
Allenyl Azide Cycloaddition Chemistry: Application to the Total
Synthesis of (±)-Meloscine

Ken S. Feldman* and Joshua F. Antoline
Department of Chemistry, The Pennsylvania State University, University Park, PA 16802

Abstract

The pentacyclic alkaloid (±)-meloscine was prepared in 19 steps through a reaction sequence that
features a putative azatrimethylenemethane intermediate, generated through cascade cyclization of
an allenyl azide substrate, to deliver the core azabicyclo[3.3.0]octadiene substructure. Subsequent
manipulation of the peripheral functionality then delivered (±)-meloscine.

Diradical combination holds great promise for the construction of C–C bonds in sterically
hindered environments. For example, joining two t-butyl radicals to form the exceedingly
hindered hexamethylethane is only 30 times slower than similar combination of two methyl
radicals.1 When spanning the α,ω positions of a chain, this bond formation constitutes an
effective ring forming strategy, provided that efficient means of generating the singlet diyl is
available. The recent development of allenyl azide cascade cyclizations (Scheme 1)
represents one such emerging methodology, wherein strain-driven release of N2 from
cycloadduct 2 promotes formation of an azatrimethylenemethane 3a/3b en route to the
bicyclic product 4.2 If high levels of stereochemical control upon formation of bond a in 4
can be achieved, then this methodology might find use in the synthesis of cognate alkaloid
structures. One such target is the Melodinus alkaloid meloscine (5),3 which features an
azabicyclo[3.3.0]octane core embedded in a complex pentacyclic framework. In this report,
we describe the application of the allenyl azide cyclization cascade to the efficient synthesis
of this alkaloid. The synthesis strategy unsurprisingly focuses on ring formation, with the
following key components: (a) ultimate ring E closure via a diastereoselective ring closing
metathesis,3f (b) ring B closure via an intramolecular amidation of an aryl bromide, and (c)
formation of the bicyclic C/D core via allenyl azide chemistry.

The synthesis plan commenced with formation of the allene precursor carbonate 13 from the
known azido ketone 12, itself accessible in three steps from 2-bromobenzaldehyde (Scheme
2).2d Addition of lithiated O-TIPS-protected propargyl alcohol4 to 12 followed by treatment
of the crude alcoholate with methyl chloroformate afforded the desired carbonate.
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Treatment of propargyl carbonate 13 with the 4-methyl-2,6,7-trioxabicyclo[2.2.2]octane
(OBO) functionalized vinyl zincate 145 under palladium-mediated allene synthesis
conditions furnished tetrasubstituted allene 10.6 Unfortunately, this molecule did not tolerate
even mild SiO2 chromatographic conditions, with significant decomposition attending
isolation of only trace impure product. Earlier work had shown that allenyl azide cyclization
cascades were insensitive to contaminants derived from the zincate addition chemistry, and
so the thermal cyclization was performed on the crude allene mixture to eliminate the
problematic purification step. Thermolysis of a dilute (0.003 M) solution of crude allene 10
in deoxygenated toluene gave the desired bicycle 8 in moderate yield. The structure and
relative stereochemistry of unsaturated imine 8 was ascertained by single crystal X-ray
analysis (see Supporting Information for details).7

Elaboration of the core continued with a two-stage reduction of the α,β-unsaturated imine
moiety in 8 (Scheme 3). High-pressure hydrogenation of 8 over Pt/C in the presence of
triethylamine gave imine 15 as an inconsequential mixture of diastereomers in 80% yield.
Super-hydride reduction of the imine gave the free amine after ammonium chloride workup
to cleave the intermediate amine-borane complex. This crude amine was protected as its t-
butyl carbamate to facilitate subsequent oxidation chemistry. The low nucleophilicity of the
pyrrolidine nitrogen necessitated the use of the highly reactive BOC-ONH2 generated in situ
from a mixture of BOC2O, hydroxylamine hydrochloride and triethylamine.8 It was
necessary to employ an excess of reagents to drive the BOC protection to completion, and
that exigency made purification of the fully protected core problematic and inefficient.
Instead, a hexanes/MeCN extraction was utilized in order to separate the polar contaminants
from excess BOC2O and the protected bicycle. Then, Bu4NF-mediated removal of the TIPS
group permitted uneventful isolation of alcohol 16 in a 59% yield over the three-step
sequence. Rapid installation of the 1,3-diol was achieved by a 2 step oxidation/Tollens-type
aldol sequence.9 In this procedure, a buffered, water promoted Dess-Martin oxidation10 of
16 afforded the expected aldehyde, which was then treated with KOH and formaldehyde in
ethylene glycol/water/CH2Cl2 to give diol 17 in excellent yield.

