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A concise formal synthesis of (+)-sedamine has been accomplished. The synthesis is straightforward and
demonstrates high efficiency. Key steps involve gold(I)-catalyzed cyclization of sulfamate esters tethered
to allylic alcohols, sulfamate N-alkylation, and ring-closing metathesis.
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Introduction

1,3-Aminoalcohols [1] are frequently found in many bioactive
synthetic and natural products, and often exist as key structural
motifs in complex bioactive molecules. Particularly, when they
are integrated as a part of piperidine structure, they form impor-
tant classes of alkaloids, 2-(2-hydroxy substituted) piperidine alka-
loids [2]. The 2-(2-hydroxy substituted) piperidine alkaloids vary
structurally in their 2-alkyl side chains, N-substitutions, and stere-
ochemistry of 1,3-aminoalcohols as shown in Fig. 1. These alka-
loids also exhibit a wide spectrum of biological activities, which
have attracted considerable attention of medicinal chemists for
several decades.

Sedamine and sedridine, two representative 2-(2-hydroxy sub-
stituted) piperidine alkaloids, were first isolated from Sedum acre
[3] and were also obtained later from several other Sedum species.
Both levorotatory and dextrorotatory sedamines were found in all
Sedum species [4]. Pharmacologically, the sedamines offer mem-
ory-enhancing properties for treatment of cognitive disorders [5].
These alkaloids can be isolated in small quantities from natural
sources, and thus much effort has been devoted to the syntheses
of sedamine, either as a racemate [6] or as a single enantiomer
[7] (Scheme 1).
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Although several studies in the literature report on the synthe-
sis of sedamine, the synthesis of 1,3-aminoalcohol moiety is
always an issue. Despite previously reported elegant works [8],
there is an increasing demand to develop a general and mild
method to synthesize the 1,3-aminoalcohol scaffold. To address
this issue, we explored a dehydrative amination strategy for the
synthesis of 1,3-aminoalcohols (Scheme 2). In our previous work,
we developed gold(I)-catalyzed intramolecular dehydrative amina-
tion of sulfamate esters tethered to allylic alcohols A leading to 1,3-
cyclic sulfamidate B, which are important synthetic intermediates
that are broadly exploited for the synthesis of various functional-
ized amines [9]. The 1,3-cyclic sulfamidates are as reactive as acti-
vated azetidines [10]. Nucleophiles generally attack at the O-
bearing carbon center in an Sy2 manner to form an N-sulfate inter-
mediate [11], which can be rapidly hydrolyzed under acidic condi-
tions to the final 1,3-aminoalcohol C (Scheme 2). Based on this
strategy, we herein report the formal synthesis of (+)-sedamine
through gold(I)-catalyzed intramolecular dehydrative amination
of sulfamate esters tethered to allylic alcohols.

Our retrosynthetic analysis is briefly illustrated in Scheme 3.
The primary target molecule is the N-Boc-2-(2-hydroxyethyl)
piperidine (2) because the compound 2 was already transformed
into (+)-sedamine in three steps [12]. We envisioned that the key
synthetic intermediate 2 might be constructed by the cleavage of
cyclic sulfamate ring and N-Boc protection. The bicyclic sulfamate
3 could be prepared via a ring-closing metathesis and following
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Fig. 1. 2-(2-Hydroxy substituted) piperidine alkaloids.

A. Representative example of the synthesis of (+)-sedamine [6c].
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Scheme 1. Representative examples of the synthesis of sedamine.

+
o. 0
O mar| P L
O” " "NH, " “"NH, O"""NH OH,
R’ N"0H R " oH R’ 5
A [Au(D] [Au(l)]
= [Au()]*
- H,0
- _ o, 0
RO NH, _H | rRo nNS9% | RO o S NH
R1W -S0; R % _—
R1
C N-sulfate intermediate B

Scheme 2. Strategies for the synthesis of 1,3-aminoalcohols.

hydrogenation from diene 4, which was derived from the
sulfamate ester 5 tethered to allylic alcohol via gold(I)-catalyzed
dehydrative amination and N-alkylation.
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Scheme 3. Retrosynthetic analysis of (+)-sedamine.

Results and discussion

The efficient synthesis of the primary target molecule 2 began
with commercially available but-3-en-1-ol (6) (Scheme 4). The sul-
famoylation of alcohol 6 to sulfamate ester 7 was performed using
sulfamoyl chloride according to the precedent literature [13],
which cleanly provided the desired product at room temperature
in 98% yield. The allyl alcohol tether of 5 was installed via a cross
metathesis reaction using (Z)-but-2-ene-1,4-diol in the presence
of 3 mol% of Hoveyda-Grubbs 2nd generation catalyst. Next, we
carried out gold(I)-catalyzed cyclization of sulfamate ester 5 teth-
ered to allylic alcohol in the presence of 5 mol% of (IPr)AuCl and
5 mol% of AgBF,4, which gave the desired 1,3-cyclic sulfamidates
8 in a quantitative yield after 42 h. The reaction was very mild
and proceeded cleanly at room temperature. This method was
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Scheme 4. Formal synthesis of (+)-sedamine alkaloid.
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recently developed in our group [9] and the optimized conditions
using (IPr)AuCl/AgBF, combination exhibited a broad substrate
scope, including a seven-membered ring formation. It turns out
that this established method also works well for the formal synthe-
sis of (+)-sedamine. The resulting vinyl motif of 8 was used as an
olefin partner for ring-closing olefin metathesis. To incorporate
the other olefin partner, N-alkylation of 1,3-cyclic sulfamidate 8
was achieved with K,COs; and 4-bromobut-1-ene. Following the
ring-closing metathesis of diene 4 with 5 mol% of Grubbs 2nd gen-
eration catalyst furnished unsaturated piperidine 9 in 89% yield.
The hydrogenation using H,/Pd condition afforded bicyclic sul-
famidate 3 in nearly quantitative yield. The ring cleavage of 1,3-
cyclic sulfamidate of 3 using potassium acetate nucleophile and
subsequent Boc protection allowed the ring-opened 1,3-amino
acetate 10 in 58% yield in two steps. Finally, the acetate was con-
verted to 2-(2-hydroxy substituted) piperidine 2 under basic
hydrolysis conditions.

Conclusion

In conclusion, an efficient formal synthesis of 2-(2-hydrox-
yalkyl)-piperidine alkaloid (+)-sedamine has been achieved. Nota-
ble features include a gold(I)-catalyzed intramolecular dehydrative
amination of sulfamate ester tethered to allyl alcohol, ring-closing
metathesis, and sulfamidate ring cleavage in an Sy2 manner. It is
noteworthy that this strategy is applicable to the synthesis of other
2-(2-hydroxyalkyl)-piperidine alkaloids.
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