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ABSTRACT

Enyne metathesis has been used to prepare bridged azabicycles and applied in a short asymmetric synthesis of the tropane ferruginine. A
Grubbs first generation catalyst proved to be superior to the second generation catalyst in the enyne metathesis reaction.

Bridged azabicycles, like the well-known compound cocaine,
show a broad range of neurochemical activity.1 For example,
both anatoxin and ferruginine have potential in the treatment
of the neurodegenerative disorder Alzheimer’s disease.2 Their
biological activity coupled with an interesting architecture
has stimulated considerable synthetic activity, and aza-
bicycles have acted as important vehicles for the development
of new methods and strategies.1 As a novel strategy, we
considered the possibility of carrying out RCM of a suitable
precursor to assemble the bridged azabicycle. Although RCM
has been widely employed to construct cyclic and fused
bicyclic compounds,3 the construction of bridged bicycles
is much less common.4

For successful RCM, it is important that the substrate
should easily be able to adopt the conformation required for
cyclization. Thus, to construct bridged azabicycles, the
precursor must be able to adopt a conformation in which
the two substituents are diaxial. This can best be achieved
using acyl or alkoxycarbonyl groups on nitrogen as A1,3 strain

(between the carbonyl oxygen and substituentsR to the
nitrogen)5 will result in the diaxial conformer being favored.

Indeed, during the course of our work, Martin described such
a strategy utilizing disconnection A (Scheme 1).6 As we
wanted to access tropane alkaloids, e.g., ferruginine1, we
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Figure 1.

Scheme 1. Retrosynthetic Analysis of the Tropane Bicycle
Based on Ring-Closing Metathesis
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needed to be able to introduce functionality in the six-
membered ring, and clearly this could most easily be done
through disconnection B with suitably substituted alkenes.
Furthermore, unlike disconnection A, disconnection B would
enable us to easily access enantiomerically pure material as
4 could potentially be obtained fromL-pyroglutamic acid.

Pyroglutamic acid was first converted into the known
aminal 67j in four steps. Treatment with BF3‚OEt2 and
allyltrimethylsilane gave the requiredcisproduct as the major
diastereomer (Scheme 2).7

The ester was converted into the enol ether8 by the
modified Takai procedure8 (Scheme 3), but we were unable

to effect RCM using the Ru and Mo catalystsI,9 II, 10 III, 11

andIV 12 (Figure 2).13 Only unreacted starting material was

observed. To determine whether active catalyst was still
present, dimethyl diallymalonate was added to the reaction
mixture after 1 h. Rapid ring closure of the malonate proved
that the catalyst had not become deactivated by the enol ether
or other adventitious impurities.

To test whether the problem lay with enol ether metathesis
(which is known to be a more difficult cyclization than
simple diene metathesis)14 or substrate conformation, we
prepared diene10, and this time RCM occurred uneventfully
to give the bridged azabicycle11 in good yield (Scheme 4).

This showed that our strategy for controlling the diaxial
conformation had been successful, but to easily access the
enone required for the synthesis of ferruginine we needed a
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Scheme 2. Preparation of Allyl-ester7a

a (i) iPr2EtN (1.2 equiv), BnBr (1.0 equiv), 0 to 55°C, CH2Cl2,
5 h. (ii) BOC2O (1.2 equiv), DMAP (0.1 equiv), 25°C, MeCN, 3
h, 92% over two steps. (iii) LiEt3BH (1.2 equiv),-78 °C, THF, 2
h, 88%. (iv) MeOH,pTSA (0.1 equiv), 25°C, 5 h, 98%. (v)
BF3.OEt2 (1.03 equiv), allyltrimethylsilane (4.5 equiv),-78 to 25
°C, Et2O, 15 h, 93% (80:20,cis:trans).

