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Effect of a proximal oxygen substituent on the efficacy of
ruthenium-catalyzed cross-metathesis and RCM
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Abstract—Ruthenium-catalyzed cross-metathesis of various derivatives of 1,2-dihydroxy-3-butene reveals that cyclic acetals are
best suited as substrates compared to acyclic diethers or diacetates, while RCM is relatively insensitive to the presence of allylic
or homoallylic hydroxy or acetoxy groups. © 2002 Elsevier Science Ltd. All rights reserved.

While remarkable functional group tolerance of
Grubbs’ ruthenium catalyst1 [Cl2{(c-C6H11)3P}2-
Ru�CHPh, 1] for alkene metathesis2 has been widely
hailed and extensively utilized in recent times—so much
so that ring-closing metathesis3 (RCM) and cross-
metathesis4 (CM) readily invaded even carbohydrate
and peptide chemistry5—the precise nature of activa-
tion or deactivation of metathesis by neighboring oxy-
gen-bearing functions (hydroxy or alkoxy groups) are
yet to be rationalized in terms of a consistent pattern.

It is usually believed that an allylic alcohol adversely
affects metathesis involving the adjacent double bond
presumably by strong coordination with the catalyst
thereby arresting the cycle, and there are several
reported instances of such difficulty.6a,b Even when the
allylic OH group is protected as an ether, there could
be interference by such groups to the detriment of
catalytic efficiency.6 A remotely placed hydroxyl func-
tion or a tertiary alcohol usually does not affect the
course of this reaction.7 On the other hand, several
recent reports not only describe efficient metathesis
despite the presence of an allylic alcohol,8 some results
suggest that this function could even assist the process.9

A collection of representative data from the literature
indicates that more than one structural factor may be
responsible for such apparently conflicting situations
(see Table 1).

In this context, we are prompted to disclose the results
of our experiments with simple four-carbon substrates,
all of which contain allylic and homoallylic oxygen

functions, which were subjected to cross-metathesis or
RCM conditions. We find that while the reactions are
sensitive to the nature of the oxygen functionality and
its placement in the molecule, a straightforward correla-
tion still remains elusive.

The substrates used in this study are derivatives of
3-buten-1,2-diol obtained readily from 1,2-epoxy-3-
butene.10 The first three substrates (2a–c) were 1,3-diox-
olane derivatives differing only in the precursor ketone.
The reaction time was held constant at 8 h for all
entries included in Scheme 1, so that the relative ease of
metathesis for different substrates could be assessed.
They afforded self-metathesis products on refluxing
with 5 mol% of catalyst 1 in dichloromethane in good
yields (70–80%) indicating that cyclic acetal derivatives
are good substrates for metathesis. On the other hand,
the acyclic derivatives, esters or ethers derived from
3-buten-1,2-diol, are poor cross-metathesis substrates.
When the hydroxyl groups were protected as methyl
ethers (2d), the reaction was even less efficient than
when one of them was protected as an acetate (2e) or
both were protected as acetates (2f).11 A cyclic carbon-
ate 2g was not a good substrate either. This is intrigu-
ing, since allyl acetate (2h) and homoallyl acetate (2i)
are excellent substrates for self-metathesis affording
products in 91 and 73% isolated yields, respectively.
These results imply that two vicinal oxygen functions
on a flexible four-carbon chain coordinate to the cata-
lytic species more strongly than one and impede the
catalytic process. The reaction works for carbohydrates
probably because the oxygen functions are present on
the periphery of rings and have definite but inflexible
orientations—also the reaction site is usually further
removed.
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Table 1.

Consistent with its observed ease of self-metathesis
reaction, the substrate 2a underwent facile cross-
metathesis with several partners (4a–e) (Scheme 2).
Allyltrimethylsilane (4e) is the least prone to self-
metathesis, while a simple hydrocarbon like 1-octene
(4d) undergoes self-metathesis at a very high rate. The
relative ratios of substrates (2a:4a–e) were decided on
the basis of this difference of reactivity. Indeed the
cross-metathesis worked well and desired products were
isolated in acceptable yields.

To study the effect of the oxygen function in allylic or
homoallylic positions on RCM, we prepared two
regioisomeric compounds (2j and 2k) from epoxybutene
(Scheme 3). In one sequence, the epoxide was opened
with allyl alcohol which attacks the allylic carbon of the
epoxide with high selectivity to afford substrate 2j. To
obtain the other regioisomer, the epoxide was first
converted to the diol. The cyclic tin derivative permitted
attack by allyl bromide selectively at the primary carbon

to afford substrate 2k. Both 2j and 2k were converted to
the corresponding acetates, 2l and 2m, by standard
procedure.

The compounds 2j and 2k proved to be excellent sub-
strates for RCM (Scheme 4). However, cyclic products
were obtained in even better yield and in shorter time
periods when hydroxyl functions were protected as
acetates (2l and 2m). These results tend to suggest that
a neighboring hydroxyl or acetoxy group is much better
tolerated in RCM than in cross-metathesis.
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Scheme 1.
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Scheme 3. Reagents and conditions : (a) H2O, heat; (b) dibutyltin oxide, MeOH, rt; (c) allyl bromide, DCM, heat; (d) Ac2O, Py,
DCM, rt; (e) allyl alcohol, K-10 clay, heat; (f) Ac2O, Py, DCM, rt.

Scheme 4.
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