COMMUNICATIONS

oxidative addition of 1 to the Pt® complex,!*?! followed by re-
ductive elimination of diborane (Scheme 4). Formation of D
could be suppressed by using [Pt(PPh,),] as a catalyst, that is, in
the presence of excess PPh;.

T(OR)z
1 B(OR), SRy
L,,P< — L,,Pt<
| “siry SiR'
SiRy (RO):B-B(OR) g
D

Scheme 4. Possible route of formation of a bis(silyl)platinum complex.

The silaboration reaction made possible a regioselective C—C
bond formation at the boryl-substituted C atom. For example,
one-carbon homologation of 2a and 5, prepared from 1-octene
and 1-octyne, respectively, was carried out {(Scheme 5). Treat-
ment of 2a and 5 with chloro(trimethylsilyl)methyllithium gave
the corresponding homologation products 6 and 7, respectively,
after selective removal of the trimethylsilyl group by tetrabutyl-

ammonium fluoride (TBAF).[11)
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Scheme 5. Synthesis of 6 and 7: a) Me,SiCH,Cl, sBuLi, NN, N',N'-tetramethyl
ethylene diamine, THF, —78°C b) TBAF, THF, reflux.

Here we have presented preliminary results on the regioselec-
tive silaboration of simple alkenes. Optimization of the reaction
conditions on the basis of the mechanism shown in Scheme 3 is
currently underway.

Experimental Section

General procedure for silaboration of alkenes: To a solution of platinum catalyst
(0.076 mmol) in dioxane (1 mL) were added silylborane 1 (3.9 mmol) and alkene
(5.9 mmol). The mixture was heated at reflux for 2 h. Evaporation of volatile mate-
rials under reduced pressure was followed by column chromatography on silica gel
to give 2 and 3 in the yields listed in Tables 1 and 2.
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A Crossed Yne—Ene Metathesis Showing
Atom Economy**

Roland Stragies, Matthias Schuster, and
Siegfried Blechert*

Transition metal catalyzed olefin metathesis has recently ac-
quired increasing significance in organic chemistry.'*! Ring-clos-
ing metatheses (RCM) have been shown especially reliable for
the preparation of five- through eight-membered rings and
larger systems.'*] Applications of RCM to the synthesis of flu-
virucine,®! epothilone,”! and other natural products!®! verify
the efficiency of this approach to carbon-carbon bond forma-
tion. To date, olefin metathesis has primarily been employed in
organic chemistry as a synthetic method for cyclization. There
are far fewer examples of the synthesis of acyclic alkenes by
selective cross-metathesis of two different alkenes. In the cross-
metathesis of two terminal alkenes 1 and 2 one must of necessity
take into account the formation of homodimers 4 and §
(Scheme 1a). Based on early results it is nonetheless possible to
carry out highly selective couplings by the choice of suitable
substituents.[®! To our knowledge, nothing has previously been
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Scheme 1. a) Cross-metathesis of two terminal alkenes; b) crossed yne—ene
metathesis.
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reported with respect to the corresponding behavior of terminal
alkynes. We describe here examples of atom economy!”} in selec-
tive cross couplings of monosubstituted alkynes with alkenes.
Metatheses of alkynes are above all known from polymeriza-
tions and a few ring-closing metatheses. Thus, cyclizations of
enynes to five- through seven-membered rings have been report-
€d.1) This reaction principle found an elegant application in the
synthesis of stemoamide.!®* A double ring-closing metathesis to
bicyclic systems has also been achieved by treatment of appro-
priate dienynes.’®) However, much more common than such
intramolecular reactions is the intermolecular metathesis of
alkynes, leading to polymers. Apart from the polymerization of
simple alkynes,!'® the ring-closing metathesis polymerization of
1,6-heptadiynes has proven especially interesting.!*!)

In the course of systematic studies on selective cross-metathe-
sis we found that terminal alkynes 6 and terminal alkenes 7
were transformed selectively by ruthenium catalysis into disub-
stituted dienes 8 (Scheme 1b). In contrast to the cross-meta-
thesis of two alkenes, no ethylene or other by-product is released
in this case; that is, C-C bond formation occurs with atom
economy. To date, catalysis of this reaction has been successful
only with the Grubbs ruthenium catalyst!*# [Cl,(PCy,),-
Ru=CHPh]([Ru]; Cy = cyclohexyl). Use of the more reactive
Schrock molybdenum catalyst!!3! [PhMe,CCH=Mo=N(2,6-
iPr,C H;){OCMe(CF,),},] has polymerization of the alkyne
component!® as its only consequence under the same reaction
conditions. Figure 1 illustrates several products of the new
cross-metathesis process.''*} The reaction is carried out in
dichloromethane at room temperature with 5—7 mol%][Ru].
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Figure 1. Products of the ruthenium-catalyzed crossed yne—ene metathesis.
THP = tetrahydro-2H-pyran-2-yl, TBDMS = rers-butyldimethylsilyl.

