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Intramolecular interactlons of catlon radicals

A series of fully methylthiolated bi-, ter-, and quatertetrathiafulvalenes have been synthesized using cross- and homocoupling reactions of
tetrathiafulvalenylzinc derivatives; the tetracation—tetraradical derived from the helical tetrathiafulvalene tetramer exhibits an intramolecular

association of the terminal cation-radicals.

Tetrathiafulvalene (TTF) has attracted much interest becausestructural units have also attracted considerable attention,

of its electron-donating ability, which has been used for the
synthesis of new organic metals and superconduétons.
particular, extended-donors based on the TTF framework
have been extensively investigated in recent yéan the
other hand, helical molecules containing a variety of
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mainly owing to their potential in materials and polymer
science:® However, no helical motif could be applied to the
TTF chemistry until now, presumably due to difficulties in
the synthesis of oligomeric tetrathiafulvalenes. We now
report here a novel synthesis of the fully methylthiolated
tetrathiafulvalene oligomer2—4, together with the helical
structure of the tetrathiafulvalene tetrander

The syntheses &f—4 were carried out using the reaction
sequence shown in Schemes 1 and 2. As shown in Scheme
1, the dimeric TTF2%7 was synthesized using a coupling
reaction of the trimethylstannyl-TTF derivatidewith Pd-
(OAc),, followed by methylthiolation of78 Since the
methodology for preparing oligomeric tetrathiafulvalenes is

E.; Zitoun, D.; Bechgaard, K.; Auban-Senzier, Rlv. Mater.1999,11,
766. Mdiller, H.; Salhi, F.; Divisia-Blohorn, B.; Genoud, F.; Narayanan,
T.; Lorenzen, M.; Ferrero, Cl. Chem. Soc., Chem. Comma899, 1407.

(4) For general reviews, see: Rowan, A. E.; Nolte, R. V. Ahgew.
Chem., Int. Ed. Engl1998,37, 63. Meurer, K. P.; Vogtle, FTop. Curr.
Chem.1985,127, 1.

(5) For recent examples, see: Dai, Y.; Katz, T.; Nicholas, DAAgew.
Chem., Int. Ed. Engll996,35, 2109. Tanatani, A.; Kagechika, H.; Azuya,
I.; Fukutomi, R.; Ito, Y.; Yamaguchi, K.; Shudo, Ketrahedron Lett1997,

38, 4425.



s because oligomeric tetrathiafulvalenes are unreactive and

Scheme 1. Synthesis of2 stable to palladium complexes under coupling conditfghs.
Ve Thus, the organozinc compouri® derived from11 was
s, S i MeS. s §._-SnMe; . S . .
I ] —— I —( ]/ treated with a stoichiometric amount of Pd@Ph), in THF
Mes” 8 S Mes” S S at —10°C for 1 h and then at room temperature fioh to
5 6

produced® in 52% yield based on the recoveret(35.5%).
The oxidation potentials df—4 and11 measured by cyclic

‘ n
MesIs>:<s | voltammetry are shown in Table 1. The bi-TTF derivatives
. Mes” S sj\[s>:<sISMe
. S S SMe

Table 1. Redox Potentiafsof 1—4 and11

aReagents and conditions: (i) 1) Buil(1.04 equiv), (2) MgSnCl 1 2 3 4
(1.6 equiv) (55%); (ii) Pd(OAe)(1.01 equiv), benzene (43%); (iii) compd E v E Ee E
(1) LDA (2 equiv), (2) MeSSMe (3 equiv) (40%). 1 0.52 0.77

