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TOTAL SYNTHESIS OF (%)-ANNONENE, A TRANS-CLERODANE DITERPENE

Satoru TAKAHASHI, Takenori KUSUMI, and Hiroshi KAKISAWA¥*
Department of Chemistry, The University of Tsukuba,
Niihari-gun, Sakura-mura, Ibaraki 300-31

Total synthesis of (I)-annonene, 1-[2-(3~-furanyl)ethyl]l-1,2,3,

4,4a,7,8,cis—8a—octahydro—l,trans—?,trans—4a,5—tetramethylnaph—

thalene, which is a trans-clerodane diterpene, is described.

The clerodane diterpenoids have the basic skeletons derived from labdane through
a backbone rearrangement with successive hydride and methyl shifts, and have been
interested from the aspect of biological activity.l Clerodanes can be classified,
depending on the junction mcde of their skeletons, into trans and cis groups, as
exemplified by annonene (_l_)2 and the compound (_2_),3 respectively. The typical
clerodanes have four asymmetric centers assembling in their B rings, as in 1, and
the introduction of these asymmetric centers has been the problem in the syntheses

of clerodanes. Recently the synthetic study of kolavelool (3) has been reported

4 However, there has so far been no report on the total synthe-

by ApSimon et al.
sis of clerodanes. Here we wish to describe the first total synthesis of a trans-

X . : 2
clerodane, annonene (1), which was isclated from Annona coriacea .

As the starting material, we chose the trans-decalone (5}, which was easily

obtainable by the Birch reduction of the Wieland-Miescher ketone (_g).3

The trans
ring junction of 5 has been strictly established.6 The ketone (5) was treated with
potassium cyanide and acetic acid, and the resulting cyanohydrin was dehydrated with
thionyl chloride in pyridine, giving the nitriles, (6) and (7) (i:1 ratio), in 84%
vield from 5. These isomers were separated by chromatography (silica gel; benzene
as an eluting solvent): 6; bp 115-119° (0.35 mm); v(CHCl3) 2220 (CN) cm—l; 6(CDC13)
0.95 (3H,s), 1.97 (3m,s). 7; bp 125-133°(0.8 mm); mp 53-54°; §(CDC13) 1.00 (3H,s),
1.22 (3H,d4,3=6.0 dz), 6.58 (lH,m). The nitrile (6) was converted into the allyl

alcohol (8); mp 68°, in 60% yield by reduction of 6 with diisobutylaluminumhydride
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and subsequent treatment of the resulting aldehyde with sodium borohydride. The
alcohol (8) was vinylated with ethyl vinyl ether and mercuric acetate to afford the
vinyl ether (9) in 73% yield, and the vinyl ether was subjected to the Claisen re-
arrangement. In the rearrangement,7 the tetrasubstituted olefin can be attacked by
the vinyl group from two possible sides as shown in the scheme. The B-side attack
seemed to be preferable because of the absence of a steric repulsion which was
present between the angular methyl and the vinyl terminal in the case of the o-side
attack. This preference of the B-side attack may result in the predominant forma-

tion of 11, which can serve as a key intermediate for the synthesis of annonene (1).
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The vinyl ether was heated at 200° in decalin for 6 h , and a mixture of two

aldehydes was obtained in 95% yield. The nmr spectrum of the product showed two
aldehyde signals at § 9.75 and 9.60, intensities of which were in the 85:15 ratio.
These isomers were separated by chromatography on silica gel, and the major aldehyde
was isolated in 70% yield from 9. This aldehyde was assigned to the structure 11;
oil; 6(CDC13) 1.10 (3H,s,Me), 1.20 (3H,s,Me), 2.52 (2H,d,J=3 Hz, CHZ—CHO), 4.74
(1H,bs,=CH), 4.90 (lH,bs,=CH), 9.75 (1lH,t,J=3 Hz), from a consideration of the
following facts. Owing to the sterically crowded a-axial orientation, the formyl
methyl group (-CH2-CHO) of the minor aldehyde (10) exhibited an ABX pattern in
its nmr spectrum, while that of the major aldehyde (ll) showed Azx pattern because
of relatively free rotation. Furthermore, in the nmr spectrum of 11, irradiation
at §2.52 (CHz-CHO) resulted in a 6-8% increase of the intensity of the signal at

§ 4.75 (=CH). This NOE effect was quite consistent with the equatorial orientation
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of the side chain of 11.

