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ABSTRACT

_ 5% NiCly(PPhg), Ar _
Arg 10% PPhs \
/NMgBr + S X — = /N N\
Ar RN Toluene AF "R
80-100 °C,3-5 h
X=Brorl

The cross-coupling of bromomagnesium diarylamides, generated in situ from diarylamines, with aryl bromides or iodides can be effected with
a simple NiCl ,(PPh3),—PPh; catalyst system under relatively mild conditions. This coupling reaction is an inexpensive, convenient, and practical
method, functioning as an alternative to the corresponding Pd-catalyzed or Cu-mediated process for the synthesis of triarylamines.

Transition-metal-catalyzed cross-couplings between aryl- required to activate it limit its use at least in the large-scale
amines and aryl halides represent a powerful tool for the preparation of triarylamines. And for Cu-catalyzed triaryl-
construction of triarylamines. These amines are an extremelyamine syntheses, either expensive ligands or defined sub-
important unit of organic materials with interesting electronic, strates such as aryl iodides are required to obtain good yields.
photoelectronic, and magnetic properties and are extensivelyln striking contrast, cheap and practical nickel-based cata-
used in organic light-emitting diodes, photovoltaic cells, lysts, being a well-established partner of palladium catalysts
nonlinear optics, and organic photoconductors!&o.far, in C—C bond-forming reactions, have not been fully
both the Ullmann-type reactions (Cu-mediatedhd the  developed in the €N bond construction, and there are only
Buchwald—Hartwig methods (Pd-catalyzéd)ave made 3 few reports on Ni-catalyzed halide amination in which
remarkable advances in the formation of variousNCbonds, dialkylamines and/or anilines were mainly involve@ur
among which were syntheses of triarylamines from arylation gesire to pursue an inexpensive, convenient, and mild
of anilines and diarylamines: However, in Pd-catalyzed  procedure for scalable synthesis of triarylamine compounds
processes, the high cost of palladium and the special 'igandsprompted us to explore the feasibility of employing a
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Ni(I) complexes such as NIGIPPh); o Ni(acac) were [
chosen as precatalysts in view of the fact that they are readily e 2. NiCl,(PPh),—PPh-Catalyzed Cross-Coupling of
available and conveniently manipulated due to their insen- gromomagnesium Diarylamides with Aryl Halides

sitivity to air and moisture. However, generating the catalyti- 5 mol% NiCly(PPhs),

cally active Ni(0) species in §itu for the sub;equent catalytic  Ar,NMgBr + @—X % Aer@R
cycle would be a problem with the use of Ni(ll) precatalysts R

L. . ) 1.25 equiv 1 equiv
because it is fundamental to reduce Ni(ll) to Ni(0) for success X=Bror|
of cross-coupling reactiorf8¢’Learning from the Kumada . L isolated

. . . . . . en amine aryl halide product eld(%
Corriu reactiofi and considering the nature of diarylamines yield(%)
with a relatively acidic proton on the NH group, we @
; 1 N e 90 (88

proposed a protocol to employ Grignard reagents both as @N@

the base for producing nucleophilic amides and as the
reducing reagent for Ni(ll) complex in this “two-step/one-

pot” reaction (eq 1). 2 N @Bf ©?® ol
Initially, the whole reaction was performed in the same

solvent. Although the Kumad&Corriu reaction of Grignard ©

reagents with aryl halides readily took place in THF or ether, 3 w @Br @N@/ 7

the cross-coupling of bromomagnesium diphenylamide with

p-bromotoluene using THF as reaction solvents gave only a @

low yield of the desired product (Table 1, entries 1 and 2), 4 N —Or 7167
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Table 1. Screening of Conditions for Ni-Catalyzed Arylation
of Diphenylaminé

6
Q EtMgBr Q < > Br
1.35 equiv 1 equiv
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NH——— NMgBr—————— N (eq 1) @
Solvent 1 .
o NiCl(PPh3)\L, 7 NH Q_. 1 96 (969)
Solvent 2, A @ @
1.25 eauiv
yield 8 NH —< >—l @ 88
entry solvent 1 catalyst (mol %) ligand (mol %) solvent2 (%)b @'N@\
1 THF NiClx(PPhs)2 (3) PPh;3(6) THF 25
2 THF NiCly(PPhs); (5) PPhs(10) THF 33 @
3 ether NiCly(PPhg);(5) PPhs(10) ether none 9 NK W @N@ 78
4 THF NiCly(PPhs), (5) PPhs(10) THF-Tol 67 o’
5 THF NiCla(PPhg)2 (5) PPhs(10) toluene 71
6 THF NiCly(PPhs); (5) none toluene 58 Z z ©
7  THF  Niacac) (5) PPh; (10) toluene 42 10 i & 7 76
8  THF  NiCl(PPhy)y(5) (CoH;O)sP (10) toluene 57 o Joae
9 THF NiCly(PPhg)2 (5) COD (10) toluene 69
10 THF none none toluene none D
aReaction conditions: a mixture of diphenylamine deprotonated in 1 N O_' N 84
solvent 1 by EtMgBr ang-bromotoluene in solvent 2 was heated in the /© ,@ O
presence of Ni(ll) precatalyst and ligarfdsolated yields. @
12 PAee & 58

