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Abstract
A first optical resolution of 6,12‐diphenyldibenzo[b,f][1,5]diazocine with stable

boat conformation was achieved by chiral supercritical fluid chromatography

(SFC). The absolute configurations of enantiomers were first assigned and deter-

mined by X‐ray crystal structure based on CIP‐rules. The high optical rotation

and circular dichroism spectrum were well explained by electronic helix theory.

Owing to the high stabilization of boat conformation, the chiral configuration could

be maintained at very high temperature, more than 200 °C, which was proved by

Density Functional Theory calculations.
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1 | INTRODUCTION

Chirality plays a pivotal role in chemistry, medicine,
biochemistry, and materials science.1-6 Classic chirality based
on sp2 hybridized stereogenic centers has been well investi-
gated, while less emphasis has been devoted to inherent
chirality induced only by special molecular conformation.
Recently, the concept of conformational chirality based on
axial and planar chiral molecules has become a topic of intense
interest.7-15 Different kinds of structures with the restricted
rotation of σ‐bonds such as biaryls, cyclophanes, and strained
cyclic alkenes have been developed for asymmetric catalysis,
functional materials, supramolecular chemistry, targets of total
synthesis, and so on.16-20

Increasing the conformational stability gives higher
chances for optical resolution of conformationally chiral
molecules. As shown in Scheme 1, it is well known that
wileyonlinelibrary.com/journal
dibenzo[a,e]cyclooctene 1 with a flexible conformations of
boat‐to‐boat interconversion shows many interesting photo-
electric activities.21 When the two C = C bonds are exchanged
for (thio)amide units to form di(thio)anthranilides 2, the con-
formational interconversion becomes hindered. This allowed
one to optically resolve these chiral compounds.22,23 Herein,
we thought that 6,12‐diphenyldibenzo[b,f][1,5]diazocine 3
may possess a more stable chiral conformation because of
the rigidity of C = N bonds.

Since the skeleton of benzo[b,f][1,5]diazocine was first
synthesized more than century ago,24 substantial efforts have
been devoted to the preparation and application of the racemic
mixtures.25-36 However, to the best of our knowledge, the chiral-
ity of this type of compound has not been investigated yet.
Herein,we report the successful optical resolution of 3 and exper-
imental determination of absolute configurations of its enantio-
mers and the properties directly connected to their chirality.
© 2017 Wiley Periodicals, Inc./chir 1
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SCHEME 1 Structures of dibenzo[a,e][8]annulene 1, di(thio)
anthralinides 2 and 6,12‐diphenyldibenzo[b,f] [1,5]diazocine 3
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2 | MATERIALS AND METHODS

All reactions were performed under an atmosphere of air
unless noted otherwise. The commercially available reagents
and solvents were used without further purification unless
otherwise noted. Nuclear magnetic resonance (NMR) spectra
were recorded on a Bruker (Billerica, MA) AVANCE III
300 MHz NMR spectrometer equipped with a 5 mm BBO
probe. The analytic and preparative chiral supercritical fluid
chromatography (SFC) were carried out on MD‐2018 Plus
and Novasep‐3050 instruments, respectively. Optical rota-
tions were measured using an automatic polarimeter of
Rudolph‐IV. Single crystal X‐ray diffraction was conducted
on a Bruker APEX‐II X‐ray diffractometer equipped with a
CCD area director. Melting points (without correction) were
measured using an SGW X‐4 micro‐melting point apparatus.
The UV–Vis and CD spectra were measured on Shimazhu
UV‐1700 and JASCO‐810, respectively.
2.1 | 6,12‐diphenyldibenzo[b,f][1,5]diazocine
(3)

25

A mixture of 2‐aminobenzophenone (7.88 g, 40 mmol) and
phosphorus pentaoxide (1.14 g, 8 mmol) was stirred at
120 °C without any solvent. The reaction mixture was kept
at this temperature for 5 h until the reaction was completed
(monitored by thin‐layer chromatography [TLC]). The reac-
tion mixture was treated with water (20 mL) and then
extracted with dichloromethane (3 × 30 mL). The organic
layer was washed with brine and dried over anhydrous
Na2SO4. The dichloromethane was evaporated under vac-
uum, and the residue was recrystallized from n‐hexane/
dichloromethane (v:v = 5:1) to afford light yellow crystals
in 85% yield. Mp: 185–187 °C (Lit.37 191–193 °C). 1H
NMR (300 MHz, CDCl3) δ (ppm): 7.78–7.75 (m, 4H),
7.40–7.25 (m, 8H), 7.05–6.95 (m, 6H). 13C NMR
(75 MHz, CDCl3) δ (ppm): 169.6, 159.9, 138.0, 131.1,
129.7, 129.4, 128.2, 127.6, 126.9, 123.4, 120.9. ESI‐MS:
m/z = 359 [M + H]+.
3 | RESULTS AND DISCUSSION

