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A simple, inexpensive, environmentally friendly, and highly efficient benzylation and allylation of 1,3-
dicarbonyl compounds with sulfonamides in the presence of Yb(OTf)3 is described. Yb(OTf)3 was proved
to be a good catalyst for the cleavage of sp3 carbon–nitrogen bond. Various 1,3-dicarbonyl compounds
can couple with a broad range of tosyl-activated benzylic and allylic amines to give diversely function-
alized products in good to excellent yields.

� 2012 Elsevier Ltd. All rights reserved.
Table 1
Catalyst Screening and Reaction Optimizationa

+
O O cat.

O O

1a 2a 3aa

NHTs

PhPh
PhPh

Entry Catalyst Solvent Amount (mol %) Yieldb (%)

1 None CH3NO2 <5
2 TsOH CH3NO2 5 <5
3 H2SO4 CH3NO2 50 61
4 AlCl3 CH3NO2 20 <5
5 CuCl2�3H2O CH3NO2 5 <5
6 Sc(OTf)3 CH3NO2 5 99
7 La(OTf)3 CH3NO2 5 97
8 Yb(OTf)3 CH3NO2 2 59
9 Yb(OTf)3 CH3NO2 4 89

10 Yb(OTf)3 CH3NO2 5 99
11 Yb(OTf)3

iPrOH 5 <5
12 Yb(OTf)3 DCE 5 65
13 Yb(OTf)3 DMF 5 <5
Introduction

Following the rapid expansion of organic synthesis to the area of
biomolecules, which ubiquitously possess amino groups, the
research for the substitution of an amino group or its protected
group at an ordinary sp3 carbon with a protic carbon to form new
functional groups is more and more urgent.1 Benzylation and ally-
lation are important for the formation of carbon–carbon bonds, in
general, the cleavage of carbon–halogen bonds or carbon–oxygen
bonds under acidic conditions has been widely applied to the
formation of carbon–carbon bonds in chemical synthesis, benzylic
and allylic halides and the corresponding sulfonates are frequently
employed as the alkylating agents.2 Nevertheless, strongly acidic
hydrogen halides are inevitably generated as byproducts in the
reaction and these acids are able to promote undesired side reac-
tions such as elimination, overalkylation, or some other reactions.
One of the methods to solve this problem is using alcohols as the
substrates,3 and another approach is making tosyl amino group as
a leaving group.4 Whereas, it is still a challenge for chemists to find
suitable acids for the efficient substitution of an amino group or its
protected group at an ordinary sp3 carbon with a protic carbon to
form new functional groups. In 2009, Tian and his co-workers
developed a ZnCl2–TMSCl double Lewis acid catalytic system for
the sp3 carbon–nitrogen cleavage.4j Recently, they also reported a
ll rights reserved.

.
).
FeCl3-catalyzed cleavage of sp3 carbon–nitrogen bonds to generate
benzyl cation intermediates.5
14 Yb(OTf)3 CH3CN 5 60
15 Yb(OTf)3 Toluene 5 0

a Reaction conditions: Compound 1a (0.50 mmol), 2a (0.60 mmol). The reaction
was conducted at 100 �C for 18 h.

b Isolated yield.
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Table 2
Catalytic alkylation of acetyl acetone with sulfonamidesa

R1NTs +
O O Yb(OTf)3 (5 mol %)

O O

R1

1a-1m 2a 3aa-3am

CH3NO2

Entry 1 Time (h) T (�C) 3 Yieldb (%)

1

NHTs

1a
18 100

O O

3aa

99

2

NHTs

O
1b

6 rt

O

O O

3ab

94

3

NHTs

Cl
1c

18 100

Cl

O O

3ac

96

4

NHTs

1d
18 100

O O

3ad

99

5

NHTs

1e
18 100

O O

3ae

99

6

NHTs

O
1f

6 rt

O O

O
3af

95

7

NHTs

Cl
1g

18 100

O O

Cl
3ag

93

8

NHTs

1h
8 rt

O O

3ah

99

9

NHTs

1i
8 rt

O O

3ai

96
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Table 2 (continued)

Entry 1 Time (h) T (�C) 3 Yieldb (%)

10

NHTs

1j 24 100

O O

3aj

66c

11

NHTs

1k

24 100 0

12 NHTs
1l

24 100 0

13
O

NHTs

1m

24 100 0

14

NTs

  1n

24 100

O O

3aa

99

15

NTs

 1u

8 rt

O O

3ai

96

a Reaction conditions: Compound 1 (0.50 mmol), 2a (0.60 mmol), Yb(OTf)3 (5 mol %), CH3NO2 (2 ml).
b Isolated yield.
C Keto/Enol = 1:2.

