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Lithiated Carbocations. The Generation, Structure, and 
Stability of CLi5
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A search for unusual geometries and coordination at carbon 
led to the theoretical prediction that CH3Li2

+ (1) prefers Z)3n 

Li + 

Table I. STO-3G, 3-21G, and 4-3IG Energies (au)" 
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symmetry and a linear three-center two-electron bond.1 In 
contrast, the parent carbonium ion, CH5

+, is indicated to have 
the Q structure, 2, with a closed three-center two-electron bond.2 

CH3Li2
+ was calculated to be quite stable toward all possible 

decomposition pathways.1 Experimentally, CH3Li2
+ appears as 

the base peak in the mass spectrum of the pyrolysis products of 
LiB(CH3),,.

3 Ions with the composition RLi2
+ generally are the 

base peaks in the mass spectra of alkyllithium compounds.4 The 

' Present address: School of Chemistry, University of Hyderabad, Hy
derabad 500134, India. 
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STO-3G// 
STO-3G 

-1 .11751 
-7 .13545 

-14.63875 
-21 .85847 
-38 .77948 
-59.175 76 
-39.726 86 
-39.91887 
-66.666 68 d 

-73.938 22 
-73.93665 
-81.053 27 

3-21G// 
3-21G 

-1 .12296 
-7.187 09 

-14.769 25 
-22.02368 
-39 .00913 
-59.586 03 
-39.976 88 
-40.160 56 
-67.13154 
-74.454 40 
-74.453 13 
-81.63028 

4-31G// 
4-31G 

-1.126 83 
-7.233 26 

-14.860 66 
-22.163 29 b 

-39.175 12 
-59.875 62 
-40.139 77 
-40.327 15 
-67.466 85" 
-74.833 37 
-74.83147 
-82.052 39 

" STO-3G and 3-21G energies may be found in Whiteside et al. 
(Whiteside, R. A.; Frisch, M. J.; Binkley, J. S.; DeFrees, D. J.; 
Schlegel, H. B.; Raghavachari, K.; Pople, J. A. "Carnegie-Mellon 
Chemistry Archive", Pittsburgh, PA, 2nd ed., 1981 (available from 
Pople, J. A.)). For 4-31G energies, see ref 1. 6 This work. 
c Energies for the 1A1 ' singlet are given, but the CLi3

+ ground 
state probably is a triplet; see ref 11a. d Collins, J. B.; Dill, J. D.; 
Jemmis, E. D.; Apeloig, Y.; Schleyer, P. v. R.; Seeger, R.; Pople, 
J. A. J. Am. Chem. Soc, 1976, 98, 5419. 

flash vaporization mass spectrum of (CH3Li)n is now found also 
to give CH3Li2

+ ions (81% intensity relative to the base peak, 
(CH3Li)2

+).5 Encouraged by these results, we have extended our 
studies to CLi5

+ (3), the subject of the present paper. We also 
consider the possible dication, CLi6

2+ (4). 
Two approaches were employed. The stability of CLi5

+, first 
probed with the use of SCF-MO calculations in 1976, was in
dicated to be so favorable that experimental verification was 
sought. The ion has now been observed in the gas phase along 
with many other intriguing lithiated carbocations. 

Ab initio SCF-MO calculations were carried out with the 
GAUSSIAN 70,76, and so series of programs6 using STO-3G, 3-21G, 
and 4-3IG (5-2IG for Li) basis sets7 with full geometry opti
mization. An additional detailed potential energy search used 
the MNDO method, with parameters for Li developed by Thiel 
and Clark.8 With the minimal STO-3G basis, only one minimum 
on the CLi5

+ potential-energy surface, corresponding to 3, was 
found. Several Cs and Civ structures collapsed to the Z)3n structure 
(3) on geometry optimization. The MNDO search also indicated 
3 to be the global energy minimum. Calculation of the harmonic 
frequencies OfCLi5

+ (3-21G//3-21G) confirms the Dlh structure 
(3) to be a minimum.9 General experience indicates that the 
frequencies calculated at this level (in cm"1: 102 (e'), 304 (e'), 
326 (a2"), 337 (e"), 496 (a/) , 536 (a,'), 664 (a2"), and 675 (e')) 
are expected to be ca. 12% higher than experimental values.9 

The geometric parameters of 3 (Z)3n) at STO-3G [3-21G] 
(4-31G) are C-Li6 = 1.953 [1.999] (1.981) A, C-Lia = 1.979 
[2.022] (2.010) A. This follows the general trend that axial bonds 
in Z)3n pentacoordinate species are longer than equatorial bonds.10 

The STO-3G charges on the axial lithiums, 0.21, are slightly larger 
than those, 0.20, on the equatorial ones. The carbon (-0.02) is 
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Table II. Selected Ions from the Flash Vaporization Mass 
Spectrum of the Product Mixture from the Reaction of 
Lithium Vapor and CCl4 

positively charged lithium atoms. The stability toward decom
positions was examined by using reactions 5-7. Equations 5 and 

positive ion 

CLi 
CLi2 

CLi3 

CLi4 

CLi5 

C2Li 
C2Li2 

C2Li, 

m/e 

19 
26 
33 
40 
47 
31 
38 
73 

positive ion 

C2Li8 

C 3Li n 

C T 
C3Li3 

C4Li4 

C6Li5 

C6Li6 

m/e 

80 
113 
120 
69 
76 

107 
114 

indicated to be nearly electroneutral at this level. Absolute energies 
of 3 along with those of the species used in eq 1-7 are given in 
Table I. 

