Tewahedron Latters, ¥eol.32, No.50, pp 7427-7430, 1991 040-4039/01 S3.00+ .00
Printed in Great Britain Pergamon Press ple

A Useful Method for the Synthesis of Selenoaldehydes
with Electron-withdrawing Substituents

Masahito Segi,* Masakazu Kato, and Tadashi Nakajima

Departient of Chemistry and Chemical Engineering, Faculty of Technology,
Kanazawa University, Kodatsuno, Kanazaws 920, Japan

Key Words: selenoaldshyde; electron-withdrawing group; Diels- Alder reaction; cycloadduct; regioselectivity

Absiract: Several selennaldehydes substittited with electron-withdrawing groups were synthesized by the reaction of
ike corresponding gem-dichlorides with selenium dianion, generaied by the treaiment of bis(tributyliin} selenide and
tetraburylarynonium fluoride trinyedrate, and were in sitie trapped by 1 3-dieney to give Diels-Alder addacrs.

During the past decade, there has been great interest in the chemistry of reactive carbon-chalcogen double
bonds.! We have previously reported simple and convenient methods for the direct conversion of aromatic and
aliphatic aldehydes or ketones into the carresponding chalcogenocarbonyl compounds.? However, these
methods are inapplicable to the preparation of electron-withdrawing substituted chalcogenoaldehydes because
of the unstability of the starting aldehydes. Though the syntheses of reactive selenoaldehiydes substituted with
electron-withdrawing groups have been reported in recent ycars,3 these methods have required the multi-step
process to prepare the selenoaldshyde precursors’™” or some reactions have been accompa.niéd with the
formation of by-pmducts.?’c In this letter we present a novel and useful one-step route to such reactive
selenoaldehydes, which contains the reaction of geminally substituted dichlorides (EWCLCHCL_,) with §¢% as
shown in eq. 1. The starting dichlorides are commercially available or readily prepared by double chlorination
of the hydrogen precursors,

Se

EWG-CHCl; + Se? ,&H + 20 (eq. 1)

EWG : electron-withdrawing group

EWG

There are several methods for gencration of Se’” species. Su, at first we undertook preliminary
experiments to find out optimal conditions for the furmation of selenoaldehydes, in which methyl
dichloroacetate and cyclopentadiene were used as a substrate and a trapping agent for selencaldehydes,
tespectively. The results are shown in Table 1. Procedures using strong bases such as BuLi® resulted in
moderate yields of the selenoaldehyde eycloadduct and concomitant side-reactions® {entries 1~3). In the case
of Se> generation by a desilylation reaction of bis(trimethylsilyl) selenide with fluoride ion, the desired
cycloadduct was little obtained {eatry 4). On the other hand, application of a fluorodestannylation reaction by
the combination of organotin selenide and fluoride ion® led to sansfactory yields of the cycloadduct (entries
5~12). Particularly, the combination of bis{tributyltin) selenide and wetrabutylammonium fluoride trihydrate is
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Table 1 Preliminary Experiments on the Formation of Selenoaldehyde

MeO@CHCI Se2 .SJE } ——-—Q 5§ A
2 + MeQOC™ "H MoOOC
entry  method of Se2 genaration solvent temp. (°C) yield of cycloadduct (%)%
1 Se / LiBHEt, THF 25 A7
2 {(Ma3Si)eSe / n-BuLi THF 25 54
3 {BuaSn),Se / n-Buli THF 25 48
4 {(Me3Si)>Se / BugNF.3H,0 THF 25 —0b
5 (BuaSn),Se / BusNF-3H;0 THF 25 79
6 THF 50 62
7 CH5CN 25 77
8 DMF 25 82
9 CegHs 25 48
10 {BuaSn)aSe / BugNF.anhyd. THF 25 75
11 {BusSn)»Se / CsF,18Crown6 THF 25 58
12 THF/CH3CN 25 72

a) Isolated yield. b) Complex mixture was obtained.

a best choice (entrics 5, 7, and 8). In this case, the use of polar solvents such as THF, CHSCN, or DMF was
effective, which suggests thar this reaction involves an ionic pathway. Accordingly, on the basis of the results
of preliminary experiments we chose a fluorodestannylation technique using (Bu,Sn),Se and Bu,NF-3H,0
in THF as a method of Se® generation in the following experiments for the synthesis of several
selenoaldehydes.

