Can the Nitroso Ene Reaction
Concertedly?
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Concerted Transition State

All nitroso ene reactions so far reported follow exclusively stepwise reaction paths. Herein, we report the first concerted nitroso ene reaction

that occurs between o-isotoluene (or its naphthalenic analogues) and nit

roso compounds (e.g., nitrosomethane and 4-nitronitrosobenzene).

Since its discovery in 1965the nitrosoenereaction has

path A was supported by the observed kinetic isotope

become one of the most versatile approaches to the directeffect/ 9 ab initio calculationd? and the independent

regioselective and stereoselective allyic functionalization of
alkene<:® However, the mechanism of the nitroso ene
reaction is complicated by the high and diverse reactivity of
nitroso compounds and, hence, is a debatable subjekt.
total of four distinct mechanisms (Scheme 1) have been
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proposed to date, including three stepwise paths (A, B, and
C) and a concerted pericyclic path D. While the stepwise

concerted
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synthesis of aziridindl-oxide (ANO, 1) path C involving
a polarized diradical intermediawas proposed recently
based on the results of more elaborate ab initio calculatfons.
So far, neither experimental nor theoretical evidence is
available to show that the nitroso ene reaction adopts the
concerted path D. Herein, we show, by means of density
functional calculations, that the ene reaction between nitroso-
methane (MeNO) and-isotoluene (OITadopts a concerted
pericyclic path exclusively (Scheme 2).

The ene reaction between MeNO and OIT was studied at
the (U)B3LYP/6-31G* theoretical levéE It has been shown
by Houk et al‘® that for normal nitroso ene reactions this
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Scheme 2 Table 1. Computed (B3LYP/6-31G*) EnthalpiesH (kcal/
o O-H.. + mol), Free EnergiedG (kcal/mol), and EntropiedS (cal/
I'L +J/i> —> [ r[q } —_ Eﬁ mol-K) for the Transitions State§ 61 andTS2) and Products
R~ RT rR” (Prol andPro2) of the Ene Reaction between MeNO and
o-Isotoluene
TS1 Prol TS2 Pro2
method predicted reasonable energetics that are comparable 23 _a4a 8.3 _43.8
to those obtained by UCCSD("I'and CASPT® single—point AG 16.1 —-30.5 223 —30.6
calculations'® Detailed potential energy surface scans forthe  As —46.3 —46.5 —47.1 —44.5

(MeNO + OIT) ene reaction showed the presence of neither
diradical nor zwitterionic intermediate, i.e., the reaction does
not adopt the stepwise paths at all. Instead, the calculationsmol), but its transition stat&€S2is 6 kcal/mol (in enthalpy)
clearly indicate that this reaction itself is an elemental step higher than theendo-modeTS1. Thus, the ene reaction of
and proceeds concertedly. The optimized structures for theMeNO with OIT would adopt predominantly tledemode
transition states and products (all close-shell singlets) of this concerted path with a small activation enthalpy of 2.3 kcal/
reaction are depicted in Figure 1. The predicted enthalpies,mol.

It should be noted that the concerted ene reaction of
(MeNO + OIT) considered here is both kinetically and
thermodynamically favorable over the stepwise ene reaction
of (MeNO + propene) concerned previoudRAt the same
theoretical level, the overall activation and reaction enthalpies
for the stepwise (MeNO+ propene) ene reaction were
predicted to be 14.3 and10.3 kcal/molerespectively. This
is reasonable because the concerted (MeN@IT) ene
reaction apparently benefits from aromatic stabilization in
its product, as indicated by its much higher exothermicity
than that of the (MeNOt propene) ene reaction. Hence,
the concerted (MeNOt+ OIT) ene reaction has a much
smaller activation enthalpy than the stepwise (MeNO
propene) ene reaction, in faithful agreement with the Ham-
mond postulaté! Accordingly, the concerted (MeN® OIT)
ene reaction has a rather early transition state (Figure 1).

The controlling effects of aromatic stabilization on the
kinetics and thermodynamics have been previously demon-
strated in many pericyclic reactions such as the Diélisler
reactiot? and 1,5-sigmatropic hydrogen shitt=or example,
the Diels—Alder reaction ofo-quinodimethane (as enophile)
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enthalpies are 1.0 and 5.6 kcal/mol for #redo-mode path
(via TS1n) and theexo-mode path (vidS2n), respectively.
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2.093; 1 823, 050712757,
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M LM Finally, we believe the nitroso ene reactions involving
LY

1-methylene-1,2-dihydronaphthaledé* 2-methylene-1,2-
TS1n TS2n dihydronaphthalen&# or methylenedihydrophenanthrene
6 would all be highly exothermic due to aromatic stabiliza-
Figure 2. B3LYP/6-31G*-optimized geometries for the transition tion in their reaction products, and would all proceed

states (TS1mand TS2n) of the ene reaction between BRONO concertedly.
ando-isotoluene (OIT).
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In addition, the ene reaction of OIT with another widely

employed nitroso compound, 4-nitronitrosobenzene ANO (14) For references on the synthesis and kinetic stability of these
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