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The concise total synthesis of securinine in nine steps from readily available starting materials is described. Key steps of the synthesis
include an addition of a silyloxyfuran to an in situ generated iminium ion and a novel ring closing metathesis reaction.

Securinine {, Figure 1) is a member of the Securinega family interesting structural characteristics, securinine lends itself
of alkaloids, and it embodies the basic structural features of as a challenging synthetic target and continues to attract the
this class of natural products. The compound is an architec-attention of synthetic chemists. In addition to its interesting
turally interesting target, which contains an indolizidine structure, securinine possesses CNS biological activity as a
skeleton, a butenolide moiety, and an azabicyclo [3.2.1] GABA receptor antagonig®f. In this Letter we will present
system. Securinine was isolatdd 1956, and its structure  a general approach to the skeleton of the Securinega alkaloids
was elucidated in 1962 by degradation and by spectroscopicand the total synthesis of securinine in nine overall steps
studies®’ The structure of securinine was confirmed by X-ray from readily available starting materials.

crystallography in 1965To date, one totaland one formdl We envisioned an approach to securinine as depicted in
synthesis of securinine have been reported. Additionally, Scheme 1. A stereoselective addition of silyloxyfufato
preliminary accounts toward the total synthesis of securinine an iminium ion generated in situ from substratevould
have been discloséd.Due to its compact nature and furnish a butenolide-containing intermediate with a quater-
nary carbon center, which would be converted to compound

(1) CNS medicinal chemistry.

(2) Pfizer medicinal chemistry co-op student. Current address: Saint
Joseph College, Hartord, CT ]

(3) Small molecule X-ray crystallography, Pfizer Global Research and
Development, Groton, CT.

(4) Murav'eva, V. |.; Ban’kovskii, A. 1.Dokl. Akad. Nauk SSSE956,
110, 998.

(5) (a) Satoda, I.; Murayama, M.; Tsuji, Y.; Yoshii, Eetrahedron
Lett. 1962,3, 1199. (b) Nakano, T.; Yang, T. H.; Terao, Betrahedron
1963,19, 609.

(6) Imado, S.; Shiro, M.; Horii, ZChem. Pharm. Bull1965,13, 643.

(7) Horii, Z.; Hanaoka, M.; Yaamawaki, Y.; Tamura, Y.; Saito, S.;
Shigematsu, N.; Kotera, K.; Yoshikawa, H.; Sato, Y.; Nakai, H.; Sugimoto, 1
N. Tetrahedron1967,23, 1165. .

(8) Honda, T.; Namiki, H.; Kudoh, M.; Watanabe, N.; Nagase, H.; Figure 1.

Mizutani, H. Tetrahedron Lett2000,41, 5927.

10.1021/0l0070482 CCC: $20.00  © 2001 American Chemical Society
Published on Web 02/06/2001



Scheme 1
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8 via the 1,4 addition of allyl phenyl sulfoxide. Compound
8 would be transformed to substraté via a ring closing

Martin and co-workers as the key step in the elegant
syntheses of other butenolide-containing natural products and
advanced intermediatésln the event, treatment of 2-ethoxy
piperidine derivativel with furan3 and several Lewis acids
yielded variable mixtures of the diastereomeric butenolides
5a and 5b and a product consistent with the structure of
furanoned. The effect of Lewis acids on the stereoselectivity
of this transformation will be discussed in subsequent
communicationd® Optimum reaction conditions that mini-
mized the formation of furanon@were discovered when a
mixture of furan3 with 2-ethoxy piperidinet in heptane at
—78°C was treated with 0.1 equiv of TIPSOTf. Under these
reaction conditions a 78% yield of butenolides, 5b, and
6 was obtained in a ratio of 8:2:1, respectively. Substrates
5a, 5b, and6 were separated by flash chromatography.
The stereochemistry of the major addet was deter-
mined from a crystal structure of the amine hydrochlofide
(Figure 2). Compound was produced by removal of the

metathesis reaction and subsequent installation of the buteno_

lide double bond. The total synthesis of securinine would
result from an amino-cyclization reaction of an intermediate
dibromide stemming from compourid..

The synthetic steps are described in the schemes below.

The first step of the synthesis involved the preparation of
silyloxyfuran 3, which was produced in 82% yield upon
treatment of the readily available silyloxyfurah' with sec-
BuLi and TMEDA at 0°C in heptane followed by addition
of allyl bromide (Scheme 2). The preparation of silyloxyfuran
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a(a) sec-BuLi, TMEDA, allyl bromide, THF, (°C, 82%:;(b)
TIPSOTf, heptane;-78 °C, 78%; (c) HCI, EtOAc, rt, 85%.

3 set the stage for its addition to an iminium ion generated
in situ from the readily available 2-ethoxy piperidine
derivative4.1? This reaction, described in the literature as a
vinylogous Mannich reactiot?, has been highlighted by

704

Figure 2.

