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Montmorillonite K-10 as a mild acid for the Nicholas reaction
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Abstract—The use of Montmorillonite K-10 as a convenient acid component in the Nicholas reaction is described. Its use permits
functional selectivity, inter- and intramolecular reactions and convenience in the experimental conditions. A four-step one-pot
[Co,(CO)¢—acetylene complex formation, THP-removal, cyclization and complex cleavage] process permits the direct synthesis of
2-ethynyl-tetrahydrofuran from 6-(tetrahydro-2 H-pyran-2-yloxy)hex-1-yn-3-ol.

© 2005 Elsevier Ltd. All rights reserved.

Since its discovery,' the Nicholas reaction has gained
great significance as a powerful synthetic tool due to
its high versatility and because it enables the introduc-
tion of different functional groups. It is for this reason
that there have been many applications for this reaction
varying both the structure of the cation and the nucleo-
phile.!>? Hitherto, this reaction implied the use of either
a protic acid or a Lewis acid, mainly trifluoromethane-
sulfonic acid, HBF4OEt, and BF3-OEt, (Fig. 1). How-
ever, these are unstable and harsh substances and also
complicate the application of this reaction to systems
with acid-sensitive functionalities. With these facts in
mind and taking into account the use lately of clays as
acid, we decided to investigate the use of solid materials
as the acid source in order to achieve selectivity, mild-
ness and simplicity at the work-up step. After trying
different solid acidic materials such as silica gel, Amber-
lysts,® and Dowex® we found Montmorillonite K-10 to
be a mild, effective and safe acid for the Nicholas
reaction.
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Figure 1. Nicholas reaction.
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The use of solid acidic materials such as Montmorillon-
ite clays is very attractive since they can easily be recov-
ered from the reaction mixture by simple filtration and
can be reused after activation, thereby making the pro-
cess economically viable.> Montmorillonite K-10 has
been reported to promote acid-dependent reactions such
as the formation of dimethyl acetals* and enamines,> as
well as Ferrier rearrangements.® To the best of our
knowledge it has never been employed as an acid in
the Nicholas reaction.

The Co,(CO)g—propargylic complexes used were easily
synthesized via nucleophilic addition of the lithium salt
of the alkyne to the corresponding aldehyde, and the
resulting propargylic alcohols were complexed with
Co,(CO)s. To a solution of Coy(CO)g—alkyne complex
in CH,Cl, or toluene was directly added Montmorillo-
nite K-10. Once the reaction had finished, it was filtered,
the alkyne was decomplexed with CAN in acetone, and
the crude product purified by chromatographic column.

As shown in Table 1, Montmorillonite K-10 effectively
promotes the formation of five- and six-membered cyclic
ethers (entries 1-3) in very high yields at room tempera-
ture although more slowly than does BF;-OEt,. It is
worth noting that the presence of a THP-protected alco-
hol did not imply a significant decrease in the yield.
However, it was necessary to use slightly more energetic
conditions, such as refluxing dichloromethane or, even
better, toluene at 60 °C (entry 2).” This fact suggests that
Montmorillonite K-10 also favours the tetrahydropyran-
yl ether cleavage, before promoting the Nicholas
reaction.
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Table 1. Montmorillonite K-10 as the acid component in the Nicholas reaction
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#Method A: to a solution of the Co,(CO)s complex in CH,Cl, was added Montmorillonite K-10 (three times in weight relative to the complex) and
the mixture was stirred until TLC showed the end of the reaction. Then, the mixture was filtered, concentrated, dissolved in acetone and 4 equiv of
CAN were added at 0 °C. The reaction mixture was stirred at 0 °C until TLC showed completion of the reaction (ca. 5 min). The mixture was
evaporated and the residue diluted with water and extracted with Et,O. The combined organic solutions were dried (MgSQO,), filtered, concentrated
and purified by flash column chromatography. Method B: same as method A, but using toluene at 60 °C instead of CH,Cl,.

®The resulting product was isolated as a Co,(CO)s complex.

Table 1 also shows that oxepanes could be synthesized
from the corresponding hydroxy-alkyne complexes in

quite good yields (entries 4 and 5). Surprisingly, 6 was
not able to form the corresponding bicyclic product
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and it does not react even at 60 °C in toluene. Montmo-
rillonite K-10 is unable to isomerize the double bond in
7 to afford cyclization (entry 7), as does BF5-OEt,.®

If the final ring is larger than an oxepane, the Nicholas
reaction does not afford cyclic products.” Thus, Mont-
morillonite K-10, as occurs with BF3-OEt,, is unable
to promote the double cyclization of 8, and only hydr-
oxyl groups are deprotected.

