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3,4,5-Tris(2,4-di-t-butyl-6-methoxyphenyl)-3,4,5-triselenoxo-1,2-diselena-3,4,5-triphospholane
as a Selenation Reagent
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A new type of phosphorus-selenium containing heterocyclic
compound, 3,4,5-tris(2,4-di-z-butyl-6-methoxyphenyl)-3,4,5-
triselenoxo-1,2-diselena-3,4,5-triphospholane, was prepared and
was allowed to react with amides to give the corresponding
selenoamides in good yields.

Recently, we have reported the preparation of a transient
dithioxophosphorane bearing 2,4-di-z-butyl-6-methoxyphenyl
group (abbreviated to Mox)! and the sulfurization reaction of
benzophenone to thiobenzophenone by utilizing the dithioxo-
phosphorane.2 We now wish to report the preparation and
properties of a new type of phosphorus-selenium heterocycle.

2,4-Di-t-butyl-6-methoxyphenylphosphine (1) was
prepared according to the method reported previously.l A
solution of 7.12 mmol of 1 in benzene (100 mL) was added to a
suspension of elemental selenium (1.68 g, 3 equiv) in pyridine
(10 mL) and stirred at room temperature for 1 day. After
chromatographic treatment, 2 was obtained in 11% yield based
on 1 as a stable compound together with air-sensitive 3 (5%) and
4 (3%).3 These results on selenium are different from either of
those on sulfur! or 2,4-di-z-butyl-6-dimethylaminophenyl-
phosphine.4 It should be mentioned that attempts by Guziec and
Moustakis to prepare a selenium analog of Lawesson's reagent
have failed.5

The 31P NMR spectrum of 2 gave signals of ABy pattern
(SpA 72.9 and 8pB 81.2, L/pp = 302.1 Hz) and the spin-spin
coupling constant (Jpp) is much larger than 2jpp for typical
>P(Se)-Se-P(Se)< or >P-Se-P< compounds,6 strongly
suggesting that PA is directly bonded to PB. The 3P NMR
spectrum of 3 showed signals of an AXj pattern with smaller
coupling constant (Jpp) than that for compound 2. Satellite
peaks due to 77Se also supported the structure 3. On the other
hand, 31P NMR of compound 4 showed a singlet signal similar
to a sulfur analog, (ArPS)3,7 where Ar = 2,4,6-t-BuzCgHa.

When 2 (22.5 pmol) was heated in benzene-dg at 80°C for
5 days in an NMR sample tube under argon, a reaction occurred
only to give 3 (8.3 umol) and 4 (ca. 4 pmol) together with 2
(31% recovery). Although no direct evidence was obtained by
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Table 1. Reaction of 2 with Amides 7a—e in Benzene at 90 °C

Substrate Reaction Reaction product
7 R time /h 8 /%2 9/ 9b
7a Ph 220 8a 50 17
7b PhCHy 185 8b 51 13
7¢ p-NO2CgHy 186 8c 82 39
7d  p-MeOCgHs 186 8d 71 26
7e p-MeOCOCgHy 162 8e 80 16

a) Yield based on 7. b) Yield based on the Mox moiety of 2.
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R:a, Ph; b, PhCHy; ¢, p-NO,CgHy: 9

d, p-MeOCgH,; e, p-MeOCOCgH;,.

31p NMR monitoring during the thermal reaction, the conversion
among the compounds 2, 3, and 4 seemed to take intermediacy
of 5 and 6, suggesting that selenation of carbonyl compounds
might be achieved during the thermolysis of 2.

In fact, when 2 was heated with amides 7, the selenation
occurred to give the corresponding selenoamides 88 in good
yields together with 9.9 A mixture of N,N-dimethylbenzamide
7a (20.5 mg, 137.5 pmol) and 2 (31.5 mg, 27.5 pmol) in
benzene (0.8 mL) was heated at 90 °C for 220 h under argon in a
sealed tube and then subjected to a silica-gel chromatography to
give 14.5 mg of 8a in 50% yield based on 7a together with 9 in
17% yield based on the MoxP moiety of 2.  Similarly,
selenoamides 8b—d were prepared from 2 and the
corresponding amides 7b—d. This method is simple and does
not require a tedious separation of the reaction mixtures.
Attempts to prepare selenoesters by this method from carboxylic
esters such as ethyl benzoate, ethyl phenylacetate, and ethyl N-
phenylcarbamate failed but the unchanged esters were recovered
together with 3 and 4, probably due to the thermolysis of 2
alone. Moreover, when a mixed ester-amide 7e was heated with
2 in benzene, selenoamide 8e was selectively obtained in 80%
yield. Table 1 lists the experimental results on this selenation
reaction.

This selenation reaction seems to proceed via four-
membered ring intermediates 10, 11, or 12 due to the reaction of
5, 6, or 13 with amides. Thus, 5 and 6 due to the thermolysis
of 2 react with amide, leading first to 10 and 11, respectively,
followed by cleavage of the rings to selenoamides 8 together with
13 and 14. The compound 14 then gives directly trimer 16 and
the intermediate 13 reacts further with amide to afford 8 and 15
via 12. The compound 16 was not isolated or detected probably
because of its instability. The compound 15 might probably
give the corresponding trimer 9, which might also be formed by
oxidation of 16.
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Although there have been known several methods of

converting the carbonyl group into the selenocarbonyl group
using (Me3Si)2Se,10.11 (MesAl)2Se,12.13 NaHSe,!4 and
SesBry,5 we have accomplished an additional direct and
straightforward selenation reaction of amides using a
phosophorus-selenium heterocycle 2.
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