
Tetrahedron I&term Ho. 18. pp 1645 - 1648, 1975. Per&.uBen Prera. Printed In Great Britain. 

DELOCALISATION INTO~ANTID4lND ORBITAIB 

Q. Bflddeley 

Department of Chemietry, 

University of Manchester Institute of Science and Technology, Mancheater Y6O I@ 

(Received in UK 14 March 1973; accepted for pabliadhn 28 War& 1973) 

A variety of Intramolecular interactions have been proposed and recently 

dlscusaed to account for known conformational and configurational preference& 

The need to present rotational phenomena about single bonda in term8 of a 

balance between attractive and repulsive interactions haa been emphaslaed. IS2 

The preference shown by many compounds for the gauche form, e.g., 1,2-dlfluoro-, 

I-chloro-2-fluoro-, l,P-dicyano- and 1,1,2,2-tetrachloro-ethaane, hydrogen 

peroxide and hydrazine, has led Wolfe et al ' to propose the rule ‘IVben electron 

pairs or polar bonds are placed on adjacent 'pyramidal' atoms, m- or ~IJ&- 

periplanar orientations are disfavoured energetically with respect to that 

structure which contains the maxlmum number of gauche interactiona". The 

greater preference of an electronegative eubstltuent X for the axial 

orientation at the anomerlc centre of a pyranoee ring (I) than in cyclohexane, 

i.e., the anomeric effect, ie diminished by increaee in solvent polarity and 

Eliel' has justifiably concluded that dipole-dipole Interactions contribute to 

the effect. In the 1,Edioxane (2), axial fluorine, which provides maximum 

dipole repulsion, Is preferred; here, C-F is gauche with respect to C&-O and 

C6-0 and Wolfe's rule IS obeyed. Thus Ellel has been led to write "Our present 

hypothesis is that the nuclear-electron attraction postulated by Wolfe et al -- 

aa well as "claae1ca1" electrostatic repulsion both contribute to the 

generellsed anomerlc effect to a greater or lesser extent". In 1969 2omera 3 

G3 Interpreted the anomeric effect, in 80 far a8 It appears in 2-chlorotetra- 

hydropyran (I, X I Cl) and other d-chloroethera, In terms of double bond- 

no bond resonance and ita molecular orbital equivalent. They pointed out that 
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this interpretation i8 compatible with the length8 of the bond8 0-c and ccl 

in the group O-C-Cl being abnormally short and long respectively. This 

apparently important contribution ha8 only once been mentioned and never 

considered in subeequent dlecue~lon~ of the anomerlc effect. 

The following is a generalieed description of their concept. In each of 

the pairs of atom8 Aa and Bb of the molecule (5), the larger amplitude of 

bonding orbital character ia on the more electronegative atom and the larger 

amplitude of antibonding character on the less electronegative atom. 

Consequently, as shown In (6), which represents a system in which a is m 

to b and the electronegativltle8 of the atom8 are in the order a > A and 

B > b, the best combination for an energy lowering orbital Interaction of the 

Bb bond and the unoccupied Aa antibond orbital appears to involve the most 

electronegative ligand of A and the most electropositive ligand of B. The 

magnitude of this second order stabllisation will depend on the difference in 

energy between these two orbitals and the extent to which they overlap. The 

interaction will lower the electron density at b, Increase the bonding of A to 

B, partially neutrallse the bond A-a and give preference to the configuration 

or conformation which has the most electropositive llgand (or lone pair of 

electrons) of B & to the most electronegative llgand of A. Conversely, 

preference will be given to the most electropositive ligand of A being & to 

the most electronegative llgand of B. These preferences have the 8ame stereo- 

chemical implication as though given to placing the most electronegative (or 

electropositive) llgands of A gauche to the most electronegative (or electro- 

positive) llgands of B and, consequently , accommodate all the example8 listed 

by Wolfe et al in support of their "gauche rule". 

Recently, the lowering of the electron density at b in (6) ha8 been 

cleverly used by Abraham and RO88etti 4 ; they write: "In the diaxial Conformer 

of Jrans-l,l+-dichlorocyclohexane (3), the hydrogen atom8 on C2 6 in a Planar 
# 

trans arrangement with the axial chlorine on C,, are more positive than usual. 

These hydrogen8 are in close proximity to the axial chlorine atom on c4--- 

the attractive 4,3-interactions between the negatively charged chlorine atom8 

and the positive axial hydrogen atom8 are the major factor in the extra 

atabilisation of the diaxial conformer". 
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Whereas the interaction of two fluorine atoms through carbon atom, as In 

methylene rlu0ride, Is symmetrical , that between two oxygen atoms or two 

nitrogen atoms will be symmetrical only If the conformation or configuration 

of the molecule allows. For example, It is symmetrical in the 1,3-dloxane 

(2), In dinethoxymethane when Its conformation is that shown In (4) and In 

2-alkoxytetrahydropyran (1, X = OR) only when the alkoxyl group is axial. 

Although this two-way interaction is energetically preferred, the hexahydro- 

diasine (7) Is prevented from having the configuration (8) by sterlc 

interaction of axial methyl groups. In (7) the Interaction can be only 

lopsided and results in an electronic delocalisation which tends to place a 

positive charge on the nitrogen atom with the axial methyl group and a negative 

charge on the other. These considerations, when applied to the hexahydrc+ 

tetrasine (9) which is known to have two axial methyl groupe,5 give preference 

to the configuration (ga) rather than (9) since the former is supported and 

the latter opposed by electrostatic interaction of nelghbouring nitrogen atoms. 

Evidence for lopsided Interaction in the system8 O-C-O and N-C-N might be 

provided by anomalous bond lengths, dipole moments and other physical 

properties. 

In molecules and anions of type X-B: e.g. N2R4 and ROO', the nucleophllic 



IWaCtiVitY of B ie boosted by the unshared pair of electrons on A. This 

boost, called the M-effect! can be interpreted in terms of anti izrt_eraction: 

the bonding of B to the electrophile in the transition state is developing an 

antibond orbital into which the lone pair on A, when suitably oriented, can 

spread. The interactlon of a Uganda as in (6) is compatible with the 

mechanisms of w X2 eliminations and some 1,2-shifts. 

private communications from F?ofeesors E.L. Eliel, J.D. Roberts and 

8. Wolfe and diECU8SiOn8 with Drs. A. Hinchliffe and J. Lee are acknowledged. 
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