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ABSTRACT

A new mild method for protecting alcohols as t-butyl ethers is reported. The reaction proceeds with Mg(ClO 4)2 and Boc 2O and shows general
applicability. The deprotection of t-butyl ethers has also been revisited. Preliminary results indicate the CeCl 3‚7H2O/NaI system is a very
suitable catalyst for their removal.

In the past few years, metal perchlorates have been widely
exploited as Lewis acid promoters in various organic
transformations. In particular, perchlorate salts have shown
a high ability to activate 1,3-dicarbonyl systems and have
found considerable application in various acylation1 and
esterification2 procedures, in the synthesis ofâ-enamino
esters,3 and in the protection of amines asN-Boc derivatives.4

We now report that, surprisingly, the reaction of 1-octanol
1a (Scheme 1) withtert-butyl dicarbonate (Boc2O, 1.5 equiv)

in the presence of anhydrous Mg(ClO4)2 does not give the
corresponding Boc-derivative2a, as expected, but rather a
mixture oft-butyl octyl ether3a (66%) and unreacted alcohol
(30%) after 18 h at room temperature.
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Similar behavior was observed with an aromatic substrate
such as phenol (1b), which can be easily converted in the
correspondingt-butyl ether3b in 84% yield. These prelimi-
nary results seemed extremely interesting, as they represented
a potential solution to a longstanding problem in organic
synthesis, namely,t-butyl ether formation. Thet-butyl ether
in fact is “one of the most underused alcohol protecting
groups”,5 although it is one of the few ethers stable under
strongly basic conditions.6 Its scarce employment in organic
synthesis is probably due to the conditions required for its
formation. Most of the known methodologies5,6 in fact require
harsh conditions based on the reaction of an alcohol with
isobutylene in the presence of a strong acidic catalyst.
Moreover, the reaction involves the formation of at-butyl
carbocationic intermediate, thus avoiding the application of
these methodologies to the protection of aromatic alcohols,7

which predominantly undergo a Friedel-Crafts alkylation.
Thus, the peculiar observed reactivity prompted us to

optimize the reaction conditions to develop a new route to
t-butyl ethers. A series of experiments carried out on1aand
1b (Table 1) indicated that the best yields were obtained in

the presence of 10 mol % anhydrous Mg(ClO4)2 and 2.3
equiv of Boc2O at 40°C in CH2Cl2 or under neat conditions.
Although Zn(ClO4)2‚6H2O is usually more active than
Mg(ClO4)2,1c in this particular reaction, lower yields were
obtained in the presence of hydrated zinc perchlorate,
probably due to the presence of water (Table 1, entry 6). In
the absence of the perchlorate salt, both alkyl and aromaticsubstrates reacted with Boc2O, giving only the t-butyl

carbonate2 after prolonged reaction times (Table 1, entries
5 and 10).

The procedure succeeded in the synthesis of a large variety
of t-butyl ethers. The best obtained results are reported in
Table 2. The etherification process worked well with primary,
secondary, benzylic, allylic, and homoallylic alcohols, and
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Table 1. Reaction of 1-Octanol (1a) and Phenol (1b) with
Boc2O, under Various Conditions, in the Presence of 10 mol %
Mg(ClO4)2, unless Otherwise Mentioned

entry ROH Boc2O solvent time (h) T (°C) yield % of 3

1 1a 1.5 / 18 rt 66
2 1a 1.5 CH2Cl2 7 40 65
3 1a 1.5 / 7 40 79
4 1a 2.3 / 7 40 82
5 1a 1.5 / 144 rt 0 (13)a

6 1a 2.3 / 18 40 72b

7 1b 1.5 / 21 40 84
8 1b 2.3 / 21 40 93
9 1b 2.3 CH2Cl2 13 40 90

10 1b 1.5 / 125 40 0 (95)a

a Reaction carried out without catalyst; the yield in parentheses refers to
the recovered carbonate2. b Reaction carried out with 10% mol Zn(ClO4)2‚
6H2O as the catalyst.

Table 2. Protection of Alcohols astBu-Ethers by Reaction
with Boc2O (2.3 equiv) in the Presence of 10 mol % Mg(ClO4)2

at 40°C
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neither isomerization of the substrate (entries 11 and 13) nor
racemization (entries 3, 12, and 16) were observed. Unfor-
tunately, tertiary alcohols failed to give the desired ether,
only the starting material being recovered after prolonged
reaction times.

Notably, the reaction gave excellent results with a large
variety of aromatic alcohols. Various substituted phenols
(entries 6-8) and 1- and 2-naphthol (entries 9 and 10) can
be converted into the correspondingt-butyl ethers in high
yields, and no product derived from an eletrophilic addition
to the aromatic ring was ever detected.

