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ABSTRACT: The first examples of an organocatalytic Michael addition of a ketone to in situ generated α-nitrostyrenes are
reported. A suitably functionalized γ-nitroketone obtained from the organocatalyzed Michael addition was converted into (+)-2-
epi-lasubine II, the immediate synthetic precursor of (+)-lasubine II and (−)-subcosine II (enantiomers of the natural
quinolizidine alkaloids). Two of the three stereocenters in (+)-2-epi-lasubine II are set by the Michael reaction.

The 4-arylquinolizidine motif is found in several Lythraceae
alkaloids of which (−)-lasubine I and (−)-lasubine II are

prominent examples (Figure 1).1 From a structural perspective,

the lasubine framework is incorporated in other members of the
lythraceous alkaloids such as subcosines I and II1 and the
macrocyclic lactones (+)-lythrine2 and (+)-vertine.2 Hence, a
synthetic strategy for the lasubines also provides a potential
route to the macrocyclic members of the Lythraceae family.
Several enantioselective syntheses of lasubine II have been
investigated,3 and only three enantioselective syntheses of
subcosine II are documented.3h,n,6e Herein, we describe formal
syntheses of (+)-lasubine II and (−)-subcosine II. Our strategy
employs the previously unreported, enantioselective organo-
catalytic Michael addition of a ketone to an in situ generated α-
nitrostyrene as the key step.

In developing a synthetic route to the quinolizidine
framework in lasubine II (Figure 2), we noted that the relative

stereochemistry of the secondary alcohol and of the benzylic
stereocenter could be established regardless of the stereo-
chemistry in a bicyclic precursor, as either of these stereo-
centers can be inverted at a later stage if necessary.4 The
quinolizidine could be obtained by cyclization of a
trisubstituted piperidine A. Construction of A was planned
from a diastereomerically pure acyclic precursor B by
homologation of the alcohol, deprotection of the acetal, and
piperidine ring formation by intramolecular reductive amina-
tion. We anticipated that 1,3-induction during the formation of
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Figure 1. Selected alkaloids having the 4-arylquinolizidine motif.

Figure 2. Strategy for the synthesis of (+)-lasubine II and
(−)-subcosine II.
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the piperidine ring5 would assist in setting the new stereocenter
in the product (diequatorial disposition of Ar and side chain in
A). Compound B derives from the nitrolactone C by reductive
ring opening of the lactone. The nitrolactone ultimately leads
to the γ-aryl-γ-nitroketone D as the key starting material. From
a methodology development perspective, γ-aryl-γ-nitroketones
like D are appealing starting materials for 2,6-disubstituted 3-
hydroxypiperidines such as B, many of which have interesting
biological profiles and are also valuable synthetic intermedi-
ates.6 We therefore chose to address the stereoselective
synthesis of the γ-nitroketone D by employing the organo-
catalytic Michael addition of a monoprotected cyclohexane-
dione to an α-nitrostyrene as the pivotal step.
At the outset, since organocatalytic Michael additions of

ketones to α-nitrostyrenes (1-aryl-1-nitroethylenes) are not
reported,7 the stereochemistry of D that could be obtained
from such a reaction was not foreseeable. However, the
approach was attractive since it had the potential to establish
two of the three stereocenters in the product (Figure 2).
Accordingly, we initiated studies on the Michael addition of
ketone 1 to a suitable α-nitrostyrene. In anticipation of the high
reactivity of the α-nitrostyrene, and the known tendency of
such nitroalkenes to either polymerize8a or rearrange,8b we
chose to generate the required α-nitrostyrene in situ9 from the
nitroacetate 2a.10 Initially, selected11 primary and secondary
amines were screened for their ability to induce the elimination
of acetate from 2a (Ar = 3,4-dimethoxyphenyl) as well as
catalyze the Michael addition of ketone 1 to provide the
nitroketone 4a. From this study, the diamine 312 (20 mol %) in
the presence of (1S)-camphorsulfonic acid as the cocatalyst (20
mol %) in DMF emerged as the catalytic system of choice. The
nitroacetates 2b10 (Ar = 4-bromophenyl) and 2c10 (Ar =
phenyl) were also employed for the Michael addition, and these
provided the corresponding nitroketones 4b and 4c,
respectively. These results are summarized in Scheme 1.

The syntheses of nitroketones 4 constitute the first examples
of the stereoselective Michael addition of a ketone to in situ
generated α-nitrostyrenes. The diastereoselectivity of the
process is low (∼1.5:1 dr), but the diastereomers can be easily
separated to provide the major diastereomer in synthetically
useful yield (51−52%) and enantiomeric excess (82−92%
ee).13 Employing the optimized reaction conditions, gram
quantities of 4a could be synthesized routinely. The absolute
configuration of 4a (R,R) was established by X-ray crystallo-

graphic analysis (Figure 3).14 The absolute configurations of 4b
and 4c are based on the similarity in chemical shift and
multiplicity of the benzylic proton as compared to 4a.

