
Communications
Total Synthesis of (-)-Stemoamide Using
Ruthenium-Catalyzed Enyne Metathesis
Reaction

Atsushi Kinoshita and Miwako Mori*

Faculty of Pharmaceutical Sciences, Hokkaido University,
Sapporo 060, Japan

Received September 4, 1996

Stemoamide, which was first isolated from the roots
and rhizomes of Stemonaceous plants, is a polycyclic
alkaloid similar to stemonine, stenine, and stemospiro-
nine and possesses powerful insecticidal activity.1,2 The
first total synthesis of stemoamide was achieved by
Williams.3 We report here the total synthesis of (-)-
stemoamide from (-)-pyroglutamic acid using a ruthe-
nium-catalyzed enyne metathesis developed by Grubbs4
and our group5 that requires 14 steps.
Intramolecular enyne metathesis6 is a very attractive

and unique tool for synthetic organic chemistry. We
previously reported the enyne metathesis using a ruthe-
nium catalyst developed by Grubbs.4b,5 The important
characteristic features of intramolecularly enyne meta-
thesis are that the carbon-carbon bond formation be-
tween the alkene and alkyne occurs to give a cyclization
product, and the alkylidene part of the alkene moiety
migrates to the alkyne carbon (Scheme 1). The resultant
diene moiety can be used for subsequent synthetic
transformations.
Our retrosynthetic analysis of (-)-stemoamide is shown

in Scheme 2. If the enyne metathesis of compound 3 is
realized using a ruthenium catalyst, cyclized product 2
should be formed. Using the diene part of 2, stemoamide
(1) should be synthesized. The enyne 3 should be

prepared from (-)-pyroglutamic acid (4) and 5-bromo-1-
pentene (5).
The starting enyne was prepared from (-)-pyroglutam-

ic acid, which was converted into compound 6 as de-
scribed in the literature (Scheme 3).7 Alkylation of the
sodium salt of 6 with 5-bromo-1-pentene (5) proceeded
smoothly in DMF and was followed by deprotection with
TsOH in MeOH to give alcohol 7 in high yield. Oxidation
of 7 with oxalyl chloride and DMSO was followed by
treatment with CBr4 and PPh3 in a one-pot reaction.8 The
resultant dibromoalkene was treated with BuLi at -98
°C to give enyne 8a, which was treated with an equimolar
amount of LDA and then an excess amount of MeI to give
enyne 8c in 80% yield. Similar treatment of 8awith LDA
and then ClCOOMe at -98 °C gave enyne 8d in 68%
yield.
When a benzene solution of enyne 8c and a catalytic

amount of ruthenium catalyst 9a (5 mol %) was stirred
at 50 °C for 11 h, enyne metathesis proceeded smoothly
to give a 5,7-fused compound in 73% yield (Scheme 4).
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Photoirradiation of 10c in the presence of methylene
blue under oxygen gave two products, 11a and 11b, in
yields of 9% and 8%, respectively, along with the starting
material (51%) (Scheme 5). The cause of the low yield
of the desired products, 11a and 11b, is believed to be
the fact that the two double bonds of 10c are not
conjugated. The chemical shifts of the vinylic protons of
10c [4.90 (bs, 1 H), 4.95 (bs, 1 H), 5.92 (dd, J ) 5.7, 9.1
Hz, 1 H)] appear at a higher field than those of the usual
vinylic proton of the conjugated diene on the NMR
spectrum. With regard to enyne metathesis, we previ-
ously reported the effects of the substituents on the
alkyne. Enyne metathesis with a carbomethoxy group
on the alkyne gives a cyclized product in low yield, since
the conjugated diene with a carbomethoxy group gener-
ated in this reaction is unstable under these reaction
conditions.5 However, the diene of this cyclized product
10c would not be conjugated because of the steric effect.
We were very surprised to find that when a CH2Cl2
solution of enyne 8d was stirred in the presence of a
catalytic amount of ruthenium catalyst 9b4c (4 mol %) at
room temperature for 5 h the desired metathesis product
10d was obtained in 87% yield.
Treatment of 10d with NaBH4 gave 12 as two insepa-

rable isomers, which were hydrolyzed to give the corre-
sponding carboxylic acid (Scheme 6). Bromolactoniza-
tion9 proceeded smoothly via 5-endo-trig cyclization, and
two products, 13 and 14, were obtained in yields of 25%

and 31%, respectively. Compound 13 could be easily
converted into 14 by treatment with NEt3.10 The stere-
ochemistries of these compounds were not determined
at this stage. However, on the basis of a molecular
modeling study, it was thought that the carboxylate
would attack from the â-face of the olefin in bromolac-
tonization because of the stability of the product, and the
bromine was expected to be oriented anti to the oxygen.
Treatment of enone 14 with NaBH4 in the presence of
NiCl2‚6H2O in MeOH11 gave (-)-stemoamide (1), whose
melting point, spectral data, and [R]D value agreed with
those reported.2g,3 In this reaction, the hydride must be
introduced to the â-face due to steric requirements, and
the methyl group is placed cis to the ring-junction proton
because of thermodynamic stability. The total synthesis
of (-)-stemoamide was accomplished from (-)-pyro-
glutamic acid in 14 steps in 9% overall yield. Further
studies are in progress.
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Scheme 4. Cyclization of Enynes Using
Ruthenium Catalysts

Scheme 5

Scheme 6. Synthesis of (-)-Stemoamide
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