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Palladium-catalyzed double N-arylation of primary amines with (Z)-1,2-bis(2-bromophenyl)ethenes was
investigated. A variety of dibenzoazepine derivatives were synthesized in good to excellent yields.
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Double heteroatom-arylation of conjugated di-halo compounds
is a strong tool to construct the heterocyclic compounds.1–5 Thus,
useful synthesis of N-heterocyclic compounds was developed by
applying double N-arylation of conjugated di-halo compounds with
primary amines. For example, Nozaki and co-workers reported the
synthesis of carbazoles via double N-arylation of the 2,20-dihalobi-
phenyl compounds.2 Willis and co-workers developed a series of
methods to synthesize indoles using 2-(2-haloalkenyl)-aryl halides
as substrates.3 Buchwald,4a Li4b and Xi,4c respectively, used conju-
gated 1,4-dihalo-1,3-dienes to synthesize pyrroles by Cu catalyzed
tandem C–N bond formation. Recently, we used o-halo-(2,2-dihalo-
vinyl)benzenes, alkynes, and amines as substrates to construct
a-alkynyl indoles in one pot.5 Therefore, we envisioned that
conjugated di-halo compounds such as 1,2-bis(2-bromophenyl)eth-
ene might be useful building blocks for the construction of seven-
membered nitrogen-containing heterocyclic compounds via double
N-arylation. Herein, we would like to disclose a useful application of
(Z)-1,2-bis(2-bromophenyl)ethene and a novel synthetic method
for the production of dibenzoazepine derivatives.

Dibenzoazepines are important building blocks for the synthe-
sis of anticonvulsant, antidepressant, and antiepileptic drugs.6

Consequently, the research and development of synthetic methods
for dibenzoazepines continues to be one of the most active areas in
synthetic chemistry. Classical methods usually apply the dehydro-
genation of iminobibenzyls7 and the rearrangement of arylindoles8

to the synthesis of dibenzoazepines. Due to required harsh,
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functional group-intolerant conditions and low yields, the syn-
thetic application of these approaches is limited. Although transi-
tion-metal-catalyzed synthesis of dibenzoazepines would be
ideal for overcoming the limitation, only a few examples have been
reported. Guy and co-workers developed a novel palladium-
catalyzed Heck-amination reaction sequence giving access to
dibenzoazepines using o-iodoaniline and o-bromostylene as sub-
strate.9 Recently, Buchwald demonstrated a similar method to syn-
thesize dibenzoazepines from o-choloaniline with o-bromostylene
in high yields.10 Derat and Catellani reported a new palladium-
catalyzed reaction that leads to dibenzoazepine derivatives when
starting with aryl iodides, o-bromoanilines, and either norbornene
or norbornadiene.11 Although these reported methods are useful
and interesting, synthetic methods for the synthesis of dibenzoaze-
pine, especially for synthesis of N-substituted dibenzoazepine with
various functional groups, are still limited. In addition, diversified
starting materials and synthetic strategies are desired to make
dibenzoazepine derivatives more readily accessible. Nevertheless,
the development of new and efficient procedures for the selective
synthesis of N-substituted (functionalized) dibenzoazepine with
various functional groups continues to represent an important
and challenging goal.

In our present work, 5-phenyl-5H-dibenzo[b,f]azepine was
formed in good yields from (Z)-1,2-bis(2-bromophenyl)ethene12

1a and aniline in one-pot, via a Pd-catalyzed double amination
reaction.13 Two Csp2-N bonds are constructed in the one-pot pro-
cess. Table 1 shows the results of reaction optimization conditions
screening. Double N-arylation of coupling reaction between 1a and
aniline 2a was investigated using Pd2(dba)3 as the catalyst. Firstly,
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Table 1
Reaction optimizationa

Br Br
N
Ph

+ Ph NH2

[Pd] (5 mol%)
Ligand (10 mol%)

Base (2.5equiv)
Solvent, 120 oC,12 h

1a 2a 3a

Entry [Pd] Ligand Base Solvent Yieldb (%)

