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Abstract

A concise asymmetric synthesis of (+)-aphanorphine has been achieved via a new
enantioconvergent strategy. A racemic γ-aminoalkene derivative is transformed into a 1:1 mixture
of enantiomerically enriched diastereomers using an asymmetric Pd-catalyzed carboamination.
This mixture is then converted to an enantiomerically enriched protected aphanorphine derivative
by a Friedel-Crafts reaction, which generates a quaternary all-carbon stereocenter. The natural
product is obtained in three additional steps.

The tricyclic alkaloid aphanorphine was isolated from the blue-green alga Aphanizomenon
flos-aquae in 1988 by Shimizu and Clardy.1 Although to date no biological activity of
aphanorphine has been reported, aphanorphine shares common structural features with other
bioactive (analgesic) benzomorphane alkaloids, such as morphine, pentazocine, and
eptazocine (Figure 1). As such, aphanorphine has been the target of numerous synthetic
efforts over the past twenty-three years.2,3,4

Most approaches to the synthesis of enantiopure aphanorphine either employ chiral-pool
starting materials or use stoichiometric amounts of a chiral reagent or auxiliary to set the
absolute stereochemistry of the natural product. In contrast, asymmetric catalysis has only
occasionally been used to control the absolute configuration in aphanorphine
syntheses.2b,2g,3b,5 In these instances the stereocenter was generated via reduction or
desymmetrization of a prochiral starting material.

We sought to explore an alternative, catalytic enantioconvergent route to the construction of
aphanorphine, which could also potentially provide access to other interesting bicyclic
alkaloids.6 Enantioconvergent transformations or strategies have significant potential
synthetic utility, as they effect the conversion of both enantiomers of a racemic starting
material to a single enantiomerically enriched product.7,8 We envisioned that a simple
racemic starting material could be converted to enantiomerically enriched aphanorphine
through use of two key transformations: an enantioselective Pd-catalyzed carboamination
reaction that was recently developed in our laboratory,9 and an intramolecular Friedel-Crafts
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ring closure similar to that used in three prior aphanorphine syntheses.4b,10 As shown in
Scheme 1, the catalyst controlled asymmetric Pd-catalyzed carboamination reaction of
racemic substrate 5 could be used to set the C2 stereocenter of pyrrolidines 6a–b, thereby
providing a mixture of enantiomerically enriched diastereomers. This mixture of
diastereomers would then be converted to one product (8) in a Friedel-Crafts alkylation
reaction, which would proceed via intermediate carbocation 7, and would generate the all-
carbon quaternary stereocenter in an enantioconvergent C–C bond-forming step.11 A two-
step sequence of reduction and demethylation could then be employed to transform 8 to
aphanorphine.

The enantioconvergent strategy outlined above has several attractive features: a) The
substrate required for the asymmetric carboamination reaction could be prepared in a
concise, straightforward manner; b) Analogs of the natural product could potentially be
generated through use of different aryl halides in the carboamination step; c) Either
enantiomer of the natural product should be accessible, as the absolute stereochemistry in
the carboamination reaction would be controlled by the ligand; and d) This general strategy
could potentially be adapted to provide access to a broad array of fused- or bridged bicyclic
alkaloids that contain a benzylic all-carbon quaternary stereocenter.

To test the feasibility of this strategy, we elected to pursue a synthesis of the non-natural (+)-
enantiomer of aphanorphine; only a few prior studies have targeted (+)-aphanorphine,4 and
the ligand needed to generate this compound, (R)-Siphos-PE,12 is commercially available.13

In order to obtain 8 in high ee it would be necessary to generate a 1:1 mixture of
diastereomers in the asymmetric carboamination of (±)-5, as any degree of substrate control
in the reaction of (±)-5 would lead to erosion of enantiomeric purity in the final product.
However, prior studies have illustrated that diastereoselectivities are generally low in Pd-
catalyzed carboamination reactions of substrates bearing a single homoallylic substituent,14

and the similarity in size of the homoallylic groups in (±)-5 (methyl vs. OTMS) suggested
that there would be little substrate bias towards either diastereomer. Thus, we anticipated
that this approach should afford 8 with a good degree of asymmetric induction. The
precursor (±)-5 for the key asymmetric alkene carboamination reaction was prepared in three
steps from commercially available N-Boc-1-amino-2-propanol 9 (Scheme 2). Oxidation of 9
to ketone 10 followed by addition of allylmagnesium bromide afforded racemic tertiary
alcohol 11 in good yield. Protection of the tertiary alcohol with TMS-imidazole proceeded
smoothly to afford aminoalkene (±)-5.

