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The monoanion of the alkanedithioic acid 1a is oxidized with
hypervalent iodine compounds to form the 1,2-dithiine 6, the
monoanion of 1b yields the 1,2,4-trithiolane 7 and the di-
anions 2b, ¢ fumish the 1,2,4,5-tetrathianes 3b, c. With di-
phenyltin or dimethyltin dichlorides 8 the monoanions of 1b,
¢ afford the monothioacyl or bisthioacyl organotin sulfides
10a—c or 11a, b respectively. When treated with lithium he-
xamethyldisilazane, 10b undergoes an intramolecular cycli-
zation to the 1,3,2-dithiastannetane 9b; 10a is deprotonated
by triethylamine to the 1,3,5-trithia-2-stanninane 13. The di-
anion 2c¢ reacts with diphenyltin dichloride 8 to yield the

1,3,2-dithiastannetane 9d, with dimethyltin dichloride the
1,2,4-trithiolane 16 is formed. 9d is cleaved by thionyl chlo-
ride, sulfur dichloride, and disulfur dichloride to give a com-
plex mixture of the 1,2,4,5-tetrathiane 3¢ and the cyclic poly-
sulfides 1,2,3,4,5,6-hexathiepane 18, 1,2,3,5,6,7-hexathio-
cane 19 and the 1,2,3,5,6-pentathiepane 20 in varying
amounts. Reaction of the dianion 2b with thionyl chloride
leads to the formation of the 1,2,4,5-tetrathiane 3b as main
product; byproducts are cyclic polysulfides, the 1,2,3,5,6-
pentathiepane 21 and the 1,2,3,4,5,6-hexathiepane 22.

Alkanedithioic acids 1 with at least one hydrogen atom
at the o carbon are readily deprotonated by strong bases to
the corresponding dianions 2. In most cases commercially
available #-butyllithium can be used as a base. Chemical
reactions of the dianions 2 have hardly been studied so far.
In a previous paper we described the addition of 2 to car-
bon disulfidel!!. Here we report on further reactions of 2
with organic and inorganic compounds of iodine, sulfur,
and tin!%,
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Reactions with Hypervalent Iodine Compounds

Monoanions of dithio acids and enthiolates of dithio es-
ters have normally been oxidized by elemental iodine or
hexacyanoferrates(ITI). The products formed were open
chain or cyclic organothiacyl disulfanes or o,B-unsaturated
disulfanes?); sulfur heterocycles such as dithietanes®! and
1,2,4-trithiolanesl %) were also isolated. Oxidation reactions
of dithioacids dianions have not been studied so far.
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o, a-Disubstituted species such as 2b and 2c¢ react with
[bis(trifluoroacetoxy)iodolbenzenel”l to give the expected
1,2,4,5-tetrathianes 3b, ¢ in moderate yield. a-Monosubsti-
tuted species such as 2a were only converted to a complex
mixture of decomposition products. The structure of 3 is
based on analytical and spectroscopic data. The quaternary
carbon atoms C-6 and C-7 show a difference in chemical
shift of about 10 ppm in the '*C-NMR spectra. The lower
field signal was assigned to C-7 due to an observed coup-
ling (3J = 3.8 Hz) between the ortho protons of the phenyl
ring and C-7 in a '3C-,'H-gated decoupled NMR spectrum
of 3c. 3b and 3¢ were also obtained in reactions of the cor-
responding dianions with thionyl chloride; in addition, 3¢
is also accessible with disulfur dichloride.
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Up to now only a few 1,2,4,5-tetrathianes of type 3 have
been described in the literature, R! and R2 representing
electronegative substituents®™®# or cycloalkyl groups®.
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They were prepared by different routes. Schénberg, Frese,
and Brosowski isolated 3¢ from a reaction of dipheny! di-
azomethane with carbon disulfide in 64% yield!!?,

The monoanion of dithiopropanoic acid (1a), formed in
situ with triethylamine, is oxidized by hypervalent iodine
compounds to the 1,2-dithiin 6, isolated as red oil. The
yields were rather low: with (dichloro)iodobenzene 14% of
pure product were obtained, with [bis(acetoxy)iodo]benzene
20%. The first steps of the complex reaction sequence are
most probably oxidations at the sulfur and at the o carbon
atoms leading to an intermediate such as 4, which is depro-
tonated twice to 5 and then thioacylated to form 6. 1,2-
Dithiins have attracted considerable attention in recent
yearsl!!'. The parent heterocycle tends to eliminate readily
sulfur; substituted derivatives are generally stable at room
temperature.

The monoanion of 2-methyl-dithiopropanoic acid (1b) is
oxidized by [bis(acetoxy)iodo]benzene to the known 1,2,4-
trithiolane 7 (15% yield)l!%13-141,

Scheme 3
_ S—S
NEt, T (o] s s —»
ta —» EB—CL_  —* —on*
Me Me
4
$—§ 's—s
°s s~ 1a Et—C—5 S—C—Et
N/ i N/
s
Me Me Me Me
5 6

