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Abstract : Cis-ethylenic analogues 1 and ortho-benzenic analogues 2 of TTF undergo a rapid acid mediated
intramolecular cyclization into the corresponding cycloisomers 1' and 2' whose structures are confirmed by X-ray
diffraction; as shown by cyclic voltammetry, compounds 1 may act as convenient precursors of organic metals.

Modifications of the tetrathiafulvalene (TTF) framework! are still being intensively studied in search for
mew molectiiar conductors and superconductors.>> Most of them consist of increasing the dimensiondiity ot
the comresponding radical cation salis {RTSs) in onder to avoid the dreakdown of ineir electroconductive
properties at iow temperaiure, due W tne arising of cryswatiine wansiitons {Peteris dtstorsions) when these
marcrials. possess & pronaunced monodimenstonat cnaracter. One modification invaotves reptacement of the
central ethylenic linkage of TTF by larger conjugated spacv.-,x's,“‘8 leading to highly extended analogues of TTF
that may favour intra- and inter-chains contacts between the new donors, due to the lowering of their charge
density and an increase of %-interactions. Moreover, this spatial extension should decrease the coulombic
repulsions in the di- {or poly-) cationic states of the donors.

In this context, we have developed the study of R—R R—R
some TTF vinylogues 1 in which two vicinal 1,4- S S S.S N
dithiafulven-6-yl substituents are "cis"-linked on a C=C Rl \ SS R
bond.? We report here that such new compounds, as well g Lor @{ 2 S.-
asthe p"arént ortho-disubstituted benzenic TTF analogues s”'s s”'s ﬁ R
2510 yndergo an easy acid mediated intramolecular R =R
cyclization into 1' and 2' (Scheme 1).

Preparation of 1 and 2 (*) Scheme 1

As previously described in the benzenic series,” the general synthesis involves bis-Wittig(-Horner)
olefinations of the corresponding dialdehydes with the P-reagents 3 or 4 bearing the 1,3-dithiol-2-ylidene
moiety. Experimental conditions depended mainly on the nature of the R substituents. Thus for 3a, an
equilibrated deprotonation of the corresponding phosphonium tetrafluoroborate with EtzN (20°C, acetonitrile)
was used, whereas for all other reagents, a quantitative deprotonation with n-BuLi (-80°C, THF) was required.
With 4y, good yields could only be obtained using the unconventional procedure we recently reponed." by

I'or 2
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dropping n-BuLi into a THF solution of the corresponding phosphonate and dialdehyde at 0-10°C.

For the "cis"-ethylenic series, the starting materials were the Diels-Alder adducts § or 6 derived from
acetylenedicarbaldehyde (ADCA) or its mono-di-Et-acetal. 12 Thus compounds 1 could be obtained in one or
three steps (routes a and b, Scheme 2). In all cases, the target compounds 1 (Table 1) were isolated from the
mixture by precipitation with methanol and crystallization.

:R=COMe

: R-R = (CH=CH),
: R-R = (CH,),
:R=Me
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i) 4B, THF removed in vacuo, CI-!2CI2 dilution, washing with water, drying over Na2SO4, 7 were characterized and submitted to
ii) filtration on Si02 (CH2C12) on which they soon hydrolyse into 8, iii) 48, THF removed in vacuo, addition of MeOH.

Scheme 2
Table 1 : Preparation of 1 via route a or b (Scheme 2)
a-e R! or RL.R! X 1 lroute] % yield | mp°C (solvent)
a cyclohexadiene H CH2-CH; | 13a | @ 70 133 dec. | CHCl3-MeOH
" " . 1ap | () | (90,71,74)% | 160 dec. MeOH
" " . 1ay | (a) 56 174 dec. McOH
b 6,6-diPh-fulvene H CPhy |1ba| (@ 73 210 | Tolicnc-pentane
c anthracene (CH=CH); |o-phenylene| 1ca | (a) 75 110 CH2Clp-MeOH
d butadiene H 2H 1dg | (b) | 93,61,54)% | 1524 acetonitrile
¢ 2,3-diMe-butadiene Me 2H 1ep | ) | 93.7050)%| 2102 THF

‘unconventional procedure, see text; * the three values are related to steps i, ii and iii of route b in Scheme 2.

For derivatives 2, ortho-phthalaldehyde was used as the starting material, the choice of the experimental
conditions being also dependent upon the nature of R : Et;N, r.t., for 3a (20,1%90% yield), n-BuLi at 0-
10°C (see above the unconventional procedure) for 4p (25.5 70% yield) and 4y (2y, 59% yield) and #-BulLi at
-78°C for 48 (23, 75% yield), all compounds 2 being also precipitated from the reaction mixture with MeOH.
Intramolecular cyclizations of 1 and 2 into 1'and 2'(*)

Compounds 1 and 2 are slowly converted into 1' and 2' on standing in chloroform solution or by
chromatography over silicagel, the reaction being easily monitored by 14 nmr spectroscopy. For example, for
compound 1ap in CDCl, (8 in ppm), the singlet at 6.10 (2CH=CS,) is gradually replaced by a singlet at 3.60
(CH,), whereas the broad singlet at 4.10 (2H, equivalent bridgeheads) is split into two multiplets at 4.00 and



