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Abetract - Two pungent 2&azepines, chalciporone (1) and 
norchalciporyl propionate (2), were ieolated from ethyl 
acetate extracts of fruit-bodies of the fungus Chalcinorue 
piDeratut3, together with the related but nonpungent 3H-azepi- 
nea iaochalciporone (3) and dehydroiaochalciporone (4r. 

Fruit-bodies of the nPfefferrahrlingn Chalciporus niperatue (Bull. ex Fr.) Bat. 

(Baeidiomycetes) are distinguished from other boletee by their peppery taste as 

well as by lemon-yellow coloured stem bases. We have inveetigated the chemical 

background for both of these characteristics, and i'; this paper we report on the 

isolation and structural elucidation of the pungent principles. Pungent tasting 

extracta were prepared from both frozen and fresh fruit-bodies, and the extracts 

were subjected to column and preparative thin layer chromatography (tic). Large 

amounts of the common fungal steroid ergoeterol were excluded from the extracts 

by Al 0 chromatography, and the major component of the remaininga, chalclporone 

(l), $ohld be isolated by eilica gel chromatography. 1 ie a very pungent com- 
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pound: a few sg applied on the tongue is sufficient 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 (31, and small amounta of the nonpungent dehydroisochalclporone (4) 

were isolated. 

Chalciporone (1) spontaneously isomerlses to ieochalciporone (3), for example 

during prolonged NMR experiments in CDCl solution at room temperature. Further 

derivatives were prepared by KBH reduct 4 on of 1 which yielded the alcohol 5, 

and by hydrogenation of isochalc f porone (3) to form the perhydro derivative 6 

(eee Scheme 1). 

1 

I KBH4 

5 

Scheme 1 

\ 

3 

I H2/Pd 

6 

Spectral data (Including the high resolution mass spectrum) and elemental 

anal eis established the atomic composition of chalciporone (1) as C 

The 
;rs 

H 
16 21 

NO. 

C NMR and IR spectra Indicated the presence of a saturated keto functiona- 

lity, and the fragmentation pattern of both 1 and its dihydro derivative 5 

suggested that the carbonyl group is part of a 3-oxopentyl chain. Double reeo- 

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 alto supported ty the fact that the MS base peak of 

the perhydro derivative 6 was M - C H,70 

9 

(M - (CR2)6~~~~2~~ ) The odd number 

of olefinic carbon signals found in he proton noise decouple a j3 C NMR spectrum 

of 1 suggested that the niirogen ia part of an imine functionality, and two cha- 

racteristic carbon signals (a singlet at6 =161,and a doublet at 55 ppm) indica- 

ted that the imino group is fully eubstituted. 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 'H NMR of the Isomer 

ieochalciporone (3), this methyl group (C-l) 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 
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Table 1. ‘II NMR data of chalciporone 1, oxychalciporone 2, isochalciporone 
3 and dehydroieochalciporone 4, I in ppm and J In Hs. The spectra 
were recorded at 400 MHz in CDC13 with TM ae internal standard. 
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1 2 3 4 

H 6 mu1t. J 6 mult. J 6 mult. J 6 mult. J 

1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

15 

16 

1.62; d; 6.5 

2.92; dq; 6.5, 5.2 

5.67; dd; 5.2, 9.2 

6.23; dd; 9.2, 

6.83; dd; 5.2, 

7.09; d; 11.4 

6.27; d; 16.0 

6.63; dd; 16.0, 

5.2 

1.4 

6.16; dd; 10.5, 15.2 

5.87; dt; 15.2, 7 

2.40; m; 

2.53; t; 7.0 

2.40; m; 

1.07; t; 7.2 

1.60; d; 6.6 

2.94; dq; 6.6, 5.4 

5.64; dd; 5.4, 9.3 

6.22; m; 

6.82; dd; 5.1, 11.5 

7.00; d; 11.5 

6.33; d; 15.9 

6.63; dd; 15.9, 10.5 

6.22; m; 

5.81; dt; 15.1, 7 

2.44; dq; 7, 6.6 

4.11; t; 6.6 

2.29; q; 7.6 

1.10; t; 7.6 

2.12; s; 

