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A B S T R A C T

An efficient synthesis of substituted 1,4-diazepines is developed. The accessible intermediates have been

obtained via Pd-catalyzed amination. The subsequent hydrogenation and intramolecular condensation

sequences could be conducted successively in one pot without special operation. The mild and general

strategy enables the synthesis of various substituted 1,4-diazepines in high yields.

� 2013 Da-Li Yin. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
1. Introduction

Substituted 1,4-diazepines are an important class of pharma-
cologically active heterocyclic structure moieties which exist in
natural products [1] and clinical drugs, such as olanzapine [2] and
clozapine [3]. Most previously reported methods for the assembly
of 1,4-diazepine derivatives required multistep syntheses, which
suffer from difficulties in the preparation of intermediates, such as
amide or lactam, and introducing additional groups to the
heterocyclic scaffold to yield diverse molecules [4–7]. The harsh
conditions, purification after each step and low total yields make it
difficult to obtain such derivatives.

More recently, Tsvelikhovsky and Buchwald developed a novel
and general method to provide access to 1,4-diazepine derivatives
that involve two steps of palladium-catalyzed, cross-coupling
reactions and subsequent intramolecular condensation [8]. This
method avoided almost all of the difficulties previously encoun-
tered in 1,4-diazepine synthesis. However, Buchwald’s method
still has some limitations in the availability of starting materials. o-
Bromochlorobenzene is commercially available, but others with
different substituents are rare, or difficult to prepare. The second
cross-coupling requires only one chloro-substituent in the
intermediate. Other halo substituents in the intermediate mole-
cules may cause selectivity problem. Obviously, additional
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carbonyl or ester substituted materials were also not tolerated
in the second amination–cyclization step.

In recent years, metal-catalyzed amination methodology has
become an efficient tool to synthesize complex heterocycles [9,10].
During studies on heterocyclic syntheses and palladium catalyzed
amination [11–14], we envisioned a change from the starting
dihalobenzenes to o-bromonitrobenzenes according to our retro-
synthetic analysis, the limitation could be overcome and diverse
target molecules can be achieved. Herein, we report an efficient
and mild method for the synthesis of 1,4-diazepine derivatives.

2. Experimental

Typical procedure for the preparation of 3a: A mixture of
PdCl2(PPh3)2, 2-bromonitrobenzene (1a) (1.3 mmol), 2-aminoben-
zophenone (2a) (1 mmol) and Cs2CO3 (5 mmol) in toluene (10 mL)
was stirred at 110 8C for 18 h under an argon atmosphere. After
removal of the solvent in vacuo, the residue was partitioned
between ethyl acetate and water. The product 3a was isolated
as an orange solid in 95% yield by silica gel chromatography
(PE/EA = 32/1).

Typical procedure for the preparation of 5a: 32 mg of 10% Pd/C
was added into a solution of 3a (1 mmol) in MeOH (5 mL). The
mixture was stirred under H2 at r.t. for 30 min and filtered. p-TSA
(5 mol %) was added to the filtrate and stirred for 5 min. The
mixture was concentrated and purified by silica gel chromatogra-
phy (PE/EA = 16/1) to give product 5a as a yellow solid in 93% yield.
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Table 1
Pd-catalyzed amination of 2-bromo nitrobenzenes and 2-aminobenzophenone under different reaction conditionsa. [TD$INLINE]

Entry Catalyst Ligand Solvent Temp. (8C) Yieldb (%)

1 PdCl2(PPh3)2 – DMF 120 50

2 Pd(dba)3 dppf Toluene 120 43

3 Pd(OAc)2 dppf Toluene 110 32

4 PdCl2 dppf Toluene 120 55

5 PdCl2(PPh3)2 – Toluene 110 95

6 PdCl2(PPh3)2 – 1,4-Dioxane 110 84

7 PdCl2(PPh3)2 – N-Methyl pyrrolidinone 120 77

a Reaction conditions: 1a (2.5 mmol), 2a (3 mmol), Pd catalyst (0.25 mmol), ligand (0.3 mmol), Cs2CO3 (7 mmol), solvent (10 mL), 110–120 8C, 18 h.
b Isolated yields.