1 Pd2(dba)3 DPEphos Cs2CO3 Toluene 96
2 Pd2(dba)3 Xantphos Cs2CO3 Toluene 52
3 Pd2(dba)3 dppf Cs2CO3 Toluene 74
4 Pd2(dba)3 dppp Cs2CO3 Toluene 75
5 Pd2(dba)3 dpppe Cs2CO3 Toluene 66
6 Pd2(dba)3 PPh3 Cs2CO3 Toluene 67
7 Pd2(dba)3 Pt-Bu3 Cs2CO3 Toluene 12
8 Pd2(dba)3 DPEphos NaOt-Bu Toluene 53
9 Pd2(dba)3 DPEphos Cs2CO3 Dioxane 72
10 Pd(OAc)2 DPEphos Cs2CO3 Toluene 75
11c Pd(OAc)2 Xantphos Cs2CO3 Toluene 95
12d Pd2(dba)3 DPEphos Cs2CO3 Toluene 0

a Reaction conditions: 1a (0.3 mmol), 2a (0.36 mmol), Pd2(dba)3 (2.5 mol %) or Pd(OAc)2 (5 mol %), ligand (10 mol %), base (2.5 equiv), solvent (2 ml), under nitrogen
atmosphere in sealed Schlenk tube, at 120 �C, 12 h.

b Isolated yields.
c 24 h.
d (Z)-1,2-bis(2-bromophenyl)ethene was replaced by (E)-1,2-bis(2-bromophenyl)ethene. O

PPh2 PPh2

O
PPh2 PPh2

Fe

PPh2

PPh2

Ph2P PPh2
n

DPEphos Xantphos dppf
n = 3, dppp
n = 5, dpppe

Table 2
Double amination coupling of (Z)-1,2-bis(2-bromophenyl)ethene

Br Br

Pd2dba3 (2.5 mol%)
DPEphos (10 mol%)

Cs2CO3 (2.5 equiv)
Toluene, 120 oC

1a 2 3

N
R

+ R NH2

N
Ar

Type I

3a: Ar = Ph, (96%, 12 h)
3b: Ar = 4-F-Ph, (81%, 10 h)
3c: Ar = 3, 4-2F-Ph, (66%, 9 h)
3d: Ar = 3-NO2-Ph, (67%, 20 h)
3e: Ar = 4-Me-Ph, (99%, 14 h)
3f: Ar = 2-Me-Ph, (69%, 13 h)
3g: Ar = 4-OMe-Ph, (92%, 14 h)
3h: Ar = 2-OCF3-Ph, (72%, 10 h)
3i: Ar = 1-naphthalenyl, (72%, 11 h)
3j: Ar = 4-trimethylsilylethynyl)-Ph
(63%, 10 h)
3k: Ar = 4-(4-phenylethynyl)-Ph (62%, 10 h)

N
Type II

Ar

3l: Ar = Ph, (99%, 9 h)
3m: Ar = 4-F-Ph, (88%, 11 h)
3n: Ar = 4-OMe-Ph, (81%, 12 h)
3o: Ar = 2-furanyl, (98%, 9 h)

N
R

Type III

3p: R = Propyl, (69%, 15 h)
3q: R = Amyl, (87%, 18 h)
3r: R = C8H17, (87%, 18 h)
3s: R = Allyl, (48%, 14 h)
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we screened the efficiency of ligands. Results indicated that DPE-
phos ligand is the best for this coupling reaction (entries 1–7).
Next, we changed the base to NaOt-Bu (from Cs2CO3) (entry 8),
or the solvent to dioxane (from toluene) (entry 9), all resulting in
decreased yields of the product. Finally, Pd(OAc)2 was found to
be an efficient catalyst in the double amination of (Z)-1,2-bis(2-
bromophenyl)ethene 1a with aniline (entry 11). The reaction be-
came slower, however, and longer reaction times were required
(24 h to obtain compound 3a in 95% yield). To our surprise, When
(Z)-1,2-bis(2-bromophenyl)ethene was replaced by (E)-1,2-bis(2-
bromophenyl)ethene, the target product 3a could not be detected
(entry 12). Thus, the optimized reaction condition was as follows:
1a (0.3 mmol), 2a (0.3 mmol), Pd2(dba)3 (2.5 mol %), DPEphos
(10 mol %), and Cs2CO3 (0.75 mmol), in toluene (2 mL) at 120 �C.