_ - 

5.93; d; 6.4 

6.18; dd; 6.4, 8.8 

5.04; dt; 8.8, 6.8 

a 

6.07; d; 15.4 

6.78; dd; 15.4, 10.8 

6.09; dd; 10.8, 15.2 

5.07; dt; 15.2, 6.9 

2.35; m; 

2.53; t; 6.1 

2.35; m; 

0.96; t; 7.3 

2.23; s 

_- 

6.06; d; 6.7 

6.30; dd; 6.7, 8.8 

5.15; dt; 8.13, 6.8 

a 

6.40; d; 15.5 

6.96; dd; 15.5, 10.8 

6.68; dd; 10.8, 15.0 

6.52; dd; 15.0, 11.0 

7.21; dd; 11.0, 15.5 

6.24; d; 15.5 

2.61; q; 7.3 

1.12; t; 7.3 

a/ See text and figure 1. 

upon isomerization to 3, and this ie in accordance with the lose of the asym- 

metry at C-2. The etructural elucidation of 3 was greatly acilitated by its re- 

lative stability which permitted the recording of coupled 
73 

C NMR spectra with 

selective Irradiation of pertinent proton frequencies. In addition, a large NOE 

wae observed on 3-H when the C-l protons were irradiated. The 'H NMR spectrum of 

norchalciporyl propionate (2) showed almost exactly the same signals as that of 

1 (see Table l), the only difference being a downfield shift of the 13-H 

triplet. The MS indicated the preeence of an extra oxygen, and the fragmzntation 

pattern suggested that the keto functionality has been replaced by an ester. 

This was nicely confirmed by the_fR epec;trum (neat) in which the carbonyl signal 

was shifted from 1705 to 1735 cm . The A NMR epectrum of dehydroisochalciporone 

(4), on the other hand, was very similar to that of ieochalciporone (31, 

the major differences being ascribed to the replacement of the -CH2-CH - unit of 

C-12 and C-13 by a -CH=CH- unit. All other spectroscopic data (IR, UV,2MS) were 

also in acTordance with the suggested structure. 

In the H NMR epectra of isochalciporone (3) and dehydroieochalciporone (41, 

the signals for C-6 protons are not observable, although the integral euggested 

the 
1 13 

resence of extremely broad signals at aboutd=2.5 ppm. Furthermore, in the 

H- C correlation epectrum of 3, no signal for C-6 appeared. These observations 
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Table 2. 13C NMR data of chalclporone 1 and isochalciporone 3 (100.2 HAz, 
in CDC13, with THS as internal standard). 

1 3 

Carbon 6 (ppm) mult. J (Hz) 6 (PPK) mult. J (Hz) 

2 

4 

6 

8 
9 

10 

11 

12 

13 

14 

15 

16 

21.4 qd 

54.8 ddq 

135.8 ddt 

126.4 ddd 

136.7 dd 

129.2 ddd 

161.4 m 

130.5 dd 

136.0 ddd 

130.3 dm 

136.3 dm 

26.5 tm 

41.0 tm 

209.6 m 

35.5 tq 

7.4 qt 

126, 4 

134, 4, 4 

160, 6, 6 

159, 11, 5 

155, 11 

156, 8, 4 

155, 3 

150, 7, 3 

151 

151 

129 

125 

125, 4 

127, 4 

24.3 qd 
149.6 dqd 
113.6 ddqd 

127.4 dt 

114.2 ddt 

32.6 tddd 

143.3 dt 

130.4 dd 

137.1 ddd 

130.2 dm 

137.7 dm 

26.7 tm 

41.0 tm 

209.7 m 

35.6 tq 

7.4 qt 

127, 4 

7, 7, 2 

155, 9, 4, 1 

156, 6 

163, 6, 6 

133, 9, 6, 4 

5, 5 

156, 4 

151, 8, 3 

149 

151 

128 

125 

124, 4 

127, 4 

indilcated that the azeplne ring ie capable of ring inversion. Consequently, when 

the Ii NMR spectrum of 3 waB recorded at -63 and 55 'C in CDCl , the signals 

for the C-6 protons appeared as two double doublets ats=1.35 2nd 3.96 ppm, and 

aa a broad singlet at6 =2.62 ppm (see Figure 1). The coalescence temperature was 
0 

found to be 2 tl C, and AG = 49.4 kJ/mol. Upon irradiating 5-H (6=5.04 ppm) at 

-63 'C, the signals for C-6 protons appeared as two doublets with J=ll Hz (eee 

Figure 1). Almoet identical observations have previously been reported for simi- 

lar 3B-azepines5. 

