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3 and 4 as outlined in Scheme III. It is interesting that the
syn tricyclooctadiene is formed rather than the anti isomer
which would have been predicted on steric considerations.
This result suggests an attractive interaction between the
chloro group of 4 and the electrophilic cyclobutadiene ring
of 3.

The aforementioned experiments demonstrate that there
exists a class of cyclobutadiene transition metal complexes
in which the cyclobutadiene ligand exhibits a degree of re-
activity reminiscent of that attributed to free cyclobuta-
diene, and that the mode of reactivity of the n?-cyclobuta-
diene ligand of 3 is somewhat altered as compared to cyclo-
butadiene in that the ligand is electrophilic and, in the
Diels-Alder reaction, only functions as a dienophile. It is
particularly important to note that the formation of syn-tri-
cyclooctadiene can no longer be considered prima facie evi-
dence for the intermediacy of free cyclobutadiene in reac-
tions involving transition metals. Our results support the
contention that transient cyclobutadiene complexes gener-
ated by the oxidative degradation of cyclobutadienetricar-
bonyliron are not involved in the formation of cyclobuta-
diene-dienophile adducts.!?-'4 However, our results do
suggest that n?-cyclobutadiene complexes may indeed be in-
volved in the formation of cyclobutadiene-diene adducts.
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Chemical Reaction Paths. V. The SN1 Reaction of
Tetrahedral Molecules
Sir:

In previous papers we have applied what we might call
the principle of structural correlation! to map minimum en-
ergy pathways for a ligand exchange reaction (SN2 at tetra-
hedral Cd!')2 and for nucleophilic addition to carbonyl
groups.>* We now report some new results concerning the
chemical reaction path for the SN1 type of reaction.

Tetrahedral molecules that are known or expected to
show T, symmetry as isolated particles usually deviate from
this symmetry in a crystal environment. A preliminary sur-
vey of the crystal structure data indicated that the more se-
vere distortions are mainly of two types,®> one maintaining
approximate C,, symmetry, the other approximate Cj,
symmetry, We limit ourselves here to the latter type of de-
formation since fewer independent parameters are involved,
and it is more directly relevant to the SN1 type of reaction.

The parameters describing MX4 and YMX; groups with
C3, symmetry are shown in Figure la. The experimental
sample pointsé for SO42~, PO4*~, and AICl;~ tetrahedra
from a wide variety of crystal structures show a common
trend (b, ¢, d); as the axial bond distance r, increases, the
central atom comes closer to the plane of the other three
bonds, which become shorter. Results from YSO;, YPO;,
and YSnCl; species are shown in Figure le, f, and g. The
correlation of ry or ry with 4 is in all cases very similar to
that in the corresponding M X4 species.” Indeed, if all sam-
ple points (about 200) for the species YAICl;, YSOs3,
YPO;, OPXj3, YSnCl;, YGeCls, YSICls, YSnBr;, YSnPh;,
YPF;, YPCl;, and YPPh; are referred to a common origin
(h) by replacing r| by Ar; = r(MY) — r(MY,) and r; by
Ary = r(MX) — r(MXy) where r, refers to the correspond-
ing T, species,® all the Ary, f points lie close to one curve
and all the Ar,, 8 points close to another;!9i.e., all these tet-
rahedral molecules deform along the same path in the sub-
space maintaining C3, symmetry!

A simple model, based on three arbitrary assumptions,
leads to the observed Ary, 8 and Ars, 0 relationships: (1) Ar;
= —c log n;, where n; is Paulings “bond number';!" (2) n,
+ 3n; = 4 is assumed to hold for all the tetrahedral mole-
cules in question; (3) the displacement A of the central
atom from the plane of the three basal ligands is a measure
of n; when A = A (regular tetrahedron), n; = 1, when A =
0 (trigonal planar molecules) #; = 0. We find that n, =
(A/A)? = 9 cos? B, ny = % — 3 cos? f, reproduce the ob-
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Figure 1, (a) Definition of symbols. (b~g) Sample points for various
tetrahedral molecules mentioned in text. (h) All data referred to com-
mon origin. The black circles show r3, ¥, the open ones ry, 9. Letters in
open circles correspond to element Y in YMX; species (E = electron
pair, ® = planar MX3). The smooth curves are described in the text.

served trends.!? Indeed, all the smooth curves shown repre-
sent the same pair of functions Ar; = —0.5 log (9 cos? 6),
Ary = =0.5 log (% — 3 cos? #). Least-squares fitting to four
separate subsets of the data yields ¢ = 0.49 (AICl4™), 0.51
(SO4?7), 0.47 (PO437), and 0.48 A (SnCly), equal within
experimental error.

The extrapolation to infinite Ar; for # = 90° is a property
of our model, not of the experimental data, which are just
as compatible with a finite intersection at a Ar value of 1 A
or more. More extensive data for very deformed YMX;
species with # < 100° would be needed to fill the gap.

Within the framework of our working hypothesis' the
close similarity between the plots suggests that important
features of the Born-Oppenheimer surfaces of the tetrahe-
dral molecules discussed here are relatively insensitive to
the nature of the central atom and of the ligands.!3

The observed deformations are analogous to those ex-
pected for the SN1 type of reaction; that is, they correspond
to heterolytic weakening and ultimately fission of the axial
bond to give a planar MXj species, e.g., the Lewis acids
AICl; and SOj3 (for which the corresponding sample points
are also given). The ry, 4 curves for YMX; species may also
be interpreted in terms of removing an electron pair from a

tricoordinated pyramidal MXj unit, e.g., SO32~ — SO; +
2e~. The sample points that map this oxidation process lie
on the same curve as those mapping the SN1 dissociation of
MX4. Apart from their relevance to the SN1 reaction path,
these curves can be used to predict unknown structures of
tetrahedral molecules without recourse to any theory of
bonding.

Structural data for hydrides are mostly unreliable. Accu-
rate information about deformations of tetrahedral carbon
atoms is sparse. However, the relevant parameters from the
recent electron-diffraction analysis of zert-butyl chloride!3
lie very close to our curves, which encourages us to believe
that they are also a fair approximation to the path for the
well-known SN1 dissociation of this molecule.
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