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ABSTRACT

A novel reaction between 1,3-dienes and selenium dioxide to give syn 1,2- and 1,4-diol cyclic selenites was studied in detail. This study
indicates that an initial concerted [4 + 2] cycloaddition followed by a stereospecific carbon−selenium bond oxidation is involved in this
unprecedented syn dihydroxy addition reaction mediated by selenium dioxide.

The formation of a diol from an alkene is an important
transformation in organic chemistry.1 Usually, the syn
addition of dihydroxy groups is achieved by OsO4,2 RuO4,3

and MnO4,4 whereas anti addition is brought about by other
oxides such as SeO25 and WO3.6 In our investigations of the
reaction between SeO2 and 1,3-dienes, a novel reactivity
profile of SeO2 was observed, affording syn 1,2- and 1,4-
diols and selenophene. Treatment of diene1, containing a
carbonyl group at the C-1 position, with SeO2 led to the
formation of selenophene2, whereas the analogous diene3,

containing a TBS-ether, yielded 1,4-diol cyclic selenite4
and 1,2-diol cyclic selenite5 (Scheme 1). Notably, the

conversion of3 to 4 involves an unprecedented direct
oxidation of a C-Se bond to a C-O bond, a transformation
known to be difficult.7 In this account, we elucidate the nature
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of the intermediates involved in this novel syn dihydroxy-
lation reaction by SeO2 and the stereospecificity of the C-Se
bond oxidation.

Despite the fact that we have not detected the selenino
lactone 6 from the reaction between3 and SeO2, we
hypothesized the existence of6, which would then lead to
the cyclic selenite4.8 To test this hypothesis and to probe
the mechanistic aspects of the transformation from the
selenino lactone to the cyclic selenite,tert-butyl-substituted
trans-1,3-diene7 and phenyl- andtert-butyl-substitutedcis
isomers9 and 109 were prepared and their reactions with
SeO2 were monitered by NMR spectroscopy (Scheme 2).10

The clean conversion of thetert-butyl-substitutedtrans
diene7 to the corresponding selenino lactone8 was observed
within 2 h inCDCl3. However, the purported selenino lactone
6 was not detected by the analogous experiment involving
diene3. The structure of selenino lactone8 is consistent with
the 1H NMR (δ 3.61, dd,J ) 8.8, 2.4 Hz, H-1; 5.94, dd,J
) 5.0, 2.8 Hz, H-3; 4.11, dd,J ) 4.8, 1.0 Hz, H-4) and77Se
NMR (δ 1228.6, d,J ) 13 Hz) resonances. This disparity
indicates that the phenyl group may facilitate the conversion
of 6 to 4, whereby the accumulation of6 to any detectable
concentration was prohibited. The identity of8 was further
confirmed by the scrutiny of C-H and C-C connectivity
from COSY, gradient HSQC, and carbon-observed proton-
decoupled (13C{1H}) NMR experiments. The signal of the
C-1 carbon was observed to be coupled to77Se (J) 93 Hz),
the value of which is consistent with the coupling constant
for the typical C-Se one-bond coupling (1JSe-C> 45 Hz).11

The stereochemistry of8 was confirmed by a NOESY

experiment showing a NOE between the H-1 and H-4
protons.

The reaction of phenyl- andtert-butyl-substitutedcis
dienes9 and 10 with SeO2 was also studied (Scheme 2).
The formation of the selenino lactone11 from 9, with an
appreciable amount of isomerization of9 to thetrans isomer
3, was detected by NMR. The selenino lactone structure of
11 is supported by1H NMR (δ 4.12, dt,J ) 4.4, 2.6 Hz,
H-1; 5.80, q,J ) 3.7 Hz, H-3; 5.81, t,J ) 3.9 Hz, H-4),
77Se NMR (δ 1218.3, dd,J ) 26, 15 Hz), and1JSe-C1) 87
Hz. It was evident from the NMR monitoring that thecis
isomer9 reacts with SeO2 faster than thetrans isomer3. A
quantitative conversion of diene10 to 12 was also observed
under identical conditions, albeit, at a much slower rate than
the trans isomer7. The characteristic resonances of adduct
12, 1H NMR (δ 3.71, dt,J ) 4.2, 3.1 Hz, H-1; 5.57, t,J )
3.1 Hz, H-3; 4.31, t,J ) 3.2 Hz, H-4),77Se NMR (δ1195.8,
dd, J ) 26, 15 Hz), and1JSe-C1 ) 87 Hz, are close to but
different from those of the corresponding diastereomer8,
which confirms the stereospecific nature of the addition
reaction between dienes and SeO2.

