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RESULTS TOWARDS SYNTHESIZING THE
POTENTIAL ZLECTRICAL CONDUCTQOR POLY(1,2-DI-
THIOLO-1,2-DITHIOLE-2,6-DIYLIDENE)

E. FANGHAIEL, A, M, RICHT:ZR, B, KORDTS AND

N. BEY:Z

Department of Chemistry, Technical University
DDR-4200 Merseburg, GDR

Abstract  Complex-catalyzed polymerization of bis-
alkylthio-acetylenes 4 with nickel catalysts leads
to the poly(bis-alkylthio-acetylenes) 2 (P=: 3-
50). The influence of the catalysts, oF th8 struc-
ture of the monomers and of the sclvent on the
polymerization is described., The polymers 2 are
insulators and become semiconductars by doping
with electron acceptors. Compounds 2 decompoge
thermically at temperatures higher than 250 “C by
a splitting off of dialkyldisulfides, dialkyl-
sulfides and alkanethioles, By laser-induced
pyrolysis electrical conductors are formed.

The 4 are useful starting compounds for synthesi-
zing dimeric 1,4-dithiafulvenes 8.

The 1,2-dithiole-thione 3a is available from 2,3-
di-tert-butylthiofumarates or perchlorcbutadiene
with sulfuration reagents. The reactions of 3a
with electrophiles and nucleophiles are studied.
From 3a, the 3H,6H-2,5-bis-aryl-1,2-thiazolino[5,4-
a 1,2-thiazoline-3,6-dithiones 28 are easily ob-
tainable. Their isomerization to the 3H,6H-3,6-
bisarylimino-1,2-dithiolo[4,3-c]1,2-dithioles 30
and vice versa, 1s described,

INTRODUCTION

In 1973 the high electrical conductivity of the TTF-

TCNQ charge~transfer complexes was found.1 This gave a

powerful impulse to many work groups all over the world

to deal with the synthesis and characterization of

electrical conducting organic materials. The best re-

sults were cbtained with reversible redox donors con-
165
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taining sulfur and selenium,
In these materials the chalcogene atoms play a very
important role both as a component of the single donor
molecule and also as coordinators between the differ-
ent donor stacks in the solid state. A highlight of
this development was the synthesis of the superconduct-
ing tetrachalcogenafulvalen complexes.2

In 1977 it was found that the resistance of the
well known semiconducting polyacetylene decreases dra-
matically if it is oxidized under controlled condi-
tions. This "doping" - e. g. with bromine, iodine or
AsF5 - leads to polymers with metal-like properties
and conductivities ot up to 10% sen” 1,3 Later many
other polymers were doped, but the high conductivity
of polyacetylene could not be reached. (Recently, a
Ssem™! has been reported 3).
The polymer ot the type 1, the poly(dithiolo-dithiole-

3,6-diylidene), is also a polyscetylene in which each

conductivity of 10

carbon atom is substituted by an easily polarizable

sulfur atom,
S—S5

A
Y

1
From this polymer we expect the following properties:
planarity of the chain; an effective electronic inter-
action, both between sulfur atoms of neighboring
dithiole rings and also between different polymer
chains and a reversible redox behavior., We therefore
suspect that it might have high electrical conductivi-
ty. These expectations are supported by the quantum
chemical computations of HARTMANN, 4 He found, on the
basis of a modified HMO-calculation, that in polymers
of the type 1 the HOMO und LUMO overlap.
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The polymer 1 represents one possible structure of
poly-carbonmonosulfide that was prepared by DEWAR and
JONES in 1910 by a spontaneous polymerization of mono-
meric CS, 5 (For more information see 6.) However, the
real structure of poly-carbonmonosulfide is still un-
known,

In 1986 ARMAND 7 published the synthesis of poly-
mers with the structural elements of a dithiolo-di-
thiole-diylidene. He started with a polymer consisting
of a chain of sp-hybridized carbon atoms, which was
activated with lithium and then thiolated by sulfur.
The resulting polymers, which can be synthesized with
a variable sulfur content ranging from 0.15 to 1 per
carbon atom, seem to be an attractive electrode ma-
terial for batteries with a high capacity and energy
density,

