Communications to the Editor

Nickel Atom Promoted Dimerization of Dimethylfulvene.
A Formal [6 + 6] Cycloaddition
Sir:

The reactions of fulvenes with low-valent transition-metal
complexes have produced a veritable organometallica exotica,!
Although 6,6-dialkylfulvenes are known to polymerize,? simple
dimers do not appear to have been isolated. In an attempt to
produce an alkyl-bridged nickelocene, 6,6-dimethylfulvene and
nickel vapor were codeposited at —196 °C in a conventional
metal atom reactor.? In contrast to the analogous reaction with
iron vapor which produced a {2]ferrocenophane,* the only
product isolated upon sublimation of the residue was identified
by elemental analysis and mass spectrometry as a dimer of
dimethylfulvene. Typically, 250 mg of Ni vapor yields ~130
mg of dimer. This product is not formed via thermolysis or
photolysis in the metal vapor reaction,? nor do iron, chromium,
or palladium vapors bring about this dimerization, The con-
ventional spectroscopic techniques® did not permit an un-
equivocal assignment of the structure but it was identified
crystallographically’ as a mixture® of 4,4,8,8-tetramethyl-
1,4,5,8-tetrahydro-s-indacene (2a) and the 1,4,7,8 isomer (2b)
(Figure 1, Table I). The molecule is formally derivable by a
thermally forbidden [6 + 6] cycloaddition process followed
by [1,5]-hydrogen shifts.

Nevertheless, although the photochemical [6 + 6] cy-
cloaddition has precedent,® we suggest that this particular
process is a stepwise dimerization on a nickel atom template.
A reasonable initial product is the 18-electron tetrahedral
complex 3 which, unlike bis(cyclopentadiene)nickel, ! cannot
form a stable complex simply by hydrogen transfer,!! and so
undergoes ligand coupling to give 4. This would require out-

1a

of-plane bending of the exocyclic carbon of the fulvene toward
the metal, but this phenomenon has been observed previously.!2
Subsequent coupling of two w-allyl moieties parallels the now
classic work of Wilke’s group;!? the requisite hydrogen shifts
are well documented in nickel vapor reactions.!4 Presumably,
the tendency to form 20-electron nickelocene systems is low
and the dimerization process is thermodynamically favored.

Interestingly, the product, which is a head-to-tail dimer (in
some ways analogous to the nickel promoted isoprene dimer
so crucial to Billups’ !5 elegant grandisol synthesis), lends
support to the ideas of Ehntholt and Kerber! with respect to
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Figure 1. ORTEP view of the molecule showing the numbering scheme used
in the structure determination. Temperature ellipsoids are drawn at the
50% probability level. All hydrogen atoms, including those at the disor-
dered positions, are drawn with uniform isotropic thermal parameters.

Table I. Bond Distances (Angstroms) and Bond Angles (Degrees)
with Standard Deviations in Parentheses

bond lengths, (A)

bond angles, deg

C()-C(2) 1469 (4)  C(2)-C(1)-C(5) 109.0 (2)
C(1)-C(5) 1341 (3)  C(2)-C(1)-C(12) 125.8 (2)
C(1)-C(12) 1490 (3)  C(5)-C(1)-C(12) 1253 (2)
C(2)-C(3) 1.395(5)  C(1)-C(2)-C(3) 107.0 (3)
C(3)-C(4) 1.403 (5)  C(2)-C(3)-C(4) 109.6 (3)
C(4)-C(5) 1.488 (3)  C(3)-C(4)-C(5) 106.2 (3)
C(5)-C(6) 1.496 (4)  C(4)-C(5)-C(1) 108.3 (3)
C(6)-C(7) 1.496 (3)  C(4)-C(5)-C(6) 125.4 (2)
C(6)-C(15) 1.539 (4)  C(1)-C(5)-C(6) 126.3 (2)
C(6)-C(16) 1.541 (4)  C(5)-C(6)-C(7) 107.9 (2)
C(7)-C(8) 1.481 (3)  C(5)-C(6)-C(15) 109.8 (2)
c(n-c(11) 1338 (3)  C(5)-C(6)-C(16) 109.9 (3)
C(8)-C(9) 1394 (5)  C(7)-C(6)-C(15) 110.2 (3)
C(9)-C(10) 1.403 (5)  C(7)-C(6)-C(16) 110.2 (2)
C(10)-C(11)  1.475(4)  C(15)-C(6)-C(16) 108.9 (3)
C(11)-C(12)  1.496 (4)  C(6)-C(7)-C(8) 125.5 (2)
C(12)-C(13)  1.544(4)  C(6)-C(7)-C(11) 1262 (2)
C(12)-C(14)  1.541(4)  C(8)-C(N-C(11) 108.3 (2)
C(7)-C(8)-C(9) 107.0 (3)
C(8)-C(9)-C(10) 109.2 (3)
C(9)-C(10)-C(11)  106.7 (3)
C(10)-C(11)-C(7)  108.9 (2)
C(10)-C(11)-C(12)  125.8 (2)
C(1-C(11)-C(12) 1253 (2)
C(11)-C(12)-C(1) 108.9 (2)
CO11)-C(12)-C(13)  109.4 (2)
C(11)-C(12)-C(14) 1103 (2)
C(1)-C(12)-C(13) 109.6 (2)
C(1)-C(12)-C(14)  110.4(2)
C(13)-C(12)-C(14)  108.2 (3)

