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Abstract: Methanesulfonic acid treated with methanesulfonic an-
hydride effectively mediates the Fries rearrangement of aryl esters
to give hydroxy aryl ketones with high yields.
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Aryl esters readily rearrange to hydroxy aryl ketones via
Lewis acid catalysis, a reaction known as the Fries rear-
rangement.1,2 While the selective Fries rearrangement of
esters of aromatic alcohols has been used to significant
advantage in the production of industrial pharmaceuti-
cals,1,2 classical Fries rearrangements are typically cata-
lyzed by metal halides or Brønsted acids. Often these
reagents are corrosive, toxic, and react violently with wa-
ter.3–6 Classical Lewis acids are used in excess since they
form complexes with both the starting materials and prod-
ucts. Therefore, this reaction risks corrosion and increased
environmental impact due to the large amounts of acidic
effluents and solid wastes,7 as well as corrosive gases and
contaminated salts.8 These disadvantages inspired us to
investigate alternative reagents to promote Fries rear-
rangements.

The use of methanesulfonic acid (MSA) to promote the
Fries rearrangement has been described in limited exam-
ples.4,8–11 In one example the Fries rearrangement of phe-
nyl acetate was mediated by catalytic amounts of MSA
(maximum 28.6%), at temperatures between 160 and
196 °C, leading to around 20–30% conversions. Unfortu-
nately, the lengthy reaction time and the elevated reaction
temperature partially caused degradation of the reaction
mixture.8 When the reaction was carried out at 90 °C with
eight equivalents of MSA, the para isomer was produced
with good conversion and selectively with the same sub-
strate.8 Recently, we found an improved procedure for
Fries rearrangements mediated by MSA using methane-
sulfonic anhydride as an additive. We were interested in
optimizing conditions using MSA because it is gaining in-
creased importance in chemical syntheses as a nonoxidiz-
ing, readily biodegradable strong organic acid with high
thermal stability.12 Herein we describe the use of MSA
treated with methanesulfonic anhydride to promote Fries

rearrangements to give hydroxy aryl ketones with high
yields. 

Scheme 1  Acid-catalyzed Fries rearrangement of 1

We began by examining the use of MSA and other Lewis
acids (Scheme 1) in the Fries rearrangement of 3-bromo-
phenyl 2-phenylacetate (Scheme 2, Table 1). The Fries re-
arrangement of 1 using commonly used Lewis acids
afforded the desired product in only 11–26% yield despite
lengthy reaction time in these cases (Table 1, entries 1–4).
In contrast, MSA was well suited to perform the rear-
rangement of 1 into 1a regioselectively, and we were able
to isolate a single isomer in higher yields (Table 1, entries
5–12). At various temperatures the Fries rearrangement of
1 provided the desired product in 53–74%, with 70 °C be-
ing preferable leading to complete conversion in three
hours (Table 1, entries 5–7, 9). However, the reaction of 1
at 100 °C for half an hour in MSA afforded 1a in only
62% yield due to degradation of the product (Table 1, en-
try 7). It was observed that the principal byproducts of this
reaction were phenyl acetic acid and 3-bromophenol aris-
ing from hydrolysis of 1. Technical grade MSA is typi-
cally 95% pure containing 2% water. The Fries
rearrangement of 1 at higher water content showed that at
the reaction onset, phenyl acetic acid and 3-bromophenol
were the major products with low yield (Table 1, entry 8).
Therefore, it was found to be very important to use anhy-
drous MSA, as elevated levels of water can hydrolyze 1 to
phenol and phenyl acetic acid. In searching for suitable
desiccant for MSA, methanesulfonic anhydride was found
to dry MSA effectively, and the addition of 0.2 equiva-
lents to the reaction resulted in an in-process water con-
tent of 1014 ppm and significantly improved the reaction
efficiency affording the desired product 1a in 81% yield
(Table 1, entry 10). Surprisingly, attempting to improve
the yield by further desiccating the MSA was not success-
ful. We observed a detrimental effect of excess methane-
sulfonic anhydride on the reaction performance. Addition
of greater than 0.4 equivalents (in-process water content
below 500 ppm) resulted in a decrease in the yield of 1a
and the formation of new undesired byproducts caused by
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excess methanesulfonic anhydride which accumulates at
low KF values (Table 1, entries 11 and 12). Further opti-
mization established that the reaction was most efficient at
a water content between 800 and 1500 ppm, this typically
corresponds to a 0.2 equivalent charge of methanesulfonic
anhydride when employing tech grade MSA.

Scheme 2 Acids screen for Fries rearrangement of 1

Since we had demonstrated that a MSA/methanesulfonic
anhydride mixture was an efficient reagent system in the
Fries rearrangement of 1, we were interested in determin-
ing the scope and limitation of this procedure. The Fries
rearrangement of a variety of phenyl ester derivatives in
the presence of MSA/methanesulfonic anhydride oc-
curred to give a mixture of para/ortho isomers favoring
the para substitution in excellent yields (Scheme 3, Table
2, entries 2–8).8,13 In one case, only a single isomer was
isolated (Table 2, entry 1).13 Branched aliphatic esters re-
acted more efficiently than a simple acetate (Table 2, cf.
entries 1 and 7). Substrates with electron-donating substit-
uents on the R group were found to be excellent substrates
for the Fries rearrangement while substrates with elec-
tron-withdrawing substituents such as 4-O2NC6H4 did not
react.