The racemic (�)‐3was prepared by the self‐condensation of 2‐
aminobenzophenone in the presence of P2O5 under solvent‐
free conditions.25-36 The X‐ray crystal structure of racemic
(�)‐338 revealed that there are two enantiomers with opposite
configurations (R vs. S) in the unite cell (Figure 1a). Both of
FIGURE 1 A, The X‐ray crystal
structure of racemic (�)‐3 in the unit cell
and assignment of absolute configuration.
B, Packing of racemic (�)‐3 along the b
axis. The hydrogen atoms are omitted for
clarity



FIGURE 3 Packing of chiral II‐(+)‐3 along the b axis. The hydrogen
atoms except those involved in hydrogen bonding are omitted for clarity
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the two molecules adopt the boat conformation similar to a
“saddle,” where the dibenzo[b,f][1,5]diazocine parent skele-
ton looks like a horse blanket with two handles, while the
other two phenyl groups look like a pair of stirrups. To assign
the chiral configuration, we propose the method based on the
Cahn‐Ingold‐Prelog (CIP) rule.39-42 As depicted in Figure 1a,
first, two C = N bonds were placed in the plane of the figure.
Then two benzenes annelated with an eight‐membered ring
should be located in front of the figure, while the two phenyl
substituents should be placed behind as the group(s) with the
lowest priority. Finally, according to the priority of atoms
(groups), the directionality within the eight‐membered ring
should be counted from nitrogen to the doubly bonded carbon
atom. In other words, from N to C within N = C bond. There-
fore, the absolute configuration of 3 can be assigned as R in
the case of clockwise or S in the case of counterclockwise
directionality.

To further survey the relationship between the structure
and chirality, the racemic (�)‐3 was resolved by chiral SFC,
and the two fractions (I and II) corresponding to the two enan-
tiomers of 3 were obtained in high optical purity (>99% ee),
respectively (Supporting Information, Figure S1). According
to the rule proposed above (Figure 1a), the X‐ray crystal
structure of II‐338 revealed that the molecule adopts R
configuration (Figure 2). So, the configuration of the first
fraction I‐3 must be S (the inverse one). Moreover, different
molecular packing modes between chiral molecule II‐3 and
racemic (�)‐3 are observed. Intermolecular C–H···N and
π–π weak interactions link the molecules in R‐configuration
to form a chiral zig‐zag chain along b axis in II‐3 (Figure 3
and Table 1), while only weak intermolecular π–π interactions
between the two opposite enantiomers lead to the formation of
overall achiral dimers as independent units of racemic (�)‐3
(Figure 1b and Table 1).

Optical rotation of the two fractions were then measured,
and the results showed that they possess quite large rotation
FIGURE 2 The X‐ray crystal structure of II‐3. The hydrogen atoms
are omitted for clarity
angles of −1916° for I‐3 and +1923° for II‐3 ([α]D25,
c = 1, CH2Cl2). Such high optical rotation can be ascribed
to the highly twisted (the dihedral angle between phenyl rings
A and B in X‐ray crystal structure of II‐3 is 85.2°, Figure 2)
and stable boat conformation of the eight‐member ring.
According to the electronic helix theory,43-48 an electron is
constrained to move on a helix, which leads to optical rota-
tion of polarized light. The capability of this rotation can be
extremely influenced by electronic polarizability. The greater
the electronic polarizability, the greater the rotation of the
helix. Furthermore, more turns of helices with conjugate sys-
tem also can conduct high optical rotation.49 The structure of
II‐3 can be seen as the one having two turns of helices
(Figure 4). The first one is induced by the two C = C
aromatic bonds of two benzenes annelated with an eight‐
membered ring of the bis‐imine system. The second one
involves two C = N imine bonds and is additionally induced
by the different electronegativity of the N and C atoms, which
can drastically enhance the rotation of polarized light.