2 0.58 0.85

3 0.58 0.61 0.82 0.86

still very limited, we have developed a new approach to 4 051 0.53 0.88 0.92
11 0.56 0.86

construct the extended TTF framework using reactions of
tetrathiafulvalenylzinc derivatives which can be prepared by 2 Conditions: BUNCIO,, benzonitrile, room temperature, Pt working
the successive treatment of TTF derivatives wititiBand and counter electiodes. tg?ﬁ‘;”&g'jev\‘;grgcnée&%‘ge(g. fg?};“ an ‘AgiAg
ZnCl,. As shown in Scheme 2, the cross-coupling reaction

of 9 with 10in the presence of Pd(PBhin THF at—10°C

for 1 h and then room temperature for 1 h produced the bi-
TTF derivative 11 in 77% vyield based orl0. For the
synthesis of3, we employed a similar palladium-catalyzed
cross-coupling reaction of an organozinc reagent, and the
reaction of11 with Bu"Li in THF, followed by treatment
with ZnCl, afforded the corresponding zinc speci@swvhich

was reac_ted wittl0in the presence of Pd(Ppto form 3° oxidation potential of3 is a little larger than that ofL,
in 69% yield bgsed on the rgcovered startirig(30%). AS, whereas that ofl is slightly smaller than those df- 3. In
for the synthesis o4, a palladium-catalyzed homo-coupling addition, the fourth oxidation potential &fis larger than

reaction of an organozinc compound gave a successful result,the corresponding oxidation peaksle8 and11 The HOMO
levels (1: —6.58,2: —6.70, 3: —6.72, and4: —6.53 eV)

I ciculated at the HF/3-21GH//PMS3 levebhow a relatively

(2 and11) show two two-electron redox waves and slightly
lower donating ability than that af 8 The cyclic voltam-
mograms of the ter- and quater-TTF derivativBsafd 4)
indicated four redox waves, corresponding to one-, two-,
one-, and two-electron redox steps3iand four two-electron
redox steps id, respectively. It is worth noting that the first

Scheme 2. Synthesis o8 and4* good correlation between the calculated HOMOs and the first
MeS.__s s i MeS.__s  s._SMe oxidation potentials ofL-4.
MeSIS>=<S] ~ MeS:[S>=<S]/ As shown in Figure 2a, the neutral tetrandecan adopt
5 8 a tight helical conformation, having closely situated terminal
i i TTF rings. The calculations @falso show fairly independent
‘ \ four TTF moieties, and the calculated HOMO levels of the
MeS s s MeS. s  s. SMe TTI_: moieties iné} Iocate. th(_eir own ring.s. AIthoggh t.he
I = l I = I cationic charges in the dicatio#™ are mainly localized in
Mes” S ST zncl Mes” S ST
9 10

(6) Physical and spectroscopic da2a.red crystals; mp 185:5186°C;
FAB-MS m/z 682 (M*); *H NMR (500 MHz, CDC}) 6 2.425 (s, 6H),

M
eSIS> <S | SMe 2.426 (s, 6H), 2.428 (s, 6HJ3C NMR (125 MHz, CDC}) 6 19.26* (an
% Mes” S S S 5. _SMe asterisk shows #C NMR signal overlapped), 19.64, 110.67, 110.82, 122.92,
(=T
1 s S SMe

9+ 10 127.35, 127.83, 131.31; U¥nax (log €) 340 (4.57), 425 (sh, 3.90) nr8,

dark violet microcrystals, mp 7879 °C.; FAB-MSm/z976 (M" + 1); H
NMR (500 MHz, CDC}) 6 2.427 (s, 12H), 2.435 (s, 6H), 2.436 (s, 6H);
v y 13C NMR (125 MHz, CDC¥) 6 19.24, 19.26, 19.29, 19.87, 110.13, 110.18,
/ \ 111.22, 111.65, 122.83, 126.18, 127.11, 127.58, 127.82, 132.27%V
(log €) 338 (4.78), 500 (sh, 3.78) nm: dark brown microcrystals; mp
8 4 132.5-133.5°C; FAB-MSm/z 1270 (M" + 1); H NMR (500 MHz, CDC})
. ) ) . 0 2.410 (s, 6H), 2.419 (s, 12H), 2.441 (s, 12H; NMR (125 MHz, CDC})
2Reagents and conditions: (i) 1) B (1.6 equiv), (2) MeSSMe 5 19.13, 19.20, 19.26*, 19.57, 109.83, 110.32, 110.47, 111.37, 121.73,
(1.7 equiv) (67%); (ii) (1) LDA (1.5 equiv), (2) GFCF,)sl (1.5 125.03, 126.10, 126.99, 127.54, 127.57, 127.66, 131.352 (log €)
equiv) (64%); (iii) (1) BuLi (1.1 equiv), (2) ZnC} (1.2 equiv); 343 (4.86), 520 (sh, 3.81) nm.
(iv) Pd(PPh), (20 mol %), THF,—10°C, 1 h then rt 1 h (77%); (7) The alternative syntheses 27, 8, and10 were reported recently:

