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ABSTRACT

Dibenzo[b,d]azepin-6-ones (2a,b) were separated by chiral HPLC into the aR- and aS-atropisomers with high stereochemical stability, and
methylation at C7 of 2a stereoselectively gave the (aR*,7R*) isomer (4a), which converted to the thermodynamically stable (aS*,7R*) atropisomer
(5a) after heating.

In the course of our research aimed at developing new
γ-secretase inhibitors, we have been interested in LY-411575
(1)1 and prepared several new derivatives (e.g., 1a).2 Our
recent interest in relationships between axial chirality and
biological activity3 also prompted us to elucidate the stere-
ochemistry of the dibenzo[b,d]azepin-6-one moiety that
constitutes the scaffold of LY-411575. The stereochemistry
is of interest in that, in addition to the one asymmetric center

at C7, the moiety has chirality based on the sp2-sp2 axis
arising from a biphenyl (Figure 1). The literature related to
LY-411575 reported that the 7S stereochemistry is important
for potent activity.4 However, the stereochemistry on the
dibenzo[b,d]azepin-6-one moiety has thus far not been

clarified. Herein, we describe a study of the atropisomeric
properties of the dibenzo[b,d]azepin-6-one nucleus.

In order to elucidate the effect of the axis on the
stereochemistry, we prepared dibenzo[b,d]azepin-6-ones
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Figure 1. Structure of LY-411575 and its analogue.
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(2a-d) (Figure 2). Starting from the coupling reaction of
2-bromo-3-methylaniline (or 2-bromoaniline) and 2-iodophe-
nylacetonitrile, the dibenzoazepinones 2a, 2c, and 2d were

easily prepared in three steps (i.e., hydrolysis-lactam
formation, and N-alkylation) according to the procedure used
for the synthesis of 2b (R1 ) H).2a,6 Compounds 2a and 2c
have a methyl group at the ortho position on the benzene
ring (R1 ) Me), which provides a high rotation barrier for
the axis. Similarly, compounds 2c and 2d have a bulky
N-isopropyl group (R2 ) i-Pr), which is aligned to make
the molecule more rigid by introducing steric hindrance
around the amide moiety.

As mentioned above, the dibenzo[b,d]azepin-6-ones
(2a-d) should have chirality based on the sp2-sp2 axis
arising from the biphenyl and thus are anticipated to occur
in the racemic form of the enantiomers, i.e., (2-R: aR) and
(2-S: aS). Compounds 2a-d were separated into the respec-
tive enantiomers with HPLC using a chiral column (CHIRAL-
PAK AD-H), and these enantiomers were successfully
isolated using preparative HPLC. Fortunately, single crystals
for the X-ray crystal structure analysis of both enantiomers
of 2a (R1 ) R2 ) Me) were obtained. Thus, the configuration
of 2a-R [[R]D -92.0 (c 0.3, MeOH)] was ascertained to be
aR and that of 2a-S [[R]D +93.7 (c 0.3, MeOH)] to be aS as
shown in Figure 3.

The X-ray analysis also revealed that, in addition to the
chirality based on the axis of the biphenyl moiety, 2a has
another axial chirality arising from the sp2-sp2 axis of the
benzene-amide bond. Although latent in the molecule,
the latter axial chirality actually exists. The configuration of
the enantiomers 2a-R and 2a-S was shown to be (aR,aS) and

(aS,aR), respectively (see the structures in Table 1). Taking
into consideration the fact that no diastereomers of 2a-d
are observed using NMR and HPLC, the latter axis is

presumed to move together like a gear with the axis at the
biphenyl to form the stable relative configuration of (aR*,aS*)
in the dibenzoazepinone nucleus. The presumption is also
supported by the molecular modeling of 2a, in which the
relative configuration of (aR*,aS*) is readily built up, while
that of (aR*,aR*) is not built up because of the large strain.

Next, the stereochemical stability of these separated
enantiomers of 2a-d was examined. Table 1 shows the ac-
tivation free-energy barrier to rotation (∆Gq)7 and the
conditions required for racemization of the enantiomers. The
enantiomers of 2a (2a-R and 2a-S) (R1 ) R2 ) Me) showed
high stereochemical stability with a ∆Gq value of 29.3 kcal/
mol. On the other hand, the enantiomers of 2b (2b-R and
2b-S) (R1 ) H, R2 ) Me), which are less restricted at the
axis of the biphenyl, were less stable (∆Gq ) 23.4 kcal/
mol). Higher stereochemical stability was observed for the
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Figure 2. Conformation of the dibenzo[b,d]azepin-6-one structure.5

Figure 3. X-ray crystal structures of enantiomers 2a-R and 2a-S.

Table 1. Stability of the Separated Dibenzo[b,d]azepin-6-one
Enantiomers 2-R and 2-S5

2-R/2-S R1 R2

∆Gq (kcal/mol)
(kJ/mol)

racemization
in toluene

a Me Me 29.3 (122) 110 °C, 2 h
b H Me 23.4 (98) 37 °C, 2 h
c Me i-Pr 32.7 (137) 150 °C, 4 ha

d H i-Pr 25.3 (106) 50 °C, 6 h
a Solvent is DMF.
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N-isopropyl derivatives (2c,d) compared with the N-methyl
derivatives (2a,b). That is, the enantiomers of 2c (R1 ) Me,
R2 ) i-Pr), which are in the most sterically restricted form,
were extremely stable (∆Gq ) 32.7 kcal/mol). The enanti-
omers of 2d (R1 ) H, R2 ) i-Pr) were also more stable than
those of the corresponding 2b. The increased energy barrier
(2c vs 2a and 2d vs 2b) is obviously ascribed to the
N-isopropyl group. These data also indicate that latent
chirality about the axis based on the benzene-amide bond
occurs, and the two axes (at the biphenyl and benzene-amide)
move together like a gear during the isomerization.

