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Optically Pure Haloselenuranes. First Synthesis and Nucleophilic Substitutions'
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Summary: The first synthesis of optically pure halo-
selenuranes 1 has been accomplished by utilizing the 2-exo0-
hydroxy-10-bornyl group as a chiral ligand. Complete
retention of the configuration has been observed in
interconversion reactions between haloselenuranes1 and
selenoxide 2 and in nucleophilic substitution reactions of
1.

In contrast to the many available reports on the
synthesis, structural features, and mechanistic aspects of
hypervalent 10-S-4! organosulfur species (sulfuranes),?
little is known about the chemistry of hypervalent 10-
Se-4 organoselenium species (selenuranes).? Inparticular,
the stereochemical aspects of the nucleophilic substitution
reactions of these compounds have not been reported due
to the lack of a convenient method for the synthesis of
optically active selenuranes. We report here the first
synthesis of the optically pure haloselenuranes 1. The
2-exo-hydroxy-10-bornyl group served as a chiral ligand.
We observed complete retention of configuration in the
interconversion reactions of haloselenuranes 1 and selen-
oxide 2 (Scheme 1) and in the nucleophilic substitution
reactions of the selenuranes 1 (Scheme 2).

Optically active selenoxide 2 was prepared by a route
shown in Scheme 1.4 Selenide 3 was readily obtained by
reaction of (18)-10-bromo-2-exo-borneol® with sodium
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Scheme 1¢

1a: X = Cl, 1b: X = Br, 1c: X = 3,5-dinitrobenzoyloxy,
1d: X = p-TolSO,

¢ Key: (a) (PhSe)2/NaBH/EtOH/ A; (b) m-CPBA/CH,Cly/-78°C;
NaHCOs/H;0; (¢) t-BuOCl/CH,Cly; (d) HX/MeOH or HX/MgSO/
CH,Cly; () NaHCO3/H:0.

Scheme 2

phenylselenolate.® Oxidation of 3 with 3-chloroperbenzoic
acid (m-CPBA, -78 °C) afforded a single diastereomeric
selenoxide 27 (96 % yield). On the other hand, use of 30%
H:0; or t-BuOCl (then NaHCO3-H,0) for oxidation of
the selenide 3 gave a quantitative mixture of two selen-
oxides, 2 and 4, which were diastereomeric at selenium.
Surprisingly, a mixture of the selenoxides 2 and 4 changed
into 2 upon silica gel column chromatography of the
reaction mixture. Selenoxide 2 was thus the result of this
operation. The absolute stereochemistry of the selenium
atom in 2 is unequivocally established to be R by X-ray
crystallography (Figure 1).7
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Figure 1. Perspective structure of 2.

Selenoxide 2 is stable at room temperature in the solid
state. The configurational stability of 2 seems to reflect
stabilization by an intramolecular hydrogen bond between
the seleninyl oxygen and the secondary hydroxy group.
The presence of an intramolecular hydrogen bond is
supported by a 3299 cm-! absorption in the FT-IR
spectrum of a highly dilute (0.005 M) CCly solution of 2.
Treatment of (Rg.)-selenoxide 2 with 1 N aqueous NaQH
in MeOH gave an equilibrium mixture of (Rg,)- and (Sg,)-
selenoxides, 2 and 4, in a ratio of 2:1. Interestingly, the
ratio of 2/4 changed from 2:1 to 96:4 upon exposure of the
mixture to 70% aqueous HC104in MeOH. Under similar
conditions, pure selenoxide 2 changed into a mixture of
2 and 4 (98:2).

To gain some insight into the steric course of the
epimerization of the selenoxide and to isolate optically
active selenuranes, we examined the following reactions.
Treatment of the selenoxide 2 with HCI® gave the
chloroselenurane 1a® as an exclusive product (100% yield)
(Scheme 1). When a mixture of the selenoxide 2 and 4
(2:1) was treated with HC], the chloroselenurane la was
obtained as a single diastereomer (96% yield). Chloro-
selenurane l1a was alsoisolated from the reaction of selenide
3 with ¢t-BuOCl (100% yield). In a similar manner,
bromoselenurane 1b was obtained by treatment of 2 with
HBr (95% yield). The [(8,5-dinitrobenzoyl)oxy]-and [(p-
toluenesulfonyl)oxy]selenuranes (1c and 1d) were pre-
pared by the reaction of the selenoxide 2 with 3,5-
dinitrobenzoicacid (88 % yield) and p-toluenesulfonicacid
(91% yield) in the presence of MgSQOy, respectively. No
selenuranes 5a-d, epimeric at selenium, were detected in
these reactions. Formation of the selenuranes 5 might be
unfavorable because of steric repulsion between the
7-methyl group of the bornyl moiety and the phenyl group.
It has been established that the chloroselenurane la has
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Figure 2. Perspective structure of la.

