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The synthesis of (+) eremophilone 1.,an unusual sesqu:i.i:e):pene1 which
does not follow the isoprene rule,has long been a synthetic challenge because of the problem
associated with the cis relationship between the three alkyl groups, together with the sensi-
tive cisoid enone function. 'mev latter forces the system either to have the methyl and isopro-
penyl groups on the cyclohexanone ring 1:3 diaxial or to distort the cyclohexanone ring toward

a boat conformation.

o

- Two syntheses have been reported macem:ly2 Of these, one is not stereose-
lective and the other achieves its goal indirectly via a conversion of the previously synthe-
sized isoncotkatone. In the stereoselective total synthesis of (%) eremophilone that we des-
cribe here, we first establish the proper relationship between the isopropenyl and the angular
methyl groups by the established axial conjugate addition of organocopper reagents with 5-alkyl
cyclohexenones of type 3. Control of the secondary methyl stereochemistry is then achileved by
the reduction of an exocyclic methylene group precursor. This approach, in turn, required pro-

tection of the isopropenyl group : the dimethyl carbinol 3c was chosen for this purpose.
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Synthesis of the starting cyclohexenone 3c :[nmt (CC14) § 1.15 (s,6H),
1.85 (s,3H), 5.65 (s,IH)]was readily achieved in 70 % yield, by reaction of the known enol-
ether _6_3 with an excess of methylmagnesium bromide followed by treatment with dilute acid.
Protection of the alcohol function by reaction with ethyl-vinyl ether then gave 3b : [bp 115°
(0.01 mm) ; 92 % yield ; nmr (CDC13) § 1.9 (s,3H), 3.45 (q,2H), 4.85 (q,1H), 5.80 (s,in)].
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The following reactions were carried out with }_b__ , the precursor of ere-
mophilone, and also with §_a_4 which leads to dihydro-eremophilone. Addition of the Grignard
reagent 15 (2,5 equiv. in tetrahydrofuran, catalytic amount of CuI) leads respectively, after
acidic hydrolysis (10 % HC1l) to the saturated cyclohexanones 5c :[chromat;ography on alumina :
eluant : benzene/ethyl-acetate: 7/2 ; BO % yield ; nmr (CDCL,) 6 1.25 (m,9H), 4.85 (s,2H)]and

5a : [bp 190° (0.05 mm) ; nmx (CDC13) § 0.9 (4,6H), 1.2 (s,3H), 4.9 (s,2H) as single isomer,

the purity ‘of which is established6 by 13C nmr]

Collins oxidation of 537 and 5a gave the corresponding aldehydes 3b :
Crude, 90 % yield and 9a :[bp 170° (0.1 mm) ; 90 % yield ; nmr (CDC13) $ 0.9 (4,6H), 1.2 (s,3H)
4.8 (s,1H), 4.85 (s,1H), 9.9 (1H)] which then underwent guantitative internal aldol condensation
{MeONa 0.1 N MeOH, 4 h, 0~10°) to produce the substituted decalones E)Eand 1_(23_.
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Dehydration of the aldol l_O_a_ could be achieved easily by thermal crac-
king (250°) to produce (80 % yield) enone 1_1 :[hp 170° (1 mm) ; nmr (CDC13) § 4.8 (s,2m),

6.6 (t,lH)]which could be used to test the stereochemical outcome of catalytic hydrogenation
of the exocyclic methylene. '

We were aware that although this type of reduction can be made regiospe-
cific by use of triphenylphosphine-rhodium chloride catalysts, the stereochemical result with
flexible systems like 11 cannot be predicted. In fact, the (%) dihydroeremophilone which is
obtained quantitatively is a mixture of the two isomers 12 et 13, in the ratio of about one

to one9 .
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In contrast to catalytic hydrogenation, thermodynamically controlled re-
duction of the methylene would lead to an equatorial secondary methyl. The proper choice of
bicyclic system could then lead to a situation in which the equatorial secondary methyl and
the angular methyl are cis.

A system which seems to meet these requirements is easily produced from
the aldols E_ by protection of the hydroxyl (ethylvinyl ether) and reduction of the carbonyl
(NaBH4 + MeOH, 0°) leading in 95 % yield, to the bicyclic structure shown in 14.

Of the two possible conformers corresponding to 14, the more stable ap-
pears to be 14-I largely because it avoids the very serious 1,3 diaxial interaction of the
alkyl groups in the other conformer. We would, therefore, expect that the product of a
thermodynamically controlled reduction of the exocyclic methylene function should be 16.
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Reduction of the methylene of 14 by lithium in ethylene-diaminelo should

lead to the desired result because one would expect the methyl group to be equat:or:l.al11 at the
transition state for protonation of the tertiary carbanion center in 15, in which the star

denotes an anion, a radical or a hydrogen. Furthermore, we hoped that the free hydroxyl of 14
(see 15) might utilize its favorable location to transfer a proton intramolecularly. Complete

stereospecificity might then be expected.

In fact, chemical reduction of 14 (0.4 M in dioxane) with a large excess
of lithium and of ethylene diamine (80 equiv. each) at 10-20° (complete decolorization in 30
min.), followed by Jones oxidation of the free secondary alcohol and liberation of the protec-
ted hydroxyl (10 % HC1l) gave aldols 17 in 90 % yield from 14.
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) In the dihydroeremophilone series, the aldol 17a could be cleanly dehy-
drated to (%) dihydroeremophilone in 80 % 'yiélt;, merely by Kugelrohr distillation at 280°. In
the eremophi'lone seiies itself, the dehydration of t};e tertiary carbinol in the éiée chain
to the 1soprbpenyl group together with the aldol dehydration required cracking in the presence
of alumina (280°). The instability of eremophilone to these conditions unfortunately markedly
reduces the yieldlz.

The doubly dehydrated product _13 (25 % yiéld) was obtained as a mixture
of a,8 and 31713 igsomers. The mixture was qué.ntitatively transformed to the o,B isomer by base-
catalyzed epoxidation followed by reduction of the epoxide with chromous ionB. The o,B unsa-
turated ketones thus obtained consisted of 70-85 %14 of (¥) eremophilone 1 , identical (1H

and 13C nmr, ir, mass spectrum) with natural eremophilonels, and of 15-30 % of the isomer 2.
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