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Klas Sorger,† Paul von RaguéSchleyer,*,† and Dietmar Stalke‡

Contribution from the Institut fu¨r Organische Chemie der UniVersität Erlangen-Nu¨rnberg,
Henkestrasse 42, D-91054 Erlangen, Germany, and Institut fu¨r Anorganische Chemie der
UniVersität Göttingen, Tammannstrasse 4, D-37077 Go¨ttingen, Germany

ReceiVed June 28, 1995X

Abstract: The reaction of 3,3-dimethyl-1-(trimethylsilyl)cyclopropene withn-BuLi in the presence of 1 equiv of
tetramethylethylenediamine (TMEDA) affords [3,3-dimethyl-2-(trimethylsilyl)cyclopropenyl]lithium (2). While NMR
data reveal a monomer in tetrahydrofuran (THF) solution,2 crystallizes as a dimeric TMEDA solvate, (2‚TMEDA)2.
The structure was determined by single-crystal X-ray diffraction (crystal data: monoclinic, space groupP21/n, a )
1879.9(2) pm,b ) 1035.0(2) pm,c ) 2045.5(2) pm,â ) 113.198(9)°, V ) 3.6580(8) nm3, Z ) 4, [C28H62Li 2N4-
Si2]). Although dimeric unsolvated cyclopropenyllithium was computed (Becke3LYP/6-31G*) to have two planar
tetracoordinate carbon (R1R2CLi2) fragments, (2‚TMEDA)2 adopts a perpendicular (“tetrahedral”) structure due to
lithium solvation and the steric crowding of the lithium ligands. Lithiation at C(R) of the cyclopropenyl ring in2
lengthens the vicinal and shortens the distal C-C bonds due to the rehybridization at the lithiated carbon. This is
confirmed both by the natural localized molecular orbital carbon hybridizations and by the large coupling constant,
1J13C-6Li ) 17.6 Hz, observed in THF solution (the usual range for organolithium monomers is 10 and 16 Hz).
Despite the strong rehybridization and their relationship to the C(Li)X halogen and C(Li)O carbenoids, the lithiated
cyclopropenes do not have carbenoid nature.

Introduction

The considerable strain in cyclopropene results in remarkable
chemical properties.1,2 Due to the large s-character of the vinylic
C-H bonds, the acidity of cyclopropene resembles that of
acetylene.1,3,4 While lithiated cyclopropenes are useful synthetic
reagents,1,5 only computational structural information is avail-
able. Several ab initio studies predicted that the three-membered
ring distorts markedly upon monolithiation:6 the vicinal C(R)-
C(γ) bond of 1-lithiocyclopropene (1) is found to be much

longer (157 pm) than in cyclopropene (about 151 pm, see
below), whereas the C(â)-C(γ) (distal) bond shortens to 146
pm.6c,d

We now report the first X-ray structure of a lithiated
cyclopropene, dimeric [3,3-dimethyl-2-(trimethylsilyl)cyclopro-
penyl]lithium-tetramethylethylenediamine (TMEDA), [(2‚-
TMEDA)2]. The distortion of the carbon ring in2, NMR data
in THF solution, and higher level ab initio calculations all
confirm the earlier theoretical predictions for 1-lithiocyclopro-
pene.

Results and Discussion

The lithiated cyclopropene2 was synthesized by metalation
of the cyclopropene withn-butyllithium in hexane in the
presence of 1 equiv of TMEDA (eq 1). Colorless crystals of

(2‚TMEDA)2 were obtained by recrystallization of the crude
product from hexane.
Structure of {[3,3-Dimethyl-2-(trimethylsilyl)cyclopropen-

yl]lithium -TMEDA }2 [(2‚TMEDA) 2] in the Solid State.The
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molecular structure of (2‚TMEDA)2 is shown in Figure 1; bond
distances and angles are given in Table 1. The asymmetric unit
contains two [3,3-dimethyl-2-(trimethylsilyl)cyclopropenyl]-
lithium and two TMEDA molecules. The two cyclopropenyl
rings are nearly coplanar (deviation of 2.1°) and are bridged
quite symmetrically by the two lithiums in the dimer (note the
small range of C-Li distances: 220.5(3)-221.9(3) pm). The
Li-C-Li angles in the two monomer units are 67.8(1) and
68.0(1)°, respectively. Both the C-Li bond lengths and the
acute Li-C-Li angles in (2‚TMEDA)2 are typical of dimeric
organolithium compounds.7 Chelation by a TMEDA ligand
results in a distorted tetrahedral geometry around the lithiums.
The TMEDA ligands are disordered; similar interconversion
between the two puckered conformations is often found.8

