
Tcaahedmn Letters. Vol. 34. No. 38. pp. 6151-6154.1993 

Rited in Gnat Britain 
oo404039193 56.00 + .OO 
Pcrgamoll Press Ltd 

Dj917rlmethylenecvclopro~~~n~ in Cycloaddition 

Brian Hplton,’ Andrew J. Kay 

Lkparmmt of Chemhy. Victoria University of WclIii, PO Box 600, Well&ton. New Zcalaud 

Aileen T. MeNichols, Peter J. Stang’ 

lkparmmt of Ckmishy, The University of Utah, Salt Lake City, Utah 84112, USA 

Yitzhak Apelo%,’ Andreas H. Maulitz 

Department of Chcmimy. Tecbnion-Isml Institute of Technology. Haifa 32000, Israel 

Roland Boese+’ Thomas Haumann 

Institut fUr Inorgauischc Clumie, dcr UnivcraitBt-GH, D45117 Ibsen, Gemmy 

Absboct: Diarylmthylcnccycl~ nact in [2+4] cycloxldition at the ‘cyclopropmc’ bridge bond rather than at 
tlucxocyclicok!tla. Themultsamiaaccmdwithamlpumi~data. 

The alkylidenecycloproparenes, e.g. 1 and 2, have attracted considerable attention in recent times as 

unusual, highly strained synthetic molecules’ whose physicochemical properties have been assessed2 and whose 

chemical behaviour with a variety of reagents has been thoroughly inve&igated.3 Although the reactivity of 

the metbylenecyclopropa[blnaphthalenes 2 towards cycloaddition has been addressed,’ analogous behaviour of 

the cyclopropabenzene analogues 1 bas not been reported. 

When diarybne&ylenecyclopropa[blnaphthalenes 2 react in cycloadditions a high regioselectivity is 

recorded for the exocyclic double hood and the product of reaction, e.g. 5, follows from the formation of a 

spirocycle, e.g. 4, that is able to provide strain relief by ~-expaoaion (Scheme l).’ No cycloaddition to the 

intemal, strained ‘cycloprope& bridge bond is observed despite the fact that parent cyclopropabenzene (3), 

with its HOMO located at the bridge,’ provides many such examples.6B7 This observation is not too surprising 

when it is remembered that any addition to the bridge bond of 2 leads to a high energy o-quiwdimethane, e.g. 

6, compared with the propelladiene that ensues from 3. 

We find that the diarylmethylemcyclopropabe-s 1 are mom reluctant to undergo cycloaddition than 

their naphthalene homologues and, under the same conditions, resist reaction with ar-pyroue.’ However, with 

diphenylisobenxofuran (dpibf) la and lb each give a single crystallii 1: 1 cycloadduct in good yield.9*10 That 

the-se compounds are propelladienea is humediately obvious from the ‘H Nh%R spectra as they each exhibit an 
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AB-pattern in the olefinic region” and, unlike 5 (that is derived from 2), the compounds do not exhibit a 

carbonyl stretching frequency. The orientation of these adducts as end0 or exe with respect to the fused 

benxenoid ring of 1 (Scheme 2) is not at all obvious as there are no in-built smtcmml features to allow for easy 

diierentiation. Cyclopropabenxene (3) adds dpibf across the bridge bond to give both en&- and exo- 

products,” as well as the unsymmetrical adduct derived from formal addition to the stmined f~-bond;~ thus it 

provides no precedent. The structure of the product from la has been determined as the edwdduct 7a by 

crystallographic methods (Figure 1)” and that from lb is assigned as 7b in direct analogy. One must ask why 

the regioselectivity exhibited by 1 and 2 is so different. Unfortunately FM0 analysis” cannot rationalize the 

experimental fiis as the HOMO and LUMO of both 1~ and 2c are ~~mmtrated at the exocyclic bond. 

To gain some insight into the different regioselectivity, the interaction of dpibf with the (unknown) parent 

methylene compounds lc and 2c has been examined using the semiempirical PM3 method. l3 The calculations 

show that addition to the exocyclic bond of 2c is significantly more exothermic (-21 .O kcal mol-I) than addition 

to the bridge bond (-8.9 kcal mot’). This contrasts with lc where addition to the bridge bond is preferred 

slightly over addition to the exocyclic bond (-20.6 and -19.1 kcal mol”, respectively). Provided that these 

diieremzes in the thermochemistry of the products are reflected to some degree in the corresponding transition 

states, the results can be used to rationalize the experimentally observed regioselectivities in the reactions of 

dpibf with 1 and 2. 

Fur&r insight is gained by realixing that the addition of dpibf to the exocyclic bonds of lc and h is 

exothennic to a similar extent, but that addition to the bridge bond is far more exothermic for lc than for 2c 

(AAE = -11.5 kcal mol-I). These different exothermicities result from a greater loss of aromatic&y in the 

naphthalene rings to give 6 than in the benzene ring to give 7. Similar differences are calculated with the PM3 

method for the hydrogenation of the bridge bond of cyclopropabenxene (3) (-32.2 kcal moV) and of 

cyclopropa[b]naphtbale= (-19.9 kcal mol-‘). 

Terminal phenyl substituents strongly disfavour the products of addition to the exocyclic bond due to 

steric interactions. Thus addition of dpibf to the bridge bond of la is calculated to be exothermic by 12.4 kcal 

mol“, but addition to the exocyclic bond is endothermic by 2.7 kcal mol-‘. This steric effect is not large 

enough to over& the large inherent preference for exocyclic addition of 2c, and the naphthalene derivatives 

2a,b exhibit exocyclic reactivity. 

The PM3 calculations also reproduce the observed en&-stereochemisuy in the addition of dpibf to the 

bridge bonds of la,b. Thus the product 7a resulting from endo-addition to the bridge bond of la is c&dated 

to be more stable by 0.4 kcai mol-’ than 8a, the product of exe-addition (this difference is 3.1 kcal mol-’ for 

lc). The same endo preference is calculated for 2c, but here addition to the exocyclic bond is prefer&. 

Further tlteoretical studies, in which the transition states for the various addition processes will be 

calculated, are in progress and will be reported in the full paper. 
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Scheee 1 

Scheme 2 

I a: R - Ph 
b: R - p-H&C,II, 
C: R - II I 
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Figure 1. ORTEP diagram of 7a 
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reflections, 3499 observed p0Z40(F)], structure refinement by Direct Methods with SHELKTL-PLUS. 398 
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shown in the ORTEP representation of the molecule (Figure 1). Selected bond lengths Cl-C2 1.344(4), C4a-C9a 

1.5~(3). C4a-Cl1 1.475(4), CII-C~~ 1.330(4) A; bond angles Cla-C9a-C4a 12O.q2), CtaC9a-Cll57.5, Cta- 

Cll-C9a 64.9(2), C4a-Cll-Cl2 148.2(2)“; interplanar angle ClO-Ol-C9:C4a-Cll-C9a 122.8”. 
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