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The efficient preparation of 1-azabicyclic alkanes is described. Highly functionalized skeletons are prepared in a concise manner using a
radical tin-free 1,5-hydrogen transfer ~ —cyclization process. The precursors for the radical reactions are readily assembled either from pyrrolidine/
piperidine/hexahydro-1 H-azepine or via condensation of a properly designed N-alkylimine with an allenylzinc species.

Azabicyclic skeletons are important frameworks in natural involve the nitrogen atom in the cyclization step. Strategies
products. For instance, pyrrolizidifesnd indolizidines are  involving activation of the positiomt to the nitrogen atom
present in many natural products (Figure 1). Polyhydroxyl- are known and involve mainly iminium and acyliminium ion
ated alkaloids (azasugars) are of particular interest since theirchemistry? Several radical approaches to bicyclic alkaloid
structural analogy with sugars makes them potential inhibi- skeletons have been developed in the last 20 years, but most
tors of the wide range of enzymes involved in biological of them rely on the use of toxic tin derivatives
processesTherefore, it is not surprising that they represent
privileged target structures for organic chemfsidoreover, _
Stemonaalkaloids such as, for instance, parvistemonine
(Figure 1) possess a related 1-azabicyclo[5.3.0]decane ring
and present some interesting biological properties.

Many strategies have been developed by chemists to
achieve the formation of the bicyclic skeleton, most of them
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The use of 1,5-hydrogen atom transfer for generating cyclization process prompted us to investigate further the
1-aminoalkyl and 1-amidoalkyl radicals is well-documerfted. translocation approach of Hart (Scheme 1) for preparing a
Parsons reported the synthesis of pyrrolizidines using avariety of nitrogen-containing heterocycles. We report here
translocation—cyclization process involving an allylic radi- an efficient tin-free cascade reaction leading to polysubsti-
call® Robertson has reported the synthesis of pyrrolizidines tuted pyrrolizidine and indolizidine derivatives as well as
using a 1,5-hydrogen transfeb-exo cyclization process related nitrogen-containing bicyclic systems starting from
starting from alkenyl bromide’s.Bachi used a related tin-  easily available starting materials.

mediated 1,6-hydrogen transfer-endo cyclization process The monocyclidN-homopropargylic aminek—3 are easily
to prepare a bicyclig-lactam starting from a propargy,O- prepared in two steps from pyrrolidine, piperidine, and
acetal? Ring-fused pyrrolidines were prepared by Wille from hexahydro-1H-azepine. The reactions starting from the
alkynylamines via a radical additiertranslocatior-cycliza- propargylmalonatesl—3 were carried out in refluxing

tion process involving nitrate radicaIn an early study,  t-BuOH using a slow addition of thiophenol over 24 h and
Hart reported a failure to prepare a pyrrolizidine/pyrroli- afforded the expected azabicyclic derivatiiess in moder-
zidinone from the easily availabl-homopropargylpyrro-  ate to excellent yields (Table 1). Careful GC/MS analysis
lidine/pyrrolidinone using Heiba'4 radical addition-
translocation—cyclization process (Schemé€ 1).

Table 1. Synthesis of 1-Azabicyclic Compounds via
Thiophenol-Mediated 1,5-Hydrogen Transfer—Cyclization
Scheme 1. Early Attempts by Hart to Prepare Pyrrolizidines  Process Starting from Amino-Substituted Propargylmalonates

and Pyrrolizidinones From-Homopropargylpyrrolidine —SPh
According to Heiba’s Procedure | PhSH (2 eq) i
9 CI _ABN@e)
' G tBuOH reflux " N
t Q _co - MeO,C COMe — (n=1-3) MeO,C CO2Me
tBUO N 1-3 4-6
% alkyne product“ yield dr
X=H,, O not formed | I
G\I N 55%  >95:5
MeO,C CO,Me MeO,C COzMe

Recently, we reported that thiophenol is a very efficient
reagent to generate alkenyl radicals suitable for 1,5-hydrogen O QI

transfer-cyclization reactions leading to cyclopentane 5 90% 78:22

derivatives'®> 17 This high vyielding process was the key N
. . . MeO,C CO,M COzMe
reaction for a recent total synthesis of)(erythrodiené? ooz LRaNe MeO.C ;Ph
The efficiency of the thiophenol-mediated hydrogen transfer Il H
N 6 92% 90:10
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Next, the preparation of functionalized pyrrolizidinones
and indolizidinones using a highly modular approach was Table 2. Cyclization of N-Homopropargylic Pyrrolidinones and
examined. The precursors-12were prepared from simple  piperidinones
imines by condensation with various allenylzinc species

