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Synopsis. Diferrocenyl trithiocarbonate, 1,3-dithia-
[3]ferrocenophane-2-thione, and 2,2’-bi(1,3-dithia[3]-ferro-
cenophan-2-ylidene) were prepared.

Electron-rich olefins,? in which all substituents are
electron-donating groups, are interesting from the
viewpoints of both their chemical reactivities and
their physical properties. Tetrathio-substituted
ethylene derivatives attract much attention in connec-
tion with tetrathiafulvalene which forms high-
conducting complexes with DDQ,? but only a few
derivatives have been prepared.? We now report the
synthesis of tetrathio-substituted ethylene derivatives
of ferrocene through 1,1’-ferrocenediyl trithiocarbon-
ate.

Ferrocenethiol (1) reacted with 1,1’-thiocarbonyl-
diimidazole (2) in tetrahydrofuran (THF) at room
temperature to give diferrocenyl trithiocarbonate (3)
in good vyield. Similarly, the reaction of 1,1’-
ferrocenedithiol (4) with 2 gave 1,3-dithia[3]ferroceno-
phane-2-thione (5) in a 78% yield. The structure of
these compounds was confirmed by elemental anal-
ysis, mass- and 'H-NMR spectra. For example, 'H-
NMR spectrum (CDCls) of 2 showed only two signals
at § 421 (s, 10H) and 4.43 (m, 8H), due to the cyclo-
pentadienyl ring protons of a ferrocene nucleus. The
comparison of the IR and electronic spectra of 5 and
3 is interesting. The stretching frequency of the
thiocarbonyl group in 5 (975 cm~1) appeared at lower
frequency than that of 3 (1043 cm™!). In the elec-
tronic spectrum, the absorption band of 5 (424 nm)
showed a large bathochromic shift compared with
that of 3 (406 nm). These results suggest that
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there is some interaction between the nonbonding d
(egy) orbital of the ferrocene nucleus and the anti-
bonding orbital of the thiocarbonyl double bond.

The compound 5 was refluxed for 24 h with tri-
phenylphosphine to give 2,2’-bi(1,3-dithia[3]ferro-
cenophan-2-ylidene) (6) in good yield. A similar
reaction of 5 with trimethyl phosphite gave 6 in a
44% vyield. However, the reaction of 3 with
triphenylphosphine or trimethyl phosphite affords
no ethylenic compound. The compound 6 was
insoluble in almost all common organic solvents, but
slightly soluble in chloroform. The structure of 6
was determined by elemental analysis, mass (M+ m/z
520) and 'H-NMR spectra [ 4.36 (t, 8H) and 4.19 (¢,
8H)]. Attempt to prepare the charge-transfer
complex with tetracyanoquinodimethane or tetra-
cyanoethylene and oxidation with silver tetrafluoro-
borate in chloroform were unsuccessful.

Experimental

Materials. Ferrocenethiol,¥ 1,1’-ferrocenedithiol,®
and 1,1’-thiocarbonyldiimidazole® were prepared according
to the literature.

Diferrocenyl Trithiocarbonate (3). To a solution of
ferrocenethiol (1) (0.40 g, 1.8 mmol) in Ng-saturated THF
(10 cm?®) was added 1,1’-thiocarbonyldiimidazole (2) (0.19 g,
1.08 mmol). The solution was stirred for 2h at room
temperature. After evaporation, the residue was chromato-
graphed on silica gel by elution with toluene to give
diferrocenyl trithiocarbonate (3) (0.35g, 81%) as orange
crystals. Recrystallization from benzene-hexane gave an
analytically pure sample as orange leaflets, mp 193—
194°C. Found: C, 52.90; H, 3.91%. Calcd for Ca1H1sSsFes:
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C, 52.74; H, 3.79%. MS (75eV): m/z 476 (M+, 100%). IR
(KBr): 1043 cm™t. UV-VIS (EtOH): Amax 406 nm (log ¢ 3.09).
IH-NMR (CDCls): 6=4.43 (m, 8H) and 4.21 (s, 10H).
1,3-Dithia[ 3[ferrocenop hane-2-thione (5). To a solution
of 1,1’-ferrocenedithiol (4) (1.74 g, 7 mmol) in Nz-saturated
THF (100cm3) was added 2 (1.46g, 8.2mmol). The
solution was stirred for 1h at room temperature. After
evaporation, the residue was chromatographed on silica
gel; elution with dichloromethane gave the title compound
5 (1.59g, 78%) as red orange crystals. Recrystallization
from benzene gave an analytically pure sample as red
plates, mp 195 °C (dec). Found: C, 45.18; H, 2.79%. Calcd
for C11HsSsFe: C, 45.21; H, 2.76%. MS (75eV): m/z 292 (M*,
100%). IR (KBr): 975cm™1. UV-VIS (EtOH): Ay 424 nm
(log ¢ 3.18). 'H-NMR (CDCls): 6=4.54 (t, 4H, J=1.8 Hz)
and 4.36 (t, 4HJ=1.8 Hz).
2,2'-bi(1,3-dithia[ 3 [ferrocenop han-2-ylidene)  (6). A
solution of 1,3-dithia[3]ferrocenophane-2-thione (5) (0.20 g,
0.7 mmol) and triphenylphosphine (0.23 g, 0.88 mmol) in
anhydrous toluene (5cm3) was refluxed for 24h under
nitrogen. After keeping at room temperature overnight,
the resulting crystals (123 mg, 68%) were filtered. The
yellow crystals were recrystallized from a large volume of
chloroform. mp 250 °C. Found: C, 50.97; H, 3.28%. Calcd
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for CaaHi6SeFea: C, 50,79; H, 3.10%. IR (KBr): 3070, 1410,
1164, 1025, 895, and 815cm~1. 'H-NMR (CDCl;3): 6=4.36
(t, 8H, J=1.8 Hz) and 4.19 (¢, 8H, /=1.8 Hz).

A solution of 5 (0.20g, 0.7mmol) and trimethyl
phosphite (0.1 cm3, 0.85mmol) in anhydrous benzene
(5cm3) was refluxed for 2h. After a similar work-up
described above, yellow crystals (80 mg, 44%) of 6 were
obtained.
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