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Summary: 
synthesis, 

(f)-Eremolactone and its C-4 epimer were synthesized. By this 
stereochemistry at C-4 is elucidated. 

The diterpene eremolactone(l_), 

(5.2.2.01'5]undecane ring system, 

which has an unusual skeletone, tricyclo- 

was isolated from Eremophila fraseri and E. 

freelingii. 1) It was reported that under the recrystallization conditions 1 

was partially isomerized to isoeremolactone(L), and the structure of 1 was 
^. 

finally deduced from X-ray studies onz.L) 

Therefore the stereochemistry at C-4 has 

not been assigned yet. In this paper, we 

will describe the first total synthesis 

of (f)-eremolactone and its C-4 epimer. 3) 

Our synthetic plan involves the 

double Michael reaction for the 

construction of the tricyclic ring system. 

Previous investigations of the double 
I 

Michael reaction were carried out in basic eremolactone 

media in almost all cases, 3b,c,4) however, L 
our attempts to synthesize the tricyclic 

compounds from bicyclic enone and 

substituted 2-methyl-1-propenes under 

basic conditions were unsuccessful. Then ti 

we applied the Lewis acid promoted Michael 

reaction5) of silyl enol ether to the double 

Michael reaction6) using silyl dienol ether, 
3 

and we achieved success as follows. 

Silylation of enone(3)7) under kinetic conditions gave 

isoeremolactone 

2 

% 
x 

,%=c’, 
c)s Y 

4 

siloxydiene(2, bp 

82-83'C/5 mmHg) in 92% yield. The reaction of 5_with mesityl oxide(4_, Y=H, 

X=COCH3) in the presence of titanium(IV) chloride (-78~-40°c, 2h) afforded a 

ca. 1:2 mixture of 6_a and fi5, (64% yield)*) and a mixture of the other two 

stereoisomers (62 and 62; 17% yield). Sodium borohydride reduction of the 

former mixture (@ and 62) gave easily separable two keto alcohols, 72 (29% 

mp lOl-102'C) and 7_b (40%, oil), although the latter mixture (s and 62) gave 
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mainly side chain reduced products. The structure of racemic & was 

established as indicated in the scheme by X-ray crystallography. 9) The 

stereochemistry at the C-4 and C-9 positions of 2 was tentatively assigned 

and later confirmed by the successful transformation to eremolactone and 

isoeremolactone. The stereochemistry at the C-S and C-6 of 2 was deduced 

mainly from the assumption that hydride might attack on the carbonyl group of 

$& from less hindered side and from the behavior of the following 

transformations. Dehydration of La with SOC12-pyridine at O°C for 4h gave La 

in 72% yield. In contrast to Ja, Lb gave the corresponding dehydration 

product only in a very low yield under the same conditions. But the 

dehydration could be performed in 71% yield by treatment with an excess 

amount of methyltriphenoxyphosphonium iodide in HMPT at 95'C for 8h, although 

E was contaminated by several percent of double bond migrated isomer. 

Silylation, oxidation with MCPBA, NaBH 
4 

reduction, and subsequent oxidative 

cleavage with NaI04 of 5 gave the aldehyde 2 in 43% yield. Similar 

treatments of 2 afforded &b in 45% yield. Reaction of the aldehyde(2) with 

3-methyl-2-trimethylsiloxyfuran in the presence of SnC14 at -78'C was very 

slow compared with model reactions, 10) probably due to the steric hindrance. 

To obtain the desired product even in a moderate yield, it required a large 

excess of the furan (ca. 10eqs.) and a long reaction period(overnight) . The 

reaction mixture was quenched with triethylamine and $?_a (R=H, 25% and 

R=Me3Si, 42%) were isolated by tic. Dehydration of =a (R=H) was carried out 

by successive treatment with triethylamine-trifluoroacetic anhydride and DBU 

in dichloromethane to give =(E and Z mixture) in 54% yield. The siloxy 

derivative l&a(R=Me,Si) also gave l_la(E and Z) in 61% yield by treatment with 

DBU in acetonitrile at i--t. for lh. These isomers were separated by tic from 

each other. The ratio of (E)- and (2)-l& was ca. 1:l. Though the mass 

spectral data of (Z)-lla_ showed the same fragmentation pattern as those of 

eremolactone, 11) the 
1 
H-nmr spectral data of (2)-u 12) were apparently 

different from those of natural eremolactone. Migration of double bond of 

(2)-G to z was carried out under acidic condition (2M HCl-EtOH, reflux 

2h), and then z was found to be (f)-isoeremolactone by the comparison with 

natural isoeremolactone(A). Therefore (Z)-G was apparent to be the C-4 

epimer of (A)-eremolactone. On the other hand, the reaction of another 

aldehyde(2) with the siloxyfuran under the similar conditions gave E(R=H) 

in 50% yield. Dehydration of z gave ll&(ca. 1:l mixture of E- and 

Z-isomer) in 75% yield. Careful separation of the two isomers by tic gave 

(Z)- and (E)-s. The spectral data (MS, 
1 
H-NMR, IR) of (Z)-&2) agreed 

with those of natural eremolactone (A), though the synthetic compound was 

contaminated with several percent of (f)-isoeremolactone(12). Migration of 

double bond of (Z)-s by the treatment with acid gave 

(f)-isoeremolactone(z), which is identical with that obtained from (Z)-lla. 
- 

As (Z)-I.& was derived from Ja, which structure was confirmed by X-ray 

analysis, the structure of (Z)-s, &b, and 8b, were deduced as shown. 
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