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Protection of COOH and OH groups in acid, base
and salt free reactions†
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We report an iron-catalyzed general functional group protection

method with inexpensive reagents. This environmentally benign

process does not use acids or bases, and does not produce waste

products. Further purification beyond filtration and evaporation is,

in most cases, unnecessary. Free COOH and OH groups can be

protected in a one-pot reaction.

Protection of functional groups, one of the most essential
methodologies in organic chemistry, has been broadly applied
in the synthesis of small organic molecules and complex
natural products. A large number of classical functional group
protection methods have been developed.1 Consistent with
atom economy, the methyl group is frequently used to protect
carboxylic acids and the acetylating group is used to protect
hydroxyl groups. Methanol,2 dimethyl sulfate,3 iodomethane,4

diazomethane,5 trimethylsilyl diazomethane,6 dimethyl car-
bonate,7 or organic peroxides8 have been employed as
O-methylation agents in the protection of carboxylic acids and
O-acylation of phenols or alcohols with acid anhydrides,9 acyl
chlorides10 acetic acid11 or esters12 as acylating agents has
been reported (Fig. 1a). However, a comprehensive consider-
ation of environmental cost, atom economy and practical oper-
ations, which constitute limitations of these traditional
methods should not be ignored. For instance, hazardous or
harmful methylating and acetylating reagents are often used,
resulting in high environmental costs; the use of stoichio-
metric quantities of an acid or a base as a promoter leads to a
large amount of waste salt products which can complicate
work-up procedures.

Methyl t-butyl ether (MTBE) is a minimally toxic, in-
expensive and low-boiling point compound, which has usually
been used as a solvent13 or a t-butylating reagent.14 A typical

example of its use describes the O-methylation of carboxylic
acids using MTBE as the methylating reagent with sulfuric
acid. A basic solution is necessary to quench this reaction.15

Isopropenyl acetate (IPA) is utilized as an acetylation reagent
in the catalytic protection of alcohols or phenols using mole-
cular iodine as the catalyst.16 However, an aqueous solution of
sodium thiosulfate must be added to destroy the iodine after
the acetylation reaction is complete.17

In this work, we established a method which is acid-free
and base-free for the protection of carboxylic acids and the
hydroxyl group using Fe(OTf)3 as a Lewis acid catalyst under
mild reaction conditions. No waste salt is generated in this
reaction and the work-up step of the transformation is very
simple. The reaction products can be obtained by removal of
the catalyst via filtration and removal of the solvent or low
boiling by-products via evaporation.

Initially, the esterification of benzoic acid (1a) was investi-
gated using MTBE as both the methylating reagent and the
solvent in the presence of a metal catalyst (Table 1). Metal cata-
lysts such as CoCl2, Ni(OTf)2, Cu(OAc)2 and Fe(OTf)2 produce
no desired product (3a) when treated at 90 °C for 8 h (entries
1–4). Only trace amounts of methyl ester (3a) and t-butyl ester

Fig. 1 Acid, base and salt free protection of functional groups.
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are observed in the presence of FeCl3 (entry 5), which prompt
the investigation of other iron catalysts. When 10 mol% of Fe
(OTf)3 is used as the catalyst, O-methylation proceeds
smoothly and the product, methyl benzoate (3a) is obtained in
99% yield (entry 6). Further temperature screening shows that
90 °C is the optimal temperature for the reaction (entries
7–12), because t-butyl ester could be detected at low tempera-
tures. The yields of 3a decrease to 89%, 48% and 29%, respect-
ively, when the catalyst loading is decreased to 5, 2.5 and
1 mol% (entries 13–15). Interestingly, the reaction proceeded
better on a large reaction scale with low catalyst loading at
high concentration. For example, 20 mmol of 1a (2.44 g) could
be protected to afford product 3a in 90 and 87% yields with 1
and 0.5 mol% of Fe(OTf)3, respectively (entries 16 and 17).
Furthermore, 50 mmol of 1a also afforded the desired product
in 85% yield (entry 18).