Although dimeric organolithium structures are well-
known,7,8b-d,9,10theC2V symmetry (not crystallographic) of (2‚-
TMEDA)2 and the cisoid orientation of the cyclopropenyl rings
are remarkable (Figure 2). The central, equilateral C2Li2 four-

membered ring is folded: the angle between the C(2)Li(1)Li-
(2) and the C(16)Li(1)Li2) plane is 163.1°. A few organolithium
dimers provide precedents: (phenyllithium-TMEDA)2,9b (2-
lithiobenzothiophene-TMEDA)2,8d (2-lithiothiophene-
TMEDA)2,8d (n-butyllithium-TMEDA)2,10aand (tert-butyllithium-
Et2O)2.10b The TMEDA molecules are tilted on the C(2)-C(16)
vector (the angle between the Li(1)C(2)C(16) and the Li(2)C-
(2)C(16) plane is 155.3°, Figure 2) to minimize steric repulsions
between the N(2), N(4), and the silyl methyl groups. Additional
folding of the central C2Li2 ring by 16.9° avoids short contacts
between the N(1), N(3), and the cyclopropenyl methyl groups.
Interestingly, the lithiated cyclopropene dimer, (1)2, like the

phenyllithium dimer,11 was computed to have two planar
tetracoordinate carbon (R1R2CLi2) fragments.7a At the Becke-
3LYP/6-31G* level,24 the planar geometry is 10.9 kcal/mol
lower in energy than the perpendicular form with “tetrahedral”
tetracoordinate carbon (geometries of the optimized cyclopro-
penyllithium dimers are shown in Figure 3). The preference
for the planar dimer is due to attractive electrostatic Li+-C(γ)δ-

interactions which are very much reduced in the “perpendicular”
isomer. The cyclopropene carbon natural charges29 of planar
(1)2 (C(R), -0.57; C(â), -0.26; C(γ), -0.66) document the
distribution6c of the negative charge over the three carbon centers
of the cyclopropenyl ring and a high negative value of C(γ).
However, the solid-state structure of (2‚TMEDA)2 reveals the
“perpendicular” geometry of the solvated dimer: the Li(1)-
Li(2) vector is nearly perpendicular to the plane of the
cyclopropenyl rings (the twist angles between the C(2)Li(1)-
Li(2) and C(16)Li(1)Li(2) planes and the planes of the three-
membered rings are 94.1 and 92.0°, respectively (Figure 1)).
As was found with dimeric TMEDA-solvated phenyllithium,9b

lithium solvation favors the “perpendicular” form11 usually
observed in dimeric organolithium compounds (in the dimers,
solvation results in the preferred lithium tetracoordination).7,12

Also, steric hindrance (see above) is lessened in the perpen-
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Angew. Chem., Int. Ed. Engl.1994, 33, 1129. (c) Lambert, C.; Schleyer, P.
v. R. Methoden Org. Chem. (Houben-Weyl) 4th Ed. 1952-; Hanack, M.,
Ed.; Thieme: Stuttgart, Germany, 1993; Vol. E19d, p 1. (d) Weiss, E.
Angew. Chem.1993, 105, 1565;Angew. Chem., Int. Ed. Engl.1993, 32,
1501. (e) Boche, G.Angew. Chem.1989, 101, 286;Angew. Chem., Int. Ed.
Engl.1989, 28, 277. (f) Setzer, W. N.; Schleyer, P. v. R.AdV. Organomet.
Chem.1985, 24, 353. (g) Schleyer, P. v. R.Pure Appl. Chem.1983, 55,
355;1984, 56, 151.
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Chem., Int. Ed. Engl.1993, 32, 580.
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(12) Due to intramolecular lithium solvation, deviation from the per-
pendicular (“tetrahedral”) form is observed in phenyllithium derivatives with
heteroatom substituents (e.g., OR, NR2, CH2NR2); see ref 17 and references
cited therein.

Figure 1. X-ray structure of dimeric [3,3-dimethyl-2-(trimethyl-
silyl)cyclopropenyl]lithium-TMEDA. The hydrogen atoms have been
omitted for clarity.