We further examined the substituent effect at the seven-
membered ring on the stereochemistry of the dibenzoaze-
pinones (2a,b). Thus, compound 2a was methylated (MeI/
KHMDS in THF at -78 °C) to introduce an asymmetric
center at the C7-position (Scheme 1). Two diastereoisomers,

3a and 4a, were expected to be produced by this methylation.
Contrary to expectations, however, only one diastereomer
(4a) was obtained in 98% yield. This result indicates that
the conformation defined by the axial chiralities controlled
the stereochemistry of the methylation at C7 of 2a. Com-
pound 4a was stable in a solution at room temperature, but
at elevated temperatures gradually converted to the atropi-
someric diastereomer (5a)8 () the enantiomeric form of 3a).
The conversion was temperature dependent, i.e., the ratio of
4a:5a after 4a had been allowed to stand for 2 h in toluene
at 37 °C was ca. 96:4 and at 80 °C was ca. 42:58. The
conversion reached equilibrium in a ratio of ca. 3:97 after
ca. 0.5 h of storage in toluene at 110 °C.9 The interconversion
barrier (∆Gq) between 4a and 5a was calculated to be 27.0
kcal/mol. Similarly, the alkylation of 2a with EtI in place of
MeI gave the C7-ethyl derivative 4c, which underwent
isomerization to 5c after heating in toluene (∆Gq ) 27.2
kcal/mol). The conversion reached equilibrium in a ratio of
ca. 1:99 (4c:5c) after 4c had been allowed to stand in toluene

at 110 °C. The slight difference in the ratios in the
equilibrium state between 4a-5a and 4c-5c may be due to
the difference in the bulkiness of the substituent (Me vs Et);
i.e., the larger substituent at C7 in 4 may allow lowering the
stability of 4 to increase 5 in the equilibrium state. On the
other hand, the only product isolated by the methylation of
2b (R1 ) H, R2 ) Me) was the thermodynamically stable
isomer 5b. However, detailed investigation of the reaction
using TLC and 1H NMR showed that the unstable isomer
(4b) was initially formed,10 which readily isomerized to give
5b during workup even at low temperature (ca. 10 °C)
(Scheme 1).

The structures of 4a and 5a were determined using NOE
analysis (Figure 4). In 4a, NOEs were observed between two

methyl groups and between two protons, where the C7-
methyl is in the pseudoaxial orientation. On the other hand,
in 5a, the NOEs observed were between the C7-methyl and
benzene-H and between the C7-H and benzene-methyl,
where the C7-methyl is in the pseudoequatorial orientation.
Thus, the stereochemistry of 4a was determined to be
(aR*,7R*) and that of 5a (aS*, 7R*).

The highly stereoselective methylation of 2a to 4a is
explained by the kinetically controlled reaction. A plausible
mechanism of the methylation of 2a is illustrated in Figure
5. As shown in Figure 5, steric hindrance of the benzene

ring and the N-methyl group covers the upper side of the
enolate so that the electrophile should come only from the
lower side to form 4a. Therefore, the conformation based
on the axial chiralities completely controlled the stereochem-

(8) Heating a toluene solution of 4a at 110 °C in the presence of a small
amount of D2O for 2 h did not give the H-D exchange product but only
gave 5a, which indicates that the configuration at C7 of 4a was preserved
and the isomerization occurred at the axes.

Scheme 1. Highly Stereoselective Alkylation at the C7-Position
of 2 and Isomerization of 4 to 55

Figure 4. NOE analysis of 4a and 5a.

Figure 5. Mechanism of highly stereoselective methylation.
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istry at C7 in methylation. It should be noted that the product
4a possesses the methyl group in the pseudoaxial orientation,
which is thermodynamically unstable. On the other hand,
the thermal atropisomerization from 4a to 5a is well
explained by the fact that 5a with a pseudoequatorial methyl
group is thermodynamically more stable than 4a with a
pseudoaxial methyl group. It is noteworthy that the introduc-
tion of the alkyl group at C7 clearly lowered the ∆Gq value
[i.e., 29.3 kcal/mol (from 2a-R to 2a-S) (Table 1) vs 27.0
kcal/mol (from 4a to 5a) and 27.2 kcal/mol (from 4c to 5c)
(Scheme 1)]. This result indicates that atropisomerism is
markedly affected by the stereochemical stability of the entire
molecule, i.e., the conformational change at the C7-alkyl
group from pseudoaxial to pseudoequatorial affects the rate
of atropisomerism to lower the rotational barrier.

In conclusion, the stereochemical and physicochemical
properties of the dibenzo[b,d]azepin-6-one derivatives (e.g.,
2, 4, and 5) were clarified. The two sp2-sp2 axes in the
dibenzoazepinone nucleus move together like a gear to form
one diastereomer with a stable relative configuration. Owing
to the axial chiralities in 2, the kinetically controlled
alkylation first proceeded, and then atropisomerization oc-
curred to form thermodynamically more stable molecules.
Based on these results, studies on the C7-amino derivatives
of 2, which are more closely related to LY-411575, are

currently in progress. We believe that this study will
contribute to the creation of new drug candidates with this
type of scaffolds, which may lead to the development of
drugs for Alzheimer’s disease and other conditions. Although
often overlooked, the axial chiralities are latent in many
molecules. They may exert a strong influence not only on
the stereochemical features of the molecules but also on
biological activity.
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(9) The ratio was determined by HPLC using a nonchiral column (YMC-
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