JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Total Synthesis of (-)-Strychnine
Yosuke Kaburagi, Hidetoshi Tokuyama, and Tohru Fukuyama
J. Am. Chem. Soc., 2004, 126 (33), 10246-10247+ DOI: 10.1021/ja046407b « Publication Date (Web): 29 July 2004
Downloaded from http://pubs.acs.org on April 1, 2009

TBSO
OoTBS

nl:o —

+
COzMe

Iz

COzMe

(-)-Strychnine

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 3 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja046407b

JIAIC[S

COMMUNICATIONS

Published on Web 07/29/2004

Total Synthesis of ( —)-Strychnine

Yosuke Kaburagi, Hidetoshi Tokuyama, and Tohru Fukuyama*
Graduate School of Pharmaceutical Sciences, drsity of Tokyo,

7-3-1 Hongo, Bunkyo-ku,

Tokyo 113-0033, Japan

Received June 17, 2004; E-mail: fukuyama@mol.f.u-tokyo.ac.jp

Strychnine 1), a well-known poison first isolated as far back as

1818! has generated considerable attention among synthetic

chemists mainly because of its architecturally complex structural
features, including the unique heptacyclic framework as well as
the six contiguous chiral centetdVhile the first total synthesis
was accomplished in 1954 by Woodw&a?dstrychnine remains a

popular target for demonstrating new reactions and novel synthetic

strategies:* In this communication, we report a concise stereo-
controlled total synthesis of strychnine wherein efficient synthetic

methodologies developed in our laboratories played crucial roles.
As illustrated in Scheme 1, our retrosynthesis relies upon an

efficient construction of the core skeleton dffrom the nine-
membered cyclic intermedia& which would be derived from the

corresponding diol by means of our 2-nitrobenzenesulfonamide

(NsNH,) strategy? To secure the geometry of the trisubstituted
olefin, we planned to cleave the cyclohexene ring at the-G3
bond of3 to generate the two side chains. The precu8should

be available from the palladium-mediated coupling reaction of
indolylmalonate4 and vinyl epoxideb.

The synthesis of vinyl epoxid® commenced with methyl 1,5-
cyclohexadienecarboxylat&)(® which is readily available from
benzoic acid §) (Scheme 2). Treatment & with NBS in the
presence of water gave bromohyd8&nwhich was subjected to an
enzymatic resolution with lipase AYS to provide the desired chiral
bromohydrin acetat® (46%, 99% ee) along with the unreacted
enantiomer (50%, 99% ee). After reduction@ivith DIBAL, the
resultant bromohydria0 was treated with base to form the epoxide,

and the subsequent protection of the primary alcohol as the TBS

ether gave the desired vinyl epoxi@e

With the requisite vinyl epoxid® in hand, the next task was to
perform the palladium-mediated coupling reactiovith indolyl-
malonate4,® which was efficiently prepared in large quantities by
modification of our protocol involving radical cyclization of
2-alkenylthioanilides. While initial attempts at the coupling reaction
with Pd(PPBR), in THF provided the desired produtt, the yield
was only 5% at best. After extensive investigation, we have found
that the choice of catalyst and ligand is crucial for this process.
Thus, when treated with R@lbay and P(2-furyl} in toluene, the
yield increased dramatically to affold in 86% yield with complete
control of regio- and stereoselectivity (Scheme 3). The coupling
productll1was then converted into didR by a four-step sequence
involving protection of the secondary alcohol as the MOM ether,
decarbomethoxylation, installation of a Boc group on the indole
nitrogen, and deprotection of the two TBS groups.

