) (M*: m/z = 500.3138, C3,H440¢) indi-
cated that 5 is a dihydro derivative of 1. An inspection of
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the H- and *C-NMR spectra revealed the reduction of the
carbonyl at C-3 to a B-OH group. The observed NMR
shifts are in close accord with those of similar compounds
reported in the literature. ]

The structures of the remaining sodagnitins B (2) (M™:
m/z = 512.2823, C3yH407), D (4) (M* + Na: m/z =
679.3130, C3¢H4s0,1Na) and F (6) (M™*: m/z = 514.2963,
C3oH4,05) could be related to those of the sodagnitins A,
C, and E, respectively, by replacement of the 12-CH, group
by an oxo function. 12-Oxomalabaricane derivatives have
been isolated before from the marine sponges Jaspis stelli-
feral® and Stelletta tenuis.["!

The presence of the same side chain in the sodagnitins
A, B, E, and F is indicated by the formation of a character-
istic intense fragment ion at m/z = 167.0740 (CgH;,05) in
the EIMS that results from retro-Diels—Alder cleavage of
the 5,6-dihydro(2H)pyran ring with concomitant hydrogen
transfer.

Triterpenoids with the malabaricane skeleton (Figure 4)
are already known from the plants Ailanthus malabaricalS!
and Pyrethrum santolinoides® and from two marine
sponges. 1% The sodagnitins differ from these compounds
in their configuration at C-13.

The 5,6-dihydro(2H)pyran-2-ol system of the sodagnitins
is present in luffariolide D from a marine sponge,*? fura-
quinocin G from a Streptomyces species™® and perennipo-
riol from the wood-rotting fungus Perenniporia ochro-
leuca.*¥ The 3(2H)furanone moiety is found in the plant
metabolites bullatenone,*® geiparvarin,*6! and wallemia
C.[*1 The *H- and **C-NMR data of the relevant parts of
these compounds are in excellent agreement with the corre-
sponding signals of the sodagnitins.

Figure 4. Malabaricane

The sodagnitins are colourless, amorphous powders
which can be kept for several months at room temperature.
Addition of alkali to their alcoholic solutions immediately
causes the development of the characteristic red colour,
which persists for several hours. The UV/Vis maximum is
thereby shifted from 292 (log ¢ = 3.78) to 520 nm (4.01).
The colour change can be explained by the formation of a
highly delocalized oxonol-anion 7 for which we propose the
mechanism given in Scheme 1. The reaction is triggered by
addition of a hydroxide anion to the exo-methylene group
of the sodagnitin side chain, followed by a fragmentation
with concomitant opening of the tetrahydropyran ring. The
resulting 1,9-dioxononatriene moiety then gives rise to the
red anion 7. The L. values reported for similar oxonol
anions™® are in good agreement with those of alkaline
solutions of the sodagnitins. A PPP-n-SCF calculation of
the longest wavelength absorption maximum for a geometry
optimised oxonol-anion 8 with an oxygen substituent at C-
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7 (Amax = 520 nm)
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Scheme 1. Proposed mechanism for the red colour reaction of the sodagnitins with alkali

3 yielded Amaxcalc. = 526 nm in excellent agreement with
the experiment.[*9

Biological Activity

Sodagnitin A and C are active against Bacillus subtilis,
Bacillus brevis, and Nematospora coryli at concentrations of
5 ng/disc and higher. Both sodagnitins are cytotoxic against
L1210 tumor cells at concentrations higher than 1 and 5
png/mL, respectively.

