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Abstract: Hypervalent iodine (l5) reagents in combination with p-
toluenesulfonic acid when reacted with ketones under reflux tem-
perature in acetonitrile gave a-tosyloxy ketones in moderate to ex-
cellent yields. The reaction was developed further for both ketones
and dicarbonyl compounds using Dess–Martin periodinane reagent
in combination with p-toluenesulfonic acid and methanesulfonic ac-
id, to give mono-a-tosyloxy and mono-a-mesyloxy products in very
high to excellent yields.
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Hypervalent iodine reagents are known for direct oxida-
tive a-carbon–heteroatom bond formation in carbonyl
compounds.1 The reagents being nonmetallic, highly se-
lective, and mild oxidants have attracted considerable at-
tention towards exploration and development of new
methodologies.2 The a-tosyloxy and a-mesyloxy carbon-
yl compounds are versatile precursors for construction of
biologically important heterocyclic ring systems such as
thiazoles, imidazoles, oxazoles pyrazines, pyrazoles, lac-
tones, benzofurans, benzopyrazines, benzoxazines, ben-
zothiazines, imidazo[2,1-b]thiazoles and thiazolo[3,2-
a]benzimidazoles.3

Our group has been working extensively on the develop-
ment of novel methodologies using hypervalent iodine
(l5) reagents, mainly, o-iodoxybenzoic acid (IBX) and
Dess–Martin periodinane (DMP).4 Throughout the litera-
ture there is no report on a-organosulfonyloxylation of
carbonyl compounds using these reagents. However triva-
lent iodine (l3) reagents are known to promote direct a-or-
ganosulfonyloxylation of carbonyl compounds. Among
them are (hydroxy tosyloxy iodo) benzene (HTIB),5 (di-
acetoxyiodo)benzene organosulfonic acid under solvent-
free conditions,6a (diacetoxyiodo)benzene and p-toluene-
sulfonic acid under microwave irradiation,6b iodosylben-
zene/p-toluenesulfonic acid monohydrate,6c m-
chloroperbenzoic acid/p-toluenesulfonic acid in presence
of PhI,6d poly(4-hydroxy tosyloxy iodo)styrenes,6e and re-
cently enantioselective a-tosyloxylation using enantioen-
riched iodoarenes/m-chloroperbenzoic acid.6f Other
methods for direct a-p-tosyloxylation include thallium p-
tolylsulfonate6g and N-methyl-O-tosylhydroxylamine.6h

In continuation of our studies towards the development of
novel applications of hypervalent iodine (l5) regents, we
wish to report direct a-organosulfonyloxylation of various
ketones and dicarbonyl compounds using these reagents
in combination with organosulfonic acids. The added ad-
vantage of this method is that there is no need for prior
preparation of sulfonyloxy reagents as in the case of
HTIB.5 For preliminary experiments, 4-methoxyace-
tophenone was chosen as a model substrate and reactions
were carried out using 1.5 equivalents of DMP in combi-
nation with 2.0 equivalents of p-toluenesulfonic acid at
room temperature in acetonitrile. The expected reaction
did not occur and unreacted starting material was recov-
ered. When the reaction was performed at reflux temper-
ature, it proceeded smoothly and the corresponding a-
tosyloxy ketone was obtained in 94% yield with complete
consumption of starting material (Table 1, entry 2).

Encouraged by these results, other hypervalent iodine
compounds IBX, HIO3, and HIO4 were also examined and
all were found to be viable. However, the reactions were
slow and in some cases unreacted starting material re-
mained even after 10 hours and yields were moderate
(Table 1, entries 4 and 5).

