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2-(Trimethylsilyl)ethanesulfonyl amide (SES-NH2) is an ammonia equivalent for the palladium-catalyzed
amination of aryl bromides and aryl chlorides. Using these amine derivatives, it has been observed that
anilines and anilines with sensitive functional groups can be readily prepared.
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During the past few years, great progress has been made in the
development of the transition metal-catalyzed amination of aryl
halides. Despite the existence of copper- and nickel-catalyzed ver-
sions of this reaction, palladium remains the metal of choice for
this transformation. This is due principally to the higher efficiency
of palladium complexes in aryl amination, benefiting from devel-
opments in related palladium-catalyzed cross-coupling reac-
tions.1–3

As a result, a wide variety of arylamines can now be prepared
efficiently using this methodology. While a variety of amines and
other nitrogen nucleophiles undergo this reaction in the presence
of a base, ammonia does not form exclusively primary arylamines.4

Thus, reactions have been conducted with ammonia surrogates.
Allylamine was used as an ammonia equivalent and the allyl group
from the resulting aryl alkyl amine was conveniently cleaved using
methanesulfonic acid and palladium on carbon.5

Benzophenone imine has frequently been used as an effective
ammonia equivalent. The coupling reactions with this imine are
high yielding and can be performed under extremely mild reaction
conditions. Moreover, the resulting N-aryl imines can be cleaved
using several orthogonal methods that are compatible with a vari-
ety of protecting groups.6 The groups of Hartwig and Buchwald
independently reported inexpensive silyl reagents such as
(LiN(SiMe3)2) and Ph3SiNH2 as ammonia equivalents for the
ll rights reserved.
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palladium-catalyzed amination and the resulting aryl silylamines
were easily deprotected.7 The above situation necessitates using
a stable ammonia surrogate for the amination, and it is also impor-
tant that the resulting aminated compound should be stable during
further transformations. Toluene sulfonamides have been used as
an ammonia surrogate for the palladium-catalyzed amination.8

Unfortunately, the resulting sulfonamide requires strong acidic
conditions for its cleavage. In the search for other suitable and sta-
ble ammonia surrogates we found that 2-(trimethylsilyl)etha-
nesulfonyl amide (SES-NH2) is an ammonia surrogate for
palladium-catalyzed amination (Scheme 1).

Weinreb developed the 2-(trimethylsilyl)ethanesulfonyl group
for the protection of amines. This sulfonyl protection can be re-
moved under mild conditions using a fluoride source. The fluoride
ion attacks the silicon atom which leads to b-elimination and this
releases the deprotected amine and volatile products such as flu-
orotrimethylsilane, ethylene, and sulfur dioxide.9 SES-Cl can be
prepared from vinyltrimethylsilane by free-radical addition of so-
dium bisulfite to the double bond catalyzed by tert-butyl perb-
enzoate and the resulting sulfonate can be transformed directly
R
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Scheme 1. Synthesis of SES-protected anilines.
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Table 1
SES-NH2 as an ammonia surrogate in the palladium-catalyzed coupling of aryl and
heterocyclic bromides

Entry Substrate Product Yielda (%)

1

EtO2C

Br

EtO2C

NHSES
98

2

OHC

Br

OHC

NHSES
90

3
Br

CHO

NHSES

CHO

80

4
Br

NC

NHSES

NC

91

5
Br NHSES

85

6
BrEtO2C NHSESEtO2C

95(91)

7
BrButO2C NHSESButO2C

92(80)

8
BrNC NHSESNC

88

9
Br

MeO2C

MeO NHSES

MeO2C

MeO
97

10
Br

NC

F NHSES

NC

F
95

11
Br

NO2

NHSES

NO2

85(87)

12
Br

NC

NHSES

NC

91

13
Br

F3C

NHSES

F3C

97

14

Br NHSES

82

15
Br

MeO

NHSES

MeO

0

16

NO2N

Br

NO2N

NHSES
85

17
N Br N NHSES

85

a Isolated yield is given. Yield given in parentheses is for the deprotected product
obtained from the amination product.