Experimental Section

General: Melting points (uncorrected): Reichert hot stage. — Op-
tical rotations: Perkin-Elmer 214. —UV/Vis: Perkin-Elmer Lambda
16. — IR: Perkin-Elmer FT-IR 1000. — NMR: Bruker ARX-300,
AMX-600, and Varian VXR-400 S, in CDCl;, with the solvent
peak as internal standard. — MS: Finnigan MAT 90 and MAT
95Q. EI spectra were obtained at 70 eV. The (+)- and (—)-FAB
spectra were obtained with 5-nitrobenzylic alcohol as matrix. For
Cl-spectra, isobutane was used as reagent gas. — Solid phase ex-
tractions: Chromabond C18 and (OH), cartridges (Macherey-Na-
gel). — TLC: Merck, silica HPTLC plates DIOL Fus, S, 0.2 mm,
solvent system (v/v): toluene/iPrOH, 10:1; red spot with methanolic
KOH. — Gel chromatography: Sephadex LH-20 (Pharmacia). —
Analytical HPLC: Waters 600 E Pump and System Controller with
Photodiode Array Detector 990+. System 1: Knauer Vertex col-
umn 4 X 250 mm, packing material Nucleosil 100 C18, 5 um (Ma-
cherey-Nagel). Eluent A: H,O/CH5CN, 9:1; eluent B: CH;CN. Lin-
ear gradient: 0 min: B 50%, 60 min: B 100%; flow rate 1 mL/min,
detection range 200—400 nm. System 2: Knauer Vertex column 4
X 250 mm, packing material Lichrosorb DIOL, 7 pm (Merck).
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Eluent A: n-hexane/tBuOMe, 5:1; eluent B: tBuOMe/
iPrOH, 5:1. Linear gradient: 0 min: B 50%, 30 min: B 100%, flow
rate 1 mL/min. — Preparative HPLC: Merck Hitachi L 6200 Intelli-
gent Pump and 655A Variable Wavelength UV Monitor. System 1:
Knauer Vertex column 16 X 250 mm, packing material Nucleosil
100 C18, 7 um (Macherey-Nagel). System 2: Knauer Vertex column
16 X 250 mm, Lichrosorb DIOL, 7 um (Merck). Eluents and gradi-
ents as for analytical HPLC. Flow rate 7 mL/min, detection at 290
nm. System 3: Merck column 7 X 250 mm, packing material Lich-
rogel PS 1 (spheric high performance gel), isocratic elution with
tBuOMie, flow rate 0.5 mL/min.

Cortinarius sodagnitus was collected in autumn 1992 and the fol-
lowing years in beech forests on limestone near Karlstadt/Main,
Bavaria. Cortinarius arcuatorum and Cortinarius cf. calochrous were
collected in autumn 1983 and 1988, respectively, in the same region.
C. fulvoincarnatus was found in autumn 1994 in Carpinus betulus
forests on limestone in the Wolfsee nature reserve near Uf-
fenheim, Bavaria.

Isolation of the Sodagnitins A—F (1—6) from C. sodagnitus: 21 ly-
ophilized fruit-bodies (28 g) were extracted (3Xx) with EtOH (700
mL). The combined yellow extracts were evaporated and the oily
orange residue was distributed between EtOAc/H,0. The combined
organic phases were dried (MgSO,), evaporated and dissolved in
iPrOH. Chromatography on Sephadex LH-20 with iPrOH as eluent
afforded several fractions which were monitored by the red-colour
reaction with methanolic KOH. The positive fractions were com-
bined and evaporated to dryness. The yellow oily residue was dis-
solved in tBuOMe and an insoluble white residue (fatty acids, ster-
oids) was removed by filtration through a diol cartridge. Prepara-
tive HPLC (diol phase, system 2) delivered the single crude sodag-
nitins. The final purification of the components was achieved by
gel permeation chromatography on a styrol gel (system 3) and re-
moval of the solvent in vacuo. The pure sodagnitins A—F (1—6)
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were obtained as slightly yellow, oily films by evaporation of the
solvent or as fluffy white powders after lyophilization. The sodagni-
tins are soluble in organic solvents (e.g. MeOH, EtOAc, CHCl;,
and CH3;CN) and are stable at neutral pH. On addition of acids or
bases they are rapidly and irreversibly converted into inseparable
mixtures. All sodagnitins exhibit the characteristic red KOH-reac-
tion. Yields: 5 mg of 1 (0.018%), 2 mg of 2 (0.007%), 5 mg of 3
(0.018%), 1 mg of 4 (0.003%), 2 mg of 5 (0.007%), 0.5 mg of 6
(0.002%). On TLC using DIOL phase the sodagnitins A-F show
decreasing R¢ values.