Although the mechanistic details for the formation of 4a−c
are not established, it is plausible that the Michael addition of 1
with the α-nitrostyrenes derived from 2a−c proceeds via a
hydrogen-bonded15 intermediate E (Figure 3) in which the
nitroalkene is delivered to the β face of the enamine derived
from 1 and the catalyst 3. This step establishes the ring
stereocenter in the major diastereomers 4a−c, and it could
generate the 1,2-oxazine N-oxide intermediate F.16 Subsequent
opening of the oxazine produces the nitronate G, which is
protonated stereoselectively to generate the benzylic stereo-
center in 4. The origin of stereoselectivity in the protonation
step is not known at present. The low diastereoselectivity of the
Michael addition may be due to the high reactivity of the α-
nitrostyrene, which enables a competing, non-hydrogen-
bonded addition to the α face of the enamine.
With 4a in hand, a synthesis of the lasubine framework was

initiated. Treatment of 4a with m-CPBA provided the Baeyer−
Villiger oxidation product 5, which was reduced to the nitrodiol
6. In order to prevent potentially competing reactions involving
the primary alcohol in 6 (hemiacetal formation and its
reduction to a tetrahydrofuran17 in subsequent transforma-
tions), it was converted to the primary acetate prior to
hydrolysis of the acetal. This provided the δ-nitroketone 7
(Scheme 2) which was examined as a precursor to the
functionalized piperidine ring in lasubine.
Initial studies with 7 were focused on converting the

nitroketone in 7 to the cyclic nitrone 9 (Scheme 3), which
could potentially be reduced stereoselectively to establish the
third stereocenter in the piperidine ring. However, only a trace
of nitrone 9 could be detected in the complex mixture of
products obtained from the attempted reduction of 7 (Zn/aq
NH4Cl). It is plausible that 9 is unstable and it undergoes
unwanted side reactions such as dehydration and/or isomer-

Scheme 1. Diamine-Catalyzed Michael Addition of 1 to in
Situ Generated α-Nitrostyrenes

aFor major diastereomer.

Figure 3. Formation of the major diastereomer 4 and X-ray crystal
structure of nitroketone 4a.
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ization18 to the conjugated nitrone. In contrast, reduction of the
nitroketone 8 (obtained by deprotection of 6, Scheme 2) with
Zn/aq NH4Cl provided an inseparable mixture of the
spiropiperidine 10a and its N-hydroxy analogue 10b. This
mixture was first reduced with NaBH4 to provide a mixture of
the trisubstituted piperidine 11 and the corresponding N-
hydroxypiperidine. Subsequent reduction of this mixture with
indium metal provided 11 as a single diastereomer. The newly
formed stereocenter in 11 was assigned the R configuration on
the assumption that the 2,6-cis (diequatorial) isomer would be
favored5 in the reduction of the imine or nitrone that is
transiently formed from 10.
The conversion of 11 into the quinolizidine framework

required a homologation of the hydroxypropyl side chain at C6.
This was achieved by transitory protection of the nitrogen by
formylation (treatment with excess formic acetic anhydride,
followed basic hydrolysis of the concurrently formed formate
esters) to provide 12 (Scheme 4) followed by activation of the
primary alcohol as the mesylate and subsequent cyanation to
provide 13. Simultaneous methanolysis of the nitrile as well as
the formamide in 13 provided the amino ester 14.
Reduction of the ester in 14 and cyclization of the resulting

amino diol could potentially provide 2-epi-lasubine II. However,
the observation3a that this amino diol, prepared by an unrelated
approach, has poor solubility in conventional solvents
suggested the need for an alternative strategy. Hence, the

secondary alcohol in 14 was first protected as a TIPS ether.
Subsequent reduction of the ester provided 15 (Scheme 5),

which was cyclized to 16 employing a Mitsunobu-type reaction
(Ph3P, di-2-methoxyethyl azodicarboxylate (DMEAD)19).
Deprotection of 16 provided (+)-2-epi-lasubine II 17. The
enantiomer of 17 has previously been converted into
(−)-lasubine II by Mitsunobu inversion of the secondary
alcohol,3k and a Mitsunobu reaction of ent-17 with 3,4-
dimethoxycinnamic acid provides (+)-subcosine II.6e Thus, the
present synthesis of 17 constitutes a formal synthesis of
(+)-lasubine II and (−)-subcosine II.
In conclusion, the first examples of organocatalytic

enantioselective Michael additions of a ketone to in situ
generated α-nitrostyrenes have been developed. The method-
ology has been applied to a formal synthesis of (+)-lasubine II
and (−)-subcosine II. We are currently investigating the scope
of the Michael addition reaction and the application of this
methodology in the stereoselective synthesis of various
trisubstituted piperidines.

Scheme 2. Conversion of 4a into the γ-Nitroketones 7 and 8

Scheme 3. Synthesis of the Trisubstituted Piperidine 11

Scheme 4. Homologation of 11 to 14

Scheme 5. Formal Synthesis of (+)-Lasubine II and
(−)-Subcosine II
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