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Anthrone and its derivatives are important compounds in
biochemical and medicinal applications and material science.'
Thus, the development of asymmetric synthetic methods for
the preparation of anthrone derivatives appears as a valuable
topic in organic chemistry. The Michael addition reaction is
widely recognized as one of the most general and versatile
methods for formation of C-C bonds in organic synthesis,’
and the development of enantioselective catalytic protocols
for this reaction has been subject of intensive research.’
Michael reaction of nucleophiles to nitroalkenes represents a
direct and most appealing approach to chiral nitroalkanes
that are versatile intermediates in organic synthesis, which
can be transformed into an amine, nitrile oxide, ketone, carboxylic
acid, hydrogen etc.* Until now, several examples of organocatalyz-
ed asymmetric conjugate addition reactions of anthrone have
been developed.® Recently, Shi and Yuan groups have report-
ed catalytic asymmetric conjugate addition of anthrone to
nitroalkenes catalyzed by cinchona alkaloid derivatives.® There
are still a drawback in the previously reported procedures, such
as low temperatures for high enantioselectivity.

As part of a research program related to the development
of synthetic methods for the enantioselective construction of
stereogenic carbon centers,” we recently reported chiral amine
bifunctional organocatalyst to be a highly selective catalyst
for the enantioselective addition reaction of active methines.®
We envisioned that the assembly of a structurally well-
defined chiral 1,2-diamine and binaphthyl scaffold with a
thiourea or squaramide motif could constitute a new class of
bifunctional organocatalyst. In this communication, we wish to
describe the direct enantioselective conjugate addition reaction
of anthrone with nitroalkenes catalyzed by binaphthyl-modified
organocatalysts bearing both central and axial chiral
elements.

In an attempt to validate the feasibility of the organocatalytic
enantioselective conjugate addition reaction of anthrone, we
initially investigated the reaction system with anthrone 1 and
B-nitrostyrene 2a in the presence of 10 mol% of catalyst in
toluene at room temperature. We first examined the impact
of the structure of catalysts on enantioselectivities (Table 1, entries
1-8). Binaphthyl-modified chiral bifunctional organocatalysts
I-VI bearing both central and axial chiral elements effectively

This paper is dedicated to Professor Eun Lee on the occasion of his ho-
nourable retirement.
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Figure 1. Structure of chiral binaphthyl-modified organocatalysts

promoted the addition in high yield with high enantioselectivity
(60-91% ee). Catalyst VI gave the desired product 3a with
high enantioselectivity (Table 1, entry 6). A survey of the
reaction media indicated that many common solvents, such
as benzene, n-hexane, p-xylene, DCM, THF, diethyl ether,
DMSO, and acetonitrile (Table 1, entries 7-14), were well
tolerated in this conjugate addition with low to moderate
enantioselectivities. Among the solvents probed, the best
results (83% yield and 91% ee, Table 1, entry 6) were
achieved when the reaction was conducted in toluene (Table
1, entry 6). Lowering the temperature to 0 °C with catalyst
VI decreased the enantioselectivity (Table 1, entry 15). Even
though the catalyst loading was reduced to 1 mol%, the yield
and enantioselectivity still remains at high level albeit with a
slight drop of catalytic activity (Table 1, entry 17). Absolute
configuration of Michael adducts 3a was determined by
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Table 1. Optimization of the reaction conditions

O
(0]
. =% cat (10 mol %) O‘O
Ph/_/ solvent, rt /?\/NO2
Ph
1 2a 3a
entry cat. solvent  time (h) yield (%)* ee (%)
1 I Toluene 24 65 69
2 1I Toluene 48 65 79
3 I Toluene 22 85 61
4 v Toluene 25 78 63
5 A% Toluene 60 72 60
6 VI Toluene 20 83 91
7 VI Benzene 33 62 89
8 VI n-Hexane 48 45 49
9 \%! p-Xylene 33 79 87
10 VI CH:Cl» 48 78 87
11 VI THF 48 73 87
12 VI Et,O 72 50 79
13 VI DMSO 59 67 9
14 VI CH;CN 72 69 65
15¢ VI Toluene 20 56 75
16¢ A% Toluene 24 82 91
17¢ VI Toluene 24 75 85

“Isolated yield.

PEnantioselectivity was determined by chiral HPLC analysis with
Chiralpak AS-H column.

“This reaction was carried out at 0 °C.

5 mol % catalyst loading.

1 mol % catalyst loading.

Table 2. Enantioselective conjugate addition of anthrone to
nitroalkenes

o (0]
_ NO; cat. vi (5 mol %) O‘O
D “Fen o
Ar/.\/NOZ
1 2 3
entry 2, Ar time (h) yield (%)’ ee (%)’
1 2a,Ph 24 3a, 82 91
2 2b, p-FCeH4 17 3b, 85 88
3 2¢, p-CICeH4 48 3¢, 83 89
4 2d, p-MeCsH4 17 3d, 80 89
5 2e, p-MeOCsHy 48 3e, 85 85
6 2f, 2-Thienyl 17 3f, 98 89
7 2g 2-Furyl 12 3g, 83 87
8 2h, 1-Naphthyl 17 3h, 86 77

“Isolated yield.
Enantiomeric excess was determined by HPLC analysis using chiral
columns (Chiralpak AS-H for 3a-3d, 3h, OD-H for 3e, 3g, and AD-H for 3f).

comparison of the optical rotation and chiral HPLC data
with the literature values.

To examine the generality of this protocol, we studied the
conjugate addition reaction of anthrone 1 to various nitroalkenes
2. As demonstrated in Table 2, organocatalyst VI-catalyzed
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enantioselective conjugate addition reaction of anthrone 1 to
various nitroalkenes 2a-h proved to be a general approach
for the synthesis of chiral anthrone derivatives 3. Notably,
good to high enantiomeric excess was obtained (up to 91% ee).

In conclusion, we have developed organocatalytic enantio-
selective conjugate addition reaction of anthrone to various
nitroalkenes. The reaction was catalyzed by binaphthyl-modifi-
ed organocatalysts and afforded the corresponding adducts
in high yields and high enantioselectivities up to 91%.
Further details and application of this asymmetric Michael
reaction of anthrone will be presented in due course.
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