In order to synthesize the polymer 1 we selected
two different courses of action,

S—¢§ J—

S S SR

XA\ A P e = — <)
\ n n

S—5§ S—2=¢ SR
3 i 2
® 1
Y, X: 0,S, SR

The first one was to synthesize polyacetylenes 2, then
to remove the organic groups R and finally to connect
the 1,3-standing sulfur atoms, The second way was to
synthesize the "monomeric” dithiolo-dithioles 3 and to
convert them into the target polymer. This paper deals
with the results of both strategies and the chemistry
of the compounds 2 and 3.



18: 54 29 January 2011

Downl oaded At:

168 E. FANGHANEL et al.

SYNTHESIS AND PROPERTIES OF POLY(BIS-ORGANYLTHIO-

ACZTYLENES) 2

Before we started our work polymers of the type 2
were unknown, There had only been reports about the
polymerization of some mono-arylthioacetylenes.

These polymerizations were catalyzed with Lewis-acids
or carried out thermically, Our attempts to use such
conditions to polymerize bis-organylthio-acetylenes 4
were unsuccesful, Only oils were obtained.

Commonly used catalysts for acetylene polymerization
are described by SHIRAKAWA ° (aluminiumalkyls/
titaniumalcoholates) and by LUTTINGZR 10 (Ni(II)-
complexas/NaBH4). Such systems do polymerize the bis-
organylthio-acetylenes 4, but side-processcs such as

the splitting off of the organyl and organylthio groups

were observed,
We found simple Ni(II)-complexes of the type 5, -
allyl-Ni(II)-complexes of the type 6, and some Ni(O)-
complexes 7 to be suitable for the polymerization of
4.

RS

RS—s =+ — SR catal.
ST = solv. Xyh
L 2

- £ SR

24| s|x| L 5: LyNiX,

a | Me alci| P(Ph

b | &t b | Br| P(Ph, 6: [<nigrl,

c yn-Prop c}1 | P(Pn)

d |i-But  d|Br[P(n-Bu)y 7. Ni[P(oPh)],
e | CHPh e[ Br| PhyP-CH,-

f

c-Hex
solv.  MeOH, THF, MeCN, CHCl,
In particular, the systems 5 are of practical in-

terest. They are very cheap, easy to produce and
stable against air,
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A series of bis-organylthio-acetylenes containing
different-sized substituents R were polymerized. The
results of the polymerization with bis~triphenyl-
phosphine-Ni(II)-bromide 5b as catalyst are summari-
zed in table 1 .
TABLE I Poly(bis-alkylthio—acetylenes)ga): number
average molecular weight, degree of polymerization
and yield dependence from solvent and the struc-
ture of the acetylenes 4; catalyst: 5b

2,4 solvent Mﬁ Pﬁ yield
(%)

a THF 4380 37°) 92°)

a MeCN 3120 26 40

b THF 1260 9 23

b MeCN 1130 8 75

c THF 3410 20 32

c MeCN 2350 14 24

d THF 4450 22 9.5

d MeCN 2420 12 15

e THF 856 3 32

e MeCN 840 3 60

f MeCN 825 3d) 15

a) temperature: 20 °C; time: 72 h; molar

b) the

ratio of catalyst to monomer: 1/70;
values of M and Pﬁ represent the fraction
insoluble in THF; ) whole yield (fractions
soluble and insoluble in THF); d) polymeri-
zation at boiling temperature of the solvent;

reaction time: 2h
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The products are brown to red-brown solids which ar

e

easily soluble in halogenated hydrocarbons. The elemen-
tal analysis corresponds to the expectations. Table 1

only considers the solid products. The oily products
which are also formed are disregarded. The molecular
weights were estimated by vapor-pressure osmometry,