For further investigations DMP was chosen and selectivi-
ty, general applicability, and extension for other organo-
sulfonic acids such as methanesulfonic acid were studied.
Various ketones and dicarbonyl compounds were reacted

Table 1 a-Tosyloxylation Using Hypervalent Iodine (l5) Reagentsa

Entry Reagent Reagent/PTSA
molar ratio

Conditions Yield 
(%)b

1 DMP 1.5/2 r.t., 10 h NR

2 DMP 1.5/2 Reflux, 2.5 h 94

3 IBX 2/2 Reflux, 3 h 78

4 HIO3 2.5/2.5 Reflux, 10 h 65c

5 HIO4 2.5/2.5 Reflux, 10 h 55c

a Reactions were carried out on 5 mmol scale.
b Isolated yields using column chromatography.
c Unreacted starting material was recovered, NR = no reaction.
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with DMP in combination with p-toluenesulfonic acid and
methanesulfonic acid, respectively.7,8 In all cases the cor-
responding a-organosulfonyloxylated compounds were

obtained in very good to excellent isolated yields. The re-
sults are summarized in Table 2.

Table 2 DMP-Mediated a-Organosulfonyloxylation of Various Carbonyl Compoundsa

Entry Substrate Productb Yieldc (%, reaction time, h)

R = OMs R = O-4-Ts

1
86
(2.5)

90
(2.5)

2
82
(3.0)

88
(3.0)

3
78
(3.5)

90
(3.5)

4
80
(3.5)

86
(3.5)

5
82
(3.5)

92
(3.5)

6
79
(2.5)

94
(2.5)

7
75
(4.5)

84
(4.5)

8
78
(3.0)

82
(3.0)

9
72
(3.0)

84
(3.0)

10
65
(4.5)

72
(4.5)

11
80
(2.5)

87
(2.5)

12
76
(3.0)

80
(3.0)

Me

O O

R

Me

O

Cl

O

Cl

R

Me

O

Cl

Cl O

Cl

Cl

R

Me

O

O2N

O

R

O2N

Me

O

Me

O

Me

R

Me

O

MeO

O

MeO

R

Me

O

O Cl4-ClC6H4

O

O

R

Cl4-ClC6H4

O O

R

O
Me

O

O

O

R

O O

R

Me Me

O

Me

O

R

O
O

R



LETTER New Application of Hypervalent Iodine (l5) Reagents 989

Synlett 2008, No. 7, 987–990 © Thieme Stuttgart · New York

As illustrated in Table 2, the reactivity profile of the sub-
stituted ketones was remarkable. The reaction was equally
facile with all aromatic ketones irrespective of whether
they contain electron-withdrawing or electron-donating
substituents (entries 1–8) and 2-acetylfuran (entry 9). The
cyclic ketone cyclohexanone and aliphatic ketones in-
cluding acetone, diethyl ketone (entries 10–12), and 1,3-
dicarbonyl compounds including benzoylacetone, acetyl-
acetone, ethyl benzoylacetate underwent a-sulfonyloxyla-
tion smoothly with good to high yields (entries 13–15).
Esters such as ethyl butyrate and ethyl phenylacetate did
not react under the optimized reaction conditions.

