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Abstract: The key-step in the original synthesis of the N-protected
form 4 of the highly analgetic, but also toxic alkaloid epibatidine (1)
via Pd-catalyzed Heck-type hydroarylation gave only a moderate
yield. With triphenylarsine as a ligand we obtained4 in 81% yield
and some partly new analogs 5 - 8 in racemic form in 75 to 100%
yield. Further attempts to optimize the ligand properties led to the
combination of As and N donor centers. The N-protected pyrroli-
dine derivative 10 bearing a diphenylarsino substituent provided 4
in 92% yield.
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Epibatidine (1)1 was isolated from an Ecuadorian poison
frog and characterized by Daly in 1992.2 From a synthet-
ical viewpoint we have focused on a convergent synthesis
using the Pd-catalyzed Heck-type hydro(het)arylation of
an appropriate bicyclic alkene 2. 

Scheme 1

After we had shown that a broad variety of both aryl and
hetaryl components3 can be attached to the bicyclic alkene
norbornene by this reaction type we published recently the
high-yielding synthesis of the N-protected epibatidine 4
and of some analogs1 applying a modified hydroarylation
procedure of Clayton and Regan.4 For example, with
triphenylphosphine as a ligand in the key-step we ob-
tained N-methoxycarbonyl protected epibatidine 4 in up
to 77% yield. Herein, we report the synthesis of 4 in yields
up to 92% using ligands with arsine donor centers in the
hydroarylation procedure. To the best of our knowledge,
this synthetic pathway is hitherto the shortest route to the

novel alkaloid 1 and together with our preliminary pub-
lished synthesis of the azabicyclic alkene 21, epibatidine 1
is now obtainable in 59% overall yield starting from
bis(trimethylsilyl)acetylene. 

Apart from a few exceptions the use of arsine ligands in
Pd-catalyzed reactions is a new synthetic procedure. An
early application, for example, was published in 1989 by
Trost and co-workers who used triphenylarsine in a Pd-
mediated cyclization of an allylic enyne.5 Farina et al.6

found an acceleration of the Stille-coupling and other re-
cent examples also deal with Stille-7 and Suzuki-type8 cou-
pling reactions. The Pd-catalyzed cross-coupling reaction
between organozinc halides and vinyl or aryl halides has
been investigated by Rossi et al.9 During our investiga-
tions Shibasaki documented Heck reactions performed
with arsine ligands.10

Using triphenylarsine as a ligand, the C-C coupling step of
2-chloro-5-iodopyridine (3) with 2 was completed within
2 hours.11 We were very pleased to note that the undesired
reduction of the aryl derivative3 was driven back in favour
of the reductive hetarylation. With different carbo-, aza-
and oxabicyclic alkenes we obtained the corresponding
racemic hydroarylation products 5 – 812 in yields ranging
from 75 to 100%13 (Scheme 2, Table 1). 

Scheme 2

Thus, triphenylarsine is a soft ligand, suitable for Heck-
type hydro-arylations, which enables high yields and short
reaction times. We should emphasize that in the case of
the benzo-anellated azabicyclic compound 7 the prelimi-
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nary observed opening of the nitrogen bridge (accompa-
nied by rearomatization into a naphthylamine and in the
presence of a hydride source into a 1,2-dihydronaphthyl
derivative, respectively)14,15, did not occur using an arsine
ligand.

These results prompted us to develop arsine ligands with
a  chiral backbone to render the reductive coupling enan-
tioselective. Although numerous arsine ligands with a
chiral arsine donor atom are known, arsine ligands with a
chiral backbone are rare.16 One of the latter kind is
DIARSOP17, the arsino pendant to Kagan’s DIOP.18 Very
recent examples of chiral arsine ligands were published by
Shibasaki, who worked with BINAP-like, atropisomeric
arsine ligands.10 We have introduced a diphenylarsino
center into chiral aliphatic systems using an appropriate
organic bromide 9 and lithium diphenylarsenide.19,20 It is
noteworthy that the organoarsines with phenyl groups are
more stable than the corresponding phosphines, although
the tendency of the higher homologues to be oxidized in-
creases in the case of aliphatic substituents.21 The known
optically pure (S)-prolinol bismesylate22 gave the N-pro-
tected bromide 9 by Finkelstein reaction which afterwards
was converted into the new ligand (S)-Ms-ProDPAs 10. 

Scheme 3

With this As,N ligand in hand we obtained the protected
epibatidine 4 in 92% yield. Unfortunately, the asymmetric
induction was low (11 % ee). The results of further studies
on arsine ligands, in particular with chiral backbones, will
be published soon.
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