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An WriCal rule forthe 8teX'eOChemiBtrg of the reduction of cyclohexanonea by complex hydrides vas 

first pronoun- by B@Mon". Thi8 rule stated that reduction of unhindared cyclohemones gave 

predominantly equatorial, and that of hindered ones - axial almhol~. Slnceitwaeknown that the 

e+atofiti W~ohexamle wer-s *e more stable ieomers, the preceding rule vae recast by Dauben and Soy- 2) 

in another fom wb.ich aaid that the steric couree of the reduction of unhindered cyclohevanones vae 

determined by product developent control and that of hindered ketones by eteric approach control. It 

uaa clear, bowever, that the equatorial cyclohexanols were not formed by equilibration of the iaonerfc 

alcohole, but went kinetically formed products. The reason for their preferential formation va8 given 

in terms of steric hindrance 3.4) to approach framthe equatorial sidebythe axial hydrogen6 at the 2 

and 6 poeitione of the ketones. 5) This explanation was later found to be incorrect , Another explanation 

for the inhibition of equatorial attack of cyclohexanonee va8 folmnrlated by 6) Pelkin in terms of 

7) eclipeing effects betueen the axial GE bonds at the 2 and 6 positions and the bond being formed 

between the attackingbydrideion and the carbonof the carbong group. This explenetion wae first 

5) 
favored by u8 on the gzound of kinetic results. 8) later work on bydroboration of methylenecyclohexanee 

ha,v led ue to a different explanation for the w phenomenon which involved eclipsing, in the trrulsition 

state of the attack from the equatorial side, of the 00 and the equatorial C-ISbonds at the 2and 6 

poeitione. 

Bsoent reaultsg) have thromadoubtin ourmindon thelaetexplanation andve vouldlike to propose 

a nev electronic interpretation of the steric aouree of these reductiona. !5ie interpretation ia ba6ed 
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on the difference, already stressed by Felkin, between the eteric course of reduction of cyclo- 

hexsnones and that of acyclic ketones. The reduction of unhindered cyclohexanonee ie expected 

to proceed from the equatorial side, when steric interactions alone (valid for acyclic ones) 

are considered. However, the opposite is observed. In our view, thie difference resides in 

the non-equivalence of the two faces of the carbonyl group, which is inherent to subs%ituted 

cyclohexanones but not to the acyclic ketones. In the substituted cycl.ohexanonee all the atome 

and bonds are on one side of the carbonyl group and particularly important are thep C-C bonds 

which enter into a hyperconjugation interaction with thev-electmns of the carbonyl (see Scheme). 

The symmetrical bondingdorbital of these bonds interacts with theTfbond forming two orbitala 

of different energies. A similar interaction exists between the antibonding symmetrical d' 

orbital of thePGC bonds and the anti-bonding#orbital, again forming two orbitals of different 

energy. The bonding orbital of highest energy has an antibonding interaction of the carbonyl 

with the orbital8 of the CC bonds and the electron density at the carbonyl on the side containing 

these bonds is diminished, but the density on the other face would be therefore larger. ms 

is the frontier orbital (HOMO) that will be attacked by electmphiles such as borage 8) or also 

a protonlo) in the case of an enol since a similar scheme can be established for an exocyclic 

CC double bond. The attack will therefore be equatorial as observed. 

Nucleophiles, on the other hand, will attack the loweat unoccupied orbital (LUMO) (frontier 

orbital also). Here the situation is reversed, since the interaction with the symmetrical CC 

/*bond orbital makes the lobe of the orbital on the carbon of the carbonyl of the HI&lo, mailer 

on the face containing the DC bonds thus avoiding electmn repulsion, and therefore the orbital6 

of the LUHC are larger on the side of thep CC bonds. lhe attack of nucleophiles such as 

hydride ion by interaction with the LUMO will be therefore easier from the axial direction in 

the absence of steric effects. This is what is observed in the reduction of cyclohexanones. 

11) The interesting results of Levisalles , explained by him in terms of a product-like 

transition stats, could sJ.m be interpreted using the electronic considerations Of our Scheme. 

mother approach to the same pmblem is to take into consideration the interactions betveen 

the occupied and the corresponding vacant orbit&s. Electmphilic attack involves the occupied 

77 exocyclic orbitsl. This interacts (I) with the entibonding GC orbital6 in the p-position. 

In order to secure better overlap, the lobes of thenorbital are larger on the equatorial side 

and the electrophilic reaction occurs predominantly there. Nucleophilic attack, on the other 

side, involves the vacant sntibonding&bital which is stabilised (II) by interaction with 
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the synrmetrical occupied d orbital. Here, overlap is the best when the fl trbital lobes are 

larger on the axial side, where in fact nucleophilic attach by complex hydrides occurs. 

I 
lt 

In saamaary, we propose that for electronic reasons electmphiles attach exocyclic double 

bonds from the equatorial but nucleophiles from a similar reason attack those bonds from the 

axial direction, when additional steric or polar interaction8 are absent. 12) 
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After completion of this manuscript we have been informed (personal coememication by Dr. 8. 
Pelkin) that an ab initio (SC-3C) calculation (Nguyen Trong Anh, 0. Psenstein, J. K. Lefour 
and M. E. Tran Huu hu, J. Amer. Chum. Sot., submitted for publication) has shown that 
diastereotopic face8 of open-chain uubonyl compound8 of fixed conformation have a hi88Ymetdc 

#-electron cloud, due to d-w mixing. The direction of attach of nucleophiles vas explained 
by the electron density being highar on one fats than on the other. 


