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Abstract: In addition to already known sesquiterpene aldehydes, the 

lactaranes piperdial 1 and piperalol 2 were isolated from extracts of 

Lactarius piperatus, L. torminosus and Russula queletii (larger fungi). 

The sesquiterpenes of pungent Russulaceae species (genera Lactarius and Russula) have recently 

been suggested to be part of a chemical defense system’, which protects the mushrooms against 

parasites and mammals2. These species originally contain only a single sesquiterpene, the 

chemically very labile marasmane derivative velutinal 4a 394 , which occurs in the mushrooms as 

various fatty acid esters (e.g. 4b and 4~). When subjected to conditions including traces of 

acid (e.g. reagent grade solvents or silica gel chromatography), the velutinal derivatives 

4a-c are rapidly degraded to hydroxydihydrofuranoid and furanoid sesquiterpenes5. However, 

when fresh mushrooms are injured, the velutinal esters are enzymatically converted to 

unsaturated dialdehyde sesquiterpenes that are pungent and possess antimicrobial activity. When 

specimens of L. vellereus were injured by grinding, the unsaturated dialdehydes isovelleral 5 

and velleral 6, which are initially formed, are subsequently (in the course of minutes to 

hours) reduced by fungal enzymes to isovellerol 7 and vellerol El. As the antimicrobial 

activities of 7 and 8 are less than one tenth of those of 5 and 6l, these mechanisms 

ensure that a relatively high concentration of biologically active unsaturated dialdehydes, also 

possessing various antifeedant activities6, is maintained in the mushroom a short time after an 

injury. 

Similar analyses of other pungent Russulaceae species, made at different times after injury 

(grinding) by the same procedure as in the investigation with L. vellereus’, showed that the 
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The lactarane skeleton 

The combination of pungent sesquiterpenes piperdial 1, velleral 6 and lactardial 9, has 

also been indicated for a number of other Russulaceae species by tic and ‘H NMR analysis of 

crude extracts. Yet other Russulaceae species instead form only isovelleral 5 and velleral 

6, while for instance L. quietus appears to produce only isovelleral 5 as a pungent 

principle. Interestingly, preliminary results indicate that ground L. necator produces the C-7 

epimers of piperdial 1 and piperalol 2. So far, the pattern of pungent sesquiterpenes 

produced by one species does not appear to vary from year to year or between different places of 

growth, although this has not been investigated in detail. It may therefore be possible to use 

the pattern of pungent sesquiterpenes produced as a response to injury as a character in 

chemotaxonomic studies. 

1,2,3,3a,4,5,8,8a-Octahydro-4-hydroxy-2,2,8-trimethyl-azulene-5,6-dicarbaldehyde 1 (piperdial) 

was obtained as a colourless oil from EtOAC extracts of L. piperatus and L. torminosus by Si02 

flash chromatography. Insufficient amounts were obtained for elemental analysis and 

13C NMR. bls3 q +77O (c 0.8 in diethylether); MS, m/e (rel. int.) 250 CM+ lx), 232 (4%), 

217 (3%), 204 (23%), 91 (45%), 55 (67%), 41 (100%); UV (ethanol): 232 nm (9300); IR (KBr): 3450, 
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2960, 1730 and 1690 cm-l. 1H NMR" 9.70 and 9.41, s, C(5)H and C(13)H; 6.68, d, C(4)H, J3_4=5.0; 

4.35, ddd, C(8)H, J7_8=9.4, J8_9=9, J8_OH=3; 3.77, d, C(7)H, J7_8=9.4; 2.52, m, C(3)H; 2.45, d, 

OH, J8_OH=3; 2.23, m, C(9)H and C(2)H; 1.77, dd, C(l)Ha (or C(lO)Ha), J=l3, J-7; 1.60, m, 

C(1O)Ha (or C(l)Ha; 1.48, dd, C(l)Hb (or C(lO)Hb), 5~7.9, J=13; 1.21, m, C(1O)Hb (or C(1)Hb; 

1.12, d, C(12)H3, J3_12~6.5; 1.09 and 0.93, s, C(14)H3 and C(15)H3. 