The versatility of the acid could be proven by changing
the nature of the nucleophile. Thus, epoxide 9'° can also
act as a nucleophile affording a cyclic ether at room tem-
perature in CH,Cl,. The reaction could be accelerated if
toluene at 60 °C was used instead. It should be men-
tioned that the obtained diastereomeric ratio agrees with
that obtained using BF3-OEt, at very low temperature
(=78 °C). Carbon nucleophiles also work quite well
and thus diene 10 leads to carbacycles 20 and 21 (entry
10). The in situ generated tertiary cation can be
quenched either by elimination or by water addition,
two different products therefore being obtained, and
the ratio between them again agrees with that provided
by BF3-OEt, at low temperature (—20 °C). This similar
mode of action between Montmorillonite K-10 and
BF;-OEt, at low temperature, indicates the smoothness
of Montmorillonite K-10 as an acid and it drove us to
verify the influence of Montmorillonite K-10 on the
matter of regioselectivity in the Nicholas reaction.

As can be seen in Table 1 (entry 4), cyclization of 4 is
promoted in good yield by Montmorillonite K-10, but
in addition a concomitant deprotection of the other
propargylic hydroxyl is produced. This fact demon-
strates that both propargylic positions are susceptible
of being activated because they are both secondary.
The nucleophile attacks the position that provides the
seven-membered ring, which is thermodynamically more
favoured than the alternative 10-membered ring,
whereas the remaining propargylic cation is quenched
by water, affording a free hydroxy group. In entry 5
there is an analogous situation, but after cyclization
providing a seven-membered ring, the primary silyl
ether remained intact. These facts could imply that
Montmorillonite K-10 is able to perceive the subtle
difference between two propargylic sites, with slight
differences in reactivity between them.

When two possible sites exist for the Nicholas reaction,
regioselectivity has only been addressed on rare occa-
sions.!! In order to verify if the Nicholas reaction under-
goes regioselectivity with Montmorillonite K-10 a model
was proposed. The model employed was 22, a com-
pound that possesses two propargylic sites, one of them
secondary whereas the other one is primary and pro-
tected as a silyl ether (Scheme 1). It is easily synthesized
from valeraldehyde and the lithium salt of the fert-
butyl(diphenyl)(2-propynyloxy)silane. In order to deter-
mine which propargylic site can be activated, a CH,Cl,
solution was treated with either BF5-OEt, or Montmo-
rillonite K-10, adding an excess of methanol. The more
readily activated site must show a methoxy group at the
end of reaction. In fact, the BF;-OEt,-mediated Nicho-
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Scheme 1. Selectivity using external nucleophiles.

las reaction product 23 displayed two methoxy groups
at both propargylic sites, whereas the Montmorillon-
ite-mediated reaction selectively distinguishes between
two sites and only the nucleophilic attack at the second-
ary position is enabled to afford 24, even with very long
reaction times (24 h).

Finally, the extreme smoothness of Montmorillonite K-
10 suggested to us the possibility of coexistence between
the acid and Co,(CO)g, permitting a one-pot process
combining the in situ alkyne complexation with the
Nicholas reaction.

In order to check this possibility when we added Mont-
morillonite K-10 to a CH,Cl, solution of 25 followed by
Co,(CO)g, cyclized compound 11 was nicely obtained
(Scheme 2), with an overall yield of 73%, after alkyne
decomplexation with CAN in acetone.

A three-step one-pot process is even possible if 26 is used
instead of 25. It consists of alkyne complexation, THP
ether cleavage and finally Nicholas reaction. If acetone
and then CAN is added to the reaction mixture, even
alkyne decomplexation is successfully achieved in the
same reaction flask. Thus decomplexed cyclic ether 11
is directly obtained from the linear alkyne 25 through
a four-step one-pot process with an excellent 65% over-
all yield (Scheme 3).
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Scheme 2. Two-step one-pot process.
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Scheme 3. Four-step one-pot process.
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In summary, Montmorillonite K-10 has been success-
fully applied as an acid in Nicholas reactions. Its behav-
iour suggests extreme smoothness, analogous to that
observed for BF;-OEt, at very low temperatures. That
smoothness, in addition, allows regioselectivity when
two propargylic sites exist. And finally, it enables the
one-pot process that consists of alkyne complexation—
Nicholas reaction—alkyne decomplexation, followed by
a simple filtration at the end of reaction. This opens
an exciting possibility in fields such as solid-phase syn-
thesis in which the Nicholas reaction has been used re-
cently, since it would allow not only a one-pot method
but would also remove both the remaining resin and
the acid used by simple filtration.'?
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