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Synthesis and reactions of benzopentathiepin having hydroxyl group

Ryu Sato,* Toshiyuki Fujio, Shiduko Nakajo, Satoshi Ogawa and Ashraful Alam

Iwate University, Faculty of Engineering, Department of Chemical Engineering, Ueda 4-3-5, Morioka city 020-8551, Iwate, Japan

Received 25 January 2007; revised 17 February 2007; accepted 26 February 2007
Available online 28 February 2007
Abstract—The synthesis of benzopentathiepin having a hydroxyl group at the neighboring position of polysulfur ring was per-
formed by demethylation of 6-ethyl-9-methoxybenzopentathiepin with hydrogenbromide. Benzotrithiole having hydroxyl group
was not isolated at all. The hydroxyl group was also alkylated with alkyl iodide in the presence of weak base.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1.
Cyclic benzopolychalcogenides such as benzopentathie-
pins,1 benzotetrathiins,2 and benzotrithioles3 have been
studied over three decades in respect of synthetic, struc-
tural, and biological interest.4 We also developed several
methods for the synthesis of the above compounds by
sulfurization–cyclization of the corresponding 1,2-benz-
enedithiols or its synthetic equivalents.5 Continuation
of our findings of heterocyclic compounds containing
chalcogen atoms has encouraged us to develop benzo-
polysulfides having a hydroxyl group as it is an active
functionality for many organic reactions. Previously,
we developed benzopentathiepins having pyridyl, pyri-
midinyl and thienyl groups in the neighborhood of pen-
tathiepin moiety.6a Pentathiepins fused to aromatics are
marked for two broad applications: biological activity
and application in material sciences.

Ireland and co-workers isolated varacin (1) from marine
ascidian and discovered that it exhibited significant anti-
fungal and antitumor activity, and was as much as 100
times more potent than 5-fluorouracil toward the
human colon cancer cell line HCT-116.4a A closely
related benzopentathiepin, lissoclinotoxin A (2), also
exhibited potent antimicrobial and antifungal activ-
ity.4b,6b The structures of bioactive natural products
shown in Figure 1 are distinguishable by their hydroxyl
and methoxy groups. Protection of phenolic group prior
to pentathiepin ring synthesis and further regeneration
of hydroxyl group without interference of pentathiepin
ring are important steps for the synthesis of pentathie-
pins having hydroxyl groups, such as, isolissoclinotoxin
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A (3) has already been synthesized by using weakly
leaving MOM group by several steps.4f Therefore, some
straightforward and high yielding methods for the
synthesis of similar pentathiepins from their methoxy
and phenolic derivatives are essential for the synthesis
of important natural products such as 2 to 4.2,4,6b

Poly and persulfurated aromatics have potential appli-
cations in electronic and photonic devices at molecular
level or cathode active material in batteries.7 Pentathie-
pin having hydroxyl group can be utilized as monomer
for dendrimer, oligomer, and polymer synthesis to get
new materials. Therefore, efficient methods for the syn-
thesis of hydroxylbenzopentathiepin have paramount
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Scheme 1. Reagents and conditions: (a) S2Cl2, CH2Cl2, �78 �C, 12 h; (b) HBr, AcOH, reflux; (c) Br2, Fe, CCl4, rt, 18 h; (d) S8/liquid NH3, CH2Cl2,
120 �C, 24 h.
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Scheme 2. Reagents and conditions: (a) NaBH4, THF, H3O+; (b) S8/
NH3, CH2Cl2, rt.
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Scheme 3. Reagents and conditions: (a) SOCl2, THF, 1 h, quant.; (b)
NaI, HClO4, THF, rt; (c) HBr/AcOH, reflux.
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importance. The stability of benzopentathiepin ring
regarding co-existence of polysulfide ring and hydroxyl
group as neighbors and reactivity of hydroxyl group
toward alkyl halides are also intriguing factors. Here,
we report a new method for the synthesis benzopenta-
thiepin having hydroxyl group at the neighboring
position of pentathiepin ring including its reactivity
toward various alkylting agents.

