Multicomponent Linchpin Coupling of
Silyl Dithianes Employing an N-Ts

ORGANIC
LETTERS

2004
Vol. 6, No. 9
1493-1495

Aziridine as the Second Electrophile:
Synthesis of (-)-Indolizidine 223AB

Amos B. Smith, llII* and Dae-Shik Kim

Department of Chemistry, Monell Chemical Senses Center and Laboratory for
Research on the Structure of Matter, Waisity of Pennsylania,

Philadelphia, Pennsyhnia 19104

smithab@sas.upenn.edu

Received March 3, 2004

ABSTRACT

(-)-Indolizidine 223AB (1)

vNTS
H o .
- TBSO"

An efficient, stereocontrolled assembly of the indolizidine alkaloid, (-)-indolizidine 223AB, exploiting a three-component linchpin coupling
employing an N-Ts aziridine as the second electrophile, followed by a one-pot sequential construction of the indolizidine ring system, has
been achieved. The longest linear sequence was 10 steps, proceeding in 10% overall yield.

Dithianes, important umpolung linchpins in organic chem-
istry,! are frequently employed both for the stereocontrolled
generation of protected aldol producésd for the union of
advanced fragments in complex molecule synthEsi€.997,
we introduced a variant of dithiane chemistry, specifically
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the use of silyl dithianes for multicomponent linchpin
couplings of diverse epoxide electrophiles, exploiting a
solvent-controlled Brook rearrangeménthis tactic now
comprises the central strategic element in several completed
and ongoing synthetic ventures in our laboratoryo
advance this synthetic tactic further we have recently
explored the use of nitrogen-containing electrophiles such
asN-Ts aziridine$ as the second electrophilic agent in the
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multicomponent linchpin protocol for accessing protected

1,5-amino alcohols in a stereocontrolled fashion (Scheme

1)7
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In this Letter, we report application of this tactic for the
efficient construction of €)-indolizidine 223AB (), a
representative alkaloid isolated from the skin of the neotro-
pical dart-poison frogs belonging to the gerdsndrobates
(Scheme 2§.0ur synthetic approach calls for the construc-
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tion of 2, via a three-component linchpin coupling of silyl
dithiane4 with epoxide3 and known aziridiné,® followed
by sequential conversion to the indolizidine alkaloid.

We began this venture with the ready construction of
scalemic epoxide3, exploiting Carreira alkyne methodol-
ogy° in conjunction with a Jacobsen hydrolytic kinetic
resolution (HKR}! (Scheme 3). Toward this end, propargylic
alcohol ()-8 (Scheme 3) was prepared from commercially
available 4-pentend both in high yield and with excellent
enantioselectivity ¥ 99% ee determined by chiral HPLC)

(6) ForN-Ts aziridine ring-opening reactions of lithiated dithiane anions,
see: (a) Bates, G. 8. Chem. Soc., Chem. Comm@79 161. (b) Howson,
W.; Osborn, H. M. |.; Sweeney, J. Chem. Soc., Perkin Trans.1D95
2439. (c) Mao, H.; Joly, G. J.; Peeters, K.; Hoornaert, G. J.; Compernolle,
F. Tetrahedron2001, 57, 6955. (d) Reich, H. J.; Sanders, A. W.; Fiedler,
A. T.; Bevan, M. J.J. Am. Chem. So@002 124, 13386.

(7) There is one report of an intramolecular linchpin reaction between a
dithiane and the 1,4-biselectrophile, 1,2-epimino-3,4-ep&ky<$)butane,
in which the aziridine moiety played a role as the second electrophile;
Harms, G.; Schaumann, E.; Adiwidjaja, Synthesi001, 4, 577.