Table 2
SES-NH2 as an ammonia surrogate in the palladium-catalyzed coupling of aryl and
heterocyclic chlorides

Entry Substrate Product Yielda (%)

1

MeOC

Cl

MeOC

NHSES
92

2

OHC

Cl

OHC

NHSES
88

3

MeO2C

Cl

MeO2C

NHSES
90

4
Cl

NC NO2

NHSES

NC NO2

88

5
Cl

H3COC NO2

NHSES

H3COC NO2

89

6
Cl

H3COC CF3

NHSES

H3COC CF3

84

7
Cl

O2N CN

NHSES

O2N CN

75

8

Cl

H3CO NO2

NHSES

H3CO NO2

74

9

Cl

NO2

NHSES

NO2

73

10
N Cl N NHSES

67(80)

11
N Cl N NHSES

72

12

N Cl

CN

N NHSES

CN

80

13
N

N Cl

N

N NHSES
90

a Isolated yield is given. Yield given in parentheses is for the deprotected product
obtained from the amination product.
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into the sulfonyl chloride (SES-Cl) using thionyl chloride.10 SES-
NH2 was prepared from SES-Cl by reaction with ammonia.11
In the present investigation, we have studied the potential of
SES-NH2 as a reagent for the synthesis of primary arylamines from
4-bromoethylbenzoate using a palladium source such as Pd(OAc)2

or Pd2(dba)3 with rac-BINAP in toluene and dioxane as solvent. The
maximum yield obtained using this catalyst system was only 30%.

Although the yield was low, product formation from SES-
NH2was apparent and thus we have screened different catalysts.
Changing the ligand from BINAP to Xantphos resulted in an in-
crease in the yield. Also, by changing the solvent, base and reaction
temperature, we were able to obtain a 98% isolated yield of product
from ethyl 4-bromobenzoate using a Pd(OAc)2–Xantphos–Cs2CO3
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catalyst system in dioxane at 100 �C for 15 h. Aryl bromides with
various functional groups such as cyano, ester, nitro, and aldehyde
groups worked well under the above optimized conditions without
undergoing any other side reactions (Table 1).12 Unfortunately, no
reaction occurred when the same conditions were applied to an
aryl bromide containing an electron-donating group (Table 1, entry
15).13

Having been successful with aryl bromides, we next extended
this reaction to aryl chlorides. Aryl chloride bond activation is an
industrially important field of research due to the lower cost of aryl
chlorides compared with aryl bromides and aryl iodides.14 We
have used the same reaction conditions for the coupling of SES-
NH2 with aryl chlorides and the temperature was increased from
100 �C to 120 �C. The reaction worked well with aryl chlorides hav-
ing different substituents such as cyano, ester, keto, nitro, and alde-
hyde, and the yields obtained were more than 80% in most cases.
This reaction was not successful with chlorobenzene and aryl chlo-
rides having electron-donating groups. Heterocyclic aryl chlorides
also reacted with SES-NH2 (Table 2).

The aminated aryl trimethylsilylethane sulfonamide products
were very stable and could be used for further transformations
without affecting the sulfonamide group. The SES group was
cleaved selectively from the sulfonamide using CsF in DMF without
affecting other functional groups (Table 1, entry 7).15 We carried
out the deprotection of SES with several products having acid sen-
sitive groups, for example, the SES group was deprotected selec-
tively from the product containing an acid sensitive tert-butyl
ester.

In summary, we have reported the synthesis of several sulfo-
nated aryl anilines from aryl bromides and aryl chlorides using
SES-NH2. The SES group can be cleaved selectively without affect-
ing other functional groups and establishes SES-NH2 as an excel-
lent ammonia surrogate for aryl amination reactions. Further
studies on N-substituted SES-NH2 are in progress.
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