For azepines, the order of stability is known to be 3R7@>2II, and 2I&ase- 

pinea are well known to be unstable camp unde 
LZ 

that a consecutive 1,5-H shifts 

readily rearrange to more stable isomer8 . The fact that only isochalciporone 

(3) ie formed from chalciporone (1) (the ieomerization was followed by tic 

and 'II NMR), indicates that the most stable ieomer is obtained by a eingle 1,5-H 

shift'. The ready isomerization of 1 raise8 the question 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. niveratus 

were collected with great care, extracted rapidly, and investigated immediately 

by tic, 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 amounta of 3. Dehydroieochalclporone (4) wae always found 

to be present in small amounts in crude extracta. This ia probably aleo the case 

for norchalciporyl propionate (2), although the large initial amount of ergo- 

sterol makea the tic analysis uncertain. It is intereetlng to note that the pun- 

gency of chalciporone (1) Is completely lost upon ieomerlzatlon to isochalci- 

porone (3). In 1 the pungency is obviously linked to the 2g-azepine part of 
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c 

8.. _ *. *. . r.. . . . . _ 1 +- 

3 2 1 4 

Figure 1. The pertinent parts of the 'H NMR epe@k 1400 MHz) of isochafciporone 
(3) recorded at A -63, B 2, and C 55 C. The signals for the C-6 
prot8ns appear as two double douI@ete at 6~1.35 and 3.96 ppm at 
-63, C, are not observable at 2 C, and appear as a broad singlet at 
55 C. Irradiation of the 5-H signal t&=5.04 ppa) resulted in the col- 
lapse of the signala 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 diaetereomers of alcohol 5, and both iffomere were approximately 

as pungent aa f. Whether 2&-azepines are pungent in general, or if 8 certain 

substitution pattern (as in compound% 1, 2 and 5) is required, is not known. 

Pungent compounds have been isolated from aSvariety of organisms, which may 

use them to discourage parasite% and predators . In the fruit-bodies of peppery 

Ru%%d8C%%% epecies (genera Lactarius and Ruesula), the enzymatic formation 

of pungent uneaturated dialdehyde aesquiterpenee, ae a respon;e to physical da- 

mage, appears to constitute a refined chemical defense aystem . No enzymatic 

conversions of the azapinea were observed in C. viperatue, nevertheless, the 

presence of pungent compounds may offer a protection for the fruit-bodies. Si- 

milar to the pungent eesquiterpen?; of the Ruaeulaceee species, chalciporone (1) 

shows high antimicrobial activity , and fruit-bodies of C. piperatue that have 

been attacked and damaged by paraeites are rarely observed (contrary to moat 

mushrooms). Interestingly honever, in spite of their pungency to man, the frult- 

bodies of C. piperatus Were not found to be di%ta%tefUl to the opossum (Didel- 

phis virginiana) 
11 

which is a natural fungivore. 

The aaepinea iaolated from C.piperatu% represent a new type of natural pro- 

duct%. A yellow dihydroazepine derivative, muecaflavin, has been i%g;Sated from 

fruit-bodice of Amanita muacaria and from eeveral Hyarocybe species . How- 

ever, muscaflavin hae bean shown to be biogenetically derived from dihydroxyphe- 

nylalanine, and this ie clearly not the case for the azepines discussed above. 

Previous investigations of Chalciporus piweratus havTjyielded sever81 pulvinic 

acid derivative%, e.g. the red-violet variegatorubin . 