Table 1. Bond Distances (pm) and Angles (deg) of (2‚TMEDA)2
C(1)-C(2) 133.3(2) C(1)-C(3) 148.9(2)
C(2)-C(3) 156.1(2) C(3)-C(4) 151.2(3)
C(3)-C(5) 150.9(3) C(15)-C(16) 132.9(2)
C(15)-C(17) 148.5(2) C(16)-C(17) 155.9(2)
C(17)-C(18) 151.1(3) C(17)-C(19) 150.8(3)
C(1)-Si(1) 181.8(2) C(15)-Si(2) 181.8(2)
C(2)-Li(1) 221.9(3) C(2)-Li(2) 220.7(3)
C(16)-Li(1) 220.5(3) C(16)-Li(2) 220.9(3)
N(1)-Li(1) 217.9(3) N(2)-Li(1) 214.1(3)
N(3)-Li(2) 214.4(3) N(4)-Li(2) 216.6(3)

C(1)C(2)C(3) 61.34(11) C(2)C(1)C(3) 66.88(12)
C(1)C(3)C(2) 51.78(10) C(2)C(1)Si(1) 154.90(14)
C(15)C(16)C(17) 61.26(11) C(16)C(15)C(17) 67.04(12)
C(15)C(17)C(16) 51.71(10) C(16)C(15)Si(2) 158.66(14)
Li(1)C(2)Li(2) 67.76(11) Li(1)C(16)Li(2) 67.96(11)
C(2)Li(1)C(16) 110.16(13) C(2)Li(2)C(16) 110.46(13)
N(1)Li(1)N(2) 85.86(12) N(3)Li(2)N(4) 85.53(11)

Figure 2. Plot of dimeric [3,3-dimethyl-2-(trimethylsilyl)cyclopro-
penyl]lithium-TMEDA along the C(16)-C(2) axis showing the cisoid
structure and the tilting of the TMEDA molecules.
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The most remarkable structural features of (2‚TMEDA)2 are
the distortions of the lithiated cyclopropenyl rings: the vicinal
C(R)-C(γ) bonds in the dimer, C(2)-C(3) and C(16)-C(17),
are elongated by about 4 pm (to 156.1(2) and 155.9(2) pm,
respectively (Figure 1)). The non-olefinic C-C ring bond
length in cyclopropene and its derivatives is about 151-152
pm in the gas phase (Figure 4)4,13 (the mean of 11 crystal
structures is 152.3 pm).14 The distortions of the three-membered
ring in substituted cyclopropenesscomputed and experimental
datasare presented in Table 2. The vinylic C(R)-C(â) bonds
of (2‚TMEDA)2 show a similar 4 pm elongation: whereas the
CdC bond length of 11 cyclopropenes is 129.2 pm (solid state,
mean)14 and the gas-phase value ranges between 129 and 130
pm (Figure 4),4,13the C(1)-C(2) and C(15)-C(16) bond lengths
are 133.3(2) and 132.9(2) pm, respectively. In contrast, the
distal C(â)-C(γ) ring bonds of (2‚TMEDA)2 are shortened
(C(1)-C(3), 148.9(2) pm; C(15)-C(17), 148.5(2) pm).
The distortion of the three-membered ring in 1-lithiocyclo-

propene (1) and its derivatives reflects the rehybridization at
the lithiated carbon. According to Walsh15aand to Bent,15b the
s-character of a C-H orbital is increased when hydrogen is
substituted by lithium. This is demonstrated by the natural
localized molecular orbital (NLMO) C(R)-H or Li hybridiza-
tions29 computed at Becke3LYP/6-311+G** 24 (Figure 5): the
C(R) hybridization in1 is sp1.0 compared with the sp1.7 hybrid
used in bonding to hydrogen (in cyclopropene). Consequently,
the p-character and the length of the C(R)-C(γ) ring bondsand
less the C(R)-C(â) bond-are increased (Table 2): the C(R)-
C(γ) ring bond in1 is even ca. 10 pm longer compared with
cyclopropene (the Becke3LYP/6-311+G** 24 optimized geom-
etries of cyclopropene and 1-lithiocyclopropene are shown in
Figure 4; energies are given in Table 3). This increased
p-character contracts the endocyclic angle at the lithiated

