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Abstract: The synthesis of new n-electron donors of tetrathiafulvalene family with hydroxy functionality is
described through the reduction of ester group(s) in tetrakis(methoxycarbonyl)tetrathiafulvalene 1 and its
vinylogous analogue 7 by using NaBH, and LiCl in a mixed solvent of THF and CH;OH. These new n-
donors have been studied electrochemically and spectroscopically, © 1998 Published by Elsevier Science Ltd.

All minhte racarvad
Adn TS oSt vid.

New functionalized tetrathiafulvalene (TTF) m-electron donors, incorporating hydroxy group(s)
have attracted considerable current interest with the aim of increasing the dimensionality of organic
charge transfer (CT) salts or complexes based on TTF donor molecules,' thereby suppressing Peierls
distortions, tuning and improving the conductivity or even getting new superconducting systems, and
isolating kappa-phase structures thanks to the formation of hydrogen bonding in the solid state.” In
addition, the hydroxy group can serve as a reactive ‘handle’ enabling a variety of substituents to be
attached to the system, thus resulting in new building blocks for materials.’”* Furthermore, diol and tetraol
TTFs are key precursors for the synthesis of TTF-Cgy dyads and Cg-TTF-Cgy dumbbell triads,®
respectively. In line with these concepts, a number of TTF derivatives containing hydroxy group(s) have

been synthesized for the past few years;”” however, their synthetic potential remains largely unexplored
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or their vinylogues with hydroxy functionality through the reduction of ester groups in the readily
ks ala & 9 18 1

synthesized tetraester-TTF 1° or its vinylogous analogue 7.

As expected, reducing the ester functions of 1 or 7 into alcohol ones was not so easy.’ Chiang et
al *® have previously tried to reduce tetraester-TTF 1 with DIBAL/THF followed by LAH/THF in order
to prepare tetraol 6, but without great success, which resulted in both 6 and some complicated insoluble
by-products. Garin et al.™ have reduced a diester-TTF into a diol by using NaBH, and ZnCl; in refluxing
CH,CI; or THF. However, in our hands, the reduction of 1, using either NaBH,; or NaBH, and ZnCl, in
THF and CH30H at 0 or 20 °C gave only trace amount of products 2-6 and, if this reduction reaction was
performed at higher temperature by using large excess of NaBH,, no TTF compounds were obtained due
to the breakdown of the TTF framework.' Hence, we turned our attention to the use of a mixture of
NaBH; and LiCl, which is known to greatly enhance the reducing properties of NaBH,'" in THF and
CH;0H (4:1 v/v) at 0 or 20 °C. This methodology was previously successfully applied by Fox ez
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al.” using about 10% eq. of LiCl relative to NaBH,, to reduce 4,5-bis(methoxycarbonyl)-2-thione-1,3-
dithiole into the corresponding diol (which was then converted into 6).When applied to 1 this reduction
by NaBH4/LiCl worked and additionally could be selectively oriented according to the relative amount of
reagents and to temperature (Table 1). All of the products can be separated by SiO; column
chromatography (ethyl acetate/petroleum ether 1:1 v/v)."! Tt should be pointed out that although the
separation of compounds 3 and 4 is difficult, their identification is quite obvious, especially by 13C NMR.
Compound 6 can be isolated by this straightforward method but the yield is lower than 10% in all the
cases, so that the method of Fox et al. " remains the best one for the preparation of tetraol 6.

Table 1. Yields of compounds 2, 3, 4, 5, and 6
under different reaction conditions?

CH30,C_—-S_ S~ _~L0,CH, ar 4 AT TTT 7' 11 147
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2 3 4 5 6
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CH,0,C S S, CO,CH, HOH,C S . S CH, OH 5{! 1 -4 5 :4 [ 25 15 4 <
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HOH,C= 8 'S~ ™CH,OH HO":CIs: ZSIC"ZG” 6°
18 HOH,C~ 8 . I .
¢ other conditions are kept identical, e.g. reaction

time 2 h; ° molar ratio; © amount less than 10 %.
4 temp.: 0 °C; © temp.: 20 °C.
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relative to 1. Reduction of two esier groups (compounds 3 and 4) has an additive effect, further lowering
the values of both E'y, and E?y,, a similar trend being observed upon reduction of three or ail of the four
ester groups (compounds 5 and 6). This intramolecular electron-withdrawing effect of the ester group
shows itself as well in the UV-Vis spectra (Figure ) as a very broad low-energy absorption band at about
440 (2), 442 (3), 432 (4), and 432 nm (5), which can be assigned to an intramolecular CT from the
hydroxylated TTF core to the acceptor ester group. Bryce and coworkers have already explained this kind
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of intramolecuiar CT band in the electronic spectra in solution in the light of theoretical caiculations.'?
Similarly, for compound 7, this kind of CT band lies at about 515 nm as a very weak, broad absorption.
Here also, the reduction of the ester groups of 7 into alcohol ones in 8 lowers both the first and the
second oxidation potentials.

Table 2. CV data®

18 Comp Elm_ E’in AE

1 081 113 032

2 063 100 037

. 3 053 093 040

£ 4 051 090 039

g 5 039 077 038

< 6 028 063 035

7 0.49 0.66 0.17

: 8 019 035 0.6

300 400 ? potentials in V vs SCE, measured

Wavelength (nm) in CH;CN, 0.1 M TBAPF; at 100
Figure . UV-Vis spectra of 1 (—), 2 (), 3(...), 4 (--), 5 (-.-), ~ mVs', ¢ | mm Pt disk.
7 (%), and 8 (+) in CH,Cl, (8 in THF). [Compound] ~ 10° M. [Compound] ~ 107 M.

the first one being in shape, and the second one lying in the very large red-shift of the A, from 1-8 to 7—
R TUR'S U . PRI PR AR IS PR o § PR | P o P,
8. This is in gooa agreernem with lhc lower oxidation potentials of 7 (.49 and 0.66 V) and 8 (0.19 and
- ]3

Havmg clearly established the efficiency of the NaBH4-LiCl system to allow the conversion
CO,CH; — CH>OH in TTF series without damaging the TTF core, we will report soon the application of
such a strategy to reach our Cgo-TTF-Csy dumbbell systems.
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. 8: FAB"-MS (1nten31ty) 350 (M", 100 %); IR (KBr, cm™') 3230 (vs), 1516 (s),
1173 (s), 1011 (vs), 989 (s); UV-Vis (THF, Amay, nm) 384, 404; 'H NMR (500 MHz, DMSO-dg, &
in ppm) 5.71 (s, 2H), 5.37 (m, 4H), 4.16 (d, 8H, J/=5.57); °C NMR (DMSO-ds, & in ppm) 130.61,
129.59, 129.03, 109.81, 56.35, 56.27. Anal. Found (calc.) C 40.80 (41.14), H 4.10 (4.02), S 35.19
(36.61), 0 18.83 (18.23) %.
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