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ABSTRACT

DISCUSSION

-CH- fragment of 1,3-butadiene was replaced with its
isolobal rhodium, and ruthenium metal fragments.
Substitution with rhodium (0) fragment led to
cyclopropanation, while rhodium (I) fragment led to DielsAlder cycloaddition via stepwise mechanism. Moreover,
substitution with ruthenium (I) fragment led to Diels-Alder
cycloaddition, but proceeded via concerted mechanism.

COMPUTATIONAL METHOD

INTRODUCTION
Diels-Alder cycloaddition involves the rearrangement of types
electrons called “pi electrons” (π-electrons) between “diene”,
and “dienophile” to make a cyclic structure.

This reaction proceeds by two types of mechanisms:
stepwise and concerted. Energetically, concerted mechanism
is much more favored than the stepwise mechanism.
We substituted the –CH– fragment of 1,3-butadiene with
metal fragments with similar electronic structures as the –CH–
fragment.

1,3-rhoda(I)butadiene

1,3-rhoda(II)butadiene

1,3-rhoda(I)butadiene underwent [2+1]cycloaddition to give rise to
cyclopropane, instead of a cyclohexene structure. Cyclopropanation
mediated by organorhodium complexes have been demonstrated in the
literature.
1,3-rhoda(II)butadiene underwent stepwise Diels-Alder mechanism by
generating a diradical species that undergo series of thermodynamically
feasible rearrangements to give rise to cyclorhodahexene.

1,3-rutha(II)butadiene

In theory, this substitution should still allow Diels-Alder
cycloaddition to occur.
We hypothesized that Diels-Alder cycloaddition should occur
with these metalla-butadiene, but the disruption of the
symmetry of the butadiene structure, will thermodynamically
allow stepwise mechanism to prevail, instead of the
concerted mechanism.

GAUSSIAN09 was employed for this study. B3LYP density
functional theory were applied. 6-31G(d) basis sets were
implemented for non-metal atoms, and SDD, and LANL2DZ
basis sets for metal atoms.
Structures of reactant, transition states, and products were
found by optimization, confirmed by frequency calculations.
Transition state structures were also confirmed by IRC
calculation.

1,3-rutha(II)butadiene underwent concerted Diels-Alder mechanism.
More rigorous analysis required to determine why this was the case.

RESULTS
•

•

•

•

1,3-rhoda(I)butadiene underwent cyclopropanation,
requiring 20-25 kcal/mol of energy, and exothermic by
around 41-46 kcal/mol.
1,3-rhoda(II)butadiene underwent Diels-Alder
cycloaddition via stepwise mechanism, requiring around
10 kcal/mol. Its concerted mechanism required much
more, around 18 kcal/mol.
1,3-rutha(II)butadiene underwent Diels-Alder
cycloaddition, via concerted mechanism. The energy
barrier was around 24 kcal/mol, and exothermic by 25
kcal/mol.
1,3-rhoda(II)butadiene, and 1,3-rutha(II)butadiene exist in
two forms, a diene form, and a diradical form.

We were able to toggle the direction of the reactivity of the rhodiumfragment-containing butadiene. Having theoretical evidence for metallacyclohexene have important implications in organometallic chemistry
dealing with metallabezene species.
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