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First Detection of 2,2'-Biphenylylenediphenylsulfurane and
-Selenurane [10-M-4(C4), M = S, Se] by Low Temperature NMR
Experiments and Isolation of the Tellurane
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Abstract : Formation of 2,2"-biphenylylenediphenylsulfurane and -selenurane was detected in the reactions of 2,2"-
biphenylylenephenylchalcogenium compounds with phenyllithium by 14,13, 775e, and CH-COSY NMR studies

at low temperature.  Isolation of the tellurane (C) was reported as an example of the tellurane bearing four carbon
ligands.

Several stable organic hypervalent compounds having group 16 elements as a central atom have been
reported.!  However, those having only carbon ligands are unstable and less popular.  Particularly both
sulfurane [10-S-4 (C4)] and selenurane [10-Se-4 (C4)] have been considered as an intermediate or a transition
state for the reaction of the corresponding onium salts or oxides with various organometallic reagents.2  Trost
and Hori studied the reaction of 2,2-biphenylylenearylsulfonium salts with aryllithium extensively to detect
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2,2'-biphenylylenediarylsulfuranes as intermediates, but they were unsuccessful in the direct detection or
isolation of these compounds.3 Recently, we have succeeded not only in the first detection of
tetraphenylsulfurane and selenurane by NMR# but also in the isolation and determination of the structure of
bis(2,2'-biphenylylene)sulfurane by X-ray crystaliographic analysis.>7 We report here that the formation of
2,2"-biphenylylenediphenylsulfurane (A) and -selenurane (B) can be confirmed by low temperature 1H, 13C,
77Se, HH- and CH-COSY NMR spectra and the tellurane (C) can be isolated.

When an equimolar amount of PhLi (1.02 M in cyclohexane/ether solution) was added to a suspension of
2,2'-biphenylylenephenylchalcogenium salt (1) or (2) [counter anion: BF4~ (S), Br- (Se)] in anhydrous
tetrahydrofurane (THF) under an argon atmosphere at -100 ° or -78 °C, both mixtures turned to a yellowish
homogeneous solution.  Subsequently, each mixture was treated with 0.2 M aqueous tetrafluoroboric acid
(HBFy) solution at -100 °or -78 °C to give the recovered chalcogenium salt 1 or 2 quantitatively. By elevating
the temperature to room temperature, each solution turned to colorless to give phenyl o-terphenyl sulfide (5) or
selenide (6) quantitatively, after work-up.  The present results suggested that a stable intermediate like -
sulfurane A or o-selenurane B would be formed in solution at low temperature.  In order to confirm the
formation of this sulfurane A or selenurane B as a discrete intermediate, the 1H and 13C NMR spectra of the
reaction mixture were measured in THF-dg at -100 °C and -78 °C, and it was observed that the new sets of each
spectrum differed either from that of each substrate or the ligand coupling products.6  The !H and 13C NMR
chemical shifts of A or B were determined by each cross peak observed in the 1H!H, and 13C1H-COSY NMR
spectra (Fig. 1.), and the corresponding 1H and 13C NMR data of A or B are summarized in ref. 8.
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Fig. 1. 13CIH-COSY NMR spectra of sufurane A (left) and selenurane B (right).

Furthermore, when an equimolar amount of 2,2'-dilithiobiphenyl was added to a suspension of dichloro
diphenyl tellurane 4 in anhydrous ether under an argon atmosphere at -78 °C, the mixture turned to a yellowish
homogeneous solution at room temperature.  After filtration of the residue, the solvent was evaporated to leave
a pale yellow solid estimated as a o-tellurane (C).  The tellurane C was treated with 0.2 M aqueous
tetrafluoroboric acid (HBF4) solution to give the corresponding telluronium salt (3) quantitatively. At higher
temperature around 140 °C in situ, it decomposed to give the coupling product, phenyl o-terphenyl telluride (7)
(8 %), dibenzotellurophene (10) (69 %) and biphenyl 11 (36 %) (Scheme 1). In order to confirm the
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structure of this o-tellurane C, the IH!H, 13C1H-COSY, and 125Te NMR spectra of C were measured in THF-
dg at room temperature to give new sets of the spectrum different from that of the substrate 4 and the ligand
coupling product 7 (Fig. 2.).8 The !H and 13C NMR chemical shifts of C were determined similarly.8
The 125Te NMR spectrum of tellurane C appeared

