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THE SYNTHESIS OF 2,3, 6, 7-DIBENZOBICYCLO [6.2.0]DECA-2,6,8-TRIEN-4-¥YNE-9, 10~-DIONE
AND 2,3,6,7-DIBENZOBICYCLO[6.2.0]DECA-2,4,6,8-TETRAENE-9,10~DIONE.
THE ELECTROCHEMISTRY OF CYCLOBUTENEDIONES ("CYCLOBUTADIENOQUINONES").
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Syntheses of Em—dibenzo-l,5—cyclooctadiene—3,'I-diyne (1) and sym-dibenzo-1,3,5-cycloocta~
trien-7-yne (2), in which the conjugated eight-membered rings appear to be planar,2 have recent-
1y been destrioed .3 T was of AnteEtrest o Prepate and stady he slecurochemistry of fhe related
2,3,6,7-21benzo0lcy10)6.2,.D)deca~2,b,3-trien-3-yne-9,10-%1one 13), in wnicn cycivputenedlone

("cycaoouadienoguinone” )4 4s fused 1o a Plarar condusated eighd-nesbersd ting. We wow describe
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the realization of this objective, as well as the synthesis of 2,3,6,7-dibenzobicyclo[6.2.0]deca~
2,4,6,8~tetraene-9,10-dione (4), in which cyclobutenedione is fused to a nonplanar conjugated
eight-membered ring.

It is known that the [2+2]cycloaddition of dichloroketene to nonactivated acetylenes pro-
ceeds well only when the triple bond is st‘:rained‘.5 The acetyienes in 1 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 20° for 12 hr gave 42% of the monoadduct §7
as red needles, mp 144-145° dec.8 Attempted hydrolysis of the dichloroketone 5 to the cyclo-
butenadiana £ wirnd, anc. 662@?. 44 Ik £1P &1 2 do cascaldlad alsa La. dgdeadian alf da siriased
acetyiers, =k guve Ule Lrivre € ws palis yeliow orysiels, mp 1751 ".”4"8 in 8% yaedd.  Unfess
tuna ey, mydTacion of Ore aoetyiene appeard W SUew PrROr o IpaTolysts of rnr Juir-dnoiikowide

since TreatmeEnt 0TI D with Tonc. 'fxz’si‘) ¢ ndEr Mider contiitivne 40 Tur 10 set) Hed o a nhwtuare

of the hydrated products 7 and §? as yellow crystals, mp 123-125°.
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After some experimentation, it was found that the desired conversion of 5 to 3 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 gem-bis(trifluoroacetate)] with water, and evaporation,
gave the very unstable cyclobutenedione 3 in good yieldlo as orange-red crystals, which rapidly
decomposed on standing or on attempted melting point determination; m/e 256.054 (caled. 256.052);
lH nmr (CDClBi 100 MHz, CAT) T 1.45-3.45 {(complex m); ir (KBr) \’max 1770 (s), 1750 (s) Gf!l-l
{cyclobutenedione). The electronic spectra of 5 [Amax (hexane) 250 (¢ 32,500), 275 (80,000),
283 (97,300}, 310 (2750), 326 (2200), 362 (7000), 382 nm (7800}] and 3 [A (EtOH) 272 (e
23,800), 282 (31,700), 363 (2700), 382 nm (2700)111 resemble thoge of 1 a:fnxgxi,:i 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 2 with dichloroketene, as before, gave the dichloroketone 27 as yellow crystals, mp

158-160°, in 17% yield. Treatment of 9 with silver trifluorcacetate (5 hr in boiling benzene},
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followed by shaking with water, then vielded 23% of the stable dione 37 as pale yellow crystals,
1 . A . . :

mp 198-199°; m/e 258.068 (calcd. 258.068); H nmr (CDC13, 100 MHz, CAT) T 2.40-2.85 (including

a sharp band at T 2.76) (m, 8H, benzenoid), 3.53 (s, 2H, olefinicy; ir (KBr) vmax 1780 (s},

1765sh (s) cm_l (cyclobutenedione) . The electronic spectra of 9 [Amax {cyclohexane) v230sh (g

23,600), 259 (33,900), 310 nm (6600)] and 4 [Amax (EtOH) 265 (£ 13,600), 315sh nm (2700)] bear

little resemblance to those of the corresponding acetylenic analogs 5 and 3, and the eight-

s s ", 1
membered rings in these compounds are presumably nonplanar. This is confirmed by the "H nmr
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spectra of 9 and 4, in which the olefinic proton resonances (9: T 3.45; 4: T 3.53)12 give no
indication of any appreciable paramagnetic ring current in the [8lannulene rings.

The electrochemical reduction of 3 first to the radical anion and then to the dianion 10
was examined in dimethoxyethane with 0.1 M tetrabutylammonium perchlorate. For comparison, the
related compounds 11 and 12 were also examined, as well as phenanthrenequincone (13). Since some
of the reduction products are expected to be kinetically unstable, we have used the technique of
second~harmonic a.c. polarography,l3 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 -E_:;’b E, E, +E,
11 -1.22 -1.92 -3.14
12 -1.17 -1.87 -3.04

3 -0.97 -1.47 -2.44
13 -0.73 -1.34 -2.07

a. Determined by second harmonic a.c. polarography at a dropping mercury electrode in
dimethoxyethane 0.1 M in tetrabutylammonium perchlorate.
b. Volts versus Ag/AgCl reference electrode.
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The sum of the two potentials, El + E2, reflects the total enerqgy change on conversion of
the quinone to the conjugated dianion. As expected,l5 reduction of 1l and 12 are thermodynam-
ically difficult since the products are cyclobutadienes (although reduction of 11 is not easier16
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 3 is also rather easy, with a total energy
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change closer to that for the aromatic case 13 than for the antiaromatic cases 1l and 12. The
models may not perfectly mirror the effects of the benzene rings in 3, or small inductive
effects. However, it is difficult to escape the conclusion that fusion of the two antiaromatic
4n m electron rings in 10, whose core is a cyclobutadienocyclooctatetraene n system, has re-
sulted in stabilization. In such a system the two component in m systems are fused into an over-

all 4n + 2 n electron periphery.
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