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Summary: Lewis acid- or Amberlyst resin-promoted cyclizations of unactivated alkenes with 3- 
vinylcycloalkenones afford a variety of polycyclic systems. 

Although Lewis acid-catalyzed reactions of alkenes with simple and conjugated carbonyl 

compounds have been extensively studied,’ in only one case have dienones been used as electrophiles? 

In the course of our dolastane work3 we found that treatment of trienone 1 with excess ethylaluminum 

dichloride at low temperatures gave tetracyclic enone 2 in 53% yield, while reaction at room temperature 

led to a comparable yield of tricyclic dienone 3 (Eq. 1).4 Both products can be derived from the 

zwitterion i, which forms upon initial ring closure. At low reaction temperatures intermediate i undergoes 

Equation 1 

t 

loss of 
EtAlCl, 

. . . 
III ii i 

intramolecular alkylation to give a cyclobutane (Path “A”). This process corresponds to a non- 

photochemical 2+2 cycloaddition.5 In contrast, at higher temperature i first undergoes an alkyl shift ( i-1 

ii, i.e., Path “B”) and then a 1,Zhydride shift to generate dienone 3. 

We have found Amberlyst resins6 useful for the initiation of other cation-oletin cyclizations.7 

The novelty of the results described above prompted us to probe the utility of cation-dienone cyclizations 

for the formation of polycyclic systems, and to compare the effect of Lewis acid catalysts with acidic 
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resins. 

Equation 2 summan ‘zes the profound catalyst dependency exhibited in the cyclixations of a series of 

trienones. In each Lewis acid-catalyzed case only a single cyclobutane containing polycycle was formed. 

Ethylahuninum dichloride was the reagent of choice among the various Lewis acids examined, even 

though >1.2 equivalents were routinely required. Note that the cyclization of 16 generates a pentacyclic 

product with remarkable efficiency. On the other hand, use of c 0.05 equivalents of the strongly acidic 

Amberlyst resins led to the formation of polycyclic enones; adducts containiig either a cyclobutane ring 

or a conjugated dienone moiety were not detected. 

Equation 2 
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We felt that formation of the cyclobutane adducts shown above was a kinetically favored process 

and that varying the strength or amount of Lewis acid (or reaction temperatures) would lead to opening of 

the cyclobutane ring. Contrary to our expectations, cyclobutanes 5,8,11,14 and 17 were inert to 
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strong Lewis acids such as Tick, MgBr2, AlC13 or EtAlC12 under a variety of vigorous reaction 

conditions, yet cyclobutanes 19 and 21 reacted cleanly upon prolonged exposure to TMSI to give enone 

20 and ketone 22, respectively (Eq. 3).8Q 

Equation 3 

R =H (19) 
TMS-I / ZnI, 

16 h (53%) 

R = CI-L, (21), 
TMS-I / ZnI, 
48 h (75%) 

Cation-dienone cyclizations are also useful for the annulation of cyclohexane rings (Eq. 4). For 

example, trienones 23 and 25 form decalins, with either Lewis acid or Amberlyst catalysis, by means of a 

series of hydride shifts. The reactions of substrate 28 are particularly noteworthy. Although unreactive 

upon treatment with various Lewis acids, 28 rapidly rearranges in situ with Amberlyst catalysis to 

generate trienone 25, affording the identical 1:l mixture of decalins 26 and 27. 

Equation 4 

23 

a) EtAlC12/OoC (65%) 
b) Amberlyst (55%) 

..CH3 

24 

a) EtAlC12 / toluene / 0 “C! 
3 16 h (45% yield of only 26) 

b) Amberlyst Resin 
refluxing CH2C12 / 6 h 
(85% of a 1:l mixture 
of 26 and 27) 

Finally, this new annulation strategy is also applicable to polyene-like cyclizations as typified by 

the cyclization of substrate 30 (Eq. 5). 

Equation 5 

30 31 32 
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In conclusion, Amberlyst catalyzed reactions am useful for the formation of six and seven- 

membered rings, while the Lewis acid-catalyzed reactions of olefin-dienones provide rapid access to 

cyclobutane-containing polycycles. Further studies on the mechanism and synthetic applications of these 

reactions are in progress. 
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