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A new synthesis of polyenic analogues of tetrathiafulvalene
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Summary — Wittig(-Horner) olefination of the mono(dimethylacetal) of fumaraldehyde with phosphorane or phosphonate
anions bearing a 1,3-dithiol-2-ylidene moiety, produces the corresponding (2E) 4-(1,3-dithiol-2-ylidene)but-2-enals after
acidolysis. Via a second analogous olefination or a McMurry coupling reaction, these powerful synthetic intermediates allow
easy access to various polyenic analogues of tetrathiafulvalene, in which the two dithiole moieties are separated by three, four
or five conjugated double bonds. The UV-vis spectra of these extended w-donors, as well as their electrochemical behavior,
underline the marked influence of the length of the polyenic chain on their effective conjugation and #-donating ability.

fumaraldehyde / tetrathiafulvalene / extended analogue of TTF / Wittig(-Horner) reaction

Résumé — Une nouvelle synthése d’analogues polyéniques du tétrathiafulvaléene. Divers (2E) 4-(1,3-dithiol-
2-ylidéne )but-2-énals sont isolés par oléfination de Wittig(-Horner) du mono(diméthylacétal) du fumaraldéhyde a l'aide
de phosphoranes porteurs de groupements 1,3-dithiol-2-ylidene, suivie d’une acidolyse. Grace 4 une seconde oléfination
analogue ou un couplage de type McMurry, ces intermédiaires permettent un accés facile a différents analogues polyéniques
du tétrathiafulvaléne dans lesquels les deux hétérocycles dithioles sont séparés par trois, quatre ou cing doubles liaisons. Les
spectres UV-vis de ces analogues, ainsi que leurs propriétés électrochimiques, mettent en évidence l'importance de la longueur
de la jonction polyénique, & la fois sur la conjugaison effective et sur le pouvoir donneur-w.

fumaraldéhyde / tétrathiafulvaléne / analogue du TTF / réaction de Wittig(-Horner)

Extended tetrathiafulvalene (TTF) derivatives 1-3
(fig 1), incorporating a conjugating spacer between the
two 1,3-dithiole heterocycles, are subject to intense
work in the fields of i) molecular conductors [1, 2] and
ii) non linear optics (NLO) [3].

TTF have been shown to possess interesting third order
NLO properties [3b, c].

Based on these considerations, we were interested in
a new synthesis of compounds 1 to 3 (fig 1), using,
as key precursors, the diolefinic aldehydes 4 which
are also promising intermediates for the preparation of
D-7-A systems. We report here our synthetic strategy,

In the first area, the spatial extension of the
molecules with respect to the parent TTF strengthens

their 7-donating ability, as evidenced by the lowering of
both oxidation potentials F; and E5, and also reduces
on-site coulombic repulsions in the dicationic species, as
exhibited by the decreasing of Fy — E;. Therefore in the
solid state the corresponding cation radical salts are ex-
pected to possess an enhanced dimensionality (greater
than 1) thanks to the weakening of the intermolecular
coulombic repulsions between the cationic species, re-
sulting from a lowering of their charge density as well as
to enhanced 7-bonding interactions between the donors.

In the second area, in addition to the well-known
electron-donating character of the 1,3-dithiole moiety,
useful for the designing of second order NLO-active
chromophores incorporating the donor-linker—acceptor
(D-7-A) system [4], some of these polyenic analogues of

* Correspondence and reprints

and in addition present some electrochemical features
of our target compounds which, as expected, are en-
dowed with strong w-donating ability, a prerequisite for
reaching organic metals.
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Fig 2. General synthetic pathway: i) HCO-H/CHCls; ii) 6 or 7; iii) H*; iv) 6 or 7; v) (1,3-dioxan-2-ylmethyl)tributyl-
phosphonium bromide, BuLi; vi) SiOg; vii) 6; viii) TiCls/LiAlH,.

Synthesis

Previous syntheses of compounds 1 have involved the
building of the central ethylenic spacer in the final step,
either by a thermal dimerization-desulfurization of a
thial [5, 6a], or through a titanium-mediated coupling
of an aldehyde [6]. However, both methodologies are
restricted to the building of symmetrically substituted
derivatives (R = R’).

In our approach, the central trans ethylenic link-
age is introduced with the starting material, ie, the
mono(dimethylacetal) of fumaraldehyde 5. Aldehydes 4
allow a more flexible access to asymmetrical as well as
symmetrical compounds 1, and also, after further steps,
to the other new extended molecules 2 and 3 (fig 2).

