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RADICAL C-Se BOND CLEAVAGE OF SELENONIUM SALTS
WITH GRIGNARD REAGENTS OR MAGNESIUM METAL

Mikio Hori®, Tadashi Kataoka, Hiroshi Shimizu, and Kazuhiro Tsutsumi
Gifu Pharmaceutical Unlversity, 5-6-1, Mitahora-higashi, Gifu 502, Japan

Abstract: The reaction of 2-methylisoselenochromanium salt with Grignard
reagents afforded the reductive ring-opened product by the single electron
transfer (SET) mechanism, not by the self-decomposition of o-selenurane.
The same reduction was observed in the reaction of the selenonium salt with
magnesium metal. Some other selenonium salts were easily reduced by mag-
nesium metal to give ring-opened products.

Selenonium salts react with alkyl- or aryl-lithiums to form unstable
1 and/or to exchange their substituents (ligands)} on the sele-
nium atom.2 In contrast, we have just found a new reaction in which the C-
Se bond of cyclic selenonium salts was homolytically cleaved by Grignard
reagents. In this communication, we describe the reactions of 2-methyliso-
selenochromanium salt with some Grignard reagents and of some cyclic selen-
onium salts with magnesium metal.

2-Methylisoselenochromanium tetrafluoroborate (1) reacted with 3 molar
equivalents of ethylmagnesium iodide at 0°C to give a ring-opened product,
2-(2-methylselenocethyl)toluene (g_)3 in 73% yield (Scheme 1). The reaction
of 1 with phenylmagnesium iodide similarly afforded 2 in quantitative
yield. Surprisingly, 2 was not obtained in the reaction of 1 with phenyl-
magnesium bromide. These results suggest that the nucleophilic attack of
Grignard reagents on the selenium atom does not occur. If Grignard re-~
agents attack on the selenium atom to form the intermediate (III) followed
by decomposition to product 2, the reaction of 1 with phenylmagnesium
iodide would have to give 2-(2-phenylselencethyl)toluene (3) (R = Ph). But
3 was not obtained. On the other hand, if the Grignard reagents form the
g-gselenuranes (IV) whose decomposition gives 2, some ligand-coupled
products can be expected to form. But they were not obtained.

The different reactivity between phenylmagnesium iodide and bromide
would be explained by the assumption that the former donates an electron to
a selenonium salt more easily than the latter. In the case of the reaction
of 1 with allylmagnesium bromide, a fairly good single electron transfer
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{SET) reagent4. 2 was obtained in 50% yield. ©On the other hand, 1 similar-

ly reacted with magnesium metal to give 2 in 82% yleld.

These results show that the Grignard reagents or magnesium metal give
a8 single electron to the selenium atom of 1 to form a radical (I). The
easy C-Se bond cleavage of the unstable intermediate (I) forms a benzyl
radical (II), which abstracts the hydrogen from the solvent to give 2.

We applied this new reaction to some other selenonium salts.® A typ-
ical experiment is shown as follows. Magnesium (3 mmol) was added to the
suspension of selenonium salt (1 mmol) in dry THF (20 ml) and the mixture
was stirred for 30 h at room temperature. Saturated agqueous ammonium chlo-
ride solution was added to the mixture. The mixture was extracted with
ether. The ether layer was washed with water, dried over magneslum
sulfate, and evaporated under reduced pressure. The reslidue was separated
by preparative TLC on silica gel. Five-membered cyclic selenonium salt 4
or vinyl selenonium salt 6 similarly reacted to give a ring-opened product
5 or 7, respectively {(eq. 1,2). In the case of allyl selenonium salt 8,

styrene 9 and allylbenzene derivative 10 were obtained in 44% and 26%
yields, respectively (eq. 3). This reaction indicates that the allyl radi-
cal (V) isomerizes to the radical (VI). #-Ketoselenonium salt 11 generated

predoninantly o-carbonylmethyl radical (VII) rather than the benzyl radical
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and gave the acetophenone derivative 12 (eq. 4), while y-ketoselenonium
salt 13 afforded the enone derivative 14 (eq. 5). Enone 14 would be formed
by dehydrogenation of a B-carbonylethyl radical (VII1) by the other radi-
cals because ethyl 2-methylselenophenyl ketone (15), one of the dispropor-
tional reaction products of the radical (VIII) was not isolated. This SET
reduction proceeded even in the cases of acyclic selenonium salt 168 and
sulfonium salt 19 (eq. 6,7). From a different point of view, the sulfur
radicals having nine electrons have been recently proposed as one of the
resonance hybrids of RSCO-CH,CH,* and RS-CH,CH,*.8

Application of this easy cleavage of C-Se or C-S bond of the onium
salts to some organic syntheses 1s now going on.
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