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The application of J. W. Linnett's double-quartet theory of chemical bonding (1) to
organic chemistry has provided some new mechanistic interpretations, a selection of which are
reported here in preliminary form.

A two-electron bond can be sim;}y described by a doubly-occupied g-orbital which has its
maximum value along the internuclear axis so that the most probable position of both electrons is
on this line. Sometimes a transformation elsewhere in the molecule causes a displacement of the
two spin-sets about one of the atoms in the bond, forcing the bonding electrons somewhat apart
and off the line. This will weaken the bond slightly and thus contribute to the activation
energy of the reaction even though the bond in question is not itself being formed or broken.
This constitutes, we believe, a new type of strain, which we propose to call L-strain.

The SN2 Reaction: The transition state for the SN2 reaction A: + CR3B-—>ACR3 + :B can be
formulated, in Linnett's terms, as A'CR3'§. There is no need at any time for the central carbon
atom to expand its valence shell (2). The two spin-sets about this atom, whose tetrahedral
shapes must be maintained but whose disposition relative to each other is changing during re-
action, are best arranged in the familiar shape:
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Even so, however, the three C-R bonds are subjected to an L-strain of about 40® each, as illus-
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trated in the right-hand diagram (for a retention mechanism, in which the electrons must be
arrayed as the corners of a cube, L-strain would be much higher, ca. 70°}. This strain should
constitute the major portion of the activation energy in the absence of external factors such as
solvation. It can be semiquantitatively estimated from the angle strain in cyclopropane(3) (cae

21 Kcal/mole), corrected for electron correlation, and comes to about 15 Kcal/mole. This is
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approximately correct for Finkelstein reactions in polar aprotic solvents (i).

When one of the R groups is multiply bonded, L-strain in the C-R bond at the transition
state will be reduced because half of the electrons in the multipte bond will be forced into
stronger bonding positions than they occupied in the ground state; thus allylic, benzylic and
a-keto halides show enhanced SN2 reactivity {5). The observed geometric requirements for the
a-haloketone effect are fulfilled (6). If A or B possesses other bonds, these too will suffer
from L-strain in the transition state; it will be less, however, the more unshared electrons
there are about the atom bonded to A or B, because this eases displacement of the two spin-sets
from each other (a-effect) (7). Unshared electrons on A and B also facilitate reaction, and the
more, the better; thus halide ions are especially good leaving groups, and methyloxonium cations
are enormously more reactive than methylammonium. For the same reason, rates are increased when
one R is divalent sulfur (8) or oxygen (9), a phenomenon not easily explained otherwise (9).

When the central carbon atom is replaced by others which bear no R groups, rates become
very high, as for example, in displacements on Hal-Hal, 0-0 {10), O-Hal, S-Hal et al. Not only
weak bonds fit this rule; proton transfers among hetero atoms are extremely fast despite the
often high strength of the bonds being broken. Hydrogen bonds and trihalideions are thus seen
as minima along the SN2 reaction coordinate, resulting from their exceptionally favorable elec-
tronic configurations (1).

Elimination: For the E2 reaction, two planar transition states are possible.
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The first has better electron correlation than the second, while skew forms are highly strained
because they require distortion of at least one tetrahedral spin-set. This picture is in accord
with recent observations (11).

Radicals:s The stability of radical next to S has been explained by valence-shell expansion
(12). This explanation fails, however, for O,N and Hal, which also stabilize adjacent radicals
(13). All these cases fit in with Linnett's three-electron bonds, e.g.:
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Recent evidence suggests that even adjacent carbon will stabilize a radical when it
possesses unshared electrons, as a carbanion (14).

For radical additions and abstractions, we propose the following transition states:
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Addition Abstraction

Many polar phenamena in radical reactions fit this picture well. Forms (a) will be
favored by attacking radicals which are electronegative and which do not suffer from L-strain
when the two spin-sets are greatly displaced. Forms (b) fit radicals with the oppositie
properties. In (a), Z is preferably electron-releasing, and in (b), electron-attracting.
Among radicals which tend to react at electron-releasing centers are RO* (15), (1), C1* (15),
Bre (15, 16), RS* (17) and CCl3* (17). These adequately fulfill the requirements for (a), the
latter by delocalization into Cl, a second-row element. Both CHge (15, 16, 18) and CF3* (16)
behave in the opposite sense because for them, L-strain in forms (a), 70°, is much greater than
in (b), 30®. This factor overrides the high electronegativity of CF3° since F cannot expand its
valence shell.

Thermal Reactions: This class includes cycloadditions such as the Diels-Alder and 1,3-

dipolar addition reactions, rearrangements such as the Claisen and Cope, and various types of
pyrolytic eliminations. Only one representative of this group, the Claisen rearrangement, will
be discussed here; similar transition states can be written for all the others, and will be pre-
sented in future publications.

In plase of the currently accepted multicentered transition state I, we prefer the less

symmetrical II.
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The three-electron bond to oxygen provides considerable extra stability, and makes it apparent

why rearrangement is so difficult in the corresponding all-carbon system (19}). N-allyl amines
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rearrange with intermediate difficulty (20, 21) because formation of the three-electron bond
creates more L-strain on N than on 0. That the 7(-bond energy of the product is not chiefly
responsible for the order O)N)C is indicated by the facility of rearrangement about $ (22), and
by the strongly accelerating effect of pressure (23).

The rather mysterious similarity between the effects of meta- and para-substituents on
the Claisen rearrangement {24) is a natural consequence of interaction with the transient di-
pole created by the partial formal charges in I1. Also in accord with this mechanism are the
enormous accelerations observed in open-chain cases when the carbon atom corresponding to the
electron-deficient C-1 in I1 bears a second oxygen atom (25) or a nitrogen atom (21).

The full paper, to be published elsewhere, will contain expanded discussions of these and
other matters, including structure and reactivity of the common valence states of C, N, 0 and
Hal in the light of the Linnett theory.

Discussions with Professor Linnett, and his encouragement, are gratefully acknowledged.
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