atrigonal-bipyramidal (TBP) structure (R configuration!!
at the selenium center) by X-ray analysis (Figure 2).° The
apical-bond distances of Se—Cl [2.587(2) A] and Se-O
[1.838(5) A] are shorter than each of the sums of van der
Waals radii (3.80 and 3.40 A, respectively), thus ruling out
alinear charge-transfer complex structure.!? The Cl-Se-0
angle [174.1(2)°] is consistent with those (Cl-Se~C or Cl-
Se-N) of racemic selenuranes reported previously.3d2 X-ray
analysis of the bromoselenurane 1b gave similar results.1®
In analogy with 1a and 1b, the stereochemistry of the
selenuranes 1¢ and 1d can be assigned the R configuration,
as depicted in Scheme 1. Addition of aqueous NaHCO;
toa CH;Clz solution of 1a resulted in complete hydrolysis,
leading to the selenoxide 2, exclusively.l4

Nucleophilic substitution of 1a with 3-5 equiv of NaBr
gave the bromoselenurane 1b, exclusively (95% yield)
(Scheme 2). Although treatment of 1b with NaCl gave
not 1a but the unreacted starting material (95% yield),
similar reaction of 1b with AgCl afforded 1a (93% yield).
No mixtures of 1a and 1b were obtained from these
reactions. Moreover, substitution of 1a by AgF gave the
fluoroselenurane le (78% yield), which reverted to the
parent chloroselenurane la (93% yield) upon treatment
with NaCl.15

To sum up, (i) a base treatment of the selenoxide 2
afforded an equilibrium mixture of 2 and 4 (2:1), (ii) an
acid treatment (HCIO,) of the selenoxide 2 or a mixture
of the selenoxides 2 and 4 gave 2 predominantly, (iii) the
selenuranes 1 were formed both from 2 and a mixture of
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2 and 4 by the action of HX, (iv) quick treatment of the
selenuranes 1 with aqueous base gave the selenoxide 2,
and (v) nucleophilic displacement reactions of the halo-
selenuranes 1 with metal halides proceeded with retention
of configuration. Moreover, the progress of the nucleo-
philic substitution depended on the countercation.
These results (i-v) can be most reasonably explained as
shown in Schemes 3 and 4, which presume two intermedi-
ates,acyclic 6 and cyclic8 or9. Inthe case of epimerization
of 2 under basic conditions (i), attack of hydroxide ion on
the selenium center of 2, followed by protonation, gives
the hydrate 6 (Scheme 3). Dehydration of 6 affords the
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selenoxides 2 and 4 in a thermodynamically-determined
ratio. Under acidic conditions (ii), initial protonation of
the seleninyl oxygen of 2 gives the selenonium ion 7
(Scheme 4). As for the selenoxide 4, protonation on the
seleninyl oxygen affords the selenonium ion 10 under
similar conditions. Inversion of configuration occurs at
the selenium atom of the ion 10 to give the ion 7.
Intramolecular attack by the hydroxyl group of 7 proceeds
stereoselectively, leading to the hydroxyselenurane 8. With
weakly nucleophilic perchlorate anion (ClO4), the se-
lenurane 8 reverts to the parent selenoxide 2 by successive
protonation on the ring oxygen, cleavage of the oxaselenane
ring, and deprotonation of the ion 7. In the presence of
halogen ions, carboxylate ion, or arylsulfonate ion (iii),
the selenurane 8 is converted to the corresponding
selenuranes 1 by dissociation of the Se~OH bond, followed
by stereoselective association of the resulting alkoxy-
selenonium ion 9 with X-. Hydrolysis of the selenuranes
1 (iv) proceeds by the reverse pathway, via the ion 9, the
hydroxyselenurane 8, and the ion 7, to give the selenoxide
2 stereoselectively. In the nucleophilic substitution reac-
tions of the selenuranes 1 (v),1¢ X-selenurane 1 becomes
the ion 9, by the action of M* followed by elimination of
MZX. Halogen anion (Y-) attacks 9 to give Y-selenurane
1/, whose reaction with M’X affords the parent selenurane
1 by the reverse pathway.

We are now investigating the substitution reactions of
the selenuranes 1 in detail to gather further evidence of
the formation of the selenonium ion 9 during these
reactions.
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