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Abstract-An ethanoi extract of Lactarius necator gave 8-epi-pipertriol [(2R*, 3R*, 7S*, 8S*, 9R*-5,8,13-trihydroxy- 
lactaran-4-ene] in addition to known sesquiterpenes. The structure of this new trihydroxy lactarane was established by 
‘H and 13C NMR spectroscopy and confirmed by chemical correlation with lactarorufin N. 

Lactarius necator (Bull. em Pers. ex Fr.) Karst is a very 
common mushroom in European forests. It has already 
been investigated in our laboratories with regard to the 
contents of monohydroxy-[ l-51 and dihydroxy sesqui- 
terpene lactones [6]. In view of recent discoveries, we can 
expect the presence of trihydroxy compounds in the 
ethanol extract from this mushroom. In fact epipiperdial 
(1) and epipiperalol (2), recently isolated [7,8] from 
ground L. necator, affords trihydroxy compounds upon 
enzymatic reduction. 

By a series of chromatographic separations (see the 
Experimental part) a very polar crystalline compound 3a 
was isolated. The IR spectrum of 3a showed no C=O 
absorption, but an intense OH band at 3300 cm- ’ and a 
weak but significant C=C band at 1670 cm- ‘. 

The elemental analysis and the NMR spectra led to the 
molecular formula C,,H,,O,. The latter was substantia- 
ted by the EIMS spectrum of 3a, as it exhibited [M 
-HzO]+ ion at m/z 236. 

The 13C NMR spectrum of 3a is consistent with the 
presence of the lactarane skeleton possessing two 
-CH,O groups (triplets at 63.48 and 68.79 ppm), one 
>CHO group (doublet at 74.82 ppm) and one di- 
substituted double bond (singlet at 139.4 and doublet at 
135.44 ppm). The presence of the latter was confirmed by 
the vinylic proton signal at 5.43 ppm in the ‘H NMR 

! H 

spectrum of 3a. One of the three methyl signals was a 
doublet (0.94 ppm, J=7.0 Hz), showing that it was 
attached to a secondary carbon atom. Chemical shifts 
and coupling constants of all protons of 3a+ are shown 
in Table 1. 

The presence of three OH groups in the molecule of 3a 
was proved by acetylation which gave the triacetyl de- 
rivative 3b. The IR spectrum of 3b showed no OH bands. 
Furthermore the signals of five protons, highly overlap- 
ping between 3.72 and 4.05 ppm in the spectrum of 3a, 
were shifted down field upon acetylation and formed five 
well separated sets (4.17, 4.41, 4.48, 4.62 and 5.22 ppm 
respectively) which were assigned to two primary and one 
secondary alcoholic groups. After in situ TAI acylation 
[9] of 3a, besides the improved resolution qf the CH-0 
signals, three NHCO proton singlets were visible in the 
*H NMR spectrum of 3c, confirming the above assign- 
ments. Extensive decoupling experiments performed on 
both 3b and 3c led to the formula 3a for this new 
sesquiterpene. The following stereochemical assignments 
could be made: H-2 and H-3 trans diaxial (J,,? = 11.5 Hz 
for 3b and 11.0 Hz for 3c), H-9 and H-8 trans dlaxial (J,,, 
= 11.5 Hz for 3b and 11.6 Hz for 3c), H-8 and H-7 cis (J,,, 
=2.8 Hz for 3b and 2.5 Hz for 3c). 

The relative configuration of the molecule was confir- 
med by the observed NOES for 3b. Thus irradiation of H- 

3a R = H 

3b R = AC 

3~ R = CCL,NHCO 
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Table 1. ‘H NMR spectral data of compounds 

3a-3c (300 MHz, CDCI,. 6, TMS as int. standard) 

H 3a* 3bt 3cs 

12 1.68 ddd 1.71 ddd 1.79 ddd 

l/j 1.21 dd 1.22 dd 1.30 dd 

2 I .95 ,,I - 2.0s m: 2.05 “I 

3 2.24 ~VI 2.35 m 2.39 m 

4 5.43 hrs 5.59 hrd 5.78 hrd 

5 3.91 dr 4.62 dr 4.61 tli 
5’ 3.99 dr 4.41 hrtl 4.95 dt 

7 2.75 m 2.78 II 3.02 hrr 
x 3.86 dd 5.22 dd 5.31 dd 

9 2.55 111 2.60 tdd 2.67 m 

IOZ 1.78 ddd 1.53 ddd I .64 ddd 

I op 1.34 I 1.20 I 1.37 1 
I2 0.94 d 0.99 d 1.04 d 

13 3.79 dd 4.17 dd 4.49 dd 

13’ 3.95 rid 4.48 dd 4.64 dd 

14 I .06 ., I.04 s I .07 s 

15 0.97 s 0.94 s 0.99 s 

*In Me,CO-d, K>Ac: 2.05~. 2.054,\. 2.065s. 

zobscured by OAc signals. $200 MHz. NH:X,54s, 
g.hl.s, R.78.s. 

