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ABSTRACT

Several potentially experimentally accessible lithiated heterocyclic and heteroatom compounds with planar tetracoordinate carbons (ptC) have
been predicted computationally. These utilize the strong electron-donating ability and the bridging proclivity of lithium to achieve the ptC
preferences. As the p orbitals on the central carbons are only partially occupied, their electronic structures are similar to those of the related
carbenes, eg. imidazole-2-ylidene, rather than to the other ptC compounds such as dilithiocyclopropane.

By comparing the computed energies of planar versus subsequent scrutif. This finding has stimulated experi-
tetrahedral arrangements of an extensive set of moleculesmentalists and theorists to achieve ptC arrangements in

Schleyer, Pople, and their co-workkfsllowed a hint of
Hoffmann et aP and found that lithium was particularly

effective in stabilizing planar tetracoordinate carbon (ptC)

organolithium compound®,as well as in a wide variety of
molecules
As a result of the ionic character of its bonding, lithium

arrangements. While the planar and “tetrahedral” structuresprefers bridging positions and in the structures of lithium

of dilithiomethane 1) were close in energy, 1,1-dilithiocy-
clopropane 2) was the first molecule predicted to prefer a
structure with a ptC arrangeménthat has withstood
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compounds often does not follow classical consideratfons.
The lithium bridging in lithiomethylamine3) and lithi-
omethanol (¥ are examples pertinent to this communication.
We have now achieved new ptC arrangements computa-
tionally®~8 by utilizing the strong lithium bridging tendency
to heteroatoms as well as its strong electron-donating ability.
Some of our predications involving readily available com-
pounds invite experimental investigation.

The ptC arrangement i@l is due to the combination of
electronic and strain (bond angle) effek#8The Li—C bond

(6) Al calculations were carried out using the GAUSSIAN 98 progfam.
Geometries were optimized initially and characterized by frequency
calculations at B3LYP/6-31G* and were then refined and further character-
ized at B3LYP/6-311+G**. Wave function stability checks were carried
out at B3LYP/6-31%G**. Nucleus independent chemical shift (NICS)
criteriorf was used to probe aromaticity. NICS values were computed using
the gauge-individual atomic orbital (GIAO) method at B3LYP/6-3G**.
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Figure 1. B3LYP/6-311+G** geometries ol—11. The underlined data are the NBO charges.

lengths, 2.427 A, are somewhat too long for optimal bridging about 58.0 kcal/mol lower in energy than FC=NH +

(Figure 1). However, this is improved if the Glgroups in

Li,. Carbodiimide (HN=C=NH), the tautomer of cyanamide,

2 are replaced by the more electronegative but isoelectronichas been the subject of several experimental and theoretical

groups, e.g., NHR) and O 6). As expected, the lithiums
bridge the central carbon and the nitrogens F)nor the
oxygens (in6) effectively. The ptC minima are confirmed
by B3LYP/6-311+G** frequency calculatiorfsThe planar
geometries 06 and6 are 43.9 and 43.2 kcal/mol more stable
than their respective,, “tetrahedral’s’ [NIMAG (numbers
of imaginary requencyy 3] and6' (NIMAG = 3) forms.
In contrast2 is only 8.0 kcal/md¥ lower in energy than its
C,, singlet tetrahedral isomer (NIMA& 2). The triplets of
5 and6 are less favorable than their singlets.

Other isomers are higher in energy tHarmhe exception,
5", is 1.0 kcal/mol more stable than Both 5 and5" are

1250

studiest® Its derivatives (RN=C=NR;) are common re-
agents! It may be possible to prepare derivativesSoby
reacting carbodiimides with lithium.
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Another ptC compoundg”, is 7.2 kcal/mol more stable The electronic structures of the new lithiated ptC com-
than6. Both have the minimum number of atoms (five) for pounds discussed in the present paper are similar to those
planar tetracoordinate carbon. CompouGdsd6'” are 45.9 of the latter situation. Compourtican be derived conceptu-
and 53.1 kcal/mol lower in energy than €& Li,, which ally by lithiation of imidazole-2-ylidene9). This “stable
implies that they may be prepared by reacting,G@th carbene” has been studied intensivél since Arduengo
lithium. Manceron and AndreW%have performed matrix  and co-worker® synthesized the first persistent 1,3-diada-
studies on the reaction of lithium with, e.g., carbon monoxide mantyl derivative. Compoundis derived conceptually from
but not with carbon dioxide. Recently, several pentaatomic the formal lithiation of imidazole-2-yliden®) and therefore
ptC compounds isoelectronic with those predicted theoreti- retains, to some extent, the s lone pair character of the
cally'®were characterized experimentally by Wang's gréup.  carbene. Figure 2 compares the s carbon lone pair HOMO

However, experimental investigation of species related to
5 might be best achieved in heterocyclic systems. THus, _
takes further advantage of the aromaticity of imidazole. The
C=C double bond ir¥ contributes two additional p electrons
to 5 and completes the six p electron system (see below).
As in 3, 5, and®6, the lithiums in7 also favor bridging
positions, 1.920 and 1.788 A from the central carbon and
the nitrogens, respectively. Isomeric minima with alternative
lithium placementsy’ and 7", are 10.3 and 27.1 kcal/mol
higher in energy thai.

