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ABSTRACT

The coupling between cyclic and acyclic R-amino acid derivatives and methyl acrylate, mediated by samarium diiodide, is described. The method
constitutes a powerful tool to construct indolizidine, quinolizidine, and piperidine systems in a straightforward two-step fashion. The formal
synthesis of (�)-pumiliotoxin 251D and (()-epiquinamide is achieved after two or three steps from these amino acid derivatives.

N-Heterocycles areof remarkable importance in the fields
of asymmetric catalysis, chemical-biology, and medicinal
chemistry, and they continue to inspire the development of
new synthetic methodologies. Among them, indolizidine,
quinolizidine, and piperidine alkaloids play an important
role due to their interesting framework and biological
activities. These compounds are very widespread in nature
and are found in a myriad of organisms.1 Although the
literature describes plenty of methods to prepare these
heterocyclic systems, short, direct, and diversity-oriented
approaches are scarce.

Samarium(II) iodide (SmI2) is a powerful reagent in
organic synthesis2 and has been applied with success in the
synthesis of many nitrogen and oxygen heterocycles. Due
to its great potential as a one electron donor, it is capable of
mediating a wide range of transformations.2,3

The couplingbetweenacrylates andaldehydes (orketones)
mediated by SmI2 was first described by Fukuzawa4 and
Inanaga.5 This reaction has proven to be one of the most
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important transformations3e,6 in the chemistry of SmI2
and has been applied to the construction of a range of
carbon frameworks in recent years.7 However, a strong
limitation of this method arises when R-amino-aldehydes/
ketones are employed as substrates. As described by
Honda,8 the exposure of these aldehydes/ketones to SmI2
is typically accompanied by C�N bond scission R to the
carbonyl group (Scheme 1). Herein, we describe for the
first time the Fukuzawa and Inanaga couplings of amino-
aldehydes/ketones and methyl acrylate, without C�N
bond cleavage, and the application of such couplings
in the direct construction of functionalized indolizidine,
quinolizidine, and piperidine systems (Scheme 2). In just
two key transformations the method allows the synthesis
of indolizidine 1 and quinolizidine 2, advanced intermedi-
ates in the total syntheses of pumiliotoxin 251D9,10 and
epiquinamide,11 respectively.

We startedour studyby investigating the couplingbetween
commercially and readily available (S)-N-Boc-prolinal or
(S)-N-Cbz-prolinal12 and methyl acrylate (Table 1).
As depicted in Table 1, the proton source, amount of

methyl acrylate, and order of addition were investigated
during the optimization of the reaction. The addition of
1�2 equiv of methyl acrylate in the presence of t-BuOH,
MeOH, or H2O as proton sources gave low yields of
lactone products (23�31%, entries 1�6). Using 10 equiv

of methyl acrylate, lactones 5 and 6 were provided in
43�75% yield (entries 7�11). For this case, the use of
H2O as the proton source13 seemed to be the best choice. It
is interesting tomention that lactones 5 and 6were formed
as single diastereomers14 and that noproducts arising from
C�N bond cleavage were observed.

Scheme 1. Honda’s Work on Reductive Deamination

Scheme 2. This Work: Sm(II)-Mediated Coupling Strategy for
theConstructionofPiperidines, Indolizidines, andQuinolizidines

Table 1. Optimizing the Sm(II)-Mediated Couplings

entry PG

acrylate

(equiv)

SmI2
(equiv)

proton source

(equiv)

yield

(%)

1 Cbz 2 2 t-BuOH (1) 23a

2 Boc 2 2 t-BuOH (1) 23a

3 Boc 2 2 t-BuOH (5) 31a

4 Boc 2 2 MeOH (5) 30a

5 Boc 1 3 t-BuOH (1) 27a

6 Boc 2 4 H2O (5) 24c

7 Boc 10 2.5 MeOH (5) 43b�d

8 Boc 10 2.5 H2O (5) 55b,c

9 Cbz 10 2.5 MeOH (5) 48

10 Boc 10 2.5 H2O (5) 65b�d

11 Cbz 10 2.5 H2O (5) 75b�d

aRecovery of starting aldehyde. b SmI2 added to starting material.
cH2O added to SmI2 before addition of starting material to SmI2.
d Syringe pump addition of SmI2.
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The conversion of lactone 6 to an indolizidine system, as
well as the proof of its stereochemistry, was accomplished
after a one-pot synthesis of the knownoctahydroindolizidin-
8-ol 7.15 Treatment of 6withH2 andPd/C inMeOH for 24 h
afforded indolizidine 7 in 97% yield after Cbz deprotection
and lactamization (Scheme 3).

Employing the optimized conditions described in entry 11
(Table 1), we then turned our attention to the Sm(II)-
mediated coupling reaction of other amino acid derivatives,
in order to access different indolizidine, quinolizidine,
and piperidine systems. Targeting the formal syntheses of
pumiliotoxin 251D and (()-epiquinamide, we first elected
(S)-proline-derived methyl ketone 8 and N-Cbz-(()-
pipecolinal 9, respectively, to study the Sm(II) reaction
(Table 2). Moreover, considering the importance of indole
moieties in natural products and medicinal chemistry16 we
also employed indoline-2-carboxylic acid derived aldehyde
10as a substrate.Acyclic aldehydes 11�12were also studied
in the Sm(II)-mediated coupling. After the coupling of
carbonyl compounds 8�12 with methyl acrylate, lactones
13�17 were obtained in 42�65% yields. Identical to what
was observed in the case of lactone 6, all these reactions
furnished the threo isomer with good to complete diaster-
eoselectivity. The stereochemistry of the coupling products
was assigned by comparison of the NMR data of the
lactones, and the stereochemistry of the corresponding
cyclized products, with those of known compounds, and
by crystallographic analysis of lactam 18, derived from
lactone 15 (Scheme 4).
To show the utility of the present method for the

expedited preparation of indolizidine and quinolizidine
systems, the formal syntheses of pumiliotoxin 251D and
epiquinamide were accomplished from lactones 13 and 14,

respectively, after Cbz removal and lactamization
(Scheme 5).17 Threo isomer 13, obtained as a single isomer
after the Sm(II)-mediated coupling, was converted to
lactam 1 in a quantitative yield. Compound 1 not only is
the key intermediate in the total synthesis of pumiliotoxin
251D described by Gallagher9 but also constitutes the
principal bicyclic core of the pumiliotoxins. Many addi-
tional routes to this intermediate have been published
to date,10,17b,18 but just a few of them provide compound
1 in a straighforward fashion. For the formal synthesis

Scheme 3. Construction of an Indolizidine System fromLactone 6

Table 2. Extension of the Sm(II)-Mediated Coupling to Other
Amino Acids Derivatives

a 0.25 mmol scale. bYield based on two experiments each, with 0.25
and 4.0 mmol scale of starting material.

Scheme 4. X-ray Study of Lactam 20
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of epiquinamide, racemic piperidine 14 was employed, in
an analogous sequence. The spectroscopic data of 1 and 2

(Scheme 5) were in complete accordance with those de-
scribed in the literature.9�11

In summary, we have demonstrated a straight-
forward approach for the construction of hydroxylated
indolizidine, quinolizidine, and piperidine systems from
cyclic and acyclic R-amino acid derivatives. Key to the
approach is a highly diastereoselective SmI2-mediated
coupling of R-amino acid derivatives with methyl acrylate,
followed by protecting group removal and lactamization.
The approach has been used in the short formal syntheses
of pumiliotoxin 251D and epiquinamide. To our knowl-
edge, the new syntheses are among the shortest reported
to date.
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