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Palladium-catalysed intramolecular coupling of vinyl or aryl halides
and b,c-unsaturated nitronates
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Abstract—Both vinyl and aryl halides effectively undergo intramolecular coupling with amino-tethered allylic nitro moieties in the
presence of a palladium catalyst and base. The reaction constitutes a useful methodology for the synthesis of bridged nitrogen-
containing compounds.
� 2004 Elsevier Ltd. All rights reserved.
During the last years a number of studies have been
devoted to the development of palladium-catalysed
coupling reactions of aryl halides and enolates or related
anions, so it is now possible to introduce an aromatic
unit to a broad range of enolate-type nucleophiles.1 In
contrast, the analogous coupling reactions involving
vinyl halides, although described as early as 1990,2 have
received little attention, and the few examples of these
processes so far reported only deal with the a-alkenyl-
ation of ketone enolates.3–5

In our group, we have been working on the development
of palladium-catalysed intramolecular coupling reac-
tions of amino-tethered vinyl4 or aryl halides6 and
ketone enolates. Continuing our research in this chem-
istry, we decided to explore the feasibility of using the
anion derived from an allylic nitro compound,7 an a,b-
unsaturated nitronate, as the enolate-type nucleophile in
these coupling reactions.8 We anticipated that the use of
a nitro derivative9–11 could be of special interest in
reactions of vinyl halides, because the low pKa of nitro
compounds would allow the use of a mild base, thus
avoiding the competitive elimination of HX from the
starting vinyl halide, which is the major side reaction of
these annulation processes.2a;4a;b In order to develop a
useful protocol for the new palladium-catalysed cycli-
sation process, we focused our efforts on the elaboration
of the 2-azabicyclo[3.3.1]nonane ring system.12 In this
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context, the cyclisation reaction of vinyl bromide 113 was
studied with the aim of obtaining the bridged nitro
compound 2 (Scheme 1).

The results of the cyclisation reactions from 1 are
summarised in Table 1 and Scheme 1, in which plausible
reaction mechanisms for the formation of compounds
2–5 are depicted.14;15 As can be seen, three reaction
pathways (A, B and C) can operate depending on both
the kind and amount of base used.

When vinyl bromide 1 was treated with Pd(PPh3)4

(0.2 equiv) and Cs2CO3 (3.2 equiv) in THF at reflux for
3 h, bicyclic compounds 3 (28%) and 4 (34%) were
obtained, instead of the expected nitro derivative 2
(entry 1). The bridged compound 3 is probably formed
by means of reaction pathway A (vide infra). Thus, the
sequential deprotonation of the nitro alkyl moiety and
oxidative addition of the vinyl bromide to Pd(0), fol-
lowed by nucleophilic substitution on the palladium
atom, reductive elimination16 and base promoted iso-
merisation would give the allylic nitro compound 2. As
the latter is not quantitatively deprotonated due to the
mild base used,17 it undergoes oxidative addition to
Pd(0) to give a p-allyl palladium complex, which in the
absence of any nucleophile undergoes a 1,4-elimination
reaction18 to yield 3. On the other hand, hydroindole 4 is
the product of reaction path B, which becomes the
major pathway when the nitronate anion is not quan-
titatively generated whether because the base used is
not strong enough or the amount of base is low.
Thus, oxidative addition of the allylic nitro compound
to Pd(0) gives a p-allyl palladium complex, which
then undergoes the 1,4-elimination reaction to give a
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Table 1. Pd-catalysed cyclisation of vinyl bromide 1, see Scheme 1

Entry Catalyst (equiv) Base (equiv) Time (h)a Products (Yield)b

1 Pd(PPh3)4 (0.2) Cs2CO3 (3.2) 3 3 (28%), 4 (34%)

2 Pd(PPh3)4 (0.2) t-BuOK (1.5) 2 3 (67%), 4 (5%)

3 Pd(PPh3)4 (0.2) t-BuOK (2.5) 2 5 (67%)

4 Pd(PPh3)4 (0.2) PhOK (2.5) 0.5 2 (49%)c

5 Pd(PPh3)4 (0.1) PhOK (2.5) 1 2 (46%)c

6 Pd(PPh3)4 (0.05) PhOK (2.5) 1.5 2 (44%)c

a Reactions were carried out in THF at reflux.
b Yields refer to pure isolated products.
c In some runs minor amounts of 3 (<5%) and nitrile 6 (<5%) were also obtained.
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conjugated diene. Finally, a Heck-type cyclisation from
the latter leads to hydroindole 4.