The reaction is highly chemoselective. In fact, other
functionalities present in the alcohol such as a carbonyl, an
ester, and a nitro group, a carbon-carbon double bond or a
fluoride, a chloride, and a bromide survived under the
adopted reaction conditions.

The compatibility of some typical protecting groups with
the reaction conditions was also evaluated. Benzyl and
(i-Pr)3Si (TIPS) ether derivatives were almost completely
unaffected (entries 17 and 18). Concerning the amine
function, theN-Boc-derivative is compatible with the reaction
conditions; in fact, the expected protected amino-ether was
obtained in high yield (entry 19).

Some preliminary experiments were carried out in order
to understand the reaction mechanism for the formation of
t-butyl ethers. We found that Boc2O alone decomposes in
the presence of Mg(ClO4)2 to give CO2, t-BuOH, and
isobutylene. The formation of at-butyl carbocation inter-
mediate can be therefore assumed. This carbocation could
be in some way captured by the alcohol present in the
reaction mixture to give thet-butyl ether. But this hypothesis
must be excluded since it is well-known that phenols undergo
electrophilic substitution at the aromatic ring in the presence
of a t-butyl carbocation,7 and we never observed any addition
product, even with highly activatedp-methoxy phenol8 (Table
2, entry 6). However, the fact that Boc2O decomposes in
the presence of Mg(ClO4)2 can explain why an excess of
Boc2O is required to obtain good yields int-butyl ethers,
since its decomposition is a competitive reaction.

On the other hand, the formation of the carbonate2 as a
reaction intermediate can be excluded. In fact,t-butyl octyl
carbonate2a, prepared according to a known procedure,9

and the commercially availablet-butyl phenyl carbonate2b
react in the presence of Mg(ClO4)2 to give 1-octanol1a and
phenol1b, respectively, without any trace oft-butyl ethers
3a and3b.

It has been reported10 that in the synthesis of RO-Boc
from R-OH and Boc2O catalyzed by DMAP, a mixed
dicarbonate intermediate like4 is formed (Scheme 2). On
this basis, a reasonable mechanistic hypothesis could invoke
the initial formation of the mixed dicarbonate4, which,
coordinated by the catalyst, decomposes to thetert-butyl
ether2 and CO2 through a concerted cyclic mechanism.

According to the previously reported procedure,10 we
synthesized thet-butyl cyclopentyl dicarbonate4d as a
mixture with the corresponding carbonate. Upon treating this
inseparable mixture with Mg(ClO4)2, formation of the
correspondingt-butyl ether3d was detected. Studies are in
progress to produce further evidence of this hypothesis.

The cleavage oft-butyl ethers to deprotected alcohols
requires strongly acidic conditions5,6 that are generally “not
mild enough to accommodate acid-sensitive functional
groups”.6

Recently, we reported11 that the CeCl3‚7H2O/NaI system
is able to cleave the carbon-oxygen bond of ethers (R′O-
R) provided that the substrates feature particular structural
properties, i.e., when the R framework bonded to oxygen is
able to stabilize a positive charge.12 Since thet-butyl group13

can generate a stable tertiary carbocation, we successfully
tested the CeCl3‚7H2O/NaI procedure using thet-butyl ethers
we just obtained.

Preliminary experiments gave very satisfactory results
(Table 3). Both alkyl and aromatict-butyl ethers can be

reconverted into the corresponding alcohols simply by
heating in CH3CN in the presence of 1 equiv of CeCl3‚7H2O/
NaI. Studies are in progress to extend this procedure to

(8) In addition, we carried out a decomposition test of Boc2O with
Mg(ClO4)2 also in the presence of anisole as the carbocation scavenger.
We did not observe the formation of anytert-butyl anisole, not even in
trace amounts.
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Scheme 2. Possible Mechanistic Explanation for the
Formation oft-Butyl Ethers

Table 3. Deprotection oft-Bu-Ethers in the Presence of
CeCl3‚7H2O (1 equiv) and NaI (1 equiv) in CH3CN

entry reagent t (h) T (°C) yield of 1 (%)

1 1-octyl-OtBu 3a 8 70 94
2 Ph-OtBu 3b 8 40 93
3 (R)-menthyl-OtBu 3e 17 70 >98
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functionalized substrates and to check its consistency with
other protecting groups.

In conclusion, the Mg(ClO4)2-promoted procedure we have
presented here provides a very good method for obtaining
t-butyl ethers from alcohols, since it works under mildly
acidic conditions and many functional groups survive the
protection process.

Moreover, all side products of the reaction are volatile
compounds, so that the purification of the products is very
simple and convenient. Typically,t-butyl ethers have to be
separated only from the residual starting materials.

Finally, a simple and mild method for deprotectingt-butyl
ethers based on the CeCl3‚7H2O/NaI system gives very
satisfactory preliminary results. The value of the protection

procedure here proposed will increase if combined with a
general and simple deprotection step.
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