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ABSTRACT

A palladium-catalyzed/norbornene-mediated sequential coupling reaction involving an aromatic sp 2 C−H functionalization as the key step is
described, in which an alkyl −aryl bond and an aryl −heteroaryl bond are formed in one pot. A variety of highly substituted six- and seven-
membered annulated pyrroles and pyrazoles were synthesized in a one-step process in good yields from readily accessible N-bromoalkyl
pyrroles or pyrazoles and aryl iodides.

Nitrogen-containing heterocycles are of substantial interest
in organic chemistry as they are integral components of
natural products, dyes, agrochemicals, and pharmaceuticals.
The pyrrole core represents one of the most important
heterocycles because it is present in a wide variety of
biologically active natural compounds.1 Recently, increasing
attention has been devoted to the 5,6-dihydro-pyrrolo[2,1-
a]isoquinoline framework1 since its unique tricyclic structure
has been found in several natural and biologically active
compounds including Crispine A (2),2 Lettowianthine (3)3

and Lamellarin D (4)4 (Figure 1).5

Although annulated pyrroles of type1 have been prepared
via intramolecular cyclization of advanced intermediates

using radical,6 metal-catalyzed,7 or base-induced processes,8

few examples of direct synthesis are known.9 Herein, we
report a new and straightforward one-step synthesis of highly
functionalized 5,6-dihydro-pyrrolo[2,1-a]isoquinoline deriva-
tives 7 using readily accessible starting materials5 and6.
Our strategy is based on a palladium-catalyzed/norbornene-
mediated sequential aromatic alkylation (I)/aryl-heteroaryl
coupling (II) reaction10 and involves an aromatic sp2 C-H
functionalization10,11 as the key step (Scheme 1).

(1) For reviews, see for instance: (a) Gribble, G. W. InComprehensiVe
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1999, 13, 237-287. (c) Janosik, T.; Bergman, J. InProgress in Heterocyclic
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Vol. 15, pp 140-166.
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6795-6798 and references therein. (b) Szawkalo, J.; Zawadzka, A.;
Wojtasiewicz, K.; Leniewski, A.; Drabowicz, J.; Czarnocki, Z.Tetrahe-
dron: Asymmetry2005,16, 3619-3621.

(3) Nkunya, M. H. H.; Jonker, S. A.; Makangara, J. J.; Waibel, R.;
Achenbach, H.Phytochemistry2000,53, 1067-1073.

Figure 1. Natural compounds containing tricyclic structure1.
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Our initial attempts to effect a tandem alkylation/direct
arylation employed bromoalkyl pyrrole8. Use of aryl iodide
9 under the optimized reaction conditions [iodoarene (0.20
mmol, 1 equiv), PdCl2 (10 mol %), tri-2-furylphosphine (22
mol %), Cs2CO3 (2 equiv), norbornene (2 equiv), and
bromoalkyl pyrrole (2 equiv) in acetonitrile (0.1 M) at 90
°C in a sealed tube for 23 h] afforded six-membered
annulated pyrrole10 in 77% yield (entry 1, Table 1).

The generality of this reaction sequence was first dem-
onstrated for unsubstituted pyrroles by varying the substit-
uents on the iodoarene (entries 1-7) and the length of the
alkyl chain (entries 8 and 9). Both electron-withdrawing and
electron-donating groups are tolerated at various positions
on the iodoarene and give good to excellent yields when
reacted with alkyl pyrrole8. However, substrate19, bearing
ano-methoxy substituent, gave a modest yield (entry 6). The
chloro-derivative21 gave the product in 75% yield, and the
resulting compound22 represents a very useful partner for
further functionalizations.12 Seven-membered annulated pyr-
roles24and25were also constructed with comparable yields
using Pd(OAc)2 as the catalyst (entries 8 and 9). The
1-substituted pyrrole26afforded the product28 in 59% yield
(reaction run on a 2 mmol scale), and the resulting product
28 represents an interesting advanced intermediate for the
synthesis of biologically active Lamellarin derivatives4b,7b

(entry 10).

