
Sept. 20, 1963 COMMUNICATIONS TO THE EDITOR 2853 

Acknowledgments.—We gratefully acknowledge the 
support of the National Science Foundation (NSF 
G-15561, GP-748), the Socony Mobil Oil Co., and the 
Alfred P. Sloan Foundation. 

(19) Trubek Fellow, 1962-1963. 
DEPARTMENT OF CHEMISTRY 
COLUMBIA UNIVERSITY 
N E W YORK 27, N E W YORK 

RECEIVED JULY 31, 1963 

THOMAS J. KATZ 
PETER J. GARRATT19 

Cyclononatetraenide. An Aromatic 10-7r-Electron 
System 

Sir: 
One area in which both theoretical and synthetic 

chemists share a common interest is t ha t of non-
benzenoid aromatic compounds. The guiding principle 
has been the well known Hiickel rule1 which states tha t 
carbomonocyclic compounds having a conjugated sys­
tem of (in + 2) IT electrons should exhibit aromatic 
character. For the case where n = 2, there was pre­
viously only a single example where this rule had been 
experimentally substantiated, i.e., thecyclooctatetraene 
dianion.2 '3 We now wish to report the synthesis of 
cyclononatetraenide,9 1 0 a U)-ir carbocycle having 
D9I1 symmetry, in two steps from cyclooctatetraene. 

The reaction of cyclooctatetraene with methylene 
chloride and methylli thium under the general conditions 
described by Closs and Closs11 for preparing chloro-

H 
+ I' 

IV HI 
cyclopro panes led to a 3:1 mixture of syn and anti 9-
chlorobicyclo[6.1.0]nona-2,4,6-triene (Ia and Ib). 
The structural assignment of Ia and Ib in the chloro-
cyclopropane fraction follows from: (a) H 1 n.m.r. 
[CDCl3 solution, S in p.p.m. vs. (CH3)4Si]: multiplet 
centered at 6.W (olefinic H), triplet at 3.45 ( / = 7.6 
c.p.s., syn-CHC\), triplet at 2.52 ( / = 4.3 c.p.s., anti-
CHCl) and an unresolved multiplet centered a t 1.83 
(allylic cyclopropane H) ; (b) \ZT*"° 248 mM (t 
3080); (e) the presence of tert iary cyclopropyl hydro­
gens12: KIl1 1.67 M (t 0.79); arid (d) elemental 
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analysis. Anal. Calcd. for C9H9Cl: C, 70.82; H, 
5.94; mol. wt., 152.6. Found: C, 70.76; H, 6.14; mol. 
wt., 152 (mass spec.)]. 

Upon treating the isomeric mixture Ia and Ib in 
tetrahydrofuran with a lithium dispersion for 2 hr. 
a t room temperature, the multiplet a t 6.0 p.p.m. in the 
n.m.r. disappeared and a sharp line (width a t half 
height no greater than 0.8 c.p.s.) was observed at 6.72 
p.p.m. The lithium cyclononatetraenide (III) thus 
formed in 6 3 % yield (n.m.r.) was stable in an inert at­
mosphere. The C13 n.m.r. of the lithium salt I I I in 
T H F consisted of a doublet at 19.0 p.p.m. ( / = 137 
c.p.s.) to highfield from benzene.13 

Metathesis of the lithium salt I I I with tetraethyl-
ammonium chloride produces tetraethylammonium 
cyclononatetraenide (IV, 97%) as a stable (inert at­
mosphere) white solid which was purified by recrystal-
lization from anhydrous acetonitrile, dec. pt. 318° 
(Anal. Calcd. for C17H,9N: C, 82.52; H, 11.81; N, 
5.66. Found: C, 82.30; H, 11.55; N, 5.75); H 1 

n.m.r. (d6 dimethyl sulfoxide): 6.82 (aromatic H, wid th 
at half height no greater than 0.6 c.p.s.), quar te t at 
3.03 (CH2, J = " c.p.s.), triplet of triplets at 1.05 
(CH3, J=I c.p.s. and ca. 1.5 c.p.s.). The ultraviolet 
absorption spectrum is very simple, as expected for a 
molecule having a ninefold rotational axis: \™f* 250 m^ 
(e >61,700) and doublet at 317 and 322 mM (t >6,170).14 

Polarographic analysis of the tetraethylammonium 
salt IV in acetonitrile containing LiClO4 (0.1 M) as the 
supporting electrolyte with a rotating platinum elec­
trode shows what appears to be an irreversible one-
electron oxidation at E0.5 = —0.03 v. (vs. s.c.e.). As 
expected from this result, the tetraethylammonium 
salt IV can be oxidized by either tetracyanoethylene or 
7,7,8,8-tetracyanoquinodimethan. At tempts to de­
tect the resulting radical15 in 1,2-dimethoxyethane solu­
tion via e.p.r. at ambient temperature or at —80° have 
been unsuccessful although the spectrum of T C N E T 
is observed. 

Lithium cyclononatetraenide (III) does not undergo 
detectable electron exchange over a period of 45 days 
with cyclooctatetraene to give cyclooctatetraene di­
anion. However, the salt I I I reacts with cyclopenta-
diene to give lithium cyclopentadienide. 

On the basis of the H1 and C13 n.m.r. data and the 
strong absorption in the ultraviolet, it is concluded tha t 
cyclononatetraenide has aromatic character, Further 
studies are in progress. 
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