Reported yields were achieved within 12—48 h using a two- to
threefold excess of the alkene component; a greater excess leads
to no increase in yield. With a 1:1 mixture one does indeed
obtain dienes as the main products, but in lower yield. Dimer-
ization of the alkenes occurs only to a very limited extent.
Because of the great synthetic potential of allylsilanes, we
undertook initial experiments in the reaction of allyltrimethylsi-
lane with alkynes. Once the alkene had been coupled with THP-
protected propargyl alcohol highly selectively and in acceptable
yield to give the 1,3-disubstituted diene 9, we also examined the
behavior of propargyl acetate and carbonate. Compounds 10—
12 show that coupling occurs smoothly here as well. The result-
ing allyl acetate structural unit offers diverse possibilities for
subsequent reactions. Allylic acetates as well as the usually more
reactive allylic carbonates are of interest, for example, in n-allyl-
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palladium chemistry."*3! Due to the combination of an allylsi-
lane with an allylic acetate or carbonate, 10— 12 can be regarded
as vinylogous trimethylenemethane precursors.t*®) We are cur-
rently investigating their Pd-catalyzed reactions. The facile, se-
lective cross-coupling reactions with allylsilanes cannot be at-
tributed to special electronic characteristics of this particular
class of compounds: comparison of 13 and 14 shows that the
carbon analogue of allyltrimethylsilane, 4,4-dimethyl-1-pen-
tene, reacts in similarly high yield. Coupling product 15 from
benzyl-protected 4-pentyne-i-ol and dimethyl (3-butenyl)-
malonate demonstrates the applicability of strongly CH-acidic
alkenes. However, no reaction occurs with the corresponding
dimethyl allylmalonate, presumably due to steric effects.

The coupling of a TBDMS-protected allylic alcohol with an
alkyne to give 16 is just as successful as the inverse combination
of alkene and alkyne to 17. It is apparent from the syntheses of
18 and 19 that nitrogen-containing and highly functionalized
substrates are also applicable. Yields were considerably poorer
with unprotected alcohols. Disubstituted alkynes or 1,2-substi-
tuted alkenes fail to react under the conditions employed. Cou-
pling products 9-19 arise as isomeric mixtures; the (Z)/(E)
ratios as determined by HNMR spectroscopy lie in a range
between 1:3 in the case of 11 and about 1:2 to 1:1 with the other
compounds. Because of this lack of stereoselectivity we are cur-
rently investigating techniques for (Z)/(E) isomerization. One
possibility is presented in Scheme 2 with the synthesis of a-trit-
icene!*” (21), an antifungal compound isolated from cereal
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Scheme 2. Synthesis of «-triticene (21).

seeds. Because of the higher solubility of alkyne 20 this metathe-
sis was carried out in benzene. The metathesis product was
deprotected in a one-pot reaction and oxidized directly with
MnO,, in the course of which it was isomerized completely to
the desired (F)-isomer, isolated in an overall yield of 58 %.
Metallacyclobutenes are assumed to be intermediates in the
reaction of alkynes with metathesis catalysts.® '] Several
mechanisms are possible for the ruthenium-catalyzed yne—ene
metathesis. NMR studies have shown that the ruthenium cata-
lyst reacts selectively with alkynes in the presence of alkenes. In
the absence of alkene there occurs only a slow oligomerization,
whereas in its presence a rapid subsequent reaction leads to
product 8. We therefore favor the reaction course iliustrated in
Scheme 3. We assume as the first step that the methylidene com-
plex formed from the Grubbs catalyst undergoes a regioselective
[2 4 2] cycloaddition with the triple bond of 6. Subsequent cy-
cloreversion leads to the stabilized, conjugated carbene complex
23. This reacts through further [2+ 2] cycloaddition with alkene
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Scheme 3. Proposed mechanism for the yne—ene metathesis.
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component 7 to give 24, and with subsequent cycloreversion to
the conjugated diene 8. The fact that coupling is limited to
terminal alkynes may have a steric origin. Formation of the
more stable and thus less reactive conjugated carbene complex
23 might explain why the yne—ene metathesis requires longer
reaction times than conventional cross-metathesis between al-
kenes. Volatile ethylene is formed in the cross-metathesis of
terminal alkenes, whereas the yne—ene metathesis takes place
with atom economy. The driving force in yne—ene metathesis
may be the formation of a conjugated diene.

The type of reaction described here is, to our knowledge, the
first selective crossed yne—ene metathesis. Application of this
cross-metathesis between terminal alkynes and alkenes has been
demonstrated by the synthesis of variously functionalized di-
enes. The reaction opens the way to interesting structural ele-
ments: thus, conjugated allylsilanes have found a variety of
applications, for example in Sakurai reactions.!'®) The metathe-
sis products are also of interest with respect to Diels—Alder
reactions and cycloadditions. We are currently investigating the
applications of yne—ene metathesis in natural product synthe-
sis.
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Total Synthesis of Eleutherobin**

K. C. Nicolaou,* Floris van Delft, Takashi Ohshima,
Dionisios Vourloumis, Jinyou Xu, Seijiro Hosckawa,
Jeffrey Pfefferkorn, Sanghee Kim, and Tianhu Li

Eleutherobin!!- % 1 (Figure 1)is a newly discovered antitumor
agent which has a mechanism of action™ like Taxol (2) and a
novel molecular architecture. Its structure was based on spectro-
scopic results,*+ 2! although no absolute configuration was as-
signed. Isolated from an Eleutherobia species of marine soft
corals (possibly E. albiflora Alcynacea, Alcyoniidea) collected
in the Indian Ocean near Bennett’s Shoal in Western Australia,
this substance is extremely scarce, and yet its tubulin polymer-
ization and microtubule-stabilizing properties and 100-fold
higher potency (over the mean cytotoxicity of an NIH cell line
panel) against selected breast, renal, ovarian, and lung cancer
cells'”! make it (along with epothilones™®~ % A (3) and B (4),
Figure 1), one of the most promising antitumor agents isolated
from nature in recent years. Here we report the first total synthe-
sis of eleutherobin (1) which renders the natural product (1) and
two biologically active analogues (33 and 34, see Scheme 3)
readily available for further studies. Furthermore, the described
chemical synthesis allows assignment of the absolute stereo-
chemistry of eleutherobin (1) and opens an avenue for the gen-
eration of combinatorial libraries for biological screening pur-
poses.
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