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The rigidity of la would seem to be responsible, at least 

in part, for its much more limited complexing ability, al- 
though this is countered by the hydrogen-bonding capa- 
bility of lb. In any case, lb  provides a potentially valuable 

addition to the collection of complexing agents, each of 
which has its own specific selectivity in the choice of guest 
molecules. 
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Bicyclic sy,&unsaturated ketones 3,5,15a, and 15b obtained via intramolecular Diels-Alder cyclizations were 
found to undergo acid-catalyzed isomerization to the corresponding a,p-unsaturated ketones in high yield. Ketone 
15b was isomerized to a 78:22 equilibrium mixture of enones 16b and 16a, respectively. The isopropyl stereo- 
chemistry was unequivocally established as pseudoequatorial in the minor isomer, 16a, by X-ray diffraction. The 
mixture of 16a,b has been converted to the natural product epizonarene (1). 

The sesquiterpene epizonarene ( 1)2 is a member of the 
cadalane class and has recently been synthesized3 via ke- 
tone 2. In this report, we use the synthesis of 2 to illus- 

hexenone annelation which is based on the fact that bi- 
cyclic y,b-unsaturated ketones can be isomerized into a,- 
P-unsaturated ketones. 

General Method 
We recently reported the preparation of 3 which was 

used in a synthesis of (&)-~elenadiene.~~ When 3 was 
treated5 with 5% H2S04 in acetic acid6*' the double bond 
cleanly isomerized into conjugation with the ketone, 
yielding compound 4 (96%).* Compound 4 was exclusively 
the isomer with the quasi-equatorial methyl group and, 
surprisingly, C a n  not readily be made by Robinson mne- 

2 - 1 - 
trate a new approach to enone synthesis based on the 
intramolecular Dielu-Alder r ea~ t ion .~  The overall se- lation.g 
quence in eq 1 presents this unique strategy for cyclo- 
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When ketone 5, obtained by our reported was 
treated with acid, the two epimeric enones 6a and 6b1° 

- 6a R1 = H, R 2  = CH3 
Lb- R 1  = C&, R2 = H 
6c R1 = H, R2 = isopropyl - 6d R1 = isopropyl, R2 = H 
- 

were produced in a 77:23 ratio (93%). The increased 
proportion of the isomer with a quasi-axial methyl group 
(relative to 4) is due to a modest A1,3 strain1' in 6a. This 
strain is relieved upon isomerization to axial isomer 6b. 
In the case of the corresponding axial epimer of 4, a severe 
1,3-methyl-methyl interaction makes this isomer less fa- 
~ o r a b l e . ~ " ~ ~ J ~  

Approach to Cadalanes 
For the application of this method to the synthesis of 

cadalanes, in particular 1,3-isopropylpentadienyllithium 
(8) was required. This reagent could be generated from 
3-isopropyl-l,4-pentadiene 7 which was prepared by the 
reaction of pentadienyllithium and isopropyl t~sy la t e .~  

3 (';-form) 8 (Siikle-form) E 
The synthesis of ketone 15 proceeds as shown in Scheme 

I. Several points should be noted. First, the addition of 
3-isopropylpentadienyllithium (8) to 9 proceeds to give 
mixtures of E and 2 double bond isomers. This is probably 
a reflection of increased nonbonded interactions in the 
W-shaped ion 8 (W-form) relative to 3-methylpentadienyl 
anions.14 The relative ratios of 10/11 could be adjusted 
over wide limits (Table I). The optimum conditions (Li' 

(10) Stork, G.; Brizzolara, A.; Landesman, H.; Szmuszkovin, J.; Terrel, 
R. J. Am. Chem. SOC. 1963,85, 207-222. 

(11) Johnson, F. Chem. Rev. 1968,68,375-413. 
(12) Our plan at the outset was to use compound 6b as a precursor to 

ere mop hi lane^;'^ however, the allylic strain present in 6a was not suffi- 
ciently destablizing to make isomer 6b predominate. Moreover, 6b reacts 
with MezCuLi only by I,2-addition, a result not unknown for hindered 
enones such as 6b.13 Enone 6a undergoes 1,4-addition to provide the 
undesired trans-8,9-dimethyl-cis-octalone. We thank Professor J. A. 
Marshall, Northwestern University, for providing spectra of the cis-8,9- 
dimethyl-cis-octalone for comparison. p- --. p- - -&Eremophilanes 

(13) Devon, T. K.; Scott, A. I. "Handbook for Naturally Occurring 
Compounds: Terpenes"; Academic Press: New York; 1972; Vol. 11. 

(14) Wilson, S. R.; Jernberg, K. M.; Mao, D. T. J. Org. Chem. 1976, 
41, 3209-3210. 

