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Abstract: 1,2-Bls(3,5-di-r-butyl-4-oxo-2,5-cyclohexadien-l-ylidene)-3-[5-(3,5-di-t-butyl-4-oxo-2,5- 
cyclohexadien-l-ylldene)-2,5-~ydrothiophen-2-ylidene]cyclopropane, a new near-n&red dye, has been 
synthesized and characterized as the first radialene derivative e&biting an amphotenc mulu-stage redox 
property. 

Creation of novel multistage redox systems has been keenly desrred in order to build up multi- or smgle- 

component organic metals or other functional mater& such as cbromotropic devices, catalysts for electron 

transfer reactions, and so on. The [3]radialene skeleton appears to be advantageous to development of the 

coqugation-extended type of redox systems because of Its coplanar and relatively ngrd conformation, and several 

?t-acceptors’ and a x-donor2 incorporating the 13jradialene framework have been synthesized so far However, 

there have never been reported any [n]radialene derivauves (n 2 3) exhibiting an amphoteric redox property3 m 

which both anodic oxidation and cathodic reduchon are detected We have prevtously synthesized 

threncqumonord (drhydrothiophenediylidene) -extended diphenoguinone 1 3~4 as a novel amphotenc three-stage 

one-electron redox system and clanfied that the central sulfur atom plays a key role m developing its amphoteric 

property. Thus, the thienoquinonoid-extention method could be applicable more widely for the molecular desrgn 

strategies to synthesrze amphoteric compounds, if threnoqumonord-extended compound 3 would show the 

amphoterrcity, because the mother compound 25 IS not amphoteric and moreover its electron-accepting ability IS 

as strong as chloranil.lb The synthesis of 4, a benzologue of 3, has been unsuccessful.6 The physical and 

chemical properties of 4 which have remained unknown may be revealed on referring to those of 3 In the 

present paper, we report the successful synthesis and electrochemical properties of 3, the first radialene exhrbmng 

the amphoteric redox property. Moreover, 3 exhibrts a very intense absorptron maximum m the near-infrared 

region, so that rt ranks as a new near-mfrared dye.7 
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The synthesis of 3 was achieved via the route depicted m Scheme 1. 1,2- 

Brs(hydroxyphenyl)chlorocyclopropenium ion 5, obtamed by the reaction of trichlorocyclopropenium ion with 
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di-t-butylphenol,8 was allowed to react with an eqmmolar amount of thlenylphenol63C m chloroform at room 

temperature, and then the resulting mixture was refluxed for 2 h. After the usual work-up, the crude product was 

purified by silica-gel column chromatography to give a qumarenone-type9 compound 710 in 20 % yield based on 

the trichlorocyclopropenium ion. The IR spectrum of 7 showed a characteristic cyclopropcne C=C stretching 

band at 1830 cm-l together with a C=O and an OH band at 1610 and 3610 cm-l, respectively. However, 7 was 

revealed to exist as an equilibrium mixture of 7a and 7b in a chloroform solution, because in the ‘H NMR 

spectrum the benzenoid ring protons appeared as a sharp two-proton smglet (C ring protons) and a broad four- 

proton signal resonating at a lower field (A and B ring protons). In addition, a sharp OH singlet corresponds to 

one proton and the vicinal coupling constant of the thienyl nng protons (J=4.0 Hz) is too small to be assigned to 

that for 7c.11 A benzene solution of 7 was treated with excess potassium ferricyanide dissolved in 0 1 M KOH 

solution at room temperature, followed by column chromatography of the crude product on silica gel with 

hexane-AcOEt (9:1), to afford a desired compound 3 as greenish-black needles. 12 It is noticeable that 3 is stable 

m the solid state at room temperature, wlule 4 dimenzes with ease.6 

7a 
Scheme 1. 7 

The redox property of 3 was evidenced by its cyclic voltammogram (CV) shown in Figure 1. The two 

reversible one-electron couples appear m the carho& region and more interestmgly one-electron wave at 1.23 V 

m an antic region. The one-election nature of each of the three waves was supposed from their equal height. 

