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Previous studies have shown that the more acidic hydrocarbons such as cyclopentadiene (pKa = 15)’ 

and indene (pKo = 20) yield hydrogen along with the corresponding anion upon alkali metal reduction. 
2 

However, the less acidic such as fluorene2 (pKa = 22.8), 4,5-imino and 4,5-methylenephenanthrene3 (pKa = 

22.6), and triphenylmethane4 (pKa = 31.5) yield either reduced anions or reduced hydrocarbons along with 

the expected anion. In each of these cases, the reduced products are thought to arise from the initially 

formed radical anion via a proton transfer mechanism. In contmst to the above systems, the radical anion - 

of phenalene (I) has not been detected by esr and reduction of phenalene is known to produce the phenalenyl 

radical. It therefore appeared of interest to examine the alkali metal reduction of phenalene to compare it 

with the previously studied systems. In this report we present nmr and esr evidence for the formation of two 

diamagnetic species in the alkali metal reduction of phenalene (I): the phenalenyl anion (II) and dihydro- 

phenalene (Ill). Equilibration experiments relating to the acidity of phenalene or also reported. 
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The reaction of phenalene5 with potassium, * In d,-THF was followed by the nmr in situ -- technique 
3 

reported previously. The peak due to the methylene protons in phenolene decreases in intensity with successive 

reduction until no longer detectable. Concurrently, new signals appear whose intensities increase with further 

reduction. When the peaks due to phenalene are no longer detectable, the nmr spectrum consists of a pentet 

at I .98 ppm, a triplet at 3.03 ppm, a doublet at 5.18 ppm, a triplet at 5.95 ppm and multiplets at co. - 

7.12, 7.24, and 7.54 ppm. The relative areas of the doublet at 5.18 ppm and triplet at 5.95 ppm are in a 

mtio of 2:l and are thus assigned to the phenalenyl anion (ll).7 The area of the peaks at 1.98, 3.03 ppm and 

the aromatic proton peaks are in the ratio of 1:2:3 respectively and are assigned to dihydraphenalene7 (Ill). 

The ratio of II:III is 2:l . 

The sequence of nmr spectm obtained during the reduction along with esr data allaw one to propose a 

reasonable mechanism for the reduction sequence. Initial contact of the THF solution of phenalene with the 

potassium mirror yields a nmr spectrum which shows broadened peaks for II along with peoks for III and I. This 

observation indicates that III is produced in the initial stages of the reduction. The esr spectrum taken at this 

paint is idential to that previously reported for the phenalenyl radical. 8,9 The fact that broadened peaks 

are observed for II is probably due to an electron exchange between the phenalenyl radical and anion. 
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Further reduction results in the gmduol disappeamnce of the peaks due to I and an increase in the peaks due to 

II and III. At the point when I is no longer detectable, further contact with the potossium mirror results in an 

increase in the area of II and a sharpening of the peaks due to II. We attribute this to the reduction of the 

phenalenylradical to form II since the esr spectrum of the phenalenyl mdical disappears as the area of the peaks 

due to II increases. Finally, after the peaks due to II become sharp to the point that the resolution of these 

peaks is equal to that of the peaks due to Ill, further reduction results in the complete disappearance of the 

peaks due to III. The esr spectrum at this point is identical to that previously reported for the radical anion of 

dihydrophenalene. 
10 

Further contact with the potassium mirror results in no detectable changes in either the 

nmr or esr spectrum. 11 

Similar results are obtained when the reduction is carried out with lithium and sodium. A proton 

transfer mechanism outlined below accounts for the observed results. This initial reduction of phenalene 

produces the radical anion of phenalene which disproportionates to yield the phenalenyl radical and the anion 
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IV. The anion IV reacts with phenalene via proton transfer to give the phenalenyl onion (II) and dihydro- - 

phenalene (Ill). Further reduction of the phenalenyl mdical gives the phenalenyl anion (II) and finally the 

radical anion of dihydrophenalene from III. The fact that III is not reduced until all of the radical anion of 

phenalene is reduced to the anion (II) indicates that the reduction potential of the mdical anion of phenalene 

is greoter than that of III. Attempts to detect the mdical anion of phenalene were unsuccessful. No esr 

signals were observed when the reduction of phenalene was carried out with either sodium or potassium at -70’. 

Gradual warming of this solution resulted in the appearance of the phenalene radical esr spectrum. This is 

consistent with the known dimerization of the phenalene radical at low temperature. 
9 
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Janzen 
12 

has suggested that the radical anion of hydrocarbon acids with pKa’s equal or greater than 

22 should be stable at room temperature if the unpaired electron can be stabilized by delocolization in a 

naphthalene ring system. Phenalene would fit into this category from the delocalization standpoint. However, 

there are conflicting reports concerning the acidity of phenolene. 
14-16 In on attempt tofurther define the 

acidity of phenalene, various equilibration experiments were carried out. The addition of phenolenyl lithium 

to THF solutions of fluorene, triphenylmethane, and 9, lO-dihydroanthracene resulted in nmr spectra in which 

the phenalene anion was the only detectable anion. A similar experiment with indene resulted in the indenyl 

anion as the only detectable anion. In experiments with phenalene plus cyclopentodienyl lithium in THF and 

with phenalene plus sodium methoxide in THF, no phenolene anion (Ill) could be detected.13 The above 

results are in contrast to the previous report 14 of the acidity of phenalene and suggest thot the acidity of 

phenalene lies between indene and fluorene (-21) o value consistent with M.O. predictions 
15 

and the acidity 

of a benzo derivative of phenalene. ‘6 
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