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The development of highly efficient and enantioselective
catalysts is one of the greatest challenges for synthetic organic
chemists, ! in which the development of chiral ligands plays a
critically important role. During the last several decades,
numerous chiral ligands and their transition-metal complexes
have been developed for various organic reactions. Among
these chiral ligands and metal complexes, only a few have
demonstrated high generality for mechanistically unrelated
reactions, and they have thus been termed “privileged
structures”.”! Recently, optically pure proline- or homopro-
line-based N,N'-dioxides®” (Figure 1) were found to be
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Figure 1. Representative structures of chiral N,N'-dioxide ligands.

powerful chiral ligands with ideal steric and electronic
environments for enantioselective organocatalysis or metal-
catalyzed reactions. Feng et al. have extensively explored the
application of this type of chiral ligand in asymmetric catalysis
in the last few years.**! In particular, this type of N,N'-dioxide
ligand can accommodate various metal ions® and has
demonstrated excellent performance in a variety of reactions.

Avery recent report by Feng and co-workers has elegantly
addressed a longstanding difficulty in the catalytic asymmet-
ric vicinal bromoamination of chalcones with sulfonamide
and N-bromosuccinimide (NBS) by using Sc™ complexes of
N,N'-dioxide ligands as the catalyst.” The catalytic asymmet-
ric difunctionalization of olefins is one of the most funda-
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mental transformations in organic chemistry and has been
widely used in organic synthesis. In contrast to many
established processes for catalytic asymmetric difunctionali-
zation of C=C bonds, such as epoxidation,® aziridination,"’
dihydroxylation,"” aminohydroxylation,' and diamina-
tion,!'2 electrophilic vicinal haloamination of olefin deriva-
tives still presented a great challenge.

As reported by Feng etal., two difficulties must be
overcome in order to realize an efficient catalytic asymmetric
bromoamination of chalcones to attain chiral a-bromo-f3-
amino ketone derivatives. One of the concerns is the
regioselectivity: chalcones usually prefer an aminobromina-
tion process through an aziridinium intermediate!"*! to afford
a-amino-B-bromo ketone derivatives rather than the expect-
ed a-bromo-B-amino ketone products.!'®! Therefore, driving
the reaction to proceed via a bromonium ion intermediate is
critically important in order to generate o-bromo-f-amino
ketone products. The other difficulty is the possibility for
racemization of the bromonium ion intermediate through
olefin-to-olefin transfer,"¥ which might reduce the enantio-
selectivity of the subsequent nucleophilic ring-opening pro-
cess. Feng and co-workers addressed the issue of regioselec-
tivity by using the Lewis acid Sc(OT¥), as the promoter; 4 A
molecular sieves significantly accelerated the reaction, and
the desired compound was obtained as the major product in
70% yield. They further envisaged developing the asymmet-
ric version by employing Sc(OTf); complexes of a variety of
chiral N,N'-dioxide ligands L1-L6 (Figure 1). The Sc(OTf),
complex of (§)-pipecolic acid derived N,N'-dioxide L3
(10 mol %) turned out to be the most effective catalyst.
Under the optimized reaction conditions, the bromoamina-
tion of chalcone 1 (R', R*=Ph) with p-toluenesulfonamide
(TsNH,) and NBS proceeded efficiently to give the corre-
sponding a-bromo-B-amino ketone 2 (R!, R*=Ph) in 99%
yield with 96 % ee and > 99:1 d.r. Owing to the high efficiency
of the catalytic system, the catalyst loading could be
decreased to 0.05 mol% without any loss of yield (99 %)
and enantioselectivity (96% ee). Notably, even when the
catalyst loading was further reduced to 0.001 mol %, the
enantioselectivity of reaction still remained at a high level
(96 % ee) albeit with a longer reaction time and moderate
yield; this demonstrates the extremely high activity and
robust nature of the catalyst. It was also found that the
exclusion of air and moisture was unnecessary in the
manipulation. Moreover, a control experiment with a solution
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of catalyst aged for three months at room temperature
showed that both the activity and the enantioselectivity of the
reaction could be maintained, indicating the high stability of
the catalyst. Last but not least, the preparation of L3 is very
straightforward starting from readily available industrial
material by four-step reaction sequence in 55% overall
yield.["”!

