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There has been much interest in the preparation and property
of chalcogenenium cations (RX*: X = S, Se, Te) over the last
several decades.'? Although a number of studies for sulfenium
ions (RS™) have been reported, there is no report concerning
the actual structure of the sulfenium ions.! In contrast, the
chemistry of their analogous species of heavier group 16
elements, e.g., selenenium and tellurenium cations (RSe™,
RTe*), has received much less attention.” Recently, we have
described that either the reaction of N-methyl-5H,7H-dibenzo-
[b,g][1,5]selenazocine with tert-butyl hypochlorite (¢-BuOCl)
or the reaction of N-benzyl-1,11-(methanoaminomethano)-
SH,7TH-dibenzo[b,g][1,5]selenazocine with N-bromosuccinimide
gave the hypervalent selenuranes containing a transannular
Se—N bond.> We have now found that the reaction of a linear
selenide, 2,6-bis[(dimethylamino)methyl]phenyl methyl selenide
(1), with -BuOCl gave the Se-demethylated product, i.e., the
selenenium cation, without formation of the corresponding
selenoxide, in which its novel Se-dealkylation was induced by
the neighboring group participation of the two nitrogen atoms.
This paper presents the preparation, crystal structure, and
properties of the first selenenium and tellurenium cations
stabilized by two intramolecular amino groups.

Generally, the reactions of phenyl methyl selenide (PhSeMe)
and 2-[(dimethylamino)methyl]phenyl methyl selenide (5) with
-BuOCl gave the corresponding selenoxides [PhSe(O)Me and
6] in good yields. ~BuOCl is widely used as an oxidant for
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the conversion of selenides into selenoxides.” Surprisingly,
however, treatment of a selenide having two amino ligands, 2,6-
bis[(dimethylamino)methyl]phenyl methyl selenide (1), with
t-BuOCl in anhydrous MeOH at 0 °C gave the Se-demethylated
product, the selenenium cation (2), which was converted into
the PFs~ salt upon treatment with KPFg (Scheme 1) Thus,
the result indicates that the selenide 1 underwent Se-dealkylation
(i.e., cleavage of a C—Se bond) to form the selenenium cation
2 on reaction with -BuOC], although the reaction of normal
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Figure 1. Crystal structure of selenenium salt 2. Selected bond lengths
(A) and angles (deg): Se—N(1) 2.180(7), Se—N(2) 2.154(7), Se—C(1)
1.874(8), N(1)—Se—N(2) 161.9(3), N(1)—Se—C(1) 81.0(3), N(2)—Se—
C(1) 80.93).
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alkyl-substituted selenides with +-BuOCl led to the selenoxides.
This is the first example of a remarkably stable selenenium
cation salt.

The selenenium cation 2 in solution was characterized by
spectroscopic means.>® The proton and carbon-13 absorptions
due to the methyl group in selenide 1 were not present in the
spectra of 2. The 7Se NMR spectrum of 2 in CD3;CN shows
a singlet peak at 6 1208, shifted downfield from the resonance
("7Se 8 90; q, Jse-n = 12 Hz) of selenide 1.57 Its remarkable
low-field 7’Se chemical shift is characteristic of cationic species.?
The 3'P NMR spectrum of the PFs™ anion of 2 in CD;CN shows
a phosphorus absorption at 6 —144.8 (sept, Jp-g = 707 Hz), in
the region of ionic PFs~,

The crystal structure of the selenenium cation 2 was
determined by X-ray diffraction analysis.® The X-ray data
reveals no interaction at all between the counteranion and
countercation (Figure 1).° There are short intramolecular Se++*N
contacts of 2.154 and 2.180 A, which are remarkably shorter
than the sum of the van der Waals radii (3.5 A) of the two
elements. Normally, the bond length of the covalent bond of

(5) NMR data. 1 (CDCl3): 'H 6 2.09 (s, 3H, SeCHy), 2.26 (s, 12H,
CH3), 3.73 (s, 4H, CH,), 7.22—7.30 (m, 1H, ArH), 7.34—7.39 (m, 2H, ArH);
13C 6 9.7,45.3, 64.7, 127.8, 128.4, 133.7, 143.3; 7"Se 8 90.0 (q, Jse-n =
12 Hz). 2 (CD3sCN): 'H 6 2.82 (s, 12H, CH3), 4.04 (s, 4H, CHy), 7.25—
7.31 (m, 2H, ArH), 7.32—7.40 (m, 1H, ArH); '3C 6 49.0, 64.4, 126.5, 129.0,
133.7, 133.8; 77Se 6 1208.3 (s); 'P 0 —144.8 (sept, Jp-r = 707 Hz) (relative
to HiPOy). 3 (CDCl3): 'H 6 0.85 (t, 3H, CH3), 1.24—1.40 (m, 2H, CHy),
1.56—1.69 (m, 2H, CHy), 2.20 (s, 12H, NCH3), 2.55 (t, 2H, CH3), 3.60 (s,
4H, CHy), 7.16—7.24 (m, 1H, ArH), 7.26—7.32 (m, 2H, ArH); 13C 6 9.1,
13.4,252,33.8,44.7,68.5, 1229, 127.2, 127.4, 144.9; '5Te 6 287.2 (m).
4 (CD;CN): 'H 6 2.97 (s, 12H, CH3), 4.03 (s, 4H, CHy), 7.30—7.43 (m,
3H, ArH); 13C 6 50.6, 67.2, 125.4, 127.1, 129.9, 138.5; '35Te 6 1949.8 (s);
3P & —144.9 (sept, Jp-r = 707 Hz).