The double amination of (Z)-1,2-bis(2-bromophenyl)ethene
with various amines were next investigated using the optimized
reaction conditions. As shown in Table 2, a variety of N-substituted
dibenzoazepines were prepared. The substituent of N moiety (R)
could be Aryl (Type I), Benzyl (Type II), alkyl, or allyl (Type III). For
type I (R = Ar), the phenyl ring could be substituted with either
electron-withdrawing groups such as F, or NO2 (3b–d) or electron-
donating groups Me, OMe, or OCF3 (3e–h). Importantly, compounds
bearing the acetylene bond of aniline could be efficiently reacted
with 1,2-bis(2-bromophenyl)ethene to obtain corresponding
product in model yields (3j, 3k). These results showed that the
variety of groups could be tolerated in this palladium-catalyzed
system. Similarly, N-benzyl dibenzoazepines (3l–o) could be ob-
tained in good to perfect isolated yields. For example, 5-(furan-2-
ylmethyl)-5H-dibenzo[b,f]azepine was achieved in 98% yield under
the optimized reaction conditions. For type III, N-alkyl and N-allyl
dibenzoazepines (3p–s) could be obtained in moderate to good
isolated yields. This protocol was however found to be general since
a wide range of aliphatic and allylic amines reacted successfully.

Meanwhile, we focused our attention on the reactivity of (Z)-
1,2-bis(2-bromophenyl)ethene with different groups (Table 3). As
expected, the reaction was found to be efficiently performed under
optimized reaction conditions. The benzene ring of (Z)-1,2-bis(2-
bromophenyl)ethene bearing of either electron-withdrawing
groups such as F, Cl, or CN(1b–g) or electron-donating groups Me
or OMe (1h–i) gave the corresponding dibenzoazepines in moder-
ate to high isolated yields. Significantly, medicinally attractive
fluorine-substituted dibenzoazepines (4a–h) could be readily
introduced in good yields.

In conclusion, we have described a novel and efficient route for
the synthesis of N-substituted dibenzoazepine with various func-
tional groups via a palladium-catalyzed double amination coupling
of (Z)-1,2-bis(2-bromophenyl)ethene with amines. The transfor-
mation is distinguished by its mild conditions, allowing the



Table 3
Double amination coupling of substituted (Z)-1,2-bis(2-bromophenyl)ethene

N
R

R2R1

Br Br

Pd2dba3 (2.5 mol%)
DPEphos (10 mol%)

Cs2CO3 (2.5 equiv)
Toluene, 120 oC

1 2

+ R NH2

R2R1

4

N
RF

4a: R = Ph, (73%, 12 h)
4b: R = Bn, (78%, 12 h)

N
R

F
4c: R = Ph, (73%, 19 h)
4d: R = Bn, (90%, 19 h)

N
R

F

F

4e: R = Ph, (81%, 16 h)
4f: R = Bn, (83%, 17 h)

N
R

ClF
4g: R = Ph, (66%, 13 h)
4h: R = Bn, (81%, 13 h)

N
R

Cl
4i: R = Ph, (74%, 17 h)
4j: R = Bn, (80%, 16 h)

N
R

NC
4k: R = Ph, (76%, 24 h)

N
RMe

4l: R = Ph, (67%, 24 h)
4m: Bn, (71%, 24 h)

N
RMeO

MeO
4n: R = Ph, (62%, 11 h)
4o: R = Bn, (76%, 11 h)

6408 X. Zhang et al. / Tetrahedron Letters 53 (2012) 6406–6408
tolerance of a wide variety of functional groups in a range of sub-
stitution patterns. Efforts to extend the application of this protocol
in organic synthesis are underway.

