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ABSTRACT

The synthesis of tropane derivatives via intramolecular Pd-catalyzed alkene difunctionalization reactions is described. Enantiopure N-aryl-
γ-aminoalkenes bearing an aryl or alkenyl halide adjacent to the amino group were converted to benzo- or cycloalkenyl-fused tropane products in
good yield and with no loss of enantiopurity.

The azabicyclic framework iswidespread inbothnatural
products and pharmaceutical targets that have a range of
central nervous system (CNS) activities including antic-
holinergic, sedatory, and cognitive.1 Benzo-fused tropanes
are an interesting and important subclass of azabicycloalk-
anes. These ring systems are displayed in numerous drug
leads and pharmaceuticals including 1, which has been
studied for the treatment of Type 2 diabetes,2 and 2, which
is an antitumor drug candidate (Figure 1).3 MK-801

(dizocilipine), a related heterocycle bearing two fused aryl
rings, has exhibited anticonvulsant activity4a and has also
been used in animal models of schizophrenia.4b

The medicinal relevance of azabicycloalkanes has sti-
mulated considerable interest among synthetic chemists,

Figure 1. Biologically active benzo-fused tropanes.
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and a great number of methods have been developed for
the construction of saturated frameworks.5�7 In con-
trast, only a handful of routes have previously been
developed for the synthesis of benzo-fused tropane
scaffolds.8�12 We envisioned that an intramolecular
Pd-catalyzed carboamination reaction13,14 of a γ-ami-
noalkene substrate such as 4, which contains a 2-bromoar-
yl (or 2-bromoalkenyl) group adjacent to the amino
moiety, could provide a complementary approach to the
benzo-tropane framework 3 (Scheme 1). This transforma-
tion would generate two bonds and 1�2 stereocenters
(at C8 and C9) in a controlled fashion, and the requisite
substrates could be prepared in enantiopure form via
addition of unsaturated Grignard reagents 6 to readily
available chiral imines 5.

The enantioenriched substrates 4 required for the strat-
egy outlined above were synthesized in four steps from
readily accessible o-bromobenzaldehydes or β-bromo-R,
β-unsaturated aldehydes (Scheme 2). Specifically, conden-
sation of an appropriate bromoaldehyde with (RS)-(þ)-
tert-butanesulfinamide15 afforded aldimine 7 as a single
enantiomer. Subsequent 1,2-addition of a homoallylic
Grignard reagent to 7 afforded N-tert-butanesulfinyl

amines 8.16 The Grignard addition reactions typically pro-
ceeded with 4�13:1 dr, but after flash chromatography the
desired amine products were obtained with a high degree of
stereochemical purity inmoderate to good yields (51�76%).
In the few instances when the diastereoselectivity of the
Grignard addition to the aldimine was poor (2�3:1), lower
yields (38�46%) of amine products were obtained after
separation of the stereoisomers. Acid-mediated cleavage of
the chiral auxiliary to give primary amines 9, followed by a
Pd/Xantphos-catalyzed N-arylation17 with bromobenzene,
afforded desired N-phenyl-γ-aminoalkene substrates 4a�h

in good yield. Although these conditions usually provided
good chemoselectivity for the desired N-arylation, in a few
instances competing 2-benzyl pyrrolidine formation oc-
curred, which led to modest yields.

Our prior studies on Pd-catalyzed carboamination
reactions that yield substituted pyrrolidines suggested the
conversion of 4 to 3 was likely to occur via a key intramo-
lecular aminopalladation of an intermediate Pd(aryl)-
(amido) complex such as 10 (Scheme 3).13,14 The general
feasibility of this process was supported by prior studies
in our lab, which illustrated that intramolecular carboa-
minations of substrates such as 11 effectively generated
pyrrolidines bearing attached carbocyclic rings (e.g., 13).18

This latter transformation is believed to proceed via in-
tramolecular (transannular) insertion of the alkene into
macrocyclic Pd(aryl)(amido) complex 12, which bears a
single phosphine ligand.19 As such, we elected to examine
catalysts supported by monodentate phosphines in our
initial optimization experiments.

Scheme 1. Intramolecular Carboamination Strategy for the
Synthesis of Benzo-Fused Tropane Derivatives

Scheme 2. Synthesis of Tropane Substratesa

aOverall yields of 4a�h over four steps: 4a, 20%; 4b, 36%; 4c, 27%;
4d, 14%; 4e, 41%; 4f, 31%; 4g, 39%; 4h, 41%.
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The optimization of conditions for the tropane-forming
reactions was explored using substrate 4a (Table 1). Our
optimization studies focused on the phosphine ligand
structure, using otherwise standard conditions known to
give satisfactory results in most carboamination reactions
(NaOtBu, toluene, 90�110 �C). Use of P(o-tol)3 as the
ligand led to incomplete conversion of the startingmaterial
and only afforded small quantities of the desired tropane
product. Improved results were obtained with the bulky
electron-rich DavePhos20a ligand, but the reaction still
failed to reach completion. However, use of the slightly
smaller electron-rich ligand PCy3

21 led to complete con-
sumption of the starting material and provided 14 in 77%
isolated yield (entry 4). Finally, to probe the hypothesis
that the key intermediate bears a single phosphine ligand,
the efficacy of the bidentate ligand dppf was examined. As
postulated, poor conversion of the starting material oc-
curred and only a low yield of 14 was obtained (entry 5).