.I( Hz) 3a: lx. 1 /j = 13; 1 z, 2 =7.X; I z. I Oa = 2; l/i, 

2=6.8:5.5’=12.2;5,415,3=1.2;5’.4-5’,3=1.4: 
7. X=2.5; 8. 9=10.5; 3. 12-7; 102, lO/jzlO/j, 9 

= 12; IOa,9=6.4; 13, 13’=10.2; 13,7=6: 13’.7=7; 

3b: 1r,l/~=13;lr,2=X:la, IOn=2;!~.2=7.2;2,3 
= 11.5: 2, 9~9.7: 3, 12-7; 3, 4~~2; 5. 5’= 12.2; 5. 

415. 3(1; s, 425’. 3= 1.3; 7, X=2.8; 7. 3=2.3; 7, 

13=5.5;7, 13’=5;8,9r9, 10~~=1!.5;9. 10x=6.3; 

10a. IO/j= 12; 13, 13’s ll.3.3c: lx. tp= 13.3; lz, 2 
=8.0; I?, 102=1.8: l/I.2-6.9:2,3=11;2,9=9.6: 

3, 12=7.1;3,5=0.8;3.5’=2.2:4,5-0.7:4,5’-2: 

5, 5’=12.1; 7. 8~2.5; 7, 13~5.9: 7, 13,=6.X; 8. 9 

=11.6:9,10r=6.5:9,10~~-12;1Oa.IOP-12.3:13. 
13’= 11.3. 

8 showed marked effect on H-7 (7.8%), and H-3 (8.8%), 
whereas the signals of the H-2 and H-9 protons were not 
affected. The final proof of the entire stereostructure of 
compound 3a was obtained by chemical correlation with 
lactarorufin N (4) [2,5]. Lithium aluminium hydride 
reduction of 4 gave a trio1 which was identical in all 
respects with the natural compound 3a. The major pro- 
duct of the reaction was accompanied by minor amounts 
of the two C-6 epimeric triols 5 resulting from the C-4. C-h 
double bond reduction. 

EXPERIMENTAL 

Lactarius necator was collected in September 1985 and 1986 in 

Zalesie mixed forests near Warsaw and was authenticated by 

Prof. A. Skirgiello, Warsaw University. 

Fresh mushrooms 128.5 kg) were soaked in EtOH (40 I) and left 

for 2 weeks. Subsequently the mushrooms were filtered, ground 

and soaked in a new portion of EtOH (20 I) for 5 days. After 

filtration the EtOH extracts were combined and evapd in IYICIIO 

leaving a tarry residue. This was dissolved in H,O-Et,O, 1:I. 

The 2 layers were sepd and the aq. layer extracted with Et20 in a 

continuous extraction apparatus for 60 hr. The Et,0 extracts 

were combined, evapd and partitioned between hexane and 60% 

aq. EtOH. The aq. EtOH layer was evapd and gave a residue (21 

g) which was chromatographed on silica gel (Kieselgcl Merck. 

O.O4@QO63 mm, 800 g) with a C,H,-Me,CO gradient system. 

After elution of dihydroxy compounds (lactarorufin A [2] and 

isolactarorufin [lo]) the column was washed with Me,CO (2 I). 

The Me,CO fraction (4.2 g) was separated with a silica gel CC 
(210 g) by using CHCI,-Me,CO, 3:2, as eiuent. Fractions 

possessing R, 0.35-0.45 (TLC:silica gel GF 254, Merck), visu- 

alized as red spots with EtOH anisaldehydeQ5% H,SO,, were 

collected. After evaporation, separation of the residue (2.7 g) by 

HPLC (Lichroprep RP-I8 2540 11: 300 x 16 mm stainless steel 

columns; MeOH+H20. 3:2: Varian RI detector: repeated separ- 

ations) gave 650 mg pure 3a. 
X-epi-Pipertriol (3a). Colourless crystals, mp 108-l 14“, 

[x1$-36.6 (CHCI,; c I), [a]:$39.0- (CHCI,; c I). IR v:;;’ 

cm-‘: 3300, 1670; ‘H NMR given in Table I: 13C NMR (75.47 

MHz, Me,CO-d,): fi 139.4 s (C-6); 135.4 d (C-4); 74.8 d (C-8); 

6X.& (C-5); 63.5 I (C-I 3); 50.2 d, 45.7 d and 44.7 d (C-7). (C-9) and 

(C-2); 48.8 t and 46.9 t (C-l) and (C-10); 37.3 s (C-1 I): 35.7 d (C-3); 

30.7 9 and 28.6 4 (C-14) and (C-15); 22.7 4 (C-12): EIMS (probe) 

70 eV m/z (rel. int.): 254 [M]’ (not observed), 236 [M - H,O] + 

(3.9), 218 [M-2H,O] + (6.0). 206 [M- H,O-CH,O]+ (25.1), 
189 (14.1). 175 (55.X), 161 (16.7), 153 (IO), 139 (17.9), 123 (55.7), 

109 (46.6). 105 (39.8). 95 (X3.8), 81 (49.5). 69 (35.5). 55 (S8.9). 41 

(66.5). (Found: C,70.61; H, 10.4. C,,H,,O, requires: C.70.82; H, 
10.32%). 

