TUNNELING IN T-
BUTYLHYDROXYCARBENE

The Schreiner lab demonstrating the concept of tunneling control. They prepare
the t-butylhydroxycarbene 1 at low temperature to look for evidence of formation
of possible products arising from a [1,2]-hydrogen shift (2), a [1,2]-methyl shift (3)

or a [1,3]-CH insertion (4).
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Schreiner performed CCSD(T)/cc-pVDZ optimizations of these compounds along
with the transition states for the three migrations. The optimized geometries and
relative energies are shown in Figure 1. The thermodynamic product is the
aldehyde 2 while the kinetic product is the cyclopropane 4, with a barrier of 23.8

kcal mol™ some 3.5 kcal mol™ lower than the barrier leading to 2.
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Figure 1. CCSD(T)/cc-pVDZ optimized structures of 1-4 and the transition states

for the three reaction. Relative energies in kcal mol™.
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At low temperature (11 K), 1 is found to slowly convert into 2 with a half-life of
1.7 h. No other product is observed. Rates for the three reactions were also
computed using the Wentzel-Kramers-Brillouin (WKB) method (which Schreiner
and Allen have used in all of their previous studies). The predicted rate for the
conversion of 1 into 2, which takes place at 11 K solely through a tunneling
process, is 0.4h, in quite reasonable agreement with experiment. The predicted

rates for the other two potential reactions at 11 K are 10*" and 10*° years.

This is clearly an example of tunneling control. The reaction occurs not across the

lowest barrier, but through the narrowest barrier.

Source: http://comporgchem.com/blog/?p=2915



