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ABSTRACT: Substituted polyhydroquinolines are ubiquitous skeletal
cores found in drugs and bioactive natural products. As a new route to
access this motif, we successfully developed a one-pot cyclization
cascade with high chemocontrol and diastereoselectivity. The sequence
generates two cycles, three carbon−carbon bonds, and an all-carbon
quaternary center in a highly convergent process. Functionalized
polyhydroquinolines and congeners can be accessed from commercially
available amino acids. This versatile and robust strategy was applied to
the synthesis of (±)-Δ7-mesembrenone.

Polyhydroquinolines are present in numerous natural
products and active pharmaceutical intermediates.1−3

Selected examples shown in Figure 1 exemplify their wide

spectrum of biological activities, ranging from acetylcholines-
terase inhibition, often associated with potential treatment of
Alzheimer’s disease, to anticancer and antiviral properties.4

Saturated polycyclic frameworks are particularly appealing for
medicinal chemistry programs,5 and aza-bicyclic cores of
natural products or natural product-inspired derivatives occupy
a unique place among privileged structures.6

Over the years, several approaches were developed to access
polyhydroquinolines (Scheme 1). Classical routes consist of
reductive amination (a)7 and condensation chemistry through
enamine intermediates generated (b)8 intra- or (c)9 inter-
molecularly. The latter is particularly interesting because this
multicomponent variant is highly convergent, although the

substrate scope is limited. Another approach (d) uses a Diels−
Alder cycloaddition followed by lactam formation.10 In all of
these methods, the amine partner is used as a nucleophile in
condensation or amidation reactions. Therefore, C−N bond
formation is always involved.
With an ultimate goal of efficacy and versatility for the

preparation of substituted polyhydroquinolines, we wanted to
assemble both the carbocycle and the piperidine rings in a
single procedure. The latter would bring together a linear
carbamate substrate and a dinucleophile partner (e). Our
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Figure 1. Selected bioactive polyhydroquinoline-based alkaloids.

Scheme 1. Classical Approaches to Polyhydroquinolines
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approach does not imply C−N bond formation, contrary to all
previously reported methods, and thus brings a novel synthetic
avenue to this framework. Ideally, carbamate substrates would
be prepared from commercially available amino acids in short
order. As an additional element of originality, we contemplated
the idea to use a methyl enol ether as a polyvalent cyclization
relay, acting as both a nucleophile and an electrophile partner
in the polycyclization reaction.
We previously reported the activation of amides followed by

sequential trapping with pendent allylsilane and allylstannane
nucleophiles (Scheme 2).11,12 While studying the scope of this

method, we faced reactivity issues; upon amide activation, the
resulting highly reactive triflyliminium ion 2 is trapped readily
with a first nucleophile, leaving the least reactive iminium ion 3
to engage in the Mannich cyclization. As a result, partial
conjugation occurred prior to cyclization (cf. 4), leading to a
mixture of quinolizidines 5 in moderate yields. Although
increasing the reactivity of the nucleophiles (enol ether or
enamine 6) might seem appealing at first glance, it resulted in
an unreactive conjugated iminium ion 7. We thus opted to
rather increase the electrophilicity of the iminium ion by
switching to activation of a functional group of higher
oxidation state, namely a carbamate.
Our approach is depicted in Scheme 3. The strategy we

envisaged consists of a cyclization cascade that would generate
three carbon−carbon bonds, two cycles, and an all-carbon
quaternary center in a single operation.13 Less common than
amide or formamide activation, activation of carbamates is a
powerful tool that has been used in fascinating methodologies
and natural product syntheses.14,15

The activation of carbamate 8 would result in a
triflyliminium ion 9 bearing a methyl enol ether nucleophile.
Activation conditions and the compatibility of enol ethers as
non-aromatic carbon π-nucleophiles are inspired from our
previous work with amides in Vilsmeier−Haack-type reac-
tions.11,16 To prevent conjugation of the iminium ion with the
enol ether after cyclization [cf. 7, where X = OMe (Scheme
2)], we decided to use a C-substituted enol ether, although the
generated quaternary center may hamper the final cyclization.
Upon ring closure, high-energy oxycarbenium ion 10 would
need to be trapped rapidly in a Prins reaction with an external
nucleophile 11 (Scheme 3). Hence, the methyl enol ether on

substrate 8 would have a dual role because it serves as a
nucleophile in the trapping of iminium ion 9 and as an
electrophile in the ensuing Prins reaction. External enol ether
11 is designed as a 1,3-dinucleophile. After the Prins addition,
desilylation of C3 would generate a new enol ether that could
ultimately engage in a third nucleophilic addition. Ejection of
the triflate anion would lead to an unstable alkoxyiminium ion
12 that would readily dealkylate to the corresponding amide
13.17 The use of an excess of triflic anhydride (Tf2O) would
serve to activate the latter,18,19 now all set for a final
Vilsmeier−Haack-type cyclization with the pendent enol
ether. We anticipated the full successive reactions to occur in
a cascade process, without further intervention, all the way to
an iminium ion 15 sufficiently stabilized by conjugation to
allow for its isolation and characterization.
To test such an ambitious reaction cascade, model

compound 8a was prepared in only four steps (Scheme 4).

