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The proposal of tetrahedral geometry for four-coordinate
carbon (I) by van�t Hoff in 1874 was a seminal advance in the
understanding of the structural properties of molecules, and
this theory subsequently became a cornerstone of organic
chemistry.[1]

This paradigm of tetrahedral four-coordinate carbon
appeared absolute for many years. Nevertheless, chemists
have long been fascinated with the concept that compounds
exhibiting a planar four-coordinate carbon geometry might be
found (II).[2] Nearly a hundred years after van�t Hoff�s
proposal, planar four-coordinate carbon became more seri-
ously considered after Hoffmann described a theoretical
model for this geometry in which an sp2-hybridized carbon
forms two two-electron-two-center (2e,2c) bonds and a two-
electron-three-center (2e,3c) bond to the four substituents
(III).[3] For the simplest example, methane, the tetrahedral
geometry is more stable relative to the planar form by about
530 kJmol�1.[3, 4] Therefore, to experimentally realize planar
four-coordinate carbon, various strategies to impose a planar
four-coordinate geometry have been pursued, and of these,
organometallic derivatives have delivered the most significant
advances.[5]

For genuine methanes, von Schleyer showed theoreti-
cally[6] and experimentally[7] that the sequential replacement
of hydrogen atoms with alkali metals results in an increase in
the stabilization of planar four-coordinate methanes. Fur-
thermore, for disubstituted methane derivatives, such as
H2CLi2, the trans-planar form (IV) was found to be destabi-
lized by about 125 kJmol�1 relative to the cis-planar form
(V).[6] Although the linear 2e,3c p orbital in the trans

geometry is reminiscent of the allyl cation, the cis form is
more stable because the 2e,3c p orbital can be considered
homoaromatic and iso-conjugate to the cyclopropenium
cation (VI).

The greater stabilization of a cis- relative to trans-planar
four-coordinate carbon suggests that cis-planar methanes
should be more prevalent than their trans isomers. Gas-phase
theoretical models of H2CMM’ (M = Li; M’= Li–Cs) show
dimers of typically D2d symmetry that can be considered to be
derived from cis-planar H2CMM’ units containing a formal
four-coordinate carbon center.[8, 9] As the simplest prototype
H2CLi2 adopts a polymeric salt-like structure,[10] investiga-
tions have targeted methandiides with bulky solubilizing
groups.[11] The groups of Cavell and of Stephan simultane-
ously reported the dimeric complex [{Li2(bipmN-TMS)}2]
(bipmN-TMS = C(PPh2NSiMe3)2).[12,13] The groups of Hender-
son and of Harder have subsequently reported the dimeric
homo- and heterometallic heavier alkali metal congeners
[{MM’(bipmN-TMS)}2] (M = Li; M’= Li, Na, K)[14] and [{M2-
(bipmN-Ph)}2] (M = K, Rb).[9] We have reported the dimeric
dilithio complex [{Li2(bipmN-Mes)}2] (Mes = 2,4,6-Me3C6H2),[15]

and Le Floch and M�zailles have reported dimeric [{Li2-
(bipmN-R)}2] (R = (S)-MeCHiPr) and [{Li2(C[PPh2S]2)}2·n
(OEt2)] (n = 2, 3).[16] In all cases, these dilithio methandiides
can be considered to formally derive from the orthogonal
dimerization of two planar [R2CMM’] units that contain a cis-
planar four-coordinate carbon atom. Notable by their absence
are the corresponding monomeric and trans-planar conge-
ners.

Herein, we describe the synthesis of a monomeric dilithio
methandiide complex 3 that is notable for the fact it exhibits a
distorted trans-planar four-coordinate carbon atom; this
compound was obtained by the simple addition of the
chelating diamine tetramethylethylenediamine (tmeda) to
aid deprotonation (Scheme 1).

As part of our investigations of f-block methandiides,[15,17]

we have utilized dilithio methandiides such as [{Li2-
(bipmN-TMS)}2] and [{Li2(bipmN-Mes)}2] as ligand-transfer
agents. However, to tune ligand substitution patterns, we
investigated the use of the sterically demanding methane
derivative H2(bipmN-Dipp) (1; Dipp = 2,6-diisopropylphenyl)[18]
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to prepare lithium ligand-transfer reagents. Accordingly,
treatment of 1 with one equivalent of tBuLi in toluene
afforded [Li{H(bipmN-Dipp)}] (2) as colorless crystals in 71%
yield after work-up and recrystallization. This formulation is
supported by the CHN elemental analysis and NMR and
FTIR spectroscopic data.

