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ABSTRACT

Replacement of the 2-keto group of readily available di(endo-3-camphoryl) diselenide with oxime or O-benzoyloxime substituents, followed by
conversion into the corresponding selenenyl triflates, produced highly effective chiral selenium electrophiles for the asymmetric oxyselenenylation
of alkenes in the presence of methanol.

Organoselenium chemistry has many proven applications in
modern organic synthesis.1 The development of asymmetric
variations of selenium-mediated transformations has the
potential to further increase their usefulness, and several
strategies have been designed for this purpose in the past
few years.2 Among such reactions, the 1,2-additions of
selenium electrophiles to alkenes in the presence of nucleo-
philes have attracted particularly keen interest.3 These
processes typically proceed with Markovnikov regiochem-
istry and viaanti addition of the selenium moiety and the
nucleophile because of the intermediacy of bridged seleni-
ranium ions (Scheme 1). Cyclizations occur when the
nucleophile is tethered to the alkene (Scheme 1). Further-

more, asymmetric variations of these reactions require the
control of facial selectivity, which can, in principle, be
achieved by attaching a chiral auxiliary group to the selenium
atom of the electrophilic reagent. This leads to the diaste-
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reoselective formation of initial 1,2-adducts, with enanti-
oselective formation of final products after deselenization
of the former.

We recently showed that diselenide1acan be conveniently
prepared in one pot from camphor, via its enolate, and
elemental selenium.4 Moreover,1a can be easily converted
into electrophiles, such as the corresponding selenenyl halides
(1b,c X ) Cl, Br) and triflate (1d; X ) OTf) (Scheme 2),

which can in turn be employed in diastereoselective 1,2-
additions and cyclizations.5 The keto group of the camphor
moiety of 1a also provides the opportunity for further
structural modifications of the auxiliary to improve the facial
selectivity of such reactions. Thus, while the selenenyl triflate
1d proved to be the most stereoselective of several camp-
horseleno reagents studied for asymmetric oxyselenenyla-
tions5a,b (where the nucleophile is an alcohol or water), the
corresponding spiro-oxazolidinone2b was more effective in
cyclizations.5a,c Subsequently, the selenenyl sulfate1e was
independently studied6 but afforded generally lower diaste-
reoselectivity than the triflate1d.

The principal drawback to the use of our5 and other6,7

existing chiral selenium electrophiles for oxyselenenylations
and related processes is that the stereoselectivity is highly
variable and dependent upon the substitution pattern of the
substrate and the conditions of the reaction. Thus, there is a
need for new reagents capable of delivering more consistent
results. We now report the preparation of two new camphor-

based diselenides,3a and 4a, containing oxime andO-
benzoyloxime substituents at C-2 instead of the original keto
group and their conversion into the corresponding triflates
3d and4d, respectively. These modifications, especially in
the case of3d, have resulted in a dramatic improvement in
the diastereomeric ratios obtained in the methoxyseleneny-
lation of a series of variously substituted olefins.

Thus, the readily available diselenide1a4 was converted
into the novel oxime3a with hydroxylamine hydrochloride
in refluxing pyridine. Acylation of3awith benzoyl chloride
in pyridine at room temperature in the presence of catalytic
DMAP afforded4a. The geometry of the oxime moiety of
4a was determined to beZ by X-ray crystallography and is
similarly inferred to be Z in3a. Diselenides3a and4a were
converted into the corresponding selenenyl bromides3cand
4c, respectively, with bromine in dichloromethane and then
into the corresponding selenenyl triflates3d and 4d with
methanolic silver triflate. Methoxyselenenylation of a series
of alkenes was performed with the resulting selenenyl triflates
at -78 °C. The results are given in Table 1.8 The products

were isolated by flash chromatography as unseparated
mixtures of diastereomers, and the diastereomeric ratios (dr)
were measured by integration of either their1H or 77Se NMR

(4) Back, T. G.; Dyck, B. P.; Parvez, M.J. Org. Chem.1995,60, 703-
710.

(5) For asymmetric electrophilic reactions of1b-1d and2b-2d, see:
(a) Back, T. G.; Dyck, B. P.; Nan, S.Tetrahedron1999,55, 3191-3208.
(b) Back, T. G.; Nan, S.J. Chem. Soc., Perkin Trans. 11998, 3123-3124.
(c) Back, T. G.; Dyck, B. P.J. Chem. Soc., Chem. Commun.1996, 2567-
2568.

(6) (a) Tiecco, M.; Testaferri, L.; Santi, C.; Marini, F.; Bagnoli, L.;
Temperini, A.Tetrahedron Lett.1998, 39, 2809. (b) Tiecco, M.; Testaferri,
L.; Marini, F.; Santi, C.; Bagnoli, L.; Temperini, A.Tetrahedron Asymmetry.
1999,10, 747-757.

Scheme 2

Table 1. aMethoxyselenenylations of Alkenes with3d and4d
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signals. The products were further characterized by IR and
13C NMR spectroscopy, as well as by low- and high-
resolution mass spectrometry.

Table 1 shows that the electrophilic addition can be
performed with monosubstituted,gem-, cis-, or trans-
disubstituted, or trisubstituted alkenes. In general, selenenyl
triflate 3d afforded superior or comparable yields and
diastereoselectivities than did the benzoylated analogue4d.
The differences between the dr’s achieved with the two
reagents are especially striking in entries 3 and 6, wherecis-
disubstituted alkenes were substrates. This is especially
relevant becausecis-disubstituted alkenes often afford par-
ticularly poor stereoselectivity in asymmetric oxyseleneny-
lations.9 Moreover, it has been demonstrated that the
stereoselectivities of these processes are often improved when
a substituent capable of coordination with the selenium atom
is present in the chiral auxiliary.2,7a,10 Thus, the superior
performance of the free oxime3d may be the result of
coordination of the oxime hydroxyl group with the selenium
center during the addition to the alkene.11

Finally, the adduct obtained in entry 4 with3d was treated
with triphenyltin hydride and AIBN to obtain the corre-
sponding deselenized product5 (Scheme 3).12 A comparison

of 5 with an authentic sample of the (R)-enantiomer13 by
GC on a chiral column (Cyclodex B) revealed that the
enantiomeric ratio of the deselenized product was 98:2 in
favor of the (R)-enantiomer. This confirmed the high dr
shown in entry 4 of Table 1 and was consistent with the
intermediacy of the seleniranium ion stereoisomer6 (Scheme
3), which allows the placement of the bulky styrene phenyl
group into the least congested quadrant around the alkene
double bond in the preceding transition state.

In summary, the new chiral selenenyl triflate3d, and to a
lesser extent the related4d, can be used in highly diaste-
reoselective methoxyselenenylations. The success of3d with
cis-alkenes is particularly noteworthy. Further experiments
to improve the diastereoselectivity of these and related
processes and to gain additional insight into the mechanism
are in progress.
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