Reactions with Organotin Chlorides

Reactions of dithioacids with organotin chlorides lead to
organotin thioacetylthiolates. The older literature is sum-
marized in ref.l!3], more recent studies were reported by
Kato and coworkers!'®l. We expected to obtain 1,3,2-dithia-
stannetanes 9 by the reaction of dithioacid dianions 2 with
organotin dichlorides 8. The preliminary experiments, how-
ever, led to a complex mixture of products. Therefore, a
stepwise approach was initiated.
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The dithioacids 1 were deprotonated in situ by triethyl-
amine to the corresponding monoanions and then treated
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with the organotin dichlorides 8. Depending on the molar
ratio of the starting compounds, either the monothiacyl or
bisthioacyl organotin sulfides (10 or 11, respectively) were
isolated. 10 and 11 are perfectly stable at room temperature.
According to the signals of the thiocarbonyl groups in the
I3C.NMR spectra (e.g. 10a: 3 = 265.2, 11a: & = 261.9)
there is no interaction between sulfur and tin.
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A deprotonation of 10 at the carbon atom o to the thio-
carbonyl group should lead to the 1,3,2-dithiastannetanes
9. This reaction could be realized with 10b and lithium
hexamethyldisilazane (LiHMDS) leading to 9b in 35%
yield. A similar reaction was observed with 10c. In the
crude reaction mixture 9¢ could be detected by its NMR
signals. Due to its instability, however, the isolation of an
analytical pure sample failed. By chromatography on silica
gel only decomposition products [e.g. trimeric diphenyltin
sulfide (28 %) and the 1,2,4-trithiolane 7 (7%)] could be iso-
lated. 10a and LiHMDS gave a mixture of products similar
to that obtained from the dianion 2b and dimethyltin di-
chloride 8 (R* = Me). The course of this reaction was par-
tially elucidated by treatment of 10a with triethylamine
leading to the formation of the 1,3,5-trithia-2-stanninane
13, 1,3,5-trithia-tristannane 14, and traces of the 1,2,4-tri-
thiolane 7. We suppose, that the monoanion obtained by
deprotonation of 10a does not cyclize intramolecularly to a
4-membered ring but rather intermolecularly to the 8-mem-
bered ring 12. 12 is unstable and eliminates dimethyltin sul-
fide leaving behind the 6-membered 1,3,5-trithia-2-stannane
13, whereas dimethyltin sulfide trimerizes to the more stable
14. Due to the instability of 13, a clean separation of 13
and 14 by column chromatography could not be achieved.
Nevertheless, the proposed structure 13 was supported by
the NMR data and high-resolution mass spectroscopy. A
small amount of 13 (ca. 7%) could also be isolated from
the reaction of the dianion 2b with dimethyltin dichloride.
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The experiments described so far indicate, that stable
1,3,2-dithiastannetanes 9 should bear phenyl groups as sub-
stituents, at least at the exocyclic C-5. Thus, the conden-
sation of 2,2-diphenyldithioethanoic acid dianion (2¢) with
diphenyltin dichloride 8 (R* = Ph) lead directly to the 1,3,2-
dithiastannetane 9d in 78% yield. The same dianion 2¢,
however, does not condense with dimethyltin dichloride 8
(R? = CH3) to form the expected 1,3,2-dithiastannetane 9b.
Instead of 9b the known 1,2,4-trithiolane 16 (21% yield)
was isolated. Higher yields of 16 (55%) were achieved by
deprotonation of 11b with LIHMDS followed by oxidation
with iodine. 16 is also formed in the reaction of 2,2-diphen-
yldithioethanoic acid dianion (2¢) with sulfur (38% yield);
as a byproduct the 1,3-dithiolane-5-thione 17 (5% yield)
was isolated.

The molecular mass of the crystalline 1,3,2-dithiastannet-
ane 9d was confirmed by a mass spectrum with field-de-
sorption technique. The compound remains unchanged for
weeks in the refrigerator. In solution at room temperature,
however, 9d is slowly transformed into the 1,3-dithietane
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15. We suppose that 9d dissoziates primarily into diphenyl-
thioketene and diphenyltin sulfide.

Reactions with Inorganic Sulfur Compounds

The unstable 1,3,2-dithiastannetane 9d should be cleaved
readily by reactive halogen reagents such as XCl,. This was
confirmed by experiments with thionyl chloride, sulfur di-
chloride and disulfur dichloride affording a complex mix-
ture of products. The main components could be separated
and purified by careful chromatography. With the dianion
2¢ of 2,2-diphenyldithioethanoic acid and the same sulfur
reagents comparable mixtures of products were obtained,
however, in lower total yields.

The 1,2,4,5-tetrathiane 3¢ is the main cleavage product of
9d with thionyl chloride, accompanied by small amounts of
the cyclic polysulfides 18 and 20. After treatment of 9d
with both sulfur chlorides, SCl, and S,Cl,, only cyclic poly-
sulfides such as the 1,2,3.4,56-hexathiepane 18, the
1,2,3,5,6,7-hexathiocane 19 and the 1,23 5,6-pentathiepane
20 were isolated from the complex reaction mixture. Bypro-
ducts are probably related cyclic polysulfides with even
more sulfur atoms in their rings and polymeric material.
The structure of 17—19 is mainly based on the results of
the elemental analyses and mass-spectroscopic data includ-
ing field-desorption techniques. The *C-NMR spectra of
3c, 18, and 19 display only one set of signals of phenyl
carbon atoms, whereas that of the less symmetrical 20 exhi-
bits two sets of signals of the phenyl carbon atoms. The
pentathiepane 20 is unstable; it eliminates sulfur giving rise
to the formating of tetrathiane 3¢, the NMR signals of
which could be detected in a CDCl; solution after standing
at room temperature for a few days. In contrast to 20 the
hexathiepane 18 is stable for months.
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Cyclic polysulfides have attracted considerable attention
in recent years. They were not only synthesized in labora-
tory!” but are also found in nature!’8!, A prominent ex-
ample is the cyclic pentasulfide varacain with a benzopenta-
thiepin ring, isolated from marine organisms, showing po-
tent antifungal and antitumor activity18t),
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When the dianion 2b of 2-methyldithiopropanoic acid
was treated with thionyl chloride, the 1,2.4,5-tetrathiane 3b
could be isolated in 25% yield; byproducts were the cyclic
polysulfides 1,2,3,5 6-pentathiepane 21 and 1,2,3.4,5,6-
hexathiepane 22.
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The reaction products of the dianion 2a of dithiopro-
panoic acid with the sulfur reagents discussed were so un-
stable, that they decomposed during chromatographic
work-up procedures.

The authors are grateful to the Deutsche Forschungsgemeinschaft
and the Fonds der Chemischen Industrie for financial support.

