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Abstract: Oxidation of 2,2-biindan-1,3,1',3"-tetraone leads to 2,2"-biindanylidene-1,3,1',3'-tetraone, which
structure has been unequivocally established.

A dimer of 1,3-indandione, 2,2-biindanylidene-1,3,1",3tetraone (BIT) (1) has attracted attention of
chemists about 100 years ago due to its expected dye properties (an analog of indigo). V. Kaufmann! isolated
four products of oxidation of 1,3-indandione and assigned the structure 1 and the name "indenigo” to one of
red products, which appeared later to be 6,11-dihydroxy-5,12-naphthacenedione 2.

Pursuing the same target molecule, G. Vanags? has obtained blue-violet trans-bis(bindonylene). BIT
was supposed later to be the product of the reaction of 2-ethoxycarbonyl-1,3-indanedione with thiouracil
(m.p. 2070)3. A. Schonberg reported? the formation of BIT from 2,2-dichloro-1,3-indanedione and copper
(m.p.269-2719, red needies), but later G. A. Russel was unable to repeat this procedure>. A few years later
the same author described® the synthesis of BIT from 2,2'-dibromo-~(2,2"-biindane)-1,1',3,3"tetraone in 7%
yield. BIT was shortly described as red-brown needles, m.p. 270-271° (dec., orange color from 250°), Amax
in benzene 384 nm, € = 13,200. The reaction of an adduct of 1,2,3-indantrione and 1,3-indandione with

2955



2956

trifluoroacetic acid was also reported to afford 1 in 80% yield (249-2510,dec., Apmax in acetonitrile 278
(4.79), 344 (4.15))7.

Our interest in this derivative stems from the assumption (confirmed by quantum-chemical
calculations) that although there are no visible reasons to expect intensive color (no donor chromophore is
present), BIT should possess strong electron acceptor ability itself and be a parent compound for a series of
other acceptors by further modification of carbonyl groups in the same way as the modification of p-
benzoquinone molecule leads to such important in the field of organic conductors components as tetracyano-
p-quinodimethane and N,N-dicyano-p-quinodiimine. Another important feature of this molecule is that its
carbon backbone presents a fragment of Buckminsterfullerene Cgo and BIT may be used for the chemical
synthesis of Cgg and analogs.

We have failed to reproduce any of published procedures for the synthesis of BIT and only the
formation of small amount of red 2 was eventually observed. At the same time, the reaction of a suspension of
2,2'-biindan-1,3,1',3'-tetraone (3) with dichlorodicyano-p-benzoquinone in acetonitrile leads smoothly to the
desired BIT in a high yield (90-92%). BIT crystallizes from toluene as almost coloriess small needles, pink in
the transient light and sublimes at temperatures higher that 2800 without noticeable decomposition. BIT
crystallizes also from dichlorobenzene and propylene carbonate as pink big heavy needles. UV spectra in
dichloroethane exhibit not only two strong absorption bands at 282 (€ = 39,820) and 349 nm (g = 14,100), but
also a weak broad one at 560 nm (€ = 40)8. A crystal suitable for X-ray structure has been grown from
propylene carbonate. According to X-ray structure data’ the molecule of BIT is bent along the C2...C9 and
C11...C18 axes (Fig. 1), and possess a "chair" conformation, formed by three fragments I, I and Ill, planar
within 0.008, 0.05 and 0.007 respectively. The bond lengths and angles are close to that observed in 1,3-
indandione!®© and 3~(1',3-indandione-2-ylidene)-indanone (bindone)!! and 2-dicyanomethylene-1,3-
indandione!2 Astonishingly, no considerable strain due to the interactions of neighboring oxygen atoms is
observed (distances O1...03 and 02...04 are 2.803(8) and 2.810(8) respectively and are longer then doubled
van-der-Waals radius of oxygen atom - 2.5413). The oxygen atoms O1, 02, O3 and O4 deviate from the
planes on 0.14, -0.48, 0.23 and -0.55A in the way, observed for bindone and 1,3-indandione itself1%:11 The
crystal structure (Fig. 2) is characterized by relatively loose packing and no shortened intramolecular contacts
are observed.

The cyclic voltammetry (CV) studies were somewhat limited by the low solubility of BIT at ambient
temperature. Two reversible reduction waves are detectable at 0.07 and -0.30V in toluene-DMF mixture and
at -0.08 and -0.28V in acetonitrilel4. Scanning between -0.5 and +0.8V revealed an irreversible oxidation
wave at +0.45V. For comparison, tetrabutylammonium salt 4 have been prepared from 315. CV oxidation of 4
at the same conditions as the reduction of 1, afforded essentially the same results, confirming the existence of

a reversible process:
+¢” . +e”

BIT can be thus considered as a parent derivative for a series of new reversible two-stage one-electron
redox systems with strong acceptor properties and is a promising candidate as an acceptor component of
conducting donor - acceptor complexes. Although recently tetra(dicyanomethylene) derivative of BIT has
been shown to be highly twisted!6, vinylogous tetraketone 5 is planar!7 and bi(dicyanomethylene) analog 6
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Fig. 1. Molecular structure of BIT (1).

Fig. 2. Crystal structure of BIT (1).
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exhibits two reversible reduction waves at 0.08 and -0.10V in benzonitrile!4-17.

NC
5 6 CN

Both BIT (1) and 6 form complexes with tetrathiafulvatene and other electron donors. Their structures

and electrophysical properties are currently under investigation.
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