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Upon oxidation of the title heterocycles with dimethylamino
groups, elemental sulfur is extruded to form dicationic dyes,
which regenerate the heterocycles by the reaction with Na,S.
The electrolysis of the heterocycles induces a drastic change in
UV-vis spectrum exhibiting several isosbestic points. The bay-
region substituents enhance configurational stability, so the
optically pure heterocycle can be obtained in terms of helicity of
one-handedness, and its chromism is accompanied by a large
chiroptical response as detected by CD spectroscopy.

Organosulfur compounds exhibit unique reactivities that are
absent in the oxygen congeners. For example, redox activation
of sulfur enables various transformations that are useful in
organic synthesis' and materials chemistry.>? Oxidation of
sulfides commonly induces oxygenation of sulfur to give the
corresponding sulfoxides and sulfones (eq 1).*> On the other
hand, desulfurization accompanied by C-S bond fission is
another reaction path that is often found in the strained
thiiranes.* The C-S bond in an aryl benzyl sulfide is cleaved
readily under electron-transfer conditions.> Based on the facile
C-S bond mesolysis,® we envisaged that the novel reaction
giving elemental sulfur and two cationic species would be
realized (eq 2) upon oxidation of sulfides with cation-stabilizing
substituents, such as bis(triarylmethyl) sulfides 1.
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Although parent bis(triphenylmethyl) sulfide has been
known for a century,’ its properties and reactivities were
scarcely investigated,® and only few derivatives are known to
date.® During the course of our studies on novel redox-based
response systems,'? we found that, upon treatment with Na,S,
biphenyl-2,2’-diylbis[bis(4-dimethylaminophenyl)carbenium]
(3a®*) was converted to 2a,'! the first member of 5,5,7,7-
tetraaryl-5,7-dihydrodibenzo[c,e]thiepin, which is the “clamped”
analogue of bis(triarylmethyl) sulfide 1a. Here, we found that 2a
as well as newly prepared 2b undergo an oxidative desulfuriza-
tion, giving rise to elemental sulfur and the corresponding
dicationic dyes 3a’* and 3b”*, respectively (Scheme 1); this is
the successful demonstration of the reaction illustrated in eq 2.
“Unclamped” sulfide 1a was also prepared from bis(4-dimethyl-
aminophenyl)phenylcarbenium (MG), and its properties and
reactivities are also examined in this study.

When MG*BF,~ was allowed to react with 5 equiv of Na,S
in CH3;CN/H,0/CH,Cl, (5/1/1 v/v), characteristic deep blue
color of the cationic dye gradually disappeared, affording 1a'? as
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Scheme 1. Oxidative desulfurization of bis(triarylmethyl)
sulfides.

a pale colored powder in 67% yield. Similarly, “clamped”
analogue 2a was obtained upon treatment of 3a’*(BF,7),'* with
5equiv of Na,S in CH3CN/H,O (5/1 v/v) as a white powder.
The quantitative yield of 2a was accomplished despite con-
gestion around the suflur atom by the two triarylmethyl
units.!»'* To minimize steric hindrance, 2a adopts a skewed
conformation with a twisted biphenyl skeleton as in 3a’*
(Figure S1)."5 Thus, both 2a and 3a’* are endowed with a
chiral element of helicity and axial chirality, respectively,
although interconversion between enantiomers proceeds easily
at room temperature'! (Scheme 2). Thiepin derivative 2b with
benzyloxy groups was then designed with anticipation that the
bulky bay-region substituents would increase the racemization
barrier to allow optical resolution. The M enantiomer of 2b'?
was obtained in 90% yield upon Na,S-treatment of the
corresponding dicationic dye salt (R)-3b**(BF; ),,'> which
was prepared from diol (R)-4b'? derived from diester (R)-5b
(Scheme 3). The optically pure diester 5b'® was facilely
synthesized in a stereoselective manner and was therefore
chosen as a suitable starting material in this study. All these
hexabenzyloxy derivatives are configurationally stable, and
there were no signs of racemization upon transformation or
standing.

According to the voltammetric analyses,'” sulfide 1a and
thiepins 2a and 2b are strong electron donors. They undergo
irreversible electrochemical oxidation at E},, = +0.71, +0.57,
and 4+0.59V vs. SCE, respectively (Figure S2).!> Upon treat-
ment of la with 3equiv of iodine in CH,Cl,, a deep green
powder of MG*1;~ was obtained in 92% yield. Considering
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Scheme 2. Configurational stability of biphenyl moiety.
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Scheme 3. Preparation of optically pure (M)-2b.

steric congestion around the sulfur atom,'* the S—I bond forming
process may not be an essential initiation to cause desulfuriza-
tion. In fact, treatment of la with (4-BrCsH4);N"TSbCls™
(2 equiv) similarly induced effective formation of cationic salt,
MG*SbCls~ (y. 93%). Unimolecular cleavage® of C-S bond
in 1a"t would be a plausible key step to furnish MG™
(Scheme S1).!3 Thus, the conversion of 1a was also induced
electrochemically. When the electrolysis of 1a was conducted in
CH,Cl,, a continuous change exhibiting several isosbestic points
was observed by UV-vis spectroscopy (Figure 1), demonstrat-
ing that the oxidation reaction of Scheme 1la is accompanied by
a chromic response with a vivid change in color from colorless
to deep blue.

