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quires this to be adjacent to a quaternary carbon (C-IO, 
and not to C-5) and hence the cisoid enone is linked as 
shown. 
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The a-glycol system was proven by consumption of 1 
mol of periodate to give the C-3-C-4 cleaved aldehyde 
ketone with an expected M+ peak at m/e 250. The 
a-glycol is cis in view of the ready formation of an 
acetonide.4 Moreover, the fact that the 3-H pmr peak 
of 1 at 3.65 ppm (Wi/, = 4 Hz) still retained its narrow 
half-band width of 4 Hz at 3.94 ppm in the acetonide 
indicated that the 3-OH and 4-OH are axial and equa­
torial, respectively, and thus no conformational change 
had occurred upon acetonide formation; this was cor­
roborated by its CD data, 252 (Ae -2.50) and 318 nm 
(Ae 4-1.17), which were similar to those of cuauhtemone 
itself. 

Originally the sec-OH-t-OH glycol was considered 
to be attached to C-2-C-3. This was due to the nmr 
observation that the 1.8-ppm pmr peaks (a 2 H doublet 
with / = 2.5 Hz overlapping a broad 1 H multiplet) 
collapsed to a singlet upon decoupling of the 3.65-ppm 
methine proton. At this point, however, preliminary 
results of an independent direct X-ray analysis of 
cuauhtemone showed the glycol was most likely to be 

(4) (a) Structure fully supported by spectroscopic data, (b) Com­
pound prepared by the method of J. McCloskey and M. McClelland, 
/ . Amer. Chem. Soc, 87, 5090 (1965). 

attached to C-3 and C-4.5 The proton peaks in ques­
tion, i.e., 1-H and 2-H, in the ester 2 were totally sub­
merged under other signals and thus afforded no in­
formation. However, decoupling experiments carried 
out after addition of Eu(fod)3 showed the presence of 
the grouping 1CH2-2CH2-8CH(O) and this now leads to 
planar structure I.6 

The c/s-glycol hydroxyls and 10-Me are trans since 
(i) the 10-Me pmr signal remained unchanged at 0.97 
ppm in the 3-monoacetate4a and (ii) only a negligible 
shift of the 10-Me signal was seen upon Eu(dpm)3 addi­
tion to the diol 1. In contrast, the Eu reagent caused a 
large shift in the ~ 1.8-ppm 1-H7 and 2.94-ppm 6-H 
peaks; these shifts, together with the significantly lower 
chemical shifts of these protons as compared to their 
geminal partners (see 3), are accounted for by a trans 
ring junction and a 1,3 relation between 3a-OH(ax)-
la-H(ax) and between 4a-OH(eq)-6a-H(eq). 

Flexibility of the enone group prevented application 
of the various rules proposed for determining the enone 
chirality,8 and hence the following method was em­
ployed for determining the absolute configuration. A 
differential CD curve before and after addition of Pr-
(dpm)3 to a CCl4 solution of the diol showed a negative 
peak at 317 nm (AAe —0.8), corresponding to a negative 
chirality between the glycol hydroxyl groups,9 and this 
leads to the absolute configuration shown in 1. 

The ester functions in 2 were shown to be an acetate 
and a 2,3-epoxy-2-methylbutyrate by pmr. Detection 
of a 12% NOE on 3'-H upon irradiation of 2'-Me 
showed the latter ester to be epoxyangelate. As the 
3-H signal in 2 is at 5.86 ppm in contrast to the 3-H 
chemical shift of 4.83 ppm in cuauhtemone 3-mono-
acetate,4" the epoxyangelate is located at C-3, and this 
leads to structure 2. 
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The Benzocyclononatetraenyl Anion and 
l,2-Benzocyclonona-l,3,5,7-tetraene 

Sir: 
The cyclononatetraenyl anion (1) occupies a rather 

unique position among all-cis 7r-carbomonocycles in 
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that it is the largest possible member of the series to 
exist in planar fully delocalized (D^)1 form and thus to 
be classed as "aromatic."2 Nonetheless, the rather 
central question of how does this 107r monocycle com­
pare with benzene in terms of ir-electron delocalization 
or will 7T delocalization in this molecule persist under 
the perturbation of benzenoid fusion remained largely 
unanswered, since the obvious model compound neces­
sary for such a study, the benzocyclononatetraenyl 
anion (3), had been unavailable.3 Presently, we de­
scribe the generation and direct observation of this sub­
stance and, in addition, its use in the preparation of the 
hitherto unknown benzocyclononatetraene (benzo-
CNT) shown in 4. Treatment of benzo-CNT 2 at 

