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Synthesis of 3-(4-Cyclopentene-1,3-dione-2-ylidene)=-6-(diphenyl-
methylene)cyclohexadienes as Novel p-Quinodimethanes Stabilized
by Antiaromaticity of Cyclopentadienone
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Title compounds, whose polarization is decreased by antiaroma-
ticity of cyclopentadienone, have been synthesized through a novel
Rh(II)-catalyzed arylation of cyclic 2-diazo-1,3-diones.

p-Quinodimethanes (3,6-dimethylene-1,4-cyclohexadienes) are intriguing mole-
cules from both synthetic and physicochemical points of view. Simple p-quinodi-
methanes, especially the parent compound }J are highly reactive species and have
been used for the synthesis of [2.2]—paracyclophanes.l) 7,7,8,8-Tetracyano-p-
quinodimethanes Q%) and the related compounds show high electron affinity and have
been extensively studied as electron acceptors for electron-conducting charge-
transfer complexes.z) These properties are greatly due to the tendency of central
six-membered ring to attain aromatic benzene structure. Because of this tendency,
when substituents are introduced unsymmetrically at the terminal methylene carbons
(i.e. X ¥ Y in &:Q)r polarization of the molecules is amplified by favorable reso-
nance contribution of the dipolar structure C. The amplification is so effective

that such a molecule as &?)

isolation.4) If a cyclic conjugated system that forms a 47 electron antiaromatic

reversibly oligomerizes in solutions, preventing its

system in the dipolar structure‘E'constitutes one of the terminals, it will coun-
teract polarization and in consequence contribute to stabilization of the molecule.
We here describe the facile synthesis of such kind of molecules, the title com-
pounds, involving a novel Rh(II)-catalyzed arylation of cyclic 2-diazo-1,3-diones.
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As a key reaction for the construction of carbon skeleton of the title com-
pounds, we have found an effective 2-arylation of cyclic 1,3-diones through Rh(II)-
catalyzed reaction of 2-diazo-1,3~diones with benzenoid aromatic compounds.s) For
example, when a benzene solution of 2-diazoindane-1,3-dione (i) was heated at
reflux for 1.5 h in the presence of a catalytic amount of ha(OAc)4, nitrogen was
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evolved smoothly and 2-phenylindane-1,3-dione (2) was obtained in 81% yield. This
arylation reaction was also successful for other electron-rich benzene derivatives
with predominant Egggforientation.e)
Similar reaction of ethoxytriphenylmethane (E) with ﬁ/afforded only the para-
substituted product 7, probably owing to steric effects, in 76% yield after chro-
matography on silica gel. The results with several 2-diazo-1,3-diones are given
in Table 1, where the isolated products varies in type depending on the properties
of 1,3-dione moieties:7)
obtained from the diazodiketone 2} the triphenylcarbinols ;& and lg, hydrg}yzed
While

the diketoether Z,exists preferably in the keto-form as E,does because of anti-

the quinodimethane 15, an elimination product, was
products, from 9 and ;9, respectively after chromatographic purification.

aromatic property of indenone, l& and ;3 take the enol-forms which are responsible

for the ready hydrolysis by stabilizing the triphenylmethyl cation intermediates.g)

0 0
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e v O —5—
, 0 0
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4: X=|::l 8:X=~ ~ 4
~ ~ ©© 6: Y=C(CgH),0Et 7, 11, 12: Table 1
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Table 1. Rh(II)-Catalyzed reactions of 2-diazo-1,3-diones with
ethoxytriphenylmethane 2)

2-Diazo- Temp,/°C Time/h Product P) Yield/%
1,3-dione
4 110 1.5 76
8 110 1.5 39
~
9 110 1.5 52
10 100 0.5 25
-~

a) Performed at neat mixtures using 5-7 equiv. of ethoxytriphenylmethane. b) After
chromatography on silica gel. c) Purplish tinged solid due to a slight contamination
with 14. d) Colorless solid decomposing (dehydration) above ca. 150 °C.
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These products are sensitive to acids:’l turns deep green on dissolution in
CH2C12—CF3COOH (4:1 v/v), from which the quinodimethane ;3}0)
purple crystals in 54% yield after removal of solvents and recrystallizations. The
carbinols £} and ;3 also showed similar color change, but in these cases attempts

was obtained as dark

to isolate the corresponding quinodimethanes ;g and ;l in similar way were unsuc-
cessful because of their ready hydration reaction back to the carbinols in solu-

tions. However, nearly pure ;g and ;1 were obtained by thermal dehydration of L;
and ;3 at about 150 °C in vacuo. The carbinol 11 is a good precursor to the non-
annulated quinodimethane ;3: refluxing a solution of ;£ and N-phenylmaleimide (1.0
equiv., for removal of liberated cyclopentadiene as a Diels-Alder adduct) in o-di-

chlorobenzene for 2 h afforded 1310) in 40% yield.

~

Fig. 1. Selected 3C—NMR and UV-Vis spectral data, and calculated electron density of léill'

The five quinodimethanes here synthesized can be classified into two groups
in respect to their stability: 13, 14, and 15 are fairly stable in the quinodi-
methane forms, while 16 and 17 are unstable and readily undergo hydration. This
grouping seems to relate intimately to the degree of polarization of the molecules
as seen in their 13C-NMR chemical shifts (Fig. 1): Cas of 13-16 resonate down-field
in the order of ];\6,));\5/> ]£>}_§,, indicating considerably greater resonance contri-
bution of the dipolar structure E'in ;9 relative to that in ;3-;5. This trend is
consistent with the calculated electron density on Ca by Huckel MO calculation
(the values in parentheses in Fig. 1). Accordingly, the decreased polarization of
13-15 compared with 16 is ascribable to antiaromatic destabilization of a cyclo-
pentadienone structure. The greater polarization of ;é (or ;5) than 13 is in line
with the smaller antiaromatic destabilization of indenone than cyclopentadienone.

The UV-Vis spectra of ;3—;1 show a broad and strong absorption in visible
region and display appreciable solvatochromism (e.g. Fig. 2 for li). The visible
absorption of 14 (also 13 and 15) red-shifts in polar solvents in consonant with
the decreased polarization of the molecule in the ground state. Some highly polar

4)

quinodimethanes have been reported to show reversed solvent effects. In acidic
solutions, ;5 is reversibly protonated at one of the carbonyl groups to form the

triphenylmethyl cation ;g which is responsible for the green coloration (Fig. 2).
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In summary, novel, physicochemically interesting quinodimethanes were prepared

in short steps through Rh(II)-catalyzed reactions of 2-diazo-1,3-diones with

ethoxytriphenylmethane.
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Fig. 2. UV-Vis spectra of 14 in various solvents.
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