carbon: the C(â)C(R)C(γ) angle of1 is decreased to 59.5°,
whereas∠C(R)C(â)C(γ) is 70.6°. The mean endocyclic CC-
(vinyl)C(vinyl) angle of 11 cyclopropenes (solid state) is 64.9°
(Table 2, Figure 4).14 Consequently, the distal C(â)-C(γ) ring
bond in1 is shortened to 147.2 pm. The ring deformation in
1-lithiocyclopropene was predicted computationally;6c the re-
hybridization at the lithiated carbon demonstrated by the NLMO
carbon hybridizations29 (computed at Becke3LYP/6-311+G** 24)
now explains why the cyclopropenyl ring is distorted. Whereas
the three-membered ring bond lengths and endocyclic angles
in monolithiated cyclopropene (1) are strongly deformed, the
balancing effect of the lithium and the electropositive silicon
substituent in2 results in smaller changes: the C(R)-C(γ) and
the vinylic C(R)-C(â) ring bonds in (2‚TMEDA)2 show a

(13) Hirota, E.; Iijima, T.; Kuchitsu, K.; Lafferty, W. J.; Ramsay, D. A.
Structure Data of Free Molecules (Landolt-Bo¨rnstein); Kuchitsu, K., Ed.;
Springer: Berlin, 1992; Vol. II/21.

(14) Cambridge Structural Database. Structures of cyclopropenes with
π-acceptors at C(3) have not been considered since it is known that these
lengthen the vicinal bonds and shorten the distal (CdC) bond; see ref 4
and the following: Cheer, C. J.; Bernstein, D.; Greenberg, A.; Lyu, P.-C.
J. Am. Chem. Soc.1988, 110, 226.

(15) (a) Walsh, A. D.Discuss. Faraday Soc.1947, 2, 118. (b) Bent, H.
A. Chem. ReV. 1961, 61, 275.

Figure 3. Becke3LYP/6-31G* optimized structures of planar and
perpendicular dimeric cyclopropenyllithium.

Figure 4. Becke3LYP/6-311+G** optimized structures (energy
minima) of cyclopropene, 1-silylcyclopropene, (1-cyclopropenyl)-
lithium, (2-silylcyclopropenyl)lithium and 1,2-dilithiocyclopropene.
Note the distortionsbond lengths and endocyclic anglessof the three-
membered rings. Lithium substitution dominates the distortion in (2-
silylcyclopropenyl)lithium, originating from the less electropositive SiH3

substituent.
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nearly equal elongation of 4 pm; the distal C(â)-C(γ) bond is
shortened to 148.7(2) pm (compare the corresponding bond
lengths in 1-lithiocyclopropene and in cyclopropene (Table 2,
Figure 4)). Also, the endocyclic angles of the three-membered
rings of (2‚TMEDA)2 are less deformed:∠C(â)C(R)C(γ)
(C(1)C(2)C(3) and C(15)C(16)C(17), respectively) is decreased
to 61.3° (mean), and∠C(R)C(â)C(γ) (C(2)C(1)C(3) and
C(16)C(15)C(17), respectively) is 67.0° (mean). Monomeric
(2-silylcyclopropenyl)lithium, computed as a model system at
Becke3LYP/6-311+G**, 24 exhibits a ring distortionsC-C
bond lengths and endocyclic anglesswhich agrees well with
the experimental values found in the solid-state structure of (2‚-
TMEDA)2 (Table 2, the optimized geometries of 1-silylcyclo-
propene and its lithium derivative are shown in Figure 4,
energies are given in Table 3; note that the electropositive SiH3

substituent also alters the ring geometry). The NLMO carbon
hybridizations29 in (2-silylcyclopropenyl)lithium demonstrate the
balancing effect of the Li and the SiH3 substituent (Figure 5).
Two lithiums at the vinylic CdC bond in cyclopropene, i.e.
1,2-dilithiocyclopropene, result in an even less deformation of
the three-membered ring: due to the balancing rehybridization
effect, both the non-olefinic C-C bond lengths (152.6 pm) and
the endocyclic angles (63.4°) compare with the values of
cyclopropene (Table 2; the Becke3LYP/6-311+G** 24 opti-
mized geometry of 1,2-dilithiocyclopropene is shown in Figure
4; for energies, see Table 3). However, the vinylic CdC bond
in the dilithium derivative is now elongated by ca. 7 pm
(compared to cyclopropene (Table 2, Figure 4)). The computed

NLMO carbon hybridizations29 indicate the increase in p-
character of the CdC bond (Figure 5).
The deviation of regular hexagonal geometry of the benzene

ring in PhM compounds, i.e. elongation of the C(ipso)-C bond
distances and angle contraction at the ipso position, when M is
an electropositive element (e.g., Li-Cs), is also related to
rehybridization at the metalated carbon.9b,16,17

