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ABSTRACT

Spiroconjugated TTF-type electron donors (13a

the redox potential values.

—c) and TCNQ-type electron acceptors (10, 11) have been prepared from spiroquinone 9. Cyclic
voltammetry reveals a relatively weak accepting ability for 10 and 11, and a strong electron-donor character for 13a
spiroconjugation introduces a destabilization of the LUMO for compounds 9

—C. Whereas the
—11, the opposite is observed for compound 13, thus justifying

The rational design of new organic materials exhibiting These planar electroactive systems play an outstanding role
nonconventional optoelectronic properties is based on thein the field of organic conductors forming charge transfer
synthesis of molecules with appropriate geometrical and (CT) complexes and salts with conducting and supercon-

electronic structurelin this context, most of the electron

ducting propertie$.The CT complex TTF-TCNQ is con-

donors (tetrathiafulvalene, TTF, and its derivatives such as sidered the pioneer compound that paved the way for the

BEDT-TTFY and electron acceptors (tetracyamauin-

odimethane, TCNQ, and quinon&sdported in the literature

field of molecular organic conducting materidls.
Typically, these electroactive derivatives give rise to quasi

are mainly concerned with conjugated planar molecules. one-dimensional CT complexes when they form segregated
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stacks. Substitution of sulfur by selenium or tellurium atoms
on the TTF skeletofithe presence of chalcogen atoms on
the periphery of the TTF moleculeand the existence of
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hydrogen bondshave been used to increase the dimension- reaction of8 under the same reaction conditions or modifying

ality of the donor partner. On the acceptor side, substitution the solvent, temperature, and reaction time was unsuccessful.

on the central ring as well as coordination of the nitrogen Attempts to obtair® using different oxidants such asBr

atoms of the cyano groups to metal atoms have afforded thepy, NBS/AIBN, and Se@were fruitless. Finally, compound

formation of multidimensional networks. 9 was prepared in 21% vyield by oxidation with an excess of
Another interesting and much less studied approach tobenzeneseleninic anhydride (BSA) by refluxing for 4 days

increase dimensionality is based on the spiroconjugative (Scheme 2).

effect!? Although the interest of spirocompounds has focused

on aspects such as conformational transmission, helicaljj | N

structure, or photochromisththere are only a few examples Scheme 2

in the literature in which spiroconjugation has been used to

. . . OH
prepare electroactive molecul&dn this paper we describe
the first examples of spiroconjugated analogues of TCNQ
(10) and DCNQI (11) acceptors, as well as analogues of TTF CrO% BSA/Celte/A
(13a—09 (Scheme 3). The multistep synthetic procedure and HeSO/H:0 |
the spectroscopic and electrochemical characterization are
7a OH

now reported.

The preparation of spiro[5,5]undecatetraenedi®)eMas
carried out by following an improved version of the
procedure reported by Farges et®h full characterization The synthesis of the target spiro-donor and acceptor
of the intermediate compounds, which were not totally molecules is depicted in Scheme 3. The spiroanalogue of
characterized in the prior work, is also provided (see TCNQ (10) was prepared frofby reaction with Lehnert's
Supporting Information). Creation of the spirane system takes reagent (malononitrile, TiG| pyridine)?* It is interesting to
place in the first synthetic step by Michael addition of note that this reaction proceeds cleanly without competitive

1,2,5,6-tetrahydrobenzaldehydg {o methylvinyl ketoneZ) nucleophilic attack of the anion of malononitrile to the
and subsequent intramolecular aldol reaction to \@eBirch conjugated olefinic carbons.

reduction of ketone yielded alcohol, whose acetylation

followed by treatment with peracetic acid gave rise to || G

epoxide6. Reduction o6 with LiAIH 4 led to a mixture of Scheme 3
alcohols faand7b), which were separated by several careful
chromatographies. Diofa was submitted to oxidation by NG . CN NC, .
treatment with Jones’ reagent to afford spirodi8r(&chemes N—"""¢N N —"—N,
1 and 2). NC 10 (23%) 11 (53%) CN
| cm‘m _ /5‘-2:?
Scheme 1 TiCl, /Py O —=0
9
OR

RIS%H
H _
BULI/THF/-78°C | - g E(OMe)
Li/ NH; Lo
1 oMo/ H2SO%. £50 R
IS — Seregertt R 13a: R=H (46%)

= 13b: R = SMe (51%
Ac20/ 4R=H e e (51%)

R RS 13¢: R = (SCHy), (50%)
CH3CO3H
CHCly
oAc The spiro DCNQI analoguél was synthesized fror
by following Hiinig’'s proceduré’ by reaction with bis-
(trimetrylsilyl)carbodiimide (BTC) and TiGl(Scheme 3).
'-‘;43' In contrast to compoundO, the'H NMR spectrum of11
2
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presents a broad doublet &t6.46—6.43 corresponding to  acceptor character as a result of the presence of the
the four hydrogens adjacent to the spiro carbon. Now, the dicyanomethylene and cyanoimino groups, respectively,
four hydrogens close to the cyanoimino groups are not which significantly shift the reduction potentials toward less
equivalent and appear as two broad doublets at-77220 negative values (see Table 1 and Figure 1).