When thiepin 2a was allowed to react with 3 equiv of iodine
in CH,Cl,, a dark purple powder of 3a?*(I37),!? was obtained
in 88% vyield. From the filtrate, elemental sulfur was also
isolated.'® When the electrolysis of 2a was conducted in
CH,Cl,, a characteristic deep blue color developed, and a
continuous change exhibiting several isosbestic points was
observed by UV-vis spectroscopy (Figure S3).!>!° Considering
that the twisted 7-systems exhibit strong circular dichroism
(CD) signals by exciton coupling mechanism,? it is expected
that the electrochemical oxidation of (M)-2b [Aey 306 nm
(A€ + 30.3), 265 (+54.8), 243 (—67.6)] would exhibit a large
change in the CD spectrum. In fact, clean conversion exhibiting
isosbestic points was observed not only in the UV-vis but also
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Figure 1. A continuous change in UV-vis spectrum upon
constant current electrochemical oxidation of 1a (5.0 x 107°M)
in CH,Cl, containing 0.05M BuyNBF, (5 uA, every 4 min). The
newly appeared absorptions are identical to those of MG™.
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Figure 2. Continuous changes in UV-vis (upper) and CD

(lower) spectra upon constant current electrochemical oxidation

of (M)2b (9.1 x 107°M) in CH,Cl, containing 0.05M

BuyNBF, (5 1A, every 8 min).
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in the CD spectra (Figure 2).!° Thus, oxidative desulfurization
reaction of title heterocycles can be accompanied by electro-
chiroptical response when the biphenyl moiety in 2 and 3% is
attached with the proper substituents (e.g., OBn) to enhance
configurational stability.

Further studies on the oxidative desulfurization of the
sulfides and related compounds with cation-stabilizing substitu-
ents are now in progress.

This work was performed under the Cooperative Research
Program of “Network Joint Research Center for Materials and
Devices.” This work was supported by a Grant-in-Aid for
Scientific Research on Innovative Areas: “Organic Synthesis
Based on Reaction Integration” (No. 2105) from MEXT, Japan.

References and Notes

1 a) T. Murai, Pure Appl. Chem. 2010, 82, 541. b) F.
Shibahara, T. Murai, J. Synth. Org. Chem., Jpn. 2011, 69, 28.
¢) R. Sato, Heteroat. Chem. 2007, 18, 482.

2 a) TTF Chemistry: Fundamentals and Applications of
Tetrathiafulvalene, ed. by J.-i. Yamada, T. Sugimoto,
Springer, Heidelberg, 2004. b) T. Otsubo, K. Takimiya,
Bull. Chem. Soc. Jpn. 2004, 77, 43. ¢) S. Ogawa, J. Synth.
Org. Chem., Jpn. 2004, 62, 140.

3 E. Block, in The Chemistry of Ethers, Crown Ethers,
Hydroxy Groups and Their Sulphur Analogues in PATAI'S
Chemistry of Functional Groups, ed. by S. Patai, John Wiley
& Sons, Chichester, 1981, Vol. 1, Chap. 13, p. 539.
doi:10.1002/9780470771624.ch13.

4 a) X.-Z. Qin, Q.-c. Meng, F. Williams, J. Am. Chem. Soc.
1987, 109, 6778. b) M. Kamata, K. Murayama, T. Suzuki, T.
Miyashi, J. Chem. Soc., Chem. Commun. 1990, 827. ¢) M.
Puiatti, J. E. Argiiello, A. B. Pefiéfiory, Eur: J. Org. Chem.
2006, 4528.

5 E. Baciocchi, E. Fasella, O. Lanzalunga, M. Mattioli, Angew.
Chem., Int. Ed. Engl. 1993, 32, 1071; E. Baciocchi, E.
Fasella, O. Lanzalunga, M. Mattioli, Angew. Chem. 1993,
105, 1110.

6 H. W. Zappey, S. Ingemann, N. M. M. Nibbering, J. Chem.
Soc., Perkin Trans. 2 1991, 1887.

7 D. Vorldnder, E. Mittag, Ber. Dtsch. Chem. Ges. 1919, 52B,
413.

8 R. G. R. Bacon, J. Kdchling, J. Chem. Soc. 1964, 5594.

Chem. Lett. 2013, 42, 706-708

10

12

13

14

15

16

17

18

19

20

© 2013 The Chemical Society of Japan

a) Y. Kawada, J. Ishikawa, H. Yamazaki, G. Koga, S.
Murata, H. Iwamura, Tetrahedron Lett. 1987, 28, 445. b)
A. M. Islam, I. B. Hannout, A. M. El-Sharief, Indian J.
Chem. 1977, 15B, 248.

