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Abstract - Two pungent 2H-azepines, chalciporone (1) and
norchalciporyl propionate (2), were isolated from ethyl
acetate extracts of fruit-bodies of the fungus Chalciporus

iperatus, together with the related but nonpungent 3H-azepi-
nes isochalciporone (3) and debydroisochalciporone (4.

Fruit-bodies of the "Pfefferrdhrling” Chalciporus piperatus (Bull. ex Fr.) Bat.
(Basidiomycetes) are distingulshed from other boletes by their peppery taste asm
well as by lemon-yellow coloured stem bases. We have investigated the chemical
background for both of these characteristics, and in this paper we report on the
isolation and structural elucidation of the pungent” principles. Pungent tasting
extracts were prepared from both frozen and fresh fruit-bodies, and the extracts
wore subjected to column and preparative thin layer chromatography (tlec). Large
amounts of the common fungal steroid ergosterol were excluded from the extracts
by Al_0_ chromatography, and the major component of the remainings, chalciporone
(1), cold be isolated by silica gel chromatography. 1 is a very pungent com-
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pound: a few ug applied on the tongue i1s sufficlent to cause an intense burning
sensation. In addition, small amounts of norchalciporyl propionate (2), which
is approximately as pungent as 1, various amounts of the nonpungent isochalci-
porone (3), and small amounts of the nonpungent dehydroisochalciporone (4)

were 1solated.

Chalciporone (1) spontaneously isomerizes to isochalciporone (3), for example
during prolonged NMR experiments in CDCl_ solution at room temperature. Further
derivatives were prepared by KBH reduction of 1 which ylelded the alcohol 5,
and by hydrogenation of iaochalciporone (3) to form the perhydro derivative 6
(see Scheme 1).
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Scheme 1

Spectral data (including the high resolution mass spectrum) and elemental
anal¥§ia established the atomic composition of chalciporone (1) as C 6H21N0.
The C NMR and IR spectra indicated the presence of a saturated keto functiona-
1lity, and the fragmentation pattern of both 1 and its dihydro derivative 5
guggested that the carbonyl group is part of a 3-oxopentyl chain. Double reso~
nance H NMR experiments showed that this moiety in turn is linked to a
~CH=CH-CH=CH-~ chain, resulting in a 7-oxonona-1,3-dienyl residue. The presence of
such a nine-carbon chain was alio supported by the fact that the MS base peak of
the perhydro derivative 6 was M - C H 0 (M - (CH ) COCH CH ), The odd number
of olefinic carbon signals found in 2hl7proton nois§ gecou%leg 130 NMR spectrum
of 1 suggested that the nitrogen is part of an imine functionality, and two cha-
racteristic carbon signals (a singlet at& =161 and a dou?le% at 55 ppm) indica-
ted that the imino group is fully substituted. H- H and H- “C correlation expe-
riments showed that the saturated carbon atom bound to the nitrogen is further
connected to a methyl group and a -CH=CH-CH=CH- unit. In the 1B NMR of the isomer
isochalciporone (3), this methyl group (C-1) was shifted downfield and has be-
come a singlet, indicating that the carbon (C-2) binding the methyl group has be-
come olefinic. The strong optical activity of chalciporone (1) is totally lost



Novel azepine derivatives 1077

Table 1. 'H NMR data of chalciporone 1, oxychalciporone 2, isochalciporone
3 and dehydroisochalciporone 4, & in ppm and J in Hz. The spectra
were recorded at 400 MHz in CDCl3 with TMS as internal standard.

