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Abstract—1,2-Dibromoarenes were coupled with aniline derivatives to yield N,N-diaryl-o-phenylenediamines in moderate to good
yield using a palladium/phosphine or palladium/carbene catalyst system. Under similar conditions, 1,2,4,5-tetrabromobenzene was
coupled with aniline derivatives to produce the corresponding tetrasubstituted derivatives which are oxidized on workup to yield
azophenines. The sequential reaction of two different anilines with 1-chloro-2-iodobenzene afforded mixed N,N-diaryl-o-

phenylenediamines.
© 2004 Elsevier Ltd. All rights reserved.

The palladium catalyzed coupling of aryl halides and
aryl amines has been the subject numerous studies since
the groups of Hartwig! and Buchwald? developed effi-
cient synthetic protocols to carry out this transforma-
tion. Generally the coupling is carried out using a
Pd(0) or Pd(IT) catalyst precursor with an appropriate
phosphine ligand and a base. More recently Nolan
and co-workers have reported that similar coupling
reactions occur when an Arduengo carbene replaces
the phosphine as the ancillary ligand.? Although many
Pd catalyzed couplings of aryl halides and aryl amines
have been carried out, the synthesis of N,N-diaryl-o-
phenylenediamine derivatives have not been reported
using this methodology. The compound, N,N-diphen-
yl-o-phenylenediamine has been known for some time*
and various other N,N-diaryl-o-phenylenediamine deriv-
atives have been synthesized> however, the procedures
reported here are relatively simple and can be used to
produce N,N-diaryl-o-phenylenediamine derivatives in
moderate to good isolated yields.

The N,N-diaryl-o-phenylenediamines were synthesized®
by the procedure shown in Scheme 1, which follows that
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reported by Hartwig for the synthesis of triarylamines.”

Compounds 2a, 4a, and 4b were prepared using the car-
bene, 1,3-bis(2,6-diisopropylphenyl)-4,5-dimethyl-imid-
azol-2-ylidene,® instead of P‘Bus, following the same
procedure except that only 2equiv of the carbene were
used. Generally, the reactions were allowed to proceed
for 12-16h but in most cases are finished in a much
shorter time. For example, the reaction to produce 2b
was followed by GC and was completed in less than 5Sh.

Compounds 1-5 were isolated as light brown or
light green crystalline solids and shown to be pure by
'H and "*C NMR and C, H, N analysis. When rigor-
ously purified, the N,N-diaryl-o-phenylenediamine com-
plexes are colorless. In the '"H NMR spectra the N-H
resonances typically appeared as broad singlets in the
range 6 4.8-5.2. Full experimental procedures and char-
acterization are given in the Supplementary data.

Using P'Bus as the supporting ligand, the reaction of
one equivalent of aniline derivative with a 1,2-dibro-
moarene yielded the disubstituted products 1-5 as the
sole or major product. Thus it appears that the coupling
of the second equivalent of aniline to the intermediate
monobromodiaryl amine is faster than addition of the
first equivalent of aniline to the 1,2-dibromoarene. How-
ever, the use of 1-chloro-2-iodobenzene afforded mono-
substituted products that could then be further
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1: 1,2-dibromobenzene

2: 1,2-dibromo-4,5-dimethylbenzene

3: 1,2-dibromo-3,4,5,6-tetramethylbenzene
4:1,2-

5:1,2-

dibromo-4,5-dimethoxybenzene
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substituted to make mixed derivatives as shown in
Scheme 2. Monosubstituted compound 6 and the com-
pounds 8 and 9 were isolated as crystalline solids. Com-
pound 7 was isolated as an oil of about 90% purity
(by '"H NMR); this proved to be suitable for further
reactions.