Isolation of the Sodagnitins A (1) and C (3) from C. fulvoincarnatus:
40 lyophylized fruit-bodies (70 g) were extracted (5X) with EtOAc
(500 mL). The extracts were evaporated to dryness and the residue
dissolved in MeOH. Preliminary purification was performed by
chromatography on Sephadex LH-20 with MeOH as eluent. The
KOH-active fractions were combined and evaporated to dryness.
The yellow oily residue was dissolved in MeOH, filtered through a
RP 18 cartridge and subjected to preparative HPLC (RP 18 phase,
system 1). The pure sodagnitins A and C precipitated after removal
of the CH3CN in vacuo at 40°C. Consecutive freeze-drying of the
aqueous suspension delivered the sodagnitins as fluffy white pow-
ders. Yields: 32 mg of 1 (0.046%), 201 mg of 3 (0.287%).

Isolation of Sodagnitin C (3) from C. arcuatorum: From 3 fresh
fruit-bodies (= 5 g lyophilized) 18 mg (0.36%) of sodagnitin C
were obtained.

Sodagnitin A (1): Amorphous colourless powder. — M.p.
99—-102°C (dec.). — [a]p® = —35 (¢ = 0.41, MeOH). — TLC:
Rf = 0.62. — HPLC: tg = 15.3 min (system 1), 4.5 min (system
2). — UV (MeOH): hnax (I3 €) = 230 nm (3.90), 292 (3.95). — IR
(KBr): ¥ = 3435 cm™? (br. s), 2932 (m, sh), 1702 (s), 1631 (m),
1557 (m), 1458 (w), 1384 (w), 1255 (w), 1176 (m), 1080 (m), 1023
(m). — *H and ¥C NMR (see Tables 1 and 2). — EI-MS; m/z (%):
498 (16) [M "], 480 (100), 465 (25), 452 (19), 447 (12), 332 (14), 263
(12), 245 (51), 167 (36). — (+)-FAB-MS; m/z (%): 499 (19) [M* +
H], 481 (7), 308 (8), 307 (31), 289 (16), 257 (8). — (—)-FAB-MS;
m/z (%): 497 (5) [M~ — H], 459 (9), 307 (11), 306 (55), 305 (48),
304 (11), 199 (22), 168 (34), 166 (11). — CI-MS; m/z (%): 499 (2)
[M* + H], 389 (4), 334 (23), 333 (100), 307 (10), 279 (13), 277 (23),
263 (43), 167 (22). — C3oH,206 : calcd. 498.2981; found 498.2989
(HR-EIMS).