The use of a stronger base such as t-BuOK (1.5 equiv),
under essentially the same reaction conditions, afforded
bridged compound 3 as the main product, together with
minor amounts of 4 (entry 2). Increasing the amount of
t-BuOK to 2.5 equiv, in order to avoid the Pd(0)-catal-
ysed 1,4-elimination reaction by quantitative deproto-
nation of the initially formed allylic nitro compound 2,
resulted however in the formation of dimer 5 as the only
isolated compound (entry 3). Thus, in presence of an
excess of strong base, there is considerable elimination
of HBr from the vinyl bromide (Path C), and the
resulting alkyne competes with the nitronate anion for
the palladium-catalysed coupling process.19 The use of
amounts of t-BuOK between 1.5 and 2.5 equiv resulted
in the formation of different mixtures of 2, 3 and 5, while
less than 1.5 equiv of t-BuOK gave considerable
amounts of 4.
Finally, to our satisfaction we found that when the base
potassium phenoxide was used, path A became the main
process and the allylic nitro compound 2 was obtained
in acceptable yields, although in some runs minor
amounts of 3 and nitrile 6 were also isolated (entries 4–
6).20 Moreover, PhOK allowed the amount of the cat-
alyst to be reduced to 0.05 equiv without any significant
effect on the yield of the cyclisation product.

An alternative reaction mechanism for the formation of
2 involving a Heck reaction upon the allylic nitro moiety
seems to be less likely, although it cannot be completely
rejected. In this context, it is noteworthy that when 1
was treated under the same reaction conditions using
Et3N, AcONa, TMG or DBU as the base instead of
PhOK, the cyclisation product 2 was obtained in �20%
yield, which corresponded to the amount of Pd(PPh3)4,
and the remaining starting material was recovered
regardless of the length of reaction times. In these cases
the reaction pathway leading to 2 could be the Heck



D. Sol�e et al. / Tetrahedron Letters 45 (2004) 3131–3135 3133
cyclisation (Path A0),21 although after the first run the
palladium seemed unable to establish a catalytic cycle.

At this point, the intramolecular coupling of several
amino-tethered vinyl or aryl halides and a,b-unsaturated
nitronates were investigated under the optimised reac-
tion conditions (Table 2).

We found that in the reactions starting from vinyl
halides 7, 11 and 14, similar yields of cyclisation com-
pounds were obtained using either t-BuOK or PhOK as
the base (entries 1–6). The main difference between the
Table 2. Pd-catalysed cyclisation of vinyl and aryl halides

Entry Substrate Catalyst (equiv) Base (equiv) Tim

1

N
Bn

NO2

I
Pd(PPh3)4 (0.2) t-BuOK (1.75) 1

7

2 7 Pd(PPh3)4 (0.1) PhOK (2.5) 1

3

N
Bn

NO2

I
Pd(PPh3)4 (0.2) t-BuOK (1.75) 1

11

4 11 Pd(PPh3)4 (0.1) PhOK (2.5) 1

5

N
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NO2

I
Pd(PPh3)4 (0.2) t-BuOK (2.5) 2

14

6 14 Pd(PPh3)4 (0.2) PhOK (2.5) 1

7

N
Me

NO2

I
Pd(PPh3)4 (0.2) t-BuOK (2.5) 3

17

8 17 Pd(PPh3)4 (0.2) PhOK (2.5) 1

9 17 Pd(PPh3)4 (0.1) PhOK (2.5) 1.

10

N
Bn

NO2

I

Pd(PPh3)4 (0.2) t-BuOK (2.5) 2

19

11 19 Pd(PPh3)4 (0.2) PhOK (2.5) 44

a Reactions were carried out in THF at reflux.
b Yields refer to pure isolated products.
two bases was that the use of PhOK avoids the forma-
tion of alkynes, and allows the amount of catalyst to be
reduced to 0.1 equiv. It is interesting to note that, in
contrast to what happens when starting from 1, in the
cyclisation reactions from 7, 11 and 14 using t-BuOK as
the base, the corresponding nitro compounds could now
be obtained. This different behaviour is due to the fact
that the amount of t-BuOK could be increased because
the Sonogashira-type coupling (Path C) is not possible.

On the other hand, in the reactions starting from aryl
halides very different results were obtained depending on
e (h)a Products (Yield)b
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which base was used. Thus, while PhOK gave the cyc-
lisation compounds in good yields (entries 8, 9 and 11),
t-BuOK proved completely ineffective, giving either
complex reaction mixtures (entry 7) or the hydrode-
halogenation product (entry 10) instead of the cyclisa-
tion compound.

In summary, a,b-unsaturated nitronates have been
found to be efficient terminators in the palladium-
catalysed intramolecular coupling with amino-tethered
vinyl or aryl halides. Potassium phenoxide is the base of
choice in these reactions. Further studies directed
towards the application of this methodology to the
synthesis of natural products embodying the 2-azabi-
cyclo[3.3.1]nonane framework, and to explore the use of
the base PhOK in related Pd(0)-catalysed processes are
in progress and will be reported in due course.
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