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Abstract

The osmium-induced vicinal oxyaminations of pinenes and camphene have been performed with high
regio- and stereoselectivities. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Enantiomerically pure b-amino alcohols play important roles both in the treatment of a wide
variety of human disorders1 and as chiral auxiliaries and ligands in asymmetric synthesis.2 In
medicinal chemistry some examples include their uses as selective and active antagonists of the
ionotropic glutamate receptor NMDA3 and as effective b-adrenergic blockers in the treatment
of heart disease.4

The N-sulfonamide derivatives of b-amino alcohols have been employed as chiral auxiliaries
and ligands in aldol reactions,5 in a-alkylations6 and a-hydroxylations7 of ester enolates, in
conjugate addition to enoates,8 in hydrogenation9 and epoxidation10 of N-tosyloxazolidines and
in the alkylation of aldehydes.11

Some time ago Sharpless and co-workers described the one pot vicinal oxyaminations of
olefins under stoichiometric12 and osmium-catalyzed13 conditions to reach b-amino alcohols and
their N-tosyl derivatives in high regio- and diastereoselectivities. As part of our interest on the
development of pinene-based b-amino alcohols,14 herein we report the highly stereoselective
osmium-induced vicinal oxyamination of a- and b-pinenes 1 and 2 and camphene 3 on useful
scales.
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2. Results and discussion

The reaction of 36.7 mmol of (−)-a-pinene 115 with a 10% excess of the imido osmium
compound t-BuN�OsO3

12 produced the b-amino alcohol 416 in excellent regio- and stereoselec-
tivity, with the attack occurring exclusively from the less hindered face of the olefin (Table 1,
entry 1). The oxyamination of 1 carried out using catalytic OsO4 in the presence of chloramine-T
trihydrate13 furnished the vicinal hydroxy p-toluenesulfonamide 5 in better yield (entry 2).17,18

Similarly, when this protocol was applied to (−)-b-pinene 2 and to (−)-camphene 3, the
corresponding compounds 6 and 7 were obtained as single isomers (entries 3 and 4).19,20

Interestingly, the osmium-catalyzed oxyamination of the functionalized pinene derivatives
(−)-nopol 8a and its benzyl ether 8b failed to give the respective hydroxy p-toluenesulfonamides
and complex mixtures of products were obtained. The (−)-phenylapopinene 8c proved to be
inert to the imido osmium compound t-BuN�OsO3 (method A). Similarly a lack of reactivity
was also observed in the osmium-catalyzed oxyamination (method B), as described for 1-
phenylcyclohexene.13b

Table 1
Stereoselective osmium-induced oxyamination of 1–3

The oxyamination of the conformationally rigid (−)-a-pinene 1 using t-BuN�OsO3 to give the
amino alcohol 4 (entry 1) is noteworthy since hindered trisubstituted olefins react slower than
the monosubstituted ones and give mainly the corresponding diols upon treatment with this
imido osmium reagent.12c In fact, neither (−)-pinanediol nor the corresponding regio- and
stereoisomeric amino alcohols related to 4 were detected by analysis of the crude 1H and 13C
NMR spectra, since duplicities of signals were not observed. The osmium-catalyzed oxyamina-
tion of the trisubstituted olefin 1 (entry 2) was shown to be significantly faster than the reaction
with 1-methyl-cyclohexene.13b Also, the spectral analyses of the reaction products using this
catalytic procedure did not show the presence of regio- and stereoisomers of compounds 5–7.

Stereochemical assignments of 4–7 were made on the basis of NOE NMR spectra at 300 MHz
(Scheme 1). For compound 4, starting from H3 significant NOEs were observed with H4b (3.2%),
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with H8 (5.2%) and H10 (3.3%) and with the t-butyl group (8.1%). The hydrogen H4b showed
NOE with H8 (2.0%). In compound 5 the hydrogen H3 exhibited NOE with H4b (5.3%), and with
H8 (11.5%) and H10 (4.2%). Also observed was a significant NOE of the hydrogen H10 with H1

(4.7%). However, in compound 6 the NOE between H1 and H10 was not observed, suggesting a
preferred conformation in which the aromatic ring is syn periplanar to H1. Indeed, H1 showed
a strong NOE with the aromatic hydrogens (11.3%). For compound 7, H7a exhibited significant
NOE values with H8 (3.4%) and H7b (15.7%), while H10 showed NOE with H9 (3.0%) but not
with H6.

Scheme 1.

In summary, the excellent regio- and stereoselectivities obtained for compounds 4–7 along
with the transformations of the b-hydroxy sulfonamide moiety already described13b make the
oxyamination of pinenes and camphene a very promising reaction to reach a variety of chiral
b-amino alcohols and their N-tosyl derivatives in attractive scales. As (+)-b-pinene ent-2 is
efficiently prepared21 by isomerization of (+)-a-pinene ent-1 allied to the fact that this compound
and (+)-camphene ent-3 are commercially available, the antipodal forms of 4–7 can be obtained
following this protocol. Studies aimed at the use of 4–7 and their enantiomers as chiral ligands
and as intermediates in the synthesis of peptides are currently under investigation.
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