Sodagnitin B (2): Amorphous colourless powder. — M.p.
97-100°C (dec.) — TLC: Rf = 0.50. — HPLC: tg = 6.4 min (sys-
tem 1), 7.7 min (system 2). — UV (MeOH): A (Abs,) = 230
nm (60), 292 (100). — IR (KBr): ¥ = 3436 cm~*(br. s), 2926 (w),
1631 (m, sh), 1384 (w), 1129 (w). — *H NMR (600 MHz, CDCls):
8 =0.91 (s, 3 H), 1.17 (s, 3 H), 1.21 (s, 3 H), 1.27 (s, 3 H), 1.31 (5,
1 H), 1.41 (s, 6 H), 1.8—1.6 (m), 1.92 (ddd, J = 12, 4, 4 Hz, 1 H),
2.4-2.1(m), 2.88 (5,1 H), 3.01 (d, J = 6 Hz, 1 H), 3.63 (d, J = 3
Hz, 1 H), 459 (m, 1 H), 4.79 (dd, J = 7, 7 Hz, 1 H), 5.26 (d, J =
6 Hz, 1 H), 5.76 (s, 1 H), 5.78 (br. s, 1 H), 6.18 (s, 1 H). — *C
NMR (75 MHz, CDCly): & = 16.2 (q), 16.3 (q), 19.7 (t), 21.0 (q),
23.1 (q), 24.7 (9), 27.0 (g), 29.9 (t), 35.7 (t), 36.7 (s), 39.8 (1), 44.3
(s), 47.9 (s), 49.1 (t), 56.5 (d), 57.8 (d), 64.8 (d), 66.0 (d), 69.0 (d),
87.9 (s), 91.3 (d), 100.0 (d), 121.8 (t), 128.7 (d), 130.3 (s), 138.8 (s),
181.1 (s), 207.4 (s), 213.7 (s), 215.3 (5). — EI-MS; m/z (%): 512 (7)
[M*], 494 (31), 479 (14), 466 (19), 451 (9), 346 (11), 273 (17), 244
(100), 231 (52), 193 (69), 177 (37), 167 (37). — (+)-FAB-MS; m/z
(%): 535 (1) [M™* + Na], 513 (12) [M* + H], 495 (16), 307 (23),
289 (12). — (—)-FAB-MS; m/z (%): 511 (3) [M~ — H], 345 (5), 306
(41), 305 (42), 199 (22). — CI-MS; m/z (%): 513 (2) [M* + H], 349
(26), 348 (25), 347 (100), 331 (11), 321 (7), 169 (23), 167 (87) —
C3oH4007 : calcd. 512.2774; found 512.2823 (HR-EIMS).
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Sodagnitin  C (3): Amorphous colourless powder. — M.p.
116—119°C (dec.) — [u]p?* = —15 (c = 1.00, MeOH). — TLC:
Rs = 0.35. — HPLC: tg = 5.7 min (system 1), 12.4 min (system 3).
— UV (MeOH): Amax (Ig €) = 230 nm (3.58), 292 (3.78). — IR
(KBr): v = 3435 cm ™1 (br. s), 2975 (s), 2938 (s), 2877 (w), 1730 (s),
1720 (s), 1705 (s), 1631 (w), 1556 (s), 1458 (w), 1386 (m), 1177 (m,
sh), 1081 (m), 1018 (w). — *H and 3C NMR (see Tables 1 and 2).
— (+)-FAB-MS; m/z (%): 687 (4) [M* — H + 2Na], 666 (23), 665
(57) [M* + Na], 643 (3) [M* + H], 626 (12), 625 (28), 499 (8), 481
(25). — (—)-FAB-MS; m/z (%): 641 (97) [M~ — H], 497 (2), 413
(1), 373 (3), 331 (3), 306 (35), 305 (33). — CI-MS; m/z (%): 289
(10), 271 (9), 145 (100). — (+)-APCI-MS; m/z (%): 643 (88) [M™*
+ H], 625 (100), 513 (39). — C3sH50010. — Calcd. for C3Hs1040:
643.3482; found 643.3491 (HR-APCIMS).

Sodagnitin D (4): Amorphous colourless powder. — M.p.
117—-120°C (dec.) — [a]p®® = +57 (c = 0.06, MeOH). —TLC: R =
0.34. — HPLC: tg = 4.1 min (system 1), 13.8 min (system 3). —
UV (MeOH): Amax (Ig €) = 230 nm (3.70), 292 (3.83). — IR (KBr):
V = 3435 cm™1 (br. s), 2931 (w, sh), 1723 (m, sh), 1631 (m), 1557
(w), 1384 (w), 1178 (w), 1127 (w), 1081 (w), 1029 (w). — *H NMR
(600 MHz, CDClj): 8 = 0.89 (s, 3 H), 1.15 (s, 3 H), 1.17 (s, 3 H),
1.27 (s, 1 H), 1.29 (s, 3 H), 1.39 (s, 6 H), 1.48 (s, 3 H), 1.57 (m),
1.69 (m, 2 H), 1.91 (d, J = 12 Hz, 1 H), 2.10 (dd, J = 12, 6 Hz, 1
H), 2.20 (m), 2.33 (m, 2 H), 2.66 (m, 2 H), 2.74 (m, 2 H), 2.87 (s,
1 H), 3.05(m, 1 H), 4.76 (dd, J = 7,7 Hz, 1 H), 5.24 (s, 1 H), 5.71
(dd, J = 13,6 Hz, 1 H), 5.74 (br. s, 1 H), 5.76 (s, 1 H), 6.17 (s, 1
H). — (+)-FAB-MS; m/z (%): 679 (12) [M™" + Na], 657 (2) [M* +
H], 639 (19), 495(2). — (—)-FAB-MS; m/z (%): 655 (38) [M~ — H],
511 (0.3). — CI-MS; m/z (%): 349 (0.4), 347 (0.6), 321 (0.8), 289
(0.5), 285 (0.6), 279 (0.9), 271 (0.5), 145 (100), 127 (23), 101 (16).
— CagHug01;. —- Calced. for C3Hzg04:Na [M™ + Naj: 679.3094;
found: 679.3130 (HR-ESIMS).