By imposition of C411 symmetry, an additional CLi5
+ isomer, 

3', could be calculated. The unique C-Li3 bond distance is 1.959 
(1.998) A at STO-3G(3-21G); C-Lib = 1.965 (2.012 A) and 
LiaCLib = 101.5° (101.2°). The energies of 3' (CJ are only 1.0 
(0.8) kcal/mol, STO-3G(3-21G), above those of 3 (D3h). Hence, 
the energy surface of CLi5

+ should be extremely flat, with almost 
no activation required for scrambling (pseudorotation). 

The large exothermicity of eq 1 and 2 indicates the stability 

energies, kcal/mol 

CLi4 + Li+-^CLi5
+ 

CLi3
+ + Li2 -* CLi5 

CH4+ H+^CH5
+ 

CH+ + H,->CH + 

STO-3G 
-85.4 
-77.6 

-120.5 
-13.7 

3-2IG 
-85.2 
-62.2 

-115.3 
-17.9 

4-31G 
-83.6 
-60.9 

-117.6 
-15.8 

exptl 

-127' 
-40 ' 

(1) 
(2) 
(3) 
(4) 

of CLi5
+ toward the most likely modes of dissociation. The 

enormous stabilization of both carbonium ions1 and carbenium 
ions12 by Li substitution has been noted earlier. Both CLi3

+ and, 
possibly, CLi4

+ have been reported experimentally.13 These ions, 
CLi5

+, and many other lithiated carbocations are found in the 
present study (Table II). Even though the H+ affinity of CH4 

(eq 3) is considerably higher than the Li+ affinity of CLi4 (eq 1), 
CH5

+ has a more favorable decomposition pathway (eq 4) com
pared to CLi5

+ (eq 2). Since the basis sets employed here un
derestimate the stability of CH5

+, errors in CLi5
+ are likely to 

be in the same direction. The theoretical prediction that CLi5
+ 

should be very stable thermodynamically has now been confirmed 
experimentally. 

Tetralithiomethane, (CLi4),,, was prepared by the Lagow 
procedure by reacting lithium vapor with carbon tetrachloride.14 

A sample of the solid (CLi4)„, which must be handled under argon, 
was then studied with a specially designed flash vaporization mass 
spectrometric probe, capable of nonequilibrium vaporization of 
the sample at 1500 0C.15 A selection of peaks observed mass 
spectrally are given in Table II. The elemental composition of 
CLi5

+ (47.0800 amu) was established by exact mass measure
ments. Besides the observation of CLi5

+ for the first time, the 
results establish that CLi4 was produced;14 its dimer, C2Li8, and 
trimer, C3Li12, are also indicated to be present. CLi3

+ and its CLi4 

complex, C2Li7
+, also are found, as are (C2Li2)„

+ (« = 1-3) and 
corresponding ions in which one lithium atom has been lost. 

We considered CLi6
2+ next. Would the stabilizing influence 

of the six lithiums overcome the electrostatic repulsion inherent 
in dications? We probed only the most likely octahedral sym
metry, 4. The optimized C-Li distances were 2.063 A at STO-3G, 
2.094 A at 3-21G, and 2.090 A at 4-31G. Like 3, the STO-3G 
charges, C = -0.05 and Li = 0.34, indicate CLi6

2+ to have an 
essentially neutral central carbon bonded to a "sphere" of partially 

(12) (a) Chandrasekhar, J.; Pople, J. A.; Seeger, R.; Seeger, U.; Schleyer, 
P. v. R. submitted for publication in J. Am. Chem. Soc. (b) Apeloig, Y.; 
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energies, kcal/mol 

CLi4 + 2Li+-S-CLi6
2 

CLi3
+ + Li3

+-^-CLi6 
CLi + + Li+-> CLL2 

STO-3G 
-72.6 
-12.0 
+ 12.8 

3-21G 
-78.2 
-12.9 
+ 7.0 

4-31G 
-74.7 
-8.5 
+ 8.9 

(5) 
(6) 
(7) 

6 are exothermic. The only favorable decomposition mode is 
indicated by eq 7 which, as written, is somewhat endothermic; 
however, this may change at higher theoretical levels. 

Further calculations not feasible at present will be needed before 
the existence of CLi6

2+ can be predicted theoretically. However, 
the STO-3G//STO-3G frequencies indicate octahedral CLi6

2+ 

to be a local minimum; thus, eq 7 should be associated with a 
kinetic barrier. The electronic structures of these high-symmetry 
systems, CLi5

+ and CLi6
2+, follow the general pattern of D3h and 

Oh molecular orbitals discussed by Gimarc.10 Since only octets 
of valence electrons are present, these ions are hypercoordinate 
but not hypervalent. However, the present results also imply the 
existence of neutral hypervalent carbon-lithium compounds, e.g., 
CLi5 and C2Li8. In addition to these species, our calculations (to 
be reported subsequently) indicate CLi6

+, CLi6, and CLi8 to be 
stable thermodynamically.16 
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The concept of the "inherently dissymmetric chromophore"1 

has proved quite useful for the stereochemical interpretation of 
circular dichroism (CD) spectra of electronic origin.2 In the 
present communication we point out that the same concept can 
be used to marked advantage in the case of vibrational circular 
dichroism (VCD) spectra.3,4 We illustrate the point by way of 
the inherently dissymmetric CH2-CH2-C *H fragment ubiquitous 
in six-membered ring compounds that approximate the chair 
conformation. 

An inherently dissymmetric chromophore is one whose local 
(inherent) symmetry is sufficiently low that, even in isolation, its 
associated transitions are both electric and magnetic dipole allowed 
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