Hindawi Publishing Corporation

Journal of Chemistry

Volume 2013, Article ID 183049, 10 pages
http://dx.doi.org/10.1155/2013/183049

Review Article

Hindawi

Diarylmethyl Ethers for the Protection of Polyols

Sigthor Petursson

Department of Natural Resource Sciences, University of Akureyri, 600 Akureyri, Iceland

Correspondence should be addressed to Sigthor Petursson; sigthor@unak.is

Received 13 June 2012; Accepted 2 August 2012

Academic Editor: Christophe Len

Copyright © 2013 Sigthor Petursson. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The paper discusses the use of diarylmethyl ethers for the protection of hydroxyl groups, in particular, carbohydrate hydroxyl
groups. The formation of these ethers can be done nonselectively by the thermal reactions of diryldiazomethanes via a carbene
mechanism or by tin(IT) halide catalysis of the diazo compounds with diols. The catalyzed reactions give useful regioselectivities.

1. Introduction

Wohler’s synthesis of urea in 1828 is often taken to mark the
beginning of organic chemistry [1]. Protecting groups play
no role in this accidental discovery, but before the end of the
19th century organic chemistry had advanced considerably
and the concept of protecting groups was developed by the
pioneering work on carbohydrates by Emil Fischer and his
students. Kunz points out in his essay on Fischer that he “was
presumably the first to have undertaken protective group
chemistry when he introduced the isopropylidene group into
different carbohydrates...” [2-5]. With the benefit of modern
understanding of chemistry it is easy to appreciate the need
for protecting groups and in particular hydroxyl protecting
groups when one contemplates specific reactions of the four
hydroxyls of glucose and other hexoses or any manipulation
of the anomeric center as is done in oligosaccharide synthesis
[6-8].

In their books on the chemistry of the carbohydrates,
Ferrier and Collins have put forward the prerequisites for
useful protecting agents by stating that

(i) they must be selective for the function to be protected,

(ii) they must form derivatives that are stable under the
conditions to be used subsequently,

(iii) the protecting group formed must be removable by
methods which leave other substituents unaffected [9,
10].

Most protecting groups fall into one of three broad
categories of compounds, namely, esters, acetals, and ethers.
The esters, being base sensitive have a fairly limited scope
in general synthetic work but they were used in early
oligosaccharide synthesis. Acetals which Fischer introduced
as already mentioned are on the other hand extremely useful
being much more stable, especially under basic conditions.
A glycoside is of course an acetal protection of the carbonyl
group of a monosaccharide but in addition to that, the
hydroxyl groups can be protected very effectively as cyclic
acetals by the use of external aldehydes and ketones. These
cyclic acetals/ketals give certain regioselectivities since the
configuration of the monosaccharides and reaction condi-
tions will determine which pairs of hydroxyl groups are
engaged [11]. The acetals, as has been alluded to, have a
special place in carbohydrate chemistry, but they do by
no means fulfil all the needs for hydroxyl protection for
modern synthetic chemistry. Ether protecting groups are
in many respects complimentary to the acetals. Like the
acetals they are stable to basic condition and most ethers
are also much more acid stable. The most commonly used
ethers for protecting purposes, the benzyl ethers, are in
addition removable by catalytic hydrogenolysis under very
mild, pH neutral, conditions. However, the strongly basic
conditions most commonly used for the introduction of an
ether protecting group and the lack of regioselectivity put
certain restrictions on their use. The triphenylmethyl (trityl)
ether group has also found use, especially in carbohydrate
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ScHEME 1: The benzhydrylation of an alcohol in the presence of strong acid.
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ScHEME 2: The preparation of tris(diphenylmethyl) phosphate.

chemistry. The bulk of this group gives it a strong preference
for the primary hydroxyl group.