TABLE II Polymerization of bis-methylthio-
acetylene 4a to poly(bis-methylthio-
acetylene) gga) ; number average
molecular weight, degree of polymeri-
zation and yield dependence from the
solvent and the catalyst

solvent cat. 2a

Mﬁ P_
yield (%) n

b) c) d) b) c) b) «¢)
THF Sa 2.4 2.4 4,8 5000 3200 42 27
THF Sb 18.6 15.7 34.3 4500 2390 38 20
THF 5c 33.5 13,0 46.5 3190 1980 27 16
MeCN 5a 31.7 O 31.7 3600 31
MeCN 5b 40.8 O 40.8 2950 25
MeCN 5¢ 28,5 O 28.5 2540 21
MeOH 5a 39.4 O 39.4

MeOH 5b 39,7 O 39,7

MeOH 5¢ 42,6 O 42.6

MeCN 5d 27 0 27

MeCN Se 5 0] 5

a) temperature: 25 °C: time: 25 h; molar ratio of
catalyst to monomer: 1/100; b) fraction precipitated
during polymerization; c) fraction precipitated with
methanol; d) sum from b) and c)



18: 54 29 January 2011

Downl oaded At:

SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS 171

There is a clear tendency, whereby the bulkier the
groups R, the lower are both the yields and the molec-
ular weights, A possible reason may be the sterical
hindrance of the polymerization process by the groups R.
Secondary aliphatic groups completely suppress the
polymerization at room temperature, but the yields are
low even at elevated temperatures. The yields also
depend on the solvent, but no regularities can be seen.
Using the example of bis-methylthio-~acetylene 4a,
the influence of the catalyst on the polymerization
was investigated, The results are shown in table 2.
In the range of the Ni(II)-halide-complexes the iodide
5c is the most active, followed by the bromide 5b.
This graduation in catalytic activity was also found

by others, 11

The average molecular weight of the
polymers obtained increases from the iodide to the
chloride complex. The differences between the complexes
are leveled out in solvents where the complexes
dissociate into their components, e, g. when in metha-
nol. In this solvent the metal ions are equally coor-
dinated, and consequently, there are no big differen-
ces in the catalytic properties. (In contrast to other
solvents, it was found that in methanol products with
a low solubility were obtained, and therefore an
estimation of the molecular weight by vapor pressure
osmometry was impossible). The stability of the Ni-
phosphine-bond has a great influence on the catalytic
activity, The stronger the metal-ligand-bond, the
lower is the catalytic activity (catal. 5d, 5e).

The Ni(II)- and Ni(O)-complexes & and 7 show catalyti-
cal activity comparable to the simple Ni(II)-complexes

5. From a practical point of view they are not so

interesting, due to their poorer availability and
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reduced stability against air and moisture,

In our concept of the polymerization mechanism we
follow results from the literature, 11, 12 We suppose
a coordination of an acetylene molecule on the catalyst
followed by the insertion of the acetylene in a ligand-
metal-bond. Indeed, we have isolated a 1-to-1-complex
of 5b and the acetylene 4a. The next steps in the
polymerization are the coordination of a further mole-
cule of acetylene and its insertion into a carbon-
metal-bond, and so on., The molecular weights of the
polymers, however, are low, and in comparison to many
other polymerizations, a large amount of the catalyst
is necessary for high yields of the polymer (acetylene
to catalyst - 70:1). There must be some rupture
processes that limit the polymerization. One possibil-
ity is the cleavage of the organyl-sulfur-bond. In
fact, in the case of 4e we found that benzylbromide was
formed when we tried to synthesize the complex between
this acetylene and the complex 5b.