Hydrolysis of orthoester 17 to afford an ester diol proceeded smoothly under mildly acidic
conditions, but this ester proved to be recalcitrant to aminolysis (Scheme 4). Treatment of
the derived ester with 7N methanolic ammonia led to incomplete and inconsistent
conversion of the ester to the primary amide. Switching ammonia sources to gaseous
ammonia and elevating the temperature led to complete consumption of the starting ester,
but significant byproduct formation was observed; analysis of the crude reaction mixture
suggested that significant methyl ester formation occurred even after extended reaction
times, implying that this methyl ester may be unreactive to the aminolysis conditions.
Switching solvents from methanol to the less nucleophilic isopropanol led to rapid and clean
conversion of the ester derived from 17 into primary amide 18. After several unsuccessful
attempts to perform an oxidation/olefination sequence on the diol function of 18, a rerouting
that featured initial closure of the lactam ring was pursued. Thus, microwave assisted
Goldberg-type coupling was employed to form the B ring of 19.11

The last transformation of note focused on installation of the 1,3-divinyl moiety that would
be used to close the final (E) ring of meloscine (Scheme 5). The initial approach to this goal
involved a Swern-type oxidation of the diols in 19. Unfortunately, formation of variable
mixtures of the mono-, di- and unoxidized compounds plagued these initial studies,
plausibly due to steric congestion-induced retroaldol reaction of an intermediate β-
hydroxyaldehyde or perhaps by nucleophile-induced decarbonylation of the product
dialdehyde.
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The solution to this problem proved to be a water-promoted Dess-Martin oxidation effected
through microwave heating. In the absence of water, only mono-oxidation of the substrate
was observed and in the absence of microwave heating, the dialdehyde decomposed before
the reaction had gone to completion. In tandem, however, these conditions allowed for the
rapid and clean conversion of the diol to the desired dialdehyde. Wittig olefination of this
intermediate dialdehyde gave the desired divinyl compound 20. Again, the byproducts of the
reaction sequence impeded purification, and so the crude 20 mixture was carried through the
N-deprotection/allylation sequence to give trialkenyl tetracycle 6 in 57% overall yield.
Finally, treatment of this triene with 5% Hoveyda-Grubb’s second-generation catalyst as per
the procedure described by Mukai3f gave (±)-meloscine (5) as a single diastereomer. No
signals for a C(3) epimer were evident in the 1H NMR spectrum of the crude metathesis
reaction product, an observation consistent with Mukai’s findings in his meloscine
synthesis.3f

In summary, the Melodinus alkaloid (±)-meloscine was synthesized in 19 steps from 2-
bromobenzaldehyde. The azabicyclo[3.3.0]octadiene core was constructed efficiently, in
moderate yield, and with excellent stereochemical control using an allenyl azide
cycloaddition/diradical cyclization cascade strategy. Robust and efficient methods for the
installation and subsequent oxidation of an intermediate 1,3-diol moiety were key to the
completion of this synthesis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Scheme 1.
Allenyl azide cyclization cascade; application to the synthesis of meloscine
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Scheme 2.
Synthesis and cyclization of the allenyl azide substrate.
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Scheme 3.
Functionalizing the upper periphery of the bicyclic core in anticipation of E-ring installation.
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Scheme 4.
Formation of the B-ring.
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Scheme 5.
Completion of the synthesis of (±)-meloscine.
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