4.50 (1H and 1H, unequivalent bridgeheads). Similar observations are found in the benzenic series during the
conversion of 2o~b into 2'o-b. ‘
The role of protons is clearly shown by the absence of cyclisation in acid-free solvents {¢.g. after

addition of a base] and, in contrast, by the dramatic increase of the cyclization rate in presence of acids such as
HClL, I-ICOZH, 8i0,-H,S0,. Since the stronger the clectron-releasing effect of R, the greater the cyclization

rate [27>28>2a3, & mechanisas iavolving & protonation of & CH=CS,) as the rate determining step, followed by
an internal 1,5-addition {route a, Scheme 3], can be anticipated.

S
S
1-23 CH::%E;D:[: S:gu
= 1 _T
'y
Scheme 3 route b

Ax AWernaive medhanism (rowe ) wnolvigg a
possible, but unlikely 1,6-intramolecular addition followed by
a S-C 1,2-shift10b could also yield structures 1"'- 2", 1H and
13C nmr spectra could not distinguish between the two possible
isomers.13 X-ray diffraction analysis on a single crystal of 2'y
proved the structures to be 1'- 2* (Figure 1).14

E-donating ability
Likewise their trans-ethylenic analogm:s,6 compounds X-Ray molecular structure of 2'y
1 can be regarded as convenient precursors of synthetic metals Figure 1

since their cyclovoltammograms (CH.2C12) exhibit one 2e-

reversible oxidation peak. The coalescence of both le” peaks results from a decrease of the coulombic repulsion
in 1** [e.g. 1ay, see (*)]. Such a behaviour is in sharp contrast with that of compounds 2 whose oxidation is
irreversible. This difference can be explained by comparing the canonical forms of the oxidized states of 1 and
2, the latter, only, lossing their aromatic character.

Conclusion .

Although the acid mediated internal cyclization of 1 and 2 is of obvious synthetic interest, i.c. the
access to unprecedented 1' and 2', this process constitutes a severe drawback for the preparation of the RCSs
of 1. Consequently, the synthesis of such materials through chemical or electrochemical oxidation of 1 must be
carried out under rigorously proton-free conditions; related results will be soon prescnted.loc" b
Acknowledgments :

The work at Durham and Cardiff was funded by SERC, and at Angers by CNRS, CNET and Ministére
des Affaires Ewangeres.

2133



2134

References and notes

(1) For preparations of TTFs, see a) Krief A. Tetrahedron, 1986, 42, 1209-1252; b) Schukat, G; Richter,
A.M.; Fanghiinel, E. Sulfur Reports, 1987, 7, 155-240.

) For books on the topic, see a) Ferraro, J. R.; Williams, J. M. Introduction to Synthetw Electrical
Conductors; Academic press, New York, 1987; p 1-80; 37Kagoshxma. S.; Nagasawa, H.; Sambongi, T.
One Dimensional Conductors; Springer Verlag: erlin, 19 pp 1-105; ¢) Sawo, G,; Kagoslnnia. S. The
Physics and Chemistry of Organic Superconductors; Springer Verlag: London, 1990; pp 1-428; . for reviews,
see d) Bryce, M. R. Chem. Soc. Rev. 1991, 20, 355-390; ¢) B e. M. R.; Murphy, L. C. Nature 1984,
309, 119-126 f) Bryce, M. R. Aldrichim. Acta. 1985, 18, 73-71; g) Wudl, F. Acc. Chem: Res. 1984, 17,
227-232 h) Perlstein, J. H. Angew. Chem., Int. Ed. Engl.. 1977, 16, 519-534; i) Williams, J. M,; Carnen-o,
K. Adv. Inorg. Chem. Radiochem. 1985, 29, 249-295.

(3) For recent trends and relevant references, see Bryce, M.R.; Moore, A.].; Coffin, M.A.; Marshallsay,
G.J,; Cooke, G.; Skabara, P.J.; Batsanov, A.S.; Howard, J.A.K. Phosphorus Sulfur and Stltcon, in press.
(4)B ce,MR. Fleckenstem,E Hinig, S. J. Chem. Soc., Perkin. Trans. 2 1990, 1777-1783.

(5) Sallé, M.; Belyasmine, A.; Gorgues,A Jubault, M.; Soyer,NTetrahedroan 1991, 32, 2897-2900.
(6) Sugimoto, T.; Awaji, H Sugimoto, L.; Misaki, Y.; Kawase, T.; Yoneda, S.; Yosluda Z, Chem.
Materials 1989, l 535- 547.

(7) Hansen T.K.; Lakshmikantham M.V; Cava M.P; Becher J. J. Chem. Soc. Perkin Trans. 1 1991, 2873-5.
(8) a) Belyasmine, A.; Gorgues, A.; Jubault, M.; Duguay G., Synth. Metals, 1991, 42, 2323-2326; b) Sallé,
M.; Gorgues, A.; Jubault, M,; Gounou, Y. 1dem, 2575-2578.

