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ABSTRACT

New enantiomerically pure binaphthyl derivatives bearing triphenylphosphine or phosphonate groups have been synthesized and used as
building blocks to prepare the first optically active tetrathiafulvalene dimers.

The increase of dimensionality has been identified as aconnected through a spiro bond are able to form a two-
priority in chalcogenofulvalene chemistry in order to obtain dimensional column and- and/or o-interactions. In this
improved electrically conducting materials. For this purpose, Letter, we use funtionalized chiral binaphthyl units as a new
different strategies have been followkedhe introduction approach for obtaining TTF dimer3, (Figure 1) in the search
of heavy atoms at peripheral positions of the tetrathiaful- for enhanced dimensionality.
valene (TTF) moieties or the functionalization of the TTF Binaphthyl derivatives are optically active materials, their
system with OH or NRH groups that enable intermolecular chirality being derived from the restricted rotation of the two
hydrogen bonding can be considered as classical methodsiaphthalene rings. The angle between rings ranges from 60
of achieving a different donor packing motif in CT com- to 12, and therefore, these derivatives are ideal candidates
plexes and/or salts. The concept of “crystal engineering” to be used as nonplanar spacers between electroactive units.
proposed by Desirafthas also been applied in the field of In addition, we have used vinyl spacers3a,bin order to
molecular conductors to construct supramolecular assembliesprevent the free rotation of the TTF units, resulting in two
Although much less explored, a promising strategy in- planar and rigid naphthalene—TTF moieties orthogonally
volves the design of nonplanar materfaisd the use of arranged. Binaphthyl units have been used to construct a
spiroconjugatioh as a way to add dimensionality in the number of chiral rigid polymefswith main chain chirality
design of organic molecular materials. For example, dimeric which have found applications in areas such as asymmetric
systems (£, 2. Figure 1) where the two TTF units are catalysiss molecular recognitiori,organic luminescenceor
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Figure 1. Dimeric systemd and?2 in which the two TTF groups
are arranged by a spiro bond together with the new dirBarb
and their precursorda,b.

Bisphosphonium dibromide (8) was obtained framby
treatment with triphenylphosphine in refluxing toluene for
4 h. (R)-Bisphosphonatedj could be similarly obtained from
7 upon heating in trimethyl phosphite followed by chro-
matographic purification (Scheme 1).
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nonlinear optic$® However, to the best of our knowledge,
the binaphthyl system has not been previously difunction-
alized with triphenylphosphine or phosphonate groups. In
this Letter we report the synthesis of enantiomerically pure,
symmetrically functionalized binaphthyl derivatives bearing
triphenylphosphoniung) or methyl phosphonat®) groups.
These new and versatile building blocks can be further
incorporated into a variety of molecular and polymeric
materials through Wittig or Wittig-Horner olefination reac-
tions.

The syntheses o8 and 9 have been carried out from
enantiomerically pure (R)-2,2'-didodecyloxy-6,6'-diformyl-
1,1'-binaphthyl (5. Reduction of5 with lithium aluminum
hydride in dry THF yielded the R)-bis(hydroxymethyl)
derivative6, which upon treatment with tetraethylammonium
bromide and boron trifluoride etherate in dry dichloro-
methane afforded th&j-bis(bromomethyl) derivativé. (R)-
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The target compound3a,b were obtained by using both
Wittig and Wittig—Horner reactions. When a mixture of bis-
(triphenylphosphonium)sal8 and formyl TTF4a in dry
ethanol was heated at 50 for 90 min using lithium
ethoxide as a base, dimg&a was isolated in a 69% yield as
a mixture ofcig'transisomers!H NMR spectroscopy showed
that the major compound was th#-trans derivative (dans
= 15.9 Hz) and less than 10% of tladl-cis derivative (Jis
= 12.0 Hz) could be observed. However, we were not able
to separate both isomers chromatographically. Attempts at
cis/transisomerization by heating a toluene solution3zf
in the presence of iodine produced a dark mixture due,
probably, to the formation of the radical-ion salt of the TTF
derivative.

As an alternative to the above Wittig reaction, we
performed Wittig-Horner reactions between phosphortate
and formylTTF4a and its vinylogue4b.!! To a solution of
9 and the corresponding formylTT4in dry THF was added
potassiuntert-butoxide, and the mixture was stirred at room
temperature for 1.5 h. After extraction of the reaction crude
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with methylene dichloride, the solvent was removed under electrodey = 200 mV/s) shows two two-electron reversible
vacuum and the residue was chromatographed to yield TTFredox waves aE',x = 0.52 V andE?x = 0.90 V for3aand
dimer3aand its vinyloguedb as stable red solids. Although E'j;» = 0.48 V andE?;, = 0.84 V for 3b (for comparison,
lower yields were obtained (around 15%) for the TTF dimers, TTF: EY,, = 0.37 V; E%, = 0.67 V). The two TTF units
Wittig—Horner reactions afforded solely tlad-trans con- are thus oxidized independently to form bis(radical-cation)
figuration product. The presence of the long alkyl chains on and tetracation species.
the binaphthyl moiety resulted in highly soluble TTF dimers  Because of the good donor ability of these TTF dimers,
which allowed spectroscopic and electrochemical character-we have carried out the formation of charge-transfer com-
ization!? As the dimers were synthesized by using enantio- plexes. Thus, when two refluxing dichloromethane solutions
merically pure R)-binaphthyl derivatives8( 9), chiral of dimers 3 and dichlorodicyano-p-benzoquinone (DDQ)
compounds were obtained. The observed optical rotationswere mixed, the respective charge-transfer complex precipi-
(fop]) are —221.2 (¢ = 3.3 x 104, CHC) for 3a and tated as a black solid. Work is in progress to determine the
—587.9°(c = 3.3 x 1074, CHCL) for 3b. crystal structure of the charge-transfer complexes which will
The electronic spectra (in dichloromethane) of the dimers confirm whether two-dimensional stacking provided by the
exhibit, together with the characteristic bands corresponding binaphthy! spacer takes place.
to the TTF and the binaphthyl systems, a band at 432 nm In summary, new optically active TTF dimers containing
for 3a and at 436 nm foBb which can be assigned to the binaphthyl units have been synthesized. They show good
conjugated system formed by the TTF moiety, the vinyl donor ability and form charge-transfer complexes in com-
groups, and the naphthalene ring of the binaphthyl system.bination with DDQ. The bidimensional nature of the bi-
The cyclic voltammogram of these new donors ¢CH, naphthyl unit produces materials with enhanced dimension-
SCE as reference electrode, glassy carbon as workingality. Finally, this approach may provide an effective method
for synthesizing different chiral molecular and polymeric
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