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The theory of cycloaddition reactions 
la 

has been aided greatly by the application of 

Perturbational Molecular Orbital (PMO) theory 
lb 

and by the more approximate Frontier Molecular 

Orbital (FMO) approachlc. Essentially these treatments of cycloaddition reactions involve the 

computation of the stabilization energy (SE) of interaction of the two molecules in the early 

stages of reaction for different modes of approach. The most favoured product is assumed to 

be that which is derived from the pathway having the largest SE. In terms of second order PM0 

theory, this SE is given by the sum over all terms involving interactions between filled and 

vacant Mos. The contribution of-each term towards the total SE is (i) directly proportional to 

the square of the sum of the products of the coefficients of interacting centres (coefficient 

factor) and (ii) inversely proportional to the energy gap between the interacting MOs (energy 

gap fmbp> BE). In the FM0 approximation it is assumed that the predominant stabilization 

results from that term which contains the smallest AE (which obviously involves an HO-LU* inter 

action), while the corresponding coefficient factor of that term determines the nature of the 

cycloadduct, in terms of its synmmtry favouredness 
lc , regioselectivity3 and periselectivity4. 

Thus the FM0 theory neglects all but one tens in the sumnation on the assumption that the AE 

factor is of much greater importance than the coefficient factor in determining the dominant 

term. However recent work, especially by Berson and Salem5a-c, has cast doubts on the general 

applicability of the FM0 method particularly in regard to symmetry unfavoured pericyclic 

reactions. These authors have emphasized the importance of terms which Involve interactions 

between Mos lying below (subjacent) and above (superjacent) the FM0 manifold. CZearZy in 

the8e cue8 the coefficient factors are of prime importanoe. In one reported case5d. the 

coefficient factor in a subjacent orbital interaction term was of such magnitude as to direct 

the reaction to proceed via an unfavoured route in preference to the favoured pathway (as 

judged by the usual Woodward-Hoffmann FM0 treatment). We noL) sha, that the observed peri- 

selectivity of certain fulvene cycloaddition rsactione are detenined in 2arge by superjacent 

orbital effects. 

* HO = Highest Occupied; LU = Lowest Unoccupied; NLU = Next Lowest Unoccupied MO. 
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Several treatments of 7;?4;lectfvfty and perfselectfvity have appeared recently3'4. 

Both the Anh and Houk treatments ’ ’ are based on the FM3 method whereas our procedure 

involves the computation of both HO-LU tenasb. Our reasons for retaining two terms in the SE 

expression were twofold: (5) it enabled a simple method for predicting substituent effects to 

be developed and (ii) it reduced the bias that FM0 theory gives to the AE factor. 

Houk and hfs coworkers4b have recently studied the cycloaddition reactions of 

6,6-dimethylfulvene (P) with cyclopentadfene (C), a-pyrone and 2,Ccycloheptadienone and in 

each case only Diels-Alder type adducts with 6.6-dimethylfulvene acting as the dfenophile were 

isolated. In the same paper, these authors reported that their FMD-based method predicted the 

formation of the [6+4] adducts. In an attempt to reconcile theory with experiment they extended 

their treatment to include the other HO-LU ten but only in a qwtitatiue fashion6. That this 

rationalization is incorrect and that the observed periselectivity is best explained in terms 

of the superjacent orbital interaction NLUF-HOc may be exemplified through the reaction between 

6,6_dimethylfulvene and cyclopentadiene. Consider the four symmetry favoured cycloaddition 

amdes between 6,6-dimethylfulvene and cyclopentadiene which are outlined below schematfcally. 

Table 1 sumaarizes the relevant Extended HDckel efgenvectors (together with their syssaetries) 

and energies7 of 6,6-dfamthylfulvene. Note that both LU=and NLUp have the same pseudo- 

syassetries at C2 and C3 and that the coefficients of the NLUp at these atoms are large. The 

interaction energies of the various terms (which are computed via the standard expressfon2) 

together with the corresponding AE values are presented in Table 2. Inspection of these BE 

values reveals that the dominant term according to FMD theory involves the HOC-LUp orbital 

] (6 + 4) 

Observed 
Product 

MODE a MODE I@ MODE & 

Table 1 

Atom 1 NH0 1 HO 1 LU 1 MU 
I I I 1 

1 (S) 1 (A) 1 (9 1 (A) 
1 0.54 0 0.27 0 

2 -0.03 0.56 0.42 0.49 

3 0.4 0.38 -0.35 -0.74 

6 0.44 0 -0.72 0 

E(w) -12.5 -12.2 -9.67 -6.5 

Table 2 

Mode Hoc-LUp LUc-HO= S HOC-NLU, Total SE 

(I) 0.138 0.205 0.34 0.16 0.50 

(IT) 0.118 0.191 0.31 0 0.31 

(III) 0.229 0 0.23 0 0.23 

(IV) 0.303 0.073 0.38 0.02 0.40 

bE(ev) 2.61 3.86 5.77 
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