— 55° with potassium amide in liquid ammonia, con­
taining trimethylamine as internal standard, produces 
a dark solution displaying nmr signals4 at r 1.78 (2 H, 
doublet of doublets, / = 8 Hz, 4.5 Hz), 2.18 (2 H, 
doublet, J = 14.5 Hz, H1) and 2.4-3.5 (7 H, multiplet). 
Comparison of this spectrum to that of 25 reveals several 
structural features of 3. First, we note that the two 1 H 
doublets present in the spectrum of 2 (H2 at T 3.28 and 
H5 at 3.68) reduce to a single 2 H doublet in the spec­
trum of 3 (Hi at T 2.18). This change requires that 3 
possess twofold symmetry and hence that the charge 
formally associated with the C9 segment of the molecule 
be delocalized over at least seven of its centers. In 
fact, brief comparison of the benzenoid resonances of 2 
(4 H singlet at T 2.81)5 and 3 (two 2 H doublets of 
doublets centered at T 1.78 and 3.04) appears to indicate 
that charge delocalization in 3 is not limited to the cyclo-
nonatetraenyl portion but extends into the benzene 
moiety as well. Moreover, judging from the significant 
downfield shift experienced by all protons bound to the 
C9 portion of the molecule on going from 2 to 3,6 and 

(1) H. E. Simmons, D. B. Chesnut, and E. A. LaLancette, J. Amer. 
Chem.Soc, 87,982(1965). 

(2) For a recent review on the subject, see P. J. Garratt and M. V. 
Sargent in "Nonbenzenoid Aromatics H," J. P. Snyder, Ed., Academic 
Press, New York, N. Y., 1971, Chapter 4. 

(3) A dibenzo derivative of 1, recently prepared, was reported to ex­
hibit nmr characteristics best ascribable to the gradual development of a 
delocalized TV frame: P. J. Garratt and K. A. Knapp, Chem. Comtnun., 
1215(1970). 

(4) We are indebted to Professor S. W. Staley and Mr. A. W. Orvedal 
for their valuable assistance in the preparation of the nmr sample of 3 
and the determination of its spectrum. 

(5) A. G. Anastassiou, S. S. Libsch, and R. C. Griffith, Tetrahedron 
Lett., 3103 (1973). 

(6) The downfield shift of signals is especially striking in connection 
with the two "olefinic" doublets of 2 appearing at T 3.28 (Hs) and 3.68 
(Hs) which merge into a single "aromatic" doublet at r 2.18 (Hi) on 
passing to 3. 

this in spite of the shielding effect of the added negative 
charge, it may safely be concluded that 7r-electron delo­
calization in 3 is attended by strong ring diamagnetism. 

The nmr characteristics of the benzocyclononatetra­
enyl anion thus serve to securely classify the molecule 
as "aromatic" and one best viewed as a 147T unit rather 
than a benzannelated 107r system. The obvious con­
clusion then is that the cyclononatetraenyl anion (1) 
closely resembles benzene in its affinity toward ir delocal­
ization. 

Protonation of 3 provides chemical evidence for its 
[7.4.0] frame and serves, in addition, as a convenient 
source of the novel benzo-CNT, 4. Specifically, slow 
addition of ethanol to 3 in liquid ammonia at —70° 
leads to a two-component mixture consisting (nmr) of 
ca. 90% 4 [nmr (60 MHz, CDCl3, -25° ) T 2.85 (4 H, 
narrow multiplet), 3.28 (1 H, doublet, H3, /34 = 11.5 
Hz), 3.76 (1 H, doublet H4, Ji3 = 11.5 Hz), 4.28 (2 H, 
narrow multiplet), 4.50 (2 H, narrow multiplet), and 
6.43 (2 H, doublet, H9, / ~ 3 Hz)] and 10% 2 (nmr).57 

Unlike 2, which is thermally quite stable, isomer 4 is 
heat sensitive, rapidly (Zc20.« = 1.30 ± 0.12 X 10-* 
sec -1, AG* = 22.4 kcal/mol) and cleanly rearranging to 
benzobicycle 5 [colorless oil, Xmax (C6H14) 253 nm(sh) 
(« 2900), 260.5 (3600), 267.5 (4100), 273.5 (3700), and 
279(sh) (2000); nmr (60 MHz, CDCl3) r 2.79 (4 H, 
narrow multiplet), 4.20 (4 H, singlet), 6.05 (1 H, broad 
doublet, / = 9 Hz) and 6.6-7.3 (3 H, multiplet); m/e 
168 (P+; 86%)]. The structure of 5 follows clearly 
from the spectral data (the magnitude of J^ (9 Hz) 
attesting to the presence of cis fusion) and receives 
added confirmation from its conversion to fluorene (6) 
(mmp, ir, nmr) on exposure to o-chloranil. 

Finally, we note that the electrocyclization of 4 to 5, 
which is of course permitted by orbital symmetry, does 
not appreciably differ in rate from that of cisl-CNT 
itself (AG*20.e = 22.9 kcal/mol)8 and are thus forced to 
conclude that benzannelation does not appreciably 
affect the thermal sensitivity of the CNT frame. 
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81, 565 (1969). 

(9) National Science Foundation Graduate Trainee 1969-1973. 

A. G. Anastassiou,* R. C. Griffith9 

Department of Chemistry, Syracuse University 
Syracuse, New York 13210 

Received October 16, 1973 

1H, 13C, and 16N Nuclear Magnetic Resonance Studies of a 
Dinitrogen Complex of Permethyltitanocene. Evidence 
for Molecular Nitrogen Coordinated 
"Edge-on" to a Transition Metal 

Sir: 

In connection with the current interest in transition 
metal dinitrogen complexes and their possible roles in 
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