TCO
and no desired product was obtained with ether as a reaction
solvent (entry 3). In addition, increasing the catalyst loading 13

2
did not seem to be very favorable for this reaction (comparing @ ®

Q
e
@

entry 2 with entry 1). Next, we attempted to use a cosolvent @

of THF/toluene (1:3 v/v) to elevate the coupling reaction 14 ©"H ) TPB 77
temperature to 90C, resulting in a yield of 67% (entry 4).

With this result in hand, we tried to remove THF entirely @ .
under vacuum after deprotonation of diphenylamine and then ' @"“ =) bDP 64

. yi aReactions: at 100C for 5 h for aryl bromides and at 80 for 3 h for
106(375) ((%)) Ié(;rﬁgﬁavj, Eaes’;\',—i;",;aTHMD.' GHI é,%ﬂgfgfgﬂleﬁ?fneféﬁfggg aryl iodides, respectively. At 80 °C for 5 h. ¢ Molar ratio of amine to halide
. yJ. P » VI, ) , 1d H H .
40, 2323—2326. (C) Sato, S.; Oh-tani, S.: Miyaura,JNOrg. Chem1997, was 2.2:19Reactons in a mixed solvent of THfoluene (1:3).
62, 8024—8030.
(8) (@) Tamao, K.; Sumitani, K.; Kumada, M. Am. Chem. Sod.972,

94, 4374-4376. (b) Corriu, R. J. P.. Masse, JJPChem. Soc., Chem. added dried toluene as the reaction solvent, performing the
Commun1972, 144. reaction at 100C. As a result, a better yield of 71% was
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achieved (entry 5). Several other combinations, NEPh), (2-naphthyl)phenylamine coupled with aryl iodide to afford
(entry 6), Ni(acag)—PPh (entry 7), NiCL(PPh),—P(OEt} the product only in moderate yield (entry 12), and the cross-
(entry 8), and NiG(PPh),—COD (entry 9), were not as coupling almost did not take place with the use of more
effective as the NiG(PPh),—PPh system in this reaction.  hindered (1-naphthyl)phenylamine (entry 13). The double
Finally, our “normal” reaction procedure was that diaryl- cross-coupling proceeded in good vyields under similar
amine was treated in THF with a small excess of EtMgBr, conditions when dihaloarene was treated with over 2 equiv
and then THF was replaced with toluémefore addition of of bromomagnesium diphenylamide (entries 14 and 15). In
NiCl,(PPh),, PPh, and aryl halide, followed by heating the this reaction, the main side reaction was homocoupling of
reaction mixture. aryl halides to form biaryls. The mechanism of this reaction
With the optimal conditions, several representative diaryl- should follow the catalytic cycle in the transition-metal-
amines and a range of unactivated aryl bromides and iodidescatalyzed coupling reaction. However, the rate-controlling
were examined in this reaction (Table 2). In most cases, thestep of the reactions cannot be determined by results of the
cross-coupling reaction proceeded in good to excellent yields current experiment and presumably may be related to
(Table 2, entries +11, 14, and 15). For aryl halides, oxidative addition in the catalytic cycle.
electron-neutral aryl halides gave higher yields than electron- In conclusion, a simple and practical method for the Ni-
rich ones (compare entry 1 with entry 4 and entry 7 with catalyzed arylation of diarylamines has been developed for
entries 8 and 9). In the case of 2-bromotoluene (entry 2), the synthesis of triarylamines, which provides an alternative
the ortho position effect of the methyl group can increase to the similar Pd-catalyzed or Cu-mediated process. This
the stability of the catalytic intermediate by lowering the process involves the use of amido-Mg as a nucleophilic
energy of the highest filled orbital so as to facilitate the species, not reported before in Pd- and Ni-catalyzed cross-
reactioni® a similar effect can be observed in the case of couplings of C—N bond formatioH. This offers us an
1-bromonaphthalene (entry 5). Generally, iodide substratesinspiration to develop new species of amido-metals and
reacted more quickly and gave higher yields than bromides. explore new reaction conditions in transition-metal-catalyzed
The coupling of chlorobenzene with the diphenylamide was C—N bond-forming reactions. Further investigation into this
sluggish even in refluxing toluene and gave only 23% yield cross-coupling in synthetic and mechanistic aspects is
of triphenylamine. Therefore, a selective amination of underway.
4-bromo-1-chlorobenzene can be carried out in good yield
at lower reaction temperature (entry 6). As for diarylamines, ~ Acknowledgment. This work was supported by the
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far greater than that of the electronic factor (compare with
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