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Swrlll~. Norbornadienes substituted at C2 with electron donating, conjugating, and withdrawing 
groups react with difluorocarbene to give a ratio of 1,2 to homo-1,4 adducts, which reflects a 
diminishing response of electrophilic character in the carbene. 

We have shown that norbornadiene (1) possesses the special property of undergoing homo-1,4 

cycloaddition with dihalocarbenes.' This unprecedented cheletropic reaction is best exemplified 

by difluorocarbene. In addition to the usual em (1) and en& (3) cyclopropane adducts, the 

novel tetracyclic structure i is also formed.' In contrast, dibromocarbene gave only the re- 

arranged products of the initially formed 1,2 adducts.' We originally attributed this difference 

in behaviour to the diminished electrophilic character of difluorocarbene, which permitted its 

nucleophilicity to be expressed on approach to the endo face of the homo-conjugated diene.' 

Subsequent calculations of the energies and coefficients of the doubly occupied and vacant 

orbitals for the dihalocarbenes corroborated the reciprocity of electrophilic and nucleophilic 

character."s5 However, no tangible experimental proof has been produced so far to confirm the 

correctness of our supposition.5 

We now report on the addition of difluorocarbene to three classes of norbornadienes bearing 

electron-donating (X), attracting (Z), and conjugating (C) substituents in the C2 position. Our 

goal was to see to what extent modification of the frontier orbitals would affect the ease of 

addition and the composition of the adducts. 

The various norbornadienes7 were allowed to react with a 1.5 and 5 fold molar excess of 

triphenyldifluorobromomethylphosphonium bromide and potassium fluoride respectively in dimethoxy- 

ethane as solvent at room temperature for 48 h.8 For X and C-substituted olefins (5_. l& 15 and - 

l8), conversion to products was essentially complete, except for the oxygen-substituted 

derivatives 5 and 10 which inevitably underwent some ketonization.g Reaction was more sluggish - 
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for the remaining olefins and conversions of 40, 8, 24 and 28% were typical for the parent (1) 

and Z-substituted olefins (22, 27 and 3l). - Products were separated by gas-liquid chromato- 

graphy" and characterized by their NMR spectra. Although the homo-1,4 adducts were thermally 

stable, the more substituted ezo-cyclopropane adducts were not. 80th 1. and 11 underwent ring - 

enlargement to 3-fluorobicycloB.2.l]oct-2-en-4-one (9) with loss of methyl fluoride and tri- - 

methylfluorosilane" respectively. The other exo adducts, for example 19 and 32, were thermally - 

prone to undergo intramolecular @2] cycloaddition to the tetracyclic products 35 and 36. Under - - 

similar conditions the ezo isomers 12, 2J, 2, 29 and 33 were stable. -- 

In all cases ezo-cyclopropanation occurred on both sides of the homo-conjugated diene 

(Table)." The nature of the substituent had little effect on the regioselectivity, since the 

carbene consistently attacked the more substituted bond. endo-Cyclopropane adducts were not 

detected and it can be assumed that if they were formed they isomerized to the thermodynamically 

more stable exo-&s-fused adduct.' endo-Homo-l,4 adducts, on the other hand, were found for all 

three classes, but this time, of the two possibilities, the least encumbered product predominated 

regardless of the nature of the substituent. 

Inspection of the Table reveals no meaningful trend within each of the 1,2 and homo-1,4 

addition modes. There is, however, a marked variation between the incidence of the two modes 

which mirrors the nature of the C2 substituent. Norbornadienes bearing X substituents (5 and 

10) gave a high ratio of 1,2 to homo-1,4 adducts (8.1 and 4.2). - Clearly, here the electrophilic 

behaviour of difluorocarbene is paramount. At the other end of the scale, Z substituents (22, 27 - 

and 31) resulted in a smaller ratio (1.1-1.4) which points to the attenuation of electrophilic - 

reactivity to the advantage of the linear cheletropic reaction. Substituents of the C type 

(15 and 18) led to intermediate values (1.9 and 3.0) as both electrophilic and nucleophilic 

behaviour would be reinforced. 

In principle, singlet carbenes could display four reaction modes, viz. 1,2 electrophilic, 

1,2 nucleophilic, homo-1,4 electrophilic and homo-1,4 nucleophilic addition.5 Our results show 

that for difluorocarbene, which borders on ambiphilic behaviour'3 competition exists essentially 

between 1,2 electrophilic and homo-1,4 nucleophilic additions?" Why this is so remains to be 

explored further and will be discussed elsewhere. 
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Adducts Obtained from tha Addition of Oifluorocarbene to some t-Substituted Norbornrdtenes4 

Reactant 

l&f R 

P 
19 R=Cl 35 - - 

z R=CC+Et 36 

1.2 Adducts hom-1.4 Adducts 1.2/hosm-1.4 

& Sn & &a 

Additions 

1 09.0 d 11.0 8.1 

11 75.0 12 6.0 13 6.0 14" 4.2 

16 75.0 II 25.0 3.0 

I!! 62.0 20 4.0 21 34.0 1.9 

2 66.0 r 34.0 1.9 

23 35.0 24 23.0 25 30.0 26 12.0 1.4 

s 38.0 29 15.0 x 47.0 1.1 

52 44.0 &I 12.0 34 44.0 1.3 

%elds am nornlized to 100% 

bThree other products are formed (13X) which have eluded characterization so far. which may contain traces offi. 
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