Acknowledgments

We thank the Natural Science Foundation of China (21072054),
New Teachers’ Fund for Doctor Stations, Ministry of Education of
China (20094306120003), Training Program Foundation for the
Young Talents by Hunan Normal University of China (ET21003),
Hunan Provincial Natural Science Foundation of China (12JJ2009),
Scientific Research Fund of Hunan Provincial Education Depart-
ment (12A095) and Aid Program for Science and Technology Inno-
vative Research Team in the Higher Educational Institutions of
Hunan Province for financial support.

Supplementary data

Supplementary data associated (experimental procedures and
characterization data for all new compounds and copies of NMR
spectra) with this article can be found, in the online version, at
http://dx.doi.org/10.1016/j.tetlet.2012.09.042.

References and notes

1. For selected recent examples of organic synthesis by using di-halo compounds
(a) Diao, X.; Xu, L.; Zhu, W.; Jiang, Y.; Wang, H.; Guo, Y.; Ma, D. Org. Lett. 2011,
13, 6422; (b) Liao, Q.; Zhang, L.; Li, S.; Xi, C. Org. Lett. 2011, 13, 228; (c) You, W.;
Yan, X.; Liao, Q.; Xi, C. Org. Lett. 2010, 12, 3930; (d) Xu, X.; Xu, X.; Li, H.; Xie, X.;
Li, Y. Org. Lett. 2010, 12, 100; (e) Li, C.-L.; Zhang, X.-G.; Tang, R.-Y.; Zhong, P.; Li,
J.-H. J. Org. Chem. 2010, 75, 7037; (f) Zhou, Y.; Verkade, J. G. Adv. Synth. Catal.
2010, 352, 616; (g) Xi, Z. Acc. Chem. Res. 2010, 43, 1342; (h) Takenaka, K.; Itoh,
N.; Sasai, H. Org. Lett. 2009, 11, 1483; (i) Ueno, A.; Kitawaki, T.; Chida, N. Org.
Lett. 2008, 10, 1999; (j) Xi, Z.; Zhang, W.-X. Synlett 2008, 2557; (k) Lu, B.; Wang,
B.; Zhang, Y.; Ma, D. J. Org. Chem. 2007, 72, 5337; (l) Liu, G.; Song, Z.; Wang, C.;
Xi, Z. Chin. J. Org. Chem. 2007, 27, 837; (m) Xi, Z.; Song, Z.; Liu, G.; Takahashi, T. J.
Org. Chem. 2006, 71, 3154–3158; (n) Loones, K. T. J.; Maes, B. U. W.; Meyers, C.;
Deruytter, J. J. Org. Chem. 2006, 71, 260; (o) Kitawaki, T.; Hayashi, Y.; Ueno, A.;
Chida, N. Tetrahedron 2006, 62, 6792.

2. (a) Kawaguchi, K.; Nakano, K.; Nozaki, K. Org. Lett. 2008, 10, 1199; (b)
Kawaguchi, K.; Nakano, K.; Nozaki, K. J. Org. Chem. 2007, 72, 5119; (c)
Kuwahara, A.; Nakano, K.; Nozaki, K. J. Org. Chem. 2005, 70, 413; (d) Nakano, K.;
Hidehira, Y.; Takahashi, K.; Hiyama, T.; Nozaki, K. Angew. Chem., Int. Ed. 2005,
44, 7136; (e) Nozaki, K.; Takahashi, K.; Nakano, K.; Hiyama, T.; Tang, H.-Z.;
Fujiki, M.; Yamaguchi, S.; Tamao, K. Angew. Chem., Int. Ed. 2003, 42, 2051.

