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Abstract

1,4,7,10-Tetraisopropyldibenzo[c,g][ 1,2,5,6]tetrachalcogenocins, which were readily synthesized from 4,7-
diisopropyl-2,2-dimethyl-1,3,2-benzodichalcogenastannoles, underwent selective ring contraction under irradia-
tion with a high-pressure mercury lamp to give the corresponding 1,4,6,9-tetraisopropylchalcogenanthrenes in
moderate yields. Facile one-electron redox reactions were observed between the chalcogenanthrenes and the
corresponding stable chalcogenanthrenium radical cations by chemical or electrochemical treatment. © 1999
Elsevier Science Ltd. All rights reserved.

Keywords: photochemistry; sulfur heterocycles; selenium heterocycles; X-ray crystal structures; electron transfer.

The development of facile one-electron redox systems using an unusual Tt-electron framework is an
attractive challenge. Recently, we reported the design of reversible one-electron redox systems using
4,7-disubstituted benzotrichalcogenoles and found by ESR spectroscopy that the radical cation salts
obtained on treatment with one-electron oxidant have a 77t electron framework.! As a part of our
search for new one-electron redox systems, we report here a very efficient and useful method for
the synthesis of redox active chalcogenanthrenes with sterically hindering substituents on the benzene
ring at adjacent positions of the 6-membered dichalcogenin unit. Although many chalcogenanthrene
derivatives have been reportf:d,2 there are few chalcogenanthrenes containing carbon substituents on
the benzene ring due to their synthetic limitation.? In the present work we report a novel synthetic
route for the preparation of sulfur and/or selenium containing chalcogenanthrenes and the properties
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of the interconvertible redox structure bearing sterically hindered substituents on the benzene ring.
Obviously, these chalcogenanthrene derivatives can serve as efficient precursors for novel one-electron
redox systems.

4,7-Diisopropyl-2,2-dimethyl-1,3,2-benzodichalcogenastannoles (la—c)* served as ideal starting ma-
terials for all preparative work. Reaction of stannoles with 2 equiv. of n-butyllithium, followed by
acidification and air oxidation gave the corresponding tetrachalcogenocins (2a—d) as stable products
which were purified by the usual work-up (Scheme 1). All physical and spectroscopic data supported
the molecular structures of 2a-d. The X-ray crystallographic analysis provided the most diagnostic
information as to the cyclic constitution of 2a. The molecular structure of 2a is depicted in Fig. 1.5
In addition to the tetrachalcogenocins mentioned above, there are some reports of X-ray analysis of
tetrachalcogenocins and their dibenzo derivatives, namely, those that have chair conformation or twist
conformation.® In our case, the 8-membered unit is in chair form, and the C-S—S—C torsional angle is
117.4(1)°.

1) nBuLi/ THF ChrChy
Ch\é 6""9 2) H* / H,0
/
3) [O]/ CH,CI
Chy Me ) [O] 2Clo Chy-Chy
1a:Chy,Chy =S,S 2a: Chy,Chy,Cha,Chy = S,8,S,S 66%

1b : Ch,,Ch, = Se,Se 2b : Ch4,Ch,,Ch3,Chy = Se,Se,Se,Se 60%

2¢ : Chy,Chy,Chs,Chy = S,5,5e,Se  28% (69%)

1¢: Ch,,Chy =S Se 2d : Chy,Ch, Chs Chy = S,5e,5e.S 5% (16%1)

Scheme 1. *: Yield in the parenthesis was obtained by the following reaction conditions; (i) SOCI,/THF, (ii) LiAIH,/THF, (iii)
H*/H,0, (iv) Et;N-I,/CH,Cl,

Irradiation of the benzene solution of tetrachalcogenocins (2a-d)’ in a Pyrex vessel with a 100 W
high-pressure mercury lamp under argon atmosphere gave the corresponding chalcogenanthrenes (3a—c)
in moderate yields (Scheme 2, Table 1).® For instance, tetrathiocin (2a) was quantitatively converted
to thianthrene (3a) in the photochemical reaction accompanied with the extrusion of two sulfur atoms.
This ring contraction, however, did not occur thermally. It seems that these reactions proceeded via