Experimental

NMR (TMS as internal standard): Jeol INM-FX 100 (probe
temperature 25°C); Jeol INM-GX 400 (25°C). — MS (70 eV): Vac-
uvum Generators 70/70. — FD-MS (field desorption MS): MAT 711
Varian. The mass data refer to the isotopes '?°Sn, 3>Cl, and 32S. ~
Melting points (uncorrected): Leitz heating microscope HM-Lux.
— 2,2-Diphenyldithioethanoic acid (le), first described by
Schénberg and coworkers!!®) was prepared as indicated below. 1a,
b were synthesized by a general procedure described in ref.l!l 1a
was stored at —30°C as a solution in THF (2 M); 1h, ¢ are stable
in crystalline form at —30°C.

2,2-Diphenylethanedithioic Acid (1¢): To a stirred solution of di-
phenylmethane (16.82 g, 0.1 mol) in dry THF (150 ml) Buli (1.6
M in hexane, 6.33 ml, 0.105 mol) is added dropwise at —20°C under
N,. After 2 h at —5°C and 3 h at room temp. the solution is cooled
again to —20°C and treated with a solution of CS, (6.33 ml, 0.105
mol) in 20 ml of THF. Stirring is continued at —20°C for 30 min
and at room temp. for 20 h. Then the reaction mixture is shaken
at 0°C with petroleum ether (30 ml) and HCI (10%, 50 ml). The
aqueous phase is extracted several times with diethyl ether/petro-
leum ether. The combined organic phases are washed with 30 ml
of water and extracted several times at 0°C with aqueous NH;
(10%) until the organic layer is colorless. The combined NH;
phases are washed with diethyl ether/petroleum ether. Then they
are shaken in the presence of diethy] ether/petroleum ether (30 ml)
with ice cooling with sufficient aqueous HCI (10%) until the aque-
ous phase is colorless. The latter is extracted several times with
diethyl ether/petroleum ether, the combined organic layers are
washed with water, dried with Na,SO, and concentrated in vacuo.
The residue, a dark red oil (20.8 g, 85% yield), crystallizes by the
addition of a small amount of hexane: orange red crystals, m.p.
30°C. — 'H NMR (CDCly): § = 7.24 (10H, m, aromat. H),
6.0—-6.3 (1H, s, SH), 5.74 (1H, 5, 2-H). — BC NMR (CDCly): § =
237.5 (C=8), 140.1 (C-1"), 128.89, 128.50 (C-2', -3/, -5, -6"), 127.5
(C-4'), 72.6 (C-2). — C14H,5S, (244.4): caled. C 68.81, H 4.95, S
26.24; found C 68.55, H 4.99, S 26.17.

666

3,6-Diisopropylidene-1,2,4,5-tetrathiane (3b): a) To a stirred solu-
tion of BuLi (1.6 M in hexane, 6.25 ml, 10 mmol) in dry THF (20
ml), a solution of 2-methylpropanedithioic acid (1b, 0.60 g, 5
mmol) in 5 ml of THF is added dropwise at —78°C under N..
After 30 min at this temp. and 1.5 h at ~5°C the solution of the
formed dianion 2b has become nearly colorless, It is then cooled
to —50°C and treated dropwise with a solution of [bis(trifluoroace-
toxy)iodo]benzene (4.3 g, 10 mmol) in 20 ml of THF. After 30 min
the reaction mixture is allowed to warm to room temp. and stirring
is continued for 3 h. Then CHCl; (30 ml) and water (30 ml) are
added and the aqueous phase is extracted with CHCl; (3 X 15 ml).
The combined organic layers are dried with Na,SO, and concen-
trated in vacuo. The oily residue solidifies by the addition of hexane
affording 205 mg (35%) of yellow crystals; m.p. 165—172°C (from
hexane/ethyl acetate).

b) To a stirred solution of the dianion 2b (10 mmol) (prepared
as described under a), thionyl chloride (0.80 ml, 11 mmol) is added
dropwise at —100°C under N,. Stirring is continued at ~100 to
—70°C for 45 min and at ~20 to 0°C for 3 h. Then at this temp.
CHCI; (30 ml) and water (30 ml) are added and the mixture is
worked up (as described under a). The orange brown residue is
purified on silica gel with cyclohexane to furnish as second fraction
300 mg (25%) of yellow needles; m.p. 165—172°C. Byproducts are
21 (8%, third fraction) and 22 (0.5%, first fraction). — '"H NMR
(400 MHz, CDCly): 8 = 1.99 (s, CH3). — 3C NMR (100 MHz,
CDClL): & = 136.6 (C-7), 126.1 (C-3, -6), 23.1 (CH3). — MS; m/z
(%0): 236 (32) [M*], 204 (3), 150 (33), 86 (100). — CgH,,S4 (236.4):
caled. C 40.64, H 5.12, S 54.25; found C 40.40, H 4.88, S 54.44.

3,6-Bis{diphenylmethylene )-1,2,4,5-tetrathiane (3¢): a) To a
stirred solution of the dianion 2¢ in dry THF — prepared from 2,2-
diphenylethanedithioic acid (1¢, 1.22 g, 5 mmol) and BuLi (1.6 M
in hexane, 6.25 ml) as described for the dianion 2b (under 3b,
method a) — a solution of [bis(trifluoroacetoxy)iodo]benzene (4.3
g, 10 mmol) in 20 ml of THF is added dropwise at —50°C. After
further 30 min at this temp. and 4 h at 0° to —10°C the reaction
mixture is worked up as described for 3b (method a). The residue
crystallizes after the addition of a small amount of acetone: 617
mg (51%) of yellow needles; m.p. 214°C (ref.['%: 215-219°C).

b) To a stirred solution of the dianion 2¢ (3 mmol), thionyl chlo-
ride (0.26 ml, 3.6 mmol) is added dropwise at —78 °C. After further
1.5h at —78°C and 1.5 h at —30°C the reaction mixture is worked
up as described for 3b (method a). The residue is purified on silica
gel with hexane/ethyl acetate (98:2): 230 mg (32%) of yellow crys-
tals; m.p. 214°C.