Once we confirmed the existence of the purported selenino
lactones8, 11, and12, we studied the reactivity and the fate
of these intermediates by NMR, followed by the isolation
of the final products (Scheme 3). To exclude the possibility

of any acid-catalyzed processes, the selenino lactones8, 11,
and12 were treated with triethylamine or pyridine. Unfor-
tunately, under these conditions the selenino lactones un-
derwent cycloreversion to the starting 1,3-dienes and SeO2.12

In the absence of excess SeO2 the selenino lactones8, 11,
and12 are stable for several days in CDCl3, whereas with
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an excess amount of SeO2 these adducts transformed to cyclic
selenites13 (77Se NMR δ 1309.3, t,J ) 9 Hz), 19 (2
diastereomers,77Se NMRδ 1346.5, s andδ 1341.1, t,J )
4 Hz), and 20 (77Se NMR δ 1309.9, t, J ) 9 Hz),
respectively.13 The existence of these cyclic selenites, includ-
ing 4 (77Se NMR δ 1311.6, t,J ) 9 Hz) were further
confirmed by isolation of the corresponding 1,4-diols, by
SiO2 chromatography, followed by their regeneration from
the reaction of the diols with SeO2.14 Remarkably, it was
observed that cyclic selenites4 and 13 stereospecifically
rearranged at ambient temperature to selenites5 (2 diaster-
eomers,77Se NMRδ 1466.0, d,J ) 16 Hz andδ 1453.8, s)
and16 (2 diastereomers,δ 1463.4, d,J ) 15 Hz,δ 1453.7,
s), respectively. The existence of5 and16was inferred from
the 77Se NMR and the isolation of 1,2-diols17 and 18.5a

The rate of formation of5 is faster than that of16,
presumably as a result of the thermodynamic driving force
for the formation of a styrene moiety in5.15

Similarly, the reaction ofcis dienes9 and10 with SeO2

initially resulted in adducts11 and 12 (Scheme 2), which
smoothly transformed to the 1,4-cyclic selenites19 and20,
respectively (Scheme 3).16 Unlike the 1,4-cyclic selenites4
and13, derived from thetransdienes,19 and20 rearranged
to the regioisomeric 1,2-cyclic selenites23 (77Se NMR δ
1428.4, s) and24 (77Se NMR δ 1414.5, s), eventually
affording diols25and26.17,18The other regioisomers5′ and
16′ were not detected. We assumed the generation of thecis
double bond of5′ and 16′ from 19 and 20 is highly
unfavorable compared to the alternative rearrangement
affording the endocyclic olefins23 and24.

On the basis of these results, we conclude that the initial
addition of SeO2 to form the selenino lactones (6, 8, 11,12)
is a concerted [4+ 2] cycloaddition. These selenino lactones
then undergo a stereospecific C-Se bond oxidation, leading
to the 1,4-diol cyclic selenites (4, 13, 19, 20), which undergo
rearrangement to the 1,2-diol cyclic selenites (5, 16,23,24).
To the best of our knowledge this is the first example in
which a selenino lactone undergoes a facile C-Se bond
oxidation, without the involvement of the well-known [2,3]
sigmatropic rearrangement, to form 1,2-diol cyclic selenite
via 1,4-diol cyclic selenite as a penultimate intermediate.19,20

The substituent effect of this syn dihydroxylation of 1,3-
dienes was examined (Table 1). The reaction of the parent
transphenyl-substituted diene3 yielded diols14 (50%) and

17 (10%) at 25°C (entry 1). At 80°C, only 1,2-diol17 was
isolated in 66% (entry 2). The 2,6-dichlorophenyl-substituted
diene27a afforded diols28a (45%) and29a (15%) with
comparable efficiency, although longer reaction times are
required (25°C, 96 h), presumably because of the electron-
withdrawing nature of the dichloro substituents (entry 3).
Similarly, 1,2-diol29a(61%) was obtained with minor 1,4-
diol 28a (5%) at 80°C (entry 4). The cinnamyl derivative
27b afforded exclusively 1,2-diol29b (41%) without 1,4-
diol 28b, along with tetraol30 (20%) (entry 5). 4-Dimethyl-
aminophenyl-substituted diene27cdid not lead to any diols;
instead, the 1,4-diketone31 was isolated (63%) (entry 6).

In summary, we have discovered a novel syn dihydroxy-
lation of 1,3-dienes with SeO2, which involves a [4+ 2]
cycloaddition followed by C-Se bond oxidation. The
efficiency of this process is a function of the stereoelectronic
nature of the substituents on the diene. Another finding is
the sterospecific conversion of a 2-alkene-1,4-diol moiety
to a 3-alkene-1,2-diol moiety by SeO2 under mild conditions.
The usefulness of these transformations is currently under
study, and the result will be reported in due course.
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Table 1. Substituent Effect of syn Dihydroxylation of
1,3-Dienes Mediated by SeO2
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