Fig. 4 Orbital occupancy evolution diagrams during H-abstraction
from the substrate by metal-oxo complexes. RC and I, as shown on
top of the figure, stand for Reactant Complex and Intermediate,
respectively.

Fig.5 Transition state structures of [(MegTREN)Fe'"—0** + C¢H ,
(left) and *[(Me,TREN)RuY=0F" + C¢Hj, (right).

reducing the number of exchange interactions. This results in a
high transition state energy, and the resulting cyclohexyl
radical has a-spin. This is shown by the computed positive
spin density on the radical (Table 2), as well as by the bent
(130.1)) Ru—O-H angle at the transition state (Fig. 5), which
indicates that the accepting orbital is indeed a ©"-orbital.'®
In conclusion, we put forward in this communication a
suggestion for a mononuclear high-spin Fe'Y=—0 species that
should have a low C-H activation barrier in a reaction with
CgH > in CH;CN solution, as calculated by theoretical methods.
Unlike most previously suggested compounds, this species
would have a lower activation barrier than the spin-state
difference itself, implying high probability of observing experi-
mentally efficient high-spin reactivity. In contrast, a Ru"™V=0
species is shown to have a low-spin ground state and should be
less reactive than the corresponding Fe'Y=—0 species. Both
reagents should react with alkanes faster than being consumed

by the solvent. Hence they have good chances of survival,
unless of course, they decay first by fast intramolecular
H-abstraction from the protecting CH; groups. Our calculations
show that this barrier is very high, 27.1 kcal mol ™! (see ESI?).
The origin of this high barrier for self-decay is the orientation
of the methyl group which is far from the linear Fe-O-H-C
arrangement required for the quintet transition state
(Fig. 5).>!'° Thus, our DFT calculations clearly predict that
S[(MesTREN)Fe"™V=07*" is a good candidate for probing the
intrinsically high reactivity of the S = 2 state.
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