¢) To a stirred solution of the dianion 2¢ (3 mmol), disulfur di-
chloride (1.22 g, 0.72 ml, 9 mmol) is added dropwise at —78°C.
After 1 h at —78°C and 3 h at 20°C work-up of the reaction mix-
ture as described for 3b (method a), afforded: 422 mg (58%) of
vellow needles after chromatography; m.p. 214°C.

d) To a stirred solution of 2,2-diphenyl-4-(diphenylmethylene)-
1,3,2-dithiastannetane (9d) (1.55 g, 3 mmol) in dry CH,Cl, (30 ml)
thionyl chioride (0.26 ml, 3.6 mmol) is added dropwise at —78°C
under N,. After 1 h at —78°C and 3 h at 20°C work-up of the
reaction mixture as described for 3b (method a), furnished 170 mg
(23%) of yellow ncedles after chromatography on silica gel with
cyclohexane/ether acetate (98:2) as the second fraction; m.p.
214°C. Byproduct is 18 (7%). — '"H NMR (400 MHz, CDCl;): § =
7.42-7.11 (20H, m, aromat. H). — *C NMR (100 MHz, CDCls):
§ = 1453 (C-7), 140.1 (C-1"), 1359 (C-3, -6), 129.6 (C-3', -5"),
128.3 (C-4"), 128.2 (C-2', -6'). — MS; milz (%): 484 (4) [M*], 452
(2), 242 (15), 210 (100, thioketene). — CygH0S4 (484.7): caled. C
69.38, H 4.16, S 26.46; found C 69.38, H 4.15, S 26.01.
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4,5-Dimethyl-6-thioxopropyithio-1,2-dithiin-3-yl Propanedithioate
(6): A solution of propanedithioic acid (1a, 1.06 g, 10 mmol) and
triethylamine (1.39 ml, 10 mmol) in dry THF (30 ml) prepared by
mixing the components slowly at —10°C is added dropwise to a
stirred suspension of [bis(acetoxy)iodo]benzene (1.61 g, 5 mmol) in
dry THF (30 ml) at —50°C under N,. Stirring is continued for 1 h
at this temp. and for 4 h at 0°C. The red solution is then shaken
with CHCI; (30 ml)/water (30 ml) and the aqueous phase extracted
with CHCl; (3 X 15 ml). The combined CHC]; layers are washed
with water, dried with Na,SO, and concentrated in vacuo. The ob-
tained dark red oil is subjected to kugelrohr distillation (3 mbar,
150—200°C) and further purified by silica gel chromatography with
CH,Cly/hexane (65:35) as the eluant furnishing 170 mg (20%) of a
dark red oil. — With (dichloro)iodobenzene: 120 mg (14%). — 'H
NMR (400 MHz, CDCly): 8 = 2.88 (4H, q, CH,), 2.18 (6H, s,
4-, 5-CH3), 1.37 (6H, t, CH;). — 3C NMR (100 MHz, CDCl,):
8 = 215.5 (C=S), 173.4 (C-3, -6), 141.7 (C-4, -5), 26.9 (CH,), 15.2
(@-, 5-CH;), 13.5 (CHs). — MS; miz (%): 178 (17) [M*], 176 (100),
143 (28). — Cy3H;6S4 (352.6): caled. C 40.87, H 4.57, S 54.56; found
C41.07, H4.32, S 54.14.

3,5-Diisopropylidene-1,2,4-trithiolane (T): To a stirred solution of
2-methylpropanedithioic acid (1b, 0.6 g, 5 mmol) in dry THF (30
ml) triethylamine (0.69 ml, 5 mmol) is added at —10°C under N,.
After 45 min a suspension of [bis(acetoxy)iodo]benzene (1.61 g, 5
mmol) in THF (50 ml) is added in portions at —30°C. Stirring is
continued for 30 min at this temp. and for 2 h at 20°C. The reaction
mixture is then diluted with CHCl; (30 ml) and water (30 ml), and
the aqueous phase is extracted with CHCI; (3 X 15 ml). The com-
bined organic layers are washed with water, dried with Na,SO,4 and
concentrated in vacuo. The yellow residue is then purified on silica
gel with cyclohexane to provide 75 mg (15%) of yellow crystals,
m.p. 112°C (ref.[?2]: 112—113°C). — 'H NMR (400 MHz, CDCl,):
8 =2.05(6H, s, CHs), 1.96 (6H, s, CH;). — *C NMR (100 MHz,
CDCly): 8§ = 129.5 (C-6), 129.3 (C-3, -5), 24.41, 24.29 (2 CH3).

4-( Diphenylmethylene )-2,2-a’imethy"l-1 ,3,2-dithiastannetane (9b):
To a stirred solution of 10b (1.28 g, 3 mmol) in dry THF (20 ml)
LiIHMDS (1 M in hexane, 3.0 ml, 3 mmol) is added dropwise at
—30°C. Stirring is continued for 30 min at this temp. and for 18 h
at 20°C. Then the reaction mixture is diluted with CHCl; (30 ml)
and water (30 ml) and the aqueous phuse is extracted with CHCl,
(3 % 15 ml). The combined organic layers are washed with a small
amount of water, dried with Na,SO,4 and concentrated in vacuo to
give 410 mg (35%) of a colorless powder. Further purification is
achieved by dropwise addition of a solution of the substance in a
small amount of THF to hexane; m.p. 164—166°C. — 'H NMR
(400 MHz, [Dg]DMSO): 8 = 7.24—7.16 (8H, m, aromat. H),
7.09~7.04 (2H, m, aromat. H), 0.89 [6H, s, Sn(CH,),]. — ’C
NMR (100 MHz, CDCls): § = 143.3 (C-1'), 134.6 (C-5), 130.3 (C-
4), 129.64, 127.31 (C-2’, -3', -5', -6"), 125.1 (C-4'), 7.5 (CH3). —
MS; m/z (%): 392 (2.6) [M™], 347 (10), 210 (100). — C;cH;6S,Sn
(391.1): caled. C 49.13, H 4.12, S 16.39; found C 49.10, H 4.17,
S 16.29.