The fusion of a benzene ring @ giving the benzoimi-
dazole 8, results in no significant changes in either the
geometrical or electronic features of the ptC unit. However,
the presence of the additional benzene rin@ may result
in a more crystalline compound amenable for experimental
X-ray determination. Note that somewhat related benzo-
fused, crystalline, and thermally stable silylenes, Si[N4CH
BuY)].CsHs—1,2-R-4(R = H or Me), have been reportéd.

The extended Huckel calculations of Hoffmann and co-
workerg indicated that the planar methane HOMO is a
nonbonding lone pair in a perpendicular carbon p-orbital.
Analogous electronic structures also can be found in most
ptC compounds, e.gl,and2, Radom’s alkaplané$,and in
molecules such as C#8i,, CAlGe  and CAESit 314
However, we recently reported a new class of ptC com- _
pounds, the “boraplanes”, which benefit from a different Table 1. Central (ptC) Carbon p Orbitals and Natural Charges
principle!” In boraplanes, the central carbon p-orbital is at B3LYP/6-311+G**
formally vacant and is the LUMO, rather than the HOMO.

Figure 2. HOMO and HOMO-1 of8 and?9.

of 9 with the HOMO-1 of7. In both cases, the central carbon
p(p) occupancy is only part of the usual aromatic @ectron
delocalization. The central carbon p(p) occupancy; D97,

is larger than 0.6din 9 (Table 1) but still much less than

e e . p(x)? q(C)y aXx)° q(y)?

The two “missing” electrons are accommodated in an
energetically more favorable orbital, the 4c-2e BBBB ; ig; _ié _8"113 g'gg
perimeter HOMO. 5 0.80 ~0.15 -11 0.85
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Figure 3. B3LYP/6-311+G** geometries ol2—14.

—9.5 for GHs™, the prototype 6;aromatic cyclopentadienyl 7' and 7. Further solvation should not alter the planar
anion. In1 and2, there are strong ionic interactions between preferences.
the lithiums and the central carbons; these decrease signifi- Recently, Boche and co-workétdave prepared 4-tert-
cantly in5, 6, 7, and8 as a result of the smaller charge of butyl-1-methyl-2-lithium by deprotonation of an N(1)-
the central carbons. However, the decrease is compensatedubstituted imidazole. Our model reaction (eq 1) for this
by the interaction between lithiums and the adjacent nitrogensdeprotonation is exothermic by 29.1 kcal/mol, supporting the
(in 5, 7 and 8) or oxygens (in6) (see the charges and experimental process. The dilithiation of imidazole by
geometries in Figure 1). methyllithium dimer (eq 2), giving, also is exothermic by
The electronic structures of the present ptC compounds32.7 kcal/mol. However, we have not found any compound
also result in different dimerization preferences described similar to 7 in the literature. We suggest that the lithiation
below? For example, the side-to-side approach (10) is of imidazole or benzoimidazole derivatives be carried out
favored for7 as a result of the electrostatic attraction between to see if both NH and five-membered ring CH groups can
two monomers. This approach is preferred to the head-to-be replaced.
head arrangement favored far(Figure 1)?® The side-to-

side dimerization energy of is 54.7 kcal/mol. The head- H

Li
to-head approach results in a fourth-order saddle pait ( NyC\NH Eq \>c\
and a dimerization energy of only 7.2 kcal/mol. Note that \__/ FOmLi — N NH + CH, - 29.1 keal/mol
the side-to-side dimer retains both ptC arrangements (10). —
Although the smallest frequency is only 12.0 ¢inthis ) Li /u
corresponds to an out-of-plane “flapping” mode rather than N/C\NH Eq2 \\/C\
“tetrahedralization” of the ptC’s. \/ FEHL— N+ 2CH,-327 keal/mol

Does solvation have a significant influence on the stabi-
lization of planar versus “tetrahedral” arrangemefts?
Compound/, as an example, was taken to examine solvent
effects by using the simple modét in which a water
molecule is attached to each lithium. Figure 3 gives the
relative energetic and structural results fidt, 13, and14
(i.,e., 7, 7', and7" solvated by two water molecules). This
solvation only bends the tetracoordinate carboi sfightly
from the exact plane (theLiNCN dihedral angle is 175.§°
and does not change the large relative stabilizatiohafer

7

In summary, we have designed computationally several
lithium-containing ptC compound&<{8 and10) by utilizing
the strong electron-donating ability and the bridging procliv-
ity of lithium. To some extent, the electronic structures of
5—8 are similar to that of the related carbenes, @&gather
than the usual ptC compounds, elyand2. They have no
p lone pair located on the central carbon: the p(p) occupan-
cies of the central carbons are less tharelld 1and?2,

: : there are strong ionic interactions between lithiums and the
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