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The synthesis of quinonoid s-extended tetrathiafulvalene (TTF) derivatives bearing two hydroxymethyl groups on one 1,3-dithiole ring (10)
have been prepared in seven steps from commercially available ethylene trithiocarbonate. From these compounds, the transient 4,5-dimethylene
intermediate (12) has been favorably generated and trapped in situ by the reactive dienophile Cq to form the first Diels—Alder cycloaduct of
a m-extended TTF (13).

Tetrathiafulvalene (TTF) derivatives with extendeeton- structure, due to the steric hindrance caused by benzoannu-
jugation are an important class of electron-donor systemslation of the quinonoid moiet§ which is in contrast to the
which present remarkable differences with the parent TTF almost planar structure of the TTF molecéle.
in terms of oxidation potential values, geometry, and charge Despite the highly distorted geometry, compodrfdrms
delocalization2 In particular,p-quinodimethane analogues electrically conducting charge-transfer complexes with tetra-
of TTF such asl and2 (Figure 1) show a saddle-shaped cyano-pquinodimethané Other properties such as nonlinear
optic$ or photovoltaics,when the compounds are covalently
linked to an electron-acceptor unit, have been also reported.
However, a chemical functionalization is still required for
Me X the systematic study of the properties shown by these
quinonoid z-extended TTFs. Although some derivatives
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bearing a functional group on the central hydrocarbon
skeleton (2) are knowh,the synthesis of appropriately
monofunctionalized quinonoid-extended derivative3 has
been only recently reportéd.

In this Letter we report on the preparation of noveb4
functionalized 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydro-
anthracene derivatived® and11 as precursors of the elusive
intermediate 4',5'-dimethylene derivati¥@. Thiso-quino-
dimethane analogtitof the 1,3-dithiol-2-ylidene moiet§?2
undergoes a rapid [4 2] cycloaddition reaction with [60]-
fullerene as the dienophile to form a noveb®ased donor
acceptor dyad (13).

This first example of a DielsAlder reaction involving a
quinonoids-extended TTF derivative facilitates the use of
cycloadditions as a useful tool for the preparation of other
more sophisticatedr-extended TTF derivatives. In this

regard, our present approach complements the recently

reported [4+ 2] cycloadditions of the parent 2,3-dimethyl-
ene-TTF to Go.1t

The synthesis of the novel diols0a—c is shown in
Scheme 1. Thus, reaction of the anion of anthrdneith
the dithiolium salt5, prepared in a three-step synthetic
procedure by following the method reported in the litera-
ture? affords compound in 54% yield. Introduction of the
second 1,3-dithiol unit i requires the previous protection
of hydroxyl groups, which was carried out wittert-
butyldiphenylsilyl chloride (CISiPfBu) in 81% yield. Ole-
fination reaction of bis-protected didl with the anion of
the phosphonate esteé8a—c'2 generated in the basic medium
led to the protected quinonoid-extended TTF®9a—cin
good vyields. Further deprotection 8a—c was carried out
by using tetrabutylammonium fluoride to give didl®a—
¢, which were further purified by flash chromatography
using hexane:ethyl acetate (1:1) as eluant.

9-(4,5-Dihydroxymethyl-1,3-dithiol-2-ylidene)-10-(1,3-
dithiol-2-ylidene)-9,10-dihydroanthracen&3are interesting
electron donors for the preparation of salts and charge-
transfer complexes since, in addition to their strong electron-
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to form a net of hydrogen bonds, thus increasing the

donor character, they present two -OH groups which are abledimensionality in the solid state. Bryce has recently reviewed
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the importance of TTF systems endowed with hydroxy
substituents in order to gain control of crystal architecttires.

In this regard, the strength, directionality, and selectivity of
the hydrogen bond make it an excellent candidate to increase
the dimensionality and hence the conductivityriextended
TTF derivatives.

Diols 10 react with phosphorus tribromide in THF/GCI
at 0°C to form dibromomethyl derivative¥1. Thus, when
compoundlObwas treated with PBunder these conditions,
11was obtained in 71% yield as an orange solid which could
be stored in the refrigerator for a few days without
decomposition.