1 2 3 4
H § mult. 3 § mult J §  mult. J §  mult. J
1 1.623 d; 6.5 1.60; d; 6.6 2.12; s; 2.23; s
2 2.92; dg; 6.5, 5.2 2.94; dq; 6.6, 5.4 - - - - - -
3 5.67; dd; 5.2, 9.2 5.64; dd; 5.4, 9.3 5.93; d; 6.4 6.06; d; 6.7
4 6.23; dd; 9.2, 5.2 6.22; m; 6.18; dd; 6.4, 8.8 6.30; dd; 6.7, B.8
5 6.83; dd; 5.2, 11.4 6.82; dd; 5.1, 11.5 5.04; dt; 8.8, 6.8 5.15; dt; 8.8, 6.8
6 7.09; d; 11.a 7.08; d; 11.5 a a
8 6.27; d; 16.0 6.33; d; 15.9 6.07; d; 15.4 6.40; d; 15.5
9  6.63; dd; 16.0, 10.5 6.63; dd; 15.9, 10.5 6.78; dd; 15.4, 10.8 6.96; dd; 15.5, 10.8
10  6.165 dd; 10.5, 15.2 6.22; m; 6.09; dd; 10.8, 15.2 6.68; dd; 10.8, 15.0
11 5.87; dt; 15.2, 7 5.81; dt; 15.1, 7 5.87; dt; 15.2, 6.9 6.52; dd; 15.0, 11.0
12 2.40; m; 2.44; dq; 7, 6.6 2.35; m; 7.21; dd; 11.0, 15.5
13 2.53; t; 7.0 4.11; t; 6.6 2.53; t; 6.1 6.24; d; 15.5
15  2.40; m; 2.29; q; 7.6 2.35; m; 2.6l; q; 7.3
16 1.07; t; 7.2 1.10; t; 7.6 0.98; t; 7.3 1.12; t; 7.3

upon isomerization to 3, and this is in accordance with the loss of the asym-
metry at C-2. The structural elucidation of 3 was greatly ggcilitated by its re-
lative stability which permitted the recording of coupled C NMR spectra with
selective irradiation of pertinent proton frequencies. In addition, a large NOE
was observed on 3-H when the C-1 protons were irradiated. The H NMR spectrum of
norchalciporyl propionate (2) showed almost exactly the same signals as that of
1 (see Table 1), the only difference being a downfield shift of the 13-H
triplet. The MS indicated the presence of an extra oxygen, and the fragmentation
pattern suggested that the keto functionality has been replaced by an ester.
This was nicely confirmed by the_IR epec?rum (neat) in which the carbonyl signal
was shifted from 1705 to 1735 cm . The H NMR spectrum of dehydroisochalciporone
(4), on the other hand, was very similar to that of isochalciporone (3),

the major differences being ascribed to the replacement of the -CHz—CH2- unit of
C-12 and C-13 by a -CH=CH- unit. All other spectroscopic data (IR, UV, MS) were
also in accordance with the suggested structure.

In the H NMR spectra of isochalciporone (3) and dehydroisochalciporone (4),
the signals for C-6 protons are not observable, although the integral suggested
%he1gresence of extremely broad signals at about 6 =2.5 ppm. Furthermore, in the

H- “C correlation spectrum of 3, no signal for C-6 appeared. These observations
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Table 2. '3C NMR data of chalciporone 1 and isochalciporone 3 (100.2 MHz,
in CDClB, with TMS as internal standard).

1 3
Carbon § (ppm) mult. J (Hz) § (ppr) mult. J (Hz)
1 21.4 qd 126, &4 24.3 qd 127, &
2 54.8 ddq 134, 4, 4 149.6 dqd 7, 7, 2
3 135.8 ddt 160, 6, 6 113.6 ddqd 155, 9, 4, 1
4 126.4 ddd 159, 11, 5 127.4 dt 156, 6
5 136.7 dd 155, 11 114.2 ddt 163, 6, 6
6 129.2 ddd 156, 8, & 32.6 tddd 133, 9, 6, 4
7 161.4 m 143.3 dt 5, 5
8 130.5 dd 155, 3 130.4 dd 156, 4
9 136.0 ddd 150, 7, 3 137.1 ddd 151, 8, 3
10 130.3 dm 151 130.2 dm 149
11 136.3 dm 151 137.7 dm 151
12 26.5 tm 129 26.7 tm 128
13 41.0 tm 125 41.0 tm 125
14 209.6 m 209.7 m
15 35.5 tq 125, & 35.6 tq 124, &
16 7.4 qt 127, 4 7.4 qt 127, 4

indicated that the azepine ring is capable of ring inversion. Conseguently, when
the H NMR spectrum of 3 was recorded at -63 and 55 °C in CDC1_, the signals

for the C-6 protons appeared as two double doublets at8=1.35 and 3.96 ppm, and
as a broad singlet at 6 =2,62 ppr (see Figure 1). The coalescence temperature was
found to be 2 t1 °C, and 4G = 49.4 kJ/mol. Upon irradiating 5-H (§=5.04 ppm) at
-63 OC, the signals for C-6 protons appeared as two doublets with J=11 Hz (see
Figure 1). Almost identical observations have previously been reported for simi-
lar 3H-azeplnes .