Table 2
The hydrogenation and intramolecular condensation conditions. [TD$INLINE]

Entry Hydrogenation Intramolecular condensation Yieldc (%)

1a Pd/C (10 g %) hydrogenation in methanol, r.t. for 30 min Dioxane, 4 Å MS, reflux for 4 h 25

2b Dioxane, p-TSA, reflux for 1 h 80

3 Filtrate, p-TSA, r.t. 5 min 93

a 4 Å MS 200 mg.
b p-TSA 5 mol%.
c Isolated yields.

Table 3
The preparation of various 1,4-diazepine derivatives.a [TD$INLINE]

O NH2

R1 X

O2N

Br

R2

N
H

N

X

R1

R2+ i

1 52

iii

Entry R1 R2 X 5 Yieldb (%)

1 H F CH b 90.3

2 H OCH3 CH c 92.2

3 H CF3 CH d 92.3

4c H H N e 95.1

5 H Cl CH f 85.3

6 H COOCH3 CH g 82.1

7 –CH3 H CH h 93.1

8 –CH3 F CH i 91.3

9 –CH3 OCH3 CH j 94.2

10 –CH3 CF3 CH k 93.3

11 –CH3 H N l 95.2

a Reagents and conditions: (i) 1 (2.5 mmol), 2 (3.0 mmol), PdCl2(PPh3)2 (0.25 mmol), Cs2CO3 (7 mmol), toluene (10 mL), 110–120 8C, 18 h. (ii) 10% Pd/C methanol, r.t., 30 min.

(iii) p-TSA (5 mol %), r.t. 5 min.
b Isolated total yield after column chromatography of the products.
c Reaction was carried out with 25 mmol of 1.
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3. Results and discussion

We initially conducted the reaction using 2-aminobenzophe-
none 1a and 2-bromonitrobenzenes 2a as substrate in the presence
of PdCl2(PPh3)2, Cs2CO3 at 120 8C in DMF under an argon
atmosphere. However, a complicated mixture was observed,
which contained the desired product 3a in only 50% yield
(Table 1, entry 1). Different catalysts, ligands and solvents were
then screened for the cross-coupling of 2-bromonitrobenzene and
2-aminodibenzophenone. Reactions conducted utilizing Pd2(dba)3,
Pd(OAc)2 and PdCl2 with ligand 1,10-bis(diphenylphosphino)fer-
rocene (dppf) gave 3a in low yields (Table 1, entries 2–4). The best
result was obtained using PdCl2(PPh3)2 as catalyst, and toluene as
solvent, which gave product 3a in 95% yield (Table 1, entry 5),
whereas the same reaction in 1,4-dioxane gave 3a in 84% yield, and
in N-methylpyrrolidone gave 77% yield (Table 1, entries 6 and 7,
respectively).

These results indicated the coupling reaction proceeded
smoothly and consistently within the planned reaction sequence.
After the optimized reaction conditions were established, subse-
quent hydrogenation generated the corresponding amine com-
pound which is difficult to isolate due to its unstable properties.
We have investigated the intramolecular condensation conditions
without purification of compound 4a. To our delight, 5a could be
obtained in 93% yield after 5 min at r.t. by adding catalytic amounts
of p-TSA to the filtrate, where 10% Pd/C had been removed (Table 2
entry 3).

With optimized reaction conditions established, we examined
the scope of the method for the assembly of 1,4-diazepine
derivatives. A variety of substitutions on the o-bromonitroaro-
matic ring was tolerated, including electron-withdrawing (Table 3,
entries 3, 6, and 10) and electron-donating groups (Table 3, entries
2 and 9), as well as with fluoro substitution on the aromatic ring
(Table 3, entries 1 and 8) and with 2-bromo-3-nitropyridine
(Table 3, entries 4 and 11). It is noteworthy that the chloro
substituent and the carboxylic ester group remained intact in the
reactions and gave products in high yields (Table 3, entries 5 and
6). The two step sequence to substituted 1,4-diazepines gave yields
ranging from 82% to 95%, which corresponds to a yield of 90% to
98% over each step of the sequence. Furthermore, the reaction
could be scaled up to gram amounts without any problem [15].

