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Abstract: A simple and efficient way to b-nitroamines via aza-
Henry reaction of N-tosyl ketoimines and nitromethane has been de-
veloped. In the presence of only 5 mol% Na2CO3, most of the N-to-
syl ketoimines can react to give products in good to excellent yields
(up to 99%) in THF at room temperature.
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The aza-Henry (or nitro-Mannich) reaction,1 that is, nu-
cleophilic addition of nitroalkanes to imines, provides
synthetically versatile b-nitroamines which can be easily
converted to 1,2-diamines by reduction of nitro group, a-
aminocarbonyl compounds by means of Nef reaction and
other reactions.2 Particularly, the 1,2-diamine structural
motif is of particular interest owing to its broad utility,
which involves the scopes of biologically active nature
products, medicinal chemistry, as well as employment as
ligands in organic synthesis.

Tremendous efforts have been devoted to develop catalyt-
ic aza-Henry reaction over the past decade. So far, both ra-
cemic and asymmetric methods for the reactions with
various nitroalkanes have been realized using metal
complexes1,3 and organocatalysts, such as thioureas,4

chiral proton catalysts,5 and cinchona alkaloids.6,7 How-
ever, most of them are known for aldimines, while a gen-
eral catalytic method for ketoimines is hardly accessible
due to their low reactivity and difficult preparation. To the
best of our knowledge, there are only two examples for
aza-Henry reactions of ketoimines reported to date. One is
diastereoselective aza-Henry reaction of N-tolylsulfi-
nylimines catalyzed by Yb(Oi-Pr)3 or TBAF in which
only two cases involving ketoimines were mentioned.8

The other is the organic base catalyzed aza-Henry reaction
of N-diphenylphosphinoyl ketoimines.9 However, this
method was ineffective for N-sulfonyl ketoimines which
are more commonly employed in other reactions because
of their superior stability.10 Therefore, the development of
an approach using N-sulfonyl ketoimines for such a reac-
tion is extremely necessary and potentially useful. We had
already reported inorganic salts as heterogeneous catalyst

in cyanosilylation of carbonyl compounds.11a Herein, we
wish to report a simple and efficient way for the catalytic
aza-Henry reaction of N-tosyl ketoimines catalyzed by in-
organic salts.

The initial studies were focused on the addition of ni-
tromethane to N-tosyl phenylmethylketoimine 1a.12 A se-
ries of inorganic salts were tested and the results are listed
in Table 1.

As can be seen from Table 1, the alkalinity of catalyst was
revealed to be an important parameter for the attainment
of high yield. The catalyst with exorbitant alkalinity
caused obvious decomposition of ketoimines, so that low
yields were obtained (Table 1, entries 4 and 5).8 On the
other hand, catalysts with insufficient alkalinity were not
active enough for the reaction, which provided much low-

Table 1 Screening of the Catalystsa

Entry Catalyst Yield (%)b

1 Li2CO3 –c

2 NaHCO3 57

3 Na2CO3 81

4 K2CO3 25

5 KO-tBu 28

6 HCOONa –c

7 NaOAc 10

8 KOAc 69

a All reactions were carried out with ketoimine 1a (0.2 mmol) and ni-
tromethane (10 equiv) in the presence of indicated catalyst (10 mol%) 
and THF (0.29 mL) at r.t. for 24 h.
b Isolated yield.
c Not detected.
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er yields (Table 1, entries 1, 6, and 7). Potassium acetate
could give moderate yield (Table 1, entry 8), but Na2CO3

was found to be the most promising one with 81% isolated
yield after 24 hours at room temperature (Table 1, entry
3).

Further improvement of the yield was obtained by optimi-
zation of other reaction conditions. As shown in Table 2,
increasing the loading of Na2CO3 caused a drop in yield
(Table 2, entry 1 vs. entry 2), while 83% isolated yield
was obtained when the catalyst loading was decreased to
5 mol% (Table 2, entry 3 vs. entry 1). Reducing the
amount of nitromethane led a dramatically decline in
yields, while using nitromethane as solvent could not pro-
vide a satisfied yield (Table 2, entries 4–6). Moreover,
some other solvents were also examined besides THF, but
no better results were obtained (Table 2, entries 7–11). Fi-
nally, with only 5 mol% powdered Na2CO3, the desired
product was obtained in 86% isolated yield after 24 hours
at room temperature (Table 2, entry 12).

Under the optimized condition, a series of N-tosyl ke-
toimines 1a–n was reacted with nitromethane. As listed in
Table 3, most of the ketoimines afforded quaternary car-
bon products in good to excellent yields. For most of the

aromatic ketoimines, introduction of both electron-with-
drawing and electron-donating groups at aromatic rings
could afford good to excellent yields (Table 3, entries 2–
8). However, the introduction of methoxy at the para po-
sition of the aromatic ring made the reaction much more
difficult, and only 37% isolated yield was obtained
(Table 3, entry 9). Meanwhile, both naphthalene and het-
erocyclic compounds gave good yields, but longer reac-
tion time was required (Table 3, entries 10–12). In
addition, the aliphatic ketoimines could also obtained
moderate to excellent yields (Table 3, entries 13 and
14).13,14

In conclusion, Na2CO3, which is a low-cost and environ-
mentally friendly reagent, was found to be an excellent
base catalyst for the aza-Henry reaction of N-tosyl ke-
toimines under mild conditions. Wide substrate scope,

Table 2 Optimization of the Reaction Conditionsa

Entry Cat (mol%) MeNO2 
(equiv)

Solvent Yield (%)b

1 20 10 THF 72

2 10 10 THF 81

3 5 10 THF 83

4 5 5 THF 67

5 5 1 THF 32

6c 5 20 – 75

7 5 10 CH2Cl2 12

8 5 10 toluene 11

9 5 10 MeCN 59

10 5 10 Et2O 41

11 5 10 1,4-dioxane 63

12d 5 10 THF 86

a Unless otherwise noted, all reactions were carried out with keto-
imine 1a (0.2 mmol) and nitromethane in the presence of Na2CO3 and 
indicated solvent (0.29 mL) at r.t. for 24 h.
b Isolated yields.
c Nitromethane was used as solvent.
d Powdered Na2CO3 was used.

N
Ts

MeNO2

HN
Ts

NO2

Na2CO3

solvent, r.t.

1a 2a

Table 3 Aza-Henry Reaction of N-Tosyl Ketoimines Catalyzed by 
Na2CO3

a

Entry R Time (h) Yield (%)b

1 Ph (1a) 24 86

2 2-FC6H4 (1b) 48 86

3 4-FC6H4 (1c) 48 99

4 4-ClC6H4 (1d) 48 90

5 3-ClC6H4 (1e) 48 88

6 4-BrC6H4 (1f) 48 94

7 3-MeOC6H4 (1g) 48 92

8 4-MeC6H4 (1h) 48 77

9 4-MeOC6H4 (1i) 48 37

10 1-naphthyl (1j) 48 80

11

(1k)

72 86

12

(1l)

72 75

13

(1m)

96 45

14 PhCH2CH2 (1n) 48 99

a Unless otherwise noted, all reactions were carried out with keto-
imines 1a–n (0.2 mmol) and nitromethane (10 equiv) in the presence 
of Na2CO3 (5 mol%) and THF (0.29 mL) at r.t.
b Isolated yield.
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mild conditions, and simple handling are advantages of
this procedure. Moreover, it provides a feasible direction
of asymmetric aza-Henry reaction for N-tosyl ketoimines.
Further investigations are under way in our laboratory for
the asymmetric catalytic aza-Henry reaction of keto-
imines.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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