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N,N-Diaryl aminostilbenes and N,N-diaryl aminostyrenes are
versatile compounds that have found exciting applications in
the field of photochemistry; most of these compounds are
patented and they are widely used as electro-photographic
photoconductors and photoreceptors.[1] Recent reports have
demonstrated, for example, that these compounds can exhibit
an amino-conjugation effect in their fluorescence enhance-
ment spectra[2] and can act as ionophores for transition
metals,[3] and have several other applications.[4] The synthetic
routes to these compounds begin from aniline and the
corresponding aryl halides through a three-step process
involving an Ullmann/Vilsmeier/Wittig[5] reaction sequence
or from triphenylamine through a Vilsmeir/Wittig/palladium-
catalyzed arylation sequence.[6] Recently, the synthesis of
trans 4-N,N-diaryl aminostilbenes from the corresponding
halostilbenes or aminostilbenes by palladium-catalyzed ami-
nation reactions has also been reported.[2,3]

Palladium-catalyzed cross-coupling reactions, facilitated
by a variety of ligands, are exceedingly powerful and reliable
methods for C�C[7] and C�heteroatom[8] bond formations and
have a vast number of applications in the pharmaceutical,[9]

dye,[10] agriculture,[11] and polymer[12]

industries. In recent years, our studies
of commercially available proazaphos-
phatranes,[13] such as 1, which were first
synthesized by us, have shown them to
be efficient ligands in palladium-cata-
lyzed N arylations[14] and the Suzuki[15]

and Stille[16] couplings. The substrates for these coupling
reactions included aryl chlorides, which encompassed elec-
tron-poor, neutral, and electron-rich examples. Moreover,
proazaphosphatranes can also function as strong non-ionic
stoichiometric bases that facilitate a variety of useful organic
transformations.[17]

Herein, we report a one-pot synthesis of trans 4-N,N-
diaryl aminostilbenes from commercially available starting
materials using a double Buchwald–Hartwig amination/inter-
molecular Heck reaction sequence in the presence of [Pd2-
(dba)3]/1 (dba = dibenzylideneacetone) as the catalytic
system. Recently, transition-metal-catalyzed sequential C�C
and C�heteroatom bond-forming reactions have attracted
synthetic chemists because of their ability to facilitate the
formation of more than one bond in a one-pot reaction.
Reports of palladium-catalyzed amination/intramolecular
cyclization reaction sequences for the synthesis of indole
derivatives[18] illustrate the importance of such coupling
reactions. A one-pot two-catalyst synthesis of 1,3-diphenylin-
dazoles using a combination of copper-catalyzed N-arylation
and palladium-catalyzed C-arylation reactions has also been
reported.[19] To the best of our knowledge, a one-pot double
amination/intermolecular Heck reaction sequence has not
been described to date. Herein, we present the preliminary
results of such a one-pot protocol.

Our studies commenced with the coupling of 4-amino-
styrene with bromobenzene under the conditions given in
Scheme 1. Optimization studies were carried out (Table 1),

and it was initially found that when the reaction was carried
out at 60 8C with ligand 1 over 3 h (entry 1), the only coupling
observed was a double amination (product 4); the Heck
reaction required a minimum of 110 8C for the protocol to be
efficient (entry 3). When iodobenzene was used instead, the
Heck reaction occurred at 100 8C (entries 7 and 8) but faster
conversion was realized at 110 8C (entry 9). In addition, other
phosphines, such as davephos (2-dicyclohexylphosphino-2’-
(N,N-dimethylamino)biphenyl), tBu3P, and rac-binap (2,2’-
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Scheme 1. a) [Pd2(dba)3] (2 mol%), 1 (4 mol%), NaOtBu (3.5 equiv),
aryl halide (3.2 equiv), dry toluene (10 mL), under argon atmosphere.
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bis(diphenylphosphino)-1,1’-binapthyl), were found to be
inefficient ligands (entries 4–6 and 10–12).

