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From agar cultures of the aecomycete watocy&,# oiceqg Ha 
4/82 two eeeguiterpsne alcohols vlth novel tricycllc skeletons 
1 and 2 have been isolated (cerapicol and ceratopicanol). The 
biogenesis of the newly idetitified metabolitee ii briefiy 
discussed. 

INTRODUCTION 

A number of fungal eeeguiterpenee with protoilludane, illudane, maraemane, 

hireutane, eterpurane, lactarane and llludalane skeletons have been reported from 

Various Baeidiomycetee including species of the orders Aphyllophoralee, Agari- 

calee, Rueeulalee, and Nidularialeel. A key intermediate in the biosynthesis of 

these netabolitee has been postulated to be C-protoilludene. ~atocvetie aiceaa 

(Niinch) Bakehi is a eapwood staining aeconycete occurring on coniferoue loge and 

lumber. Recently, we reported that strain E. aicegg Ha r/82 forme almost 

exclusively C-protoilludene as volatile metabolic product when cultivated on 

defined synthetic liquid culture redla2. Using surface cultures on solid media, an 

increased percentage of oxygenated metabolitee could be achieved. We describe here 

the isolation of two eeegulterpene alcohols vith related tricyclic skeleton from 

agar cultures of the same isolate. 

RESULTS AND DISCUSSION 

Both compounds were alcohols because they showed infrared absorption in the 

hydroxyl region at 3530 ce'l and gave molecular ione of the composition C15H260m 

The main alcohol revealed in the 13C NNR SFORD spectrum a doublet at JC = 84.1 

ppm and no resonances of ep2 carbons so it must be a tricyclio secondary alcohol. 

The 'Ii NWR spectrum showed a broad singlet at 6 - 3.18 ppm belonging to the OG 

proton of the alcohol. In the %i(%i) homonuclear double resonance or ZD chemical 

shift correlation (wCOSYw) this proton (11-H) gave cross peaks to a broad 

threefold doublet at 8, - 1.81 (Z-H), a double doublet at 1.15 ppm (7*-H), and 

two methyl groups at 6H - 1.05 (14-H) and 0.93 (15-H) (Table 1). The results of 

extensive lH NWR decoupling experiments together with the lH/lH-COSY NWR were only 
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consistent with the constitution of (lR*,2S*, 6S*,SS*,llR*)-1,4,4,6-tetramethyl- 

tricycle [6.2.1.02r6]undecan-11-01 (L) which we named cerapicol. The observed 

long-range coupling (nW-couplingm) of the proton at C-11 with 70-and ZB-H is only 

possible in an endo-position of the hydroxygroup. The cis annellation of the 

cyclopentane ring is required for the NOE observed between 2- and 6-H (Table 2). 

Table 1: lH NMR data of cerapicol (1) and ceratopicanol (2) 

h 9 

______________________-_-_-_-_-_-_--_----------_-~___~_-_~~~~~~~~~-~-~-~-~-~- 
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2&-H 
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3&-H 
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5&-H 
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7o-H 

7&-H 
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10-H 
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11-H 
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12-H 