Structure in Solution. Crystals of the TMEDA solvate of
2, enriched with 96%6Li, were dissolved in THF-d8 (the 1:1
stoichiometry of TMEDA:2 was confirmed by integration of
the1H NMR signals). A low-temperature spectrum reveals that
the dimeric solid-state structure is not retained in THF-d8
solution. At -90 °C, a well-resolved13C 1:1:1 three-line
coupling pattern due to13C-6Li scalar coupling is observed
for the lithiated carbon of the monomer (the downfield shift of
the 13C NMR signal of the lithiated carbon in2 relative to the
δ (13C(2)) of 3,3-dimethyl-1-(trimethylsilyl)cyclopropene,∆δ
) 55.7, is similar to values observed for monomeric vinyllithium
derivatives18).19,20a,b The very large1J13C-6Li coupling constant
of 17.6 Hz in2 indicates high s-character of the C(R) orbital
(C-Li bond):20a,b,21 the NLMO C(R) hybridization29 in (1-
silylcyclopropenyl)lithium is sp1.1 compared with the sp1.7hybrid
used in bonding to hydrogen (in cyclopropene (Figure 5)).

(16) (a) Hoffmann, D.; Bauer, W.; Hampel, F.; van Eikema Hommes,
N. J. R.; Schleyer, P. v. R.; Otto, P.; Pieper, U.; Stalke, D.; Wright, D. S.;
Snaith, R.J. Am. Chem. Soc.1994, 116, 528 and references therein. (b)
Harder, S.; Ekhart, P. F.; Brandsma, L.; Kanters, J. A.; Duisenberg, A. J.
M.; Schleyer, P. v. R.Organometallics1992, 11, 2623. (c) Stalke, D.;
Whitmire, K. J.J. Chem. Soc., Chem. Commun.1990, 833. (d) Schu¨mann,
U.; Behrens, U.; Weiss, E.Angew. Chem.1989, 101, 481;Angew. Chem.,
Int. Ed. Engl.1989, 28, 476. (e) Maetzke, T.; Seebach, D.HelV. Chim.
Acta 1989, 72, 624. (f) Hope, H.; Power, P. P.J. Am. Chem. Soc.1983,
105, 5320.

(17) Rietveld, M. H. P.; Wehman-Ooyevaar, I. C. M.; Kapteijn, G. M.;
Grove, D. M.; Smeets, W. J. J.; Kooijman, H.; Spek, A. L.; van Koten, G.
Organometallics1994, 13, 3782.

(18) Knorr, R.; Freudenreich, J.; Polborn, K.; No¨th, H.; Linti, G.
Tetrahedron1994, 50, 5845 and references therein.

(19) Bauer, W.; Schleyer, P. v. R.AdVances in Carbanion Chemistry;
Snieckus, V., Ed.; JAI Press: Greenwich, CT, 1992; Vol. 1, p 89.

(20) (a) Seebach, D.; Ha¨ssig, R.; Gabriel, J.HelV. Chim. Acta1983, 66,
308. (b) Seebach, D.; Siegel, H.; Gabriel, J.; Ha¨ssig, R.HelV. Chim. Acta
1980, 63, 2046. (c) Seebach, D.; Siegel, H.; Mu¨llen, K.; Hiltbrunner, K.
Angew. Chem.1979, 91, 844;Angew. Chem., Int. Ed. Engl.1979, 18, 784.
(d) Siegel, H.; Hiltbrunner, K.; Seebach, D.Angew. Chem.1979, 91, 845;
Angew. Chem., Int. Ed. Engl.1979, 18, 785.

(21) A three-line13C-6Li coupling pattern is also observed for the
lithiated carbon of [3,3-dimethyl-2-(1,1-diphenylmethoxymethyl)cyclo-
propenyl]lithium (3) (THF-d8,-90 °C), as well as a similarly large coupling
constant,1J13C-6Li ) 16.8 Hz, is found: Sorger, K.; Schleyer, P. v. R.
Unpublished results.

