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In a remarkable cascade reaction, triethylamine is converted into the thienopentathiepin 2a and the heptathiocane 3a by a preequilibrated
solution of disulfur dichloride and DABCO in chloroform.

We have shown that when tertiary aliphatic amines are N-ethyl groups react faster than isopropyl to give di- and
treated with disulfur dichloride and DABCO in chloroform, tri-chloroacetyl derivative$. We assumed that in these
N-isopropyl groups react faster than ethyl groups to give a reactions, a complex betweenCs, and DABCO such as
variety of monocyclic¢, bicyclic,2 and fused tricyclic 1,2-  was probably a key intermediate, and we then hoped to
dithioles in one-pot reactions. However, at lower temper- increase reaction yields by preforming this complex.
atures (0°C), followed by quenching with formic acid, Thus, equimolar amounts of,Gl, and DABCO were
stirred in chloroform at OC for 48 h since this reaction is
TN, D. Zelinsky Institute of Organic Chemistry, Russian Academy of Much slower than that of;8l, with triethylamine. The &
Sciences. Cl,—DABCO solution thus formed retained its activity for

* Imperial College of Science, Technology and Medicine. " - :
§ Nesmeyanov Institute of Organoelement Compounds, Russian Academya few days at 0C. Addljuon of t”ethylamme after 48 h at
of Sciences. 0 °C, followed by refluxing for 2 h, gave two entirely new
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theH and3C NMR spectra. Thus, two triethylamines had
combined with all the hydrogens of two ethyl groups being
replaced by six sulfur atoms, leaving four identical ethyl
groups. High symmetry and the striking stability of the
polysulfur array suggested a thienopentathiepin stru@are
this was supported by the major loss of i@ the mass
spectrum characteristic of pentathiegirmsd by the mild
reaction of2awith DMAD and triphenylphosphine in DCM
at room temperature to give the 1,4-dithii78%), mp 96-
98 °C, characteristic of pentathiepifsStructure2a was
proved by an X-ray structure determination of a closely
related analogué@f (Figure 2).

Compound3a, yellow crystals, mp 7273 °C, GH11NS;,
showed in its'TH and'3C NMR spectra amN-ethyl group, a
vinylic hydrogen, and two garbons. Thus, four hydrogens

of one ethyl group of triethylamine had been replaced by

seven sulfur atoms. The rare heptathiocane ring stru8are
was proved by X-ray crystallography (Figure 1).
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Figure 1. X-ray structure of molecul8a. Selected bond lengths
(A) and bond angles): S(1)—C(6) 1.756(5), S(BHS(2) 2.062(1),
S(2)—S(3) 2.040(2), S(3)S(4) 2.031(2), S(4)S(5) 2.043(2),
S(5)—S(6) 2.042(2), S(6)S(7) 2.068(2), S(AHC(6) 1.734(4),
C(5)-N(1) 1.327(1), C(5rC(6) 1.372(1), C(6yS(1)y-S(2)
109.75(1), S(3yS(2)-S(1) 108.50(7), S(4)S(3)-S(2)
107.98(8), S(3)S(4)-S(5) 107.70(8), S(4)S(5)-S(6) 108.35-
(9), S(5)—S(6)—S(7) 108.45(10), C(6p(7)—S(6) 107.71(15),
N(1)—C(5)—C(6) 134.3(5), C(5)C(6)—S(7) 127.7(4), C(5)C(6}
S(1) 115.0(3), S(7)—C(6)—S(1) 116.7(3).

This unprecedented conversion (Scheme 1) of triethyl-

amine into pentathiepi2a, in which a thiophene ring is

(5) Tokitoh, N.; Ishizuka, H.; Ando, WChem. Lett1988, 657.
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created from twaN-ethyl groups with the formation of a
carbon—carbon bond between unactivated methyl groups,
and into the heptathiocar8a was investigated further. The
two products were not interconverted under the reaction
conditions and were presumably formed in simultaneous,
competing reactions. An equimolar ratio giC}, DABCO,

and EtN gave2a (23%) and3a (10%); a 2-fold excess of
EtsN gave more2a (30%) and les8a (4%), and a higher
concentration of BN suppressed the yields 8&still further,

as might be expected.

Given that these are reactions of the ethyl groupNEt
should be a favored substrate; the same reactions were
observed with other tertiarjN-ethylamines but in lower
yields. Diethyln-propylaminesb, ethyldiisopropylaminéc,
benzyldiethylamine5d, dibenzylethylamine5e, and N-
ethylpiperidinesf all gave corresponding thienopentathiepins
2b—f (1—28%) analogous t@a; three of the amineg§b—

d, gave corresponding heptathiocaBes-d (3—10%) analo-
gous to 3a. The former products were closely related
spectroscopically t@a and the latter t@a. The structure of
the bispiperidinothienopentathiep2f was confirmed by
X-ray diffraction (Figure 2). While the yields of producs
and3 were mostly low, they are readily prepared in one pot
from cheap starting materials.