Subsequently, the circular dichroism (CD) spectra of the
two enantiomers I‐(−)‐S‐3 and II‐(+)‐R‐3 were studied in
detail. The two CD curves are perfect mirror images of each
other, reflecting the opposite configuration of the inherently
chiral skeletons (Figure 5). Based on the electronic helix the-
ory,43-48 the imine group conjugated with an aryl ring consti-
tutes a chromophore, the helicity of which determines the
Cotton effect sign. For II‐(+)‐R‐3, combined with UV–Vis
spectrum (Supporting Information, Figure S2), the positive
long wavelength Cotton effect at 328 nm is due to the n–π*
transition and reflects the helicity of the twisted
phenylmethanimine chromophore. According to the X‐ray
structure of II‐(+)‐R‐3 (Figure 2). it is twisted in the P sense
(the two N = C–C = C torsion angles of the eight‐membered
ring are 64.7(2)° and 69.3(3)°, respectively). It is a close anal-
ogy to α,β‐unsaturated carbonyl systems50-52 and di(thio)
anthranilides 2,22,23 where the P‐helicity of the chromophore
leads to the positive n–π* Cotton effect sign, whereas the M‐
helicity causes the negative one. The other negative Cotton
effects at 263 nm can be attributed to the π–π* transition.
The electric transition moment was 2.514 D, which was cal-
culated by time‐dependent Density Functional Theory
(TDDFT) at the B3LYP/6‐31G* level with the Gaussian09
software package.53 Owing to the polarizability sequences



TABLE 1 Intermolecular weak interactions of II‐(+)‐3 and (�)‐3 along b axis

Compound
D–H...A
(π...π)

d
(D–H)

d
(H...A) d (D...A) d (Centroid...Centroid) ∠DHA (Dihedral angle) ST

II‐(+)‐3 C(19)–H(19)...N(1) 0.93 2.76 3.32 119.94 2‐x, −1/2 + y,1/2‐z
Cg(1)a...Cg(2)b — — 3.94 8.27 2‐x, −1/2 + y,1/2‐z

(�)‐3 Cg(3)...Cg(3)c — — 4.15 0 2‐x,1‐y,‐z

D: donor atom; A: acceptor atom; ST: symmetry transformation for the acceptor atom.
aCg(1) is the centroid of the phenyl ring C(19)‐C(24) of II.
bCg(2) is the centroid of the phenyl ring C(1)‐C(6) of II.
cCg(3) is the centroid of the phenyl ring C(7)‐C(12) of (�)‐3.

FIGURE 4 The molecular structure of II‐(+)‐3 with two polarized π‐
electronic helixes

FIGURE 5 CD spectra of I‐(−)‐S‐3 and II‐(+)‐R‐3 in CH2Cl2 at
25 °C

FIGURE 6 The geometry of II‐(+)‐R‐3 and the polarized diction of
π electron

FIGURE 7 Relative energy diagram of the boat‐to‐boat inversion of
3 from R to S configuration calculated by DFTF6
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of N > C, the geometry of II‐(+)‐R‐3 implies the left‐handed
screwness (counterclockwise orientation) of the π–π* transi-
tion moments, in agreement with the observed negative CD
signal22,23,43-48,50-52 (Figures 5, 6).
Finally, the conformational (chiral) stability of 3 was
investigated. The two optically pure enantiomers I‐(−)‐S‐3
and II‐(+)‐R‐3 were heated separately at 200 °C (melt state)
for 5 h, and the results demonstrated that the chiral conforma-
tion of 3 can be preserved even at this high temperature
(Supporting Information, Figure S3). This might be ascribed
to two reasons (Figure 2). 1) in the eight‐member ring, there
are still some weak π–π interactions between the two pairs of
parallel C = N (distance: 2.94 Å) and C = C (distance:
2.85 Å), which both can enhance the conformational stabil-
ity; 2) in the two C = N bonds, C atoms have partial positive
while N atoms bear partial negative charges, which lead to
electrostatic attraction between the two C = N bonds. As a
result, the molecular structure of 3 possesses very stable con-
formation to retain chirality. The energy barrier of conforma-
tional inversion was also calculated (Figure 7). The ground
state (boat conformation with R or S configuration) and tran-
sition state (planar conformation) structures of 3 were opti-
mized by DFT at the B3LYP/6‐31G* level with the
Gaussian09 software package.53 The calculation results
showed that the energy barrier to ring inversion was
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38.2 kcal/mol, which further proved that the boat conforma-
tion of 3 was very stable.
4 | CONCLUSION

In conclusion, we have successfully resolved 6,12‐
diphenylbenzo[b,f][1,5]diazocine 3 by chiral supercritical
fluid chromatography for the first time. The chirality of 3 is
induced by the nonplanarity of the diaza‐eight‐membered
ring and the fixed directionality within it. The absolute con-
figurations of the two optically pure enantiomers were
assigned and determined by analogous CIP rules and crystal
X‐ray diffraction, respectively. The very high conformational
inversion barrier makes it possible to retain the chirality
completely even after prolonged heating at 200 °C in the melt
state. Their high optical rotation and CD spectrum are well
explained by electronic helix theory.
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