1494

Scheme 3
] OH
\/\J Zn(OTf),, 1-butyne, TEA
X (-)-7, toluene, rt (83%) )-8 N
: -
OoN > 99 o/o ee

HO N
)77
oTBS 1) m-CPBA, DCM
TBSOTY 1t (78%, 1:1 dr)
2,6-lutidine, DCM AN 2) Hy, Pd/C, EtOAC
(98%) (+):9 (92%)
OTBS (R,R)-10-OAc (0.01 eq)
H,0 (0.55 eq), THF
(+)-3 + 2-epi-(+)-3 ) Q .
=N__ N=
Co
tBuQO obfrsu
+Bu +Bu
(R,R)-10
OTBS OTBS
HO™ +
OH ()11 (47%) 07 ()3 (49%)
| )Pl pyr, DCM T

2) MsCl, TEA, DMAP, DCM
3) K,CO3, MeOH
(68% for 3 steps)

via the Carreira protocol, using the Jiang chiral ligang-(
7.13 Protection of the hydroxyl functionality as the TBS ether,
followed in turn by nonstereoselective epoxidation with
m-CPBA and complete hydrogenation of the triple bond,
furnished {-)-3 and 2epi(+)-3, as a diastereomeric mixture
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(ca. 1:1). JacobserHKR employing10'* as the catalyst led
to the desired epoxideH)-3 along with diol (+)-11, both
diastereomerically pure (e.gtH and 3C NMR).* After
separation by flash chromatography, di¢){11 was trans-

(-)-12 (24%)

formed to (+)-3 by chemoselective pivaloylation, followed
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tion.*” Reductive removal of the dithiane with Raney Ni then
completed the synthesis of-J-indolizidine 223AB (),'8

by mesylation of the secondary alcohol and ring closure Which possessed spectral data (e.g., 500 MHzand 125

employing potassium carbondfeln this way, the mixture
of (+)-3 and 2epi(+)-3 was transformed into puret)-3,
with an overall efficiency of 81%.

With epoxide @)-3 and known aziridine<)-5 available?
the latter readily prepared fromnorvaline in two step®?

Hz %C) identical in all respects to the spectral data of
authentic synthetic<)-indolizidine 223AB ()% provided
by Professor Eun Lee (Seoul National University).

In summary, an efficient, highly stereocontrolled synthesis
of (—)-indolizidine 223 AB () has been achieved. Highlights

we executed the multicomponent linchpin coupling. Pleas- of the synthesis include the three-component linchpin

ingly, lithiation of dithianed in Et,O (=78 °C), followed in
turn by addition of epoxide+)-3, warming to—25 °C over

coupling of &)-3, 4, and ¢)-5, followed by a one-pot
sequential cyclization to construct the indolizidine ring. The

a period of 1 h, stirring the reaction mixture for an additional longest linear sequence from 4-pentené) (o (—)-1,

4 h at—25 °C, and then adding aziridine-{-5 in Et,O
containing HMPA (0.6 equiv) and warming to 0C,

proceeding in an overall yield of 10%, was 10 steps.
Importantly, the synthetic strategy holds promise for the

furnished ()-2 in 56% isolated yield, accompanied by construction of a wide variety of indolizidine, quinolizidine,
dithiane (-)-12 (24%) not having undergone reaction with and quinolizine alkaloids, simply by altering the epoxide and

aziridine )-5 (Scheme 4}¢ The structure of £)-2 was
secured by carefdH and*C NMR experiments.
Having arrived at the carbon backbone ef){indolizidine

aziridine of the three-component linchpin coupling protocol.
Studies both to employ this tactic for alkaloid synthesis and
to exploit other nitrogen-containing electrophiles are under-

223AB (1), we now faced the task of constructing the way in our laboratory and will be reported in due course.

indolizidine ring system (Scheme 5). Toward this end,

removal of the TBS groups in«)-2 (TBAF/THF) furnished
diol (—)-13in high yield. Mesylation (MsCI, TEA, DCM, 1
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the dithiane moiety, the first cyclization was very slow (40 h), resulting in
low yield (55% for mesylation and the first cyclization).

(18) Optical rotations in two solvents were]p —43° (c 0.47,n-hexane)
(lit.85 —44° (c 1.0, n-hexane)) andd]p —85° (c 0.42, MeOH) (lit8h —88°
(c 0.50, MeOH)).
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