(6) The 7’Se chemical shift is relative to Me;Se. The 25Te chemical
shift is relative to Me;Te.

(72) The "’Se chemical shift of phenylselenenyl bromide (PhSeBr) is 6
867.

(8) Crystal data for 2: C,,H,;qN.SePFs, monoclinic, space group P2y,
a=9254Q2) A, b =9.856(1) A, ¢ = 18.328(2) A, B = 93.65(1)°, V. =
1668.3 A3, Z =4, D = 1.65 gicm?, Mo Ka radiation (4 = 0.710 73 &),
CAD4 diffractometer, 1736 with / > 30(J). The structure was solved by
direct methods and refined anisotropically by full-matrix least squares using
the MolEN program package. The final R value was 0.053.

9) Tzhe crystal structure of PhSeBr shows a covalent bond between Se
and Br.%
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Se—Nis 1.87 A. The angle of N++*Se+**N is 161.9°, which is
strongly distorted from a linear arrangement. The X-ray data
suggest that the selenenium cation 2 is considered to be
stabilized by the neighboring-group participation of the two
nitrogen atoms.

These NMR and X-ray data clearly indicate the selenenium
cation 2, which may be formed in the following mechanism.
The selenium of 1 reacts with chlorine of +~-BuOClI to form the
selenonium cation 8, which subsequently is converted into a
hypercoordinate selenium species 9 by the neighboring-group
participation of two amino nitrogens. Finally, the chloride anion
attacks the methyl carbon atom on selenium of 9 to generate 2
and methyl chloride (Scheme 2). Actually, an alkyl chloride,
n-octyl chloride, was obtained in the reaction of the octyl
analogue of 1, 2,6-bis[(dimethylamino)methyl]phenyl n-octyl
selenide (7), with +~-BuOCl. This is a novel dealkylation
promoted by the neighboring-group participation of two nitrogen
atoms. This dealkylation reaction was also observed in the
reaction of the selenides 1 and 7 with Br,, which resulted in
the formation of the selenenium salt 2.

Similar reaction of a telluride, 2,6-bis[(dimethylamino)methyl]-
phenyl n-butyl telluride (3), with Br; (1 equiv) afforded the first
isolable tellurenium cation (4) (Scheme 3).4° The !2Te NMR
spectrum of 4 in CD3CN shows a significant downfield shift at
6 1950 from the peak (6 287) of telluride 3.

Interestingly, benzenethiol (PhSH, 2 equiv) was oxidized
quantitatively to diphenyl disulfide (PhSSPh) on treatment with
selenenium cation 2 under an Ar atmosphere at room temper-
ature; during the reaction, solutions of 2 and PhSH were
followed by 7’Se NMR spectroscopy. The 7’Se NMR spectrum
indicates that the Se peak (6 1208) of 2 is changed to high
field at 6 6, which suggests the formation of species 11, and
then the absorption of & 6 is again changed to the peak of
selenenium cation 2 after addition of air to the reaction mixture
solutions. After the usual workup, the selenenium cation 2 was
recovered quantitatively. This redox reaction may proceed as
follows (Scheme 4).19 The thiol attacks the selenium atom of
2 to form the intermediary selenosulfide (10), which converts
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into the selenolate anion (11) by reaction of a second thiol. The
selenolate anion formed is oxidized to the selenenium cation 2
by oxyger. This result suggests that the selenenium cation 2
may become the selenocysteine model system in glutathione
peroxidase.!!

On the other hand, on treatment of selenenium salt 2 with
methyl triflate (MeOSO,CF3) in anhydrous CH,Cl, under an
Ar atmosphere at room temperature for 24 h, none of the
N-methylated ammonium salt and the Se-methylated selenide
was obtained, and 2 was recovered. Analogously, 2 did not
react with olefins (norbornene, stilbene) and phenylacetylene.
It was reported that phenylselenenyl halides or pseudohalides
(PhSeX: X = Cl, Br, OSO,CF;) reacted with such olefins to
give the addition products.? These reactivities of 2 cannot be
explained at the present time. Further studies for the charac-
terization of the selenenium and tellurenium cations are in
progress.!?
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