Sodagnitin  E (5): Amorphous colourless powder. — M.p.
105—-108°C (dec.). — TLC: Ry = 0.25. — HPLC: tg = 9.1 min
(system 1), 8.5 min (system 2). — UV (MeOH): L (Ig €) = 230
nm (3.37), 292 (3.49). — IR (KBr): ¥ = 3435 cm~* (br. s), 2929 (w,
sh), 1686 (m), 1631 (m, sh), 1558 (w), 1457 (w), 1384 (w), 1177 (w),
1077 (w), 1044 (w). — *H and *C NMR (see Tables 1 and 2). —
EI-MS; m/z (%): 500 (15), 482 (21), 277 (13), 263 (26), 245 (19),
233 (27), 223 (18), 205 (36), 193 (22), 177 (37), 167 (42); (+)-FAB-
MS; m/z (%): 523 (6) [M* + Na], 503 (5), 502 (19), 501 (56) [M*
+ H], 500 (5) [M™], 499 (7), 484 (15), 483 (41), 395 (19), 377 (19),
307 (19), 289 (17). — (—)-FAB-MS; m/z (%): 499 (7) [M~ — H],
333 (5), 306 (25), 305 (26), 199 (15). — CI-MS (isobutane); m/z (%):
501 (0.3) [M™* + H], 335 (17), 317 (26), 277 (13), 169 (21), 167 (45),
145 (100). — CzoH440¢: calcd. 500.3138; found 500.3138 (HR-
EIMS).

Sodagnitin  F (6): Amorphous colourless powder. — M.p.
115—118°C (dec.). — TLC: Ry = 0.21. — HPLC: tg = 4.9 min
(system 1), 13.6 min (system 2). — UV (MeOH): Anax (Ig €) = 230
nm (3.46), 292 (3.56). — IR (KBr): ¥ = 3435 cm™* (br. s), 2925
(w), 1720 (m), 1681 (m), 1631 (m, sh), 1558 (w), 1384 (w), 1178
(w), 1130 (w), 1045 (w). — *H NMR (600 MHz, CDCl5): § = 0.83
(s, 3 H), 0.86 (s, 3 H), 0.98 (s, 3 H), 1.04 (s, 3 H), 1.39 (s, 6 H),
1.67 (dd, J = 14, 7 Hz, 1 H), 1.71 (m, 1 H), 1.85 (m, 2 H), 2.11
(m), 2.21 (dd, J = 18, 7 Hz, 1 H), 2.33 (m, 2 H), 2.86 (s, 1 H), 2.99
(d,J =6 Hz, 1 H), 3.03 (dd, J = 9, 1 Hz, 1 H), 3.74 (m, 1 H),
4.76 (dd, J = 7, 7 Hz, 1 H), 5.23 (d, J = 6 Hz, 1 H), 5.73 (d, J =
8 Hz, 1 H), 5.75 (s, 1 H), 5.77 (s, 1 H), 6.16 (s, 1 H). — EI-MS;
m/z (%): 514 (6) [M*], 496 (30), 481 (11), 467 (5), 348 (19), 291
(10), 273 (17), 249 (21), 244 (67), 231 (41), 205 (91), 193 (100), 177
(30), 167 (45). — (+)-FAB-MS; m/z (%): 537 (1) [M* + Na], 515
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(5) [M* + H], 498 (4), 497 (11), 307 (28), 290 (10), 289 (21), 273
(13). — (—)-FAB-MS; m/z (%): 513 (3) [M~ — H], 459 (12), 458
(7), 347 (3), 307 (11), 306 (60), 305 (48), 304 (11). — CgzoH4,0+:
calcd. 514.2931; found 514.2963 (HR-EIMS).
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