Table 3
Reaction of 1,3-dicarbonyl compounds with sulfonamidesa

R1NTs +
R2 R3

O O Yb(OTf)3 (5 mol %)
R2 R3

O O

R1

1 2 3

CH3NO2

Entry 1 2 Time (h) T (�C) 3 Yieldb (%)

1 1a O O

2a

18 100 3aa 99
2 1e 18 100 3ae 99
3 1h 8 rt 3ah 99

4 1a O O

2b

18 100 3ba 97
5 1e 18 100 3be 84
6 1h 8 rt 3bh 96c

7 1a O O

2c

18 60 3ca 91
8 1e 18 60 3ce 80
9 1h 8 rt 3ch 92

10 1a O

O

O

2d

18 100 3da 99
11 1h 6 rt 3dh 96

12 1a

O

O

O

O

2e

24 100 0
13 1h 18 rt 0

a Reaction conditions: Compound 1 (0.50 mmol), 2 (0.60 mmol), Yb(OTf)3

(5 mol %), CH3NO2 (2 ml).
b Isolated yield.
c trans/cis = 1:1.
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Yb(OTf)3, as a relative inexpensive and representative lantha-
nide salts, with advantage of catalytic use, strong Lewis acidity
even in pure water, preformed efficient catalytic activity in various
organic transformations.6 In continuation of our studies on the use
of lanthanide salts,7 we decided to investigate Yb(OTf)3 for the
reaction of protic carbon with sulfonamides.

Results and discussion

First, the model reaction of N-tosyl benzhydrylamine (1a) with
acetyl acetone (2a) was examined in order to study the reaction
conditions (Table 1). The reaction was carried out at 100 �C for
18 h. There was almost no product without catalysts (Table 1, entry
1). Various traditional Brønsted or Lewis acids, such as TsOH, H2SO4,
AlCl3, and CuCl2�3H2O were tried (Table 1, entries 2–5), but the
yields were unsatisfactory. However, the remarkable improvement
of the yield (99%) was obtained in the presence of Yb(OTf)3 (Table 1,
entry 10) or Sc(OTf)3 (Table 1, entry 6) as catalyst in MeNO2. We
chose to carry out the reaction with Yb(OTf)3 because of its lower
cost compared to Sc(OTf)3.8 The loading of Yb(OTf)3 for the reaction
was examined (Table 1, entries 8–10), when the loading is 5 mol %,
the best results were acquired. The Screening of solvents, such as
CH3CN, CH3NO2, iPrOH, DCE, DMF, and toluene (Table 1, entries
10–15), have also been explored. CH3NO2 was proved to be the best
solvent at 100 �C for 18 h (Table 1, entry 10).

Based on the optimized reaction conditions, a broad range of to-
syl-activated amines were examined in the Yb(OTf)3-catalyzed
alkylation of acetyl acetone (2a) (Table 2). The cross-coupling reac-
tion of tosyl-activated benzylic amines with acetyl acetone (2a)
proceeded smoothly to give the corresponding substituted 1,
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3-diketones in good to excellent yields (Table 2, entries 1–7). The
substrates bearing electron-donating groups on their aromatic
rings reacted more easily even at room temperature for 6 h (Table
2, entry 2 and entry 6). With regard to the allylic alkylation of acet-
yl acetone (2a), tosyl-activated allylic amines were found to serve
as suitable substrates at room temperature for 8 h (Table 2, entries
8–10). N-tosyl phenylmethanamine (1k),9 N-tosyl prop-2-en-1-
amine (1l)10 and N-tosyl 1-(furan-2-yl)propan-1-amine (1m) did
not couple with acetyl acetone probably because of the unstability
of the carboncation. The use of 1j obtained a mixture of enol and
keto.11 The third amines, such as 1n and 1u, also proved to be suit-
able substrates to this reaction (Table 2, entry 14 and 15).

A variety of 1,3-dicarbonyl were tried for the cross-coupling
reaction with tosyl-activated benzylic and allylic amines (Table
3). The cross-coupling reaction of 1a and 1e with most 1,3-dike-
tones proceeded smoothly with excellent yield (Table 3, entries
1–2, 4–5, 7–8). 2c was more active, it coupled at a lower tempera-
ture (60 �C) for 18 h (Table 3, entries 7–8).

In addition, we tried some other 1,3-dicarbonyl compounds,
such as 2d and 2e, which were thought to be less active for this
kind of alkylation.12 The coupling of 2e with benzylic (1a) or allylic
amines (1h) was disappointing, but the reaction of 2d with ben-
zylic (1a) and allylic amines (1h) could get high yield (up to 99%).

Conclusions

In summary, we have successfully reported the benzylation and
allylation of various 1,3-dicarbonyl compounds with sulfonamides
in the presence of Yb(OTf)3. The cross-coupling reactions
proceeded through a cleavage of sp3 carbon–nitrogen bonds. The
advantages of this reaction are broad scope, high yield, mild condi-
tions, use of inexpensive catalyst, and simplicity of operation with
the only side product.
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