Under the optimized reaction conditions, the reaction of
31 chalcone derivatives having various structures, including
fused-ring, multisubstituted, and heteroaryl-substituted chal-
cones and even rigid enones, proceeded efficiently with a
catalyst loading of 0.05 mol %; the corresponding a-bromo-f3-
amino ketone derivatives were obtained in 80-99 % yield with
90-99 % ee and > 99:1 d.r. (Scheme 1). The catalytic reaction
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Scheme 1. Catalytic asymmetric vicinal bromoamination of chalcones.

system also tolerates a variety of sulfonamide substrates,
giving the products with high ee and d.r. in moderate to
excellent yields regardless of the substituents on the sulfonyl
group. A one-pot synthesis of an optically active aziridine, a
versatile building block in organic synthesis” from a
chalcone was also feasible by addition of Et;N to the reaction
system after the completion of bromoamination. The sub-
strate scope of the catalysis is currently limited to chalcone
derivatives, and future challenges will include the extension of
the olefin substrates in particular to unfunctionalized olefins.

The preliminary mechanistic study by Feng and co-
workers is also interesting. On the basis of the regio- and
stereoselectivity of the reaction, high-resolution MS and X-
ray analyses of catalyst structure, and the absence of non-
linear effects, the authors proposed a mechanism based on a
chiral bromonium ion along with the related transition state.
As shown in Figure 2, both chalcone 1 (R!, R*=Ph) and NBS
are included in the coordination sphere of central Sc™ ion
because of the oxophilicity of Sc™. The intramolecular attack
of bromine at the Re face of the chalcone yields the
corresponding chiral bromonium ion, which subsequently
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Figure 2. The proposed transition state (left) for asymmetric induction
proceeding through the chiral bromonium ion intermediate (right).
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undergoes an intermolecular nucleophilic attack of TsNH™
through an Sy2 mechanism, leading to the desired product 2
(R', R?=Ph) with excellent anti selectivity. The regioselec-
tivity thus can be explained on the basis of this model, since
the (3 position of the bromonium ion intermediate has more
positive charge than the o position because of the stabilizing
effect of the phenyl ring. Although complete understanding of
the mechanism of the present catalytic system remains a
challenge, the proposed transition state outlined in Figure 2
shows that the cooperative action of activated substrates
(chalcone and NBS) might be critically important for the
control of the stereoselectivity of the reaction and the unusual
high activity of the catalyst . Therefore, Feng’s present work
has provided further support for the power of cooperative
catalysis!'®!"! to address challenging issues, in particular the
efficiency of the catalysis, and accordingly to revolutionize the
chemical processes.

In summary, the first catalytic asymmetric bromoamina-
tion of chalcones with sulfonamide and NBS has been realized
by Feng et al. using an N,N'-dioxide/Sc™ catalyst under mild
reaction conditions, affording the corresponding a-bromo-f3-
amino ketone derivatives with excellent regio-, diastereo-,
and enantioselectivities. This work represents a significant
breakthrough in the catalytic asymmetric difunctionalization
of olefins. Considering the excellent performances of the
N,N'-dioxide/Sc™ catalyst in the present reaction system and
many other metal- or organocatalyzed asymmetric reac-
tions,” it is obvious that the N,N'-dioxide molecules
represent a type of privileged chiral ligands. It can be
expected that the exciting results obtained with these ligands
will stimulate the future efforts to understand the underlying
reason for their broad applicability, and to apply this under-
standing to developing new reactions!" and to solving the
problems that still remain with existing catalysts.['")
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