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Abstract—The first examples of the asymmetric aminohydroxylation of acryl amides are reported. This was accomplished with chi-
ral acrylamides as substrates, which undergo diastereoselective oxidative transformation within the so-called �second catalytic cycle�
with diastereomeric excesses reaching 100:0. The reaction relies solely on the stereochemical information provided by the enantio-
merically pure starting materials. A stereochemical model for the observed asymmetric induction is provided.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Sharpless aminohydroxylation of olefins.4,5 R3N* repre-
sents a chiral cinchona alkaloid ligand.
1. Introduction

Asymmetric oxidation represents a powerful tool for the
defined introduction of heteroatoms into carbon skele-
tons.1 With traditional investigation focussing on oxy-
gen-transfer, recent advances in the area of oxidative
nitrogen incorporation has put these transformations
at the centre of current research.2

Osmium(VIII) catalysis represents a particularly suc-
cessful approach to oxidative alkene functionalisation.
In particular, asymmetric dihydroxylation represents a
highly developed synthetic tool for the conversion of
an alkene into a vicinal diol entity.3 The simultaneous
introduction of an amino and hydroxy group through
the related aminohydroxylation process follows the gen-
eral pathways of dihydroxylation and employs an imi-
doosmium catalyst.4,5 The enantioselective variant of
this process requires the use of a chiral cinchona alka-
loid based ligand.4–6 Recent synthetic applications of
this protocol include the synthesis of various serine
and iso-serine derivatives from acrylates, among which
figures the synthesis of the side chain of the powerful
anticancer drug Paclitaxel (Taxol�) from cinnamate as
the most prominent example (Scheme 1).7 In 1997,
Sharpless reported that a,b-unsaturated amides and
acrylic acids do not undergo enantioselective amin-
ohydroxylation, but are oxidised in the so-called second
catalytic cycle. For this particular class of substrates,
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chiral catalyst control cannot provide optically active
amino alcohols.8,9 Therefore, all products from the oxi-
dative conversion of this type of substrate under amin-
ohydroxylation conditions are racemic. We herein
report the first examples of an asymmetric aminohydr-
oxylation of chiral acrylamides.
2. Results and discussion

To achieve an asymmetric course during the aminohydr-
oxylation of acrylamides, attention was turned towards
chiral substrates. To this end, the condensation of
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various unsaturated acid chlorides with commercially
available a-aryl ethylamines led to the synthesis of
amides 1, 2 and 4–7. Likewise, compound 3 was
Table 1. Aminohydroxylation of chiral, non-racemic acryl amides
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reoxidant and nitrogen source in a solvent mixture of
tert-butanol and water led to the expected aminohydr-
oxylation reaction. Complete conversion was observed
for all substrates and the desired amino alcohol prod-
ucts were obtained after reductive work-up (Table 1).

As expected, the addition of a standard cinchona alka-
loid based ligands such as (DHQ)2PHAL or
(DHQ)2AQN did not alter the reaction course indicat-
ing that observation by Sharpless on the ligands unsuit-
ability for acrylamide substrates is valid for chiral
acrylamides as well.8 In the absence of any ligand,
unsubstituted acrylamides, such as compounds 1, 2
and 3 gave complete regioselective aminohydroxylation
with the amino group positioned at the terminal carbon
(Table 1, entries 1–4). In addition, acryl amide 1 from a-
phenyl ethylamine led to complete diastereoselectivity
regarding the newly established stereogenic centre.10

Moreover, the product from the aminohydroxylation
of 3 offers the synthesis of the iso-serine-alanine dipep-
tide analogue 10. The complete regioselectivity in these
reactions is restricted to acryl and methacryl amides,
respectively. Aminohydroxylation reactions of 3-substi-
tuted a,b-unsaturated amides, such as crotoyl derivative
5 or cinnamoyl derivative 6 lacked any selectivity
(entries 7 and 8), while the acryl amides give diastereose-
lectivities ranging from 100:0 to 7:1. This stereochemical
preference of an acrylic derivative over higher substi-
tuted derivatives matches the experimental outcome
for related diamination reactions observed by us in reac-
tions with preformed trisimidoosmium reagents.11