4-( Diphenylmethylene )-2,2-diphenyl-1,3,2-dithiastannetane (94):
To a stirred solution of the dianion 2¢ in dry THF — prepared
from 2,2-diphenylethanedithioic acid (2.44 g, 10 mmol) and BuLi
(1.6 M in hexane, 12.5 ml, 20 mmol) as described for the dianion
2b (under 3b, method a) — a solution of diphenyltin dichloride
(3.44 g, 10 mmol) in 20 ml of THF is added dropwise at —30°C.
Stirring is continued for 30 min at this temp. and for 18 h at 20°C.
Then the reaction mixture is diluted with CHCl; (30 ml) and water
(30 ml) and the aqueous phase is extracted with CHCl, (3 X 15
ml). The combined organic layers are washed with a small amount
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of water, dried with Na,SO, and concentrated in vacuo. The solid
residue is dissolved in a small amount of CHCIl; and the solution
dropped into hexane (50 ml) to givc 4.0 g (78%) of a beige powder;
m.p. 161—-164°C (dec.). — 'H NMR (400 MHz, CDClL): 8 =
7.68—7.51 (4H, m, 2’-, 6'-H at Sn), 7.39~7.36 (6 H, m, 3'-, 4’-, 5'-
H at Sn), 7.21-7.15 (6 H, m, 3'-, 4'-, 5'-H), 6.87 (4H, m, 2’-, 6'-
H). — 13C NMR (100 MHz, CDCly): § = 147.7 (C-5), 142.0, 139.6
(C-1" and C-1' at Sn), 136.1 and 1289 (C-2', -3', -5’, -6 at Sn),
130.1 (C4" at Sn), 129.9, 127.6 (C-2’, -3, -5', -6"), 127.2 (C-4"),
122.0 (C-4). — MS; miz (%): 516 (0.3) [M*], 420 (0.3), 351 (13),
229 (15), 210 (100) [thioketene]. — FD MS; m/z (%): 515 (100),
515.9 (26). — C6H0S2Sn (515.3): caled. C 60.60, H 3.91, S 12.44;
found C 60.40, H 3.88, S 12.21.

Chlorodimethyl] (2-methyl-1-thioxopropyl)thio Jtin (10a): To a
stirred solution of 2-methylpropanedithioic acid (1b, 1.20 g, 10
mmol) in dry THF (20 ml), triethylamine (1.39 ml, 10 mmol) is
added dropwise at —10°C and after 30 min a solution of dimethyi-
tin dichloride (4.39 g, 20 mmol) in 30 ml of THF. Stirring is con-
tinued for 1 h at this temp. and for 4 h at room temp. Then the
reaction mixture is diluted with CHCl; (30 ml) and water (30 ml)
and the aqueous phase is extracted with CHCl; (3 X 15 ml). The
combined organic layers are washed with a small amount of water,
dried with Na,SO, and concentrated in vacuo. The solid residue is
recrystallized from hexane to give 1.82 g (60%) of yellow needles;
m.p. 75°C. — '"H NMR (400 MHz, CDCl;): 3 = 3.39 (1H, sept.,
2-H), 1.36 (6H, d, 2 CHy), 1.25 [6H, s, Sn(CH,),]. — 3C NMR
(100 MHz, CDCly): 8 = 265.2 (C=8), 50.7 (C-2), 24.6 (2 CH,), 8.1
[Sn(CHs),]. — MS; miz (%): 304 (15) [M*]. — CeH5CIS,Sn
(303.4): caled. C 23.75, H 4.32, C111.68, S 21.13; found C 23.39,
H 4.32, C1 11.73, S 20.62.

Chlorof (2,2-diphenyl-1-thioxoethyl ) thio Jdimethyltin (10b):; 2,2-
Diphenylethanedithioic acid (1¢, 2.44 g, 10 mmol), triethylamine
(1.39 ml, 10 mmol), and dimethyltin dichloride (4.39 g, 20 mmol)
are allowed to react as described for 10a. The solid residue is dis-
solved in a small amount of CHCIl; and the solution dropped into
20 ml of hexane to afford 2.99 g (70%) of an orange yellow powder;
m.p. 85°C. — 'H NMR (400 MHz, CDCl,): 5 = 7.35-7.28 (10H,
m, aromat. H), 5.80 (1 H, s, 2-H), 1.23 (6H, s, 2 CH3). — *C NMR
(100 MHz, CDCly): § = 257.1 (C=S), 140.5 (C-1"), 128.7 (C-2',
-3, -5, -6), 127.7 (C4'), 71.6 (C-2), 8.0 (CHs). — MS; m/z (%):
392 (0.8) [M* — HCI], 210 (36), 205 (100), 203 (62), 185 (28), 165
(18), 155 (55). — C;6H;7CIS,Sn (427.6): caled. C 44.94, H 4.01, Cl
8.29, S 14.99; found C 44.79, H 4.13, C1 8.22, S 14.50.