The molecular structure of 2 is illustrated in Figure 1.[19]

Complex 2 is monomeric and solvent-free in the solid state.
The lithium atom is not coordinated to the methanide center
(Li1···C1 3.196(8) �), but is bound by the two imino nitrogen
atoms, with a bite angle of 117.7(4)8. The absence of a Li···C
contact[20] is underscored by the fact the CP2N2Li ring is
essentially planar (root-mean-square deviation 0.07 �). The
electron-deficient nature of the lithium atom is suggested by a
weak interaction with a Dipp-Cipso center (Li1···C26 =

2.765(8) �). The Li1�N1 and Li1�N2 bonds (1.881(8) and
1.880(8) �) are short compared to typical Li�N distances of

about 2.0 � in related bipm complexes,[20] and are short even
in comparison to lithium amides.[21] The C1�P1 and C1�P2
bonds (1.700(4) and 1.698(4) �) are shorter than those
observed in 1,[22] but the P1�N1 and P2�N2 bonds (1.600(3)
and 1.607(3) �) are essentially unchanged.

With the discovery of 2 in hand, we attempted a second
deprotonation. The addition of one equivalent of tBuLi to 2 in
toluene (or addition of two equivalents of tBuLi to 1) did not
remove the methanide hydrogen, and only 2 was rerecovered.
This is surprising, as tBuLi effects double-deprotonation of
H2(bipmN-R) to give [{Li2(bipmN-R)}2] (R = SiMe3, Mes).[14,15]

However, addition of one equivalent of tmeda to the reaction
mixture smoothly afforded deprotonation of 2 at room
temperature.[23] Following work-up and recrystallization,
[Li2(bipmN-Dipp)·tmeda] (3) was isolated as colorless crystals
in 61% yield, and the characterization data support this
formulation. In particular, following the second deprotona-
tion, the 31P NMR spectrum exhibits a singlet at d = 7.16 ppm
(d = 17.8 ppm for 2), and the 7Li NMR spectrum exhibits two
broad signals at d = 1.95 and 2.37 ppm (singlet at d = 2.00 ppm
for 2). In common with other dilithio methandiides,[9,12–16] the
methandiide signal in the 13C NMR spectrum was not
observed. These observations suggested the formation of an
unusual methandiide with two distinct lithium environments.
Therefore, we determined the structure of 3 by X-ray
crystallography.

The molecular structure of 3 is shown in Figure 2.[19] In
contrast to previously reported dialkali metal methandiides, 3
crystallizes as a monomer, where the methandiide center
adopts a distorted trans-planar geometry. The root-mean-
square deviation from the mean plane of C1, P1, P2, Li1, and
Li2 is only 0.34 �, and C1 deviates from this plane by
0.007(2) �. The Li1-C1-Li2 angle is 161.41(12)8, and this
distortion from linearity is attributed to the close fit of the

Scheme 1. Synthesis of 3 from 2 and 2 from 1 by deprotonation.
Dipp= 2,6-diisopropylphenyl.

Figure 1. Molecular structure of 2. Ellipsoids set at 30 % probability,
and hydrogen atoms except at C1 omitted for clarity. Selected bond
lengths [�] and angles [8]: Li1–N1 1.881(8), Li1–N2 1.880(8), Li1···C26
2.765(8), P1–C1 1.700(4), P2–C1 1.698(4), P1–N1 1.600(3), P2–N2
1.607(3); N1-Li1-N2 117.7(4), P1-C1-P2 134.7(3).