Next, we examined the coupling of a variety of aryl
bromides and iodides with 4-aminostyrene to test the general-
ity of this methodology (Table 2). The major products formed
were trans N,N-diaryl aminostilbenes 5, except when 4-
bromoanisole and 3-bromoanisole were the substrates
(entries 5 and 6, respectively). The yields of 5 from 4-
bromotoluene and 4-iodotoluene as the substrates (entries 1
and 9, respectively) were similar to those reported previ-
ously,[20] whereas the yields of 5 from 4-bromoanisole and 4-
iodoanisole were poor (entries 5 and 8). On the other hand,
the yields of 5 from 4-bromotoluene and 4-iodotoluene
(entries 1 and 9) were superior to the overall yield (55%)
from a three-step procedure involving an Ullmann/Vilsmeier/
Wittig reaction series.[20,21] All other products derived from
this reaction series have not been previously reported
(entries 2–4, 6 and 7).

It is evident from the results of optimization experiments
given in Table 1 that the reaction pathway to 5 is a double
amination followed by an intermolecular Heck reaction. As
the amination reactions were completed within 3 h at 60 8C
and the Heck reactions required an elevated temperature and
a longer reaction time, we were able to utilize this difference
in coupling activity for the one-pot synthesis of 5 with two
identical aryl groups at the nitrogen atom and a different one
at the opposite terminus of 5 (Scheme 2). The first step of this
one-pot procedure afforded the bisamination product in three
hours, as monitored by TLC. The addition of 4-bromotoluene
(1.2 equiv) in the second step afforded 6 a in very good yield.
Reaction of 4-aminostyrene with 4-bromoanisole and bro-

mobenzene under the same conditions gave
the analogous product 6b in moderate yield
(Scheme 2). Our yield of 6a (86 %) is
comparable to that reported in a patented
procedure (89%) involving the single-step
reaction of 4-methyldiethylbenzylphospho-
nate with 4-N,N-diphenylaminobenzaldehy-
de.[22a] However, our yield of 6a is substan-
tially better than the yield achieved through
a Wittig reaction of 4-methylbenzyltriphe-
nylphosphonium chloride with the afore-
mentioned aldehyde (72%)[22a] and the
overall yield (46 %) of a previously reported
three-step synthesis.[22bc] Although 6b has
been reported previously, no yield was
given.[1]

In a similar manner, unsymmetrically N-
substituted diaryl aminostilbenes 7a,b were synthesized in
very good yields by using aryl iodides instead of aryl bromides

Table 1: Optimization of the one-pot double amination/intermolecular Heck reaction.

Entry Aryl halide Ligand t [h] T [8C] Yield [%][a] Total yield [%]
4 5 4 + 5

1 1 3 60 90 0 90
2 12 100 92 2 94
3 16 110 9 83 92
4 davephos 3 60 53 0 53
5 16 110 69 14 83
6 rac-binap 16 110 56 34 90
7 1 12 100 32 66 98
8 24 100 0 94 (78)[b] 94
9 16 110 0 93 93
10 tBu3P 16 110 74 11 85
11 rac-binap 16 110 0 56 56
12 davephos 16 110 27 61 88

[a] Yield of isolated product. [b] Reported yield for a two-step, two-pot synthesis.[2]

Table 2: One-pot double amination/intermolecular Heck reactions of
4-aminostyrene with aryl bromides and aryl iodides.

Entry Aryl halide Yield [%][a] Total yield [%]
4 5 4 + 5

1 11 84 95

2 37 61 98

3 28 60 88

4 27 59 86

5 47 34 81

6 60 34 94

7 32 63 95

8 0 41 41

9 0 87 (83%)[b] 87

[a] Yield of isolated product. Reaction conditions: [Pd2(dba)3] (2 mol%),
1 (4 mol%), NaOtBu (3.5 equiv), aryl halides (3.2 equiv), dry toluene
(10 mL), 110 8C, 16 h, under argon atmosphere. [b] Reported yield.[20]

Scheme 2. a) [Pd2(dba)3] (2 mol%), 1 (4 mol%), NaOtBu (3.5 equiv), dry toluene (10 mL), in an argon atmosphere. 6a, R1 = H, R2 = CH3 (86%);
6b, R1 = 4-OMe, R2 = H (60%).
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(Scheme 3). Our yield of 78% for 7a is lower than that of a
previously reported synthesis involving the reaction of 4-(N-
(4-methylphenyl)-N-phenylamino)benzaldehyde and diethyl-
benzylphosphonate (91%).[1] It should be noted that this
higher yield was achieved in a single reaction involving two
reactants, one of which required prior synthesis. When this
requirement is taken into consideration, the overall yield is
50%[21] compared with our yield of 78 % from a one-pot
procedure. Although 7b has been reported previously, no
yield was given.[1]