2. Preparation of Diphenylmethyl or
Benzhydryl Ethers

Since both benzyl, PhCH,-, and triphenylmethyl, Ph;C-,
ethers have been popular protecting groups, it is interesting
that apparently little attention has been paid to the diphenyl-
methyl ethers, which can be looked on as structurally
lying between these two groups. A reason for this may be
that an obvious first choice method for the preparation of
diarylmethyl ether is the reaction of the diarymethyl halide
(chloride or bromide) under conditions similar to those
used for the preparation of benzyl ethers or those used for
the triphenylmethyl ether. Somewhat surprisingly no high
yielding reports of this type of diphenylmethyl or benzhydryl
ether synthesis have been found in the synthetic literature.
This is consistent with unpublished results from the author’s
laboratory showing that in fact these supposedly simple
reactions give very poor results. Benzhydryl ethers have
therefore had to be made by other methods. The generally
applicable methods reported for benzhydryl ether formation
fall into one of the four following categories:

(i) the use of tribenzhydryl phosphate,
(ii) the use of the alcohol, benzhydrol, under dehydrating

conditions,

(iii) the use of diazo(diphenyl)methane in a refluxing
nonprotic solvent, such as benzene, toluene or ace-
tonitrile, which react by a carbene mechanism,

(iv) Tin halide catalyzed monoetherifications of diols with
diaryldiazomethanes [12-17].

There is also one report from 1964 of a small scale
benzhydrylation of 1,2,3,4-tetra-O-acetyl- 3-D-glucose using
benzhydryl bromide in 2,6-lutidine giving 64% vyield of
1,2,3,4-tetra-O-acetyl-6-O-benzhydryl- 8-D-glucose. ~ The
preparation of this compound on a larger scale was also
done by benzhydrylating glucose itself followed by the
peracetylation giving a 20% yield of the crystallized product
[18].

2.1. The Use of Tris(diphenylmethyl) Phosphate for the Forma-
tion of Benzhydryl Ethers. This method for the formation of
benzhydryl ethers (II) was developed by Lapatsanis in 1978.
The method uses tris(diphenylmethyl) phosphate (I) and a
strong acid catalyst in refluxing dichloromethane or a mixture
of dichloromethane and ethyl acetate. The acid used was
trifluoroacetic acid. The acid protonates the phosphate ester
oxygen creating a good leaving group which releases a rel-
atively stable diphenylmethyl carbocation. This carbocation
is a strong electrophile, which reacts with hydroxyl groups
present as shown in Scheme 1. The yields for simple primary
and secondary alcohols were 65-86% [13].

When the simultaneous protection of the carboxyl and
the hydroxyl group of a hydroxyamino acids was performed,
toluenesulfonic acid in refluxing toluene was used. The acid
which was used in stoichiometric amounts simultaneously
protects the a-amino group and prevents N-alkylation [19].
Froussios reported two convenient methods for the prepara-
tion of the alkylating agent, tris(diphenylmethyl) phosphate,
which does not keep very well. The first method uses
anhydrous phosphoric acid and diazo(diphenyl)methane but
the second method uses commercially available reagents,
namely, 85% phosphoric acid, benzophenone hydrazone
(III), and (diacetoxy)iodobenzene (IV) (Scheme 2) [20].
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ScHEME 3: Benzhydrylation using benzhydrol and strong acid catalyst.

2.2. The Use of Benzhydrol under Dehydrating Conditions.
The stability of the diphenylmethyl carbocation and its ease
of formation mentioned above, makes its direct formation
possible by dehydration after protonation of benzhydrol
itself. Two recent methods use immobilized acids. Firstly, use
is made of the perfluorinated sulfonic acid resin Nafion-H to
give the benzhydryl ether in excellent yield [14]. The second
method uses acid washed molecular sieve 4 A to tritylate and
benzhydrylate a number of partly protected monosaccharides
in good yield. It is noteworthy that these monosaccharide
derivatives contain acid labile O-ketal (V) and O-acetyl (VI)
protection [15]. Two examples of these benzhydrylations are
shown in Scheme 3.