Table 2. Ring DistortionsBond Lengths (pm) and Endocyclic Angles (deg)sof Substituted Cyclopropenes (and the 1-Cyclopropenyl Anion)a

compd C(R)-C(â) C(R)-C(γ) C(â)-C(γ) C(â)C(R)C(γ) C(R)C(â)C(γ) structural data

cyclopropene 129.1 151.1 151.1 64.71 64.71 Becke3LYP/6-311+G**
129-130 151-152 151-152 gas-phase (cyclopropene and derivatives)b

129.2 152.3 152.3 64.9 64.9 X-ray (mean of 11 structures)c

1-silylcyclopropene 130.0 153.8 149.0 62.67 66.51 Becke3LYP/6-311+G**
1-cyclopropenyl anion 132.2 163.3 147.4 58.73 71.25 Becke3LYP/6-311+G**
1-lithiocyclopropene (1) 130.8 161.3 147.2 59.46 70.62 Becke3LYP/6-311+G**
2 133.1(2) 156.0(2) 148.7(2) 61.30(11) 66.96(12) X-ray (mean values in (2‚TMEDA)2)
(2-silylcyclopropenyl)lithium 132.3 157.0 149.3 61.45 67.44 Becke3LYP/6-311+G**
1,2-dilithiocyclopropene 136.8 152.6 152.6 63.37 63.37 Becke3LYP/6-311+G**

aC(R) is the lithiated carbon.b See refs 4 and 13.c See ref 14.

Figure 5. NLMO carbon hybridizations computed at Becke3LYP/6-
311+G** of cyclopropene, (1-cyclopropenyl)lithium, (2-silylcyclopro-
penyl)lithium and 1,2-dilithiocyclopropene.

Table 3. Total Energies (Etot, hartrees) and Zero-Point Vibrational
Energies (ZPE, kcal/mol) of Cyclopropene, the 1-Cyclopropenyl
Anion, and Substituted Cyclopropenes Computed at
Becke3LYP/6-311+G**

species point group Etot ZPEa

cyclopropene C2V -116.654 32 35.0 (0)
1-cyclopropenyl anion Cs -116.028 02 26.0 (0)
1-lithiocyclopropene (1) Cs -123.573 47 28.4 (0)
1-silylcyclopropene Cs -407.385 82 45.0 (0)
(2-silylcyclopropenyl)lithium Cs -414.306 58 38.4 (0)
1,2-dilithiocyclopropene C2V -130.476 68 22.9 (0)

a The number of imaginary frequencies is given in parentheses.
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Coupling constants of monomeric organolithium compounds
usually range between 10 and 16 Hz;19 larger magnitudes (16.3-
17.2 Hz) have only been reported before forR-halogen-
substituted organolithium compounds (carbenoids).20a,b

Is Cyclopropenyllithium a Carbenoid? Carbenoids, R1R2C-
(Li)X (X ) halogen, OR), are strongly rehybridized at the
carbenoid carbon due to the presence of both an electropositive
and an electronegative substituent at the same carbon (Chart
1).7g,20,22 This results in large1J13C-6Li coupling constants (see
above) as well as a decidedly elongated C-X bond.20,22,23

Carbenoids easily react with nucleophiles, e.g. RLi, by metal-
assisted nucleophilic substitution of the leaving group X (the
substitution is already indicated by the elongated C-X bond;
also, the lithium bridges the C-O bond in C(Li)O carbenoids
and increases its ionicity23b,c,e).22a,c,23d,e

Cyclopropenyllithium and its derivatives “pretend” to be
carbenoids (C/Li carbenoids): the computed ca. 10 pm elonga-
tion of the C(R)-C(γ) bond in the three-membered ring of1
(due to the balancing rehybridization effect of the lithium and
the electropositive silicon substituent in2, only a ca. 4 pm
elongation is found in the X-ray structure of (2‚TMEDA)2) fulfill
the structural prerequisite shown by halogen and C(Li)O
carbenoids. But in contrast to carbenoids, the strong rehybrid-
ization at the lithiated carbon in cyclopropenyllithium and its
derivatives is due to the unusual bonding within the cyclopro-
penyl ring, i.e. the large strain.1,2 While the1J13C-6Li coupling
constant of 17.6 Hz (16.8 Hz in [3,3-dimethyl-2-(1,1-diphenyl-
methoxymethyl)cyclopropenyl]lithium (3))21 is as large as the
values found for halogen carbenoids,20a,ba nucleophilic substitu-
tion reaction with RLi as the “chemical” criterion has not been
reported for lithiated cyclopropenes (this would result in the
opening of the three-membered ring with a carbanion as the
leaving group). Instead, phenyllithium was found to add across
the strained CdC bond of both 1-lithiocyclopropene and 1,2-
dilithiocyclopropene.5c Despite the strong rehybridization re-
lationship with carbenoids, lithiated cyclopropenes do not have
Li/C carbenoid nature.