For azepines, the order of stability is known to be 3H>{H>2H, and 2H-aze-
pines are well known to be unstable compgunds that via consecutive 1,5-H shifts
readily rearrange to more stable isomers . The fact that only isochalciporone
(3) is formed from chalciporone (1) (the isomerization was followed by tlc
and H NMR), indicates that the most stable isomer is obtained by a single 1,5-H
shift . The ready isomerization of 1 raises the queation of whether 3 is a
true natural product or if it is formed during the extraction and isolation pro-
cedures. Actually, when young and seemingly unaffected specimens of C. piperatus
were collected with great care, extracted rapidly, and investigated immediately
by tlec, no trace of isochalciporone (3) was seen. However, when specimens were
collected the normal way and not handled with extreme care, the fruit-bodies
contain significant amounts of 3. Dehydroisochalciporone (4) was always found
to be present in small amounta in crude extracts. This ia probably also the case
for norchaleiporyl propionate (2), although the large initial amount of ergo-
sterol makes the tlc analysis uncertain. It is interesting to note that the pun-
gency of chalciporone (1) is completely lost upon isomerization to isochalci-
porone (3). In 1 the pungency is obviously linked to the 2H-azepine part of
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Figure 1. The pertinent parts of the 1H NMR apegtra {400 MHz) of isochalciporons
{3) recorded at A ~63, B 2, and ¢ 55 “C. The aignals for the C-6
protons appear as two doubls douglets at 6=1.35 and 3.96 ppm st
-63° C, are not observable at 2 s+ and appear as s broad singlet at
55 “C. Irradiation of the 5-H signal (6=5.04 ppm) resulted in the col~
lapse of the signals for the C-6 protons into two doublets, shown
separately in spectrum A.
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the molecule. Reduction of the keto function with KBH resulted in a separable
mixture of two diastereomers of alcchol 5, and both isomers wers approximately
as pungent as 1. Whether 2H-azepines are pungent in general, or if a certain
substitution pattern (as in compounds 1, 2 and 5) is required, is not known.
Pungent compounds have been isolated from a_variety of organisms, which may
use them to discourage parasites and predators . In the fruit-bodies of peppery
Russulacese species (genera Lactarius and Russula), the enzymatic formation

of pungent unsaturated dialdehyde sesquiterpenes, as & responge to physical da-
mage, appears to constitute a refined chemical defense system . No enzymatic
conversions of the azepines were observed in C. piperatus, nevertheless, the
presence of pungent compounds may offer a protection for the fruit-bodies. Si-
milar to the pungent sesquiterpenes of the Russulaceae species, chalciporone (1)
shows high antimicrobial activity , and fruit-bodies of (. piperatus that have
been attacked and damaged by parasites are rarely observed {contrary to most
mushrooms). Interestingly however, in spite of their pungency to man, the fruit-
bodies of C. piperatus were not found to be distasteful to the opossum (Didel-
phis virginiana) which is a natural fungivore.

The azepines isolated from C.piperatus represent a new type of natural pro-
ducts. A yellow dihydroazepine derivative, muscaflavin, has been isolated from
fruit-bodies of Amanita muscaria and from several Hygrocybe species . How-
ever, muscaflavin has been shown to be biogenetically derived from dihydroxyphe-
nylalanine, and this ie clearly not the case for the azepines discussed above.
Previous investigations of Chalciporus piperatus hav? yielded several pulvinic
acid derivatives, e.g. the red-violet variegatorubin .