With optimized reaction conditions in hand, the scope
and limitations of the intramolecular carboamination
reactions were explored. Overall these transformations
proved to be quite general and afforded various tropane
derivatives in good yields andwith no loss of enantiopurity
(Table 2). The presence of a methylenedioxy group on the
aryl bromide was tolerated (entry 3), and the heteroaryl-
fused tropane17was generated frompyridine derivative4d
in good yield. Cyclic alkenyl halides were also viable

Scheme 3. Intramolecular Carboamination Mechanism

Table 1. Optimization of Reaction Conditionsa

entry ligand conversion (%) yield of 14 (%)b

1 P(o-tol)3 59 21

2 P(p-F-C6H4)3 100 69

3 DavePhos 76 40

4 PCy3•HBF4 100 80 (77)c

5 dppf 35 11

aConditions: 1.0 equiv of 4a, 2.0 equiv of NaOtBu, 2 mol %
Pd2(dba)3, 8 mol% ligand (4mol%of dppf was used for the experiment
shown in entry 5), toluene (0.1M), 95 �C, 14 h. bYields were determined
by 1H NMR analysis of crude reaction mixtures that contained phenan-
threne as an internal standard. c Isolated yield (average of two experiments).

Table 2. Pd-Catalyzed Synthesis of Tropanesa

aConditions: 1 equiv of amine, 1.5 equiv of NaOtBu, 2 mol %
Pd2(dba)3, 8 mol % PCy3•HBF4, toluene (0.1M), 95 �C, 10 h. b Isolated
yield (average of two experiments). cNo racemization of the substrates
occurred during the transformation; the enantiopurities of the starting
materials were within 1% ee of the tropane products as determined
by chiral HPLC analysis. dThe reaction was conducted at 125 �C using
8 mol % of PPh2Cy as the ligand.

(20) Ligand definitions: (a) DavePhos = 2-dicyclohexylphosphino-
20-(N,N-dimethylamino)-biphenyl. (b) S-Phos = 2-dicyclohexylpho-
sphino-20,60-dimethoxybiphenyl.

(21) This ligand was employed as the air-stable tetrafluoroborate
salt, which was obtained from commercial sources.
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substrates, as 4e�f were efficiently transformed to unsa-
turated tropanes 18�19 (entries 5 and 6, respectively).
Unfortunately, efforts to transform noncyclic alkenyl
halide substrates into tropane products were unsuccessful,
as alkene isomerization and substrate decomposition oc-
curred more rapidly than tropane formation.
The method is also amenable to the generation of

quaternary stereocenters, as seen in the conversion of
1,1-disubstituted alkene substrates 4c and 4f to 16 and
19, respectively. The stereospecific conversion of E- and
Z-alkene substrates 4g and 4h proceeded smoothly to
provide disubstituted tropane products 20 and 21. In these
latter transformations, use of the slightly smaller ligand
PPh2Cyprovidedbetter results thanour standardPd/PCy3
catalyst system. Styrene-derived substrate 4b smoothly
underwent the intramolecular carboamination reaction
to yield dibenzotropane 15 in good yield.

To further demonstrate the utility of this method, we
sought to prepare theMK-801 analog 24 (Scheme 4). This
compound has served as a common intermediate en route
to MK-801 and derivatives and also exhibits modest
NMDA antagonist activity.4a,22 The synthesis of 24 has
previously been accomplished via base-mediated transan-
nular hydroamination of an amino alkene. This route
afforded (()-24 in three steps from commercially available
material.23 Although this is an effective approach to the
racemate, an analogous route to enantioenriched samples
of 24 has not been developed.24

In our synthesis of 24we sought to effect the carboamina-
tion of a substrate related to diphenylmethylamine deriva-
tive 4b, but with a cleavable group on the nitrogen atom in

place of the N-phenyl substituent. Initial efforts to employ
N-Boc-protected variants of 4bwere unsuccessful and led to
either low conversion or decomposition of the starting
material. As such, an N-PMP group was selected as the
amine substituent, as this aryl protecting group can be
cleaved under oxidizing conditions. The requisite substrate
22 was prepared in three steps and with 37% overall yield
from o-chlorobenzaldehyde using the route described above
in Scheme 2.25 The Pd2(dba)3/PCy3•HBF4 catalyst was not
sufficiently reactive to promote complete conversion of 22
to 23, and a significant amount of unreacted starting
material was recovered. However, we were gratified to find
that S-Phos,20b an electron-rich ligand recently shown to be
effective in intermolecular carboamination reactions be-
tween aryl chlorides and N-substituted-γ-amino alkenes,26

led to complete substrate conversion. These conditions
provided desired tropane 23 in excellent yield and with no
loss of enantiopurity.Treatmentof23withCANinaqueous
acetonitrile at 0 �C led to clean removal of the PMP group
and provided 24 in 74% yield.
In conclusion, we have developed a new method for the

synthesis of benzo-fused tropanes via an intramolecular
Pd-catalyzed alkene carboamination reaction. This meth-
od allows for straightforward preparation of N-aryl ben-
zotropanes bearing substituents at C8, C9, or on the fused
arene ring. In addition, N-H tropanes can be accessed
through deprotection of N-PMP derivatives. Further stu-
dies on the application of this method to the construction
of complex tropane alkaloids are currently underway.
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Scheme 4. Pd-Catalyzed Synthesis of NMDA Antagonist 24
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