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the realization of this objective , as well as the synthesis of 2,3,6,7-dibenzobicyclo[6.2.O]deca- 

2,4.6,8-tetraene-9,10-dione (41, in which cyclobutenedione is fused to a nonplanar conjugated 

eight-membered ring. 

It is known that the [2+2lcycloaddition of dichloroketene to nonactivated acetylenes pro- 

ceeds weii oniy when tie triple bond is strained. 
5 

,fie acetyienes in r are strained, 
2 
and 

reaction of this substance with an excess of dichloroketene (generated in situ from dichloro- 

acetyl chloride and triethylamine) 
6 

in pentane at 20D 
7 

for 12 hr gave 42% of the monoadduct 2 
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After some experimentation, it was found that the desired conversion of + to 2 could be 

effected by means of excess silver trifluoroacetate (1 hr in boiling benzene), a reagent which 

has been used previously for the hydrolysis of gem_dibromides to ketones.9 Filtration, shaking 

of the filtrate [presumably containing the gembis(trifluoroacetate)] with water, and 'WaGoration. 

gave the very unstable cyclobutenedione 3 in good yield 
10 

as orange-red crystals, which rapidly 

decomposed on standing or on attempted melting point determination; m/e 256.054 (calcd. 256.052); 
1 -1 
B rmu (Cncl3, 100 MHz, CAT) 'c 1.45-3.45 (complex m); ir (Kbr) Vmax 1770 (s)* 1750 (s) cm 

(cyclobutenedione). The electronic spectra of 2 [Xmax (hexane) 250 (E 32,500), 275 (80,000), 

283 (97,300), 310 (2750), 326 (2200), 362 (7000), 382 nm (78OO)l and 2 (Amax (EtOH) 272 (E 

23,800), 282 (31,700), 363 (2700). 382 nm (2700)11) resemble those of 1 and 2, 
3 
with the expected 

bathochromic shift, and the eight-membered rings in these compounds are presumably also planar. 

The monoacetylene 2 was converted to the cyclobutenedione 4 in an analogous manner. Thus. 

reaction of zwith dichloroketene. as before. 
7 gave the dichloroketone 2 as yellow crystals, mp 

8 
158-160", in 17% yield. Treatment of Ewith silver trifluoroacetate (5 ht in boiling benzene), 

Cl 0 
Cl 

2 -A- :1-l; -!! - 

7 
followed by shaking with water, then yielded 23% of the stable dione 4 as pale yellow CWStalS, 

mp 198-199"; m/e 258.068 (calcd. 258.068); 'H r-mu (CbG13, 100 MKZ, CAT) T 2.40-2.85 (including 

a sharp band at 'c 2.76) (m, 8H. bensenoid), 3.53 (s, 2H, olefinic); ir (K:Br) Umax 1780 (s) r 
-1 

1765sh (s) cm (cyclobutenedione). The electronic spectra of 2 (Xnmx (cyclohexana%230sh (E 

23,600), 259 (33,900), 310 ~UII (6600)) and 2 (Amax (EMH) 265 (E 13,600), ,\315sh nm (27OO)I bear 

little resemblance to those of the corresponding acetylenic analogs 2 and 3, and the eight- 
1 

membered rings in these compounds are presumably nonplanar. This is confirmed by the H nmr 
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spectra of 2 and 4, in which the olefinic proton resonances (9: - T 3.45; 4: I 3.53J1* give no 

indication of any appreciable paramagnetic ring current in the [8lannulene rings. 

The electrochemical reduction of 2 first to the radical anion and then to the dianion 10 - 

was examined in dimethoxyethane with 0.1 E tetrabutylammonium perchlorate. For comparison, the 

related compounds 11 and 12 were also examined, Since some - - as well as phenanthrenequinone (13). - 

of the reduction products are expected to be kinetically unstable, we have used the technique of 

second-harmonic a.c. polarography, 
13 

at a dropping mercury electrode, which can give reversible 

potentials even with very unstable systems. 
14 

In all cases we observed good reversible behavior, 

and the crossing point reversible potential could be determined within 5 mV. The results are 

displayed in the table. 

Compound a,b 

2 E2 
El + E 

2 - 

11 -1.22 -1.92 -3.14 - 

12 -1.17 -1.87 -3.04 - 

-?. -0.97 -1.47 -2.44 

13 -0.73 -1.34 -2.07 - 
_---___________ 

a. Determined by second harmnic a.~. polarography 
13,14 

at a dropping mercury electrode in 
dimethoxyethane 0.1 M in tetrabutylamrmonium perchlorate. 

b. Volts versus Ag/AgCl reference electrode. 

0 0 

8 \/ 

n 

The sum of the two potentials, El + E2, reflects the total energy change on conversion of 

the quinone to the conjugated dianion. As expected, 
15 

reduction of 11 and 12 are thermodynanr -- 

ically difficult since the products are cyclobutadienes (although reduction of 11 is not easier 
16 

- 
than reduction of 12, as might have been expected on this basis). By contrast, reduction of 13 - 

produces a stable benzene ring, and is easy. 

The interesting observation is that reduction of 2 is also rather easy, with a total energy 
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change closer to that for the aromatic case u than for the antiaromatic cases 11 and 2. The - 

models may not perfectly mirror the effects of the benzene rings in 2, or small inductive 

effects. However, it is difficult to escape the conclusion that fusion of the two antiaromatic 

4n T[ electron rings in PZ, whose core is a cyclobutadienocyclooctatetraene TC system, has re- 

sulted in stabilization. In such a system the two component 4n TT systems are fused into an over- 

all 4n + 2 m electron periphery. 
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