Scheme 3. Enol Ether Preparation and Attempts at RCMa

a (i) TiCl 4 (4.0 equiv), TMEDA (8 equiv), Zn (9 equiv), PbCl2

(0.046 equiv), CH2Br2 (2.2 equiv), 25°C, 4.5 h, THF, 45%. (ii)
RCM.13

Figure 2. Structures of the 1st, 2nd, and 3rd generation Grubbs
and Schrocks catalysts.
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differentially functionalized alkene. We therefore considered
the possibility of enyne metathesis, as this should generate
a diene. However, literature precedent for enyne metathesis
to furnish bridged bicycles was particularly rare.15 The
required enyne13 was prepared by reduction of the ester7
to the aldehyde12 as described in Scheme 4 followed by
homologation using a modified version of the Gilbert
reagent16 (Scheme 5).

We began our investigation using conditions that are
commonly used for ring closure of terminal enynes: the
Grubbs second generation catalystII under an atmosphere
of ethylene.17 However, under these conditions and employ-
ing any of the metathesis catalystsI-III, the major product
was triene14 (Scheme 5). As ethylene was clearly becoming
incorporated, we decided to conduct the metathesis under
an inert atmosphere. Although we obtained clean conversion
by GC-MS to the desired tropane15 (Scheme 6) with
catalystsII or III, our isolated yields were very low. To
determine whether the problem occurred during product
isolation (active catalyst present with product diene could
cause dimerization) or during the course of the reaction (e.g.,
ring-opening polymerization/acyclic diene polymerization)
the reaction was monitored by GC-MS with an internal
standard. This clearly showed a buildup in the concentration
of the product to a steady-state level followed by a slow

decline. Thus, the active metathesis catalyst was destroying
the product during the reaction.18 This led us to test the less
active first generation Grubbs catalystI. This time the
metathesis reaction resulted in clean buildup of the required
tropane15 in high isolated yield. Examples where the Grubbs
first generation catalyst is superior to the later generations
are rare. This important example of enyne metathesis adds
to this growing list.19

Wacker oxidation of the terminal alkene gave methyl
ketone 16 (Scheme 6), which has been deprotected and
N-methylated in 90% yield,20 thus completing the synthesis
of ferruginine1.

In summary, we have developed an efficient asymmetric
synthesis of ferruginine (12 steps and 29% overall yield)21

using inexpensiveL-pyroglutamic acid. The key step involved
enyne metathesis, which required the first generation Grubbs
catalyst as the more active second generation catalyst caused
subsequent destruction of the diene. The synthesis was
completed with a Wacker oxidation giving the enone16.
As enones are common motifs in bridged azabicycles and
many other natural products, this strategy could find wide
usage.
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Scheme 4. Diene Preparation and RCMa

a (i) LiAlH 4 (2 equiv), 0°C, THF, 10 min., 78% (purecis isomer).
(ii) Dess-Martin periodinane (2.1 equiv), 25°C, DCM, 30 min,
85%. (iii) CH3PPh3Br (1.1 equiv),n-BuLi (1.1 equiv), 25°C, THF,
16 h, 93%. (iv) 2nd generation GrubbsII (10 mol %), reflux, 0.005
M in C6H6, 90 min, 87%.

Scheme 5. Enyne Preparation and Attempted RCMa

a (i) CH3COCN2PO(OEt)2 (1.2 equiv), K2CO3 (2 equiv), 25°C,
MeOH, 1.5 h, 93%. (ii) CatalystsI-III (10 mol %), CH2dCH2,
reflux, 0.01 M in CH2Cl2 or C6H6.

Scheme 6. Enyne RCM and Wacker Oxidationa

a (i) 1st generation GrubbsI (10 mol %), reflux, 0.01 M in
CH2Cl2, 50°C, 10 h, 86%. (ii) PdCl2 (0.1 equiv), CuCl2 (2.1 equiv),
H2O, 95°C, DMF, 6 h, 81%. (iii) TFA, 25°C, CH2Cl2, 3 h, then
K2CO3 (aq) (1 M), 93%. (iv) CH2O (5 equiv), NaCNBH3 (1.6
equiv), CH3CN, 15 min, 97%.
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