Thus the amphotenc three-stage one-electron redox reaction of 3 was proved to proceed in the sequence shown in 

equation (1). +e +B 

3+* -7 3 z== 3-’ & 3” 
-e -e 

No oxidation was observed for 2 within the potential range reachly accessible for electrochemical studies, 

therefore such a relatively easier oxidation ability of 3 should be attributable to the tbienoquinonoid-extention, 

e.g.; the radical cation 3+’ can be effectively stablhzed by participation of sulfur 3~7~ orbit&. Although the 

anodic wave is irreversible, the formation of the radical cation 3+’ by the electrochemical oxidation of 3 was 

Figure 1. Cychc voltammogram of 3, 

1.0 mM in CH2C12 with 0.1 M Bu4NC104 

at room temperature (scan rate: 50 mV / set, 

reference electrode* SCE). 
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demonstrated by its EPR spectrum composed of nine lines with g=2.0046. The EPR spectrum composed of 

symmemcal eight hnes (a pentet of doublets) due to the radical anion 3.‘, obtamed under the electrochemical 

reduction of 3, appeared at g=2 0041.13 

The electrochemical data of 3 obtamed by the CV are listed in Table 1 together with those of 13C,4 and 2. lb 

‘The El& value of 3 is much more positive by 0.45-0.5 V than that of 1. and is almost equal to that of 2, 

mdicating that the electron-accepting ability is not so weakened in 3 on comparing with 2, so that 3 can be used 

as an acceptor molecule. The negative charge in 3*- should be delocalized over the oxygen atoms of the A and B 

and also of the C rings, since the AEd (= E2 red - Etrd) value, a measure to estimate the Coulomb repulston m a 

diamon state, is a little smaller by 0.1 V for 3 than for 2. However, rt 1s worth noting that the AErd value for 3 is 

larger than that for 1, whereas 3 exhibits a longer conjugation than 1. The [3]radralene moiety is thus shown to 

be an excellent extending areno x-system for stabrlizing thermodynamic~y the radical anion, which results from 

tie conmbutton of the aromatic stabilization partictpated by the twofold [3.6]- and onefold [3.5.6]quinamnone- 

type resonance snt~~ures,~ while the participating extent of each resonance structure may not be equivalent. The 

L3]radmlene x-system appears to be also favorable to increase the electron-donating ability, since the Epaox value 

for 3 is lower by about 0.1 V than that for 1, whereas the former involves one more qumonoid carbonyl group 

than the latter. Thus, the Ets”m value3 found for 3 is smaller by 0.56-0 59 V than that for 1, indicating a 

rrgmficantly higher amphotericity for 3 than for 1 

Table 1. Electrochemical properties of 3 and its related compounds 1 and 2. V vs. SCEa) 

Compound Solvent Elred E2red AEred log Ksem Epaox EloX Els”m 

3 EtCN +0.04 -0.26 0.30 5.08 +1.14 +l.ljb) 1.07 

3 CHzClz -0.01 -0.29 0.28 4.75 +I.23 +I .2ob) 121 

2c) CH2Cl2 +0.05 -0 33 0.38 6.44 

l(R=f-Bu)d) MeCN -0.46 a.60 0.14 2.37 +1.24 +1.20 1.66 

l(R=t-Bu)d) CH2C12 Jl.51 -0.61 0.10 1.69 +1.32 +1.26 1 77 

a) Obtained under the conditions given in the capnon to Figure. 1. b) Deduced 30 mV from Epaox. 
c) Reference lb d) Reference 3c, 4. 

In the tH NMR spectrum of 3, each of the two rmg protons on the A, B, and C rings showed different 

chemical shifts, suggesting that the five rings in 3 should be fixed and not rotate around the intercyclic bonds in 

solutron. The C ring is a httle more magnetmally shielded than A or B ring, because the chemical shrft of Hg on C 

nng IS higher by 0.14.2 ppm than those of Q, H,, and Hh on B and A rmgs. Thus the band at lower frequency 

of the two carbonyl bands (1578 and 1590 cm-t) in the IR spectrum of 3 can be assigned to that of C ring. 

The electronic spectrum of 3 showed a characteristic 1st excttation band in the near-infrared regton of 820 

nm (Ftgure 2) which is more bathochromic by 400 and 5 1 nm compared with those of 7 and 2, respectively. The 

very high absorption intensity of the maximum reveals the nearly coplanar conformation of 3. 

In the preceding paper dealing with an attempted synthesis of 4,6 the absorption band temporarily 

observed at 1300 nm was assigned to that of 4. Based on the electronic spectral data of 3, however, tt is now 

suggested that 4 should show its absorption maximum at a shorter wave-length region, since the 1st excitation 

band of benzoquinonotd-extended tropone gb showed a red shaft by only 50 nm from that of thienoquinonoid- 

extended one.tth 
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Figure 2. Electromc spectrum of 3. 
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