Among the different methods reported in the literature for
the generation ob-quinodimethanes and related hetero-
analogueg? iodide-induced 1,4-dehydrohalogenation has
played a very important role. By using this method, in the
presence of 18-crown-6 ether, the transient 4,5-dimethylene

(15) Bryce, M. R.J. Mater. Chem1995,5, 1481—1496.
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intermediatel 2 was generated in situ and reacted with a good different temperatures. The oxidation potentials are anodi-
dienophile such asdgto form the Diels—Alder cycloaduct cally shifted as the temperature decreaggg40 °C) = 0.55
as a yellow-brown solid in 25% vyield (37% vyield based on V; Ex(rt) = 0.60 V; Ex(0 °C) = 0.67 V; Eox(—78 °C) =
recovered G).'® 0.89 V], which indicates a greater difficulty in the formation
The UV—vis spectrum ofL3 shows absorption bands at ©Of the dication species. A much more remarkable effect is
424 (4.33) and 442 (4.39) nm which are assigned to the observed in the wave associated with the process donor
n-extended donor moietyl Ob: 420 and 430 nm), thus hiding ~— donor®, which undergoes a drastic cathodic shift when
the characteristic weak absorption bandiat 430 nm of  the temperature is decreasét{(40 °C) = 0.17 V; Eredr1)
dihydrofullerenes. Thé*C NMR spectrum shows a peak = 0.10 Vi Ered0 °C) = 0.01 V, Ee —78°C) = —0.27 V].
observed at 77.4 ppm, characteristic of those quaterné.ry sp This behavior has been interpreted as an indication of the
hybridized carbons of attachment to the substituent, thushigh stability of the former dicationS.
confirming the linkage of the organic addend on a [6,6] ring ~ Cec-Based dyadl3 shows, in addition to the oxidation
junction of the G core. Confirmation of the structure was Wave of the donor fragment to form the dication, the presence
carried out by MALDI-TOF (matrix-assisted laser desorption/ Of four quasireversible reduction waves, similar to those

ionization time-of-flight) mass spectrometry which showed observed for the parents& These reduction potentials are
the molecular ion amn/z 1219. slightly shifted to more negative values than those gf C

due to the saturation of a double bond which raises the
LUMO energy of the molecule (Table B.It is important

to note that the redox values are remarkably shifted in
comparison with both donor and acceptor independent units
process to form the dication. This fact had been previously which suggests a kind of electronic interaction between them.

confirmed by Coulometric analysis of other relateebx- q In conc;:ulsior), we.(;lave reé)oc;t_?_?lztf;e _synF hée;)is r?.f: ihy-
tended derivatives (Table 1). roxymethyl quinonoidz-extende erivativel) whic

are appealing systems for the preparation of salts and CT
complexes with higher dimensionality. These compounds

_ (10) have been used as starting materials for obtaining the

Table 1. Cyclic Voltammetry Data at Room Temperature for respective dibromides (11) which can favorably generate the

The solution redox properties of the new compounds have
been investigated by cyclic voltammetry. 4,5-Dihydroxy-
methylr-extended TTF derivatives) showed the presence
of a quasireversible oxidation wave involving a two-electron

w-Extended TTFs (10) andeg-TTF Dyad (L3) first heteroanalogue-QDM of as-extended TTF. The facile
compound El,, Eleg E?/eq =" Erea generation of these reactive intermediates paves the way for
use of cycloadditions for the design and synthesis of more
Coo 089 ~Lo0 misz m20d laborater-extended TTF derivatives. As a practical
13 075(2e) -072 —117 -175 —2.30 elaboratéz-extenae erivatives. As a practical ap-
10a 0.53 (267 plication, we have prepared the firstsbased donor—
10b 0.60 (2¢") acceptor dyad by DietsAlder reaction of G and a
lab 0.44 (2¢7) m-extended TTF derivative, which has been spectroscopically
a Experimental conditions: toluene:MeCN (4:1), V vs SCE, GCE as and electrochemically characterized. These dyads _b_earlng
working electrode, BIN*CIO,~ as supporting electrolite; 200 mv-s m-extended TTFs connected to thgy€ore through a rigid
®Measured in ChCl,. spacer are excellent candidates for photovoltaic devfes.

Photophysical studies on these novel systeh® as well
as preparation of CT complexes by mixing don@@swith
Substitution on the 1,3-dithiole ring it results in a shift strong electron acceptors are currently in progress.
of the oxidation potential to more positive values. The

electrochemical redox behavior dfOb was studied at Acknowledgment. Financial support by the DGICYT
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