In summary, we have developed a novel one-pot method-
ology for the synthesis of trans 4-N,N-diaryl aminostilbenes 5,
which hitherto have always been synthesized in multipot
processes. It is also of note that: 1) the same catalyst system is
used for both the amination and the intermolecular Heck
coupling in a loading that is quite low (2 mol% of [Pd2(dba)3]
and 4 mol% of the ligand); 2) ligand 1 is superior to others in
our protocol and is commercially available; 3) selective
coupling of aryl halides with the nitrogen atom and the
double bond of the styrenyl substrate can be achieved in a
one-pot reaction by merely adding aryl halides sequentially at
different temperatures. This strategy has significant potential
for the design and synthesis of many complex molecules and
for combinatorial libraries in which moieties with both C�N
and C�C bonds are present; 4) higher overall yields than
those reported previously have been achieved; 5) the reduc-
tion in the number of steps in such syntheses permit these
types of transformations to be potentially more economical
and environmentally friendly. Studies are under way with
heteroaryl halides and additional aryl halides (including
chlorides) as reagents in the methodology reported herein
and will be reported in due course.

Received: December 15, 2004
Published online: April 14, 2005

.Keywords: amination · C�C coupling · cross-coupling ·
Heck reaction · palladium

[1] a) M. Sasaki (Ricoh Co., Japan), Ger. Offen., 1983, 97, Patent
Application DE 83-3315437 19830428Chem. Abstr. 1985, 100,
112236; b) Y. Oda, T. Homma, F. Yoshihide, Denshi Shashin
Gakkaishi 1990, 29, 250 – 258; c) Y. Fujimaki, H. Tadokoro, Y.
Oda, H. Yoshioka, T. Homma, H. Moriguchi, K. Watanabe, A.
Konishita, N. Hirose, J. Imaging Technol. 1991, 17, 202 – 206.

[2] J. S. Yang, S. Y. Chiou, K. L. Lia, J. Am. Chem. Soc. 2003, 125,
2518 – 2527.

[3] J. S. Yang, Y. H. Lin, C. S. Yang, Org. Lett. 2002, 4, 777 – 780.

[4] a) J. S. Yang, C. Y. Hwang, C. C. Hsich, S. Y. Chiou, J. Org.
Chem. 2004, 69, 719 – 726; b) J. S. Yang, Y. D. Lin, F. L. Liao, J.
Org. Chem. 2004, 69, 3517 – 3525; c) J. S. Yang, K. L. Liau, C. M.
Wang, C. Y. Hwang, J. Am. Chem. Soc. 2003, 125, 12325 – 12335.

[5] X. D. Cao, X. Q. Zhou, Q. M. Dong, Q. He, D. Z. Liu, Jingxi
Huagong 2003, 20, 452 – 454.

[6] a) S. Sengupta, S. K. Sadhukaran, S. Muhuri, Tetrahedron Lett.
2002, 43, 3521 – 3524; b) T. C. Lin, G. S. He, P. N. Prasad, L. S.
Tan, J. Mater. Chem. 2004, 14, 982 – 991.

[7] For general references, see; a) J. Tsuji, Palladium Reagents and
Catalysis: Innovations in Organic Synthesis, Wiley, Chichester,
1995 ; b) Handbook of Organopalladium Chemistry for Organic
Synthesis (Eds.: E.-I. Negishi, A. de Meijere), Vols. 1 and 2,
Wiley, New York, 2002.

[8] a) J. F. Hartwig, Acc. Chem. Res. 1998, 31, 852 – 860; b) J. F.
Hartwig, Angew. Chem. 1998, 110, 2154 – 2177; Angew. Chem.
Int. Ed. 1998, 37, 2046 – 2067; c) J. P. Wolfe, S. Wagaw, J. F.
Marcoux, S. L. Buchwald, Acc. Chem. Res. 1998, 31, 805 – 818;
d) A. R. Muci, S. L. Buchwald, Top. Curr. Chem. 2002, 219, 131 –
209.

[9] F. A. Beland, F. F. Kadlubar, Handbook of Experimental Phar-
macology, Carcinogenesis and Mutagenesis, Grove, Springer,
Heidelberg, 1990.

[10] D. R. Waring, G. Hallas, The Chemistry and Application of Dyes,
Plenum, New York, 1990.