The solid state 13

C NMR spectra of the polymers 2
show the expected ratio of sp /sp -hybridized carbon
atoms, This verifies the structure of these compounds
as polyacetylenes, In comparison to the unsubstituted
polyacetylene (knax 700 nm) the UV-YIS3 sgpectra of
2 show a maximum near 250 nm and broad absorptions of
low intensity up to 800 nm., This indicates a highly
twisted polymer backbone but no large conjugated J-
electron-system, This non-planarity may be the reason
for the insulating properties of polymers 2 (Gﬁ 10'15
Scm—l).
The low chemical stability of the halide-doped
polymers may be a consequence of the basicity and

nucleophilicity of the anions formed. If the polymers
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are doped with antimony(V)-chloride, more stable hex-
achloroantimonates are obtained. Also, with a large
excess of dopand, no more than one anion per four mono-
mer units could be introduced into the polymer. The

products formed have a spin density of about 1021

spins/
mol monomer unit. This indicates that closed shell
cations predominate. The conductivity of these compounds
is 10”2 sem”L,

We tried to achieve the reductive dealkylation of
2e with sodium in liquid ammonia. Unfortunately, both
the sulfur-alkyl-bond and the sulfur-polymer backbone-
bond were cleaved off,

Other modifications of the polymers were the alkyla-
tion of the S-atoms under formation of sulfonium-ions
and the oxidation with dinitrogen-tetroxide to poly-
meric sulfoxides. In both cases products with conduc-

tivities of about 10°20 sem?

were obtained.

The polymers 2 ars photo-crosslinkable when they
are irradiated with light up to 500 nm., The products
formed are insoluble in common solvents. The cross-

linking was detected by eolid state 13

C NMR spectros-
copy as a change from the spz—hybridized to sp3-hybri-
dized carbon atoms.

All the polymers 2 synthesized have a low thermal
stability. DTA-investigations show a decomposition
maximum at about 300 °C, independent of the polymer.
This process is exothermic., Dialkyldisulfides, dialkyl-
sulfides and mercaptanes are mainly formed as gaseous
splitting products corresponding to the groups X, The
residue is a black solid insoluble in all solvents,

It is mainly composed of sp2~hybridized carbon atoms
and sulfur atoms.
If thin layers of the polymers are irradiated with
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laser light (argon ion laser, 488 nm), a pyrolysis
also occurs., The resulting tracks have a metal-like
shine and electrical conductivities of about 100 up to
500 Scm™?
than for the starting polymer, This pyro-conversion can

. That is about 15 orders of magnitude higher

be carried out with the high scanning speed of 5 to 8
meters per second and is of interest for producing
circuit boards,

In our doping experiments of the polymers 2 with
bromine we found a formation of deep blue colored salts
when the monomers 4 were treated with bromine. These
salts are reducable with zinc. The bromination products
of 4a were investigated more precisely. Their reduction
yields a mixture of about five light-yellow colored
compounds., All these compounds are reversibly oxidi-
zable and re-reducable. \le isolated the main product
by column chromatography. The structure 8 follows from

13

X-ray analysis, The results of the C NMR spectros-

copy are 1in agreement with this structure. In the

dimer 8 both the molecule halves are twisted against

each other with an angle of 79,5 ©, The oxidation leads

to the di-cation 10 via the mono-cation-radical 9. The

electrical conductivity of 10 is 1072 sem”1.

H;CS SCH:

HiCS ==+~ SCH; —» 2o I ScH
. (ACN) 3
¢ H,Cs

hcs SCH,8
10

4 702 nm

e~
HiCs i SCH,
— s
s
Hes ] _ \H/ CHy e HJCSI SCH3
- SCH,
Hes' \oANscwy € s I
H3CS SCHy

o 645, 980 am
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The polymers 2 are useable as active electrode
materials in electrochemical elements. The experiments
were carried out in cells with lithium as counter and
reference electrode, propylenecarbonate/lithiumperchlo-
rate as electrolyte and a polymer/carbon-black/PTFE-
mixture as working electrode. The polymers 2 can be
negatively and positively charged. After a formation pro-
cess (about 3 cycles) the cells work reversibly and
have a capacity of 62 mivh/g for the reductive and 160
mith/g for the oxidative charge and discharge (values
are related to the active electrode material).