(9) For another preoedm example of cis-blocked ethylenic analog of TTF, see Sato, M.; Gonnella, N.C.;
Cava, M.P. J. Org. Chem., 1979, 44, 930-934. '

(10) a) Lakshxmkantham M.V Cava M.P.; Caroll P.J. J. Org. Chem., 1984, 49, 726-728; b) in this paper,
the conversion of 2a into a tetracychc derivative through bromine oxidation is reported; among the putative
mechanistic steps, such a C-S 1,2-shift is proposed; c) our preliminary results of chemical and electrochemical
oxidations of 2a, which finally lead to the tetracyclic derivative invoked above, clearly show that 2'a is an
intermediate in the bromine oxidation of 2a (see ref.11b).

(11) a) Benahmed-Gasmi, A.S.; Frére, P.; Garrigues, B.; Gorgues, A.; Jubault, M. Tetrahedron Lett. 1992,
43, 6457-6460; b) Frére, P.; These de Doctorat, Angers, Jan. 13th, 1993,

(12) a) Gorgues, A.; Simon, A.; Le Coq, A.; Hercouet, A.; Corre, F.; Tetrahedron, 1986, 42, 351-370; b)
Gorgues, A.; Stéphan, D,; Belyasmme. A, Khanous. A, Le Coc'l A; ulem, 1990, 46, 2817-2826.

(13) We thank Drl Joh:mnsen who suggested structm'es 1" 2%,

(14) Atomic coordinates, bond lengths and angles, and thermal parameters have been deposited at the
Cambridge Cristallographic Data Centre.

(*) All new compounds gave satisfactory analytical data. We thank the CNRS for elemental analyses and the
CRMPQ (Rennes) for m.s. Selected examples :

1ay, orange powder, m.p.174-8°C (dec.); m.s.(CpqH24S4) caled 442.09173, found 442.0925 and (M-CoHy)
calcd 414.06043, found 414.0625; 'H nmr (CS2+CgDg), 6.22 (m, 2H, ' CH=CH), 5.86 (s, 2H, CH=CS)),
3.89 (s wide, 2H, bridge head), 2.14 (m, 8H, CH3-CS=), 1.72 (m, 8H, CH2CH)), 1.27 (m, 4H, CH2CH2
bndge). cyclic voltam. (CH2Clz, BuyNPFg, 0.1M, scan rate 0.2 V.s-1) 1 reversible peak at 0.21 V.SCE.

1'ay, yellow powder, m.p.151°C (dec.); m.s.(Co4H26S4), calcd for (M-CaHy) 414.06043, found 414.0626;
H nmr (CDC3), 6.33 (m, 2H, CH=CH), 4.33 ( m, 1H, bridge head), 3.47 (m, 1H, bridge head), 3.46 and
3.50 (AB system, very close to A,, 2H, 2J=18.5 Hz, CH,CS,), 2.17-2.30 (m, 8H, CH,-CS=), 1.74 (m, 8H,
CH,CH3), 1.37 (m, 4H, CH2CH, bridge).

2y, orange needles, m.p.164°C; m.s.(C22H2284) calcd 414.06043, found 414.062S; anal. calcd (found) C
63.72 (63.53),.H 5.34 (5.31), S 30.93 (30.02); 'H nmr (CS2+CgD¢) 7.26 and 6.98 (2m, 4H, arom.), 6.26
(s, 2H, CH=CS3), 2.16 (m, 8H, CH2-CS=), 1.71 (m, 8H, CH2-CH2); 13C nmr (CS2+ CgDg) 126.20 and
126.38 (CH arom.), 134.92 (C arom.), 110.32 (CH=CS3), 136.71 (CS2), 123.98 and 1222 (SC=CS),
26.00 and 26.08 (CH2-CS=), 23.45 and 23.50 (CH2CH?); cyclic voltam. (THF, BusNPFs 0.1M, scan rate
0.2 V.s'1), 1 irreversible peak at 0.69V.SCE.

2'y, orange plates from MeOH, m.p. 170°C; m.s. (C22H2254) calcd 414.06043, found 414.0606, anal. caled
(found) C 63.72 (63 52), H 5.34 (5.17), S 30.93 (30.67); 'H nmr (CDCl3) 7.52, 7.28 and 7.12 (3m, 4H,
arom.), 4.06 (s, 2H, 2CSz). 2.43 (m, 4H, 8CCH3), 2.25 (m, 4H, SCCHy), 1.80 (m, 8H, CH,CH,);
13C nmr (CgDg+ CS2) 121.98, 122.88, 123.80 and 125.57 (CH arom.),139.40, 135.54, 127.82, 127.07,

124.08 and 140.02 (all quatern. sp2C), 71.77 (SCS), 58.86 (CH2CS32), 25.95 and 25.07 (CH2CS=), 22.87
and 22.55 (CH2CH).
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