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Abstract - A new seleninm containing macrocyclic compound, 3,4,13,14-
tetraselenatricyclo{14.4.0.06.11)icosa-1(16),6,8,10,17,19-hexaene (3), was
prepared by oxidation of 1,2-bis(selenocyanatomethyl)benzene (2) in a moderate
yield.  The structure of compound (3) was determined by an X-ray
crystallographic analysis and the activation parameters for the conformational
changes of 3 in solution were calculated by DNMR experiments.

It has been well-known that 1,2-dithiane and 1,2-dithiin derivatives are generally stable liquid or solid
compounds.] However, corresponding selenium analogues, 1,2-diselenanes and 1,2-diselenins, which have
selenium-selenium bond in the six-membered ring, exist in their low molecular weight polymeric forms2 except
for a few examples.? Recently, we reported novel cycloaddition of 1,4-dihydro-2,3-benzodithiin® to alkenes in
the presence of Lewis acid, BF3»OEt.3  As one of the developments of our investigation on the preparations and
reactions of cyclic polychalcogenides, these results prompted us to define whether 1,4-dihydro-2,3-
bertzodiselenin exists in the monomeric or oligomeric form. After several trials, we found that 1,4-dihydro-2,3-
benzodiselenin could not be formed and 3,4,13,14-tetraselenatricyclo[14.4.0.06.11jicosa-1(16),6,8,10,17,19-
hexaene (3) (a dimeric form of 1,4-dihydro-2,3-benzodiselenin) was obtained instead by oxidation of 1,2-
bis(selenocyanatomethyl)benzene (2), which was stable both in a solid state and in solution. We present here the
synthesis and X-ray crystallographic structural analysis of 3 together with the behavior of 3 in solution revealed
by DNMR experiments.
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A typical synthetic procedure of 3 is as follows (Scheme 1). To a stirred solution of 1,2-bis(bromo-
methyl)benzene (1) (1.53 g, 5.80 mmol) in anhydrous ethanol (40 ml) was added 80% potassium selenocyanate
(2.59 g, 14.4 mmol) at room temperature under No atmosphere. Afiter the mixture was stirred for 3 h under
reflux conditions, the resulting inorganic precipitate was removed by filtration. The filtrate was evaporated and
the residue was treated with water (20 ml). The mixture was extracted with dichloromethane (3 x 20 ml) and the
combined organic layer was dried over anhydrous magnesium sulfate. After removal of the solvent, the residue
was recrystallized from dichloromethane/hexane to give 1.46 g (80%) of 1,2-bis(selenocyanatomethyl)benzene
(2).6 To a stirred solution of 2 (320 mg, 1.02 mmol) in anhydrous ethanot (50 ml) was added 86% KOH (160
mg, 2.45 mmol) in anhydrous ethanol (15 ml). The mixwre was stirred for 50 min at 40 °C under O3 stream.,
After the solvent was removed under reduced pressure, the residue was treated with water (20 ml) and extracted
with chloroform (3 x 20 ml). The extract was dried with anhydrous magnesium sulfate and the solvent was
removed under reduced pressure. The residue was purified by column chromatography (silica gel; eluent,
CCl4/CHCl3 = 5/1) followed by recrystallization from chloroform to give 110 mg (42%) of 37

Although molecular mass of the crystalline compound was determined by vapor pressure osmometry to be 543,
leading us to assign it to 3,4,13,14-tetraselenatricyclo[14.4.0.06.11]icosa-1(16),6,8,10,17,19-hexaene
(2,3,12,13-tetraselenaf4.4]orthocyclophane)8 in solution, the final proof of the structure of 3 was obtained by an
X-ray crystallographic analysis; the result is shown in Figure 1.9 The Se-Se and Se-C bond lengths and Se-Se-C
bond angle do not differ significantly from the averages of the corresponding ones of acyclic diselenides!? and the
dimer of 1H 4H-naphtho1,8-d,¢][1,2]diselenepin.!! Interestingly, the aromatic rings of 3 are approximately
perpendicular to one another, which is in contrast to the corresponding tetrachalcogena[4.4Jmetacyclophanes
previously reported.!2

Figure 1. ORTEP Drawing of 3, Selected Bond Distance (A) and Angles (°), Se(1)-Se(1*) 2.308(2),
Se(1)-C(1) 1.996(7}, C(1)-C(2) 1.497(9), Se(1*)-Se(1)-C(1) 102.7¢2}, Se(1)-C(1)-C(2)
109.6(5), C(1)-C(2)-C(3) 121.6(6), Se(1*)-Se(1)-C(1)-C(2) 153.5(5), C(1*)-Se(1*)-
Se(1)-C{1) -85.8(5), Se(1)-C{1)-C(2)-C(3) -83.1(), C(1)-C(23-C(3)-C(4) -2(1).