13-H 
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ddd(br) 1.81 

dd 2.01 

dd(br) 1.29 

dd 1.14 

ddd 1.71 

ddddd 2.22 

dd(br) 1.46 

dd 1.15 

dddd 1.24 

ddd 1.55 

ddd 1.40 

ddd 1.32 

a(br) 3.18 

0.91 

1.055 

1.05 

0.93 
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dd 

ddd 

dd 

ddd 

ddddd 

dd 

dd 

dd 
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1 

1 

1 

1 

2 

1 

2 

3 

1 

1 

1 

1 

0 

1 

0 

1 

36 

39 

34 

23 

70 

49 

08 

17 

72 

91 1.85 

51 1.55 

42 1.4 

56 1.4 

a9 1.03 

06 1.21 

90 0.95 

06 1.12 

2.37 

1.49 

1.45 

1.37 

1.80 

2.52 

1.18 

2.37 

3.46 

J(Hz): 1: 2&,3o-14; 2B,3&-6: 2&,6&-8; 3a,3&-12; 3&,5K-0.5; 5o,5K-13.5; 50,6&- 
3.5; 5&,6&-8.5; 6&.7a;13; 6&,7&-6.5; 70,7&-13; 9,9'-12; 9,10-12; 9,10'-4: 9', 
10-4; 9',10'-12; lO,lO'-12; unresolved long-range couplings from COSY: 2&,11& 
3o,12; 3&,13; 5a,12; 70,9o; 71x,15; 7&,11&; 9&,15; 100,14; llK.14; 11&,15; 12, 
13. 
J(Hz): 2: 2&,31x-11; 2&,3&-E; 2%,6&-a; 2&,14>0; 3a,3&-12.5; 30,12>0; 3&,5&-1.5 
5a,5&-13; 5,x,6&-5; 5a,12>0; 5&,6&-8; 6&,7o-6.5; 6&,7&-9.5; 71x,7&-13.7; 9,10-8 
9.10 '-8; 12,13>0. 

To the best of our knowledge thie is the first report of a natural product with 

such a carbon skeleton very probably derived by rearrangement of a protoilludane 

cation. Ohfune and co-workers eynthetized cerapicol by acidic rearrangement of a 

compound related to protoilludane 3. The published data of this compound are in 

good agreement with ours. Very recently Ayer and WcCaskill reported on bulletone 

from pathus bulleri (belonging to the basidiomycetous order Nidularialee) which 

possesses a 4,5-seco-cerapican ekeletonl. 
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Figure I: 03rapicol (1) and ceratopicanol (2) and their position in the 
nprotoilludane-treem of sesquiterpenoids 
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The second alcohol was isolated only in minor amounts. The 1H NWR spectrum gave 

no hints for a double bond in the molecule so again a tricyclic skeleton was 

assumed. A double doublet at JH - 3.72 in the %I NWR spectrum pointed to the d- 

proton of a secondary alcohol. The coupling pattern of this compound was in part 

similar to that one of 1. A fivefold doublet at 2.49 ppm coupled with resonances 

at 2.36 (ddd, 20-H), 1.08 (dd, 7&-H), 2.17 (dd, 70-H), 1.23 (dd, 5&-H), and 1.70 

(ddd, 50-H). A 4J-coupling between 3&J- and 50-H, between 3&- and 12-H, and 

between 5 OL- and 12-H is found in the CCSY spectrum. Such couplings are only 

possible if 3p - and 58 -H are in a pseudo-equatorial and 3d -, 5&-, and 12-H in 

Table 2: Results of NOE experiments on 1 and 2 

Compound Resonance irradiated Resonance enhanced 

1 2B 6K > 3K 

11 14, 15 > lo', 9' 

2 2K 30, 12 

9a lOa, 15 

7K 70 > 6K 

SK 5a > 6K > 7K > 12 

a pseudo-axial position. Decoupling experiments and lH/lH NRR CCSY led to the 

constitution (lR*, 2S*,6S*,8S*,1lR*)-1,4,4,8-tetramethyl-tricyclo[6.3.0.02~6] 

undecan-9-01 (a), for which we choose the name ceratopicanol. A nuclear Cverhauser 

enhancement at 15-H was observed on irradiation at the resonance of 9-H which 

requires an anti-orientation of the hydroxyl- and the 15-methyl group. The 

configuration of the ring system is tie-anti-cis because of the appearance of a 

NOB between 70- and 50-H and the lack of a NOE between 70- and 15-H. The observed 

W-coupling between 2-H and 14-H requiring the intervening dihedral angles to be 

both close to 180' is another confirmation for this configuration. The carbon 

skeleton of ceratopicanol is also unprecedented. 

