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Abstract—([2,7-Bis(octyloxy)fluoren-9-yliden]methanedithiol (la) and its tautomer 2,7-bis(octyloxy)-9H-fluorene-9-carbodithioic
acid (2a) can be isolated in pure form from the reaction of monolithiated 2,7-bis(octyloxy)-9 H-fluorene with CS, followed by pro-
tonolysis with aqueous HCIL. Compound 1a is the first isolated and unambiguously characterized gem-enedithiol. When 9 H-fluorene,
2,7-di-tert-butyl-9 H-fluorene or 2,7-dimethoxy-9 H-fluorene are used, the same synthetic procedure yields the unstable dithioic acids,

which can be converted to the piperidinium salts.
© 2004 Elsevier Ltd. All rights reserved.

The reactions of methylene active compounds XYCH,
(X and/or Y =CN, CO,R, C(O)R, C(O)NH,, NO,,
etc.) with CS, in the presence of bases have been studied
extensively.!> In a first stage, dithioates of the type
XYCHCS, are obtained, which, if the acidity of the
remaining hydrogen is high enough, may be further
deprotonated to give the 1,l-ethylenedithiolates
XYCZCS?. The protonation of these species gives
the unstable dithioic acids XYCHCS,H, which are as-
sumed to be in tautomeric equilibrium with the 1,1-ethyl-
enedithiols XYC=C(SH), in solution. However, as far
as we know, there is no report of isolated 1,1-ethylenedi-
thiols, or more generally gem-enedithiols, in the litera-
ture. Usually, 1,1-ethylenedithiolates are either
generated and used in situ for the synthesis of other
compounds,’ most commonly ketene dithioacetals,*
or isolated as alkali salts.!->° In fact, the results of liter-
ature searches using the C=C(SH), structure query refer
in most cases to alkali or transition metal 1,1-ethylenedi-
thiolates, while in one case the product was detected by
mass spectrometry’ and some examples were model
compounds used in theoretical calculations.® Addition-
ally, B-hydroxydithiocinnamic acid PhC(OH)=
CHCS,H and its substituted derivatives, which are
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obtained from aryl methyl ketones,”!'° are often repre-

sented or referred to as their dithiol tautomers PhCO-
CH=C(SH), and frequently used for the preparation
of heterocycles of pharmacological interest!! or the syn-
thetically versatile a-oxo ketene dithioacetals.!> How-
ever, these compounds have not been isolated as such
dithiols and are likely to exist in solution as equilibrium
mixtures of the rapidly interconverting tautomers I
(enethiol) and II (enol) (Scheme 1). The reported spectro-
scopic data, including those of other derivatives of the
type RC(OH)=CHCS,H,'%!3 are consistent with the
dithioic acid structure. Moreover, the predominant tau-
tomer of the structurally related B-thioxoketones in
solution is usually the enol form, which in certain cases
is the only tautomer found in the solid state.!* The dithi-
oic acid is also the preferred tautomeric structure of re-
lated compounds with an amino group in the B position,
such as 2-amino-1-cyclopentenecarbodithioic acid and
its N-monoalkylated derivatives.'>
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In the present paper, we describe the first isolation and
characterization of a gem-enedithiol, obtained by using
a synthetic procedure initially designed to prepare its
tautomer 2,7-bis(octyloxy)-9H-fluorene-9-carbodithioic
acid, which is also isolable. We also describe the synthe-
sis of dithioic acids from 9 H-fluorene and its 2,7-di-tert-
butyl- and 2,7-dimethoxy-substituted derivatives, which
were converted to the corresponding piperidinium salts.
The compounds here described are suitable precursors
for the synthesis of transition metal complexes contain-
ing the (fluoren-9-ylidene)methanedithiolato ligand or
its substituted analogues.'®

Monolithiated 9H-fluorene and its 2,7-di-tert-butyl-,
2,7-dimethoxy- or 2,7-bis(octyloxy)-substituted deriva-
tives, which can be generated in THF solution through
reaction with n-butyllithium at —15°C,!7 reacted with
CS, to give the corresponding lithium dithioates
(Scheme 2). The protonolysis of these intermediates with
aqueous HCI led to the formation of the dithioic acids,
which, according to the literature,'-> must be in tauto-
meric equilibrium with the enedithiols in solution. In
the case of the bis(octyloxy)-substituted derivative,
evaporation of the organic layer and treatment of the
residue with diethyl ether led to the formation of a
bright yellow precipitate of [2,7-bis(octyloxy)fluoren-9-
yliden]methanedithiol (1a). By storing the mother solu-
tion at —20°C for several days a yellow-orange precipi-
tate of the highly soluble 2,7-bis(octyloxy)-9 H-fluorene-
9-carbodithioic acid (2a) was obtained along with a
small amount of its tautomer 1a. To isolate pure 2a it
is sufficient to warm this mixture in undistilled chloro-
form for several hours, because in this way la com-
pletely converts to 2a. Both 1a and 2a are remarkably
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air-stable compounds, which can be stored at room tem-
perature for several months. In the other cases (R = H,
t-Bu, OMe), the evaporation of the organic layer led
to the precipitation of orange solids, which were mainly
composed of the dithioic acids 2b-d and only contained
trace amounts of the dithiols 1b-d. Satisfactory elemen-
tal analyses could be obtained for 2d, but 2b and 2¢ are
quite unstable and soon become contaminated with
decomposition products. For this reason, in order to
use them as ligand precursors, it is better to isolate the
piperidinium salts 3b—d, which precipitate upon addition
of piperidine to diethyl ether solutions of the acids. The
piperidinium salt 3a can be obtained from 2a in the same
way, but it is a sticky and difficult to manipulate solid,
which could not be purified. Compounds 3b-d are rela-
tively stable and can be stored at room temperature un-
der a nitrogen atmosphere for several weeks.

