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ABSTRACT
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CeHyg

(3R,9R.10R)-Panaxytriol

Enyne metathesis is unique for its capacity to carry out multiple bond formation in tandem fashion. Its combined use with metallotropic
[1,3]-shift allowed for the development of a novel strategy for the total synthesis of a conjugated 1,3-diyne-containing natural product (3 ROR,-
10R)-panaxytriol.

The most unique aspect of synthetic chemistry stems fromis juxtaposed with one or more metallotropic [1,3]-shift
its capacity to create molecules crucial to addressing followed by another RCM stepln this paper, we describe
problems ranging from fundamental science to human health.a powerful tandem reaction sequence initiated by relay
The practical synthesisf these target molecules is contin- metathesid,which is followed by metallotropic [1,3]-shift
gent upon the availability of effective synthetic methods, and and cross-metathesigs a unique and efficient way for the
thus, the development of tandem reactfohsws great deal  synthesis of a 1,3-diyne-containing natural compotind.
of attention as it induces a significant increase in molecular (3R,9R,10R)-Panaxytrial was isolated as one of the
complexity within a given step. characteristic constituents BRinax ginseng. A. Meyer in
Recently, we have introduced a metathesis-based tandeni983? It exhibits inhibitory activity against a range of tumor
reaction sequence, where an enyne ring-closing metathesigell types, including human gastric adenocarcinoma (MK-

T University of Wisconsin—Madison. (3) (@) Kim, M.; Lee, D.J. Am. Chem. So2005 127, 18024. (b) Hansen,

(1) Atom-economy: (a) Trost, B. MSciencel991, 254, 1471. Step- E. C.; Lee, DAcc. Chem. Re2006 39, 509. For a review of metallotropic
economy: (b) Trost, B. MAcc. Chem. Ref002,35, 695. (c) Wender, P. [1,3]-shift, see: (c) Lee, D.; Kim, MOrg. Biomol. Chem2007,5, 3418.
A.; Bi, F. C.; Gamber, G. G.; Gosselin, F.; Hubbard, R. D.; Scanio, M. J. (4) (a) Hansen, E. C.; Lee, rg. Lett.2004,6, 2035. (b) Hoye, T. R.;
C.; Sun, R.; Williams, T. J.; Zhang, [Pure Appl. Chem2002,74, 25. (c) Jeffrey, C. S.; Tennakoon, M. A.; Wang, J.; Zhao,HAm. Chem. Soc

Wender, P. A.; Miller, B. L. Toward the Ideal Synthesis. @rganic 2004,126, 10210.
Synthesis: Theory and ApplicatiodAl Press: London, 1993; Vol. 2, pp (5) A review on cross-metathesis, see: Connon, S. J.; Blechémg®@w.
27—66. Chem., Int. Ed2003,42, 1900.

(2) (a) Ho, T.-L.Tandem Organic Reactions; Wiley: New York, 1992. (6) For a review of naturally occurring polyynes, see: Shi, Shun, A. L.
(b) Tietze, L. FChem. Re»1996,96, 115. (c) Wasilke, J.-C.; Obrey, S. J.;  K.; Tykwinski, R. R.Angew. Chem., Int. E®006,45, 1034.
Baker, R. T.; Bazan, G. @hem. Re2»2005,105, 1001. (d) Nicolaou, K. (7) Kitagawa, |.; Yoshikawa, M.; Yoshihara, M.; Hayashi, T.; Taniyama,
C.; Edmonds, D. J.; Bulger, P. @ngew. Chem., Int. E®2006,45, 7134. T. Yakugaku Zasshil983,103, 612.

10.1021/01702651s CCC: $40.75  © 2008 American Chemical Society
Published on Web 12/13/2007



1)8 human breast carcinoma (breast M25-8Ehd mouse
lymphoma (P388D1)° The structure of panaxytriol was
established as heptadec-1-ene-4,6-diyne-3,9,10-triol in 11989,

Scheme 2
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and its absolute configuration was determined ROR,- -— < R oo %°
10R by circular dichroism (CD) analysiand confirmed NN N 81% . sieg,
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by total synthese¥s. 8
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Our strategy for the synthesis dfis outlined in Scheme
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metric dihydroxylationy’ which selectively took place on the

OAc  Br 9 disubstitutedtrans-double bond o8 in 95% vyield. The
Ngn, A | resulting diol was th tected as its acetonide by treatment
N/ SEy  Aderkre esulting diol was then protected as its acetonide by treatmen
. / f I o = S with 2,2-dimethoxypropane (cat. PTSA, THF) to gi9en
AN 3 8113 o]

