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Mild and reliable cleavage sequence for phenoxy acetates
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Abstract—A novel combination of reliable transformations like ester saponification and subsequent Curtius-rearrangement employ-
ing mild reaction conditions, offers the first synthetically interesting strategy for the removal of methoxycarbonylmethyl groups from
phenolic oxygens. This methodology gives also access to labile iodosubstituted phenols.
� 2004 Elsevier Ltd. All rights reserved.
Phenoxy acetates are very robust moieties towards var-
ious harsh reaction conditions. The stability is docu-
mented by numerous transformations on the aryl
system without affecting the side chain. This alkoxy moi-
ety turned out to be beneficial for oxidative transforma-
tions with strong Lewis acids like MoCl5

1 or hypervalent
iodine reagents2 and can be exploited as a directing side
chain for chlorination processes.3 However, in both
transformations this particular moiety serves as splendid
and superior permanent protective group for the phe-
nolic oxygen without having any tool for the cleavage
of the phenoxy alkyl bond.4,5

The strong electron withdrawing effect of the carbonyl
system on the methylene group (Fig. 1) makes it less
prone for a heterolytic removal of the phenoxy system
and may explain the stability especially under cationic
conditions. Therefore, rather a methoxy group under-
goes the cleavage than the corresponding carboxy meth-
oxy moiety on the arene system.6
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Figure 1. Polarization of methyl phenoxy acetates.
Due to the robust character of the phenoxy derivatives
the cleavage occurs only as a side reaction under harsh
and prolonged reaction conditions.7 Other methods
involve very high temperatures (>270 �C),8 gas phase
chemistry,9 electrochemical procedures,10 or irradiation
techniques.11 Fries-rearrangements on the aromatic moi-
ety and a broad product distribution result in syntheti-
cally unattractive yields.12 The displacement of a
carboxy methoxy group on a very electron deficient
arene can be realized by a nucleophilic aromatic substi-
tution reaction.13 For simple systems a reductive cleav-
age with sodium in liquid ammonia might be
successful.14

Apparently, arenes with sensitive substituents and com-
plex molecular structures are not anticipated to be
compatible with the reported methods. Therefore, we
developed a reliable and easy to perform two-step se-
quence for the removal of the alkoxy carbonyl methyl
group under mild conditions giving access to the corre-
sponding phenols (Scheme 1). Starting from known sub-
strates,15 except for 1f,16 we applied this protocol on
a variety of different substituted phenoxy acetates
(Table 1).

The first step of the reaction sequence is the saponifica-
tion of the ester moieties to the corresponding carboxy-
lic acids 2 under standard conditions.17 The isolated
yields of the products were excellent in almost all the
cases, even the biscarboxylic acid 2g is obtained quanti-
tatively. For 2a–e the structures were proven by
NMR techniques and mass spectrometry and the ana-
lytical data match with the data given in literature;18

2f and 2g are novel compounds and therefore fully
characterized.19
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Scheme 1. Deprotection sequence.

Table 1. Isolated yields following the deprotection sequence (Scheme

1)

Entry Substrate 2: Yield

(%)

3: Yield

(%)

1
O CO2CH3

1a
97 (2a) 63 (3a)

2

O CO2CH3
OCH3 1b 93 (2b) 62 (3b)

3

O CO2CH3
OCH3

CH3

1c 95 (2c) 59 (3c)

4

O CO2CH3

I

1d 99 (2d) 55 (3d)

5

O CO2CH3
I 1e 88 (2e) 43 (3e)a

6

O CO2Et
t-Bu

OCH3

t-Bu
1f 99 (2f) 60 (3f)

7

O CO2CH3
OCH3

CH3

CH3

O
H3CO

H3CO2C

1g 99 (2g) 31 (3g)b

a Formation of a by-product.
b 62% yield corresponds to one hydroxy moiety.
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Figure 2. Triphenyl phosphate derivatives 4.
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The second step of the deprotection sequence for the
phenolic oxygen involves a Curtius-degradation. The
carboxylic acid 2 was transformed into a carbonyl azide,
which directly undergoes the rearrangement forming the
corresponding isocyanate using diphenylphosphoryl
azide (DPPA) and triethylamine under reflux condi-
tions.20 The Curtius-rearrangement is performed with
DPPA, a mild and less harmful azide transfer reagent
that is available in large scale.21 Addition of water to
the reaction mixture and acidic work-up leads to phen-
oxymethylamines,which are not stable in aqueousmedia.
Subsequent hydrolysis of the aminal moiety provides the
free phenol 3 in good to moderate isolated yields.

This two-step sequence allows a variety of sensitive sub-
stituents on the arene. The parent phenol derivative 1a
undergoes the deprotection protocol as well as electron
rich derivatives, involving additional methoxy and alkyl
moieties (entries 2 and 3). Even two tert-butyl groups
adjacent to the hydroxy function are compatible with
this sequence in spite of their steric hindrance and acid
lability (entry 6). Interestingly, a valuable iodo substitu-
ent is not lost during the transformation (entries 4 and
5). Applying this methodology on the dimeric acid 2g re-
sults the corresponding biaryl 3g, offering an unusual
substitution pattern on the aromatic scaffold exhibiting
hydroxy substituents in the position meta to the aryl–
aryl bond. The deprotection of a single phenol moiety
occurs in 62%. Compound 3g is not known in literature
so far and therefore fully characterized.22 Analytical
data of phenols 3a–f correspond to the data of samples
of the commercially available phenols.

The amount of DPPA has to be carefully controlled
since an excess of the reagent leads to the formation of
a triphenyl phosphate derivative 4 (Fig. 2), which was
identified by 31P NMR and mass spectrometry and
diminishes the yield significantly. This might explain
the lower yield of 3e, wherein the formation of this par-
ticular by-product could not be avoided even when
using less amounts of DPPA.23
In conclusion, we developed the first reliable deprotec-
tion strategy for methoxycarbonylmethyl moieties. This
methodology results the corresponding phenols in good
and synthetically interesting yields and allows a large
variety in the aromatic substitution pattern. This two-
step protocol is easy to perform under mild reaction
conditions and offers a broad application in the selective
deprotection of phenolic oxygens. Moreover, sensitive
substituents on the aromatic core like iodo or tert-butyl
moieties are fully compatible with the herein presented
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cleavage sequence whereas oxidative or reductive meth-
ods fail.
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