Compound 5 could be prepared according to
Grée et al by hemihydrolysis of fumaraldehyde
bis(dimethylacetal) either with perchloric acid [7], or in
the presence of Amberlyst-15 [8]. However, we observed
that it could also be conveniently produced in similar
yields by hemiacidolysis with HCO3H in the presence of
CHCl; [9]. Compound 5 was then subjected to Wittig-
(-Horner) olefination with the Akiba’s reagents [10], ie,
the P-ylids 6 or the phosphonate anions 7 bearing the
1,3-dithiolylidene moiety adequately 4.53-disubstituted.
The raw acetals 8 thus produced were then directly hy-
drolyzed in aldehydic derivatives 4 either in the pres-
ence of Amberlyst-15 or during chromatographic purifi-
cation on an SiOy column; overall yields from compound
5 ranged from 55-85% [11].

The structure of aldehydes 4, and in particular their
(E) configuration as well as é-trans conformation, were
fully ascertained by 'H NMR and IR spectroscopy,

and also by X-ray diffraction in the case of 4d. Thus,
the Ortep view of 4d (fig 3) confirms that the trans-
substituted olefinic system lies in the same ‘plane as
the heterocycle, thus providing optimized 7-electron
delocalization.

Fig 3. Ortep view of 4d.

As indicated in figure 2, these aldehydes 4 can serve
as starting materials for reaching our target donors.
Hence, a second Wittig(-Horner) olefination with the
Akiba’s reagents 6 or 7 affords the conjugated analogues
of TTF 1, the only difficulties lying in the lack of elec-
trophilicity of the CHO functional group resulting from
the strong electron-releasing effect of the conjugated
heterocyclic moiety. This drawback could be prevented
by achieving the reaction with 7 at 0 °C [12]. Sym-
metrical as well as asymmetrical derivatives 1 could be
isolated in fair to good yields (table I) after silica-gel col-
umn chromatography or, for the less soluble derivatives,



precipitation with chloroform. Of course, symmetrical
derivatives could also be obtained through a direct bis-
olefination of fumaraldehyde as demonstrated for laa
and 1bb, but the step-by-step methodology was still
preferred taking into account the difficulty in isolating
fumaraldehyde [13].

Table L. Yields of olefination to compounds 1.

Compound laa lél;o lae 1bb Wll’)e Icc 16&1(7(1

Yield (%) 57 47 46 81 70 60 8 75

In a similar manner, compounds 2 with an additional
C=C bond could also be prepared starting from the
same precursor 4. Thus, a Wittig olefination of 4 with
(1,3-dioxan-2-ylmethylene)tributylphosphorane [14] di-
rectly afforded the trienic aldehydes 9a, 9b and 9d in
approximately 60% yield after SiO5 column chromato-
graphy, the dioxolane protecting group being removed
during the purification step. As expected, the rate of
this olefination was dependent on the electronic effects
of the R substituents. With the R = CO;Me electron-
withdrawing substituent, the CHO group of 4a was elec-
trophilic enough that compound 9a formed rapidly (un-
separable mixture of Z and F isomers on the last double
bond formed), whereas with the R-R = (CH=CH), and
R = Me electron-releasing groups, 9b and 9d respec-
tively required a longer reaction time ( E-isomers only).
In the final step, aldehyde 9b was subjected to a Wittig
olefination with 6a (rt, 6 h), which afforded the asym-
metrical m-donor 2ab in a yield of 50%.

In contrast, our most conjugated systems 3 were also
produced from compound 4 via a McMurry coupling
[15]. However, only compound 3aa (30% yield) could
be fully characterized, 3bb being poorly soluble in most
usual solvents, and 3dd being very unstable.

UV-vis spectroscopic and electrochemical
properties

UV-vis spectra of the new extended w-donors, and those
of the corresponding vinylogues of tetrathiafulvalene
vITF (n = 0) [6, 16, have been recorded in methyl-
ene chloride and maximum absorption wavelengths are
given in table II. As expected, increasing the length of
the conjugating linker leads to a redshift in Amax from
393 to 444 nm (for vI'TFab (n = 0) to 2ab (n = 2)) in
the asymmetrical ab series and from 389 to 462 nm (for
vTTFaa (n = 0) to 3aa (n = 3)) in the symmetrical aa
series. Consequently, the redshift values observed when
one compares 2ab and lab (21 nm) or 3aa and laa
(42 nm), associated with the maintenance of the fine
vibronic structure (fig 4), are indicative of the absence
of any important conformational distorsions when the
m-system is lengthened [17].