For the construction of the nine-membered cyclic amine inter-
mediate, we devised a ring-closing doublalkylation of NsNH
with diol 12 (Scheme 3¥.Thus, upon subjection of didl2 to the
Mitsunobu reactioff with NsNH,, the desired nine-membered Ns-
amide13 was obtained in 95% vyield as the sole product. At this
stage, the epimeric mixture at C16 was equilibrated to the
thermodynamically more stabfzester by treatment with DBU at
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Scheme 1. Retrosynthetic Analysis
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aReagents and conditions: (a) Na, liq BHEtOH, —78 °C; (b) AcCl,
MeOH, room temp; NaOMe; (c) NBS, 40, DMSO, room temp, 62% (three
steps); (d) Lipase AYS, vinyl acetate, 4Q, 46%, 99% ee; (e) DIBAL,
CH_Cly, 0°C, 73%; (f) NaOMe, MeOH, room temp; (g) TBSCI, imidazole,
CHCl,, room temp, 61% (two steps).

100 °C. Removal of the MOM group followed by DesMartin
oxidatiort! of the resultant alcohol gave ketordd, which was
converted intoo-hydroxyketone 15 according to Rubottom’s
protocol?

The crucial construction of the core skeleton was next achieved
through a transannular formation of the iminium ion and ensuing
cyclization. Oxidative cleavage of tlehydroxyketonel5was best
performed by treatment with Pb(OAc)h methanol benzene to
furnish aldehydd 6 bearingo.,3-unsaturated ester with the desired
geometry. Removal of the Ns group froh® using the standard
conditions (PhSH,GE€0), followed by treatment with TFA and
Me,S in one-pot induced a smooth transannular cycliz&tisnts
to give the pentacyclic compourid in 84% yield from15, which
is an intermediate of the Kuehne’s total synthesid.&f Finally,

17 was converted into-)-strychninet) via the Wieland-Gumlich
aldehyde 18)'617 by way of the five-step sequence reported
earlier3de All spectroscopic data of syntheticwere identical to
those of natural strychnine.
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Scheme 3. Total Synthesis of (—)-Strychnine?@

o) TBSO
8BS OTBS OTBS
e Pl H
COMe MeOZC COyMe
4 5 11
~OMOM _i
mOMOM
Boc o, M BOC Co,Me
Ns
N
jk 0 |
I| H _—
g OH
Boc CO,Me 0C COMe
14 15
Ns
N
I Z>COMe m
HO
N c
Boc Co,Me
16
N
9, ’ hnine (1
AN, 2 QL] oo
A coMe HH \
CO,Me
HO™ “O
17

Wieland-Gumlich aldehyde (18)

aReagents and conditions: (a)Rtba}, P(2-furyl), toluene, room temp,
86%; (b) MOMCI,i-PrNEt, CHCl, room temp; (c) Lil, collidine, 8GC;
(d) BogO, DMAP, MeCN, room temp; (e) NiF-HF, DMF—NMP, room

temp, 72% (four steps); (f) NsNHPPh, DEAD, toluene, room temp, 95%;

(g) DBU, toluene, 100°C; (h) ag HCI, THF, 50°C; (i) Dess-Martin
periodinane, CHCly, 0 °C, 69% (three steps); (j) TMSOTT, #4, CHyCl>,
0°C; (k) mCPBA, ag NaHC@—-CH,Cl,, 0°C; aq HCI, MeOH, room temp,
66% (two steps); (I) Pb(OAg) MeOH-benzene, 0C; (m) PhSH, C£CO;,
MeCN; TFA, MeS, CHCl,, 50°C, 84% (two steps); (n) DIBAL, B§OEtb,
CH,Clp, —78°C, 93%; (0) NaBHCN, AcOH, 10°C; (p) NaOMe, MeOH-
THF, room temp; (q) DIBAL, CHCIz, —98 °C; (r) CHx(CO.H)2, NaOAc,
Ac0, AcOH, 110°C, 42% (four steps).

In conclusion, we have completed an stereocontrolled total
synthesis of {)-strychnine 1), demonstrating the uniqueness of
the nitrobenzenesulfonamide chemistry in constructing the medium-
sized cyclic amine. Finally, it should be noted that the facile
construction of the polycyclic core skeleton was made possible by
the removal of the nosyl group under very mild conditions. We
believe that the chemistry described herein would be useful for the

preparation of a variety of alkaloids.
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