at 439.0 ppm [4: 981.0 ppm (CDCl3), 7: 638.0
ppm (CDCI3)], reveals that the structure of L,i
15'1.0 13‘2.0 13;.0 159 12’6
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compound C should be a tellurane bound to four

aryl ligand in solution because this value is roughly
identical with those of the known telluranes,
tetraphenyltellurane: 509.7 ppm (THF); bis(2,2'-
biphenylylene)tellurane: 482.1 ppm (THF).

The present studies on the temperature
dependent NMR experiments provide the first and

discrete evidence for the formation of 2,2'-
biphenylylenediphenylsulfurane and -selenurane as

an intermediate, while 2,2'-biphenylylenediphenyl

tellurane was isolated as a stable derivative.
Further studies are in progress to detect and isolate
the chalcogenanes having other carbon ligands. Fig. 2. 13CIH-COSY NMR spectra of tellurane C.
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A : IH NMR (270 MHz, THF-dg, -90 °C) & 6.88 (d, J=7.6
Hz, 2H, 3-ArH), 7.11 (d, J=7.3 Hz, 4H, 8-ArH), 7.16 (t,
J=7.3 Hz, 2H, 10-ArH), 7.21 (1, J=7.6 Hz, 2H, 4-ArH),
7.21 (t, J=7.3 Hz, 4H, 9-ArH), 7.37 (1, J]=7.6 Hz, 2H, 5- b 2 ©ﬁ9

ArH), 8.14 (d, J=7.6 Hz, 2H, 6-ArH); 13C NMR (68.4 10

MHz, THF-dg, -90 °C) & 121.9, 128.0, 128.3, 128.4,

128.8, 129.0, 129.4, 134.8, 152.6, 156.8. B : lH NMR (270 MHz, THF-dg, -70 °C) & 7.13 (d,
J=8.5 Hz, 4H, 8-ArH), 7.13 (t, J=9.0 Hz, 2H, 4-ArH), 7.17 (1, I=8.5 Hz, 4H, 9-ArH), 7.17 (d, J=9.0
Hz, 2H, 3-ArH), 7.20 (t, J=8.5 Hz, 2H, 10-ArH), 7.41 (1, J=9.0 Hz, 2H, 5-ArH), 8.14 (d, J=9.0 Hz,
2H, 6-ArH); 13C NMR (68 MHz, THF-dg, -70°C) & 122.7, 128.3, 128.6, 129.1, 129.5, 129.9, 130.9,
138.1, 151.9, 156.2; 77Se NMR (51 MHz, THF-dg, -70 °C) § 397.1.53 C : mp 122-126 °C/
(decomp.) (pale yellow powder); IH NMR (270 MHz, THF-dg, r.t.) § 7.04 (d, J=7.3 Hz, 2H, 3-ArH),
7.13 (t, J=7.3 Hz, 2H, 4-ArH), 7.16 (1, J=7.6 Hz, 4H, 9-ArH), 7.23 (1, J=7.6 Hz, 2H, 10-ArH), 7.35
(d, J=7.3 Hz, 4H, 8-ArH), 7.40 (1, J=7.3 Hz, 2H, 5-ArH), 8.13 (d, J=7.3 Hz, 2H, 6-ArH); 13C NMR
(68 MHz, THF-dg, r.t.) 3 123.0, 128.6, 129.1, 129.9, 132.6, 134.4, 140.2, 142.7, 149.7; 125Te NMR
(85 MHz, THF-dg, r.t.) 8 439.0; MS (m/z): 436 (M%), 359 (M*-77), 282 (M*-154), 152 (M*-284);
Exact mass Calcd for CyqH18Te: 436.0471, Found: 436.0501.
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