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Sequential palladium catalysed amination and C–H activa-
tion reactions occur between 2-chloro-N-alkylated anilines
and aryl bromides to give carbazoles in one pot.

The ability to perform two sequential catalytic transformations
in one pot allows for the potential fabrication of a large number
of compounds from relatively simple precursors. Such method-
ologies are attractive because of their possible application to
parallel synthesis programmes. We were interested to see
whether it is feasible to combine a palladium-catalysed C–
heteroatom bond forming reaction with a catalytic C–H
activation process to generate dibenzo[b,d]-fused heterocycles
(Scheme 1). The second step, namely the electrophilic ring
closing process, has previously been shown to occur to give
examples of carbazoles and dibenzo[b,d]furans when XA = I or
Br.1

In order for the proposed ‘double coupling’ methodology to
work efficiently and cleanly, the rate of oxidative addition of the
C–X group in the C–heteroatom coupling step must be
considerably greater than that of the aryl–XA function in the C–H
activation process. We considered that the easiest way of
achieving this would be if X = Br and XA = Cl. It may also be
achievable if X = I and XA = Br, however this is less attractive
because there are far fewer available precursors.

We decided to concentrate here on the coupling of anilines as
catalytic amination is now a thoroughly studied, well under-
stood process.2 Brief optimisation studies were performed for
the ‘double coupling’ of N-methyl-2-chloroaniline with 4-bro-
moanisole. The catalysts studied were complex 1,3 and the
catalysts formed in situ from either dimer 2,3 [Pd2(dba)3] or
palladium acetate and the phosphines PR2(o-biphenyl) (R =
Cy, tBu)4 and PtBu3,5 all of which have been shown to give good
activity in aryl chloride coupling reactions. The best system
proved to be that based on palladium acetate and 1.25–1.4
equivs. of PtBu3 using NaOtBu as base in toluene.

These conditions were then used for the rest of the catalytic
studies, the results of which are summarised in Table 1. As can
be seen, the double coupling reaction proceeds smoothly,
generating the carbazole products when N-substituted-2-chlor-
oanilines are used as substrates (entries 1–6). GC/MS analysis

indicated that all of the aryl bromide substrate is consumed
during these reactions. The coupling works not only with aryl
bromides that are electronically non-activated with respect to

† Electronic supplementary information (ESI) available: experimental
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Scheme 1 Formation of dibenzo[b,d]-fused heterocycles via sequential
catalytic C-heteroatom coupling and C–H activation.

Table 1 Catalytic synthesis of carbazoles from 2-chloranilines and aryl
bromides, BrC6H4R.a

Entry 2-haloaniline R Coupled product
Yieldb

(%)

1 4-OMe
47
(73)

2 3-Me
57
(75)c

3 4-OMe
40
(91)

4 4-OMe
27
(50)

5 3-Me
51
(69)

6 H
61
(85)

7 4-OMe 100

8 4-OMe
85
(100)

9 —
63
(80)

a Reaction conditions: 2-Haloaniline (1.30 mmol), aryl bromide (1.22
mmol), NaOtBu (6.10 mmol), Pd(OAc)2 (4–5 mol%), PtBu3 (5–7 mol%),
toluene (13 ml), reflux, 24 h (reaction time not optimised). b Non-optimised
isolated yields, GC yields given in parentheses. c Total conversion including
4-isomer ~ 90%.
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oxidative addition such as bromobenzene and 3-bromotoluene
but also for the deactivated substrate 4-bromoanisole. When
3-bromotoluene is used as the substrate then, in principle, two
possible isomers can form. Indeed GC/MS analysis of the crude
product mixture obtained from the reaction showed the presence
of both the 2-methyl isomer (shown in entry 2) and the 4-methyl
isomer in a 5+1 ratio. By contrast when N-benzyl-2-chloro-
5-trifluoromethylaniline is used as a substrate there was no
evidence for the formation of the second isomer.