The synthesis was started from 4-ethyl-7-methoxy-2,2-
dimethyl-1,3,2-benzodithiastannole (5) and respective
route is illustrated in Scheme 1. Sulfurization of 5 in
CH2Cl2 with S2Cl2 gave 6-ethyl-9-methoxybenzopen-
tathiepin (6) in 82% yield.8 Demethylation of 6 with
HBr in AcOH under reflux afforded 6-ethyl-9-hydroxy-
benzopentathiepin (HBPT) in 68% yield, after chroma-
tography. Mass spectra, IR and elemental analysis
showed good agreement for the generation of both penta-
thiepin ring and hydroxyl group on benzene. So, penta-
thiepin having hydroxyl group is very stable under
strong acidic condition. Introduction of a hydroxyl
group on benzene having both trithiole and pentathiepin
rings was carried out as follows. 4-Ethyl-1-hydroxy-
benzene (7) was brominated with Br2 in CCl4 at room
temperature to give 4-ethyl-1-hydroxy-2,3,5,6-tetra-
bromobenzene5c,d (8) in 86% yield. A treatment of 8 with
elemental sulfur in liquid NH3 in titanium autoclave for
24 h afforded 6-ethyl-10-hydroxy[1,2,3]trithiolo[4,5-h]-
benzopentathiepin (H–TBPT) in 53% yield.5d

Scheme 1 represents simple but fruitful methodologies
for efficient production of HBPT and H–TBPT. These
two products were unambiguously characterized by
spectroscopic methods.9,10 Generation of HBPT in high
yield reveals that the methoxy group of 6 is easily deme-
thylated by HBr but such demethylation does not inter-
fere on the polysulfide ring. Reduction of HBPT with
NaBH4 in THF afforded 4-ethyl-1-hydroxy-2,3-benzene-
dithiol (9) and subsequent thiation of dithiol with S8/
NH3 regenerated pentathiepin ring quantitatively
(Scheme 2). Reversible reaction between dithiol and
pentathiepin ring without interference of functional
group emphasizes that HBPT has comparable stability
as like as benzopentathiepin. Moreover, HBPT showed
sufficient stability under strong acidic condition.

The attempt to get 4-ethyl-7-hydroxybenzotrithiole
(HBTT) is described in Scheme 3. 4-Ethyl-7-meth-
oxybenzotrithiole (11) was synthesized in 92% yield by
an established procedures.8,11 Demethylation of 11
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under the same reaction conditions did not give any
HBTT, but surprisingly a small amount of HBPT was
isolated. Since HBTT was not obtained experimentally,
the ring opening occurred during the demethylation of
11. It generated corresponding dithiolate dianion. An
intermolecular sulfur rearrangement of dithiolate di-
anion gave stable HBPT in low yield (14%). Thus,
the hydroxyl group stabilizes benzopentathiepin more
rather than benzotrithiole.

Thermal stability of 6 was also checked by heating it in
THF (neutral condition) under reflux for 24 h. The
pentathiepin ring did not convert to trithiole, disulfide
or others. Therefore, ethyl and methoxy groups of 6 also
sterically do not effect on the stability of the pentathie-
pin ring.

Alkylation of HBPT was performed with alkyl iodides
in the presence of 1 equiv of K2CO3 in THF and the
results are summarized in Scheme 4. Generation of
corresponding alkoxy benzopentathiepins reveals that
the hydroxyl group is very active towards various
electrophiles in the presence of a weak base. The pres-
ence of a base or electrophile generated some ring break-
ing side products. As the size of alkyl group increases,
the comparative yields of alkoxybenzopentathiepins
decreases and corresponding yields of alkoxybenzotri-
thioles increases. Thus, the ring contraction is not only
for base or electrophile but also for steric hindrance
arises by intramolecular interaction between the alkyl
group and the polysulfide ring.

Finally, alkylation of H–TBPT was carried out in the
presence of K2CO3 (Scheme 5). H–TBPT almost
retained its ring system as the reaction mainly gave
alkoxybenzopentathiepins together with a trace amount
of ring contraction products 17 and 19, which were
identified by 1H NMR. Such encouraging reactions
of hydroxyl group significantly disclose that cyclic
polysulfide of H–TBPT is more stable than that of
HBPT and both compounds can be useful for condensa-
tion or other polymerization reactions.

In conclusion, two novel benzopentathiepin derivatives
having hydroxyl group at the neighboring position of
the pentathiepin ring were successfully synthesized by
effective methods. The activity of the hydroxy group
was examined by alkylation. Pentathiepins having
hydroxyl group are promising starting materials for
many reactions to get macromolecules containing poly-
sulfide rings.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2007.02.109.
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