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INTRAMOLECULAR DIELS-ALDER REACTIONS OF 1,3,8-NONATRIENE AND 1,3,9-DECATRIENE
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Pittsburgh, Pennsylvania 15260

Abstract: The stereoselectivities of the title reactions have been investigated from 140-340°C,
and relative activation parameters for cis and trans product formation have been determined.

Now a two-decade-old concept,1 the formation of the hydrindane or decalin skeletons by intramolecular

2 as reflected by the recent flood

Diels-Alder reactions is a useful technique for natural product synthesis,
of major reviews.3 Most 1.3.8-nonatrienes and 1,39-decatrienes for which intramolecular Diels~Alder
reactions have been observed are substituted by activating electron-withdrawing substituents on the
dienophile terminus (Cg or Cqq, respectively). These reactions give predominantly trans-fused hydrindane
systems with moderate selectivities and trans—fused decalin systems with very low stereoselectivities.z'?'
Various rationalizations of these tendencies have been offered, usually focussing on interactions of the
connecting-chain with the forming cyclohexene ring.2'5 In connection with our development of

6 we were interested in the stereochemistries of the

computational models of intramolecular cycloadditions,
reactions of the parent hydrocarbons. Surprisingly, these have never been reported.7 We now report the
stereoselectivities of these reactions over a large temperature range. In a subsequent communication,68
we will provide a unified concept to rationalize the effects of substituents on intramolecular cycloaddition

steraoselactivity.

The parent systems, 1 and 2, were synthesized by the standard techniques shown below.8
11PCC
2) PhsP=CH,

Ho~ " NCH,)y~ UH L AN ANyl Y

4)Ph;P =CHCO,Et
5) DIBAL 1 n=3
6)PCC 2 n=4
1) Ph,P=CH,

Preparative cycloadditions were carried out at 200°C in sealed tubes in cyclohexane solvent. Products
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were separated by preparative glclga The separated products were reduced with diimidem'”

to give the
pure cis- or trans—hydrindanes or decalins. Structures of the reduced products were proven by
comparisons of 300 MHz nmr spectra with those obtained for authentic samples.12 Whereas both
cis-hydrindane and cis~decalin have all nmr resonances between 13-1.8§, the spectra of both
trans~hydrindane and trans-decalin have separate six-proton multiplets at 0.98, so that the isomers are

easily distinguished by nmr.13:14

In order to determine the influence of temperature on product ratios, the cycloadditions were
investigated over the temperature range from 140°C to 340°C in degassed cyclohexane, with or without
added BHT. The product ratios obtained at different temperatures were determined by glc,gb and are listed

in Table \.

Table I Product ratios at different temperatures.

{CH, ) {CHy) (cﬂz)\..
\
/ /l
—_— +
X

1.3.8-Nonatriene 1.3,9-Decatriene

T(°C) Time (hrs) Conversion [cisl/trans] Conversion [cisl/[trans]

Ratio Ratio

140 + 1 240 no rxn. no rxn.

162 + 1 90 45% 76.4/23.6 46% 53.9/46.1
190 + 1 35 85% 75.4/24.6 87% 52.9/47.1
220 + 1 7 90% 74.0/26.0 92% 52.1/47.9
252 + 2 1.5 95% 72.6/27.4 95% 51.8/48.2
300 + 2 1 95% 71.3/287 95% 51.7/48.3
340 + 2 0.5 99% 69.8/30.2 95% 51.5/48.5

Control experiments established that the products do not interconvert under the reaction conditions:
sampling at various reaction times at a given temperature gave constant product ratios, and the separated
products are stable under the reaction coaditions. The relative activation parameters, listed in Table I, were
determined from Arrhenius or Eyring plots of the data. For both reactions, the enthalpies of activation favor

the cis~isomers, while the differences in the entropies of activation are essentially zero.

Nonatriene cyclizes to form preferentially the cis isomer, in contrast to the results favored with most
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substituted derivatives.z_66 The 1 kcal/mol preference for formation of the cis product is of the same

5

magnitude as the preference for the trans isomer in the S-ester derivative.® Decatriene gives a miniscule

preference for the cis adduct, whereas the 10-ester gives a similarly small preference for the trans adduct.’

Table Il: Relative Activation Parameters [AX = X(cis)-X(trans)]?

aant aast  ar,,  AlgAa
1,3,8-Nonatriene -1.00+0.03  0.0+0.1 -1.00+0.03 0.0+0.1
139-Decatriene  -0.27+0.06 -03+0.1 -0.27+0.06  -0.1+0.1

a&AH"= and E,.. in kcal/moIA‘AS4= in e.u.

There is a qualitative correspondence between rates of formation of stereoisomeric products and the
stabilitias of these products for the nonatriene case, but not for the decatriene case. Allinger's MM2
force-field S predicts that cis-bicyclo[4.3.0lnon-2-ene is 1.2 kcal/mol more stable than trans, in close
agreement with the difference in AH{= for formation of these products. However,
trans-bicyclol4.4.0]-dec-2-ene is predicted15 to be 2.0 kcal/mol more stable than cis, but the activation
energy for formation of the trans product is 0.3 kcal/mol higher than for formation of c_ig.“sr17 Thus,

product stabilities are not of general value in understanding product ratios.

The dramatic changes upon substitution which occur in the nonatriene series, but not the decatriene

series, will be rationalized in a subsequent communication.52
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