The electrochemical properties of compounds 1-3
were studied by cyclic voltammetry; Epa; and Epas
values, as well as AF = Epay — Epa;, are collated in
table II (along with those of vITFaa,ab and TTFaa
[tetrakis(methoxycarbonyl) TTF] for comparison). Rep-
resentative cyclovoltammograms relating to the aa se-
ries (including the corresponding vI'TFaa) are shown
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Fig 4. Electronic spectra of compounds laa (---) and 3aa
(). 4x 107" mol L™! in dichloromethane.

Table II. Cyclovoltammetric and UV-vis data of com-
pounds 1-3: oxidation peaks (Epal) and (Epa2) are deter-
mined (V/SCE) with n-BusNPFg (0.1 mol L™}!) in CH,Cly
as supporting electrolyte, scan rate: 100 mV sec™}; elec-
tronic spectra are recorded in CH2Cls.

AE

Compound Epal Epa?2 Amaz
(V/SCE) (V/SCE) (V) (nm)
TTFaa 0.94 1.34 0.40 -
vITFaa 0.71 0.94 0.23 389
laa 0.64 0.76 0.12 420
3aa 0.56 0.00 462
vTTFab 0.62 0.90 0.28 393
lab 0.54 0.69 0.15 423
2ab 0.52(sh) 0.55 0.03 444
lae 0.45 0.61 0.16 428
1bb 0.47 0.61 0.14 424
1be 0.37 0.49 0.12 430
lcc 0.44 0.52 0.12 453
lcd 0.31 0.43 0.12 449
1dd 0.17 0.13 445

0.30

in figure 5. The AE values are linked to the DV for-
mation constant K = (D¥")2/(D)(D?*) by the classical
equation AE = 0.059 Log K, where D, D*" and D?*
represent respectively the neutral, the monocation rad-
ical and the dication states of the n-donor.

Using acetonitrile as a solvent, Yoshida et al [6b]
observed only one 2e™ reversible oxidation peak dur-
ing their electrochemical study of compounds 1, result-
ing from the coalescence of both oxidation peaks. Us-
ing dichloromethane, which allows a better separation
of the oxidation potentials [18], we observed two fairly
well separated le™ reversible oxidation peaks with, of
course, very weak values of AF, indicative of low on-
site coulombic repulsions. Looking at both the aa and
ab series, one observes a strong decrease in AF with a
lengthening of the conjugated linker [19] (from vI'TF
to 2) till coalescence (AE = 0) in the case of 3, in accor-
dance with a 2e”™ process (Epc— Epa = 30 mV [20]). In
agreement with previous results by the Japanese group
[6b], such a decrease in AE leads to a<parallel lowering
of the thermodynamic stability of D¥", the extent of
the decrease being most favored in the case of the most
extended 3.
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Another classical feature of all these compounds is
the dependence of their 7-donor ability on the length
of the conjugation, as demonstrated by the values of
Epa; which decrease from 0.62 (vITFab, n = 0) to
0.52 V (2ab, n = 2) in the ab series, and from 0.71
(vI'TFaa, n = 0) to 0.56 V (3aa, n = 2) in the aa
series. On the other hand, as expected, the nature of
the R and R’ substituents have a marked influence on
the oxidation potential (Epa; = 0.64 and 0.17 V/SCE
for 1aa and 1dd respectively), in accordance with the
electronic effects of the substituents on the HOMO [19].
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Fig 5. Cyclovoltammograms of vI'TFaa (...), laa (---)
and 3aa (—) (10_3 mol L_l) in CHQCIQ, n—BU4NPFe
(107" mol L), 100 mV sec™!, V/SCE.

Conclusion

The main results of this paper deal with a new synthetic
methodology to reach asymmetrical compounds 1, as
well as unprecedented derivatives 2 and 3, from the
diacetal of fumaraldehyde. As expected, study of their
electrochemical behavior confirms their strong m-donor
ability.

Considering the superconducting state recently ob-
served for the first time in a cation radical salt of an
extended analog of TTF [2a], m-donors 1-3 constitute
promising candidates for obtaining electroconducting
materials. Attempts to reach the corresponding electro-
generated materials are underway. Thus, electrooxida-
tion of lcc, an ethylenic analog of the famous BEDT-
TTF, in the presence of ClO; or ReOj anions, has al-
ready produced shiny copper-like microcrystals. These
materials exhibit a (1cc); /(anion); stoichiometry as de-
termined by X-ray energy dispersion, and efforts are still
underway to produce mixed valence salts.