- . . John, D. E.; Moore, A. J.; Bryce, M. R.; Batsanov, A. S.; Leech, M. A,;
(v) (1) Bu'Li (1.1 equiv), (2) ZnCj (1.2 equiv), 3)10, Pd(PPY, Howard, J. A. KJ. Mater. Chem.published on the web on 25 April, 2000.

(20 mol %), THF (69%); (vi) 1) BULi (1.1 equiv), (2) ZnC} (1.2 (8) lyoda, M.; Kuwatani, Y.; Ueno, N.; Oda, M. Chem. Soc., Chem.
equiv), (3) PAG(PPh), (50 mol %) (52%). Commun.1992, 158.
(9) Hara, K.; Ogura, E.; Kuwatani, Y.; lyoda, M. Unpublished results.
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Figure 1. TTF oligomers.
Figure 3. Electronic spectra ofl*™-ClO,;~, 22"+(ClOg),~, 3-3*-

(Cl0s)3~, and44++(CIO; )4 in CHACN.

the inside TTF rings, the dicatiof?*, which is generated
_by electrochemical _oxidation, can be _stabilizc_ed by the ,nder similar condition& As shown in Figure 31°*-CIO4~
intramolecular stacking of the two TTF rings (Figure 2b). (828 nm),22+(ClO;7), (820 nm), and33++(ClO,"); (822

o o -~
][n a S|mf|Iar njanner,.the tftLace_T_t_'r?;ﬁ IS stagmzid by the nm) indicate similar electronic absorptions, whereas the
ace-to-face interaction of the fings. On the contrary, spectrum o#*"+(ClO,; )4 has an intense band at 764 nm with

the th'r.d and fourth OX|_dat|ons B = 0'88 and 0'92.’. a broad band at 1050 nm corresponding to the dimeric
respectively) are restrained by the repulsion of positive structure of TTFE".12 Since all spectra were measured over
charges on the terminal TTF units, which makes it more the concentration range of 750 106 to 3.8 x 1075 M in
difficult tq generate the hexa- and_ocftacandﬁsandz_lgﬁlz CHCl,, these absorptions are not due to any intermolecular
o cl_arlfy the structu_re Of the cationic SPecies de_nve_d from aggregated forms of these cation-radicals. Interestingly, the
TTF oligomers, _chem|cal and elegtro_chemlcgl oxidations of absorption maximum (820 nm) of the dicatig?t(CIO; ),
12:4 v:/er? ca.rsrfd louE. Thed (ﬁt.'onl'c _speC|e§-CIO4 ’d which contains a head-to-tail arrangement of the transition
227+(ClOy47)z, 3%++(ClO, )3, and4*++(ClO, )4 were prepare dipoles, is almost unchanged as compared to that (828 nm)
although Davydov red shift can be expected
V4 In contrast, the two transition dipoles of
(ClO4 )4 interact side-by-side to show Davydov blue shift
(764 nm) with the charge-transfer absorption (1050 nm).
Consequently, the spectrum df*+(ClO,7), indicates a
helical interaction as shown in Figure 2o 4). Chemical
oxidation of 1—4 with AgCIO4 or Fe(ClQ)s in CH.Cl,
produced the corresponding cation-radicals which indicated
similar electronic spectra to those obtained by electrochemi-
cal oxidation. The dichloromethane solutionslof-ClO,,
22t+(ClO47)2, 3*+(ClO4 )3, and4*t+(ClO47),4 at room tem-
perature exhibited single ESR signalgat 2.0075, 2.0075,

in CH,CI; in the presence of BYNCIO,~ by controlled of 1°-ClOs
electrolysis at constant potentials and were characterized bytheoreticall ;
elemental analyses. All cation-radical salts have a moderate s+,
solubility in CH,Cl, despite hardly solubl&?*-(ClO;").
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tetracationst?* and4** are now under investigation.
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