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Abstract —— Readily available acyloin trimethylene dithicacetals rearranged in the
presence of trimethylsilyl trifluoromethanesulfonate to give 5,6-dihydro-1,4-dithiepins.
These compounds were converted to olefinic or acetylenic compounds using low valent

metallic reductants.

In the course of our research on cationic species chemistry,! acyloin trimethylene dithioacetals 1 were found 1o give
5,6-dihydro-1,4-dithiepins 2 in an acidic medium via alkylthio migraion. For the synthesis of 1,2-
bis(alkylthio)alkenes, including 3,6-dihydro-1,4-dithiepins, only a few synthetic methods were reported. The
nucleophilic substitution reaction of thiclate anion to vinylene dihalides is considered to be a convenient method for
the preparation of unsubstituted 1,2-bis(alkylthio)ethylenes.2 Several oxidative ring expansions of cyclic
dithioacetals? and other methods? were also successfully applied for the synthesis of 5,6-dihydro-1,4-dithiins and
related compounds. However, generalities for all of these reactions are not clear, and the synthesis of unsymmetrically
substituted 5,6-dihydro-1,4:dithiepins may be difficult by using these methods. Recently, Warren et al reported
alkylthio migration reaction of acyloin diphenyl dithioacetals.5 Although 1,2-bis(alkylthio)alkene type compound was
formed in some special cases, another type of compound was usually produced as a main product in the system. In this
communication, we wish to report a convenient method for the synthesis of 5,6-dihydro-1,4-dithiepins and their
synthetic applications.

Acyloln trimethylene dithicacetals | are easily prepared from 2-substituted 1,3-dithianes and a'ldf:h)«’dcs.6 ‘When the
diphenyl derivative 1a (R!=R2=Ph) was treated with tin(IV) chloride in dichloromethane at -23 °C for 10 h, the ring
expanded product 2a (R1=RZ=Ph) was obtained in 26% vield through elimination of hydroxyl group and subsequent
rearrangement of alkylthio group. The optimized conditions were examined for bisphenethyl derivative 1b
(R1=R2=PhCH2CH3). In this case, the double bond isomer 3b (R!=PhCH2CHz, R3=PhCH3, R4=H) was also
produced, which was the initial product of this reaction. Thus, when R2 group has a-hydrogen(s), desired $,6-
dihydro-1,4-dithiepin was formed from 3 by double bond iscmerization under thermodynamic control. Afier screening
of Lewis acids, solvents, efc,, the highest yield and selectivity were achieved when the reaction was carried out using

trimethylsilyl trifluoromethanesulfonate in ether at room temperature for 24 h. Furthermore, addition of molecular
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sieve 5A as a dehydmting agent was found to improve the yields. Weak basic molecular sieve 4A was not effective

since it inhibited the above mentioned acidic double bond isomerization from 3 to 5,6-dihydro-1,4-dithiepin 2,

resulting in low selectivities.
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The results for the synthesis of 5,6-dihydro-1 4-dithiepins from various substrates under the optimized conditions are

summarized in Table 1. As can be seen in Table 1, 5,6-dihydro-1,4-dithiepins were generally synthesized in moderate

to high vields. In addition, the reaction proceeded smoothly including substrates having electron withdrawing group

(entry 3) or no substituent (entry 7).

Table 1. Synthesis of 5,6-Dihydro-1,4-dithiepins?

Entry Rl R2 Yield (%) 2:3
1 Ph Ph 83 —b
2 Ph PhCH2CH? &8 100: ©
3 Ph COCEL 56¢ —b
4 PhCH2CH) PhCH7CH2 83 75 : 25
5 PhCH2CH? MeaCH 80 37 : 63
6 PhCH2CH3 Me 61 100: 0
7 PhCH2CH2 H 31 —b

a) All new compounds gave satisfactory spectroscopic data.

b) There is no possibility to form 3.

¢) Reaction was carried out at 0 *C — room temperature.
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The genemal procedure is as follows: To a stirred suspension of acyloin trimethylene dithioacetal 1 (0.30 mmol) and
meolecular sieves 5A in ether (3 ml) was added an ethereal solution of trimethylsilyl trifluoromethanesulfonate (2 ml,
0.36 mmol) at room temperature. The reaction was continued for 24 h and quenched by addition of saturated aqueous
sodium hydrogencarbonate. The resulting mixture was filtered through a Celite pad and extracted with ethyl acetate (3
*x 10 ml). The combined extracts were dried and concentrated under reduced pressure. Purification with thin layer
chromatography gave 5,6-dihydro-1,4-dithiepin 2.

Because 3,6-dihydro-1,4-dithiepins have a unique strcture, in the nexi stage, we investigated the synthetic
applications of the product obtained. As a result, it was found that stilbene (4, predominantly cis -isomer) could be
synthesized by treating diphenyl derivative 2a with low valent titanium reagent’ generated from titanium(IV) chloride
and lithium aluminum hydride. It has been recently reported that similar desulfurization reaction can be carried out
with Raney nickel for an extremely particular case; a steroidal 5,6-dihydro-1,4-dithiin.8

Hydrogen peroxide oxidation of 2a under usual conditions afforded bissulfone § in high yield, which was reduced with

lithium dimethylcuprate to give diphenylacetylene (6) in 83% yield.

2(TiCl,-2LIAIH )

—»  PhCH=CHPh
/ THF, refl, 1.2 h

//\ a0 % 4 (cis trans=18:1)

S S
Ph Ph
2a H0, o mSO LiCuMe ,, ELO
ZS>_\/ 2 » PhC=CPh
ACOH, refl, 1 h Ph Ph 0°C — room temp
77 % 5 83 % 6

Thus it was found that 5,6-dihydro-1,4-dithiepins, including unsymmetrically substituted ones, were conveniently
synthesized from readily available compounds and were also valuable synthetic blocks for olefin and acetylene
synthesis. Particularly, no vicinal reductive elimination reaction with a cuprate reagent has been reported so far,?

further study is now under investigation in our laboratory.
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