Conclusions

The TMEDA solvate of [3,3-dimethyl-2-(trimethylsilyl)-
cyclopropenyl]lithium (2), synthesized by hydrogen-lithium
exchange, adopts a cisoid dimeric structure in the solid state
but is a monomer in THF solution. The cyclopropenyl ring of
2 is distorted: the vicinal C(R)-C ring bonds are elongated (4
pm), the endocyclic angle at the lithiated carbon is contracted,
and the distal C-C ring bond is shortened. The distortion of
the carbon skeleton of2 can be attributed to rehybridization at
the lithiated carbon which is confirmed both by the NLMO
hybridizations and by the large coupling constant,1J13C-6Li )
17.6 Hz (the usual range for organolithium monomers is 10
and 16 Hz),19 observed in THF solution. Although both the
structural ring distortion in 1-lithiocyclopropene (and its deriva-
tive 2) and the large1J13C-6Li coupling constants in2 and321

resemble carbenoids, lithiated cyclopropenes do not have
carbenoid nature.
Computational Methods. Calculations were performed

using the Gaussian 94 program package.24 All geometries were
optimized using the 6-31G* and 6-311+G** basis sets at the
Becke3LYP level of the density functional theory (DFT)25,26

and characterized as minima or transition structures by calculat-
ing the vibrational frequencies.27 The Becke3LYP method is a
hybrid of Hartree-Fock exchange with DFT exchange correla-
tion.26 DFT calculations on a varity of organolithium com-
pounds have recently been shown to reproduce accurately high-
level ab initio and experimental data.28 Natural charges and
natural localized molecular orbital carbon hybridizations were
calculated by using the natural population analysis (NPA)
method.29

Experimental Section

General Conditions. All experiments were carried out under an
argon atmosphere by using standard Schlenk and needle/septum
techniques. Hexane was freshly distilled from sodium/benzophenone
prior to use. TMEDA was dried over CaH2, distilled, and subsequently
kept over Na/Pb alloy. 3,3-Dimethyl-1-(trimethylsilyl)cyclopropene
was prepared according to Bairdet al.5i,j and de Meijereet al.5e

NMR spectra were recorded on a JEOL GX spectrometer (frequen-
cies:1H, 400 MHz;13C, 100.6 MHz). 1H and13C chemical shifts are
given with respect to TMS and are based on the THF-d8 solvent signals
(1H, δ ) 3.58; 13C, δ ) 67.4).

{[3,3-Dimethyl-2-(trimethylsilyl)cyclopropenyl]lithium -
TMEDA }2 [(2‚TMEDA) 2]. At ca.-60°C,n-butyllithium (0.58 mmol,
0.36 mL of a 1.6 M hexane solution) was added dropwise to a well-
stirred solution of 3,3-dimethyl-1-(trimethylsilyl)cyclopropene (0.081
g, 0.58 mmol) and TMEDA (0.58 mmol, 0.09 mL) in 0.5 mL of hexane.
This caused a white solid to precipitate, which dissolved on warming

(22) For reviews on carbenoids, see: (a) Ko¨brich, G.Angew. Chem.1972,
84, 557;Angew. Chem., Int. Ed. Engl.1972, 11, 473. (b) Siegel, H.Top.
Curr. Chem.1982, 106, 55. (c) Maercker, A.Angew. Chem.1993, 105,
1072;Angew. Chem. Int., Ed. Engl.1993, 32, 1023 and references therein.

(23) (a) Clark, T.; Schleyer, P. v. R.J. Chem. Soc., Chem. Commun.
1979, 883; J. Am. Chem. Soc.1979, 101, 7747;Tetrahedron Lett.1979,
4963. (b) Schleyer, P. v. R.; Clark, T.; Kos, J. A.; Spitznagel, G. W.; Rohde,
C.; Arad, D.; Houk, K. N.; Rondan, N. G.J. Am. Chem. Soc.1984, 106,
6467. (c) Sorger, K.; Bauer, W.; Schleyer, P. v. R.; Stalke, D.Angew.
Chem.1995, 107, 1766;Angew. Chem., Int. Ed. Engl.1995, 34, 1594 and
references therein. (d) Boche, G.; Marsch, M.; Mu¨ller, A.; Harms, K.
Angew. Chem.1993, 105, 1081;Angew. Chem., Int. Ed. Engl1993, 32,
1032. (e) Boche, G.; Bosold, F.; Lohrenz, J. C. W.; Opel, A.; Zulauf, P.
Chem. Ber.1993, 126, 1873.