ATTEMPTS TO SYNTHESIZE 1,2-TTF WITH AN EXTENDED -
ELECTRON-SYST:M

As mentioned above, our second strategy for synthesi-
zing the polymer 1 was to start with "monomeric" di-
thioles 3. The formation of 1 from these monomers
consists in the formation o+ 1,2-TTF-units, Syntheses
of 1,2 TTF were described by BEHRING.R 12, Pcp:rsin 14
and PAPAVASSILIOU °; 16

A common way to 1,2-TTF is the reductive dimerization
of 3-chloro- or 3-alkylthio-substituted 1,2 -dithiol-
ium-salts.

for more details sce also,

The first dithiolo-dithioles described were the

bisacylimino-derivatives 11. 17

But unfortunately,
all attempts to remove the acylimino- or acyl-groups

failed.

S—S 0
e

0 S—S 1
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We found tha:t a lot of lineary C4-compounds activated

oy multiple bonds, halogensubstituents and/or car-

bonyl groups, e.g. 12a-c, yield the 3H,6H-1,2-di-

thiolo 4,3-c 1,2-dithiolo-3,6-dithione3a when they are
sulfurated. 12b generates the best results with a yield
of about 15% 18. However, this way cannot be recommen-
ded for obtaining 3a on a larger scale because the ester
12a must be prepared in a multi-step synthesis. In the
thiolation of perchloro-butadiene 13 with sodium penta-
sulfide in DMF we found a convenient one-pot-synthesis

of 3a, with yields of up to 307 of the theory. 19

¢

MeG:C\K‘\COZME
Cl

29

X s—s a
PSi s NgSs
MEOZC%COZME . S)\(kf v Z NN
S ay 5—35 a o«
)\ _ 3¢ 13

The dithione 3a is a violet, crystalline compound.
The structure follows from the elemental analysis,
mass spectrometry, IR and UV-VIS spectroscopy. The
results of PPP-calculations agree well with the
UV-VIS spectra measured. 20

The reductive dimerization of the dithiolo-di-
thiole-system was the first step we were interested
in. For this purpose the dithiolo-dithiolium-salts
3d-f were prepared by alkylation of the dithione 3a
or the monothione 3b., The latter was obtained by

heating the dithione in concentrated sulfuric acid.
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If mercury(Il)-acetate is used as the desulfurating
agent, di-one 3¢ is the main product. All alkylation
products, especially 3e , are very electrophilic and
can be easily dealkylated. They are reducable with
zinc dust or aqueous Ti(III)-chloride solution. In the
case of 3f the dimer 14 could be isolated. The struc-
ture elucidation is based both on correct elemental
analysis and on IR and Uv-VIS gpectroscopy. The spec-
tra of 14 are similar to those of simple 1,2~dithiole-

3-ones,
S—-5S
sto‘ ) Haglac),
AN T A ~S 07~
S—S S—S S—S
Anax 524 nen S 476 nm # 434 nm 3¢

(ACN) lo,s(om,), (AcN) lo(cu,),aﬁ (ACN)

S—S S——5

S%/scm ~ SCHy
B

s x° s—~=g gre
1543 0m 3d 464 nm

S——
(ACN) lO(CH,)]BF,. tacn) 3! \
red.

H;Cs%/sma CHy

o | S
2 BF,
X s 504 o 2 O)\[Aé\r)\fo
max Je i "
>

(ACN} = S—-—5 H S—
3

‘le tried to split off the methylthio-groups with sev-
eral electrophiles; but either many products were
formed (e.g. with sulfuric acid, oromine/zinc or
zinc/acetylchloride) and no defined products could

be isolated, or the dimer was halved (with bromine,
silver-ion, antimony(V)-chloride or others). Obvious-
ly, it is more attractive to regenerate the "mono-
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meric" dithiolium-ion 3f than to extract the methyl-
thio groups under formation of the corresponding di-
cation of 15. A possible explaination may be the very
high electrophilicity of this dication and the steri-
cal load of the single bond between the former mono-
mers, Such oxidative de-dimerisation has also been ob-
served in the case of simple 1,2-dithiole dimers, 21
Unsuccessful experiments for a reductive conversion
of 14 to 15 (e.g., with triphenylphosphine or zinc)
may be explained by the instability of the S5-S-bond
of the non-aromatic dithiole-ring in 14.