Fruit-bodies of ch%lcipcnls DineratU% 

Those collected in 19S4 were kept 8t -20 

-AL 

were collected near Penn in the autumn% of 19S4 and 1986. 
0 
C for15 months before theywere extracted,while those 

obtainedin1986wereextractedinrmediately.Thefncit-bodieswere~ouradinaturbamixervlth 

ethyl acetate (Zl/kg),uherezfter the ethyl acetate phaeeewere d.rie3uithNa2s04 and evaporated 

to dryne%a. The crude extract ~8% subjected to chromatography on an Al 0 column eluted with 

dietbyl ether:petroleum ether l:l, the azepines l-4 were eluted a% a &urewhileergo- 

sterolremained on the column. The azepine mixture was than %0p%rated byrepeateilwluwand 

preparative thin layer chrom8tography on SiO . Column chromatography WLS performed on 'Mzrck 

Aluminiumoxid90, a tandardized according to & ockmann, activity II-III" (0.063-0.200 mm, u8ter 

content 4X), and "Merck Lob%r pre packed" silica gel column% eluted with ewl acat8te:petroleum 

ether mixtures. Preparative tic was performed on "Merck DC Fertigplatten, Kieeelgel 60" (layer 

thickness 0.25 mm) with dietbyl ether, or ethyl acet8te:petroleum ether mixtures containing 5% , 

methanol. ANalytical tic was performed on "Merck DC Alufolien, Kieeelgel 60" with ethyl ether. H 

and 13C NMR spectra were obtain%d on a Rruker ldil400 apectrom%t%r in CE13 solutiona with tetra- 

methylsilane aa the internal standard. The coupling constants &are given in Hz. IR spectra were 

recorded ona Per-kin Elmer 1420 ~~~t.~ spectrawere ~~~~aV~~~l7 apectro- 

meter. High resolution m8ss spectra were obtained on an AH MS 50 instrument. 

2-MetQl-7-(7-axonona-~,+dienyl)-2H-8zepine (chalciporone, 1) 

1 was isolated 8% a slightly yellow oil (approx. 50 z&kg fresh mushroom). RP 0,S5. 
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c&j22 -452 ’ (c 1.3 in diet&‘1 ether). U’V (ethanol) x 

i 
ink.) 

(El: 253 (2l.o00), 260 (infl.), 270 _, 

and 315 nm (jjfl.). IR (neat): 2970, 1705, 15% 15304 1370, 1240, 1110, 990 ti 745 cm . 

H NMR see Table 1. C NMR see Table 2. ELS, g/g: 243.1623 (M , 5X, calculated for C H NO 

243.1&3), 186 (13%) M+ - C H 0, 

ELemental arklyeis: LA 

172 (15%) M+ - C H 0, 

4d 

158 (100%) M+ - C H 0, 

Cal& for c16H2,NO: c 78. , H 8.70; Found C 78.7 ‘S 

144 (l&:79 (24%). 

, H 8.53%. 

2-Me*l-7-(&xopioncxyhexa-1 &dienyl)-2Eaepine (norchalciporyl propionate, 2) 

2 wae ieolated (LB a el.i&tly yellow oil (appra. 2 mg/kg freeh mu&room). RF 0.39. [ti]r -290 ’ 

(c 0.2 in die-1 ether). W (ethanol) A (a): 246 (15.900)I12~ (infl.) and 270 nm (infl.). 

IR (neat): 2960, 2930, 1735, 1460, 137O,?i&I, 990 and 745 cm .+ H IWit eee Table 1: kS, I&: 

259.1516 (M+, 

186 (24%) M’ - 

6x, calculated for CtiE2 NO2 259.1572), 

C3H502, 172 (19%) M -&HO 

244+(2X) M 

158 (54%) M - 

- CH , 202 (2%) M - C3H50, 

4 7 2’ 
C5H902, 43 (100%). 

7-M&hyl-2-(7~nona-l,3-dienyl)-3H-azepine (ieochelciporone, 3) 

3 was ieohted a8 a yellow oil. Spontaneoue isomerization of 1 in CDS1 solution at room tem- 

perature yielded 3 ae the only identifiable product. R 0.65. W (ethanol 3 h (E): Z+l (28.ooO), 

246 (infl.), 292 (1$7?) and 328 nm (infl.& IR (neaty: 2970, 1705, 1565, l?& l?, 1110, 

990,755andROcm . HNMIeeeTablel. C, NMR eee Table 2. hS1 mfg: 243.1628 (M , 5X, 

calculated for C16H ,NO 243.1623), 186 (5%) M - C3H50, 172 (9%) H - C4H70, 158 (100%) 

M+ - C H 0, 79 (17% . 

