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SYNTHESIS OF PENTALENIC ACID THROUGH BIOGENETIC LIKE CYCLIZATION OF HUMULENE
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Summary: Humulene furnished 4,7-epoxy-3-methylene-7,10,10-
trimethyl-11-bicyclo[6,3,0]undecanol 3 in 34% yield employing
oxymercuration as a key step. On treatment with BFstEtZ, 7,11-
dihydroxy-3,7,10,10-tetramethyl-3-bicyclo[6.3.0]undecene, which
was derived from‘g by ether cleavage, afforded 10a-hydroxy-
pentalenene 13 (20%) along with four byproducts. Oxidation of
allylic methyl group of 13 gave methyl pentalenate in 13% yield
from 9.

An antibiotic fungus metabolite, pentalenolactone (4) has recently been aimed
~

1

as an attractive target of synthetic works. The compound was demonstratedz) to

be biosynthetically derived from humulene gl) and several compounds which are

3)

thought to be biosynthetically intervened between 1 and 4 were isolated. We are

currently interested in the biogenetic like synthesis of the sesquiterpenes
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derived biosynthetically from humulene.4’5) We should like to describe here

synthesis of pentalenic acid Qé).

Humulene (1) was treated with Hg(N03)2 (3 eq, THF-H,0 (1:1), 0 °C, 1 h and
then 65 °C, 3 h) 6) followed by aqueous KBr solution to give two 1l0a-bromomercuri-
3,6-secoprotoilludane derivatives, 27) (31%) and 97) (21%) (Jvic of BrHg-C-H = 9
Hz in both compounds). The two mercury compounds were separately converted to

two groups of corresponding 10o and 10B8-hydroxy compounds, 17) (49%) and‘§7)

(33%), and 27) (66%) and £97) (21%), respectively under Whitesides’ conditionss)

(02, NaBH DMF). The 7-hydroxy compounds 7 and 8 gave corresponding exomethylene

4°
compounds 3 (73%) and 10 (78%) by bromination (1. ACZO-Py, 2. PBrs-ether) and
dehydrobromination (+Am0Na, DMSO, 70 °C) and 10 was changed to 9 (75%) through
oxidation (Jones Reagent) and reduction (NaBH4, EtOH, 0 °C). After all 10a-
hydroxy ether J was furnished from humulene in 34% yield. On treatment with Li

(5 eq) in EtNH, - THF (-78°), the ether 9 afforded cyclooctenol l}7) in 90% yield.

%

Formation of the pentalenane skeleton was first attempted under the same
conditions (HCOZH, AcZO, rt, 24 h) as those used for the conversion of 10-
deoxycyclooctenol ;34b) to pentalenene (g) and a skeletally isomeric pentalenene
derivative 18 was yielded (40%) instead of desired compound 13. Elaboration of
the desired skeleton was achieved by treatment of 11 with excess BF3'OEt2 in
CHZCI2 at -10 °C for 30 min to give 10o-hydroxypentalenene ;§7) (20%) with other 4
compounds ;37) (8%), ;97) (12%), ;27) (10%) and Lg7) (10%). 10-Deoxy compounds of
£§5), 134C), ;99) and ;§4b) were previously obtained by us and the stereochemistry
of 13, 14, 16 and 19 was depicted as formulae referring to the data of these
deoxy compounds. On oxidation with SeO2 (excess, EtOH-HZO (10:1), reflux,
overnight), 13 yielded an aldehyde gg7) (72%) which was converted to methyl
pentalenate (21) (68%) by treatment with MnOZ-KCN (MeOH-AcOH, catalytic amount of
18-crown ether rt, 5 days). The spectral data of 21 were completely identical

with those of the natural product. Hydrolysis of 21 (MeOH-HZO, KOH, 40 °C, 3 h)

gave pentalenic acid (2) quantitatively.
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Spectral data of all compounds are consistent with the structure depicted in
the figure. Nmr spectra exhibited the following peaks (in CDCl3 unless other-
wise indicated).

5 1.18 (3H, s), 1.20 (6H, s), 1.39 (3H, s), 3.87 (1H, bd, J=6) ppm.

6 1.17, 1.21, 1.25 (each 3H, s), 4.58 (1H, 4, J=6), 4.76 (2H, s).

7 0.91, 1.02, 1.19, 1.36 (each 3H, s), 3.17 (1H, d, J=7), 3.88 (1H, m).

8§ 0.93, 1.02, 1.20, 1.35 (each 3H, s), 3.42 (1H, d, J=3), 3.86 (1H, m).

9 0.92, 1.03, 1.22 (each 3H, s), 3.18 (1H, d, J=7), 4.57 (1H, bd, J=6),
4,73 (2H, s).

10 0.93, 1.05, 1.23 (each 3H, s), 3.49 (1H, d, J=3), 4.55 (1H, bd, J=6),
4.74 (24, m).

11 0.94, 1.11, 1.23 (each 3H, s), 1.74 (3H, bs), 3.37 (1H, d, J=7),
5.50 (1H, t, J=6).

13 0.94 (3H, d, J=7), 0.97 (6H, s), 1.60 (3H, m), 3.33 (1H, d, J=5),
5.32 (1H, m).

14 0.92, 1.00 (each 3H, s), 1.04 (6H, s), 3.48 (1H, d, J=3.1),
3.98 (1H, d, J=53.5).

16 0.90, 0.97, 1.08 (each 3H, s), 3.34 (1H, d, J=3).
17 0.91 (3H, d, J=9.1), 0.97, 1.06 (each 3H, s), 1.58 (3H, bs),

5.41 (1H, m).
(CCl,) 0.98 (9H, s), 1.59 (3H, t, J=2), 4.45 (IH, d, J=7),
5.32 (1H, bs), 7.98 (1H, s).

e

19 0.98 (9H, s), 1.58 (3H, t, J=2), 3.20 (1H, d, J=8), 5.39 (IH, m).
20 0.97 (34, s), 0.98 (3H, d, J=7), 1.00 (3H, s), 3.40 (1H, d, J=5.5).

X

6.85 (1H, m), 9.63 (1H, s).
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