Tetrahedron Letters,Vol.24,No.51,pp 5709-5712,1983 0040-4039/83 $3.00 + .00
Printed in Great Britain ©1983 Pergamon Press Ltd.

ORGANIC REACTIONS AT HIGH PRESSURE. A MILD METHOD FOR THE PLACEMENT
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Abstract: A series of hindered and/or labile alcohols has been derivatized with a variety
of acylating and silylating agents using pyridine in methylene chloride at 15 kbar (1.5 GPa)
pressure to afford excellent yields of protected alcohols at 20 °C, largely without the need
for added DMAP. Methoxyethoxymethyl chloride reacted in moderate yield using N,N-diiso-
propylethylamine under the high pressure conditions.

As synthetic organic chemists aim at increasingly complex targets, the ability to selec-
tively protect sensitive functionality has become of crucial importance. Many acylating and
alkylating agents for the protection of the alcohol function, however, are relatively bulky
and thereby Timited to use on unhindered sites. The discovery of catalysts such as 4-di-
methylaminopyridine (DMAP) has greatly expanded the capabilities of these reactions3’4 but
for tertiary alcohols possessing other labile groupings which preclude the use of heat, the
attachment of blocking groups remains a problem.

In the course of several ongoing synthetic studies in this laboratory, a number of
sterically demanding and heat-sensitive alcohols were encountered which resisted acylation,
silylation and alkylation despite the activation provided by added DMAP. At room temperature,
these compounds were relatively inert while more forcing conditions often resulted in sig-
nificant amounts of elimination, ring opening or decarbonylation. The present study des-
cribes the successful application of high pressure methodology to the protection of a number
of recalcitrant substrates (see Table 1).

The reactions were performed at 20 °C in sealed Teflon® tubes containing a 3.0:1.5:1.0
molar ratio of pyridine (or amine)/blocking agent/alcohol in methylene chloride. The tubes
were pressurized6 at 15 kbar (1.5 GPa) hydrostatic pressure for the indicated times, then
depressurized. Each reaction mixture was concentrated under reduced pressure at 20 °C and
subjected to flash chromatography on a 25 cm x 1 cm silica gel column (20-25% ether in hexane)
to afford the desired alcohol derivatives in analytical purity.

The observation that the majority of cases did not require the use of DMAP likely derives
from the ease with which amines quaternize under high pressure.7’8 The general nucleophilic
catalysis mechanism? operating in DMAP promoted esterification and etherification reactions
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necessitates the formation of a quaternized pyridinium complex. The enhanced nucleophi]icity4

of DMAP over pyridine attributed to the electron donating effect of the 4-dimethylamino group,
thereby assists quaternization at ambient pressure. However, this quaternization process is
accompanied by a Targe volume contraction (AV = -30 to -50 cm3 mo]'l)7 and conseqguently is ac-
celerated at elevated pressures even in the absence of the 4-dimethylamino substituent. There-
fore, the need for DMAP catalyst is diminished.

A survey of a variety of protecting agents (Table 1) reveals that high pressure most ef-
fectively increases the rates of ester and silyl ether formation over 1 bar DMAP controls.g
As shown by entries 1-3, the rates of product formation at 20 °C, 24-36 h and 15 kbar pressure
were dramatically greater in comparison to their 1 bar control experiments performed at 45 °C
and 1 bar pressure for several days. This rate enhancement at high pressure and ambient tem-
perature is critical for the protection of sterically congested and Tabile alcohol substrates,
i.e., entries 4-6. In contrast to the ease of protection at 15 kbar pressure, the correspond-
ing 1 bar control experiments (entries 4-6) revealed that the alcohol substrates were labile
to the protection conditions employed, such that the reduced rate of formation at 1 bar pres-
sure afforded 1imited amounts of the protected alcohols and also reduced quantities of re-
covered alcohol starting materials. Although both pyridine and triethylamine can be employed
successfully as bases in all of these high pressure transformations, pyridine generally af-
fords superior results. Reactions of the less sterically demanding methoxyethoxymethyl (MEM)
chloride fail in the presence of pyridine and provide only ca 60% yields of MEM ethers when
used in conjunction with N,N-diisopropylethylamine at 15 kbar pressure. These conditions,
therefore, offer little advantage over the standard protocol10 for etherification with this
reagent.

Special attention is warranted to the preparation of silyl ethers at high pressure. The
results in Table 1 (entries 1-3 and 6) demonstrate that silylation of these hindered alcohols
is not achieved at 1 bar pressure but is effected only by using the ambient temperature, high
pressure procedure. Furthermore, a 15 kbar experiment performed with linalool and t-butyl-
dimethylsilyl chloride in the absence of base remarkably gave silylation in similar yield to
that obtained with pyridine present. In pressure dependent runs at 6-9 kbar for 3-6 days,
silylations of entries 1-3 could not be effected. However, under these conditions the cor-
responding esterifications with acetic anhydride occurred in comparable yields to their 15
kbar runs.

Our results demonstrate the potential of elevated pressures in promoting ester and ether
formation for the protection of valuable synthetic intermediates. While all of the entries
(Table 1) illustrate the increased rates of ester and silyl ether formation at 15 kbar pres-
sure, several cases also establish the mildness of the method, entry 6 undergoing facile
ring opening and entry 5 readily decarbonylating under the requisite forcing conditions.
Finally, formation of silyl ethers from hindered alcohols can only be accomplished by using
elevated pressure. High pressure, thus, constitutes an unusually powerful technique for af-
fixing a variety of blocking groups on hindered and labile alcohols which could not otherwise
be protected.
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During the course of the present work, two examp]es were found which failed to acy]ate
under the 15 kbar conditions. Compound i, generously provided by Professor Gideon Fraenke
(The Ohio State University), resisted esterification even at 15 kbar, 40 °C, 48 h with 1.0
eq of added DMAP. The inertness of this compound has been attributed to through-bond
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Compound ii, sent by Professor David Hart (The Ohio State University), was also unreactive
to high pressure acylation even with added DMAP. A rationale for this observation eludes
us since this compound readily undergoes propionylation at ambient pressures.
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