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Abstract. Chiral, double-activated enophiles in 1,7-dienes 6a - d undergo thermal and 

Lewis-acid catalyzed intramolecular ene reactions yielding trans-cyclohexanes 7a-d and 

8a-d. The extent of diastereoselectivity depends on the reaction temperature. The 1,7- 

dienes 6 are obtained via Knoevenagel condensation of citronella1 5 with acyclic 1,3-dicar- 

bonyls and analogous compounds 4. Starting with the diene 6e, however, an intramolecular 

hetero-Diels-Alder reaction takes place. 

The ene reaction offers a valuable method for carbon-carbon bond formation, though its syn- 

thetic power is often severely hindered by modest yields and low selectivity. A detailed 

study of its intramolecular mode is still wanting. However, there are reasonable results in 

the case of 1,6-dienes, whereas so far reactions of 1,7-dienes have not been 

feasible ’ . We have been able to show recently that alkylidene-1,3-dicarbonyls may serve 

as highly reactive enophiles in a non-induced 2 . intramolecular ene reaction of 1,7-dienes 

yielding trans-substituted cyclohexanes with de >98% 3,4. Thus, the zinc bromide catalyzed 

reaction of the double-activated 1,7-dienes 1, e.g., in a non-induced mode exclusively 

gives the trans-substituted cyclohexane derivative rat-2 in 88% yield at room temperature 

within 15-30 min. There was no trace of the cis-substituted product. In addition, 4% of 

isomerized Knoevenagel compound 3 could be isolated. 

the 

\ ‘-v> ZnBr2, CH2C12 

Me02C , r.t.,15-30 min 
Me+) Mek2C+ 

C02Me CO*Me C02Me 

1 2 3 

Apart from these mild reaction conditions, it is of particular value with this and related 

reactions that the starting materials are easily accessible by simple Knoevenagel 

condensation of unsaturated aldehydes and 1,3-dicarbonyl compounds. This is why the newly 

developed ene reaction is a valuable complement to the well-established intramolecular 

hetero-Diels-Alder cycloaddition of alkylidene- 5 and arylidene 1,3-dicarbonyls . 
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In this paper we describe the asymmetric induction in intramolecular ene reactions of 1,7- 

dienes. Citronella1 5 served as a starting aldehyde, which has one chiral center and can be 

obtained in both enantiomeric forms with high enantiomeric purity 6 . Condensation of 

citronella1 5 
7 

with the 1,3-dicarbonyl and analogous compounds 4 in the presence of 

piperidinium acetate (O.leq. , r-t., lh) gives the sensitive alkylidene 1,3-dicarbonyl com- 

pounds 6 in nearly quantitative yields (Table 1). 

R’>, + 3 piperidiniunacetate (0.1 eq.) 

r-t.., lh 
R' / \ 

0 * 

4 5 R2 6 

Table. 1. Knoevenagel condensation of citronella1 5 with 1,3-dicarbonyls and analogous 

compounds 

educts R' R2 products yield (p-a.-6) % 

4a co2Me C02Me 6a 82 

4b C02Et C02P 6b 84 

4c CN CN 6c 84 

4d co2Me CN 6d 90 

4e COMe COMe 6e 87 

It is a special advantage of these reactions that the 1,7-dienes obtained can be used in 

the subsequent ene reactions without further chromatographic purification. The configura- 

tion of the newly established double bond in 6 was determined by means of 
13C 1 

, H-coupling 
8 

constants . 

Refluxing of 6a in ortho-dichlorobenzene yields 75% of the two diastereomeric trans-substi- 

tuted cyclohexane derivatives 7a and 8a 9. In a 86:14 ratio. In this reaction the non- 

induced diastereoselectivity amounts to 98% (ni-de 98%), since cis-substituted cyclo- 

hexanes could not be detected; whereas the induced diastereoselectivity is 72% (i-de = 72 

96). However, the ene reaction may also be performed at room temperature in dichloro- 

methane or benzene within 15-30 min using 1.1 equivalents zinc bromide as a Lewis .acid 

catalyst. In this case a 96.5:3.5 ratio of 7a to 8a ' is obtained (ni-de 98%; i-de = 93%) 

(Table 2). The induced diastereoselectivity of this reaction increases to 96 % when 

diethylaluminium chloride is applied at -45'C instead; due to the formation of by-products 

the chemical yields are lower, though. 

i;-? 

orW-dichIorotxsnzene, 'WC 

R' / \ 
or zinc brunide, r-t. 

;'+ + R'$$ 

R2 
R2 R2 

6 7 8 
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Table 2. Thermal and Lewis acid catalyzed reactions of 6a - 6e 

products (isolated yields % ) 

ratio ratio 

educts t80°C (o-DCB) 7 :8 ZnBr2, r-t. 7 : 8 

6a 7aa) , 8aa) (75) 86 : 14 7aa), 8aa) (86) 96.5 : 3.5 

6b 7b, 8b (83) 96.5 : 3.5 

6c 7c, 8c (90) 87 : 13 7c, 8c (88) 95.0 : 5.0 

6d 7db), 8d (89) 88 : 12 7db), 8d (19); 9d, 10d (68) 96.5 : 3.5 

6e lle, 12e (81) - lie, 12e (88) 

a) 13C NMR (CDC13, 50.3 MHz) of 7a/8a: 6 = 18.96119.36 (C-3"), 22.54117.89 (5'C-Me), 

32.35/26.27 (C-3'), 32.73/27.32 (C-5'), 34.68/31.09 (C-4'), 36.59/33.47 (C-6'), 39.88/34.33 

(C-l'), 48.68 (C-2'), 51.80 and 52.22 (O-Me), 53.22/53.44 (C-2). 112.43/112.22 (C-l"), 

147.52 (C-2"), 169.03 and 170.11/169.95 (C-l and C-3). 

b, 7d was obtained as a 1:8 mixture of stereoisomeres relative to C-2. 

Similar results were obtained with 6b and 6c lo . 6d yields the cyclohexanes only in the 

case of the thermal cyclization. The Lewis .acid catalyzed reaction leads to the formation 

of the benzopyran derivates 9d and 10d as main products via an intramolecular hetero-Diels- 

Alder reaction, while the ene-products 7d and 8d are obtained in low yields only. 6e be- 

haves differently in that we find the Diels-Alder products lie and 12e but not those of the 

ene reaction in the thermal as well as in the Lewis acid catalyzed reaction 
11 . 

NC 

9d 10d lle 12e 

Evidence for the trans-orientation of the substitutents in the ene-products 7 and 8 is 

provided by the 'H- and I3 C NMR spectra. Thus, we find a coupling constant of J = 11.5 Hz 

for the I'H-2'H-coupling as it is to be expected for trans-diequatorially substituted cyc- 

lohexanes. 

The high selectivity of these ene reactions can be explained by assuming a cyclohexane-like 

transition state with a chair-arrangement of the chain, where the 1,7-diene is in an exo-E- 

anti-conformation with either pseudoequatorial 13 or pseudoaxial 14 orientation of the 

methyl group. The dependence of the ratio of diastereoisomeres on the reaction temperature 

is in accordance with a AA G* -value of 1.7 kcal/mol at 20°C which in turn corresponds 

to the difference of the conformational free energies of the methyl group in methylcyclo- 

hexane 
12 
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