In addition, it should be emphasized that several
aldehydic intermediates are of much interest in the
preparation of D-m-A materials prone to generating
second order hyperpolarizabilities [21].

Experimental section

High resolution mass spectra were recorded by J Orduna and
J Garin (University of Zaragoza) [22] and by P Guénot (Cen-
tre de mesures physiques de I’Ouest, Rennes). The chemical
shifts are expressed in ppm relative to tetramethylsilane as
internal reference, and the coupling constants are in Hz. IR

absorption wavenumbers are expressed in cm™!. Elemen-
tal analysis results were obtained from the CNRS (Centre
d’analyse, Vernaison).

Fumaraldehyde mono(dimethylacetal) 5

A solution of the bis(dimethylacetal) of fumaraldehyde

(19.7 g, 0.1 mol) in 350 mL chloroform was treated at room

temperature overnight with 24 mL formic acid. The solution

was washed four times with water and dried over MgSOy.

Compound 5 was purified by distillation (Bpao mBar) =

88-94 °C) and was obtained as a pale yellow liquid (12.85 g,

68% yield).

'H NMR (CDCly): 9.63 (d, °J = 8 Hz, 1H); 6.76 (dd,
3] = 16 Hz, ®*J = 4 Hgz, 1H); 6.31 (dd, *J = 16 Hg,
3J = 8 Hz, 1H); 5,03 (d, *J = 4 Hz, 1H); 3.33 (s, 6H).

IR (Nujol): 1680 cm™?.

4-(4,5-Disubstituted-1,3-dithiol-2-ylidene Jbut-2-enals 4

Depending on the nature of R, two different pro-
cedures were wused, involving either a phosphonium
salt (4,5-dimethoxycarbonyl-1,3-dithiol-2-y1) tributylphos-
phonium fluoroborate 6a [23] or a phosphonate ester anion
7b,c,d.

Hb (0]
Hd

Fig 6. Indexation of H atoms for NMR spectra of 4.

e Case of 4a

A mixture of 5 (5 mmol) and 6a (1 equiv) in 20 mL dry

THF was treated at 0 °C with excess EtsN (5 mL). After

1 h of stirring, the THF was evaporated and the residue

was extracted by CHCly and washed with water. The solid

residue obtained after evaporation was treated with 0.4 g

of Amberlyst-15 in 40 mL acetone containing two drops of

water. The reaction time was controlled by TLC (CH2Cls).

Acetone was evaporated after filtration of the solid, and

the residue was purified by chromatography over silica gel

(CH2Clz). Compound 4a was obtained as a yellow solid,

fairly stable on standing in air.

4a: Yield: 53%. Mp: 133-137 °C.

'H NMR (CDCls): 9.52 (d, Jac = 9 Hz, Hd); 6.93 (dd,
Joe = 17 Hz, Jua = 12 Hz, Hb); 6.30 (d, Jup = 12 Hz,
Ha); 6.22 (dd, Jo = 17 Hz, Joq = 9 Hz, Hc).

3C NMR (CDCl3): 192.8 (CHO); 159.2 and 159.0
(CO2Me); 146.4 (SCS); 145.4 (C-Hb); 132.1 and 130.8
(SC=CS); 127.4 (C-Ha); 111.8 (C-Hc); 53.6 (2 x CHa).

IR (KBr): 1740 cm ™' (C(OCH;3)=0); 1664 cm ™! (C(H)=0).

MS (EI), m/e: calc for C11H1005S2 285.99696, found
285.9969.

o Case of 4b—d
Phosphonate anions 7b—d (5 mmol) were generated with
one equivalent of n-Buli (1.6 M in hexane) in 20 mL dry
THF at —80 °C. A stoichiometric amount of aldehyde 5 in
dry THF was then added dropwise and the reaction allowed
to warm to room temperature. The reaction mixture was
then treated according to the same procedure as for 4a.
4b: Yield: 71%. Mp: 114-117 °C.
IR (KBr): 1711 em™?! (C=0).