Chloro[ (2-methyl-1-thioxopropyl ) thio [diphenyltin ~ (10c).  2-
Methylpropanedithioic acid (1b, 1.80 g, 15 mmol), triethylamine
(2.08 ml, 15 mmol), and diphenyltin dichloride (5.16 g, 15 mmol)
are allowed to react as described for 10a. The oily residue crys-
tallizes after the addition of a small amount of acetone to furnish
2.63 g (41%) of yellow crystals. — 'H NMR (400 MHz, CDCly):
8 =794-791 (4H, m, aromat. 2'-, 6'-H), 7.51-7.43 (6 H, m, aro-
mat. 3'-, 4'-, 5'-H), 3.40 (1H, sept, 2-H), 1.35 (6H. d, 2 CH3). —
13C NMR (100 MHz, CDCly): & = 265.3 (C=S), 140.3 (C-1"),
135.7, 129.2 (C-2/, -3/, -5/, -6"), 130.7 (C-4"), 49.6 (C-2), 24.8
(CH»). — MS; m/z (%): 392 (23) [M* — HCI), 377 (2), 350 (3), 309
(22), 307 (20), 273 (49), 229 (34). — C,¢H7CIS,Sn (427.6): calcd.
C 44.94, H 4.01, C1 8.29, S 14.99; found C 44.64, H 3.75, C1 8.41,
S 14.87.

Dimethylbis[ ( 2-methyl-1-thioxopropyl)thio Jtin (11a): 2-Methyl-
propanedithioic acid (1b, 0.60 g, 5 mmol), triethylamine (0.69 ml,
5 mmol), and dimethyltin dichloride (0.55 g, 2.5 mmol) are allowed
to react as described for 10a with a stirring period of 18 h at room
temp. The oily residue crystallizes after the addition of a small
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amount of hexane at —78°C. At this temperature the crystals are
filtered oft rapidly and dissolved in CHCl,. The obtained solution
is concentrated in vacuo to afford 0.39 g (61%) of a yellow oil. —
TH NMR (400 MHz, CDCl,): 3 = 3.44 (2H, sept, 2 X 2-H), 1.32
(12H, d, 4 CH3), 1.27 [6H, s, Sn(CH3),]. — 3C NMR (100 MHz,
CDClL,): & = 261.9 (C=S), 52.2 (C-2), 24.5 (CH3), 9.1 [Sn(CH3),].
— MS; miz (%): 388 (0.06) [M*], 347 (10), 345 (9), 269 (58), 267
(50), 204 (7). — C;oH2S4Sn (387.2): caled. C 31.02, H 5.21, S
33.12; found C 31.13, H 5.02, S 33.00.

Bis[(2,2-diphenyl-1-thioxoethyl) thio Jdimethyltin  (11b): 2,2-Di-
phenylethanedithioic acid (1¢, 1.22 g, 5 mmol), triethylamine (0.69
ml, 5 mmol) and dimethyltin dichloride (0.55 g, 2.5 mmol) are al-
lowed to react as described for 10a with a stirring period of 18 h
at room temp. The orange solid residue (1.38 g, 87%) is spectro-
scopically pure; it may be recrystallized from ethyl acetate to fur-
nish 720 mg (45%) of orange yellow crystals; m.p. 149°C. — 'H
NMR (400 MHz, CDCly): 8 = 7.32—7.23 (20H, m, aromat. H),
5.89 (2H, s, 2-H), 1.26 (6H, s, 2 CHs). — '3C NMR (100 MHe,
CDCl;): 8 = 253.8 (C=8), 141.1 (C-1"), 128.83, 128.41 (C-2/, -3’,
-5, -6"), 127.3 (C-4"), 73.3 (C-2), 9.2 (CH3). — MS; m/z (%): 529
(2), 527 (2.5), 347 (14), 242 (11), 210 (100, thioketene). —
C39H»5848n (635.5): caled. C 56.70, H4.44, S 20.18; found C 56.47,
H 4.49, S 19.82.

4,6-Diisopropylidene-2,2-dimethyl-1,3,5,2-trithiastanninane  (13):
a) To a stirred solution of 10a (0.91 g, 3 mmol) in dry diethyl cther
(20 ml), triethylamine (0.46 ml, 3.3 mmol) is added dropwise at
—30°C. Stirring is continued for 1 h at this temp. and for 3 h at
20°C. The precipitate (triethylamine hydrochloride) is filtered off
and the filtrate concentrated in vacuo. The residue solidifies by the
addition of a small amount of hexane to give a colorless powder
containing 13, about 20% of 14, and a small amount of 7 {(accord-
ing to NMR analysis). By repeated precipitation with hexane 14 is
nearly eliminated with the first crystalline fractions. 13 was not
obtained in analytically pure form. 170 mg (32%) of colorless pow-
der; m.p. 85~94°C. — 'H NMR (400 MHz, CDCL;): 8 = 2.08, 2.04
(12H, s, 4 CH;), 0.82 [6H, 5, Sn(CHs),]. — '3*C NMR (100 MHz,
CDCl,): 6 = 144.5 (C-7), 118.7 (C-4, -6), 24.37, 23.48 (2 CHj3), 1.1
[Sn(CHs)p). — MS, m/z (%): 354 (28) [M*], 268 (80), 266 (59), 253
(32), 251 (24), 238 (7), 204 (6). FD-MS: 353.9 (47 %), 353.0 (100%).
— CyoH;58;Sn: caled. 353.9592; found 353.9582.

b) To a stirred solution of the dianion 2b (5 mmol) in THF —
prepared as described for 3b, method a) - a solution of dimethyltin
dichloride (1.1 g, 5 mmol) in 30 ml of THF is added dropwise at
—30°C. Then method a is applied: 70 mg (8%) of 13 as a color-
less powder.

2,4,6-Hexamethyl-1,3,5,2,4,6-trithiatristanninane  (14): Com-
pound 14 is obtained as a byproduct in the preparation of 13. 14
separates first after the addition of hexane as described in the puri-
fication procedure of 13, It is recrystallized from hexane to furnish
50 mg colotless crystals; m.p. 150—152°C [ref.['*): 149—-151°C]. —
'"H NMR (CDCl,): § = 0.87 (s, CH3). — 13C NMR (CDCL): 6 =
4.75 (s, CHs). — CgH;3S3Sn; (542.5): caled. C 13.28, H 3.34, S
17.73; found C 13.26, H 3.32, S 17.46.