C 79.&9H 8.65%. 

P Elemental analyeia: Calculated for C16H2,NO: C 78.97, H 8.70; Found 

7-Metbyl-2-(7-cxonona-l,3,5-trienyl)-3H-azepine (debwhchlciporone, 4) 

4 vas ieohted ae an intensely ~BILJW oil (approx. 2 &kg freeh mushroom). RF 0.67. W 

(ethanol) X (6): 226 $l.$QI), 285 (i&L) and 338 nm (23.ooO). llj (neat.): 2970, 1650, 1600, 

1400, 117o,YEKxI, 750 cm . H p eee Table 1. Ms,+dg: 241.1460 (M , 82f, calcuLated for 

C H 

M*-‘z 

NO &1.1467), 226+(20X) M - CH3, 212 (16%) M - C2H5, 184 (100%) M - C3H50, 158 (34%) 

H 0, 
57 

106 (16%) M - C9Hl10, T9 (54%). 

7-Methyl-2-(7-bydro~ona-l,3-di~l)-3H-azepine (5) 

5 vae obtaIned by KE!H4 reduction of 1 in EtOH and separation of the diaetereomeric mixture 

by premtive tic chromatqra~. The dakzare gi;en for the diaetareomer that ie less polar 

in the analytical tic eyetern. RF 0.20. MD -351 

A 

(c 0.9 in dietbyl ether)llWl(ethanol) 

(&): 253 nm (21 .ooO). IR (neat): 3350, 2960,2930, 1570, 1375 and 990 cm l H NMR: 
7%, d, 6-H, J =11.5; 6.83, dd, 5-H, J =5.1, J 

J JSlo~;~.;; ;.2 P 

=11.5; 6.64, dd, 9-H, dd, J =15.9, 

, 6 8-b J8_9 =16.2; 6.21:-h, 4-H,5j6 =9.2, J 

=15.4; 5.89, dt, 11-H, JlGll=15.2,~4 

=5.2; 6.16, dd,8i& 

=7;4:?65, dd, 3-H, J 

$pCj I$; ;-Hi 2;:; “‘J”;6;~, 2 lysa; l,,i;,3~3~_,;;,I~36, m, i’d” d 1-H J =6 6. :- SC-’ ’ 

C16HE3N0 245.&O); 2;0 ;5%), &6 l&j, &20;,: :k (1;X) and 158 (lk%). 

7-Methyl-2-(7anonyl)qerhydroazepine (6) 

6 YBFJ obtained as a colourless oil as the only product by hydrogenation of 3 with F’d as 

_cptayst. W (ethanol): no mexh above 210 nm. IR (neat): 2930, 1710, 1450, 1370 and 1130 

cm . H NMR: 2.74 and 2.56, m, 2-H and 7-H; 2.37, m, 13-H2 and 15-H 

5-H2, 6-H , 8-H , 9-H2, lo-H2, 11-H and 12-H ; 1.06, d, 1-H , J =z 

; l&O-1.10, m, 3-H2, 4-H , 

.5; 1.02, t, 16-H , ‘2 
J =7.5. 2 13C2NMR: 211.7 C-14; 59:O and 54.g C-4 and C-7; &.4;-$3.9, 38.0, 36.8, 35?8, 29.5, 

2$?::626.5, 25.4, 25.3, 24.1 and 23.9 Cl, G3, G4, G5, C-6, C-8, G9, GlO, G11, G12, Cl3 

and G15; 7.8 Gl6. W, dg: 253.2392 (M+, 2%, calculated for C16H ,NO 253.2405), 224+(6X) M' - 

C H , 182 (11%) M+ - C H 0, 126 (12%) M+ 

l?05(14%), 57 (11X), rf: /12x). 

- C8H150, 125 (46X), 124 ? 11X), 112 (100%) M - C9H17C, 
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