(24) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;
Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Petersson, G.
A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;
Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-
Gordon, M.; Gonzalez, C.; Pople, J. A.GAUSSIAN 94, Revision B.2;
Gaussian, Inc.: Pittsburgh, PA, 1995.

(25) (a) Labanowski, J. W.; Andzelm, J.Density Functional Methods in
Chemistry; Springer: New York, 1991. (b) Parr, R. G.; Yang, W.Density
Functional Theory of Atoms and Molecules; Oxford University Press: New
York, 1989.

(26) For the Becke3LYP hybrid method, see: (a) Stephens, P. J.; Devlin,
F. J.; Chabalowski, C. F.; Frisch, M. J.J. Phys. Chem.1994, 98, 11623
and references therein. (b) Frisch, M. J.; Frisch, A.; Foresman, J. B.Gaussian
94 User’s Reference; Gaussian, Inc.: Pittsburgh, PA, 1994.

(27) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, J. A.Ab Initio
Molecular Orbital Theory; Wiley: New York, 1986.

(28) Pratt, L. M.; Khan, I. M.J. Comput. Chem.1995, 16, 1067.
(29) (a) Reed, A. E.; Weinstock, R. B.; Weinhold, F.J. Chem. Phys.

1985, 83, 735. (b) Reed, A. E.; Curtis, L. A.; Weinhold, F.Chem. ReV.
1988, 88, 889.

Chart 1. Characteristics of 1-Lithiocyclopropene (and
Derivatives) and Carbenoids
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to room temperature (within 30 min). Evaporization of the solvent at
0 °C yielded crude product which was recrystallized fromn-hexane
by cooling the solutions to+4 °C. Thus, colorless crystals suitable
for X-ray structure analysis were obtained. The crystals were selected
and transported to the diffractometer at-50 °C.30 1H NMR (THF-d8,
-20 °C): δ ) 1.02 (6 H, s, CCH3), 0.03 (9 H, s, SiCH3); TMEDA
signals atδ ) 2.32 (4 H, s, NCH2), 2.19 (12 H, s, NCH3). 13C NMR
(THF-d8, -20 °C): δ ) 192.19 (C(1)), 139.73 (C(2)), 33.22 (CCH3),
12.82 (C(3)), 1.17 (SiCH3); TMEDA signals atδ ) 58.26 (NCH2),
46.54 (NCH3).
X-ray Data Collection. Crystal data of dimeric (2‚TMEDA)2,

[C28H62Li 2N4Si2]: M ) 524.88, monoclinic, space groupP21/n, a )
1879.9(2) pm,b) 1035.0(2) pm,c) 2045.5(2) pm,â ) 113.198(9)°,
V ) 3.6580(8) nm3, Z ) 4, Dcalcd ) 0.953 Mg/m3, F(000)) 1168,λ
) 71.073 pm,T ) 153(2) K,µ (Mo KR) ) 0.116 mm-1, data were
collected on a Stoe-Siemens-AED. Intensities of a 0.6× 0.6× 0.8
mm rapidly cooled crystal in an oil drop30 were collected by the 2θ/ω
method in the range 8° e 2θ e 55°. Of a total of 9413 refections,
8446 were independent and used to refine 431 parameters, largest
difference peak and hole: 345 and-278 e/nm3, R1 (F > 4σ (F)) )
0.0491 andwR2 ) 0.1381 (all data), withR1 ) ∑||Fo| - |Fc||/∑|Fo|
andwR2 ) (∑w(Fo2 - Fc2)2/∑w(Fo2)2)0.5. The structure was solved
with direct methods (SHELXS-90)31 and refined by full-matrix least
squares onF2 (SHELXL-93).32 A riding model was applied to refine
the hydrogen atom positions. The twist disorder of the TMEDA

ethylene bridges and the TMEDA methyl groups has successfully been
refined in two positions.
Further details of the crystal structure investigations are available

on request from the Director of the Cambridge Crystallographic Data
Centre, University Chemical Laboratory, Lensfield Road, GB-
Cambridge CB2 1EW (U.K.), by quoting the full journal citation.
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