4. Conclusion

In conclusion, we have developed an efficient and convenient
synthesis of 1,4-diazepine derivatives via Pd-catalyzed amination,
hydrogenation and intramolecular condensation sequences. The
conditions of the coupling and cyclization have been fully
investigated. The efficiency and substituent tolerance of these
procedures have been demonstrated by synthesizing a number of
functionalized 1,4-diazepine derivatives. Considering the short
steps and mild conditions for the synthesis, together with the
inexpensive starting material and catalytic system, this method
provides an expansion on the substrate scope of Buchward’s
strategy, as well as an alternative route for the synthesis of 1,4-
diazepine derivatives.
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285.1386, found: 285.1386. Mp 168–170 8C. IR (KBr): 3347, 1577, 1466, 1238,
876. Compound 5i: 1H NMR (400 MHz, CD3Cl): d 7.59 (d, 2H, J = 7.6 Hz), 7.29 (m,
1H), 7.20 (m, 2H), 7.03 (m, 2H), 6.94 (m, 1H), 6.78 (d, 1H, J = 8 Hz), 6.71 (m, 1H),
6.62 (m, 1H), 4.92 (s, 1H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCl3): d 170.43,
160.92, 158.53, 154.43, 142.14, 140.53, 138.66, 138.06, 132.01 (J = 17 Hz), 129.62,
128.69, 127.46, 122.49, 120.11, 119.65, 114.40 (J = 24 Hz), 112.61 (J = 23 Hz),
21.36. HRMS (m/z) (M+H): Calcd. for C20H15FN2: 303.1292, found: 303.1296. Mp
145–148 8C. IR (KBr): 3345, 1620, 1487, 1220, 1113, 960. Compound 5j: 1H NMR
(400 MHz, CD3Cl): d 7.60 (d, 2H, J = 7.6 Hz), 7.31 (m, 1H), 7.19 (d, 2H, J = 7.6 Hz),
7.02 (m, 1H), 6.91 (t, 1H, J = 7.6 Hz), 6.88 (s, 1H), 6.77 (d, 1H, J = 8 Hz), 6.65 (m,
2H). 13C NMR (100 MHz, CDCl3): d 169.87, 156.60, 154.98, 141.80, 140.20, 138.47,
135.80, 132.19, 131.83, 129.59, 128.65, 127.51, 122.23, 120.18, 119.48, 112.93,
112.44, 55.59, 21.38. HRMS (m/z) (M+H): Calcd. for C21H18N2O: 315.1492, found
315.1495. Mp 178–180 8C. IR (KBr): 3300, 1567, 1433, 1203, 1103, 982.
Compound 5k: 1H NMR (400 MHz, CD3Cl): d 7.60 (d, 2H, J = 8 Hz), 7.55 (m,
1H), 7.31 (m, 1H), 7.21 (m, 5H), 7.05 (m, 1H), 6.95 (m, 1H), 6.75 (m, 2H), 5.11
(s, 1H), 2.41 (s, 3H). 13C NMR (100 MHz, CDCl3): d 170.67, 153.36, 145.84, 140.91,
140.75, 137.91, 132.41, 132.24, 129.64, 128.87, 127.58, 125.90, 125.87, 123.27,
123.24, 122.87, 119.94, 119.78, 21.42. HRMS (m/z) (M+H): Calcd. for C21H15F3N2:
353.1260, found: 353.1264. Mp 180–183 8C. IR (KBr): 3309, 2740, 1637, 1325,
1076, 960, 751. Compound 5l: 1H NMR (400 MHz, CD3Cl): d 7.93 (d, 1H, J = 4 Hz),
7.55 (m, 3H), 7.31 (t, 1H, J = 7.6 Hz), 7.21 (d, 2H, J = 7.6 Hz), 6.98 (m, 2H), 6.91 (m,
1H), 6.84 (m, 1H), 5.91 (s, 1H), 2.41 (s, 3H). 13C NMR (100 MHz, CDCl3): d 170.93,
153.31, 151.96, 144.88, 140.62, 138.00, 136.36, 135.32, 132.42, 132.35, 129.68,
128.74, 127.17, 122.31, 120.37, 120.02, 21.42. HRMS (m/z) (M+H): Calcd. for
C19H15N3: 286.1339, found: 286.1347. Mp 175–177 8C. IR (KBr): 3223, 2246,
1667, 1411, 1227, 1021, 960.
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