1,2,3,3a,4,5,8,8a-0ctahydro-4-hydroxy-5~-hydroxy-methyl-2,2,8-trimethyl-azulene-6-carbaldehyde 

2 (piperalol) was obtained as a colourless oil from EtOAc extracts of L. piperatus and L. tormi- 

nosus by Si02 and A1203 chromatography. [a]g3 q +57' (c 4.3 in diethylether); Elemental 

analysis: Calculated for C15H2403: C 71.4, H 9.59; Found C 71.1, H 9.41; MS, m/e (rel. int.) 234 

(M+-18 7X), 219 (3%)) 204 (15X), 109 (35%), 81 (48%), 55 (65X), 41 (100%); UV (ethanol): 238 nm 

(9400); IR (KBr): 3380, 2960 and 1680 cm-'. 'H NMR" 9.30, s, C(5)H; 6.52, d, C(4)H, J3_4=5.4; 

4.12, dd, C(8)H, J7_8=8.6, J8+0.1; 3.85, dd, C(13)Ha, J7_13a=3.6, J13a_13b=10.4; 3.59, dd, 

C(l3)Hb, J7_13b=7.2, J13a_13b- -10.4; 2.88, ddd, C(7)H, J7_8=8.6, J7_13a=3.6, J7_13b=7.2; 2.61, m, 

C(3)H; 2.17, m, C(2)H and C(9)H; 1.73, dd, C(l)H a or C(lO)Ha; 1.55, m, C(l)Hb and C(lO)Ha, or 

C(1O)Hb and C(l)Ha; 1.21, m, C(l)Hb or C(lO)Hb; 1.10, d, C(12)H3, J3_12=9.7; 1.08 and 0.92, s, 

C(14)H3 and C(15)H3. 91 MHz 13C NMR (CDC13) ppm (TMS): 194.3 C(5); 162.5 C(4); 140.3 C(6); 74.3 

C(8); 65.0 C(13); 48.4, 47.4 and 43.4 C(2), C(7) 

C(11); 33.8 C(3); 29.6 and 26.9 C(14) and C(15); 

Pipertriol 3 was obtained as a white crystalline 

and 2 in EtOH. [o]g4 = +62' (c 0.2 in methanol). 

and C(9); 46.4 and 45.4 C(1) and C(10); 37.4 

19.6 C(12). 

solid, mp 158-160°C by KBH4 reduction of 1 

MS, m/e (rel. int.): 236 (M+-18 12%), 206 

(45x), 175 (57x), 153 (loox), 123 (662), 109 (47X), 95 (100X), 81 (56%), 69 (40X), 55 (44%) and 

43 (40%); UV (ethanol): no maximum above 220 nm; IR (KBr): 3200, 2940, 1060, 1030 and 1000 cm-'. 

'H NMR" 5.46, d, C(4)H, J3_4=5.4; 3.6-4.1, m, C(5)H2, C(7)H, C(8)H and C(l3)H2; 3.37, m, C(3)H; 

2.22 and 2.10, m, C(2)H and C(9)H; 1.67, d, C(l)H2 ( or C(10)H2), J1_2=7.9; 1.53, dd, C(lO)Ha (or 

C(l)Ha), J9_10a=6.5, JIOa_lOb- -11.9; 1.20, dd, C(lO)Hb (or C(l)Hb), Jg_lOb=ll.9, J10a_10b=ll.9; 

1.10 and 0.98, C(14)H3 and C(15)H3; 0.95, s, d, C(l2)H3, J3_12=6.8. 

Acknowledgement 
This work was supported by the Swedish Natural Research Council, grant No. K-KU 2070-104. 

References 
1. 0. Sterner, R. Bergman, J. Kihlberg and B. Wickberg, accepted for publication in 

J. Nat. Prod. 
2. S. Camazine, J. Resch, T. Eisner and J. Meinwald, 3. Chem. Ecology, 10, 1439 (1983). 
3. J. Favre-Bonvin, K. Gluchoff-Fiasson and J. Bernillon, Tetrahedron Lett., 23, 1907 (1982). 
4. 0. Sterner, R. Bergman, E. Kesler, L. Nilsson, J. Oluwadiya and B. Wickberg, 

Tetrahedron Lett., 24, 1415 (1983). 
5. 0. Sterner, R. Bergman, J. Kihlberg, J. Oluwadiya, B. Wickberg, G. Vidari, M. De Bernardi, F. 

De Marchi, G. Fronza and P. Vita-Finzi, accepted for publication in 3. Org. Chem. 
6. 0. Sterner, dissertation, Lund 1985. 
7. Name proposed by us. 
8. J. Froborg, G. Magnusson and S. Thoren, Acta Chem. Stand. B, 28, 265 (1974). 
9. E. Seppl and K. Widen, Ann. Bot. Fennici, 17, 56 (1980). 
10. 360 MHz PMR (CDC13): ppm (TMS), multiplicity, J (Hz). 

(Received in UK 19 April 1985) 