Figure 2. Molecular structure of 3. Ellipsoids set at 30% probability,
and hydrogen atoms omitted for clarity. Selected bond lengths [�] and
angles [8]: Li1–N1 1.929(3), Li1–N2 1.885(3), Li1–C1 2.531(3),
Li1···C36 2.659(3), Li2–N3 2.153(3), Li2–N4 2.113(3), Li2–C1 2.124(3),
P1–C1 1.6816(14), P2–C1 1.6782(14), P1–N1 1.6266(12), P2–N2
1.6226(12); N1-Li1-N2 131.64(16), P1-C1-P2 132.05(9), Li1-C1-Li2
161.41(12), Li1-C1-P1 73.13(8), Li1-C1-P2 73.22(8), Li2-C1-P1
114.79(11), Li2-C1-P2 107.94(10).
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Li(tmeda) unit into the pocket formed by the four P-phenyl
rings, which is confirmed by inspection of a space.filling
plot;[22] this deviation also accounts for the small displacement
of C1 from the P2Li2 plane. The P1-C1-P2 angle (132.05(9)8) is
distorted from the ideal angle expected for a trans-planar
geometry owing to its incorporation into the CP2N2Li ring.[24]

Li2 is coordinated to the methandiide center and the two
tmeda nitrogen atoms with bond lengths of 2.124(3), 2.153(3),
and 2.113(3) �, respectively. Li1 is coordinated to the two
imino nitrogen atoms with bond lengths of 1.929(3) and
1.885(3) � and to the methandiide with a Li1�C1 distance of
2.531(3) �. The weak binding of Li1 to C1 is supported by the
deviation of Li1 from the P2N2 plane by 0.78 � towards C1
with a P2N2Li fold angle of 119.2(9)8. Furthermore, the Li1�
N1 bond is somewhat longer than the corresponding bond in
2. Both Li�C bonds in 3 exceed the sum of the covalent radii
of lithium and carbon (2.08 �),[25] but are well within the
corresponding sum of the van der Waals radii (3.90 �),[26]

reflecting the ionic nature of the lithium–ligand interactions.
A Li1···C36 distance of 2.659(3) � suggests an additional
weak contact. The endocyclic C�P bonds are shortened by
about 0.03 � and the P�N bonds elongated by about 0.03 �
compared to those in 2.

We carried out a single-point-energy DFT calculation on 3
using the ADF2009.01 code to gain insight into the electronic
structure of 3.[27] Calculated NPA charges from an NBO
analysis[28] yielded values of �1.60 for C1, �1.14 (av.) for N1
and N2, + 1.56 (av.) for P1 and P2, + 0.89 for Li1, and + 0.88
for Li2. Calculated NAO Wiberg bond indexes gave values of
+ 1.24 (av., P�C), + 1.01 (av., P�N), + 0.01 (av., Li�Ntmeda),
+ 0.03 (av., Li�Nimino), + 0.03 (Li1�C1), and + 0.02 (Li2�C1),
which, together with the NPA charges, underscores the ionic
nature of the lithium bonding. Inspection of the HOMO
(Figure 3a) reveals an essentially non-bonding lone pair,
which is approximately orthogonal to the Li-C-Li vector; this
orbital is of 23.7% 2s and 76.2% 2p character. The lone pair
principally described by HOMO�5 (Figure 3b) resides along
the Li-C-Li vector and is comprised of an admixture of carbon
2p (98.5%) and 2s (1.4%). The orbital models III–V, which
are important for the development of the field of planar four-
coordinate carbon, have largely been superseded by ionic
interpretations where lithium bonding is involved.[29] There-
fore, as the Li�C bonds in 3 are predominantly electrostatic,
2e,2c and 2e,3c descriptions, which imply covalency, are not
appropriate; however, these descriptions are useful in a
formal sense to classify the electronic structure of the
methandiide center in 3. Thus, and in contrast to III–V,[3,6]

we conclude that an appropriate orbital
representation of 3 is VII, in which an
approximate pseudo sp2-hybridized carbon
is bound to the four substituents through two
2e,2c bonds and one asymmetric 2e,3c
bond.[30]

To summarize, we have prepared a dilithio methandiide
that contains an unusual monomeric distorted trans-planar
four-coordinate carbon. This result provides an experimen-
tally determined complement to theoretical models, and we
propose that this unusual geometry is due to the steric
demands of the bipmN-Dipp dianion combined with the
presence of tmeda.