In conclusion, it has been shown that hypervalent iodine
(l5) reagents in combination with organosulfonic acids
are suitable for direct a-organosulfonyloxylation. The
general applicability of the reaction was demonstrated by
using DMP in combination with p-toluenesulfonic acid
and methanesulfonic acid. Direct a-tosyloxylation and a-
mesyloxylation of various carbonyl compounds has been
achieved. The method is clean, efficient, and useful for a
wide range of carbonyl compounds.
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c Isolated yield after column chromatography.
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(50 mL). The organic layer was dried over anhyd Na2SO4 
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organosulfonyloxylated product. Pure product was obtained 
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(8) Spectroscopic Data for Selected of a-Tosyloxylated and 
a-Mesyloxylated Products 
2-Oxo-2-phenylethyl-4-Methanebenzenesulfonate 
(Entry 1)
Solid; mp 90 °C (lit.5d 90–91 °C). IR (KBr): 1180, 1360, 
1715 cm–1. 1H NMR (400 MHz, CDCl3): d = 2.45 (s, 3 H), 
5.27 (s, 2 H), 7.23–7.88 (m, 5 H) ppm.
2-Oxo-2-phenylethyl Methanesulfonate (Entry 1)
Solid; mp 76–77 °C (lit.1a 76–78 °C). IR (KBr): nmax = 1725 
cm–1. 1H NMR (60 MHz, CDCl3): d = 3.20 (s, 3 H), 5.43 (s, 
2 H), 7.12–8.12 (m, 5 H) ppm.
2-(4-Chlorophenyl)-2-oxo-ethyl 4-Methanebenzene-
sulfonate (Entry 2)
Solid; mp 123 °C (lit.6g 125 °C). IR (KBr): 1190, 1360, 1700 
cm–1. 1H NMR (400 MHz, CDCl3): d = 2.46 (s, 3 H), 5.21 (s, 
2 H), 7.35 (d, J = 8.4 Hz, 2 H), 7.45 (d, J = 8.6 Hz, 2 H), 7.80 
(d, J = 8.6 Hz, 2 H), 7.84 (d, J = 8.4 Hz, 2 H) ppm.
2-(2,4-Dichlorophenyl)-2-oxo-ethyl Methanesulfonate 
(Entry 3)
Solid; mp 87 °C. IR (KBr): nmax = 1710 cm–1. 1H NMR (60 
MHz, CDCl3): d = 3.24 (s, 3 H), 5.44 (s, 2 H), 7.22–7.83 (m, 
3 H) ppm. 13C NMR (300 MHz, CDCl3): d = 37.65, 69.83, 
128.90, 129.92, 130.46, 131.63, 136.10, 136.57, 190.74. 
Anal. Calcd (%) for C9H8Cl2O4S: C, 38.16; H, 2.82. Found: 
C, 38.15; H, 2.81.
2-(4-Nitrophenyl)-2-oxo-ethyl 4-Methanebenzene-