EXPERIMENTAL

Fruit-bodies of Chalciporus piperatus were collected near Bonn in the autumns of 1984 and 1986.
Those collected in 1984 were kept at -20 °C for 15 monthe before they were extracted, while those
obtained in 1986 were extracted immediately. The fruit-bodies were ground in a turbomixer with
ethyl acetate (2 1/kg), whereafter the ethyl acetate phases were dried with Na280 and evaporated
to dryness. The crude extract was subjected to chromatography on an Alzo colum eluted with
diethyl ether:petroleum ether 1:1, the azepines 1-4 were eluted as a ure while ergo-
sterol remained on the column. The azepine mixture was then separated by repeated colum and
preparative thin layer chromatography on Si0_. Column chromatography was performed on "Merck
Aluminiumoxid 90, standardized according to Brockmann, activity IT-III" (0.063-0.200 mm, water
content 4%), and "™erck Lobar pre packed” silica gel colums eluted with ethyl acetate:petroleum
ether mixtures. Preparative tlc was performed on "™erck DC Fertigplatten, Kieselgel 6C* {layer
thickness 0.25 mm) with diethyl ether, or ethyl acetate:petroleum ether mixtures containing 5%
methanol. Analytical tlc was performed on "Merck DC Alufolien, Kieselgel 60" with ethyl ether. H
and ~C NMR spectra were obtained on a Bruker WM 400 spectrometer in CDCl_ solutions with tetra-
mothylsilane as the internal standard. The coupling constants J are given in Hz. IR spectra were
recorded on a Perkin Elmer 1420 instrument. UV spectra were taken with a Varian Cary 17 spectro-
meter. High resclution mass spectra were obtained on an AET MS 50 instrument.

2-Methyl-7-(7-oxonona-1,3-dienyl)-2H-azepine (chaleiporone, 1)
1 was isolated as a slightly yellow oil {approx. 50 mg/kg fresh mushroom}. RF 0.35.
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[u]22 452 ° (c 1.3 1n diethyl ether). UV (ethanol) ) (€): 253 (21.000), 260 (infl.), 270
in?l.) and 315 nm (infl.). IR (neat): 2970, 1705, 15’7%? 1530, 1370, 1240, 1110, 990 and 745 cm-1.
H NMR see Table 1. (2 NMR see Table 2. MS, m/z: 243.1623 (M, 5%, calculated for C1 H21N0
243.1623), 186 (13%8) M - CHO, 172 (153) M - C H O, 158 (100Z) M - C H 0, 144 (10%), 79 (24%).
Elemental analysis: Calculageg for C16H21N0: C '781:7';, H 8.70; Found C 78?73, H 8.53%.
2-Msthyl-7-(6-propionoxyhexa-1,3~dienyl)-2H-azepine (norchalciporyl propionate, 2) 2

2 was isolated as a slightly yellow oil (approx. 2 mg/kg fresh mushroom). R_ 0.39. [OL]D ~290
(c 0.2 in diethyl ether). UV (ethanol) Amx (€): 246 (15.900)1 26(1) (infl.) and 270 nm (infl.).
IR (neat): 3960, 2930, 1735, 1460, 1370, 1180, 990 and 745 cm ‘Y H MR see Table 1. MS, m/z:
259.1516 (M+, 6%, calculated for C._H NO_ 259.1572), 244 (2%) M - CH , 202 (2Z) M -CHO,

% 21 2 35
186 M -CHO, 197) M- 50, 1 M -CHO 100%).
(242) 0,0 172 (199) 0,0 158 (542) E0, 3 (1002)

o

7-Methyl-2-(7—oxonona-1,3-dienyl)-3H~azepine (isochalciporone, 3)

3 was isolated as a yellow oil. Spontanecus isomerization of 1 in CDCl_ solution at room tem-
perature ylelded 3 as the only idemtifiable product. R_ 0.65. UV (ethanol? A (€): 241 (28.000),
246 (infl.), 292 (11_.1.700) and 328 nm (infl.). IR (neaJ: 2970, 1705, 1565, 1%, 1200, 1110,

990, 755 and 720 cm . H NMR see Table 1. 2 NMR see Table 2. MS, m/z: 243.1628 (M , 5%,
cg.lculated for 016H 1No 243.1623), 186 (53) M - C H O, 172 (9%) M - C H 0, 158 (100%)

M -CHO, @ (17%?. Elemental analysis: Calculated for C16H21NO: C 78.97, H 8.70; Found
C 79.06, H 8.65%.