'H NMR (CDCls): 9.52 (d, Juc = 8 Hz, Hd); 7.45 (m, 4H);
7.28 (dd, Joc = 14.5 Hz, Jua = 11.5 Hz, Hb); 6.71 (d,
Jas = 11.5 Hz, Ha); 5.97 (dd, Je, = 14.5 Hz, Joq =8 Hz,
He).

13C NMR (CDCl3): 1934 (C-Hd); 148.9 (SCS); 147.1-

(C-Hb); 134.6 (SC=CS); 126.9 and 122.6 (4 x aromatic
C); 126.6 (C-Ha); 112 (C-Hc).

Anal calc for C11HgOS2: C, 59.97; H, 3.66; O, 7.26; S, 29.10.
Found: C, 59.79; H, 3.80; O, 7.56; S, 28.87.

MS (EI), m/e: calc for Ci;1HgOSz: 220.00166, found
220.0010.

4c: Yield: 79%. Mp: 161-162 °C.

IR (KBr): 1649 cm™" (CO).

'H NMR (CDCls): 9.51 (d, Jic = 8 Hz, Hd); 6.97 (dd,
Joc = 14.6 Hz, Jyo = 11.5 Hz, Hb); 6.31 (d, Jap = 8 Hz,
Ha); 5.92 (dd, Jepb = 14.6 Hz, J.q = 11.5 Hz, Hc); 3.34
(s, 4H).

13C NMR (CDCls): 192.8 (CO); 148.1 (SCS); 146.3 (C-Hb);
126.1 (C-Ha); 113.2 and 112.9 (SC=CS); 110.8 (C-Hc);
29.4 (SCH2CH,S).

Anal cale for CgHgOS4: C, 41.54; H, 3.07. Found: C, 41.73;
H, 3.01.

4d: Yield: 72%. Mp: 104 °C.

IR (KBr): 1658 cm™! (CO).

'H NMR (CDClg): 9.44 (d, Jac = 8 Hz, Hd); 7.03 (dd,
Jbe = 14.5 Hz, Jua = 11.5 Hz, Hb); 6,23 (d, Jap = 8 Hz,
Ha); 5.85 (dd, Jo, = 14.5 Hz, J.q = 11.5 Hz, Hc); 1.99
and 1.90 (2s, 6H).

3C NMR (CDCl3): 192.9 (C-Hd); 153.4 (SCS); 147.4
(C-Hb); 124.4 (C-Ha); 123.7 and 123.6 (SC=CS); 108.7
(C-Hc); 13.6 and 13.2 (2 x CHj).

Anal calc for CgH1008S32: C, 54.51; H, 5.08; S, 32.34. Found:
C, 54.47; H, 4.80; S, 32.72.

MS (EI), m/e: calc for CgHi00S>: 198.01731, found
198.0176.

6-(4,5-Disubstituted-1,3-dithiol-2-ylidene) heza-
2,4-dienals 9

A solution of aldehyde 4a, 4b or 4d (2 mmol) and (1,3-di-
oxan-2-ylmethyl)tributylphosphonium bromide (2 equiv) in
10 mL dry THF was treated with 2 equiv n-BuLi (1.6 M in
hexane) at room temperature. After stirring for 1 h (for 4a)
or 3 h (for 4b and 4d), THF was removed in vacuo and the
residue was dissolved in methylene chloride, washed with
water and dried over MgSQy4. After removing the solvent,
9a, 9b and 9d were purified by chromatography over silica
gel (CH2Clz) and obtained as yellow powders.

R S Ha
| Hc
He
S
R Hb
Hd o
Hf

Fig 7. Indexation of H atoms for NMR spectra of 9.

9a (E): Yield: 45%.

IR (KBr): 1 730 cm ™! (C(OCH3)=0); 1 665 crn ! (C(H)=0).

'H NMR (CDCls): 9.54 (d, J@ = 8.0 Hz, Hf); 7.12
(dd, Jae = 15.2 Hz, Ja. = 10.8 Hz, Hd); 6.45 (dd,
Joe = 14.3 Hz, Joa = 11.3 Hz, Hb); 625 (dd,
Jeb = 14.3 Hz, Jea = 11.3 Hz, He); 6.15 (d, Jap = 11 Hz,
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Ha); 6.12 (dd, Jeq = 15.2 Hz, Jo¢ = 8.0 Hz, He); 3.86 and
3.85 (2s, 6H).

Anal calc for Ci13H1205S,: C, 49.98; H, 3.87. Found: C,
50.19; H, 4.30.

9b: Yield: 60%. Mp 130-134 °C.