As model structures for studying the conversion of
a 1,2-dithiolium salt with an extended T -electron
system to the corresponding 1,2-TTF, we synthesized the
cations 18. Starting from 1,2-dithiole 16 22, conden-
sation with the heterocyclium-salts 17 and following
alkylation, many compounds of type 18 were synthesized.
Reduction was tried with zinc dust and with an aqueous
solution of titanium(III)-chloride. Using zinc as the
reducing agent the zinc complexes 19, but not the di-
mers were formed. The complexes 19 arc deep violet to
blue colored compounds soluble in halogenated hydro-
carbons. They can be re-oxidized to the dithiolium-
ions 18. The reduction of a tetramethylene substituted
18 with titanium(III)-chloride in DMF gave a high yield
of the dimer 20; but also in this case the attempts
to convert 20 into a 1,2-TTF failed. Reduction of 20
with zinc dust, also in the presence of bromine as an
extractor for the MeS-groups, yields the zinc complex
19. Attempts to achieve an oxidative extraction of the
methylthio groups with bromine or other oxidants gave
the monomeric dithiolium salt.
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S
T Jehd j\‘
r‘.y ICNQ
I By
py :

Or I
W
S—S

Therefore, the chemical behavior of the donor substi-
tuted dithiolium-salts 18 is similar to that of the
acceptor substituted ones 3e-f. With both types of
dithiolium-ions we wsre not aole to get 1,2-TTF with
an extended Jl-electron system,

~oi this reason, we looked for other possibilities
to convert 3a or the 1,2-dithiolium-ions 3d-f into
potential electrical conductors. e therefore conden-

sed these compounds with some C- and H—nucleophileszs.

3 @

e
" PN NP NMe;

@ P .
NMe; Me,NZ S5 26 Aoy E15 Am
@
s ~NMe, X1 Amex

3at 25 670 nm

= L 26| 5|63 nm

‘Jith the 2-benzylidene-1,3-dithiole 21 the deeply

colored polymethinedyes 22,23 and with dimethyl-
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aniline the compounds 24-26 were ootained. Another
class we used for the condensation werc the aromatic
amines 27. ‘/hen the reaction was carried out in ace-
tic acid, the dis-imino-dithiolo-dithioles 30 were
formed, In less polar solvents, e.g. tolucne or te-
trachlorocthane, the isothiazolino[5, 4-d] isothiazo-
lines 29 were obtained., The monoimines 28 were

isolated as intermedia:cs.,

7T Artiny 27 [ ATNH, “N-s
< S g AN NAT _H:S'-»b §P N 2S5
S—S 4 S—S SN, =
I“TCNQ;ng(uc): CHACOOH;
Ar\N .
T H* (HCI £ CH,C1,) T
AT A T E— AN AN N e NAT
S—N 29 5—5S

EY

Ar: Ph; 4=CHy=Ph; 4—CH,0-Ph

The isothiazolino-isothiazolines 29 represcnt both a
new heterovbicyclic system and the HN-aryl-isothiazo-
line-3-thiones first descrioed., The structurz of the
compounds 29,30 follows Trom the mass spectrometry
(molecular peak). The fragmontation pattern of 29

and 30 differs, only 30 show a Sz—fragmentation and the
backbone of the molecule - Ar-N=C=C=C=L=N-Ar*- is a
dominant fragment ion. The IR data (vC=N in the cas2 of
ég,?ics in the case of 29) are also in accordanczs with
the structure proposa2d, The long wavelength absorptiion
maximum of 30 lies at smaller values than that of 29.
This agrees with PPP-celculations,

The dications 22,24 and the neutral molscules 30 are

of intercst as possiole components in reversible

rzdox systcms. Investigations in this field ars in

progress.
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“rom simple N-alkyl-1,2-dithiole-3-imines it is
known that they can be transformed into the isomeric 2-
alkyl-1,2~thiazoline-3-thiones, and vice versa.23 There
is also an equilibrium between the compounds 29 and 30.
The bis-imines 30 are favoured in more polar solvents

and in the presence of protons, whereas in less polar

solvents the isothiazolino-isothiazolines 29 are favoured

The rearrangement is reversible and can be catalyzed oy
protons in the presence of weak nucleophiles, e.g.
iodide or thiourea. In the presance of larger amounts
of protons or of oxidants such as iodine, bromine, TCNQ
or Lewis acids, the conversion of the 239 into the vis-
imines 30 is complete.