HETEROCYCLES, Vol. 38, No. 3, 1994 493

The variable-temperature H nmr spectra of 3 were measured and the temperature-dependent spectra of benzyl
protons have been interpretable in terms of conformational changes in solution (CD2Cl3 and toluene-dg). The
activation parameters of the conformational changes were evaluated from the simulation of the experimental
spectra by analyzing the AB model.!> The rate constant k was obtained for each temperarure by comparing the
experimental spectra with the simulated ones. The plot of log(k/T) against 1/T gave a good straight line and the
activation enthalpy (Aff*) and the activation entropy (AS¥) were calculated by a least-square treatment using the
Eyring model. Arrhenius plots were also linear and gave the values for activation energies (Eact). These results
are summarized in Table 1, indicating that the activation free energies (AG¥#) of 3 are almost governed by the
activation enthalpies (AH¥) and the activation entropies (AS¥) are negligible small. The activation free energies
(AG#) for the conformational changes of 3 are 48.1 and 47.0 kJmol-! in CD;Cl; and toluene-dg, respectively,
and are not significantly different but slightly higher than that of the corresponding tetraselena{4.4]-
metacyclophane.14 These results suggest that the aromatic rings of 3 in solution must fold perpendicular by
sequential rotations of aromatic-methylene carbon bonds and selenium-selenium bonds as well as those in a solid
state.

Table 1. Activation Parameters for the Conformational Changes of 3
Solvent Av JaB T2 Tc AH# AS#* AG? Eact
Hz Hz 5! K kJmol-! Jmol-!K-! kJmol-! kJmol-!
CDxCla 191.0 10.1 0.16 250 49.6 5.1 48.1 51.6
Toluene-dg 56.1 9.9 0.16 234 49.2 7.4 47.0 51.1

Consequently, the present studies on X-ray crystallographic analysis and variable-temperature nmr reveal the
structure of large sized heterocyclic compound (3) containing four seleniums both in a solid state and in solution.
Further studies on the stability and reactivity of tetraselenide (3) are under way.

ACKNOWLEDGEMENTS

This work was supported by a Grant-in-Aid for Scientific Research No. 05554015 from the Ministry of
Education, Science and Culture, Japan. We thank Professor Atsuyoshi Ohno, Institute for Chemical Research,
Kyoto University, Japan, for his helpful discussions of this work. Our thanks are also due to Professor Hiroshi
Kihara, Hyogo University of Teacher Education, Japan, for providing his DNMR program on a personal
computer.

REFERENCES AND NOTES

1. F. Freeman, D. S. H. L. Kim, and E. Rodriguez, Sulfur Rep., 1989, 9, 207; and references cited therein.

2. L. Mortillaro and M. Russo, 'Organic Selenium Compounds. Their Chemistry and Biology:
Selenacycloalkanes, ed by D. L. Klayman, W. H. H. Giinther, John Wiley and Sons, New York, 1973,
pp. 379-426; Y. Okamoto, 'The Chemistry of Organic Selenium and Tellurium Compounds: Selenium- and




494 HETEROCYCLES, Vol. 38, No. 3, 1994

10.

11.

12.
13.

Tellurium-containing Organic Polymers, Vol. 1, ed by S. Patai, Z. Rappoport, John Wiley and Sons, New
York, 19835, pp. 331-341; M. Penson, "'The Chemistry of Organic Selenium and Tellurinm Compounds:
Selenium and Tellurium Heterocycles,' Vol. 1, ed by S. Patai, Z. Rappoport, John Wiley and Sons, New
York, 1985, pp. 399-516; and references cited therein, For example, G. T. Morgan and F. H. Burstall, J.
Chem. Soc., 1931, 173; J. R. Brown, G. P. Gillman, and M. H. George, J. Polym. Sci., Part A-1, 1967,
5, 903; W. H. H. Giinther and M. N. Salzman, Ann. N. Y. Acad. Sci., 1972, 192, 25,

O. Foss, K. Johnsen, and T. Reistad, Acta Chem. Scand., 1964, 18, 2345; P. T. Meinke and G. A. Crafft,
J. Am. Chem, Soc., 1988, 110, 8679; G. M. Li, M. Segi, and T. Nakajima, Tetrahedron Lett., 1992, 33,
351s.

