
Molecular sieves improved the reproducibility of the
cyclization catalyzed by La(OTf)3 in the 5-hydroxy-2-methoxy-
methyl-1,2-epoxide system, and addition of methanol raised the
desired endo-selectivity.  

endo-Cyclization of hydroxy epoxide is an attractive and
straightforward process to construct the frameworks of marine
fused polycyclic ethers,1 such as brevetoxins2 and ciguatoxins,3

while the reaction has been known to proceed naturally with an
exo-mode.4 We recently reported endo-selective cyclizations,
which were accomplished by the regioselective activation of an
epoxide with the coordination of La(OTf)3 between the oxygen
atoms of a directing group and an epoxide (Scheme 1).5 During
the study, we had found that commercial La(OTf)3 did not give
the desired selectivity as it stands and that some strictly con-
trolled conditions for the preparation of the catalyst were neces-
sary for reproduction of high endo-selectivity of the
cyclization.5b For increase of the reproducibility in a simple
procedure, we have investigated several additives in the reac-
tion with commercial La(OTf)3.  It is described here that the
addition of molecular sieves and methanol is available in the
endo-cyclization of 5-hydroxy-2-methoxymethyl-1,2-epoxide
system.

We examined the respective cyclization of cis-7-phenyl-
4,5-epoxy-4-methoxymethyl-1-heptanol (1a) and cis-4,5-
epoxy-4-methoxymethyl-1-hexanol (1b) to cyclic ethers (2 and
3).  The conditions and results are shown in Tabel 1.  When
commercial anhydrous catalysts [La(OTf)3] purchased from
different suppliers were used as such without additive in the
reaction of 1a, each catalyst gave a different ratio of the prod-
ucts with the different rate of the reaction (entries 1-3).
Addition of pre-dried molecular sieves 3A (MS3A) decreased
the differences between the catalysts (entries 4-6).  Thus, the
problem on the reproducibility with commercial La(OTf)3 was
solved, though the endo-selectivity was rather low yet.
Furthermore, several attempts to improve the selectivity proved
addition of methanol to the above reaction system to be effec-
tive.  

After examined the reaction using one of the catalysts in
various amounts of methanol (entries 7-11),6 it was found that
the addition of 13 equivalents of methanol to La(OTf)3 gave the
best results in the ratio of 2:3=79:21 (entry 9).  When more than
11 equivalents of methanol was added, the rate of the reaction
was slowed down, and in the presence of 15 equivalents of
methanol the endo-selectivity was reduced (entry 11).  In the
addition of methanol without MS3A, 5-exo cyclization was
favored (entry 10).  These effects of methanol were also
observed in other commercial catalysts (entries 12 and 13).
The same procedure was applicable to 1b giving a high endo-
selectivity (entry 15).

As described above, increasing the amount of methanol
tends to prefer the 6-endo cyclization and to decrease the rate of
the reaction.  The effect for endo-selectivity might be due to the
coordination of methanol to the central metal in the desired
chelation.  Molecular sieves are suggested to efficiently cat-
alyze the coordination resulting in the constant endo-
selectivity.7 In the presence of methanol with MS3A, La(OTf)3
seemed to dissolve very sluggishly or not in CH2Cl2.  The reac-
tion might proceed on solid surfaces.

In conclusion, it was found that molecular sieves improved
the reproducibility of the cyclization catalyzed by commercial
La(OTf)3, and the addition of methanol raised the 6-endo selec-
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tivity in the 5-hydroxy-2-methoxymethyl-1,2-epoxide system.
Further applications of the reaction and mechanistic study are
now in progress in our laboratory.  
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