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1)

The acidity of hydrocarbon is an intriguing field in organic chemistry.
In 1960, Streitwieser, Jr. reported that the acidity of hydrocarbon can be
assumed from the change 1in the n-bond energy resulting from the difference in
conjugation between the hydrocarbon and the corresponding conjugate base.z)
The correlation predicts the pXa of unknown hydrocarbon, 8H-cyclopent[a]acena-
2)

phthylene (1), to be 17. This prediction led us to examine the synthesis of

1 and its anion (2) as well as the acidity measurement of 1.

©
[

Catalytic reduction (10% Pd-C, ethanol) of a mixture of exo~ and endo-6b,7,
)

(2)

10,10a-tetrahydro-7,1l0-methanofluoranthene (3),3 prepared from the Diels-Alder
reaction of cyclopentadiene and acenaphthylene, yields 86% of the norbornane
derivative (4),%) colorless crystals, mp 62-67°C, m/e 220 (M*, 100%), 179 (41%),
165 (22%), 153 (50%), 152 (97%) and 151 (80%). The hydrocarbon (4) was con-
verted in 47% yield by N-bromosuccinimide in carbon tetrachloride to the di-
bromide (5),4) which gave the air-sensitive norbornene derivative (6),4) orange
needles, mp 85-86°C, in 93% yield, upon debromination with zinc-powder in re-
fluxing ethanol. The structure of ¢ was established through its spectroscopic

properties. Its uv spectrum, xmax {(cyclohexane) 232 nm (log & 4.64), 292

(3.79), 328 (4.02), discloses the presence of an acenaphthylene chromophore.s)
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Mass spectrum of 6 shows the prominent peaks at m/e 218 (M+, 25%), 190 (M -CZH4,
100%), 189 (40%) which is suggestive of an ease of the fragmentation of ethylene

by thermolysis of 6.

NBS . Br Br
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NC CN
NC CN
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TCNE A
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2
(8) (1) 180-200°C (7)

Desired hydrocarbon (1) was prepared pyrolytically from 6 as follows.
Pyrolysis of 6 was performed by passing a benzene solution of 6 with a nitrogen
stream through a quartz tube packed with quartz chips at 320-350°C. Chromato-
graphy of the pyrolysate resulted, along with a mixture of ¢ and 1, in a 28%
yield of yellow needles, mp 175-178°C, which was shown to be an intermolecular

Diels-Alder dimer (7)4) of 1 by its uv and mass spectral data [A (cyclohexane)

max
227 nm (log ¢ 4.57), 288 (3.71), 326 (3.92); m/e 380 (M+, 4%), 190 (M+/2, 100%),

189 (27%)]. Since the separation of I and 6 was so difficult due to the thermal
and air instability of I, the mixture was heated in a benzene solution at 180-
200°C (in a sealed tube) to convert I to the dimer (7). The combined yield of
7 is 35%. Successive pyrolysis of 7 at 250-290°C resulted in the formation of

4)

8H-cyclopent [a] acenaphthylene (1) in 7.7% yield as orange needles, mp 88-90°C.

The identity of 1 is established by its mass, m/e 190 (M', 100%), 189 (M'-H,

85%); uv, Xmax (THF), 232 nm (log ¢ 4.55), 238 (4.56), 332 (3.92), 349 (4.07),

368 (4.01); and nmr spectrum [see Fig-1ll, 6 (CDC13) 3.73 (2H, t, J=1.5 Hz), 6.59

(2H, t, J=1.5 Hz) and 7.48-7.80 (6H, m). The structure of 7 was further proved

4)

by its reaction with tetracyanoethylene to give the adduct (8), yellow need-

les, mp 192°C (decomp.), in quantitative yield, identified by its spectral prop-
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erties.s) Although 1 is sensitive to oxygen, it can be stored under nitrogen at

=20°C for a week.
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Fig-1l. 100 MHz nmr spectrum of I. Fig-2. 100 MHz nmr spectrum of 2.

Treatment of 7 in d_,~THF with a hexane solution of n-butyllithium Zn vacuo

8
leads instantaneously to the generation of a dark-red solution of the anion (2).
The nmr spectrum7) [Fig-2] shows, besides the aromatic protons multiplet at §

6.90-7.12, an A _X-system at ¢ 5.90 and 5.68 for H-7,9 and 8 with the coupling

2
constant, J7 8=J8 9=3.0 Hz. This spectral pattern is fully consistent with the
7 ’
symmetrical anion (2). It should be noted that the chemical shift of the aro-

matic protons, H-1~6, was moved upfield by about 0.6 ppm on passing from the
hydrocarbon (1) to the corresponding anion (2). Therefore, we presume that the

negative charge resides not only on the cyclopentadienide moiety but also on the

naphthalene skeleton in some extent.7) When the anion (2) was quenched with deu

terium oxide a selective deuteriation occured only at C-8. The cite of deuteri-

ation is in accord with the calculated m-electron density of 2.8)

The pXKa value of the hydrocarbon (1) examined was based on that of cyclo-

pentadiene, 9) by using the following equation:lo)

pka, - pKa, = 1og[R2-]/[R2H] - 1og[Rl—]/[RlH] (equilibrium condition)

1

where RlH and R2H are 1 and cyclopentadiene, respectively, and the concentrations

are those in the equilibrium mixture. The concentrations of the each component

were determined nmr spectroscopically. Several measurements gave pXka=1l41* 0.5
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for 1. Although there is a slight discrepancy between the experimentally observed

and theoretically predictedz) pKa of 1, we feel that our present results provide

1)

new example of the relatively small group of planar acidic hydrocarbons and

shed light on the correlation between the acidity of hydrocarbon and AM value.z)

Presumably a factor affecting the thermodynamic stability of the cyclopenta-
dienide ion in 2 is the annelation of acenaphthylene that allows somewhat charge

delocalization. In this context, studies on the cyclohept[a]acenaphthylenylium
ionll) are particularly noteworthy and will be reported soon.
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