A methyl Grignard addition on commercially available N-Boc-
pyrrolidine-2-one (16) afforded ketone 17. Both the carbamate
and the ketone were reduced with lithium aluminum hydride
to the corresponding (N-methylamino)alcohol 18 that was
Boc-protected in the reaction quenching. After a Swern
oxidation, the resulting ketone 19 was olefinated to methyl
enol ether 8a. All transformations are robust; yields are good to
excellent, and the whole sequence was performed in 3 days
with a single purification.
When substrate 8a was activated with an excess of triflic

anhydride in the presence of a non-nucleophilic base
(DTBMP) and dinucleophile 11, the complete cascade of
carbamate activation, cyclization, Prins addition, dealkylation,

Scheme 2. Reactivity Issues in Our Previous Work on
Double Cyclization with Activated Amides

Scheme 3. Envisaged Key One-Pot Cyclization Cascade

Scheme 4. Synthesis of Model Compound 8a
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amide activation, and Vilsmeier−Haack cyclization occurred
within 45 min at rt (Scheme 5). Bicyclic iminium ion 15a was
isolated in an excellent 91% yield.

Encouraged by such a spectacular result, we elaborated the
substrates to study the scope of the key one-pot six-
transformation cascade (Scheme 6). In particular, we wanted

to evaluate the possibility of accessing different ring sizes in
fused and bridged systems, substitution at the ring junction,
and substitution around the aza-cycle.
Once submitted to the reaction conditions, precursors 8b,

8a, and 8c easily afforded the five-, six-, and seven-membered
aza-cycles 15b, 15a, and 15c, respectively, in good to excellent
yields.20 Known to be difficult to achieve, eight-membered ring
15d could not be obtained, and the activated precursor
degraded over time. Different alkyl groups (R1) on the
quaternary center at the ring junction were also accessible. Not
surprisingly, the yield decreased with increasing steric
hindrance from methyl to n-butyl to the bulkier isopropyl
group (see 15a, 15e, and 15f, respectively). The latter was
well-tolerated when positioned in R2 (15g) or R3 (15j). The
bridged system presumably incorporated too much ring
constraint, resulting in no conversion (15h). Finally, all
precursors derived from natural amino acids (cf. 8i−l) were
cleanly converted to their respective R3-substituted iminium
ions 15i−l, respectively, in good yields.21 All β-methoxy-α,β-
unsaturated iminium products 15 were stable and isolated, and
several were even successfully purified by standard flash
chromatography (cf. 15a, 15b, 15e, and 15i−k).

To further increase the synthetic value of the aza-bicyclic
products, we investigated methods to transform β-methoxy-
α,β-unsaturated iminium products 15 into enaminones. The
enaminone functional group is present in several bioactive
molecules, in addition to being known as a versatile synthetic
lever for further derivatization.22,23 Although all acidic or basic
hydrolysis methods performed on compounds 15 found
limited success, Krapcho dealkylation conditions proved to
be the most efficient method for forming the enaminone.
Hence, iminium ions 15 were heated in DMSO in the presence
of lithium chloride for only 5−30 min. Under these conditions,
once the enaminone is generated, the methoxy group was
eliminated readily, leading to the corresponding enone 20
(Scheme 7). The latter was treated directly under hydro-
genation conditions to produce the desired stable enaminone
21.

In general, the dealkylation and hydrogenation steps worked
well, mostly in >60% yields, with an average yield of 55% over
three steps from cyclization precursors 8. The five- and six-
membered rings gave conversions higher than those of seven-
membered ring analogues (cf. 21a and 21b vs 21c). Smaller
substituents on the quaternary center resulted in higher yields
for enaminone formation (cf. 21b, 21e, and 21f), although no
trend was observed for substitution on the piperidine ring (see
21g−l).
For products 21g−l bearing two stereogenic centers,

diastereomeric ratios were good (5:1) to excellent
(>10:1).24,25 A diastereomeric preference could be rationalized
using a simple chairlike model for the addition of the enol
ether to activated carbamate 9, placing the substituent in an
equatorial orientation (Scheme 8).
To demonstrate the value of this synthetic approach, we

then focused on the synthesis of (±)-Δ7-mesembrenone. This
natural product is a major constituent of Sceletium namaquense
and was recently linked to a potent inhibitory effect on the 5-
HT transporter, which could be used to treat a variety of
psychological and psychiatric disorders, including anxiety and
depression.26 This alkaloid is also a precursor of mesembrine,
which is a well-documented natural product. With more than

Scheme 5. Key Cyclization Cascade with Compound 8a

Scheme 6. Scope of the Key One-Pot Cyclization Cascade

Scheme 7. Transformation to Enaminone Products 21
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40 different syntheses of mesembrine27 and several syntheses
of Δ7-mesembrenone28 already reported in the literature, this
type of alkaloid represents a great benchmark for evaluating the
applicability and efficacy of our synthetic methodology.
The synthesis of cyclization precursor 24 was accomplished

in just two steps from commercially available Boc-β-sarcosine
[22 (Scheme 9)]. Activation of carbamate 24 in our cyclization

cascade conditions afforded the iminium ion 25 in 74% yield.
The ensuing Krapcho demethylation and hydrogenation
yielded (±)-Δ7-mesembrenone in 79% yield over these two
steps. This route compares to the shortest and most efficient
syntheses of this natural product.29

In summary, the methodology we developed is an effective
approach for generating high-value polyhydroquinolines, as
well as cyclohexapyrrolidine and azepane congeners. The key
step precursors are readily prepared from amino acids in only
four or five steps. The one-pot cyclization cascade uses a tert-
butylcarbamate as a sequential double electrophile, an internal
methyl enol ether as a cyclization relay, and an external
dinucleophile in a highly chemocontrolled reaction sequence.
The resulting stable and isolable β-methoxy-α,β-unsaturated
iminium products can be transformed into enaminones as
attractive synthetic levers. Building up libraries of such
products is rapid because polyhydroquinolines could be
obtained in no more than 5 days and as few as three
purifications with an average overall yield of ∼20% from
commercially available amino acids, which sets the stage for
applications in medicinal chemistry. This methodology was
also used to synthesize (±)-Δ7-mesembrenone in only five
steps from commercially available Boc-β-sarcosine in 42%
overall yield.
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