The aldehyde (11) was reduced with sodium borohydride, and the alcohol (12)
was hydrogenated on palladium-charcoal in ethanol to produce 13 in 84% yield.
The nmr study using tris(heptafluorobutanoylpivaloylmethanato)europium as a shift
reagent revealed that 13 was composed of 1:1 epimers at C-8. This mixture was
oxidized with pyridinium chlorochromate to the dihydroaldehyde 14, which on treat-
ment with (1) 3-furyl lithium, followed by (2) acetylation and (3) reductive
removal of the acetoxyl group with calcium-liquid ammonia gave rise to 1l5a and 15b
(72% from 13), which were separated by chromatography on silica gel: 1l5a; 6(CDC13)
0.72 (3H,s,Me), 0.80 (3H,d4,J=6.0 Hz,CH-Me), 1.06 (3H,s,Me), 3.88 (4H,bs,OCH2CH20),
6.20 (1H,bs,BH of furan), 7.15 (1lH,bs, aH of furan), 7.27 (1H,t,J=1.5 Hz, oH of
furan), 15b; 6(CDC13) 0.95 (3H,s), 1.00 (3H,d4,J=5.5 Hz), 1.10 (3H,s), 3.90 (4H,bs),
6.20 (1H,bs), 7.15 (1H,bs), 7.27 (1lH,t,J=1.5 Hz). Each isomer was deacetalized by

| Jp—
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Rza andf Me  '5b;R-0-10,RXgMe
14 ; R=CHO a;R=0 ,R:zeMe

RewandpMe 18pR-0 ,RZpMe

3
-

HOOé 18 CH3OOC 19

acid in quantitative yield. Of the resulting two isomers, l6a; mp 58°; s(CDCl3)
0.82 (3H,s), 0.83 (3H,d,J=6.0 Hz), 1.15 (3H,s), and 1l6b; mp 124°; 5(CDC13) 0.95
(3H,d4,J=6.5 Hz), 1.07 (3H,s), 1.20 (3H,s), the former was supposed to have the
"natural" configuration at C-8, since the chemical shifts of the three methyl
signals in the nmr spectrum of l6a (vide supra) corresponded well to those of methyl
hardwickiate 8 (19); 5(CDC13) 0.80 (3H,s) 0.85 (3H,d4,J=6.0 Hz), 1.27 (3H,s). The
ketone (l6a) was then treated with methylenetriphenylphosphorane, giving 78% yield
of 17; y(neat) 890 cm_l; a(CDCl3) 0.75 (3H,s), 0.85 (3H,d,J=6.0 Hz), 1.06 (3H,s),
4.45 (2H,bs,=CH2), 6.20 (1H,bs), 7.18 (1lH,bs), 7.25 (1lH,bs), the ir and nmr spectra
of which were superimposable on those of optically active 17, derived from natural
acid , (-)-lg,g by the reported method.2 The optically active 17 has already been
converted to (-)-annonene (l),2 and by use of the same procedure, racemic 17 was
isomerized to racemic annonene (l); oil; v(CHCl3) 1620, 1500, 1385, 1160, 1125 870
cm_l; 6(CDC13) 0.75 (34,s), 0.85 (3H,d,J=6.0 Hz), 1.00 (3H,s), 1.57 (3H,bs, CH=CMe),
5.18 (1H,m,=CH), 6.24 7.18, 7.32 (each 1lH,bs's,furan H's). These spectral proper-
ties were also identical with those reported for natural annonene (1).
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