More recent use of benzhydrol for the benzhydrylation
of simple alcohols in the presence of palladium(II) chloride
have been reported by Pale and coworkers, but the poor
yields for anything but the simplest of alcohols do not seem
to justify the use of such an expensive catalyst [21]. The
same authors reported the use of copper(Il) bromide for the
diarymethylation with the most reactive of the benzhydrol
derivatives, namely, bis(4-methoxyphenyl)methanol. These
reactions went smoothly in good yields for a number of
alcohols including alcohols in compounds containing acid
labile protecting groups [22].

2.3. Reaction with Diazo(diphenyl)methane in Nonprotic Sol-
vents under Reflux. Diazo compounds are highly reactive
towards hydroxyl groups. Alkyl diazo compounds (R,CN,,
where R = alkyl group) where delocalisation is restricted to
the diazo system itself are unstable and cannot be isolated
[23]. Diazomethane itself is an explosive gas (b.p. —23°C)
which is normally generated as required from N-methyl-N-
tolylsulfonyl nitrosamide in basic solution [24]. Phenyldia-
zomethane is a liquid which can be isolated but is generally
made as required by for example the thermal decomposition
of benzaldehyde tosylhydrazone in the presence of a strong
base [25]. This is not a convenient compound to use. The
diaryldiazomethanes are much more manageable crystalline
compounds. The parent compound, diazodiphenylmethane,
islow melting (m.p. 32°C) but the para dimethoxy-, dimethyl-

and dichloro-derivatives, and diazofluorene all have melt-
ing points over 100°C. Explosion hazard is not an issue
with these compounds but all diazo compounds should
be assumed to be carcinogenic and handled accordingly.
Diazo(diphenyl)methane is easily produced by oxidation of
the commercially available benzophenone hydrazine [26].
This compound can therefore be made in convenient labo-
ratory quantities and stored for years at low temperature.
Most diaryldiazomethanes react spontaneously with car-
boxylic acids at room temperature forming esters by a
mechanism which is thought to involve a simultaneous
attack by the carboxyl proton and the oxygen on the diazo
carbon [27, 28]. Alcohols are on the other hand not acidic
enough by themselves to protonate the diazo-carbon causing
the loss of nitrogen and the formation of a carbocation.
The use of tin(II) halides for the catalysis of the reaction
of diols with the diaryldiasomethanes will be dealt with
later, but the formation of the carbocation by the catalysis
with strong acids in the presence of an alcohol causes
the diazo compound to decompose but does not result
in the formation of an ether. Diaryldiazomethanes react
however with alcohols in refluxing nonprotic solvents such
as benzene (b.p. 80°C), acetonitrile (b.p. 82°C), or toluene
(b.p. 111°C) [16]. This reaction takes place via the formation
of a reactive carbene which reacts indiscriminately with
hydroxyl groups. These conditions are mild enough to leave
most other common protecting groups, including esters and
acetals, unaffected. Sensitive and synthetically important y-
and §-lactones have also been protected by this method
[29, 30]. Diazofluorene requires higher temperatures for
decomposition. These reactions of diazo(diphenyl)methane
are extremely easy to perform but the products have been
usually isolated by column chromatography because of the
formation of a substantial amount of a yellow byproduct,
benzophenone azine. The mechanism of the benzydrylation
in refluxing benzene involves the creation of an intermediate
carbene as already mentioned. Scheme 4 shows the steps
involved and the formation of the benzophenone azine
byproduct (A) as well as the reaction of diazo [bis(4-
methylphenyl)|methane with 1,2:5,6-di-O-isopropylidene-
a-D-glucofuranose (VII) in refluxing benzene (B), which
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ScHEME 4: Diaryldiazomethane reactions via thermal decomposition and the formation of a carbene.

gives the 3-(4,4-dimethylbenzhydryl)-ether (VIII) in good
yield.

