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ABSTRACT
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In four new dendrimers terminated by 12 electroactive tetrathiafulvalenyl substituents, the tridimensional character of the inter- and
intradendrimeric charge and electron transfer, and hence of the electroconductivity, is evidenced by examination of the electronic spectra of
their corresponding neutral state and cation radical, dication, and mixed-valence salts, including a closed-shell anion.

Most molecular organic conductors, such as those of thewas impossible to conclude where the electroconductivity
tetrathiafulvalene (TTF) series, possess properties of one-was originating from, since either oxidized TTF or reduced
dimensional (1-D) conductors because the electrons (or holes)TCNQ species or both can give rise to the conductivity
mainly travel along the columns formed by thestacking phenomenon. Moreover, despite some spectroscopic mea-
of the conjugated moleculéBack in 1995, Miller and co-  surements that were carried out to monitor iodine oxidation
workers reported the first electrically conducting dendrimer, of TTF-dendrimers in solutioff the absorption band as-
end-capped with diimide anion radicals, and pointed out the signments appeared to be doubffaind, to the best of our
importance of interdendrimer (3-D) interactions in achieving , ,

. .. (2) (a) Duan, R. G.; Miller, L. L.; Tomalia, D. AJ. Am. Chem. Soc.
high conductivity? 1995,117, 10783—10784. (b) Miller, L. L.; Duan, R. G.; Tully, D. G.

A number of TTF end-capped dendrimers have previously Am. Chem. S0d997,119, 1005-1010. (c) Tabakovic, I.; Miller, L. L.;
been preparedi,and only in one instanéewere charge- ?:;‘_”’ R. G.; Tully, D. C.; Tomalia, D. AChem. Mater1997,9, 736—

transfer salts with TCNQ studied. However, in that case it  (3) (a) Bryce, M. R.; Devonport, W. D.; Goldenberg, L. M.; Wang C.
Chem. Commun1998, 945—951. (b) Le Derf, F.; Levillain, E.; Trippe
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Scheme 1. Synthesis of Targeted CompoufAds
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aConditions: (i) DCC, DMAP, DCM, rt, +3 days; (ii)2a—d, DCC, DMAP, DCM, rt, +3 days+ MeOH.

knowledge, no attempts to estimate the degree of interden-prepared by BhSMe reduction of the corresponding
drimer interaction have been undertaken. dodecaaldehyddén CH,Cl, as a solvent and at @C (91%

On these grounds, we have decided to study the electro-yield). For comparison purposes, the “monomeric” Me-esters
conductive mixed-valence (MV) salts of TTF-terminated 4a—d of related acids were also prepared. All derivatives
dendrimers with a closed-shell anion. Here we report on the 1a—d gave satisfactory spectroscopic data after purification
synthesis and properties of four such new compounds builtby chromatography on silica gel column. Thds, NMR
around the cyclotriphosphazene cbie.,1a—d, and present  and malditof mass spectrometry experiments unambiguously
the results of the spectroscopic studies confirming the 3-D demonstrate the full functionalization of the 12 alcohol
character of the conductivity of their mixed-valence salts. functionalities of the dendrimers. Moreover, in thin layer

In our synthetic route towartia—d (Scheme 1), the varied  cyclic voltamperometry (Figure 1) of dendrimad,'® the
TTF-pendant groups were branched on the surface of theareas of the first and second peaks with respect to that of
dendrimer by DCC-DMAP esterification (yields 580%),
by reaction of the corresponding carboxylic aci2s—d _
(prepared according to known procedures 2af and 2d®

and Scheme 2 fozb—c) and dendrime8 bearing 12 outer 1.0x10°7
alcohol functionalities. The latter new compound was
Scheme 2. Synthesis of TTF-Carboxylic Acid&c and 2b?
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aReagents and conditions: (i) BrGp-CsH,)COOMe, 18-

Crown-6, DMSO, rt, 24 h; (ii) NaH, ICKHCOONa, 18-Crown-6,
THF; (iii) 1 M KOH methanol solution, rt, 8 h.

Figure 1. Thin-layer cyclic voltamperogram dfd (naphthoquinone
as an internal standar8).
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the internal standard naphthoquinone are in full agreement To interpret the nature of the electronic interactions within

with 12 TTF units per dendrimer core. Dendrimds—d
should be kept in a refrigerator in the absence of light, as

they decompose in few days on exposure to light in the pres-

ence of moisture. Therefore, all UV—visible—NIR spectro-

the new materials, all oxidized forms of the dendrimers and
the corresponding monomeric estérsvere characterized
by their UV—Vis—NIR spectra in solution. The simplest case
is presented by thd series. Thus, portionwise addition of

scopic and electrochemical experiments were conducted onthe oxidizing reagent (Phl(OAgCFSO;H) to 1d and 4d

freshly prepareddendrimers.
Chemical oxidation ofl into 5 [1 (CRSGs)g], 6 [1
(CRSGs)17, or 7 [1 (CRS0s)24 (TTFs being in 1/2 MV,

was accompanied by the presence of isosbestic points and
led to appearance of the long wave absorption band at about
846 nm characteristic of cation radicals of tetrathio-TTF

cation radical, or dication states, respectively) was best derivatives? Further oxidation afforded the corresponding

carried out by using Phl(OAg)n the presence of GEO;H

in dichloromethane (DCM) or in a mixture of DCM and
acetonitrile and depended on the amount of the oxidizing
reagent (1 mol per 2 mol of electrorf3)The same procedure
was also applied for esteds which were converted into the
corresponding cation radice#sand dication triflate®. Solid

dication characterized by a band at about 650 nm.

