ORGANIC
LETTERS

Total Synthesis of (—)-Aspidospermine el 03
via Diastereoselective Ring-Closing 749751

Olefin Metathesis

Yu-ichi Fukuda, Mitsuru Shindo, and Kozo Shishido*

Institute for Medicinal Resources, University of Tokushima,
1-78 Sho-machi, Tokushima 770-8505, Japan

shishido@ph?2.tokushima-u.ac.jp

Received January 7, 2003

ABSTRACT

OTBDPS OTBDPS

R=TMS (-)-aspidospermine

An enantiocontrolled total synthesis of (—)-aspidospermine has been achieved. The key element of the strategy is the diastereoselective
construction of the quaternary stereogenic center employing 1,4-asymmetric induction during the ring-closing olefin metathesis.

Aspidospermine (1), an alkaloid that belongs to a family of reaction, we developed a novel methodology based on the
aspidosperma indole alkaloidifias generated considerable ring-closing metathesis (RCM) reactioms shown in Scheme
interest because of its characteristic pentacyclic structural15

feature and its biological profile. Consequently, for almost  When the trieneg with a tertiary stereogenic center and
40 years, intense activity has been directed toward the totala prochiral quaternary carbon center were treated with
synthesis of this intriguing alkaloid (Figure 1).
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Scheme 1. Diastereoselective Ring-Closing Metathesis
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Grubbs’ ruthenium carbene compléxthe cyclohexene3
with a quaternary stereogenic center were obtained via 1,4
asymmetric induction in good chemical yield with up to 86%
de (in the case of R='Pr, R = TMS). In this communica-
tion, the application of our RCM methodology in an
enantiocontrolled total synthesis of (—)-aspidospermine (1)
is described.

(—)-Aspidospermine (1) can be obtained from optically
active lactanb, which could be prepared frof) according
to the procedure developed by StétkiVe envisaged that a
pivotal construction of the quaternary carborimight be
realized diastereoselectively by RCM reaction of the triene
7, which in turn would be derived from the dienyl alcohol
8, as shown in Scheme 2.

Scheme 2. Retrosynthetic Analysis
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Preparation of the trien@ (R = H), the substrate of dia-
stereoselective RCM reaction, began with the reaction of the
amide9, prepared fromy-butyrolacton€,with 3-(tert-butyl-
dimethylsilyloxy)propyllithiun® followed by the Horner
Emmons reaction to give the unsaturated esfeiReduction
with DIBAL-H followed by vinylation afforded the vinyl
ether 11, which was treated with triisobutylalumindrto

(4) For recent reviews, see: (a) Trnka, T. M.; Grubbs, RAEt. Chem.
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(8) Wilson, S. R.; Zucker, P. AJ. Org. Chem1988,53, 4682—4693.
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provide the alcohol2 in good overall yield. Dehydratiéh
followed by selective deprotection of the TBS ether afforded
the hydroxy diend3, which was converted into the hydroxy
triene 13 via sequential Wittig olefination and DIBAL-H
reduction. Katsuki—Sharpless asymmetric epoxidatton,
iodination of the resulting epoxy alcoht¥, and treatment
with zinc/AcOH produced the optically pure hydroxy triene
7 (R = H) (>99% ee by the MTPA ester). The absolute
stereochemistry of the tertiary stereogenic center was con-
firmed to beS according to the modified Mosher metHéd
(Scheme 3).
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aReagents and conditions: (a) (i) TBSO(g#Br, ‘BuLi, THF,
—78 °C — 1t; (ii) (EtO),P(O)CHCO.Et, NaH, DME, reflux. (b)
(i) DIBAL-H, THF, 0 °C; (ii) EtOCH=CH,, Hg(OAc), reflux. (c)
iBusAl, CH.Cl,, rt. (d) (i) o-Nitrophenyl selenocyanateBusP, THF,
rt; (i) H.O,, THF, rt; (i) 1% HCI, EtOH, rt. (e) (i) (COCBh,
DMSO, EgN, CH.Cl,, rt; (i) PhsP=CHCQELt, benzene, reflux;
(i) DIBAL-H, THF, 0 °C. (f) L-(+)-DIPT, Ti(OiPr), TBHP, 4 A
MS, CH,Cl,, 25°C. (g) (i) I, PhsP, imidazole, benzene, rt; (i) Zn,
AcOH, 50°C.

