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Summary: Wittig reagents were successfully changed to symmetrical olefins
when treated with elemental selenium. The reaction proceeds through a seleno-
carbonyl intermediate, which existence was confirmed by Diels-Alder reaction.

Phosphonium ylides (1) have been widely utilized for the synthesis of

olefins1

and also known to react with sulfur to afford thiocarbonyl com-
pounds.2 However, there is no report on the reaction of 1 with selenium.
Recently, we found that the reaction of stable Wittig reagents (1) with epi-
sulfides afforded alkyl fumarates or maleates in good yields and this reaction
might proceed through a thiocaldehyde intermediate.3
/ \ /H 12
2 Ph3P=CHCOOMe + PhCH-CH, ——> S=C\ ——— MeOOCHC=CHCOOMe
COOMe
l\a/

This consideration, in turn, prompted us to investigate the possibility of the
formation of selenocarbonyl compounds by the reaction of elemental selenium
(2) with Wittig reagents. In this communication, we would like to report
that the reaction of 1 with selenium gave olefins (3) via selenocarbonyl
intermediates (4) in good yields.

A typical reaction was run as follows: To a solution of triphenylcar-
boxymethylenephosphorane (1a) (10 mmol) in toluene (100 ml) was added a sus-
pension of 2 in toluene. After refluxing for 3 h, the reaction mixture was
evaporated and the remaining oil was extracted three times with hexane. The
combined extracts were evaporated and roughly chromatographed on silica gel to
give dimethyl fumarate (3a) in 73.6% yield. Other reactions were carried out

in a similar manner (Table 1).

2 PhgP=C(R)R' + 2 Se ——> R'(R)C=C(R)R* + 2 Ph3P=Se
1 2 3 5

~ ~ ~ ~
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Table 1. Reaction of 1 with 2.

4

Compound Conditions Products Yields (%)

1 R R' Solvent  Temperature Time 5 3 trans/cis®
a H COOMe toluene reflux (°C) 3 (hy 77.6 73.6 trans only
a H COOMe toluene 60 18 75.5 68.0 trans only
b H COOEt toluene reflux 3 95.5 97.7 trans only
c H Ph toluene reflux 2 79.0 68.0 4

c H Ph THF reflux 2 70.5 60.5 8

c H Ph THF rt 5 67.5 58.0 10

c H Ph toluene 0 8 63.5 50.5 10

d H CN toluene reflux 3 54,5 52.8 trans only
e H COMe toluene reflux 3 81.7 56.2 trans only
f Ph Ph toluene reflux 3 55.0 45.0 -

f Ph Ph toluene reflux 8 70.5 65.5 -

a) The ratio was determined by NMR or capillary GLC.

In the case of stable Wittig reagents, relatively severe conditions are neces-
sary to complete the reaction (elevated temperature, longer time). However,
the reaction proceeded even at 0°C when 1c was used as substrate. These
results were quite different from those of the reactions of 1 with sulfur.
Staudinger and Meyer reported that the cleavage of benzhydrylidenetriphenyl-

phosphorane in the presence of sulfur gave thiobenzophenone and triphenylphos-

2a

phine sulfide. Tokunaga and coworkers reported that the reaction of ben-

zylidenetriphenylphosphorane with sulfur gave cyclic polysulfide and a very

small amounts of stilbenes and suggested that the reaction might proceed

thiocaldehyde intermediates.2C

Previously, several groups reported the reactions of organophosphorus
compounds with elemental selenium. Mikolajczyk and coworkers synthesized
vinylphosphonates by the addition of elemental selenium to phosphonate carba-

nion followed by alkylation and oxidative elimination of the organoselenium

5

moiety. Yoshifuji et al. prepared selenadiphosphiranes and diselenoxophos-

6

phorane by the reaction of diphosphenes with elemental selenium. It is also

well known that the reaction of triphenylphosphine with selenium gives triphe-

7

nylphosphine selenide. However, there is no report on the reaction of ele-

mental selenium with Wittig reagents.
In the course of studies on the ring opening reaction of episulfides, we
found that the reaction of thioaldehydes with stable phosphonium ylides gave

3

olefins. Similarly, the reaction of 1 with selenium might proceed through

selenoaldehyde intermediates as shown below.

Scheme 1 +
Ph3P C(R)R R,
1+ sep—>| (Se —>PhgP +  C=Se + Se,.

r,?§e R"
‘Se-Sen_3 i
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R Ph3P —Se
\ A
1, +  Bse—>| |1 | RURIC=CRIR® + Phgp=se
~/ /
R* R-G—C-R
4 R R
~

The ylide carbanion attacks elemental selenium to give the corresponding 4.
The resulting 4 further reacts with 1 to afford olefins via a Wittig-like
reaction. To confirm the above mechanism, we carried out cycloaddition reac-

tions to trap the selenocarbonyl intermediates. As shown in Scheme 2, Diels-

Alder adducts (6) were obtained in good yields.8
Scheme 2.
Me Se Me
1T + Se + ——> Ph |
Me Ph Me  6a
Se~,
1If + Se + m ——> Ph
Ph 6b

We also found that the reduction of 4 with NaBH, afforded diphenylmethyl
diselenide (7) in 60% yield.9 This is another evidence for the formation of

diphenylselenoketone.

Ph\ NaBH,4 Ph\ /Ph
1§ + Se — /C=Se _— /CHSeSeCH\
Ph Ph Ph l

Selenoketones and selencaldehydes have been virtually ignored in synthe-
sis, probably due to their high reactivity and difficulty of preparation.
Only one isolated report mentions the synthesis of di-t-butylselenoketone and

10

1,3,3-trimethylnorbornane-2-selenoketone. Recently, Nakayama and coworkers

reported the formation o-carbonylselenoketones, which reacted with carbonyl

stabilized sulfonium ylides to give 1,3-oxaselenoles in good yields.11

How -
ever, there is no report on the synthesis of selenocarbonyl compounds from
Wittig reagents. The present method is the first example of formation of
selenoketones and selencaldehydes from Wittig reagents.
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