The isothiazolino-isothiazolines 239 generate some
further interesting reactions, explained here with the
example of the unsubstituted phenyl derivative. The
alkylation with methyl iodide immediately produces the
imino-dithiolo-~isothiazolium salt 31.

Ar

SN—s S5
I CH3I ~ )
sNF P Ar-Ph " AP NS S e
- | X
9 Ar G)\Ar ki
+HL, [ +H,0
~H.C ~-HI
S—5 5—35
AT P SCH3 PTC {HO®) AT PN SCH;3
: NI CHyI : i
H N
HC” N0 A ~ot NN,

The alkylation is connected with a rearrangement of one
thiazoline ring to the 1,2-dithiole ring proven by the
absencs of the thiocarbonyl band in the IR spectra. The
isothiazolium salt is unstable against water. The
sulfenic acid 32 is formed by a ring opening reaction.
The stability of this sulfenic acid - the pK-value is
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8.4 - is caused by a hydrogen bonding between the
hydrogen of the hydroxyl group and the nitrogen of the
imine group. The hydroxyl group can easily be removed
from the sulienic acid by acatyl chlorids or hydrogen
iodide and under ring closure the imino-1,2-dithiolo-
iso-thiazolium salt 31 is reformed. As expected, the
alkylation oi the sulfenic acid by methyl iodide in
the presence of a base gave the sulfoxide 33. The 14
NMR spectrum, the IR and the mass spesctrum are in
accordance with the sulioxide structure.

Zvery attempt to obtain a structurally defined
polycarbonmonosuliide failed. Thereforz, we concen-
tratzd our activities on a reduced cyclic hexamor of
carbonmonosulfide, the benzenehexathiolatz 34. This
compound is of great interest both as a complex ligand
and as starting matcrial for synthesizing new 1,3+
TTF types., The hexacnion 34 has been known for some
years and was obtained in HMPT soluitions by reduc-
tion of hexukis-isopropylthio-benzene with sodium 24
The isolation of a purc produci 34 was not described.
In the reduction ov hexakis-benzylthio-benzene in

liquid ammonia we found & convenient way to purec J4.

2.P{OEY;

?R SR o
S S S S
= N\ S
0 I 0
OO0 Sﬁ;
SR SR \s
k3

j 1.Ho(ac),
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We were first interassted in the highly symmetrical tri-
4,5-(1,3-dithiolylenes).55 Thesa compounds arz both
building olocks for the synthesis of new TTF and pre-
cursors o7 organic ferromagne:s.

The hexz-sodium benzene-hexathiolate 34 reacts with
phosgene and its heteroanalogues co the tri-4,5-(1,3-
dithiolylcnes) 35a-c. Thesa compounds ware idontified
and charucterized by UV, IR and mass spectrometry.25
In the mass spactra o7 35a and ,55c the formation of 36
was ovserved., This is a veiy incercsting molecule doth
from a theorziical and a synthetical point of view,
and will be & subject of our future work. The reaction
of 34 with czrbondisulfide in DMF 7ollowed by alkyl-
ation leads to the te:crathia-s-indacene 37 26, a
pracursor for the synthesis o/ polymeric TTF. For this
puirpose 37 was desuliurated with mercury(Il)-acetate
and the corrcsponding di-one was dimerized to 38, a
revarsibl: redox system. More detailed chemical and
speciroscopical charactierizations of the compounds are

34-58 in prograss,
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