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A method for the synthesis of 1,5-disubstituted iminodiben-
zo[b,f][1,5]diazocines is presented. The synthesis is achieved
by the metal-free cyclization of 2-aminophenyl ketimines
using the corresponding 2-aminophenyl ketone as the cata-
lyst. The synthesis gives new insight into the mechanism of
formation of this class of compounds. The presence of poten-
tial sites for hydrogen-bond formation and two aromatic bro-

In recent years a great deal of attention has been directed
towards the synthesis of original building blocks for the de-
velopment of novel supramolecular structures, and particu-
lar interest has been focused on derivatives of Tröger’s base
(Figure 1).[1] The rigidity and curvature of the molecule al-
low new architectures to be built, such as the Wilcox molec-
ular torsion balance, molecular clefts, or self-replicating sys-
tems.[2] More recently, this interest has been extended
towards analogous scaffolds and particularly to iminodi-
benzodiazocines (IDBDs; Figure 2).[3–7]

Figure 1. Structures of Tröger’s base and iminodibenzodiazocine.

These systems present the same structural features as
Tröger’s base, with the added possibility of exploiting the
covalent (reactivity) and non-covalent (hydrogen-bonding)
capabilities offered by the three secondary amines. Ad-
ditionally, the two aromatic rings create a chiral cleft suit-
able for molecular recognition. IDBDs were first synthe-
sized in good yields by treating 2-aminobenzaldehydes with
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mine atoms available for functionalization make these tar-
gets attractive for further development in supramolecular
chemistry. The structure of the complex derived from the im-
inodibenzo[b,f][1,5]diazocine and PdCl2 was determined by
X-ray crystallography.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Figure 2. Reported strategies for the synthesis of variously substi-
tuted iminodibenzodiazocines.

a primary amine under acidic conditions.[3] IDBDs are usu-
ally referred to as “anhydrous dimers” of the corresponding
aminobenzaldehyde. More recently, new synthetic methods
based on the cyclization of synthetic equivalents of 2-ami-
nobenzaldehydes have been developed (Figure 2). Masking
both the amine and aldehyde functionalities resulted in in-
creased yields of the final product and led to the synthesis
of products with a higher degree of complexity, such as ex-
tended substitution at the apical nitrogen atom and at the
aromatic rings.

The IDBD structure came to our attention in the course
of the synthesis of the bromazepam and nitrazepam build-
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ing blocks. We noticed that in the preparation of ketimines
1 and 4, the products were always contaminated by small
quantities of the corresponding diazocines 3 and 6
(Scheme 1).[8] A more detailed investigation revealed that,
during the recrystallization procedure, the presence of
traces of the corresponding ketones 2 and 5 in the reaction
mixture was responsible for the formation of the dimer.
Both dimers were isolated and characterized. However, dif-
ficulties encountered in the synthesis and isolation of ket-
imine 4 led us to focus our attention on ketimine 1. Ket-
imine 1 was synthesized from the corresponding carbonitr-
ile by Grignard addition and purified by recrystallization.[9]

After refluxing in toluene for 6 h in the presence of 1 equiv.
of 2, 1 was completely converted into IDBD 3, which was
isolated in 76% overall yield.

Scheme 1.

The process was associated with ammonia evolution and
benzophenone 2 was recovered unchanged. Subsequent op-
timization allowed the synthesis of 3 using only a catalytic
amount of bromobenzophenone 2 (0.06 equiv.). In order to
obtain complete conversion, the mixture of reagents was
refluxed either in toluene for 8 h or in xylenes for 4 h. The
analysis of the reaction mixture by LC-MS showed com-
plete conversion of ketimine 1 and regeneration of the cata-
lyst 2, which was recovered unaltered at the end of the reac-
tion in any run. IDBD 3 was readily isolated as colorless
needles after filtration of the product mixture at 40 °C.

More information about the process was obtained by
using other ketones as catalysts. Interestingly, benzophen-

Scheme 3.
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one displayed catalytic activity as well. However, this ketone
displays a lower activity than the original compound 2. In
order to achieve the same conversion, the reaction mixture
was refluxed for 9 h. In contrast, cyclohexanone was able to
catalyze the reaction within 2 h under the same conditions
(Scheme 2). This observation suggests a definite role of the
ketone in the catalysis, that any ketone can be used to cata-
lyze the reaction and also that carbonyl compounds are not
generated during the reaction. Indeed, the reaction does not
proceed in a biphasic toluene/water mixture (i.e. water does
not hydrolyse 1 to 2 under the reaction conditions).

Scheme 2.