7-Methyl-R-(7-oxonona-1,3,5-trienyl)-3H-azepine (dehydrochalciporone, 4)

4 was isolated as an intensely yellow oil (approx. 2 mg/kg fresh mushroom). R_ 0.67. UV
(ethanol) Amx (g): 226 £21.§00), 285 (infl.) and 338 nm (23.000). IR (neat): 2970, 1650, 1600,
1400, 1170, 1000, 750 cw . H N¥R see Table 1. MS, m/z: 241.1460 (M , 823, calculated for
C. H NO 241.1467), 226 (20%) M - CH_, 212 (163) M - C2H5’ 184 (100Z) M - C3H50’ 158 (34%)

16 1
M - 5370, 106 (16%) M - cgﬂ”o, 797 (54%).

7-Methyl-2-(7-hydroxynona-1,3~dienyl)-3H-azepine (5)

5 was obtained by KBH reduction of 1 in EtOH and separation of the diastereomeric mixture
by preparative tlc chromatography. The data are given for the diastereomer that is less polar
in the analytical tle system. R_ 0.20. H;‘;Z -351 ° (c 0.9 in diethyl ether) OV (sthanol)

A (E): 253 nm (21.000). IR (neat): 3350, 2960,2930, 1570, 1375 and 990 cm . HNWR:

max

7.10, 4, 6-H, J_ =11.5; 6.83, dad, 5-H, I, 51 I 115 6.64, dd, 9-H, dd, J_ _=15.9,
To1010+55 6.22?611, 8-H, J8_9=16.2; 6.21, gd, BT 9.2, 5, 5.2 6.16, ad, 10-H,
J7 7=10.3, I =15.4; 5.89, dt, 11-H, J__ =15, =75 5. = =5,
ouo10-3s Iy <1545 5.89, db, 11K, T, =15.2,°3) | =75 '5.65, ad, 3H, Jz_gof 0,

3, 9°35 353, m, Ut 2.95, m, 2-H; 2.24, m, 12-H,, 1.61, d, 1B, J =6.6; 1.80-1.36, u,

130 and 1505 0,93, ¢, 160, I 7.2 ¥, /3 251777 (M, 23%, calculated for

’
016}{23110 245.1780), 230 (5%), 316 Bi}, 186 (20%), 172 (15%) and 158 (100%).

7-Methyl-2-(7-oxononyl)~perhydroazepine {6)

6 was obtained as a colourless oil as the only product by hydrogenation of 3 with Pd as
_C1<’=1faa11YSt- UV (ethanol): no maxima above 210 nm. IR (neat): 2930, 1710, 1450, 1370 and 1130
cm . HMNMR: 2.74 and 2.56, m, 2-H and 7-H; 2.37, m, 13-H_ and 15-H ; 1.80~1.10, m, 3-H , I.—Hz,

5—H2, 6-}{2, %Hz, 9—H2, 10-H_, 11-H_and 12-H ; 1.06, 4, 1-H_, J1_2 .53 1.02, ¢, 16-H_,

J15_16=’7.5. C NMR: 211.7 C-14; 59.0 and 54.8 C~4 and C-7; iZ-/u 38.9, 38.0, 36.8, 35.8, 29.5,
29.2, 26.5, 25.4, 25.3, 24.1 and 23.9 G—l, ¢-3, ¢-4, ¢-5, c-6, c-8, ¢-9, C-10, C-11, C-12, 01-13
and C-15; 7.8 C-1$. MS, m/z: 253.2392 (M, 2%, calculated for C16H 1N0 253.2405), Z?1.+(6X) M -
CH, 182 (11M%) M ~CHO, 126 (12%7) M - cea 0, 125 (46%), 124 %11:), 112 (100%) M - CH O,

1507 (142), 57 (11%), 5% (12%). 1 917
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