The coupling reaction between 5 and 4-bromoanisole was examined using our previously
reported conditions for enantioselective alkene carboamination reactions (Scheme 3). After
slight optimization of reaction conditions,15,16 the transformation afforded a 1:1 mixture of
diastereomers 6a and 6b in 75% yield. We initially sought to separate the diastereomers and
assay each individually to determine enantiomeric purity. Unfortunately, separation of the
isomers was not possible. In addition, routes to prepare racemic samples of each
diastereomer appeared to be cumbersome. As such, we elected to transform the mixture of
isomers 6a–b to known compound 13,2b–c,4b,10 which we could then assay for enantiomeric
purity. To this end, treatment of 6a–b with TFA led to cleavage of both the N-Boc and O-
TMS groups, and tosylation of the resulting pyrrolidine derivative provided 12a–b in 83%
yield (1:1 dr) over two steps. The enantioconvergent intramolecular Friedel-Crafts alkylation
of the mixture of diastereomers 12a–b provided 13 in 63% yield,4b,10 and analysis by chiral
HPLC indicated the molecule had been formed with 81% ee.17

With a concise route to enantiomerically enriched diastereomers 6a–b in hand, we sought to
complete the synthesis of (+)-aphanorphine. We envisioned that a Friedel-Crafts alkylation
of 6a–b should provide 8, which could be transformed to the target in two steps (reduction
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and demethylation). Unfortunately, the Friedel-Crafts alkylation proved to be problematic
(eq. 1). A variety of conditions were surveyed for reactions of 6a–b and desilylated analogs
14a–b, but all provided low yields of the desired product 8. Competing cleavage of the N-
Boc group was frequently observed, along with formation of numerous side products.

(1)

Although the conversion of 6a–b to 8 was not successful, the N-tosylated derivative 13 has
previously served as an intermediate in Zhai’s syntheses of aphanorphine.2b–c,4b,10 Thus,
after some modification of literature procedures,16 13 was transformed to 15 in 64% yield
via cleavage of the N-tosyl group with Red-Al followed by N-methylation under Eschweiler-
Clarke conditions (Scheme 4). Although BBr3-mediated demethylation of 15 has been a key
feature of prior syntheses,2–4 this step proved to be quite challenging.18 However, after
some experimentation, we found that the conditions reported by Funk provided satisfactory
results.19 With careful control of reaction temperature, and gradual warming from −30 °C to
0 °C in 10 °C increments over the course of 2 h, we were able to effect the conversion of 15
to 16 in 63% yield.

In conclusion, we have developed a concise synthesis of (+)-aphanorphine 16 that affords
the target molecule in 10 steps and 13% overall yield from commercially available starting
materials. Importantly, this synthesis demonstrates the viability of a new, enantioconvergent
strategy for the construction of benzomorphane-type alkaloids. The four-step sequence in
which 5 is transformed to 13 not only effects construction of two C–C bonds, one C–N
bond, and two rings, but also converts a racemic substrate to an enantiomerically enriched
product. A quaternary all-carbon stereocenter is generated during the enantioconvergent C–
C bond-forming step, and the product is formed with a synthetically useful level of
stereocontrol. Further studies on the expansion of this strategy and its extension to other
targets of interest are currently underway.
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Figure 1.
Benzomorphane Alkaloids

Mai et al. Page 6

Org Lett. Author manuscript; available in PMC 2012 June 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Scheme 1.
Asymmetric Carboamination/Friedel-Crafts Alkylation Strategy
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Scheme 2.
Synthesis of Carboamination Substrate
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Scheme 3.
Pd-Catalyzed Carboamination of 5 and Conversion to 13.
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Scheme 4.
Completion of the Synthesis
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