The tautomerization of the dithiol 1a to the dithioic acid
2a in undistilled chloroform occurs irreversibly and
completely after ca. 6h at 35°C. The presence of water
in the solvent is necessary for this process to take place
and, in fact, it is drastically slowed down in deuterated
chloroform, which has been previously dried over
Al,Oj5 (basic, activity grade I). Moreover, the tautomeri-
zation in undistilled deuterated chloroform (usually con-
taining a small amount of water) is inhibited if triflic
acid is added, thus revealing that the process is base cata-
lyzed. To further support this, the complete conversion
takes place within a few minutes when a catalytic
amount of piperidine (less than 2mol%) is added to
chloroform suspensions of 1a. The reverse process, that
1s, the tautomerization of dithioic acid 2a to dithiol 1a,
does not take place under acidic conditions in diethyl
ether, THF or chloroform. In spite of this, 1a is ob-
tained in a higher yield (56%) than the more stable tau-
tomer 2a (36%), which could be due to the existence of a
tautomeric equilibrium between their lithium salts” dis-
placed to the right (Scheme 2) and to the fact that the
tautomerization of 1a to give 2a is slow under the acidic
conditions of the protonolysis.

The dithiols 1b—d analogous to 1a were detected only in
trace amounts when starting from 9 H-fluorene or its 2,7-
di-tert-butyl- or 2,7-dimethoxy-substituted derivatives,
which could be due to their fast tautomerization to the
corresponding dithioic acids 2b—d under the protonolysis
conditions. Therefore, the surprising stability of 1a is
most probably an effect of the long aliphatic chain of
the octyloxy substituents, which may hinder the tauto-
merization process by preventing the water molecules
from approaching the SH groups.

The tautomers la and 2a display remarkably different
physical and spectroscopic properties. Thus, while the
dithioacid 2a is highly soluble in all common organic
solvents, the dithiol 1a is only sparingly soluble in
diethyl ether and dissolves with difficulty in chloroform
and dichloromethane. The most remarkable feature of
the '"H NMR spectra of 1a and 2a is the resonance of
the SH protons, which appears as a sharp singlet at §
4.14 for 1a, while for 2a it is observed as a somewhat
broadened singlet at ¢ 5.71, indicating that an exchange
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process takes place to some extent. The '"H NMR spec-
tra of the analogous acids 2b—d show the broad SH reso-
nance at similar chemical shifts (around ¢ 5.70). The
chemical shifts of the signals corresponding to the aro-
matic protons of 1a and 2a are very similar except for
H1 and HS8, which are shifted downfield by 0.86 ppm
for 1a with respect to 2a; this fact might be attributable
to the magnetic anisotropy of the C(9)=CS, double
bond, which produces a considerable deshielding of
the H1 and H8 atoms situated at its nodal plane. The
trace amounts of the dithiols 1b-d were identified by
the resonances of the SH protons at ca. 4.14 and the
H1 and H8 protons in the range 6 7.8-8.4. The
BC{'H} NMR spectrum of 1a shows the resonance of
the CS, carbon atom considerably highfield-shifted (J
134.4) with respect to the dithioic acids 2a-d (around
0 237) and the dithioates 3b-d (around o 263).

The solid state IR spectrum of 1a displays a weak and
narrow band at 2560cm ! assignable to v(SH) and one
intense band at 1542cm ™! assignable to the v(C=CS,)
mode. For alkali and transition metal 1,1-ethylenedithiol-
ates, as well as ketene dithioacetals, v(C=CS,) bands
are usually observed in the region 1300-1530cm~'."-®
As expected, this band is absent in the spectrum of 2a,
which shows the characteristic bands of dithioic acids:
one v(SH? band at 2520cm ™! and one v(C=S) band at
1266cm™" (absent in the spectrum of 1a). The most
important feature observable in the IR spectra of the
dithioates 3b-d is the v(CS;) band in the range 986—
996cm ™.

Additionally, the dithiol 1a displays solid state lumines-
cence at room temperature and, at low temperature
(77K), it is luminescent both in CH,Cl, glass and in
the solid state. Its emission spectrum at 77K shows
one maximum at 526nm in CH,Cl, glass, while in the
solid state a maximum at 520nm with a shoulder at
480nm can be observed. The corresponding excitation
spectra are complicated and show several maxima in
the range 300-450nm. The dithioic acid 2a and the
dithioates 3b-d are not luminescent.
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