IR (KBr): 1665 cm™! (CO).

'H NMR (CDCls): 9.61 (d, Ji = & Hz, Hf); 7.39-7.20
(m, aromatic H and Hd); 6.73 (dd, Joc = 14.3 Hz,
Joa = 11 Hz, Hb); 6.35 (dd, Jop = 14.3 Hz, Jeq = 11 Hz,
Hc); 6.36 (Jap = 11.5 Hz, Ha); 6.22 (dd, Jea = 15 Hg,
Je¢ = 8 Hz, He).

3C NMR (CDCl3): 197.4 (C-Hf); 152.3 (C-Hd); 143.5
(SCS); 138.2 (C-Hb); 135.5 (SC=CS); 129.7 (C-He);
126.2 and 121.8 (4 x aromatic C); 125.5 (C-Ha); 113.2
(C-Hc).

Anal cale for C13H,00S: C, 63.38; H, 4.10; S, 26.03. Found:
C, 63.14; H, 4.25; S, 25.84.

9d: Yield: 23%. Mp 90-91 °C.

IR (KBr): 1664 cm™" (CO).

'H NMR (CDCly): 949 (d, Je = 8 Hz, Hf); 7.13
(dd, Jge = 14.8 Hz, Ja. = 11.3 Hz, Hd); 6.56 (dd,
Joe = 14.3 Hz, Jpa = 12 Hz, Hb); 6.20-6.02 (m, Ha, Hc,
He); 1.99 and 1.96 (2s, 6H).

BC NMR (CDCls): 1934 (C-Hf); 153 (C-Hd); 146.6
(SCS); 138.9 (C-Hb); 128.5 (C-He); 123.6 (C-Ha); 123
(SC=CS); 110.5 (C-Hc); 13.6 and 13.2 (2 x CHj).

2,2'-(But-2-ene-1,4-diylidene )bis(4,5-disubstituted-
1,3-dithioles) 1

e laa and lab
A large excess of triethylamine was added dropwise at room
temperature to a mixture of 4a (or 4b) (5 mmol) and 6a
(5 mmol). The resulting precipitate was filtered off and
rinsed with methanol and diethyl ether to produce laa (or
lab) as an orange powder.

R
S Ha
| Hc R
R S S
Hb I
S '
Hd R

Fig 8. Indexation of H atoms for NMR spectra of 1.

a Tetramethyl 2,2’ -(but-2-ene-1,4-diylidene)bis

(1,5-dithiole-4,5-dicarbozylate) 1laa

Yield: 57%. Mp: 254-256 °C. Spectroscopic measurements
are in agreement with those obtained by McKinnon and
Buchshriber [5].

® Dimethyl 2-[4-(1,3-benzodithiol-2-ylidene )but-

2-enylidene/-1,3-dithiole-4,5-dicarbozylate 1ab

Yield: 47%. Mp: 160-162 °C.

'H NMR (CDCls): 7.24-7.08 (m, 4H); 6.13 (d, Jap = 11 Hz,
Ha); 6.06 (d, Jac = 11 Hz, Hd); 5.96 (dd, Juc = 13.6 Hz,
Jva = 11 Hz, He); 5.75 (dd, Je, = 13.6 Hz, Joq = 11 Hz,
Hd); 3.84 (s, 6H).

3C NMR (CDCl3): 160 (2 x CO); 135.9 and 135.8
(MeOOCC=CCOOMe); 133.6 (C=C-Hd); 131.5 and
130.1 (SC=CS); 128.9 (C=C-Ha); 126.7 (C-Hd); 125.9
and 125.7 (2 x aromatic C); 124.4 (C-Hb); 121.6 and
121.4 (2 x aromatic C); 115.7 (C-Ha); 114.4 (C-Hc); 53.3
(2 x COOCHs).
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Anal calc for C1sH140484: C, 51.16; H, 3.34; O, 15.14; S,
30.35. Found: C, 51.08; H, 3.35; O, 15.00: S, 30.16.

MS (EI), m/e: cale for Cy;sH1404S4: 421.97749, found
421.9753.

e lae, 1bb, 1be and 1cc
These n-donors were synthesized using a procedure similar
to that for the preparation of 4b [lae (from aldehyde 4a
and phosphonate anion 7e), 1bb (from 4b and 7b), 1be
(from 4b and 7e), and lcc (4c and 7c)].