2,4-Bis(diphenylmethylene )-1,3-dithietane (15): a) A solution of
9d (0.26 g, 0.5 mmol) in CHCI, (10 ml) is allowed to stand at 20°C
for 40 d. The precipitate is filtered off and recrystallized from
CHCl; to furnish 30 mg (28%) of yellow needles; m.p. 267°C
(ref.[19%; 263°C).

b) A solution of THF of the dianion 2¢ ~ obtained from 2,2-
diphenylethanedithioic acid (1c, 0.98 g, 4 mmol) and BuLi (1.6 M
in hexane, 5 ml, 8 mmol) as described for the dianion 2b (under
3b, method a) — is treated at —78°C with trimethylsilyl chloride
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(0.96 g, 1.11 ml, 8 mmol). Stirring is continued for 15 min at this
temp. and for 2 h at 20°C. Then the reaction mixture is concen-
trated in vacuo, the residue is heated in a kugelrohr apparatus at
0.1 Torr to eliminate volatile impurities and finally recrystallized
from CHCl; to provide 110 mg (13%) of yellow needles; m.p.
267°C. — 'H NMR (400 MHz, CDCl;): 8 = 7.34—7.30 (8H, m,
aromat. H), 7.25-7.20 (12H, m, aromat. H). — 13C NMR (100
MHz, CDCl3): § = 138.1 (C-1"), 130.3 (C-5), 128.7 (C-2', -3', -5',
-6"), 127.3 (C-4"), 117.8 (C-4). — MS; m/z (%): 420 (72) [M*], 210
(100, thioketene), 178 (12), 165 (41). — CasHS, (420.6): caled. C
79.96, H 4.79, S 15.25; found C 79.50, H 4.56, § 15.23.

3,5-Bis(diphenylmethylene )-1,2 4-trithiolane (16): a) To a solu-
tion of the dianion 2¢ in THF — obtained from 2,2-diphenyl-
ethanedithioic acid (1¢, 0.73 g, 3 mmol) and BuLi (1.6 M in hexane,
3.75 ml, 6 mmol) as described for the dianion 2b (under 3b, method
a) — a solution of dimethyltin dichloride (0.66 g, 3 mmol) in 5 ml
of THF is added dropwise with stirring at —50°C. Stirring is con-
tinued for 4 h at room temp. Work-up of the reaction mixture as
described for 3b affords a residue which is purified by chromatogra-
phy on silica gel with hexane/ethyl acetate (95:5) to give 140 mg
(21%%) of vellow crystals; m.p. 198°C (from acetone), [ref.?%:
193-194°C]. — 'H NMR (400 MHz, CDCly): é = 7.36—7.21
(20H, m, aromat. H). — 13C NMR (100 MHz, CDCl3): 5 = 141.98,
141.25 (2 X C-1"), 136.48, 135.74 (C-3, -5, 2 X C-6), 129.43, 129.38,
128.31, 128.22 (2 X C-3’, -5', 2 X C-2/, -6"), 128,03, 127.91 (2 X
C-4"). — MS; m/z (%). 452 (18) [M™], 420 (6), 242 (5), 210 (100).
— CagHo0S5 (452.6): caled. C 74.29, H 4.45, S 21.25; found C 74.02,
H 4.16, § 21.30.

b) To a solution of 11b (1.27 g, 2 mmol) in dry THF (30 ml),
LiHMDS (1 M in hexane, 4.0 ml, 4 mmol) is added dropwise with
stirring at —20°C. Stirring is continued for 30 min at this temp.
and for 2 h at 20°C. Then the reaction mixture is cooled to —10°C
and treated slowly with iodine (0.25 g, 1 mmol) in 20 ml of THF.
After 3 h at room temp. CHCI; (30 ml) and water (30 ml) are added
and the aqueous phase is extracted with CHCl; (3 X 15 ml). The
combined organic layers are washed with an aqueous solution of
K1, dried with Na,SO, and concentrated in vacuo. The solid resi-
due is recrystallized from acetone to afford 500 mg (55%) of yellow
plates; m.p. 198°C.

¢) To a solution of the dianion 2¢ (5 mmol) in dry THF — see
method a and 3b (method a) — elemental sulfur (0.51 g, 2 mmol)
is added in several portions with stirring at —40°C. Stirring is con-
tinued for 1 h at this temp. and for 4 h at 20°C. Then CHCl; (30
ml) and water (30 ml) are added and the aqueous phase is extracted
with CHCl; (3 X 15 ml). The combined organic layers are dried
with Na,80, and concentrated in vacuo. The residue is purified by
chromatography on silica gel to give 430 mg (38%) of 6 (yellow
crystals, m.p. 198°C) and 56 mg (5%) of 17 [orange red crystals;
m.p. 162—164°C (from acetone)].

2-( Diphenylmethylene )-4,4-diphenyl-1,3-dithiolane-5-thione (17):
Compound 17 is formed as a byproduct of 16. Orange red crystals.
— 'TH NMR (400 MHz, CDCly): 8 = 7.54—7.10 (20H, m, aromat.
H). — 3C NMR (100 MHz, CDCl): § = 236.7 (C=S), 140.26 [2
X C-1 (4-phenyl)], 140.23, 140.19 [2 X C-1 (6-phenyl)], 135.0 (C-
6), 129.48, 127.98 [C-2, -3, -5, -6 (4-phenyl)], 127.98 [2 X C-4 (4-
phenyl)], 129.32, 128.96, 128.47, 128.37 [2 X C-2, -3, -5, -6 (6-phen-
yD], 128.27 [2 X C-4 (6-phenyl)], 127.77 (C-2), 84.3 (C-4). — MS;
miz (Yo): 452 (26) [M™], 376 (11), 299 (15), 210 (100). — FD-MS:
451.9 (100%). — Cy3H20S; (452.6): caled. C 74.29, H 4.45, S 21.25;
found C 74.14, H 4.34, S 21.10.