Biosynthetically both skeleton can be derived by the rearrangement of the 

protoilludyl cation 2. Comer and co-workers postulated the ceratopicanyl cation to 

be an intermediate in the biosynthesis of the hirsutane sesguiterpenoids5. Feline 

and Wallows6 came to the same conclusion in their discussion of the 13C labelling 

pattern in hirsutic acid C. 

Until recently sesguiterpenoids with protoilludane skeleton or hereof by rear- 

rangement or carbon-carbon cleavage derived compounds were restricted to basido- 

mycetous fungi7. Ceratocvstis uiceag Ha 4/02 was the first and so far only sole 

ascomycete producing this kind of tricyclic terpenoids and it became the first 

known source of these often postulated intermediates in sesguiterpene biosyn- 

thesis. 
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The %i NMR swctra were recorded at 400 MRz on a Bruker WU_400 smatrosleter and 
the 13C NHR ape-&a at 75.5 MHz on a Bruker AR 300 in&rument8. If iot etated 
otherwise, CDcl, was used as solvent, and TMS was an internal standard. 1I8 
analyses iiere c&ried out on a Varian HAT 111 (GNOM) mass spectrmeter (SO eV): 
HR-HS (7500) analy8em were performed on a Varian MAT 311 instrument (70 eV)'. 
Infrared spectra were measured in chloroform on a IR spectral-Photometer 297, 
Perkin Elmer. Optical rotation were obtained on a Perkin-Elmer Polarimeter 241 i.n 
chlorofom. 

GC analveee were oerformed usina a alaae capillary WG-11 column (22 1 X 0.3 111 
1. d.), FIi) and a cbting in&r&or: Opera&g conditions: linear teBperature 
programme 80-200*, 2*/minr Injection vol. 1.0 ~1. Quantities of the 6eSWi- 
terpener, were calculated using 6-methyl-5-hepten-2-one ae an Internal standard and 
FID specific eubetance factors. 

S!Z Ha 4/82 vam isolated from pine logs In Friedrichsruh, West G-y, 
and cultivat 
salt medium1 i? 

on a glucose (22)-aeparagine (O.l5t)-malt extract (0.25%)-mineral 
solidified with 1.5% agar for 21 days. Volatilee were obtained by 

circulation steam distillation in pentane. The crude extract vaci further separated 
on a 81-60 column with a n-hexane/ethyl acetate gradient (changing from pUre 
hexane to 19 : 1). Beside 14.5 mg/1 of C-protoilludene as the main component tV0 
OXYg~ated metabolites could be isolated in amounts of 9.4 mg/l cerapicol (1) and 
1.6 q/l oeratopioanol (2). 

Cerapicol (L): 
Co1or1eSS liquid, Rf 0.72 (dichloromethane, 81-60). 

d.20' 
589na 578nm 546nm 436~ 365na 

I -----_-_____________~~_~~~~~~~~~~~_~~~~~~~~~~~~~~~ (c-1.00) 
+24.7' +26.0' +29.3. +48.8' +73.9* 

RR-HS: EI+ 222.1977 (222.1982 calculated for Cl5B26D)r GLC/RS (m/z): 222 (tit, 14% 
re1. intensity), 207 (R+-CH3', 26), 204 (&-H,,, U), 191 (52), 189 (40), 175 
(32), 161 (26), 109 (40), 95 (loo). 

Ceratopicanol (2): 
Colorless gum, Rf 0.27 (dichloromethane, Si-60). 

&20' 
589nm 578~ 546nm 436nm 365nm 

m ____________________~~~~~~~~~~~~~~~~~~~~~~~~~-~--- (c-0.50) 
+6.4' +6.6' +7.4* +10.8' +14.8' 

HR-118: ti 222.1966 (222.1982 calculated for C 5B260); GLC/RS (m/z): 222 (R+, l%), 
207 (l), 204 (3), 163 (66), 121 (lo), 107 (21 f , 95 (17), 89 (24), 73 (45), 59 
(17), 58 (16), 45 (100). 
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