With the optimal reaction conditions identified, the scope
of carboxylic acid was studied on a 2 or 5 mmol reaction scale
(Table 2). The large scale reactions are carried out at high con-
centration with 1 or 5 mol% of Fe(OTf)3. Both electron-with-
drawing and electron-donating benzoic acid substituents are
well tolerated in the O-methylation reaction, affording the
corresponding methyl esters (3b–3h) in good to excellent
yields (85–92%). Cinnamic acid and (2E,4E)-hexa-2,4-dienoic
acid are highly reactive, and can be converted into products 3i
and 3j in 90% and 86% yields, respectively. Aliphatic acids are
compatible under standard reaction conditions, producing the
desired products. Acids containing primary, secondary or ter-

tiary alkyl groups afford methyl esters (3k–3q) with good to
excellent yields (79–98%). The double methylation product
(3m) is generated from the primary aliphatic acid (1m) con-
taining two acid groups and the derivatives of natural products
or drugs, such as 1p and 1q, can also be protected to deliver
the desired esters (3p and 3q). It should be noted that when
the reaction reaches completion, protective products in most
cases can be directly isolated with excellent purity by removal
of the catalyst via filtration and removal of the solvent under
vacuum.

Using the conditions of the O-methylation reaction, we
found that 10 and 100 mmol of phenol (4a) reach full conver-
sion at room temperature in the presence of 0.1 mol% of Fe
(OTf)3, affording the product (6a) in 99 and 98% yields, separ-
ately (Table 3). In particular, when only 0.01 mol% of Fe(OTf)3
is used, 6700 TON could be obtained in the protection of 4a,
showing a high efficiency of the reaction. Substituted phenols
can be transformed into the corresponding products (6b–6g)
with excellent yields. Various primary, secondary and tertiary
aliphatic alcohols react readily with IPA affording the esters
(6h–6m) in moderate to excellent yields (66–95%).
Additionally, the acetylating reagent IPA is selective, reacting
with hydroxyl groups rather than carboxyl groups (6n) or
ketones (6o) under Fe(OTf)3 catalytic conditions.18 Products
(6q–6t) are generated through increasing the catalyst loading
and solvent amount. Notably, primary and secondary amines
are successfully transferred to the corresponding secondary
and tertiary amides (6u–6x) in 55–85% yields.

Sequential protection of the COOH and OH groups of
complex natural products, such as lithocholic acid (7) and
deoxycholic acid (9), was studied under standard reaction con-

Table 1 Optimization of the reaction conditionsa

Entry Catalyst (mol %) Temp. (°C) Yieldb (%)

1 CoCl2 (10) 90 —c

2 Ni(OTf)2 (10) 90 —c

3 Cu(OAc)2 (10) 90 —c

4 Fe(OTf)2 (10) 90 —c

5 FeCl3 (10) 90 Trace
6 Fe(OTf)3 (10) 90 99
7 Fe(OTf)3 (10) 80 98
8 Fe(OTf)3 (10) 75 92
9 Fe(OTf)3 (10) 70 69
10 Fe(OTf)3 (10) 60 56
11 Fe(OTf)3 (10) 50 21
12 Fe(OTf)3 (10) 25 —c

13 Fe(OTf)3 (5) 90 89
14 Fe(OTf)3 (2.5) 90 48
15 Fe(OTf)3 (1) 90 29
16 Fe(OTf)3 (1) 90 90d

17 Fe(OTf)3 (0.5) 90 87d

18 Fe(OTf)3 (0.5) 90 85e

a Reaction conditions: Benzoic acid (1a) (0.4 mmol, 1 equiv.), MTBE (2)
(1 mL), 8 h. b Yields of product (3a) were determined by GC analysis
with 1,4-dimethoxybenzene as an internal standard. cMethyl ester (3a)
was not detected. d 1a (20 mmol, 1 equiv.), MTBE (2) (10 mL), 24 h, 1H
NMR yield. e 1a (50 mmol, 1 equiv.), MTBE (2) (25 mL), 24 h, 1H NMR
yield.