The early investigations of the uncatalyzed benzhydryla-
tion method by Webber and coworkers in Birmingham illus-
trate the mildness of this method (Scheme 5). Thus, methyl
2,3,4-tri-O-acetyl-a-D-glucopyranoside (IX), methyl 2,3,6-
tri-O-acetyl-a-D-glucopyranoside (X), 3-O-benzoyl-1,2-O-
isopropylidene-a-D-glucofuranose (XI), and 6-O-benzoyl-
1,2-O-isopropylidene-a-D-glucofuranose (XII) could all be
benzhydrylated in good to excellent yields and the ben-
zhydryl group removed by catalytic hydrogenolysis over
palladium-on-carbon. The protection-deprotection of IX and
XTI are particularly noteworthy since acyl migration is known
to happen particularly readily on these compounds [16].

Benzene, which was mainly used as solvent during the
early research on the reactions of diazodiphenylmethane
with carbohydrate hydroxyl groups, is a known carcinogen
and therefore unpopular as a routine solvent in research
laboratories today. A recent investigation, which has shown
that benzene can be replaced by toluene giving excellent
yields and order of magnitude shorter reaction times, is there-
fore significant [29]. This method has proved particularly
suitable for the the synthetically useful lactones. Thus, the free
hydroxyl group of 2,3-O-isopropylidene-D-ribono-y-lactone
(XIII) and its 2-C-methyl derivative (XIV) were both ben-
zhydrylated in over 90% yield by diazodiphenylmethane in
refluxing toluene. The other solvent investigated, acetonitrile
was used for the benzhydrylation the 3,5-O-benzylidene-
L-lyxonolactone (XV) which gave the ether (XVI) in 88%
yield after refluxing for 18 h. Removal of the benzylidene

in 87% vyield by refluxing in 80% acetic acid demonstrated
the stability of the benzhydryl group under these relatively
mild acidic conditions (see formation of XVII). This gives a
simpler access to the 2-O-ether protected 1,4-lactone than
previously available (see Scheme 6).

2.4. Reactions of Diols with Diazo(diphenyl)methane and
Tin(1l) Halides. The introduction of the diphenylmethyl
group, just described, by the thermal decomposition of
diazo(diphenyl)methane method, where peralkylation of all
hydroxyl groups is intended and is straight forward as already
pointed out. The reagent itself is easily made but its low
melting point makes it fairly inconvenient to handle. Like
all alkylating agents it is also a compound with undesirable
biological properties. The formation of substantial amount of
an azine byproduct makes column purification necessary in
practically all cases and has to be balanced against its positive
characteristics. Catalysts have therefore been sought for the
reactions of diazodiphenylmethane with hydroxyl groups.
This has included Lewis acids like BF;, copper and cuprous
salts, and protic acids like toluene-p-sulphonic acid. All these
catalysts cause increased rate of decomposition of the diazo
compound but little or no ether formation [16, 31]. In spite
of this apparent lack of effective catalysts for the benzhydryla-
tion of single hydroxyl groups, there are reports that go back
to the 1970’ of tin(II) chlorides and later tin(II) bromides
being effective and regioselective catalysts for the reactions
of diazomethane [32-36], diazophenylmethane [37-40] and
aryldiazomethanes [41-45]. These reactions are character-
ized by the need for at least a diol, most commonly a vicinal
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ScHEME 5: Benzhydrylations in refluxing benzene of glucose derivatives illustrating the mildness of this ether forming method and the

benzhydryl removal by catalytic hydrogenolysis.