In situ acylation of 38 was performed by the addition of a small 

excess of trichloroacctyl isocyanate (TAT) directly into the 

NMR sample tube [9] and the product 3e was characterized by 
‘H NMR spectrum (Table I) without isolation, 

X-epi-Pipertrioi triacetarr. Acetylation of 3a with 

Ac,O/Pyridine as usual gave the triacetate 3c as a colourless oil 

in quantitative yield, [z]$Sl.2-’ (CHCI,; c I). IR vale”’ cm- ’ no 
OH band, 1735; ‘H NMR given in Table I; EIMS (probe) 15 eV 

m/z (rel. int.): 380 [M]’ (not observed). 320 [M -AcOH]+ (0.4), 

260 [M-2AcOH]+ (12.5), 218 [M-2AcOH-CH,CO]’ 

(30.9), 200 [M-2AcOH-CH,CO-H,O]+ (100). 187 (21.4), 

185 (21.5), 157 (4.3). 144 (11.9), 95 (2.9), XI (0.7), 43 (7.9): EIMS 

(probe) 70 eV m,‘z (rel. int.): 380 [Ml+ (not observed), 260 [M 

-2AcOH]+ (5.5) 218 [M -2AcOH-CH,CO]’ (1’.5).2OO [M 

-2AcOH-CH,O-H,O]’ (44.8). 187 (13.9). 1X5 (12.0). 157 

(4.6). 144 (7.6), 95 (7.1), 81 (7.4). 55 (9.3). 43 (100). 

Reducrion c$lacrarorgfin N (4). 4 (51 mg). dissolved in Et,0 (50 
ml), was added slowly to LiAIH, (120 mg) in Et,0 (50 ml) at 0 

The reaction mixture was stirred for 0.5 hr at 0 , then treated 

with satd Na,SO, aq. soln, filtered. and the Al salts were rinsed 

with a large amount of Et,O. The Et,0 phases were bulked, 

dried (MgSO,) and filtered. Removal of Et10 gave a mixture 

which was separated by prep. HPLC using a pack of 5 stainless 

steel columns (300 x 8 mm each, tilled with Lichrosorb Si 60, IO/i; 

CHCl,-hexane~ iso-PrOH. 9:9:2, as duent: Varmn RI detector). 
Pure trio1 3a (15 mg) was obtained, identical with the natural 
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compound ([a];‘, co-TLC, IR, NMR). An inseparable mixture of 3. Daniewski, W. M., Kocdr, M. and Krdl, J. (1977) Roczniki 
the two C-6 epimers 5 was also isolated. Chemii 51, 1395. 

4. Daniewski, W. M., Kocdr, M., Januszewski, T. and Rymkie- 
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Abstract-From the thalloid liverwort Conocephalum conicum, a new sesquiterpene aldehyde has been isolated and its 
structure has been elucidated as bicyclogermacren-13-al by extensive 2D NMR spectroscopy. 

- 

INTRODUCTION 

Two chemical studies on the thalloid liverwort Cono- 
cephalum conicum have been documented in the past 
decade [ 11. The liverworts, however, can be regarded as 
one of the plant sources to search for biologically in- 
terested substances, as they produce a number of terpen- 
oids [2,3] and aromatic compounds [3], and also large 
amounts of material are readily available. As part of our 
program [4], we have re-examined Conocephalum coni- 
cum from Japan and have isolated a new sesquiterpene 
aldehyde (1) named bicyclogermacren- 13-al. This paper 
describes the structure of the new sesquiterpene. 

RESULTS AND DISCUSSION 

A combination of column chromatography on silica 
gel, Sephadex LH-20, and HPLC of an ether extract of C. 
conicum led to the isolation of a new labile sesquiterpene 
(1) as a colourless oil. 

Compound 1 had the molecular formula C,,H2,0 
(M+ at m/z 218.1650) indicating five degrees of unsatu- 
ration. The IR, ‘H NMR and 13C NMR spectra (Table 1) 
indicated the presence of a formyl group (1690 cm- ‘; 
S9.60~). One tertiary methyl group (S 1.27s), two olefinic 
methyl groups (6 1 SO and 1.69, each s) which were long 
range coupled with the olefinic protons at 64.96 (2 H, m) 
on two trisubstituted double bonds (6122.2 and 125.8, 
each d, 131.3 and 139.8, each s). These spectral data 
showed that 1 was a bicyclosesquiterpene. The 2D ‘H-‘H 
and 13C-lH COSYs were extensively examined to clarify 
the connectivity of each proton in 1. One of the two 
olefinic proton signals (6 122.2 and 125.8) eventually 
appeared at the same field (64.96) and displayed a coup- 
ling to the signals at 62.13 (dd, J = 11.7, 8.8 Hz), which 
were further coupled with the high field signals at 6 1.43 
(ddd, J = 12.5, 8.8, 2.9 Hz). Moreover, this methine sig- 
nals had cross peaks with the two geminal proton signals 
(6 1.94 and 2.05; 625.8), each of which showed additional 
cross peaks with the methylene signals (6 1.75 and 2.52; 