Table 2 O-Methylation of various carboxylic acids with MTBEa

a Reaction conditions: Carboxylic acids (1) (5 mmol, 1 equiv.), Fe(OTf)3
(1 mol%), MTBE (2.5 mL), 90 °C, 24 h, isolated yield. b 1 (2 mmol,
1 equiv.), Fe(OTf)3 (5 mol%), MTBE (2 mL), 24 h.
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ditions and, in a one-pot reaction delivers the compounds
(8 and 10) in 76% and 69% yields, respectively (Table 4).

In order to probe the reaction mechanism, protections of
benzoic acid (1a) and phenol (4a) were carried out and fol-
lowed by GC-MS. Isobutylene was detected in the
O-methylation reaction (Scheme 1a), and acetone was found
using GC-MS in the O-acetylation reactions (Scheme 1b). Based
on these results, a possible mechanism of Fe(OTf)3 catalyzed
protection of functional groups is proposed.

A proposed mechanism is presented in Scheme 1c. As
shown in cycle A, Fe(III) activates the carboxylic acid, which
plays the role of a Lewis acid to facilitate attack by MTBE.
Liberation of isobutylene and water promotes the formation of
the protected product (3) and regeneration of the Fe(III) cata-
lyst. In cycle B, isopropenyl acetate is activated under Fe(III) cat-

alysis, and can be attacked by phenols or alcohols. After
release of acetone, the acetylated product (6) is formed and
Fe(III) is regenerated.

Conclusions

In summary, protection of carboxylic acids and phenols/alco-
hols has been achieved under mild reaction conditions in the
absence of any acid, base or salt. Fe(OTf)3, a Lewis acid catalyst
is first used in the transformation in which MTBE is employed
as a methylating agent and IPA as an acylating reagent.
Various carboxylic acids and phenols or alcohols are tolerated
in the catalytic system and afford the desired products in mod-
erate to high yields. For the complex analogues of natural com-
pounds containing carboxylic acid and hydroxyl groups, all of
these functional groups can be protected in a one-pot reaction.
A gram-scale reaction could be run with high efficiency under
solvent-free conditions. This protocol thus provides a simple,

Table 3 O-Acetylation of various phenols and alcohols with IPAa

a Reaction conditions: 4 (10 mmol, 1 equiv.), Fe(OTf)3 (0.1 mol%), IPA
(2.5 mL), 5 h, room temperature, isolated yields. b 4 (100 mmol,
1 equiv.), Fe(OTf)3 (0.1 mol%), IPA (25 mL). c 4 (20 mmol, 1 equiv.), Fe
(OTf)3 (0.01 mol%), IPA (5 mL), 24 h. d 4 (5 mmol, 1 equiv.), Fe(OTf)3
(0.2 mol%), IPA (2.5 mL). e 4 (5 mmol, 1 equiv.), Fe(OTf)3 (0.5 mol%),
IPA (2.5 mL). f 4 (2.5 mmol, 1 equiv.), Fe(OTf)3 (1 mol%), IPA (2.5 mL).
g 4 (1 mmol, 1 equiv.), Fe(OTf)3 (10 mol%), IPA (2.5 mL), 0.5 h.
h 4 (1 mmol, 1 equiv.), Fe(OTf)3 (10 mol%), IPA (2.5 mL), 24 h.

Table 4 Sequential protection of COOH and OH in a one-pot
reactiona

a Reaction conditions: (1) 7 or 9 (0.5 mmol, 1 equiv.), Fe(OTf)3
(10 mol%), MTBE (1 mL), 90 °C, 5 h. (2) IPA (1 mL), 30 min, room
temperature. b Isolated yields.

Scheme 1 Preliminary mechanistic study.
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green and effective approach to the protection of carboxylic
acids and hydroxyl groups.
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