The results obtained from the aminohydroxylation of
fumaryl amide 4 revealed the formation of two stereo-
isomers. Due to the absence of regioselectivity issues
for this substrate, these two isomers must represent dia-
stereomers with regards to the facial selection in the oxi-
dation step. Again, the substitution pattern of the alkene
prevents the formation of a product with diastereomeric
excess. In view of the complete regio and diastereoselec-
tivity in the aminohydroxylation of 1, product 8 was
submitted to X-ray analysis and a (2R)-configuration
was established (Fig. 1). The complete stereoselectivity
in the aminohydroxylation of 1 and the high stereodis-
Figure 1. Solid state structure of (S,R)-8.12
criminations in the related reactions of 2 and 3 are
noteworthy.

A definite mechanistic background for this surprising
reaction outcome remains to be established. Within this
context, we have recently investigated the stereochemi-
cal course of self-replication of chiral iso-serine deriva-
tives and concluded that for acrylic substrates. the
stereochemical course cannot be governed efficiently
by the stereochemical information of the azaglycolate
entity itself.13 In view of the high inductions observed
in the aminohydroxylation of 1, 2 and 3, the chiral
amine auxilary from the amide group must therefore
exercise a decisive influence on the overall stereochemi-
cal course of this catalysis.

We propose that the reaction presented herein may pro-
ceed through the catalytic cycle as depicted in Figure 2.
It is initiated by the aminohydroxylation of 1 with
O3OsNTos, as obtained in situ from the osmate and
chloramine-T, to give osma(VI)azaglyolate A. Reoxida-
tion with chloramine-T forms the imidoosmium catalyst
as the osma(VIII)azaglycolate B. This oxidises 1 in a
completely stereoselective manner to arrive at the diaste-
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Figure 2. Catalytic cycle and proposed transition state for
aminohydroxylation.
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reomerically pure bisazaglycolate C. Subsequent hydro-
lysis of this intermediate releases the free amino alcohol
product 8 and regenerates A to close the catalytic cycle.
Since 8 is produced as a single stereoisomer, intermedi-
ate C must be homochiral, that is, it must contain two
azaglycolate ligands of identical absolute configuration.
Therefore, the catalytic aminohydroxylation of acryl-
amide 1 with catalyst B represents the rare case of a
truly stereoselective self-replication of a chiral ligand.13

As mentioned before, we deduced a pronounced role
of the amide on the overall stereochemical course of
the reaction. This should be influential at two stages.
First, the conformation of the square-planar intermedi-
ate B might be organised from intramolecular hydrogen
bonding between the non-transferable oxo-ligand and
the amide-NH group.14

While this does not necessarily need to be the only con-
formation in solution, the kinetic preference of B is suf-
ficient to dominate the catalysis. Within the subsequent
step of olefin aminohydroxylation, the observed com-
plete face selectivity might again arise from a preorgani-
sation through hydrogen bonding. Obviously, such a
preorganisation seems to be strongly influenced by addi-
tional substituents as in the cases of substrates 6 and 7.
It agrees well with a substrate, such as 5, which due to its
symmetrical amide substitution pattern cannot distin-
guish the prochiral olefin faces through hydrogen bond-
ing. In addition, N-phenyl-N-(a-phenylethyl)-acryl-
amide as substrate only showed low conversion and no
stereoselectivity (1:1-mixture and 14% yield after 36 h),
which strengthens the importance of an amide NH on
the overall catalytic course.
3. Conclusion

In summary, we have described the first asymmetric
aminohydroxylations of chiral, non-racemic acryl
amides, which proceed exclusively in the second cycle.
The assumed stereoselectivity model of hydrogen bond-
ing should lead to a potential design of new ligands for
this type of oxidation catalysis.15 Mechanistic investiga-
tion along these lines is currently under investigation.
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