The ortho alkylation likely proceeds through the mecha-
nism previously described by Catellani13 and involves an
aromatic sp2 C-H activation (A f B) as the key step10

(Scheme 2). IntermediateE arises from the reductive
elimination of the proposed Pd(IV) complexC followed by
expulsion of norbornene (D f E). Aryl-heteroaryl coupling
of E via C-H functionalization of the pyrrole C-2 hydrogen
finally provides annulated pyrroles.14 In some cases (ng
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G. Angew. Chem., Int. Ed.1999,38, 1699-1712. (b) Miura, M.; Nomura,
M. Top. Curr. Chem.2002,219, 211-241. (c) Campeau, L.-C.; Thansan-
dote, P.; Fagnou, K.Org. Lett.2005,7, 1857-1860.

(12) (a) Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S. L.
J. Am. Chem. Soc.2005, 127, 4685-4696. For a review on palladium-
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Scheme 1. Synthesis of
5,6-Dihydro-pyrrolo[2,1-a]isoquinoline Derivatives

Table 1. Synthesis of Annulated Pyrroles via
Palladium-Catalyzed Tandem Alkylation/Direct Arylation
Reactiona

a Unless otherwise noted, all reactions were run under the following
conditions: iodoarene (0.20 mmol, 1 equiv), PdCl2 (10 mol %), tri-2-
furylphosphine (22 mol %), Cs2CO3 (2 equiv), norbornene (2 equiv), and
bromoalkyl pyrrole (2 equiv) in acetonitrile (2 mL) were heated in a sealed
tube at 90°C for 23 h (conditions A).b Isolated yield.c Pd(OAc)2 was used
as the catalyst.d Reaction run on a 2 mmol scale.
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3),15 a slow final cyclization allows the formation of linear
ortho-alkylated products of typeF. This observation suggests
that ortho-alkylation most likely precedes aryl-heteroaryl
coupling.

We next turned our attention to reacting pyrazoles (Table
2), since they constitute an important class of compounds
that possess widespread pharmacological properties.16 How-
ever, to the best of our knowledge, no C-H functionalization
reaction involving pyrazole derivatives has been reported.
Our initial attempt employing bromoalkyl pyrazole29 and

iodide 30 resulted in a low yield (<10%) of expected
annulated pyrazole31using standard conditions A (see Table
1). This low yield may result from catalyst poisoning by the
second nitrogen atom.17 We then ran the reaction using a
slow addition (syringe pump for 20 h) of pyrazole29.
Preliminary results showed annulated pyrazole31 could be
isolated in 54% yield (entry 1, Table 2). Iodides32,34, and
36 gave comparable yields (entries 2-4).

Finally, we wish to report our initial result involving an
iodo-heteroaromatic partner. Indeed, iodo-uracil38could also
undergo the reaction and gave a modest but unoptimized 39%
yield (Scheme 3). To the best of our knowledge, this is the

first coupling with a heteroaromatic as the iodo-partner.
In summary, we have developed a new, straightforward

and efficient one-step approach to highly substituted six- and
seven-membered annulated pyrroles using readily available
starting materials. This method is based on a palladium-
catalyzed/norbornene-mediated sequential aromatic alkyl-
ation/aryl-heteroaryl coupling reaction and involves a C-H
functionalization as the key step. This convenient strategy
could also be applied to other nitrogen-containing hetero-
cycles, such asN-alkylated pyrazoles, as well as iodo-
heteroaromatics, such as iodo-uracil, which constitutes a new
class of iodo-partner. Those projects, as well as the use of
1- and 2-substituted pyrroles, are under investigation in the
laboratory and will be reported in due course.
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Scheme 2. Proposed Mechanism for the Synthesis of
Annulated Pyrroles

Table 2. Synthesis of Annulated Pyrazolesa

a All reactions were run under the following conditions: at 90°C, to a
MeCN (2 mL) solution of iodoarene (0.60 mmol, 1.5 equiv), Pd(OAc)2
(10 mol %), tri-2-furylphosphine (22 mol %), Cs2CO3 (2 equiv), and
norbornene (2 equiv) was added dropwise (20 h addition) bromoalkyl
pyrazole (1 equiv) in MeCN (2 mL) using a syringe pump.b Isolated yield.

Scheme 3. Iodo-uracil38 as the Iodo-Partner
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