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Catalytic enantioselective synthesis of key intermediates for
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Abstract

An atropisomeric lactam which was prepared with high enantioselectivity by catalytic asymmetric intramolecular N-arylation, was
efficiently converted to synthetic intermediates for NET inhibitors through highly diastereoselective a-alkylation followed by hydration
and trans-tert-butylation.
� 2007 Elsevier Ltd. All rights reserved.
N-Substituted ortho-tert-butylanilide derivatives have
received much attention as novel atropisomeric compounds
possessing an N–C chiral axis.1 The synthesis of such opti-
cally active atropisomeric anilides and their application to
asymmetric reactions have been reported by many groups.2

On the other hand, there have been very few reports on the
synthesis of natural products and biologically active com-
pounds using these atropisomeric anilides.2n

In the course of our study on optically active atropiso-
meric anilide chemistry,2b,k we recently succeeded in highly
enantioselective synthesis of atropisomeric anilides and lac-
tams through chiral Pd-catalyzed inter- and intramolecular
N-arylation (catalytic asymmetric Buchwald–Hartwig
amination3) of achiral NH-anilides.4,5 Furthermore, highly
diastereoselective a-monoalkylation with lithium enolates
prepared from these anilides and lactams was also found.4

In this Letter, we report catalytic asymmetric synthesis of
biologically active dihydroquinolin-2-one derivatives using
our atropisomeric lactam chemistry. This work shows a
new utility of atropisomeric anilide derivatives.

Various biologically active compounds possessing a
dihydroquinolin-2-one skeleton have been found so far.6

For example, Camp and co-workers reported N-phenyl-
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a-substituted dihydroquinolin-2-one derivatives I having
potent norepinephrine transporter (NET) inhibitory activ-
ity.7 An enantiomer of I (R 0 = H) was also found to be 20-
fold more NET active than the antipode, while the absolute
configurations were not determined. We expected that cata-
lytic asymmetric synthesis of key intermediates II for such
NET inhibitors I may be achieved through our enantio-
selective intramolecular N-arylation followed by diastereo-
selective a-alkylation of the resulting atropisomeric lactam
2 and the removal of the tert-butyl group by trans-tert-
butylation (retro-Friedel–Crafts reaction)8 (Scheme 1).

To realize the synthetic pathway shown in Scheme 1, N-
(ortho-mono-tert-butylphenyl)lactam III (R = H) having
high optical purity is essential, because the meta-tert-butyl
group in 2,5-di-tert-butyl derivative III (R = t-Bu) is diffi-
cult to remove.8b However, as described in a previous
paper,4 the intramolecular N-arylation of the ortho-
mono-tert-butylanilide 1 (R = H) resulted in a considerable
decrease in enantioselectivity in comparison with that of
2,5-di-tert-butyl derivative 1 (R = t-Bu) (R = H: 70% ee,
R = t-Bu: 96% ee, Scheme 1). In addition, stereoselective
construction of quaternary a-carbon in III (R 0 = Me) and
efficient removal of the ortho-tert-butyl group in III, which
have not yet been examined, are necessary.

Initially, the improvement of the enantioselectivity in
the reaction with mono-tert-butylanilide 1a was investi-
gated. After reinvestigation of the chiral phosphine ligands,
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it was found that the use of SEGPHOS-like ligands such as
(R)-SEGPHOS, (R)-DIFLUORPHOS and (R)-SYNPHOS
led to a remarkable increase in enantioselectivity (90–93%
ee, Scheme 2).9 This result is in striking contrast to that
of intermolecular N-arylation, which proceeded with poor
enantioselectivity (23% ee) in the presence of the (R)-SEG-
PHOS ligand.4,10

The absolute stereochemistry of the axial chirality in
lactam product 2a was confirmed to be (R)-configuration
by comparison of 3a in Scheme 4 with ent-3a prepared in
accordance with Scheme 3.4b

The a-alkylation with mono-tert-butyl lactam product
2a (93% ee) proceeded with higher diastereoselectivity
(dr = 31:1–50:1) than that with 2,5-di-tert-butyl lactam
(dr = 13:1–48:1), which was previously reported.4,11 The
attack of alkyl halides to the lactam enolate preferentially
occurs from the opposite site of the ortho-tert-butyl group
to afford products 3a–c having a-chiral carbon of (R)-con-
figuration (Scheme 4).