[11] CRC Handbook of Pesticides (Ed.: G. W. Milne), CRC, Boca
Raton, FL, 1994.

[12] a) T. Mukundan, Macromol. Mater. Eng. 2002, 287, 442; b) T. A.
Skotheim, R. L. Elsenbaumer, J. R. Reynolds, Handbook of
Conducting Polymers, 2nd ed., Marcel Dekker, New York, 1997.

[13] Proazaphosphatranes, such as 1, are commercially available
from Aldrich, Strem, and Digital Specialty Chemicals.

[14] a) S. Urgaonkar, M. Nagarajan, J. G. Verkade, J. Org. Chem.
2003, 68, 452 – 459; b) S. Urgaonkar, M. Nagarajan, J. G.
Verkade, Org. Lett. 2003, 5, 815 – 818.

[15] S. Urgaonkar, M. Nagarajan, J. G. Verkade, Tetrahedron Lett.
2002, 43, 8921 – 8924.

[16] a) W. Su, S. Urgaonkar, J. G. Verkade, Org. Lett. 2004, 6, 1421 –
1424; b) W. Su, S. Urgaonkar, J. G. Verkade, J. Am. Chem. Soc.
2004, 126, 16433 – 16439.

[17] For recent reviews, see: a) J. G. Verkade, Top. Curr. Chem. 2003,
223, 1 – 44; b) J. G. Verkade, P. B. Kisanga, Aldrichimica Acta
2004, 37, 3 – 14; c) J. G. Verkade, P. B. Kisanga, Tetrahedron
2003, 59, 7819 – 7853.

[18] a) S. D. Edmondson, A. Mastraechio, E. R. Parmee, Org. Lett.
2000, 2, 1109 – 1112; b) P. Matyus, B. U. W. Maes, Z. Riedl, G.
Hajos, G. L. F. Lemiere, P. Tapolcsanyi, K. Monsieurs, O. Elias,
R. A. Dommisse, G. Krajsovszky, Synlett 2004, 7, 1123 – 1139;
c) G. Cuny, M. B. Choussy, J. Zgu, Angew. Chem. 2003, 115,
4922 – 4925; Angew. Chem. Int. Ed. 2003, 42, 4774 – 4777; d) V.
Khedkar, A. Tillack, M. Michalik, M. Beller, Tetrahedron Lett.
2004, 45, 3123 – 3126; e) H. Siebeneicher, I. Bytschkov, S. Doye,
Angew. Chem. 2003, 115, 3151 – 3153; Angew. Chem. Int. Ed.
2003, 42, 3042 – 3044; f) K. Yamazaki, Y. Nakamura, Y. Kondo, J.
Chem. Soc. Perkin Trans. 1 2002, 2137 – 2138.

Scheme 3. a) [Pd2(dba)3] (2 mol%), 1 (4 mol%), NaOtBu (3.5 equiv), dry toluene (10 mL), in an argon atmosphere. 7a, R1 = CH3, R2 = H (78%);
7b, R1 = 4-OMe, R2 = H (79%).

Angewandte
Chemie

3117Angew. Chem. Int. Ed. 2005, 44, 3115 –3118 www.angewandte.org � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

http://www.angewandte.org


[19] V. Collot, P. R. Bovy, S. Rault, Tetrahedron Lett. 2000, 41, 9053 –
9057.

[20] Y. Fujimaki, Y. Takei, Y. Suzuki, H. Nomori, Eur. Pat. Appl.,
1985, Patent No. EP0144791Chem. Abstr. 1985, 103, 132358.

[21] M. Behl, E. Hattemer, M. Brehmer, Macromol. Chem. Phys.
2002, 203, 503 – 510.

[22] a) M. Sasaki, Ger. Offen., 1984, Patent Application. DE
3342724A1–19840530Chem. Abstr. 1984, 101, 219792; b) A. S.
Gajare, K. Toyota, M. Yoshifuji, F. Ozawa, Chem. Commun.
2004, 17, 1994 – 1995; c) H. J. Lee, J. Sohn, J. Hwang, S. Y. Park,
H. Choi. M. Cha, Chem. Mater. 2004, 16, 456 – 465.

Communications

3118 � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org Angew. Chem. Int. Ed. 2005, 44, 3115 –3118

http://www.angewandte.org