98% yield. In turn,9 was converted to enyn&0 in 93%
overall yield through deacetylation (DIBAL-H, THF,
—78 °C), desilylation (TBAF, 10 mol % of AcOH, THF),
) . and O-allylation (NaH, allyl bromide, DMF). Addition of a
target molecule could arise from a tandem reaction SeqUeNCey 5| amount of acetic acid to the reaction in the desilyation
of relay metathesis, metallotropic [1,3]-shift, and cross- \ninimizes undesired side reactions that lead to extensive
metathesis with enediyné in the presence of an excess e .omnosition. For the etherification of the subsequent allylic
amount of external alkeri@ The intricate array of multiply  5105n0] we found that preformation of alkoxide increased
unsaturated functional groups4rcould be orchestrated by o extent of the undesired intramolecular addition of the
the recently developed regioselective Alder ene reaction of o, oyide to the nearby triple bond. This undesired byproduct
multiyne 51,4 W't_h termlnall alkene6 fglloyved by ?‘“‘Y”e could be suppressed by adding sodium hydride to the mixture
homologation via the Cadiot—Chodkiewicz reactfowith of the alcohol and allyl bromide. The elongation of enyne
bromoalkyner. 10 to diyne 4 was achieved in 92% yield employing the
The eight-step synthesis of endiyievas initiated by the  cadiot-Chodkiewicz reactiol with silylated bromoalkyne
Ru-catalyzed Alder ene reaction of silylated diyhend 7 followed by desilylation (TBAF, 10 mol % AcOH, THF).
1-decene to provide enyr@&n 81% yield (Scheme Zf. The With the key substraté in hand, we explored the tandem
required (R 10R)-diol was installed by the Sharpless asym- ring-closing metathesis, metallotropic [1,3]-shift, and cross-
metathesis. Wherl was treated with Grubbs’ second-
generation cataly&t(Grubbs Il, 10 mol %, CECl,, 40 °C)
in the presence of 2.0 equiv of alkeBeghe expected product
2 was obtained in 61% yield as a mixture BHfE-isomers
(5:1y1%together with ruthenium alkylidernkl’ (10%). The
isolated complex11’' could be turned over t® upon
treatment with3, which implies that this complex is a
catalytically viable intermediate in the catalytic cycle. The
yield of 11" was increased up to 40% with stoichiometric
amount of Grubbs complex. We speculate that the stability
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(low reactivity) of 11' is the consequence of the low steric The completion of total synthesis ofROR,10R)-panax-
pressure of the alkynyl group and the hydrogen on the ytriol 1 was achieved in six steps froPas shown in Scheme
carbenic carbon, which ultimately lowers the rate of phos- 5. Removal of the acyl group df (cis/trans= 5:1) with

phine dissociation from the ruthenium center (Scheme 3)._
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To make the synthetic sequence more convergent, theDIBAL-H afforded allylic alcohol18, which was converted

Alder ene reaction was carried out with triyri? and
1-decenes, providing diynel3in 70% yield (Scheme 4.
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Through the standard sequent8was elaborated td5 via
intermediatel4. Unfortunately, due to the facile formation
of the cyclic ether in basic conditiodsthe desired allyl ether

4 could not be prepared frob, which, however, could be
converted to the corresponding allyl silyl etdefunder less
basic conditions. Upon isolatiod,7 was directly subjected
to the metathesis conditions without purification due to its
instability, yielding2 in 40% overall yielc??
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ref 13a.
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to the required hydroxyl group at C3 through epoxidation
followed by ring opening reactiortrans-18was founded to
react much faster than the correspondaigrisomer in the
Sharpless asymmetric epoxidation (SAHpading to the
formation of a 2.8:1 mixture of epoxid&9 with mostly
recoverectis-18. To exploit the faster SAE reactionténs
18, the C2—C3 double bond df8 was isomerized with
iodine?* resulting in a 1.6:1 ratio ofrans/cisisomers. The
Sharpless asymmetric epoxidation of this mixture provided
a 8.8:1 mixture of diasterometf in 55% vyield together
with 15% of unreactedis-18. The conversion of the primary
alcohol to the corresponding iodoepoxide followed by its
reductive ring opening with Zn du8t gave the (R)-
secondary allylic alcohol. Finally, deprotection of the ac-
etonide provided (B8,9R,10R)-panaxytrioll the spectroscopic
data of which are identical to those reported for natdral

In conclusion, we have developed a novel strategy for a
total synthesis of (B,9R,10R)-panaxytriol ()ased on the
tandem sequence of relay metathesieetallotropic [1,3]-
shift—cross-metathesis. This powerful multiple bond-forming
reaction allowed an efficient synthesis of the target molecule
in 15 steps with 15% overall yield, highlighting its utility
for the synthesis of natural products with highly unsaturated
carbon skeletons.
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