1,2,4,5-Tetrabromobenzene reacted with 2,6-dimethyl-
aniline and 2,6-diisopropylaniline to produce the azo-
phenines 10b and 10c. The reaction of 1,2,4,5-
tetrabromobenzene with 2,6-dimethylaniline was con-
ducted with 1,3-bis(2,6-diisopropylphenyl)-4,5-dimethyl-
imidazol-2-ylidene as the ancillary ligand and the crude
azophenine 10b was obtained as a mixture that contained
the unoxidized 1,2,4,5-tetrakis(2,6-dimethylamino)ben-
zene derivative 11b (Scheme 3). The mixture of unoxi-
dized tetramine 11b and azophenine 10b was oxidized
cleanly to the azophenine derivative 10b by heating a tol-
uene solution of the mixture and NaO'Bu in air. The
reaction with 2,6-diisopropyl aniline was conducted with
P'Bus; as the ancillary ligand and the azophenine 10c was
obtained in low yield as the sole isolated product.

At 25°C both azophenine derivatives showed single N—
H proton resonances, indicative of rapid tautomeriza-
tion on the NMR time scale.® These resonances occur
significantly upfield from those in the diamines 1-5 [0
7.87 for both 10b and 10c in CD,Cl,]. The IR shifts were
also in the expected region (10b: vy 3 = 3303cm™'; 10¢:
vaen = 3308cm )10

Presumably the azophenine 10c is also derived from oxi-
dation of the initially formed 1,2,4,5-tetrakis(2,6-diiso-
propylamino)benzene derivative 11c¢, which was not
isolated or observed spectroscopically. Some N-alkyl
substituted 1,2,4,5-tetra(alkylamido)benzenes are also
oxidized during work-up in air.'' In fact, all of the
N,N-diaryl-o-phenylenediamines 1-5 are readily oxi-
dized in air in the presence of a base such as NaO'Bu.
The nature of these products will be the subject of a fu-
ture report. Oxidation of the diamines 1-5 during work-
up was avoided by quenching the excess base present in
the reaction mixture via addition of an aqueous NH,4Cl
solution immediately upon exposure of the reaction mix-
ture to air.
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Figure 1. ORTEP drawing of azophenine derivative 1lc. Selected
bond lengths (A): N(1)-C(1) 1.312(4); N(2)-C(2) 1.339(4); C(1)-C(2)
1.498(4); C(2)-C(3) 1.378(4); C(3)-C(1A) 1.398(4). Selected bond
angles (°): N(1)-C(1)-C(2) 115.2(3); C(1)-C(2)-N(2) 114.6(3); N(2)-
C(2)-C(3) 125.6(3).

A thermal ellipsoid diagram of 11¢ is shown in Figure
1." The crystal contains two independent molecules,
which are essentially equivalent except for slight differ-
ences in bond lengths and angles. The four N atoms
and the central ring are co-planar; the N(2)-C(2) and
N(1)-C(1) bond lengths are 1.339(4) and 1.312(4)A,
respectively. The bond length of 1.498(4)A between
C(1) and C(2) is significantly longer than the C(2)-
C(3) and C(3)-C(1A) bond lengths of 1.378(4) and
1.398(4) A. Thus the molecule may be described as com-
posed of two equivalent, delocalized, 6-electron 7 sys-
tems, (the N(1)-C(1)-C(3A)-C(2A)-N(2A)unit and the
N(2)-C(2)-C(3)-C(1A)-N(1A)unit), which are not con-
jugated but are joined by C—C bonds.!>!3
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TCrystals of the azophenine 8¢:0.5CH,Cl, were grown from slow
evaporation of a methylene chloride solution. The crystals contained
two half molecules and CH,Cl, in the unit cell. Crystal data for 11b:
CssH76Cl, triclinic, P-1, a=13.144(3)A, b=13.5193)A, c=
15.861(3) A, o = 68.90(3)°, = 81.97(3)°, 7 = 8.70(3)°.

2004.07.116. Detailed synthetic procedures and NMR
data for all compounds are available. The supple-
mentary data is available online with the paper in
ScienceDirect. Crystallographic data (excluding struc-
ture factors) for the structures in this paper have been
deposited with the Cambridge Crystallographic Data
Centre as supplementary publication number CCDC
234276. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road, Cam-
bridge CB2 1EZ, UK (Fax: +44(0) 1223 336033 or
e-mail: deposit@ccdc.cam.ac.uk).
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