N-Boc group in5a with HCI in ethyl acetate at room

temperature in 85% yield. The X-ray structure of compound
7 confirmed that the stereochemical relationship of the
piperidine group and the butenolide moiety in the major
isomer5ais consistent with the stereochemical relationship
of the piperidine and butenolide moieties found in securinine.
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Our attention was subsequently turned to the elaboration ||| [ N A

of 5ainto a ring closing metathesis (RCM) precursor. Efforts Scheme 2
to convert the major stereocisom&a into the desired

substrate by addition of allyl cuprate reagents were unsuc- i

cessful. Adduct5a was converted into a ring closing a HO\JW

metathesis reaction precursor via the 1,4-addition of the anion Q $ not

of allyl phenyl sulfoxide'® Thus, compoun® was prepared Py /_2

in 71% vyield by treatment of excess allyl phenyl sulfoxide " 070 ar

(2 equiv) with LIHMDS (2.1 equiv) in THF at-78 °C R = Boc 12 13
followed by addition of 1 equiv oba in THF and stirring

of the reaction mixture at-45 °C for 5 h. Compounds, ?(a) Bromine, chloroform, OC to rt.

which represents a novel substrate for a ring closing
metathesis reaction by virtue of its terminal vinyl sulfoxide ] . .
functionality, was recovered as a single diastereomer on the With the formation of compound1 secured, the amino-
basis of NMR spectroscopic analysis. With compouhd cycllzatlon react_lon and .the mstallatlo_n of the conjugated
available, we sought to develop conditions for the crucial di€ne functionality remained as the final obstacles to the
RCM transformation. Numerous elegant applications of the COmPpletion of the total synthesis of securinine. We envi-
ring closing metathesis reaction in the total synthesis of Sioned dibromidel3, resulting from selective bromination
natural products have recently been repoteth this of the nonco_njugated olefin ihl, as the precursor to aflna!
instance, treatment of compoudwith 0.2 equiv of the tandem cychzgtlon—_dehydrohalt_)genatlon _stgp. Con\(ersmn
Grubbs reager@'® in refluxing 1,2-dichloroethane yielded of a related dibromide to securinine, albeit in low _ylelds,
an approximately 15% yield of the desired produst. has beep repgrte7dHowever, in an attempt to optam_the
Gratifyingly, treatment of8 with a full equivalent of the ~ (@rget dibromide by treatment ofl with bromine in
Grubbs reagent furnishedin 79% yield. Efforts to optimize ~ chloroform we obtained the cyclic carbamdi2 in nearly

the efficiency of this transformation utilizing the recently duantitative yield (Scheme 4). The structure 1t was
reported reagents with increased reactiityill be described verified by X-ray crystallography (Figure 3).

in due course.

With compoundl0 in hand, our attention was turned to
the installation of the butenolide double bond. Thus, treat-
ment of 10 with LIHMDS and phenyl selenyl bromide in
THF at —78 °C followed by oxidative elimination of an
intermediate phenyl selenide under the influence gdHn
dichloromethane at €C furnishedl1in a 43% yield overall
(Scheme 3).
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8 The total synthesis was subsequently completed by reversal
of the reaction sequence. Thus, removal of the nitrogen-
protecting group ofL1 with trifluoroacetic acid in dichlo-
. d romethane at ambient temperature and treatment of the crude
— trifluoroacetate salt4 with bromine in chloroform afforded
dibromidel5 (Scheme 5). Treatment of the crude dibromide
15 with K,COs in DMF at 70°C yielded securinine in 78%
1 yield for the three final steps, thus completing the total
a(a) Allyl phenyl sulfoxide, LIHMDS, THF,—78 to —45 °C, synthesis in nine overall steps. The proton and carbon NMR
71%; (b) Grubbs catalyS, 1,2-dich|9roethane, 78C, 79%; (c)
LIHMDS, THF, phenyl selenyl bromide;78 °C to rt; (d) RO, (16) (a) Hua, D. H.; Sinai-Zingde, G.; Venkataraman,)SAm. Chem.
dichloromethane, 0C, 43% for steps ¢ and d. Soc.1985,107, 4088. (b) Hua, D. H.; Venkataraman, S.; Coulter, M. J.;
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Org. Lett., Vol. 3, No. 5, 2001 705



Scheme 8
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a(a) TFA, dichloromethane; (b) bromine, chloroform10 °C
to rt; (c) K;COs, DMF, 70°C, 78% for steps ac.

spectra obtained from the synthetic securinine were identical

a silyloxyfuran to an iminium ion, a stereoselective 1,4
addition of phenyl allyl sulfoxide to a butenolide moiety,
and a novel ring closing metathesis reaction. The approach
described herein represents a general strategy for the
synthesis of additional members of the Securinega alkaloid
family such as norsecurinine.
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