sulfonate (Entry 4)
Solid; mp 137 °C (lit.6g 130–131 °C). IR (KBr): 1180, 1340, 
1710 cm–1. 1H NMR (400 MHz, CDCl3): d = 2.47 (s, 3 H), 
5.25 (s, 2 H), 7.37 (d, J = 8.3 Hz, 2 H), 7.83 (d, J = 8.3 Hz, 
2 H), 8.03 (d, J = 8.9 Hz, 2 H), 8.32 (d, J = 8.9 Hz, 2 H) ppm.
2-Oxo-2-p-tolylethyl 4-Methylbenzenesulfonate (Entry 
5)
Solid; mp 80 °C (lit.6g 82–83 °C). IR (KBr): 1170, 1350, 
1700 cm–1. 1H NMR (400 MHz, CDCl3): d = 2.41 (s, 3 H), 
2.45 (s, 3 H), 5.24 (s, 2 H), 7.26 (d, J = 8.1 Hz, 2 H), 7.35 (d, 
J = 8.2 Hz, 2 H), 7.74 (d, J = 8.1 Hz, 2 H), 7.86 (d, J = 8.2 
Hz, 2 H) ppm.
2-Oxo-2-p-tolylethyl Methanesulfonate (Entry 5)
IR (KBr): nmax = 1710 cm–1. 1H NMR (60 MHz, CDCl3): d = 
2.44 (s, 3 H), 3.28 (s, 3 H), 5.48 (s, 2 H), 7.28 (d, J = 8.33 
Hz, 2 H), 7.77 (d, J = 8.33 Hz, 2 H) ppm. 13C NMR (300 
MHz, CDCl3): d = 190.68, 145.65, 130.93, 129.77, 127.86, 
70.22, 39.27, 21.83. Anal. Calcd (%) for C10H12O4S: C, 
52.63; H, 5.26. Found: C, 52.64; H, 5.25.
2-(4-Methoxyphenyl)-2-oxo-ethyl Methanesulfonate 
(Entry 6)
Solid; mp 98 °C. IR (KBr): nmax 1710 cm–1. 1H NMR (60 
MHz, CDCl3): d = 3.22 (s, 3 H), 3.88 (s, 3 H), 5.44 (s, 2 H), 
7.28 (d, J = 7.8 Hz, 2 H), 7.74 (d, J = 7.8 Hz, 2 H) ppm. 13C 
NMR (300 MHz, CDCl3): d = 37.63, 70.35, 55.82, 114.24, 
126.81, 129.86, 165.12, 190.92. Anal. Calcd (%) for 
C10H12O5S: C, 49.18; H, 4.91. Found: C, 49.20; H, 4.92.
2-[2-Chloro-4 (4-chlorophenoxy)phenyl]-2-oxo-ethyl 
Methanesulfonate (Entry 7)
White solid; mp 118–119 °C. IR (KBr): nmax = 1715 cm–1. 1H 
NMR (60 MHz, CDCl3): d = 3.20 (s, 3 H), 5.44 (s, 2 H), 
7.20–7.89 (m, 7 H) ppm. 13C NMR (300 MHz, CDCl3): d = 
39.23, 73.64, 117.32, 121.62, 123.35, 124.14, 130.70, 
130.73, 131.31, 132.32, 132.40, 158.12, 190.40. Anal. Calcd 
(%) for C15H13Cl2O5S: C, 47.87; H, 3.45. Found: C, 47.86; 
H, 3.42.
1-Oxo-1-phenylpropan-2-yl 4-Methanebenzenesulfonate 
(Entry 8)
Solid; mp 68 °C (lit.6g 68–69 °C). IR (KBr): 1170, 1370, 
1700 cm–1. 1H NMR (400 MHz, CDCl3): d = 1.60 (d, J = 7.0 
Hz, 3 H), 2.41 (s, 3 H), 5.79 (q, J = 7.0 Hz, 1 H), 7.29 (d, 
J = 8.1 Hz, 2 H), 7.46 (t, J = 7.2 Hz, 2 H), 7.60 (t, J = 7.2 Hz, 
1 H), 7.75 (d, J = 7.2 Hz, 2 H), 7.88 (d, J = 8.1 Hz, 2 H) ppm.
2-(Furan-2-yl)-2-oxo-ethyl 4-Methanebenzensulfonate 
(Entry 9)
Solid; mp 62 °C (lit.5e 65–67 °C). IR (KBr): nmax = 1670 
cm–1. 1H NMR (60 MHz, CDCl3): d = 3.27 (s, 3 H), 5.53 (s, 
1 H), 7.28–8.05 (m, 3 H) ppm.
2-Oxo-cyclohexyl 4-Methylbenzenesulfonate (Entry 10)
Solid; mp 76 °C (lit.5e 74–76 °C). IR (KBr): nmax = 1744 
cm–1. 1H NMR (60 MHz, CDCl3): d = 1.30–2.70 (m, 11 H), 
4.82 (s, 1 H), 7.10 (d, 2 H), 8.02 (d, 2 H) ppm.
2-Oxo-propyl Methanesulfonate (Entry 11)
Oil.1a IR (neat): nmax = 1738, 1367, 1187 cm–1. 1H NMR (60 
MHz, CDCl3): d = 2.20 (s, 3 H), 3.16 (s, 3 H), 4.37 (s, 2 H) 
ppm.
Ethyl 2-(Methylsulfonyloxy)-3-oxo-3-phenylpropanoate 
(Entry 15)
Yellow oil.1a IR (KBr): nmax = 1670 cm–1. 1H NMR (60 MHz, 
CDCl3): d = 1.13 (t, 3 H), 3.23 (s, 3 H), 4.24 (q, 2 H), 6.23 
(s, 1 H), 7.23–8.20 (m, 5 H) ppm.
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