Table I. Solvent and Cation Effects on  the  Ratio 
of 1 0 a / l l a  ( E / Z )  from 3-Isopropylpentadienyl Aniona* 

M +  solvent temp, "C E / Z  ratio 

Li + Et,O -78 0:lOO 
Li + THF -78 64:36 
Li + THF -20 46:54 
Li + DME -20 4 8 ~ 5 2  
Li + 10% HMPA/THF -78 84:16 
Li + 10% HMPA/THF -20 82:18 
K +  THF -18 14:86  
K +  10% HMPA/THF -20 33:67 
Mgz+ 20% Et,O/THF 0 72:28 

a Potassium anion was prepared in KO-t-Bu/n-BuLi/ 
hexane.21**2 Lithium anion was prepared by addition of 
excess lithium bromide solution (1.2 M in THF) to  the 
potassium anion. Magnesium anion was prepared by 
washing the potassium anion with hexane and then adding 
excess MgBrz.20Et,. 

salt, HMPA/THF, -78 0C)5 gave an 8496 ratio of lOa/lla. 
Second, the 2 isomer does not undergo an intramolecular 
Diels-Alder cyclization, but rather a 1,5 hydrogen shift to 
yield 13a,b. Compounds 12 and 13 can be easily separated 
by short-column chromatography. Raney nickel desul- 
furization of compounds 12a/ 12b afforded alcohols 
14a/14b which upon Jones oxidation gave ketones 15a/ 
16b. The ketone mixture appeared to be exclusively 
trans.15 Treatment of 15a with p-TsOH in refluxing 
benzene gave a 7822 mixture of 6d/6c (65%), respectively. 
Alternatively, TFA/CH2C12 (l:l, v/v) a t  room temperature 
affords a 5050 mixture, a reflection of kinetic axial pro- 
tonation. Treatment of this mixture with sodium meth- 
oxide (MeOH, 65 "C, 6 h) results in the identical 78:22 
equilibrium ratio. Attempts to isomerize 15a/ 15b with 
H2S04 in acetic acid required sufficiently long reaction 
times to cause extensive decomposition. The stereochem- 
ical assignments were based in part on the relative reten- 
tion time of isomer pairs 6a/6b and 6c/6d on an OV-101 
GLC column (the quasiaxial isomers 6b and 6d emerge 
first). 

When compound 15b was treated with acid, again a 
78:22 mixture of unsaturated ketones was produced 
(16b/16a). Although this enone mixture has been the 

F H3 

c 18 

subject of a number of rep0rts,3'~'J~ the isopropyl stereo- 

(15) The Diels-Alder cyclization must experience nonbonded inter- 
actions in the transition state due to the isopropyl which are more severe 
than those described by us 

(16) Wilson, S. R.; Huffman, J. C. J. Org. Chem. 1980, 45, 560-566. 
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E R = B  
R = CH3 

lla 3 = H - 10a R = H 
10b R = C& 
- 

lib R = CH3 - 
I l 8 O 0  

- 

Figure 1. ORTEP drawing of molecule 16a. 

chemistry has not been clearly established. Presumably 
this is due to the erroneous assumption that the more 
stable isomer at  C-7 would have an equatorial isopropyl 
group. The two epimers 16a and 16b could be distin- 
guished by their ‘H NMR spectra which showed a char- 
acteristic doublet methyl signal at 6 0.78 in 16b and 6 0.89 
in 16a. This doublet has been erroneously assigned to the 
C-10 methyl g r o ~ p . ~ J ~ ~ - ~  Our assignments attribute this 
6 0.78 signal to one of the methyls of the quasi-axial iso- 
propyl group, deshielded by the enone double bond. This 
assignment is clearly correct, since compound 6d (lacking 
the C-10 methyl) also shows a doublet a t  6 0.78. The 
isomers 16a/16b can be separated, and each was epimer- 
ized (NaOMe, MeOH, 65 “C) to the same 7822 equilibrium 
mixture. The minor isomer 16a was crystallized (mp 68-69 

~~~ 

(17) (a) Gill, N. S.; Lions, F. J. Am. Chem. Soc. 1950, 72, 3468-3469. 
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1199-1201. (c) Aldwa, P .  H.; Joshi, G. D.; Kulkami, S. N., Chem Znd. 
(London) 1968, 1601-1602. (d) Belavadi, V. K.; Kulkami, S. N. Indian 
J. Chem., Sect. B 1978, ME,  336-338; (e) Zbid. 1978,16E, 747-748. (0 
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Chem. SOC. 1976,53,593-594. 

(19) h e y  nickel was prepared as described by: Mozingo, R. “Organic 
Syntheses”; Horning, E. C., Ed.; Wiley: New York, 1955; Collect. Vol. 

(20) Seebach, D.; Sewing, B.; Kaliiowski, H.-0.; Lubosch, W.; Renger, 
B. Angew. Chem. 1977,89, 27C-271. 

(21) Lochmann, L.; PopiHil, J.; Lim, D. Tetrahedron Lett. 1966, 

(22) This mixture has also been reported to metalate 1,3-dienes. See: 
Bahl, J. J.; Bates, R. B.; Gordon, B., 111 J.  Org. Chem. 1979, 44, 
2290-2291. 

(23) Posner, G. H., Or);. React. 1972, 29, 1-114. 

111, pp 181-183. 

257-262. 

12a R = H = H  - - 12b R = CH3 JJ& E = CH3 

“C), and the stereochemistry of this isomer (16a) was 
unequivocally established by a single-crystal X-ray dif- 
fraction experiment (Figure 1). The allylic interaction of 
the isopropyl and vinylic hydrogen can clearly be seen in 
Figure 1. 

Compounds 16a/16b as a mixture have been converted 
to (f)-epizonarene3 (1) and also converted to (*)-epibi- 
cyclosesquiphellandrene (17a),lB although the natural 
product 17a was probably the minor component of a 
mixture of 17a/17b. 

Conclusion 
We have thus established the efficacy of an enone 

bisannelation strategy involving the intramolecular 
Diels-Alder reaction. Although the enones prepared in this 
study could be made as well by classical methods, we have 
applied the approach to enone 18 and other systems where 
this procedure appears uniquely applicable. These will be 
the subject of future reports. 
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