and 6.79—6.55 ppm due to the presence in solution of both

syn and anti isomers. Thissyn/anti isomerism is well- _

documented in DCNQ and is due to the flipping of the cyano

groups attached to nitrogen atoffs. 407

The TTF-type spiro compounds8a—cwere synthesized 1.2x10° - A
by Wittig—Horner reaction of the carbanion generated in situ A oxi0° / vt
from phosphonate esterk2a—c),'” in the presence af-BulLi toet / ’

at —78 °C, with dione9 (Scheme 3). The analytical and
spectroscopic data clearly support the proposed structures g -60x10°
(see Supporting Information). = oxio

The redox properties of the novel spiro derivatives were

determined by cyclic voltammetry (CV) measurements |
recorded at room temperature. The data obtained are collected .
in Table 1 together with the redox potentials measure® for 20x10° 1 -
0.0 -0,5 -1,0 1,5 2,0
1 =
Table 1. Redox Potentials of the Novel Spiro Donor and Figure 1. CVs for compound® and 10 measured in CKCl, at
Acceptor Molecules room temperature (V vs Ag/Ag 100 mV/s).
compound® Ereq 00 Eli o Eyon  Eiow
9 —2.07 (—1.94) It is well-established that TCNQ and DCNQI present a
10 —0.89 (—1.09 —1.28 (—1.47) similar electrochemical behavior showing two one-electron,
11 —-1.03 —-1.50 reversible reduction waves to the corresponding radical anion
TCNQ 0.22 —0.35 and dianion speciesThe spiro analoguek) and11 exhibit
DCNQI 0.21 —0.41 a first irreversible reduction wave followed by a second
13a 0.55 103 reversible wave (Table 1 and Figure 1). The reduction
13b 0.66  1.09 . . . .
13¢ 060  0.98 potentials are cathodically shifted by about 1 V with respect
TTFd 044 077 to the values measured for the parent TCNQ and DCNQI
«Exveri | conditions: GCE in electrod or (04 and are in the range of those shown by some quinone
M) o5 SuppOring oloCTOVEEY ve Sab CHOh ectrode, NELIO. (Ag, acceptors such as 9,10-anthraquinone derivativés (€
Ag+, CHClp, 100 mV/s.9 Anodic peaks —0.9 V vs SCE})8

The novel spiro donor moleculds8a—cshow oxidation
potentials slightly more positive than those of the parent TTF
and for the parent compounds TTF, TCNQ, and DCNQI. and quite similar to the well-known BEDT-TTF {E~ 0.6
The quinone-type spiro compourfiishows only one ir- v/ ys SCE)? thus exhibiting a strong electron-donor character.
reversible reduction wave at1.94 V. This value is higher However, the CV measurements are accompanied by an
than that measured fprbenzoquinone<0.60 V), suggesting  immediate darkness of the solution, which apparently
a weak electronic interaction between the two CyCthexenoneindicateS an extensive decomposition process due to the
rings. Spirocompounds0 and11 show a stronger electron-  electrochemical instability of the oxidized species. This
finding is in agreement with the irreversible character
observed for the first oxidation wave Ba—c.
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been previously reported for other dithiafulvene derivat®es. Upon reduction of9 and 10, the first electron enters in
The mechanism of dimerization of 1,4-dithiafulvenes into one of the degenerate LUMO orbitals, giving rise to a
TTF vinylogues has been well established by Hapiot ét al. dissymmetriaC,, radical anion, in which the charge and the
and later skillfully used by other authors to obtain TTF-based unpaired electron are located over one of shsubsystems
dimeric or polymeric specie€’.These electrochemical cou- while the other remains mostly neutral. i, the charges
pling processes are associated to a high electronic densityaccumulated by each subsystem ar@.85 and—0.15 e,
of unpair electrons at the vinyl carbon in the radical cation, respectively. This result agrees with the localization of the
as it could occur in compounds3a—c. spin density on one dienone moiety evidenced¥orfrom
The electronic structures of Compoungslo’ andl1l3a ESR measurement$.The entrance of the second electron

were theoretically investigated at the B3LYP/aug-cc-pVDz occurs on the second LUMO orbital, and calculations indicate
level2® The LUMO orbital is doubly degenerate for the that thel(®" dianion consists of two orthogonal radical anion

electron acceptor® and 10 (see Figure 2). The energies Subsystems bearing identical charges and spin densities.
Oxidation of 13a takes place in a similar way. The first

electron is removed from one of the degenerate HOMOs,
_ forming a localized radical cation, and the extraction of the
second electron leads to two identical radical cation sub-
systems.

In summary, the first examples of spiroconjugated TTF-
type electron donorsl@a—c) and TCNQ- and DCNQI-type
electron acceptors (1Q11) have been synthesized from
Figure 2. Electron density contours showing the degenerate nature SPirodione9. The electrochemical study reveals a relatively
of the LUMO of compound (D,y symmetry). weak electron acceptor characterlidand11 and a strong
donor ability of13a—c, similar to BEDT-TTF. However, in
contrast to the parent TTF, the novel dond3a—c are

calculated for this orbitald, —2.53 eV;10, —3.78 eV) are  €lectrochemically unstable, leading upon oxidation to un-
higher than those obtained fprbenzoquinone (—3.92 ev)  known electrochemically active species. Work is currently
and TCNQ (5.12 eV). Spiroconjugation therefore intro- N progress to determine the degree of electronic interaction
duces a destabilization of the LUMO of 2.4 eV that  through the spiro connectivity in the novel electroactive

justifies the large cathodic shift recorded for the reduction Systems, as well as their potential application as building
potentials 0@ and10 (see Table 1). For the electron donors 0locks in molecular materials science.

13, the effect of spiroconjugation on the HOMO orbital is Acknow|edgment_ This work has been Supported by the
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