8 Dimethyl 2-[4-(1,3-dithiol-2-ylidene )but-2-enylidene|-

1,3-dithiole-4,5-dicarbozylate 1ae

Yield: 46%. Mp: 138 °C.

'H NMR (CDCls): 6.62 (s, 2H); 6.33 (d, Ju, = 11 Haz, Ha);
6.27 (d, Jac = 11 Hz, Hd); 5.96 (dd, Jy. = 14.2 Ha,

Jva = 11 Hz, Hb); 5.76 (dd, Jo, = 14.2 Hz, Joq = 11 Hz,
Hc); 3.80 (s, 6H).

Anal calc for C14H120484: C, 45.14; H, 3.25; O, 17.18; S,
34.42. Found: C, 45.63; H, 3.16; O, 17.30; S, 33.78.

MS (EI), m/e: calc for Ci4H1204S4: 371.96184, found
371.9615.

m 2,2'-(But-2-ene-1,4-diylidene ) bis-
(1,3-benzodithiole) 1bb
Yield: 81%. Mp: 254-256 °C.

"H NMR (CDCls): 7.14 (m, 8H); 6.17 (dd. Ha and Hd): 5.97
(dd, Hb and Hc).

Anal calc for CigHi12S4: C, 60.64; H, 3.39; S, 35.97. Found:
C, 60.40; H, 3.41; S, 35.94.

MS (EI), m/e: calc for C1sH12S4: 355.98219, found 355.9825.

& 2-/4-(1,3-Dithiol-2-ylidene )but-2-enylidene/-

1,3-benzodithiole 1be

Yield: 70%. Mp: 158-160 °C.

'H NMR (CDCl3): 7.01-6.92 (m, 4H); 6.05 (s, 2H); 5.93 (m,
Ha and Hd); 5.74 (m, Hb and Hc).

Anal calc for C14H10S4: C, 54.86; H, 3.29. Found: C, 54.55;
H, 3.64.

MS (EI), m/e: calc for C14H10S4: 305.96654, found 305.9665.

m 2,2'-(But-2-ene-1,4-diylidene)bis(5,6-dihydro-

1,3-dithiolo[4,5-b][1,4]dithiine) 1cc

Yield: 60%. Mp: 228-231 °C (dec).

"H NMR (CDCls): 5.85 (dd, Ha and Hd); 5.66 (dd, Hb and
Hc); 3.08 (s, 8H).

MS (EI), m/e: calc for C14H12Ss: 435.87048, found 435.8687.

e lcd and 1dd

Compounds 1cd and 1dd were synthesized from aldehyde
4d (5 mmol) and the phosphonate anion Tc or 7d respec-
tively (5 mmol), generated with 1.1 equiv of n-BuLi (1.6 M
in hexane) at 0 °C. The resulting precipitate was filtered
off, washed with methanol and then purified by chromatog-
raphy over silica gel with CH2Cls/hexane (50:50) as eluent,
to produce the desired w-donors as orange powders.

w 2-/4-(4,5-Dimethyl-1,3-dithiol-2-ylidene ) but-2-enyl-
idene/-5,6-dihydro-1,3-dithiolof4,5-b][1.4]dithiine 1ed
Yield: 86%. Mp: 183 °C.

"H NMR (CDCls): 5.86-5.52 (m, Ha, Hd, Hb and He); 3.09
(s, 4H); 1.83 and 1.81 (2s, 6H).

Anal calc for C14H14S6: C, 44.88; H, 3.77; S, 51.35. Found:
C, 44.66; H, 3.77; S, 51.22.

MS (EI), m/e: calc for C14H14S6: 373.94198, found 373.9422.

m 2,2'-(But-2-ene-1.4-diylidene)bis(4,5-dimethyl-

1,3-dithiole) 1dd

Yield: 75%. Mp: 183 °C.,

"H NMR, (CDCls): 5.85 (dd, Ha and Hd); 5.63 (dd, Hb and
Hc); 1.94 and 1.92 (12 H).

Anal calc for C14H16S4: C,53.80; H, 5.16. Found: C, 54.07;
H. 5.39.

MS (EI), m/e: cale for C14H16S4: 312.01348, found 312.0135.

Dimethyl 2-[6-(1,3-benzodithiol-2-ylidene )heza-
2,4-dienylidene]/-1,3-dithiole-4,5-dicarbozylate 2ab

Compound 2ab was obtained from aldehyde 9 {2 mmol) and
6a (2 mmol) using a procedure similar to the preparation of
laa.