diol, and the formation of mono-ethers only. Regioselectivity
is sometimes good but usually it is not complete and both
mono-ethers are obtained. Useful regioselectivities have,
however, been obtained in these tin(II) halide catalyzed reac-
tions and one study explored the effect of 4,4’ -substitutions
of diaryl(diazo)methanes [17]. Scheme 7 shows the results
from the tin(II) chloride catalyzed reactions of diazo [bis(4-
methylphenyl)|methane with methyl 4,6-O-benzylidene-«-
D-mannopyranoside (XVIII) (A). This reaction gave the 3-
ether (XIX) in 80% yield and no 2-ether. This was also the
case for the reactions of diazodiphenylmethane itself and for
the dichloro derivative. Below (B) the results from similar
reactions of these three diazo compounds, namely, diazo
[bis(4-methylphenyl)|methane (2), diazo(diphenyl)methane
(3), and diazo [bis(4-chlorophenyl)]methane (4) and in
addition the most reactive in this series, diazo [bis(4-
methoxyphenyl)|methane (1), and the least reactive, 9-
diazofluorene (5), with methyl 4,6-O-isopropylidene-«-D-
mannopyranoside (XX). As expected no diether was formed
in these reactions. The results showed mainly 3-O-selectivity,
which decreased with increasing stability of the diazo com-
pound (XXI). The diminished 3-O-selectivity was small

except for the most stable compound of the series, namely,
9-diazofluorine.

The results shown in Scheme 7 raise interesting mech-
anistic questions, which have not been answered, but it is
likely that the complexes shown in Scheme 8 are involved.
This model is based on the fact that tin(II) chloride dihydrate,
which is normally formulated as SnCl,-2H, O, but has been
shown to be [SnCl,(H,0)]-H,O consisting of pyramidal
SnCl,(H,0) groups (Sn-Cl, 259; Sn-O, 216 pm) with the
mean bond angle of 85° [46]. A pyramidal structure such
as 1 in Scheme 8 must therefore be considered a possible
intermediate formed initially on mixing the tin(II) chloride
with a diol in an inert solvent. A diol would also be more
likely to form a second coordinate bond to the tin atom
than another H,O molecule, which does not happen in the
case of [SnCl,(H,0)]-H,O. If that were to happen we have
the trigonal bipyramidal structure 2 in Scheme 8, with the
lone pair in the equatorial position. On addition of the diazo
compound with the terminal nitrogen as a powerful ligand,
complexes 4 and 5 could be formed. It is fairly obvious that
complex 4 would lead to alkylation of the hydroxyl group
not liganded to the tin atom, therefore, if one of the hydroxyl
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groups on mannose is more likely to form this complex bond,
either for reasons of acidity or for steric reasons, this would
lead to alkylation of the other hydroxyl group. This could
explain the exclusive regioselectivity for the 3-OH in the
case of methyl 4,6-O-benzylidene-a-D-mannopyranoside.
The formation of the square pyramidal complex 5 seems
more likely to give reaction of either hydroxyl group, and
a trend towards the more acidic hydroxyl group as the acid
stability of the diazo compound increases also seems likely.
This could explain what is happening during the reactions of
the five diazo compounds with methyl 4,6-O-isopropylidene-
a-D-mannopyranoside. It seems reasonable to assume that
the two mannose derivatives could show different ligand
arrangements around the divalent tin but evidence is not yet
avaijlable that shows that only the 4,6-O-isopropylidene forms
the square pyramidal complex.

The alkylating properties of the substituted diazo-
(diphenyl)methanes are similar to the parent compound. The
dimethoxy compound is so reactive and unstable that more
care is needed in its handling than the other compounds, but
it is an easily made crystalline compound. The 4,4’ -dimethyl
derivative, which is more reactive than the parent compound,
and the 4,4 -dichloro derivative are useful alternatives since
both are easier to handle, being well crystalline with a melting
points above 100°C [31, 47].

Diazo [bis(4-nitrophenyl)methane has also been shown
to be a useful ether forming compound. Boron triflu-
oride etherate catalyzes the reaction of this diazo com-
pound with alcohols at —20 to 25°C in dichloromethane
to give the 4,4'-dinitrobenzhydryl ethers in over 90% to
near quantitative yields. A notable complication in the use

of this protecting strategy arose in the attempted 3-O- pro-
tection of 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose
which resulted in 1,2:3,5-di-O-isopropylidene-6-O-[bis(4-
nitrophenyl)methyl-a-D-glucofuranose in 94% vyield after
acetal migration [48].