The triene7 (R = H) was converted by conventional
means into the corresponding MOM, benzyl, and TMS ethers
and the benzoate ester. These compounds were treated with
10 mol % ruthenium carbene compléxn CH,ClI, solution
(0.02 M) at room temperature for 48 h. The results are shown
in Table 1. The best result was obtained in the case sf R
TMS to afford the cyclohexend (R = H) quantitatively
with 74% de (entry 5) after acidic hydrolysis. Fortunately,
since the two diastereomers could be easily separated by
chromatography, the optically puewas obtained in 74%
yield (Table 1). Although the absolute configuration of the
newly generated quaternary stereogenic center could not be
determined at this stage, it was proposed tdtsccording
to our previous study. This was confirmed by its conversion
into the known lactan®.
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Table 1. RCM Reaction of Trien& Leading to6 Scheme 4

| OTBDPS TBDPSO ? g
x = 4 (10 mol %) - a R ¢ HN
. oo A 6 (R=H)—— e
RO CH,Cl, RO (86%) @6%) o
Lo

7 (0.02 M) 6 1)
e oo [ 8180
yield [%] of 6 diastereomeric ) X
entry R (recovered 7 [%]) ratio d CI\)J\N R /)LN

1 H 7 (81) 59:41 "7 o “79%) '
2 Bz 95 (5) 72:28b &/O 0
3 MOM 92 (5) 85:15 ” frzom [ 18%=0
4 Bn 94 (6) 88:12 TR
5 TMS quantitative? (0) 87:13b

h
2|solated as alcohd (R = H) after hydrolysis® Diastereomers can be (22% from 19) e

separated by chromatography.

aReagents and conditions: (a) (i) TBAF, THF, rt; (ii) Jones
The optically pures (R = H) thus prepared was desilylated Cixi(dt';lt(ign, ?Cce)tgr:_'eyort-b(b) 0] (CO%I)CTﬁCb, l-{(ta ((é%d(N)us Tfll-lF
H ; ; rt. (c) (i) p-Ts -0, benzene, reflux, then , reflux;
T, ) oy ot 1 0 L T o () GO,

8 . ) ’ EtsN, CH,Cly, rt. (e) (i) 1 N HCI, THF, reflux; (i) KOBu, benzene,
amide 16 with p-TsOH in refluxing benzene afforded the reflux. (f) (i) HO(CH,),OH, p-TsOH-HO, benzene, reflux; (ii)
corresponding keto lactam, which was ketalized and whose BHz- THF, reflux; (iii) 1 N HCI, THF, reflux. (g) (i)o-Methoxyphenyl-
double bond was reduced to give the keto lactanThe hydrazine-HCI, NgCO;, EtOH, reflux; (i) AcOH, 95°C. (h) (i)
enantiomer of compoun8 is identical to an intermediate  LAIH 4 THF, 1t; (i) Acz0, pyridine, rt.
synthesized by Meyefé With the key intermediate in hand,
we converteds into 1 using a slightly modified procedure
of Stork?2 Reduction of the lactam carbonyl followed by
acylation with chloroacetyl chloride affordedl7. After
hydrolysis of the ketal moiety, treatment with base produce
the tricyclic keto lactaml8. For the selective reduction of
the lactam carbonyl, the ketone was reprotected as a ketal
reduced with borane, and hydrolyzed to gh& It was then
converted into thed-methoxyphenylhydrazone, which was
heated in acetic acid to afford the pentacyclic compa2d
Finally, sequential treatment with LiAlHand acetic anhydride/

pyridine produced -)-aspidospermine (1), whose spectral . ) . _ )
properties and optical rotations are identical to those SuPPOrting Information Available: Experimental pro-
reported® (Scheme 4). cedures anéH and®*C NMR data. This material is available

free of charge via the Internet at http:/pubs.acs.org.

In summary, we have completed an enantiocontrolled total

synthesis of {)-aspidospermine using a methodology for
d assembling the quaternary stereogenic center via a diastereo-
selective RCM reaction developed in our laboratory. The
optically active cyclohexenol derivativ@ produced by the
RCM reaction is suitably functionalized and could be a
versatile chiral building block not only for aspidosperma
indole alkaloids but also for other biologically important
natural products.
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