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Depending on the internal energy content, due to the opera- 
tion of a geminal dialkyl effect, the Fe+-mediated dehydro- 

genation of a,a-dimethyl-substituted ketones preferably in- 
volves the more substituted alkyl chain. 

The rich gas-phase chemistry of transition-metal ions with al- 
dehydes and ketones has recently been explored in several 
laboratories". Detailed studies2) revealed inter alia for Fe* com- 
plexes of many alkanones the operation of consecutive, remote 
C - H/C - C bond activation of different alkyl chains of the ketones, 
processes unprecedented in condensed-phase chemistry3). In addi- 
tion, from the investigation of isotopically labeled 4-heptanone/Fe+ 
complexes (1-Fe+), intramolecular isotope effects were determined. 
In this study') it was demonstrated that the oxidatve addition of 
the (complexed) Fe+ to a C-H bond (step I in Scheme 1) is not 
associated with a kinetic isotope effect. In contrast, for the gener- 
ation of molecular hydrogen it is the reductive elimination (step 111) 
that is subject to a sizable isotope effect (kHJkHD = 2.70). The p- 
hydrogen shift (11) is associated with a small isotope effect, kdkD = 

1.05. For ethylene loss from 1-Fe+, both the p-C-C cleavage (IV) 
and the olefin detachment (V) are subject to secondary isotope 
effects ( k H / k D  = 1.14 and kC2H4/kC2H2D2 = 1.11, respectively). 

Scheme 1 

Since the formation of the cyclic intermediate 2 is mandatory for 
the generation of either H2 and CzH4 from 1-Fe+, we wondered 
whether the geminal dialkyl effect 4, (also known as Ingold-Thorpe 
effect5)) is operative in organometallic systems as well6). To this end 
we compared the gas-phase chemistry') of the Fe+ complexes of 4- 
heptanone (1) with that of 3,3-dimethyl-4-heptanone (5) and its iso- 
topomer 5a. 
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The interpretation of the data given in Table 1 is straightforward. 
Comparison of the data for the Fe+-mediated dehydrogenation of 
l a  (which is subject to an overall kinetic isotope effect k H2 / k  H D  = 

2.70) with 5a clearly reveals that the ratio for losses of HJHD from 
Sa, which equals 9.38, is atypical if it were only to reflect the op- 
eration of kinetic isotope effects. In fact, in no single case of the 
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Table 1. Labeling distribution for the Fe+-mediated formation of hydrogen, methane, and ethylene from 4-heptanone (1) and 
3,3-dimethyl-4-heptanone (5) isotopomersasb) 

Precursor 
Am 

2 3 16 28 29 30 31 32 
Hydrogen Methane Ethylene and ethylene/hydrogen 

a) Intensities are given in Cneutrals = 100%. - b, Data for 1 and l a  are given for comparison; for the data of the complete set of 
isotopomers, see ref.*). 

transition-metal-ion-mediated dehydrogenation of numerous or- 
ganic substrates studied, we ever observed kHJkHD > 4. Thus, we 
interpret the increased loss of H2 from 5a as a consequence of the 
existence of the geminal dialkyl effect. If we conservatively assume 
kHJkHD = 3 for 5a (in analogy to la), it follows that activation of 
the substituted propyl chain is favoured by a factor > 3 (Scheme 2). 
The analysis of the data for ethylene loss arrives at a similar con- 
clusion. 

Further support for this interpretation is provided by studying 
the complexes of 5 (and 5a) with Fe(CO)+. This mass-selected com- 
plex first expels CO, and the resulting complex 5-Fe+ has an energy 
content lowered by the (0C)-Fe+ binding energy; this has two 
implications: (i) In line with previous studies 'I, the Fe(ketone)+ 
complex is not capable to bring about C-C bond activation. 
(ii) The only process observed corresponds to dehydrogenation, and 
starting from 5a H2 and HD are generated in a 28:l ratio. Again, 
if we assume an isotope effect kHJkHD > 3, we are left with a 
preference of activation of the more substituted alkyl chain (path 
a, Scheme 2) by a factor of 9. Obviously, the geminal dialkyl groups 
exert a pronounced effect on the ease by which metallacyclic inter- 
mediates are generated in the course of organometallic processes 
in the gas phase involving bare transition-metal ions. 
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