The same process was successfully extended to other de-
rivatives (Table 3). The Fries rearrangement of ortho-
substituted derivatives occurred to give p-hydroxyarylke-
tones with high conversion and selectivity. The ratio of
para/ortho isomers was greater than 15:1 (Table 3, entries
1–4). In particular, the reaction with the phenyl acetic acid
ester of o-cresol afforded the corresponding ketone in
89% (Table 3, entry 4). The reaction seemed to be faster
when the aromatic part of the acid carries an electron-do-
nating group (Table 3, entry 4). However, the Fries ar-
rangement of meta-substituted benzoates with
MSA/methanesulfonic anhydride gave o-hydroxy aryl ke-
tones exclusively, and only single isomers were isolated
(Table 3, entries 5 and 6). These results suggest that strong
electron-donating groups activate the aromatic group and
provide high reactivity during the Fries rearrangement.
Similarly, the Fries rearrangement of para-substituted
benzoates with MSA/methanesulfonic anhydride gave o-
hydroxy aryl ketones selectively (Table 3, entries 7 and
8). Following the new improved procedure, the Fries ar-
rangement of 3-bromophenyl 2-(2,5-dibromophenyl)ace-
tate afforded the desired product in 81% yield (Table 3,
entry 9). For this reaction, the stoichiometry of MSA was
further investigated to provide the best yield. Using 20
equivalents gave a robust process with consistent yields
while the yield of reaction using more than 20 equivalents
was slightly lower. Less than 20 equivalents of MSA ad-
dition resulted in the reaction becoming mechanically
nonstirrable. Indeed, moisture content of starting material
ester was also controlled and was less than the detection

Table 1 Fries Rearrangement of 1

Entry Acid (equiv) % KF (ppm)c Temp (°C) Yield (%)d

1 AlCl3
a (1) – 65 26

2 TiCl4
a (1) – 65 11

3 SnCl4
a (1) – 65 0

4 BF3·OEt2
a (1) – 65 0

5 MSAb (22) 2721 50 53

6 MSAb (22) 2721 70 73

7 MSAb (22) 2721 100 62

8 MSAb (22) 6582 65 42

9 MSAb (22) 2721 65 74

10 MSAb (22) 1014 65 81

11 MSAb (22) 447 65 75

12 MSAb (22) 126 65 72

a All reactions were conducted with 0.32 M substrate in degassed 
DCE under nitrogen.
b All reactions conducted 0.63 M substrate without solvent.
c MSA was titrated to determine % moisture.
d Isolated yield.
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Table 2 Fries Rearrangements of Phenyl Ester Derivativesa

Entry Ester R Product Yield (%)b

1 2a i-Bu 3a 91

2 2b Ph 3b 77

3 2c PhCH2CH2 3c 82

4 2d c-Hex 3d 83

5 2e 4-MeOC6H4 3e 74

6 2f i-Pr 3f 84

7 2g Me 3g 72

8 2h Pr 3h 61

a All reactions were conducted with 0.92 M substrate in MeSO3H with 
sufficient (MeSO2)2O to bring the KF between 800 and 1500 ppm un-
der nitrogen at 65 °C.
b Isolated yield.
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limit of the instrument (0.1%) to minimize the hydrolysis
of the corresponding ester. 

In conclusion, methanesulfonic acid treated with meth-
anesulfonic anhydride as additive has been shown to be an
improved procedure for the Fries rearrangement of aryl
esters to hydroxy aryl ketones. Compared to classical
Lewis acid, MSA is nonoxidizing, readily biodegradable,

and has high thermal stability. This new efficient system
might enrich the numerous applications of the Fries rear-
rangement.
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Table 3  Comparison of Results Obtained from the Fries Rearrangement of Phenyl Ester Derivatives in the Presence of MSAa

Entry Ester Product Yield (%)c

1 77

2 79

3 80

4 89

5 81

6 71

7 81

8 70

9b 81

a All reactions were conducted with 0.9 M substrate in MeSO3H with sufficient (MeSO2)2O to bring the KF between 800 and 1500 ppm under 
nitrogen at 65 °C unless otherwise noted.
b Reaction was conducted with 0.64 M substrate in MeSO3H with sufficient (MeSO2)2O to bring the KF between 800 and 1500 ppm under 
nitrogen at 65 °C.
c Isolated yield.
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was added under nitrogen atmosphere at 65 °C. The 
resulting solution was stirred for 22–24 h, at this time TLC 
indicated completion. After reaction was completed, batch 
was cooled to r.t. followed by addition of 2-PrOH–H2O 
(3:1, 1115 mL) while maintaining batch temperature at 
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dried to afford 108 g (81% yield) of the desired product as a 
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J = 8.4, 1.8 Hz, 1 H), 4.59 (s, 2 H). 13C NMR (125 MHz, 
DMSO-d6): δ = 199.5, 160.7, 138.4, 135.5, 134.5, 132.6, 
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