The spectra of the cation radicals of the-c series are
more complex. Thus, the spectrum & is similar to that
of the TTF cation radicals and at concentrations higher than
102 M exhibits a weak band at about 780 nm (Figure 3).

MV salts 5a—d were precipitated after partial oxidation of _

la—d by addition of diethyl ether to the reaction mixture.

Four-probe conductivity measurements on compressed pellets 12 .

reproducibly gave the values of= (1.9, 1.3, 0.4, 0.6)
106 S cn1? for 5a—d, respectively. It is noteworthy that
higher conductivities were found for the derivatives involving
shorter spacers within the R H series. On average, the
conductivity increased by 3 orders of magnitude compared
to that of precursoréa—d. The solid-state electronic spectra
of 5 exhibit the expected broad MV bands in NIR (1600
1700 nm for5a—c, 2000 nm fobd) (Figure 2). They were

Optical density
Optical density for 5a

0.2

T T T
1500 2000 2500

A, NM

T T
500 1000

Figure 2. Spectra in the solid film of MV stateSa—d.

also obtained by mixing equimolar amountsloand 6 in
DCM—acetonitrile solution and showed identical spectro-
scopic features.

(5) Khodorkovsky, V.; Shapiro, L.; Krief, P.; Shames, A.; Giffard, M.;
Gorgues, A.; Mabon, GChem. Commur2001, 2736—2737.

(6) Majoral, J.-P.; Caminade, A.-MChem. Re»1999,99, 845—880.

(7) Green, D. CJ. Org. Chem1979,44, 1476—1479.

(8) Prepared from cyanoethylthiotris(methylthio) TTF by treatment with
CsOH, alkylation of the Cs-thiolate with methyl 5-bromopentanoate, and
saponification of resultingd with LiOH according to the procedure given
in: Becher, J.; Lau, J.; Leriche, P.; Mork, P.; SvenstrupJNChem. Soc.,
Chem. Commuril994, 2715—-2716.

(9) Slany, M.; Bardagi, M.; Casanove, M. J.; Caminade, A.-M.; Majoral,
J.-P.; Chaudret, BJ. Am. Chem. S0d.995,117, 9764—9765.
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——6b, 6.7x10™, 1=0.1 cm
8b, 2.5x107, 1=0.4 cm
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Figure 3. UV—vis—NIR spectra for cation radicaBb (2.5 x 1074,
MeCN, | = 0.4 cm) and8b (6.7 x 1074, DCM, | = 0.1 cm).

The intensity of this band does not obey Beer's law and
depends on the counteranion.

A similar band was observed for TTF in the solid stéte;
therefore, it can be ascribed to thestacked aggregates.
Stepwise oxidation oilb gave rise ta6b, but no isosbestic
points were observed. The spectruntbf(Figure 3) presents
an overlay of the features characteristic for the free cation
radicals 8b and thex-stacked TTF cation radicals. The
optical densities of the bands corresponding to the aggregated
TTF cation radicals (i.e., 780, 520, and 400 nm) upon dilution
diminish proportionally with the decrease in the concentra-
tion, indicating that aggregation occurs within the dendrimers
(intradendrimerz-stacking).

Oxidation of la—cto 5a—c or mixing la—c with 6a—c
led to formation of the MV species in solution evidenced

(10) Experimental conditions: 1/12 ml&l with 1.4 mM naphthoquinone
as an internal standard, 0.4 M BiPF; in DCM—acetonitrile (4:1) Ein V
vs Ag/AgCl as the reference.

(11) Giffard, M.; Mabon, G.; Leclair, E.; Mercier, N.; Allain, M.;
Gorgues, A.; Molinié, P.; Neilands, O.; Krief, P.; Khodorkovsky, VAm.
Chem. Soc2001,123, 3852—3853.

(12) Torrance, J. B.; Scott, B. A.; Welber, B.; Kaufman, F. B.; Seiden,
P. E.Phys. Rev. BL979,19, 730—741.
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s 2.2 (at 1600 nm) and 2.4 (at 780 nm). This behavior also

indicates that the MV interaction withiBb is mostly intra-
20 dendrimeric, but there are still some interdendrimer (3-D)
interactions, unlike in the case of the stoichiometric cation
radicals6b. Apparently, longer and more flexible spacers in
the seriesa—c increase the degree of intradendrimeric
interaction and afford less conductive materials.

In conclusion, we have shown that mixed-valence cation
radical salts of TTF-terminated dendrimers with closed-shell
anion are conducting not only as a result of electron transfer
between partially oxidized dendrimers but also due to the
presence of interdendrimeric charge transfer (i.e., 3-D elec-
tronic interactions). The contribution of the latter is not large,
but it can be increased by appropriate structural modifications
oo ' 000 ' P ' 2000 of the dendrimers, e.g., by using shorter, rigid spacers. We

A, nm are currently attempting to employ these features in light-
harvesting devices.
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Figure 4. UV—vis—NIR spectra for mixed-valence states obtained
by mixing of neutral dendrimerlb and monomer4b with , . .
corresponding cation radicalél{ and8b) (DCM, | = 1.0 cm). Acknowledgment. The Région des Pays de_ la Lo.|re and
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Supporting Information Available: General procedures
for synthesis of dendrimers and their oxidation. This material

is available free of charge via the Internet at http:/pubs.acs.org.
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