3. Deprotection of Diarylmethyl Ethers

The diphenylmethyl group is acid-labile, but it is sufficiently
stable to allow selective removal of acetal groups by acid
hydrolysis. For example, mild hydrolysis (0.2 M hydrochlo-
ric acid, 35°C, 18h) of methyl 4,6-O-benzylidene-2,3-di-
O-diphenylmethyl-«-D-glucopyranoside gave methyl 2,3-di-
O-diphenylmethyl-a-D-glucopyranoside in 80% yield. More
drastic condition like those used by Freudenberg in the
preparation of 3-O-benzylglucose, that is, 0.3M sulfuric
acid in methanol/water (2:1) at 70°C for 4h, did remove
the diphenylmethyl group as well as the acetal protection
[16, 49]. All the methods used for the removal of benzyl
protection which rely on the relative stability of a benzyl
carbocation intermediate or a benzyl radical will remove
the diphenylmethyl group more readily. This includes both
acid hydrolysis and catalytic hydrogenolysis. This would also
include acetolysis, which replaces benzyl ethers with acetyl
groups. The selectivity in the debenzylation of a perbenzy-
lated methyl glucoside has recently been discussed [50].

3.1. Hydrogenolysis Using a Palladium Catalyst. Hydrogen-
olysis and hydrogen transfer methods are well-known
debenzyl- and debenzylidenation reactions [51, 52]. These
methods can also be applied to debenzhydrylations keeping
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SCHEME 9: Simultaneous benzhydryl ester and ether deprotection in the presence of n-benzyloxycarbonyl protection.

in mind that debenzhydrylation happens more readily than
the removal of a benzyl or benzylidene protection. Selective
debenzhydrylation was for example done on methyl
4,6-O-benzylidene-3-0O-diphenylmethyl-2-O-methyl-a-D-
mannopyranoside in 55% yield without resorting to less
active forms of the palladium catalyst [16]. Olah has also
reported a method for a hydrogen transfer reaction using
aluminjum trichloride/palladium catalyst, which cleaved a
simple diphenylmethyl ether in over 90% yield [53].

3.2. Electrolytic Reduction. Mairanovski has shown that a
number of different protecting groups common in syn-
thetic chemistry, including the diphenylmethyl group, can
be removed selectively by electrolytic reduction. The method
requires equipment that the average synthetic chemist is not
so familiar with and, in the case of selectivity between protect-
ing groups, needs fine tuning which may make unnecessary
demand on time for an incidental deprotection. For industrial
applications and routine operations the method which can be
represented by the following equation, seems very attractive:
[54, 55]

220, Ph,CH, + HO-R (1)

Ph,CH-O-R
3.3. Simultaneous Deprotection of Diphenylmethyl Ester and
Ether in the Presence of an N-benzyloxycarbonyl Group. A
noteworthy method for the removal of an O-diphenylmethyl
ether, especially in applications to peptide synthesis, is
Froussioss use of trifluoroacetic acid and anisole in
dichloromethane. This method removed both a
diphenylmethyl ester and a diphenylmethyl ether protection
but left a terminal N-benzyloxycarbonyl (Z) group as
illustrated in Scheme 9 [20].

3.4. Palladium(I1) Chloride and Copper(I1I) Bromide Catalyzed
Deprotections. Pale and coworkers used PdCl, and later
CuBr, for the formation of diarylmethyl ethers as discussed
in [21, 22]. These catalysts could also be used for the
deprotection of the alcohols [56].

3.5. Removal of the 4,4’ -dinitrobenzhydryl Group. Removal
of the [bis(4-nitrophenyl) | methyl ether group can be effected
by hydrogen reduction of the nitro group to an amino group
followed by mild acid hydrolysis. The reducing systems used
were H,/PtO,, H,/Ni,B (from NaBH, and Ni(OAc),) and
Fe,(CO),, [48].
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