3. (a) Henderson, L. C.; Lindon, M. J.; Willis, M. C. Tetrahedron 2010, 66, 6632; (b)
Hodgkinson, R. C.; Schulz, J.; Willis, M. C. Org. Biomol. Chem. 2009, 7, 432; (c)
Tadd, A. C.; Fielding, M. R.; Willis, M. C. Org. Lett. 2009, 11, 583; (d) Fletcher, A.
J.; Bax, M. N.; Willis, M. C. Chem. Commun. 2007, 4764; (e) Willis, M. C.; Brace,
G. N.; Findlay, T. J. K.; Holmes, I. P. Adv. Synth. Catal. 2006, 348, 851; (f) Willis,
M. C.; Brace, G. N.; Holmes, I. P. Angew. Chem., Int. Ed. 2005, 44, 403.

4. (a) Martín, R.; Larsen, C. H.; Cuenca, A.; Buchwald, S. L. Org. Lett. 2007, 9, 3379;
(b) Yuan, X.; Xu, X.; Zhou, X.; Yuan, J.; Mai, L.; Li, Y. J. Org. Chem. 2007, 72, 1510;
(c) Liao, Q.; Zhang, L.; Wang, F.; Li, S.; Xi, C. Eur. J. Org. Chem. 2010, 5426.

5. Liang, Y.; Meng, T.; Zhang, H.-J.; Xi, Z. Synlett 2011, 911.
6. (a) Gomez-Arguelles, J. M.; Dorado, R.; Sepulveda, J. M.; Huet, R.; Arrojo, F. G.;

Aragon, E.; Herrera, A.; Trron, C.; Anciones, B. J. Clin. Neurosci. 2008, 15, 516; (b)
Hirschfeld, R. M. A.; Kasper, S. Int. J. Neuropsychopharmacol. 2004, 7, 507; (c)
Ambrosio, A. F.; Soares-da-Silva, P. Neurochem. Res. 2002, 27, 121; (d) Okuma,
T.; Kishimoto, A. Psychiatry Clin. Neurosci. 1998, 52, 3; (e) Albani, F.; Riva, R.;
Baruzzi, A. Pharmacopsychiatry 1995, 28, 235.

7. (a) Kricka, L. J.; Ledwith, A. Chem. Rev. 1974, 74, 101. and references therein; (b)
Tokmakov, G. P.; Grandberg, I. I. Tetrahedron 1995, 51, 2091; (c) Craig, P. N.;
Lester, B. M.; Saggiomo, A. J.; Kaiser, C.; Zirkle, C. L. J. Org. Chem. 1961, 26, 135;
(d) Monti, K. D.; Maciejewski, A. B. Appl. Catal., A 1995, 121, 139.

8. Elliott, E.-C.; Bowkett, E. R.; Maggs, J. L.; Bacsa, J.; Park, B. K.; Regan, S. L.;
O’Neill, P. M.; Stachulski, A. V. Org. Lett. 2010, 13, 5592.

9. Arnold, L. A.; Luo, W.; Guy, R. K. Org. Lett. 2004, 6, 3005.
10. Tsvelikhovsky, D.; Buchwald, S. L. J. Am. Chem. Soc. 2010, 132, 14048.
11. Ca’, N. D.; Maestri, G.; Malacria, M.; Derat, E.; Catellani, M. Angew. Chem., Int. Ed.

2011, 50, 12257.
12. For synthesis of (Z)-1,2-bis(2-bromophenyl)ethene: Harrowven, D. C.; Guy, L.

I.; Howell, M.; Packham, G. Synlett 2006, 2977.
13. (a) Louie, J.; Hartwig, J. F. Tetrahedron Lett. 1995, 36, 3609; (b) Guram, A. S.;

Rennels, R. A.; Buchwald, S. L. Angew. Chem., Int. Ed. 1995, 34, 1348; (c) Driver,
M. S.; Hartwig, J. F. J. Am. Chem. Soc. 1996, 118, 7217; (d) Wolfe, J. P.; Wagaw, S.;
Buchwald, S. L. J. Am. Chem. Soc. 1996, 118, 7215.

http://dx.doi.org/10.1016/j.tetlet.2012.09.042

	Palladium-catalyzed double N-arylation to synthesize multisubstituted  dibenzoazepine derivatives
	Acknowledgments
	Supplementary data
	References and notes