Figure 2.
(A and
1.750(2),
2.046(1),
1.754(2),
1.374(2), C(2)—C(3) 1.444(2), C(3)C(4) 1.365(2), C(1}S(1)—
C(4) 92.75(7), C(2yS(2)-S(3) 104.03(5), S(4S(3y-S(2)

X-ray structure of molecul@f. Selected bond lengths
bond angles °Y: S(1)-C(1) 1.746(2), S(:yC(4)
S(2)—C(2) 1.748(2), S2p(3) 2.065(1), S(3yS(4)
S(4)—S(5) 2.049(1), SE55(6) 2.049(1), S(6)C(3)
N(1)-C(1) 1.390(2), N(2)-C(4) 1.383(2), C(1yC(2)

104.67(3), S(3YS(4)-S(5) 104.19(3), S(4)S(5)-S(6)
104.55(3), C(3)-S(6)-S(5) 103.69(5), C(2)C(1)—-S(1) 110.3(1),
C(1)-C(2)-C(3) 113.0(1), C(1y C(2)—S(2) 123.3(1), C(3YC(2)~
S(2) 123.6(1), C(4yC(3)-C(2) 113.7(1), C(4YC(3)-S(6)
121.6(1), C(2)-C(3)-S(6) 124.7(1), C(3)C(4)—S(1) 110.2(1).

The heptathiocane and pentathiepin rings have the ex-
pected crown and chair-type conformations, respectively. The
S—S bond lengths vary in the narrow range of 2.046(1)

(6) Chenard, B. L.; Harlow, R. L.; Johnson, A. L.; Vladuchick, S.JA.
Am. ChemSoc.1985,107, 3871.
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2.065(1) and 2.031(2)—2.068(2) A in the crystal structures || NG

of 2f and3a, respectively. Despite some lengthening 1SS
bonds in the case dif, the above lengths are within the
range of known values for pentathiepfs.

In general, the geometry dif is quite close to other
pentathiepins with only some elongation of the thiopherSC
bonds presumably resulting from the presence of piperidyl
substituents. The enamine nitrogen 3a is planar, the
significant elongation of the C(5)—C(6) bond (1.372(7) A)
and shortening of the C(5N(1) bond (1.327(7) A) giving
further support to the enamine delocalization.

The conversions of B into pentathiepin?a and hep-
tathiocane8a both involve an oxidative reaction of one ethyl

group together with several other transformations. For the

earlier reaction$;* we proposed that thid-alkyl group was
oxidized by $ClI, or by SCI, activated by complexation with
DABCO (as for example i) to give an iminium ion that

equilibrated with an enamine that was chlorinated (see first
steps of Scheme 2). This sequence could be repeated to give,

after hydrolysis, the di- and trichloroacetyl derivativds.

the present reactions, these intermediates were partly diverted

to form the sulfur-rich product® and 3, though the
chloroacetyl derivatives could still be isolated if the reaction
mixture was heated with formic acid as beféferesumably

a new reactive species is formed fronC% and DABCO
during the premixing stage; if this is the 1:1 complexthen
S,Cl; itself may have been dominant in the earlier reactions.
Alternatively, the long premixing period may have led to
more extensive complexation 0§&, and DABCO to form
1:2 or oligomeric complexes or to the decompositioriLpf
possibly to SGl and theN-sulfide of DABCO. The latter
could decompose to DABCO and & other highly reactive

S, species that could become incorporated into the polysulfur
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products observed. For the present, we suggest one possible

mechanistic scheme, shown for triethylamine (Scheme 2),

but other similar sequences can be envisaged.

The enamine could react with the complex-%—S—Cl
at chlorine to give6 or at sulfur to give7. Further
chlorination of6 would lead to the chloroacetyl derivatives
mentioned abovéhowever 6 could also yield the thioamide
8, and the reaction of this with the enamine followed by
cyclization and oxidation would give the diaminothiophene
9. Conversion 0B into the pentathiepia follows reason-
ably from earlier worlké The enamine intermediate derived
from 7 could react again with the complex at sulfur via its
f-carbon (not shown) or to givé0 and hence extend the
polysulfur chain, which when it contains seven sulfur atoms
can cyclize to the heptathioca®a. Incorporation of only
one carbon into the heterocyclic ring from the ethyl group

(7) Typical Experimental Procedure. Disulfur dichloride (100 mmol)
was added dropwise at15 to —20 °C to a stirred solution of DABCO
(200 mmol) in chloroform. The mixture was stirred at© for 48 h. The
corresponding amine (200 mmol) was added; the mixture was refluxed for

rather than both (to give a stable pentathiepin, for example)
is presumably controlled by the enamine reactivity The
two products isolated®a and3a, are probably the most stable
members of polysulfur rings containing two and oné sp
carbons, respectively.

The stoichiometries of these reactions are not yet known;
yields are based on,Sl, since triethylamine is in excess.
On the basis of above mechanism, 4 and 7 mol.@fiSand
DABCO, respectively, are required for the conversion of 1
mol of EgN into 2a and 3a.

Thus, a range of rare thienopentathiepihand dialkyl-
aminomethylene heptathiocan&s are readily prepared,
though in low yield, in an unprecedented one-pot reaction
from simple starting materials. These products are particu-
larly interesting since benzopentathiepins with aminoalkyl
side chains, including the natural products varacin and the
lissoclinotoxins, are cytotoxic, antibacterial, and antifungal

2 h and filtered, and solvents were evaporated. The residue was separatec@ind have thiol-dependent DNA cleaving abifity.

by column chromatography (Silica gel Merck 60, light petroleum and then
light petroleum—CHCI, mixtures). Thienopentathiepirisand heptathio-
canes3 were isolated with the yields indicate®a (30%), 2b (2%), 2c
(1%), 2d (28%), 2e (21%), 2f (8%), 3a (4%), 3b (3%), 3¢ (10%), and3d
(3%).

(8) Konstantinova, L. S.; Rakitin, O. A.; Rees C. Whem. Commun.
2002, 1204.
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