T. Suzuki, E. Ohta, H. Kawai, K. Fujiwara, T. Fukushima,
Synlett 2007, 851.

T. Suzuki, H. Tamaoki, K. Wada, R. Katoono, T. Nehira, H.
Kawai, K. Fujiwara, Chem. Commun. 2012, 48, 2812.
Selected spectral data are given in Supporting Information
(ref 15).

T. Suzuki, J.-i. Nishida, T. Tsuji, Angew. Chem., Int. Ed.
Engl. 1997, 36, 1329; T. Suzuki, J.-i. Nishida, T. Tsuji,
Angew. Chem. 1997, 109, 1387.

G. A. Jeffrey, A. Robbins, Acta Crystallogr., Sect. B: Struct.
Crystallogr. Cryst. Chem. 1980, 36, 1820.

Supporting Information is available electronically on the
CSJ-Journal Web site, http://www.cs].jp/journals/chem-lett/
index.html.

N. Asakura, S. Fujimoto, N. Michihata, K. Nishii, H.
Imagawa, H. Yamada, J. Org. Chem. 2011, 76, 9711.
Cyclic voltammetry was conducted in MeCN containing
0.1 M Et4NClOy as a supporting electrolye (E/V vs. SCE, Pt
electrode, scan rate 100mVs~!). The oxidation wave is
irreversible in all cases, and the oxidation potentials were
estimated as EP** — 0.03 V. Ferrocene undergoes one-elec-
tron oxidation at +0.38 V under the similar conditions.

To a solution of 2a (905 mg, 1.31 mmol) in CH,Cl, (50 mL)
was added iodine (1.04 g, 4.10 mmol). After stirring for 24 h
at room temperature, the mixture was diluted with ether. The
resulting suspension was filtered to give 3a’*(I;7), (1.73 g,
y. 88%) as a dark purple powder. The filtrate was treated
with P(OMe); to remove remaining iodine, and chromato-
graphic separation (Al,Os;, ether) gave elemental sulfur
(12.9mg), which corresponds to 31% of the calculated
amount according to eq 2.

The newly appeared absorptions are not identical to those of
dication 3%* (ref 15) since the C—S mesolysis of 2"+ would
afford a cationic intermediate that needs further oxidation to
cleave another C—S bond before furnishing 3>+ (Scheme S1)
(ref 15).

Circular Dichroism: Principles and Applications, 2nd ed.,
ed. by N. Berova, K. Nakanishi, R. W. Woody, Wiley-VCH,
New York, 2000.

www.csj.jp/journals/chem-lett/


http://dx.doi.org/10.1351/PAC-CON-09-08-04
http://dx.doi.org/10.5059/yukigoseikyokaishi.69.28
http://dx.doi.org/10.1002/hc.20347
http://dx.doi.org/10.1246/bcsj.77.43
http://dx.doi.org/10.5059/yukigoseikyokaishi.62.140
http://dx.doi.org/10.5059/yukigoseikyokaishi.62.140
http://dx.doi.org/10.1002/9780470771624.ch13
http://dx.doi.org/10.1021/ja00256a036
http://dx.doi.org/10.1021/ja00256a036
http://dx.doi.org/10.1039/C39900000827
http://dx.doi.org/10.1002/ejoc.200600400
http://dx.doi.org/10.1002/ejoc.200600400
http://dx.doi.org/10.1002/anie.199310711
http://dx.doi.org/10.1002/anie.199310711
http://dx.doi.org/10.1002/ange.19931050728
http://dx.doi.org/10.1002/ange.19931050728
http://dx.doi.org/10.1039/p29910001887
http://dx.doi.org/10.1039/p29910001887
http://dx.doi.org/10.1002/cber.19190520231
http://dx.doi.org/10.1002/cber.19190520231
http://dx.doi.org/10.1039/jr9640005594
http://dx.doi.org/10.1016/S0040-4039(00)95752-6
http://dx.doi.org/10.1055/s-2007-973887
http://dx.doi.org/10.1039/c2cc17475h
http://dx.doi.org/10.1002/anie.199713291
http://dx.doi.org/10.1002/anie.199713291
http://dx.doi.org/10.1002/ange.19971091226
http://dx.doi.org/10.1107/S0567740880007303
http://dx.doi.org/10.1107/S0567740880007303
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/index.html
http://dx.doi.org/10.1021/jo201750d
http://www.csj.jp/journals/chem-lett/