In an illustrated experimental procedure, a THF (10 ml) solution of Bu 4NF-3HZD (1.0 mmol) was added
slowly dropwise to a soluton of (Bu3Sn)ZSe (0.5 mmol), methyl dichloroacetate (0.55 mmol), and
cyclopentadiene (7.0 mmol) in THF (20 ml) at room temperatare under an argon atmosphere. After stirring for
3 h, the reaction mixture was worked up with water. Extraction with ether and conlcentration in vacuo, followed
by flash column chromatography on silica gel (hexane:dichloromethane=1:2 as eluent), gave the Digls- Alder
adduct of the corresponding selenoaldehyde with cyclopentadiene in 79% vield. The resulis on the trapping of
several selenoaldehydes by cyclopentadiene or cyclohexadiene are summarized in Tahle 27 Selenoaldehydes
substituted with electron-withdrawing groups such as MeOCO, McCQ, PhCO, or CN were efficiently trapped
by cyclopentadiene to yield the cycloadducis, whereas, in the case when R is Ph or McQ, the generation of
selenoaldehydes was unsuccessful under the same reaction congditions (entrics 6 and 7). The endo/exo ratios
were determined by integration of 'J1 NMR signals corresponding to the proton o to selenium in the adduct. The
specific proton in the endo adduct appears as a doublet having a ca. 3~4 Hz coupling with the adjacent
bridgehead proton, whereas in the exe adduct, the comesponding proton is a singlet at higher field. In the present
reaction ¢xcept for entry 4, the ende isomer predominated, which is consistent with the results on stereo-
chemistry of selenoaldehyde cycloadditions so far reported.) The exe preference (eado.exo=14:86, entry 4)
observed in the cycloadduct of the PhCQO-substituted selenoaldehyde with cyclopentadiene may result from the
isomerization of the epimeri¢ center adjacent 1o selenium under the basic reaction condition. For endo/exo
ratios of seleno- and thicaldehyde cycloadducts with cyclopentadiene, in general, a thermodynamic mixture



Table 2 Cycloaddition Reaction of Selenoaldehydes with Cyclic Dienes

@) n n

2 BugNF3HO 5e
R™ "H

RCHCl; + {(BusSn):Se —= 8Se 7
THF n=1,2
cloadduct
entry RCHCI; teomp, diene A
(°C) yield(%)2! endo : exo b
1 i 2b 79 59 : 41
MeOCCHCI2 @
2 50 O 24 80 : 20
0
3 ME&CHC,z 25 @ 75 71 : 29
6]
] -
4 PhEGHCl 25 @ 77 14 : 86
5 NCCHCla 25 @ 70 56 : 44
6 PhCHCI, 60 @ trace
7 MeOCHCl, 65 @ —c

a) Isolated yield. b Determined by 'TH NMR. ¢) Cycleadduct was not obtained.

Table 3 Cycloaddition Reacticn of Selenoaldehydes with Unsymmetrical Acyclic Dienes
antry  dichloride diene cycloadduct
yield(%) regicisomer ratio®
R! Se Rt R2
h Rl= R2= R? R R
"ortho-para” "meta”

1 -COOMe Me Me 55 g6 : 14
2 H Me 22 82 : 18
3 Me H 30 63 37
4 -COMe Me Me 71 94 5]
5 -COPh Me Me 64 86 : 14
] -CN Me Ma 26 89 . N

a) Isolated yield. b) Determined by 'H NMR.

contains more of an exo isomer than a kinetic mixture.3
Table 3' shows the results of Diels-Alder reaction of electron-withdrawing substituted selenoaldehydes
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with unsymmetrical acyclic 1,3-dienes, together with regioisomer ratios of the cycloadducts. The ratios were
determined by intepration of suitable resonances in the IH NMR spectrum. The cycloaddition of electron
deficient selenoaldehydes with a methyl-substituted 1,3-butadiene yickled "ortho-para” type adducts, relative
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10 substituent R, as the predominant products. These regiochemical results are consistent with those reported by
Meinke and Krafft.? Cycloadducts shown in Table 3 except for entry 3, in fact, are a mixture of four isomers
arising from both regicselectivity and facial selectivity in the cycloaddition reaction. The facial selectivity, asa
whole, was not appreciably observed under the present reaction conditions, with ea. 1:1.

In conclusion, for the synthesis of electron-withdrawing substituted selenoaldehydes the described
method provides a novel and useful approach. The combination of this method and our previously reported
methods? for alkyl and aryl substituted selencaldehyde synthesis will facilitate further studies on the chemistry
of selencaldehydes containing a variety of funcrionalities. Furthermore, this method is applicable 1o the
synthesis of electron deficient selenokelones'® and sulfur homologs, which will be reported as a full paper in
due course.
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