Figure 1. ORTEP drawing of 2a
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an excited singlet state because the reactions were not quenched under irradiation in the presence of
some triplet quenchers such as oxygen. To explore the generality of the photochemical ring contraction,
tetraselenocin (2b) and dithiadiselenocins (2c,d) were examined. Photolysis of tetraselenocin (2b) in
benzene gave the desired 6-membered selenanthrene (3b) accompanied, however, with 5-membered
triselenole (4). Furthermore, photolysis of two types of dithiadiselenocins (2¢,d) in benzene gave two
6-membered thiaselenanthrene (3c) and thianthrene (3a) with 5-membered thiadiselenole (5) and 7-
membered dithiaselenepin (6). The yields in Table 1 are those optimized after examination of the reaction
conditions, and no further improvement was observed even with longer irradiation time (total 100
h). Further studies on the detailed mechanism of the photochemical ring contractions are in progress
and will be discussed in a full paper. Although all physical and spectroscopic data supported the
molecular structures of 3a-c¢, one of the heterocyclic solid state structures, 3a, was confirmed by X-ray
crystallographic analysis (Fig. 2).” Thianthrene (3a) has a boat-form central ring, which is commonly
referred to as a butterfly molecule with sterically hindering parts in both wings. The value of the folding
angle (8) of 3ais 127.78, which is in good agreement with that of the parent thianthrene in the literature. '?

ChrChe Ch
hv/8°C
Benzene
ChgCh, Ch
2a: Chy,Ch,,Chs,Chy =S,S,S,S 3a:Ch,Ch, =88

2b : Chy,Ch,,Chs,Ch, = Se,Se,Se,Se  3b : Chy,Ch; = Se,Se

2¢ : Ch¢,Ch,,Ch;,Chy = S,S,Se,Se 3¢ : Ch,,Ch, = S,Se
2d : Ch4,Ch,,Ch3,Chy = S,S¢,Se,S

Scheme 2.

Analysis of the cyclic voltammetric responses is diagnostic for an essentially electrochemically
reversible anodic step. Cyclic voltammograms of 3a—c in acetonitrile at 20°C under argon atmosphere
exhibited a quasi-reversible redox wave (3a: E;,=0.94, Epc=0.85) and irreversible waves (3b: Ep,=0.90;
3c: Ep,=0.94) versus Ag/0.01 mol dm= AgNOs.!! It is a well-known fact that increasing selenium
substitution normally leads to the lowering of the oxidation potential of a donor. As expected, with

Table 1
Photolysis of 2a—d

Substrate Time(h) Yield (%) ste QISe
2a 6 98 (3a) Se Se
2b 50 54 (3b)t 4 5
2¢ 48 14 (3c)t
2d 48 11 3 .

1:4(31%)
§:3a(21%), 5 (10%), 6 (19%) s

9:3a (19%), 5 (7%), 6 (19%) 6
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127.7°

Figure 2. ORTEP drawing of 3a

increasing selenium substitution, lowered oxidation peaks and less reversible sweeps were obtained
which could be explained by assuming a higher degree of localization of electron deficiency to the
selenium rather than the sulfur. This reflects a higher reactivity of the corresponding radical cation
containing a selenium atom.

The corresponding radical cation salts (4a,b) were isolated in one-electron oxidation of 3a,b with 1
equiv. of NOPFg in ether—acetonitrile quantitatively (Scheme 3). The dark purple salts (4a,b) were stable
and the structure was determined by physical and spectroscopic analysis.!>!> The ESR spectra of 4a,b in
acetonitrile showed the presence of peaks (2a: g=2.0071, ay;=0.124, ay»=0.013, Fig. 3; 2b: g=2.0241,
broad peak) attributable to a radical character. The salts (4a,b) underwent one-electron reduction by
treatment with 1 equiv. of samarium(II) iodide in THF to give 3a,b quantitatively.

NOPFg / ether-
acetonitrile Ch
3a,b +e
Sml, / THF Ch

PFe

4a: Chy,Ch, =S,S
4b : Ch4,Chy = Se,Se

Scheme 3.
We have succeeded in preparing chalcogenanthrenes with sterically hindering substituents by novel

photochemical ring contraction of tetrachalcogenocins. These functionally substituted stable compounds
should be useful material for construction of a new reversible one-electron redox system.
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g=2.0071 ayy=0.124 mT
/\ app=0.013 mT
]
W V
Modulation: 100 KHz, 0.005 mT 0.5G

Modulation: 0.0016 mT
Figure 3. ESR spectra of 4a
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