A. Liittringhaus and K. Higele, Angew. Chem., 1955, 67, 304; P. K. Srivastava and L. Field, J. Org.
Chem., 1972, 37, 4196; P. K. Singh and L. Field, ihid., 1988, 53, 2608.

R. Sato, J. Kumagai, K. Yonesaka, and S. Satoh, Terrahedron Lett., 1992, 33, 947.

Compound 2: Colorless needles; mp 112.0-113.0 °C; TH nmr (CDCl3) 8 4.42 (s, 4H, CH;), 7.40 (br s, 4H,
ATH); ir (KBr) 3000, 2150, 1655, 1491, 1452, 1195, and 776 cm1; ms (m/z) 210 (M*+-SeCN); Anal. Calcd
for C1pHgN2Ses: C, 38.24; H, 2.57; N, 8.92. Found: C, 38.15; H, 2.49; N, 8.91.

Compound 3; Yellow needles; mp 145.0-145.5 °C (decomp.); H nmr (400 MHz, CDCl3) § 4.51 (br s, 8H,
CH3), 7.26 and 7.30 (A2B2m, 8H, ArH); 13C{1H} nmr (100 MHz, CDCl3) 8 32.7, 128.3, 130.9, 136.9;
77Se{1H) nmr (76 MHz, CDCl3) & 357.0; ir (KBr) 2948, 1485, 1451, 1415, 1171, 1158, and 758 cm-L; ms
(m/z) 264 (M*/2); molecular weight 543 (vapor pressure osmometry, benzene); Anal. Caled for C1sHigSe4:
C, 36.66; H, 3.08. Found: C, 36.52; H, 3.15,

Corresponding 2,11-diselena[3.3]orthocyclophane was reported. R. H. Mitchell, Tetrahedron Lett., 1975,
1363; H. Higuchi and S. Misumi, ibid., 1982, 23, 5571; H. Higuchi, T. Otsubo, F. Ogura, H. Yamaguchi,
Y. Sakata, and S. Misumi, Bull. Chem. Soc. Jpn., 1982, 55, 182; H. Higuchi, K. Tani, T. Otsubo, Y.
Sakata, and S, Misumi, ibid., 1987, 60, 4027; R. H. Mitchell, K. 8. Weerawarna, and G. W. Bushnell,
Tetrahedron Lett., 1987, 28, 5119; R. H. Mitchell and K. S. Weerawarna, ibid., 1988, 29, 5587; H.
Fujihara, M. Yabe, and N. Furukawa, J. Org. Chem., 1993, 58, 5291,

Crystallographic data for 3: FW=524.14, orthorhombic, Pben(#60), a=18.821(4), b=9.614(3), c=9.353(3)
A, V=1692.3(7) A3, Z=4, Dc=2.057 g cm3, T=25 °C, R=0.040, Rw=0.043 for 982 reflections
(I>3.000(1)) with Cu-Ko. radiation.

1. Hargittai and B. Rozsondai, ‘'The Chemistry of Organic Selenium and Tellurium Compounds: Structural
Chemistry of Organic Compounds Containing Selenium or Tellurium,’ Vol. 1, ed by S. Patai, Z. Rappoport,
John Wiley and Sons, New York, 1985, pp. 63-155.

A. Biezais-Zirnis and A. Fredga, Acta Chem. Scand., 1971, 25, 1171; S. Aleby, Acta Crystailogr., Sect. B,
1972, 28, 1509.

K. A. Beveridge, G. W. Bushnell, and R. H. Mitchell, Can. J. Chem., 1983, 61, 1603.

H. Kihara and K. Mukai, Kagaku PC Kenkyuukai Kaihou (JAPC), 1985, 7, 50.

14. R. H. Mitchell, Can. J. Chem., 1976, 54, 238; K. R. Dixon and R. H. Mitchell, ibid., 1981, 61, 1598.

Received, 17th November, 1993