the series of molecules of the type (fulvene),Fe,(CO), pre-
pared in the pioneering investigations of Weiss and Hubel, 16
These latter molecules are being reinvestigated in the light of
the present results.
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o and m Components of Substituent Effects in
Saturated Systems. Monosubstituted Methanes
Sir:

A molecular orbital description of methane utilizes.one MO
derived from the C 2s orbital and three degenerate molecular
orbitals derived from the C 2p orbitals. These MO’s differ in
energy by 10 eV and have the proper symmetry for a system
in the T4 point group.! When a substituent is.introduced, the
maximum degeneracy is reduced to 2. The methyl group 2s and
2p orbital directed toward the substituent form o-type MO’s.
The other two 2p orbitals lead to a pair of w-type degenerate
MO’s. A substituent such as fluorine will interact with the
methyl group orbitals to give a pair of low energy s-o orbitals,
a pair of p-o orbitals (one of which will be antibonding), and
two sets of degenerate w-type orbitals.

This description of a monosubstituted methane suggests that
there should be ¢ and = interactions in a fashion similar to that
in benzene. A 7 interaction involving back-bonding by the
fluorine lone pairs has been suggested,? but the ionization
potential of methyl fluoride has been interpreted as indicating
a minimal interaction of this type.? In order to explore the
possible importance of such interactions, extended basis set
calculations have been carried out for a variety of monosub-
stituted methanes.

It has been found that the 4-31G basis set, when augmented
by bond functions (an s orbital at the midpoint of C-H bonds
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Figure 1. Relation between H charge shifts and ¢ for CH3X. With X =
NH,, OH, and SH, the open circles represent hydrogens trans to lone pairs
and are plotted against op. The closed circles represent hydrogens trans
to X-H bonds and are plotted against on,.

Table I. Calculated Charge Shifts at Hydrogen

X qn° Agy X qH Agy
O~ 1.028 =0.131 NH, 0.9256 -0.029
S- 0.981 -0.084 0.902¢ -0.005
CH; 0.915 -=0.019 OH 0.910% -0.014
H 0.896 (0.000) 0.885¢ +0.012
F 0.883 0.013 SH 0.885% 0.011
Cl 0.871 0.026 0.882¢ 0.015
CN 0.848 0.048
NH:* 0.818 0.078

9 The hydrogen electron density plus one half the electron density
in the C-H bond function. ® Hydrogen trans to a lone pair. ¢ Hydro-
gen trans to an X-H bond.

and a set of s and p orbitals at the midpoint of C-X bonds),
leads to a good electron density distribution for methane,
methyl fluoride, and methyl chloride.# This basis set has been
used for the present calculations. In order to be able to use a
Mulliken population analysis to give hydrogen charge shifts
caused by substituents, a constant geometry was used, with
tetrahedral angles abouit the methyl carbon and 1.09-A C-H
bond lengths. Most methyl compounds have geometries close
to these values (+1°; £0.005 A).6 The remaining geometrical
parameters were taken as the experimental values.® The results
are summarized in Table L.

The small effect of fluorine compared with chlorine and the
electron-releasing effect on a hydroxy or amino group for the
methyl hydrogens trans to the lone pairs provide clear evidence
for a 7 interaction. With all substituents except methyl, the
o inductive effect will transfer electron density from the methyl
group to the substituents and this will be opposed by the = in-
teraction. The calculated effects are, in fact, very close to those
observed with benzene derivatives for which ¢ and =7 effects
are well established. This is clearly shown in Figure 1 in which
the charge shift at hydrogen is plotted against the Hammett
o values. In the case of X = OH, NH,, and SH, there are two
charge shifts for the methyl hydrogens. The shift for the hy-
drogens of the C-H bonds which overlap the X lone pairs are
plotted against o, whereas the shift for the other hydrogens
is plotted against o,. The op values were used for the other
substituents. The only substituent with a large deviation from
linearity is X = O~, and here solvent effects would be expected
to be particularly important in determining the value of 6.7

The effect of substituents on the valence orbital energies is
also of interest (Figure 2). The lowest energy MO corresponds
toa C-X s-o bond, and the energies change in accord with the
electronegativity of the substituent. The energies of the other
MO’s change relatively little, except when a molecular charge
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