Furthermore, we newly found that the present a-alkyl-
ation can be applied to the stereoselective construction of
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a quaternary carbon. That is, a-allylation and a-methyl-
ation of a-methyl lactam 3a and a-allyl lactam 3b gave dia-
stereomeric a-methyl-a-allyl lactams 5a and 5a 0with almost
complete diastereoselectivities, respectively (Scheme 5).
The stereochemistries of products 5a and 5a 0 show that
the second alkylation also selectively occurs from the oppo-
site site of the ortho-tert-butyl group.12

For conversion to synthetic intermediates II (Scheme 1),
the removal of the ortho-tert-butyl group in a-allylated lac-
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tams 3b (R = H) and 5a (R = Me) was next investigated. In
accordance with the procedure of trans-tert-butylation
reported by Simpkins et al.,8c although 3b and 5a were trea-
ted with AlCl3 (10 equiv) in C6H6 at 80 �C, desired N-phe-
nyl lactams were not obtained. In these reactions, the
formation of complex mixtures accompanied by the disap-
pearance of the alkene part was observed. The tert-butyl
group could be removed by trans-tert-butylation of the
resulting hydroxy lactams 6b and 6a after anti-Markovni-
kov hydration of 3b and 5a (Scheme 6). The obtained N-
phenyl lactams 7b and 7a are also synthetic intermediates
for NET inhibitors, which have been reported by Camp
et. al.7

a-Alkylations in Schemes 4 and 5, and hydration and
trans-tert-butylation in Scheme 6 proceeded without any
racemization to give intermediates 7b and 7a of same ee
as that of starting lactam 2a.

In conclusion, we succeeded in the catalytic asymmetric
synthesis of key intermediates for NET inhibitors using
optically active atropisomeric lactam obtained through
highly enantioselective intramolecular N-arylation.13,14

The present work shows a new development in atropiso-
meric anilide chemistry.
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J = 7.6 Hz), 6.96 (1H, dt, J = 1.0, 7.3 Hz), 6.85 (1H, dd, J = 1.5,
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NMR (CDCl3): d 172.7, 141.1, 138.6, 129.8, 129.0, 128.1, 128.1, 127.1,
124.9, 123.0, 116.8, 62.4, 40.7, 31.3, 30.2, 25.9; MS (m/z) 304 (MNa+);
HRMS: (MNa+) calcd for C18H19NO2Na, 304.1313; found, 304.1305.
Compound 7a (93% ee): white solid; [a]D �12.8 (c 1.0, CHCl3); mp
82–85 �C; IR (KBr) 3435, 1680 cm�1; 1H NMR (CDCl3): d 7.50 (2H,
t, J = 7.5 Hz), 7.40 (1H, t, J = 7.5 Hz), 7.16–7.20 (3H, m), 7.03 (1H,
dt, J = 1.5, 7.5 Hz), 6.98 (1H, dt, J = 1.0, 7.5 Hz), 6.28 (1H, dd,
J = 1.0, 8.0 Hz), 3.59 (2H, t, J = 5.7 Hz), 3.02 (1H, d, J = 15.7 Hz),
2.88 (1H, d, J = 15.7 Hz), 1.63–1.78 (5H, m), 1.27 (3H, s); 13C NMR
(CDCl3): d 174.7, 140.8, 138.8, 129.8, 129.0, 128.4, 128.0, 127.0,
124.0, 122.9, 116.2, 62.8, 40.6, 37.8, 32.6, 27.5, 22.5; MS (m/z) 296
(MH+); HRMS: (MH+) calcd for C19H22NO2, 296.1651; found,
296.1678.
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