Experimental Section
2 : Toluene (30 mL) was added to a pre-cooled (�78 8C) mixture of 1
(3.71 g, 5.00 mmol) and tBuLi (0.32 g, 5.00 mmol). The mixture was
allowed to slowly warm to room temperature with stirring over 18 h to
afford a pale yellow solution. Volatiles were removed under reduced
pressure, and the resulting white solid was washed with hexane
(10 mL) to afford 2 as a white powder. Yield: 2.60 g, 71%. Colorless
crystals of 2 were grown from a saturated solution in toluene (10 mL).
Anal. calcd (%) for C49H55N2P2Li: C 79.42, H 7.49, N 3.78; found:
C 79.37, H 7.38, N 3.63. 1H NMR ([D6]benzene, 400.2 MHz, 298 K):
d = 1.10 (d, 24H, JHH = 6.80 Hz, CH(CH3)2), 1.76 (s, 1H, CHP2) 4.05
(sept, 4H, JHH = 6.80 Hz, CH(CH3)2), 7.13 (m, 12H, Ar-CH), 7.20 (m,
4H, Ar-CH), 7.28 (m, 2H, Ar-CH), 7.78 ppm (m, 8H, Ar-CH).
13C{1H} NMR ([D6]benzene, 100.6 MHz, 298 K): d = 20.66 (CHP2)
24.30 (CH(CH3)2), 28.22 (CH(CH3)2), 121.70 (Ar-C), 123.65 (Ar-C),
127.41 (Ar-C), 129.49 (Ar-C), 132.07 (Ar-C), 138.03 (Ar-C), 138.96
(ipso-Ar-C), 144.62 ppm (ipso-Ar-C). 31P{1H} NMR ([D6]benzene,
162.0 MHz, 298 K): d = 17.80 ppm. 7Li{1H} NMR ([D6]benzene,
155.5 MHz, 298 K): d = 2.00 ppm. IR (Nujol): ñ = 1585 (w), 1318
(m), 1258 (s), 1206 (m), 1181 (s), 1156 (m), 1097 (m), 1016 (m), 799
(m), 694 cm�1 (m).

3 : tBuLi (0.13 g, 2.00 mmol) in toluene (10 mL) was added to pre-
cooled (�78 8C) 1 (0.74 g, 1.00 mmol). Tmeda (0.12 g, 1.00 mmol) in
toluene (10 mL) was then added dropwise, after which the solution
immediately turned yellow. The mixture was allowed to slowly warm
to room temperature with stirring over 18 h to afford a pale yellow
solution. Volatiles were removed under reduced pressure and the
resulting yellow solid was washed with hexane to afford 3 as a white
powder. Yield: 0.53 g, 61 %. Colorless crystals of 3 were grown from a
saturated solution in toluene (10 mL). 3 can also be prepared from 2
using one equivalent of tBuLi and tmeda. Anal. calcd (%) for
C55H70N4P2Li2: C 76.55, H 8.18, N 6.49; found: C 76.39, H 8.07,
N 6.46. 1H NMR ([D6]benzene, 400.2 MHz, 298 K): d = 0.41 (s, 4H,
NCH2), 1.10 (d, 24 H, JHH = 6.00 Hz, CH(CH3)2), 1.47 (br, 12 H,
N(CH3)2), 3.94 (sept, 4H, JHH = 6.80 Hz CH(CH3)2), 7.11 (m, 4H, Ar-
CH), 7.18 (m, 12H, Ar-CH), 7.27 (m, 4H, Ar-CH), 7.77 (m, 2H, Ar-
CH), 8.00 ppm (br, 4H, Ar-CH). 13C{1H} NMR ([D6]benzene,
100.6 MHz, 298 K): d = 24.12 (CH(CH3)2), 28.23 (CH(CH3)2), 44.62
(N(CH3)2), 56.75 (NCH2), 120.08 (Ar-C), 122.95 (Ar-C), 126.73 (Ar-
C), 129.46 (Ar-C), 132.14 (Ar-C), 138.45 (ipso-Ar-CP), 144.62 (ortho-
N-Ar-C), 148.42 ppm (ipso-N-Ar-C). 31P{1H} NMR ([D6]benzene,
162.0 MHz, 298 K): d = 7.16. 7Li{1H} NMR ([D6]benzene, 155.5 MHz,
298 K): d = 1.95 (br), 2.37 ppm (br). IR (Nujol): ñ = 1424.58 (m), 1259
(s), 1159 (m, br), 1110 (m), 1096 (m), 976 (m), 699 (m), 540 cm�1 (w).
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Figure 3. Khon–Sham orbital representations of 3 at the 0.05 e�3 level:
a) HOMO (161 A, �3.799 eV); b) HOMO�5 (156 A, �4.782 eV).
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