The role of the ketone in the catalytic process may be
related to the ability of the carbonyl group to act as an
ammonia scavenger by forming the corresponding hemi-
aminal (Scheme 3). This would also explain the different
reactivities of the ketones. As illustrated in Scheme 4, a
plausible mechanism involves the formation of dimer 7,
which evolves to the products by a mechanism proposed by
Molina for similar systems.[5]

The reactivity of the benzodiazocine 3 was then studied.
Treatment of 3 with benzyl bromide in THF selectively ben-
zylates the apical position, while camphorsulfonic and
methanesulfonic acid readily transform 3 into the ammo-
nium salt. As expected, heating of 3 in concentrated HCl at
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Scheme 4.

90 °C for 1 h led to complete conversion to benzophenone
2. Attempts to resolve 3 by derivatization with (–)-menthyl
chloroformate failed to give the corresponding compound.

Benzodiazocine 3 was also refluxed in toluene with PdCl2
and red crystals precipitated from the solution at room tem-
perature. The crystals were submitted to an X-ray crystal
structure analysis, which revealed the presence of the triden-
tate ligand as its complex with PdII (11; Figure 3). The for-
mation of 11 can be explained as follows. The metal atom
coordinates the pyridine moiety and the apical amino group
of 3; the resulting chelate 9 enhances the acidity of the api-
cal NH group, which is in an antiperiplanar arrangement
with respect to one aminal bond (Scheme 4). This arrange-
ment favors ketimine formation and opening of the ring

Figure 3. ORTEP representation of the cation in 11 (50% prob-
ability ellipsoids). The chloride counterion and toluene of crystalli-
zation have been omitted for clarity.
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with concomitant formation of the free aniline 10. The di-
minished strain allows for coordination of the second pyri-
dine N atom to the Pd atom to afford the monovalent chlo-
ropalladium() complex cation 11. When the complex is
dissolved in DMSO, it reverts completely to 3.

Compound 3 represents the first example of an IDBD
functionalized at the 1- and 5-positions. The other impor-
tant feature is the presence of the bromine atoms on the
aromatic rings, which permits further synthetic and supra-
molecular developments, such as the development of new
fused Tröger’s base analogues.[10]

In conclusion, compound 3 represents an interesting
starting point for supramolecular and synthetic applica-
tions. The functionalization at the bridge and the new
method of synthesis of IDBD structures will allow for fur-
ther development.

Experimental Section
General: Melting points are not corrected. 1H and 13C NMR spec-
tra were recorded with a Bruker Avance-300. Commercial high-
purity reagents and solvents were employed without further purifi-
cation. Microanalyses were performed with a Perkin–Elmer 2400
CHN elemental analyser.

Synthesis of 1: iPrMgCl (20 mmol) was added to 2-bromopyridine
(3.16 g, 20 mmol) in THF (30 mL) at room temp. After 2 h, 2-
amino-5-bromobenzonitrile (3.9 g, 20 mmol) was added. After 18 h
at room temp., water (50 mL) was added. Extraction with dichloro-
methane (3×20 mL), drying with MgSO4 and recrystallization
from dichloromethane/diethyl ether afforded 1 (3.9 g, 14 mmol,
71%), m.p. 96.5–100 °C. IR (KBr): ν̃ = 3364, 3072 (Ph), 1612 (Py
and Ph), 1481 (Py and Ph) cm–1. 1H NMR (300 MHz, [D6]DMSO,
25 °C): δ = 10.87 (s, 1 H), 8.68 (ddd, J = 4.5, 1.5 and 0.9 Hz, 1 H),
7.92 (dt, J = 7.5 and 2.1 Hz, 1 H), 7.51–7.43 (m, 2 H), 7.34 (br. s,
2 H), 7.26 (dd, J = 9.0 and 2.4 Hz, 1 H), 7.00 (d, J = 2.4 Hz, 1 H),
6.82 (d, J = 9.0 Hz, 1 H) ppm. 13C NMR (75 MHz, [D6]DMSO,
25 °C): δ = 175.0, 156.2, 149.3, 149.2, 137.3, 133.7, 133.3, 124.4,
122.7 (2C), 118.2, 104.2 ppm. ESI-MS: m/z = 276 [M+H]+.
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C12H10BrN3 (275.01): calcd. C 52.20, H 3.65, N 15.22; found C
52.16, H 3.63, N 15.28.