2ab: Yield: 60%. Mp: 179-181 °C.

IR (KBr): 1763-1730-1691 (CO).

'H NMR (CDCls): 7.15 (m, 4 x aromatic H); 6.04 (m, 6H
ethylenic); 3.85 (s, 6H, CO;Me).

Anal calc for CaoHi160484: C, 53.53; H, 3.59; O, 14.27; S,
28.60. Found: C, 52.83; H, 3.57; O, 13.87; S, 28.16.

Tetramethyl 2,2'-(octa-2,4,6-triene- 1,8-diylidene )bis-
(1,3-dithiole-4,5-dicarborylate) 3aa

A mixture of aldehyde 4a and 1 mL pyridine in 15 mL dry
THF, was added slowly to a suspension of the McMurry's
reagent LiAlH4(TiCls) [24] in 20 mL dry THF. The mixture
was refluxed for 2 h and was filtered off after cooling. The
solvent was evaporated and the solid residue dissolved in
30 mL CH:Clz, washed with water and dried over MgSQy,.
Compound 3aa was then purified on a short column of silica
gel (CH2Cl;) and obtained as a brown powder.

3aa: Yield: 20%. Mp: 218-220 °C.
IR (KBr): 1747, 1721, 1695 (CO).
'H NMR (CDCls): 6.3-5.9 (m, 8H); 3.84 (s, COOCHj, 12H).

MS (EI), m/e: calc for CaaHa00sSs: 540.00410, found
540.0045.

Crystallographic data for 4-(4,5-dimethyl-1,3-dithiol-
2-ylidene )but-2-enal 4d

The sample (0.12 x 0.45 x 0.50 mm) was studied on an au-
tomatic diffractometer CAD4 Enraf-Nonius with graphite-
monochromatized MoK« radiation. The cell parameters
were obtained by fitting a set of 25 high-8 reflections. The
data collection parameters (20ma.x = 50°, scan w/26 = 1,
tmax =60 s, range hkl: h 0.7, k 0.14, { 0.26, intensity controls
without appreciable decay (0.2%)) gave 1995 reflections, of
which 801 were independent, with I > 50(I) (table III). Af-
ter Lorentz and polarization corrections, the structure was
solved with direct methods which reveal all the non hy-
drogen atoms. After isotropic (R = 0.09), then anisotropic
refinement (R = 0.075), the hydrogen atoms were found
with a Fourier difference (between 0.39 and 0.19 eA~%).
The whole structure was refined by the full-matrix least-
square techniques (use of F magnitude; x, y, 2, 8;; for S,
C and O atoms and =z, y, 2z for H atoms; 140 variables and
801 observations; w = 1/a(Fo)? = [¢2(I)+(0.04F0?)?]~1/?)
with the resulting R = 0.045, R, = 0.043 and S,, = 1.54
(residual Ap < 0.27 eA™3). Atomic scattering factors were
taken from International Tables for X-ray Crystallography
(1974). All the calculations were performed on a Digital Mi-
cro VAX 3100 computer with the Molen package (Enraf-
Nonius, 1990).



Table III. Crystallographic data for compound 4d.

Formula CgoH;908S,
Mol wt 198.3
Cryst system Orthorhombic
Space group Pbca

a 7.124(5)

b 12.266(10)
c 22.658(12)
o _

3 -

V 1980(4)

Z 8

pcalc g em ™3 1.33
F(000) 832
w(MoKa) cm™! 4.68

T (K) 294
Crystal size (mm) 0.12 x 0.45 x 0.50
Radiation MoK«
Max 26 (°) 50

Scan w/20 =1
tmax (for one measure), s 60
Variance of standards 0.2%
Range of hkl 0.7: 0.14; 0.26
Reflections measured 1995
Reflections observed (I > o (1)) 801 (50)
Ring (from merging equiv refl) -

R (isotropic) 0.09

R (anisotropic) 0.075
Fourier difference 0.39-0.19
N(obs)/N(var) 801/140
Final R 0.045

Rw 0.043

w = 1/0(Fo0)? = [¢*(I) + (0.04F0%)%] 7%/

Sw 1.54

Max residual e. A%, A/o 0.27, 0.8

Supplementary material data have been deposited with
the British Library, Document Supply Centre at Boston Spa,
Wetherby, West Yorkshire, UK, as supplementary publica-
tion N® = SUP 90411 and are available on request from the
Document Supply Centre.
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