By contrast with the N-alkylated-2-chloroanilines, simple
unsubstituted 2-chloroanilines gave no or, under considerably
more forcing conditions (10 mol% catalyst, 60 h), trace amounts
of the desired carbazoles. In these cases the main product
observed was the corresponding 2-chloroaryl(aryl)amines 3 (R2

= H).

In all the cases of successful double coupling, small amounts
of the hydrodehalogenated products 4 (R2 = Me, Bn) are seen
(GC/MS) and in the reactions shown in entries 1–3 and 6 small
amounts of the compounds 3 are also observed. These latter
compounds are not seen when N-benzyl-2-chloro-5-trifluor-
omethylaniline is used as a substrate, presumably because the
CF3 group activates the chloride with respect to oxidative
addition.‡ These data indicate that, as anticipated, the amination
step occurs first, followed by a ring closing process. However
the presence of the hydrodehalogenation products 4 opens up
the possibility that ring closure may not occur via the
elimination of HCl but rather by the known oxidative coupling
of compounds of the type 4.6 In order to test this possibility we
subjected N-methyldiphenylamine to the same general catalytic
conditions. No N-methylcarbazole was produced, despite the
fact that this product is readily formed from N-methyl-
2-chloroaniline and bromobenzene (entry 6), demonstrating that
an oxidative coupling mechanism is not operative under these
conditions.

In order to confirm that the 2-chloroaryl(aryl)amines 3 are
indeed the intermediates that enter the second coupling step a
representative example 3a (R1 = 4A-OMe, R2 = Bn, R3 = H)
was synthesised by reacting the isolated compound 3b (R1 = 4A-
OMe, R2 = H, R3 = H, entry 7) with n-butyllithium and then
benzylbromide. When 3a was subjected to the standard reaction
conditions, the expected carbazole was formed in good yield
(entry 9). Therefore it seems reasonable to suggest that two
distinct catalytic manifolds operate; in the first cycle (cycle 1,
Scheme 2) a classical amination reaction occurs to generate an
intermediate 3 which then enters the second cycle by oxidative
addition to Pd(0). The resultant Pd(II) complex then undergoes
intramolecular C–H activation, presumably by an electrophilic
displacement mechanism,7 to give a six-membered palladacycle
which subsequently yields the carbazole by reductive elimina-
tion.

Since 2-haloanilines are strongly electronically deactivated
with respect to oxidative addition, we wondered whether there
is sufficient disparity in reactivity between N-benzyl-2-chlor-
oaniline and 4-chloroanisole for them to undergo the sequential
coupling reaction. GC/MS analysis of the reaction mixture after
24 h showed that whilst some double coupling had occurred to
give the desired carbazole, the major species proved to be
unreacted 4-chloroanisole, with substantial amounts of the
intermediate 3a and the hydrodehalogenated species 4a (R1 =
4-OMe, R2 = Bn, R3 = H) also present. In this case it seems
that the rate of the amination is too slow for substantial product
formation and that the conversion of the intermediate 3a to
product is probably limited by catalyst longevity. When the
reaction of N-benzyl-2-bromoaniline and 4-bromoanisole was
attempted, GC/MS analysis showed that very little double

coupling had occurred, with only trace amounts of the carbazole
present along with substantial amounts of unreacted 4-bromoa-
nisole ( ~ 70%). In addition small amounts of the hydro-
dehalogenated species 4a and trace amounts of the 2-bromi-
nated intermediate 5 were seen. Here the low rate of amination
is probably due to steric hindrance caused by the bromide in the
2-position of the aniline.

In summary we have shown that it is possible to synthesise
carbazoles by a novel, sequential double coupling of 2-chlor-
oanilines with arylbromides. This method has the potential to
generate a large range of new carbazoles from simple, readily
available starting materials. We are currently investigating the
scope and limitations of this new methodology and its extension
to other heterocyclic systems.
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Scheme 2 Probable catalytic pathway.
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