7-Diphenylmethylene-1,2,3 4,5,6-hexathiepane (18): a) To a solu-
tion of disulfur dichloride (0.29 ml, 3.6 mmol) in dry CH,Cl, (20
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ml), a solution of 9d (1.55 g, 3 mmol) in CH,Cl; (30 ml) is added
dropwise at —78°C with stirring. Stirring is continued for 1 h at
this temp., for 1.5 h at —50°C and for 3 h at —5°C. Then CHCl,4
(20 ml) and water (20 ml) are added and the aqueous phase is
extracted with CHCl; (3 X 10 ml). The combined organic layers
are washed with a small amount of water, dried with Na,SO,4 and
concentrated in vacuo. The solid residue is purified on silica gel
with hexane/ethyl acetate (98:2) to give as first fraction 180 mg
(16%) of light vellow crystals, m.p. 160—166°C. The second frac-
tion contains 19, the third fraction 20. — 'H NMR (400 MHz,
[DgJTHF): & = 7.34—7.21 (6 H, m, aromat. H), 7.19—~7.18 (4H, m,
aromat. H). — 3C NMR (100 MHz, [Ds]THF): 8 = 149.5 (C-8),
143.8 (C-7), 142.9 (C-1"), 130.49, 128.97 (C-2', -3/, -5', -6"), 129.34
(C-4"). — MS; miz (%): 370 (2.5) [M*], 306 (13), 274 (4), 242 (58),
210 (100, thioketene), 178 (11), 165 (75), 54 (28). — FD-MS: 370.0
(100). — Cy4H,6S6 (370.6): caled. C 45.37, H 2.72, S 51.91; found
C 45.38, H 2.88, S 51.08.

b) With 9d (3 mmol) and sulfur dichloride (0.18 ml, 3.6 mmol)
according to method a): first fraction: 135 mg (12%) of light yellow
crystals; m.p. 160—166°C. The second fraction contains 19, the
third fraction 20.

¢) Byproduct in the preparation of 3¢ (method d): 75 mg (7%)
of light yellow crystals; m.p. 160—166°C.

4,8-Bis(diphenylmethylene )-1,2,3,5,6,7-hexathiocane (19): a) By-
product in the preparation of 18 with disulfur dichloride (method
a) as second fraction: 30 mg (4%) of light yellow crystals;, m.p.
163—-168°C. — b) Byproduct in the preparation of 18 with sulfur
dichloride (method b) as second fraction: 83 mg (10%) of light
vellow crystals; m.p. 163—168°C. — 'H NMR (400 MHz, CDCl,):
§= 731-723 (20H, m, aromat. H). — 13C NMR (100 MHz,
CDCL): § = 154.2 (C-9), 141.5 (C-1"), 136.6 (C-8), 129.88, 128.52
(C-2, -3, -5, -6'), 128.63 (C-4"). — MS; miz (%): 306 (11), 274
(3), 242 (61), 210 (100), 178 (11), 165 (70), 64 (18). FD-MS: 548.0
(100%). — CygH10S6 (548.8): caled. C 61.27, H 3.67, § 35.05; found
C 60.79, H 3.52, S 34.73.

4,7-Bis(diphenylmethylene )-1,2,3,5,6-pentathiepane (20); a) By-
product in the preparation of 18 with disulfur dichloride (method
a) as third fraction: 30 mg (4%) of light yellow crystals; m.p.
163—172°C (from acetone). — b) Byproduct in the preparation of
18 with sulfur dichloride (method b) as third fraction: 45 mg (6%)
of light yellow crystals; m.p. 163—172°C. — '"H NMR (400 MHz,
CDCly): 8 = 7.33—7.25 (12H, m, aromat. 3'-, 4'-, 5’-H), 7.19—7.15
(8H, m, aromat. 2'-, 6'-H). — *C NMR (100 MHz, CDCl5): § =
153.0 (C-8), 135.0 (C-7), 141.94, 140.96 (2 X C-1"), 130.09, 129.84,
128.12, 127.95 (C-2, -3', -5', -6"), 128.67, 128.29 (2 X C-4"). —
MS; miz (%): 306 (7) [M™], 274 (3), 242 (50), 210 (100), 165 (50),
64 (27). — FD-MS: 516.0 (100%). — CagHoeSs (516.8): caled. C
65.07, H 3.90, S 31.02; found C 64.70, H 3.88, S 30.57.

4,7-Diisopropylidene-1,2,3,5,6-pentathiepane (21). Byproduct in
the preparation of 3b (method b): third fraction, 100 mg (8%) of
light yellow crystals; m.p. 115—-123°C. — 'H NMR (400 MHz,
CDClLy): 8 = 2.18 (6H, s, CH3), 2.09 (6H, s, CH3). — 13C NMR
(100 MHz, CDCl3): 8 = 148.5 (C-8), 130.3 (C-7), 25.13, 24.69 (2
X CHj). — MS; m/z (%): 268 (19) [M™], 236 (10), 204 (5), 182 (22),
150 (24), 86 (100, thioketene), 71 (26), 41 (17). — CsH;,Ss (268.5):
caled. C 35.78, H 4.51, S 59.71; found C 35.99, H 4.22, S 59.26.

7-Isopropylidene-1,2,3,4,5,6-hexathiepane (22): Byproduct in the
preparation of 3b (method b): first fraction, 10 mg (0.5%) of yellow
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crystals, m.p. 39—45°C. Due to lack of substance no complete ana-
Iytical characterization was possible. — 'H NMR (400 MHz,
CDCly): & = 2.15 (6H, s, CH3). — )C NMR (100 MHz, CDCl,):
8 = 143.4 (C-8), 137.5 (C-7), 26.1 (CHz). — MS; m/z (%): 246 (26)
[M™], 182 (63), 86 (100), 71 (36), 64 (27), 45 (13).

* Dedicated to Prof. Dr. Kurt Dehnicke on the occasion of his
65th birthday.
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