. PhSH (2 eq)
according to Scheme 2. gr\‘ ABNGed _
tBuOH reflux
| n=12

Scheme 2. Preparation of Homopropargylic Amines via

Addition of Allenylzinc Species to Imines Derived frops and substrate prOdlslgﬁ
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The radical cascade reactions leading to pyrrolizidinones
13—16and indolizidinonedl7—18were investigated next, 12
and the results are summarized in Table 2. The substitution
of the homopropargylic side chain plays a crucial role in
this process. aNMR vyield, the product is contaminated by the noncyclized reduced

Monosubstituted homopropargylamiielid not afford the ~ Product and the benzothiophene derivative.
expected cyclized produd3 but gave the alkenylsulfide
resulting from a simple addition of thiophenol to the alkyne.
The presence of vicinal substituents on the homopropargyl
moiety increases the rate of hydrogen tran&f&ior instance,
compound8 gave the desired pyrroliziding4 in moderate
yield. Analysis of the crude reaction mixture by NMR and
GC/MS indicated the presence of two major side products,
the reduced alkenyl phenyl sulfide as well as a benzo-
thiophene derivative resulting from the addition of the alkenyl
radical intermediate onto the phenyl ri?l?@yclization of9 _
afforded15in high yield (87%, di= 90:10). A slightly lower : .
diastereoselectivity was observed with which led to16 Scheme 3. Stereoselective Three-Step Preparation of a
in 89% vyield (dr= 61:39). Similarly, indolizidinones were 1-Methylene-2,3-disubstituted Indolizidin-5-one
prepared using this method. For instance, piperidindries
and12 afforded the corresponding cyclized indolizidinones
17 (87%, dr= 95:5) and18 (92%, dr= 78:22) in high yields
and good to moderate stereoselectivities.

The relative configuration of the four contiguous asym-
metric centers was attributed by NOE experimentsl@n
NMR analysis of 18 allowed confirmation the relative
configuration of the major diastereomer. However, we were

18 92% 78:22

not able to determine with full confidence the relative
stereochemistry of the minor diastereomer. The crude product
of this reaction containind8 as 78:22 mixture of isomers
was oxidized to the corresponding sulfoxides with 1 equiv
of m-CPBA. Heating the sulfoxides at 18C afforded the
corresponding 1-exo-methylene-substituted indolizidin-5-one
19 in 38% yield from12 (Scheme 3). The formation of a

(20) Poisson, J. F.; Normant, J. Brg. Lett.2001,3, 1889—1891.

(21) Jung, M. ESynlett1999, 843—846.
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cyclization process involving thiophenol; see ref 16 for details.
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single diastereoisomer, albeit in modest overall yield (not ||| N RN

optimized), was confirmed by GC/MS afid NMR analyses. Scheme 4. Mechanistic Investigation
This indicates that the diastereomersl® differ by their
relative configuration at C1. Interestingly, the stereochemical
outcome of the cyclization of compoun#ls-12does not fit

with a classical chair-like transition state frequently encoun-
tered in radical cyclizatiof® Allylic strain (A%strain) forces

the amide to adopt the conformation depicted in red, whereas
the alkenyl sulfide moiety adopts a skew butene conformation
depicted in blue. As result, a boat-like transition state is
favored that leads to preferential formation of the major
diastereomers depicted in Tablé®2.

The assumed mechanism of the reaction (Scheme 4,
pathway a) involves a radical cascade initiated by addition
of a thiyl radical onto the alkyne moiety leading &d
followed by an intramolecular 1,5-hydrogen transfer, a 5-exo-
trig cyclization ofa2, and finally a reduction of the cyclized
radicala3 by thiophenol. However, an alternative mechanism
(Scheme 4, pathway b) could be envisaged. Direct hydrogen
atom abstraction by the thiyl radical could afford the
a-aminyl radicalbl that undergoes a 5-exo-dig cyclization
to b2, followed by a reduction to the exo-methylene
derivativeb3. Finally, radical addition of thiophenol %3
should afford the cyclized produdf. This second mecha-
nism has to be envisaged since thiyl radicals are known to
abstract hydrogen atoms bound to an amino-substituted
carbon centet! Analysis of the crude reaction mixture did
not allow detection of the exo-methylene intermedibBe
Moreover, a deuterium-labeling experiment was conducted
(Scheme 4), and only the monodeuterat@edl; was isolated
in 95% yield (no bisdeuterated produdt-d, detected). These
two experimental results support pathway a over pathway
b.

In conclusion, we have reported here a fast access to
1-azabicyclic alkanes such as pyrrolizidine and indolizidine

derivatives from easily accessible precursors. This procedure  acknowledgment. We thank the Swiss National Science
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with a high flexibility. We are currently further investigating
the application of this chemistry for the total synthesis of
alkaloids.
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