
Tetrahedron Letters,Vol.29,No.l5,pp 1829-1832,1988 0040-4039/88 $3.00 + .Oo 
Printed in Great Britain Pergamon Press plc 

BIOMIMETIC GERMACRENE-HUMULENE REARRANGEMENT 
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Summary: The boron trifluoride catalyzed rearrangement of 

7,11-epoxygermacrone (1) provided the new diketone in high 

yield. This transformation represents the first biomimetic 

chemical conversion of a germacrane into a humulane skeleton. 

The cation J_ is generally considered as the biogenetic precursor of ses- 

quiterpenoids with germacrane and humulane carbon skeleton’. Recently, a non- 

enzymatic generation of the humulene cation 2 and its conversion into germac- 

2 
rene derivatives has been reported . We outline here the reverse case - gene- 

ration of the germacreme cation 1 and subsequent expansion of the IO-membered 

ring to the humulane skeleton. 
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3 
of the cation 3 was considered 

to be 7,11-epoxygermacrone (7). The latter was prepared from germacrone (2) 

as outlined in Scheme 1,as the direct epoxidation with H202 in alkali medium 

3 would lead to isomerisation of the starting material . Accordingly, LAH re- 

duction of b3 followed by Sharpless epoxidation4 

as colourless needles (m.p. 56-57’C). Subsequent 

afforded the desired epoxide 1 (m.p. SO-52’C) in 

gave the cis-epoxyalcohol r 
5 

oxidation with POC-DMF6 

92% overall yield7. 
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Scheme I 

Treatment of 7 with equimolar amounts of 13Fj. Et20 at O°C for 70 hours 

followed by chromatography on SiOp (petroleum ether-ether 4:l) provided the 

humulene diketone S (m.p. 80-81aC) in 75% yield8. The proposed pathway for 

the formation of 8 (Scheme II) includes a regioselective aciaaion of the oxi- 

rane and ring expansion due to acyl migration. The latter can be regarded as 

a particular case of the known rearrangement of d,p -epoxyketones in which 

the electron-withdrawing group migrates to an electron-deficient centre9. 

Scheme II 

It was interesting to note that when the carbonyl function in 7 was re- 

placed by an acetoxy group, i.e. compound a 
IO , no cation of type 2 was gene- 

rated upon treatment with BF3.Et20. In this case the germacrene derivative 9 - 

was obtained in 78% yield” after chromatographic purification (SiOp, petro- 

leum ether-ether 5: I). The formation of 2 can be viewed as arising from 

C-7/0 bond cleavage with the cation A as an intermediate (Scheme III). 
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Scheme III 
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Table 1. PMR (250 MHz) data of compounds 2 - 2 in CDC13, ppm, TM5 (J in Hz) 

Proton 5 a 7+ 8 9 - 

H - 1 

H-5 

H-6 

H-6' 

H-8 

H-9 

H-9’ 

H-12 

H-13 

H-14 

H-15 

OAc 

4.81 dbr 
(IO) 

4.50 dbr 
(11) 

'2.63 dd 
(11, 15) 

2.2-2.3** 

3.99 dd 
(ID, 2) 

2.51 dd 
(ID, 13) 

2.2-2.3** 

1.55 s 

1.59 s 

1.46 s 

4.86 dbr 
(11.5) 

4.54 dbr 
(12) 

2.81 dd 
(12, 15) 

2.35 dbr 
(15) 

4.98 dbr 
(IO) 

2.66 dd 
(10, 13) 

-k+ 
2.1-2.2 

1.39 s 

1.59 s 

1.45 s 

2.05 s 

5.14 dbr 
(11) 

5.00 dd 
(12, 2) 

3.00 dd 
(12, 14) 

1.94 dd 
(14, 2) 

3.80 dhr 
(IO) 

2.3-2.4** 

1.16 sbr 

1.39 sbr 

1.60 s 

1.40 s 

4.94 dd 
(8, 1.5) 

4.76 td 
(8, 1.5) 

3.20 dbr 
(8) 

3.11 sbr 

1.41 s 

1.50 sbr 

1.56 sbr 

4.79 dbr 
(IO) 

4.51 dd 
(12, 3) 

3.16 dd 
(13, 12) 

2.56 dd 
(13, 12) 

4.19 d 
(11) 

2.9-3.0** 

1.?-%.6** 

1.26 s 

1.51 s 

1.64 s 

1.47 s 

2.22 s 

*run at 50°C 
** 

The assignment is based on decoupling experiments 

Table 2. CMR (62.9 MHz) data of g and 2 in CDCl?, ppm, TMS 

Carbon a 9 Carbon 8 9 

C-l 130.40 d* 

c-2 26.33 t 

c-3 40.09 t 

c-4 127.28 s 

c-5 116.84 d 

C-6 47.91 t 

c-7 203.83 sa 

C-8 204.68 sa 

130.67 d 

24.18 t 

39.71 tb 

129.26 s 

121.20 d 

38.95 tb 

89.47 s 

84.58 d 

c-9 40.49 t 28.92 t 

C-IO 139.06 s 136.79 s 

C-II 60.65 s 86.72 s 

c-12 23.07 q 25.05 qc 

c-13 23.07 q 24.08 qc 

c-14 17.02 q 17.32 q 

c-15 15.72 q 15.79 q 

OAc 170.04 s 

21.47 q 

*Multiplicities confirmed by DEPT measurment 

"CAssignment may be interchanged 
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