Synthesis of 3: A solution of ketimine 1 (5.0 g, 18.1 mmol) and
ketone 2 (0.3 g, 1.0 mmol, 0.06 equiv.) in xylenes (50 mL) was re-
fluxed for 4 h. The mixture was cooled to 40 °C and filtered. The
filtrate was washed with toluene (4×5 mL) and the compound was
dried in an oven at 50 °C to give 3 as colorless needles (3.5 g,
6.1 mmol, 72%), m.p. 235–237 °C. IR (KBr): ν̃ = 3384, 3047 (Ph),
1591 (Py and Ph), 1498 (Py and Ph) cm–1. 1H NMR (300 MHz,
[D6]DMSO, 25 °C): δ = 8.66 (d, J = 4.8 Hz, 2 H), 7.94–7.84 (m, 4
H), 7.64 (s, 2 H), 7.43 (m, 2 H), 7.05 (dd, J = 8.4 and 2.4 Hz, 2
H), 6.84 (d, J = 8.4 Hz, 2 H), 6.68 (d, J = 2.4 Hz, 2 H) 3.89 (s, 1
H) ppm. 13C NMR (75 MHz, [D6]DMSO, 25 °C): δ = 160.2, 148.3,
142.7, 137.4, 130.1, 130.0, 129.0, 123.4, 120.9, 118.3, 107.6,
69.0 ppm. ESI-MS: m/z = 534 [M+H]+. C24H17Br2N5 (534.98):
calcd. C 53.86, H 3.20, N 13.08; found C 53.96, H 3.22, N 12.99.

Synthesis of 6: A solution of ketimine 4 (3.2 g, 13.3 mmol) and
ketone 5 (0.3 g, 1.3 mmol, 0.1 equiv.) in acetonitrile (250 mL) was
refluxed to complete dissolution. The mixture was cooled to 0 °C
and filtered. The filtrate was washed with cold acetonitrile
(4×5 mL) and the compound was dried in an oven at 50 °C to give
6 as a yellow powder (0.78 g, 1.6 mmol, 12%), m.p. 201–202 °C. IR
(KBr): ν̃ = 3312, 1611, 1590, 1468, 1322, 1253, 1093, 1024,
701 cm–1. 1H NMR (300 MHz, [D6]DMSO, 25 °C): δ = 8.91 (s, 2
H), 7.92 (d, J = 9.0 Hz, 2 H), 7.71 (d, J = 6.6 Hz, 4 H), 7.44 (m, 8
H), 6.88 (d, J = 9.0 Hz, 2 H) 4.29 (s, 1 H) ppm 13C NMR (75 MHz,
[D6]DMSO, 25 °C): δ = 151.0, 140.9, 136.1, 128.4, 128.0, 127.8,
127.3, 124.5, 123.5, 115.0, 69.9 ppm. ESI-MS: m/z = 466 [M+H]+.
C26H19N5O4 (465.14): calcd. C 67.09, H 4.11, N 15.05; found C
66.89, H 4.09, N 14.99.

Synthesis of Palladium(II) Complex 11: A solution of 3 (0.5 g,
9.3 mmol) and PdCl2 (0.1 g, 0.6 mmol) in toluene (3 mL) was re-
fluxed for 5 min. The mixture was filtered and cooled. The filtered
solution was left to concentrate slowly, yielding 11 as red, crystal-
line prisms (35 mg, 0.02 mmol).

Crystal Data for 11·1.5toluene: C34.5H29Br2Cl2N5Pd, Mr = 850.76,
monoclinic, space group C2/c, a = 24.6800(4), b = 17.4701(3), c =
17.4364(3) Å, β = 116.632(1)°, V = 6736.1(2) Å–3, Z = 8, DX =
1.678 gcm–3, crystal dimensions: 0.15×0.18×0.23 mm, T =
–113 °C, Nonius KappaCCD area-detector diffractometer, Mo-Kα

radiation, λ = 0.71073 Å, µ = 3.122 mm–1, absorption correction
based on analysis of equivalent reflections (SORTAV), transmission
factors (min./max.) 0.531/0.611, 2θmax = 52°, 52974 measured re-
flections, 6633 symmetry-independent reflections, 5301 reflections
with I � 2σ(I), refinement on F2 with SHELXL-97, 451 param-
eters, 111 restraints, R(F) [I � 2σ(I) reflections] = 0.035, wR(F2)
(all reflections) = 0.091, S(F2) = 1.063, ∆ρmax = 0.58 eÅ–3. The

www.eurjoc.org © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2006, 2987–29902990

asymmetric unit contains one monovalent Pd complex cation, one
chloride anion and 1.5 disordered toluene molecules distributed
over two sites. One of the symmetry-independent toluene molecules
is in a general position, while another is in a center of inversion.
Both toluene molecules are disordered and the disordered
model was established with the aid of suitable geometric and
atomic displacement parameter constraints and restraints.
CCDC-277072 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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