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ABSTRACT

A novel and efficient copper-catalyzed tandem reaction of N-tosylaziridines and hydrazones under aerobic conditions to afford the functionalized
tetrahydrotriazines is described. The process involves a nucleophilic ring-opening and an intramolecular oxidative amidation.

Carbon-nitrogen bond formation is one of the most useful
and fundamental reactions in both academic and industrial
chemistry, due to the high prevalent subunits of nitrogen-
containing heterocycles in a variety of biologically active
natural products and pharmaceuticals.1 Of course, the major-
ity of methods for installation of an amine functionality
involve reaction of a nitrogen-based nucleophile with an
electrophilic carbon center. With the emergence of the
concepts of atom economy2 and green chemistry,3 new
methods to introduce C-N functionality by direct C-H
activation are both important and highly desirable because
of its conciseness and atom economy. Although there were

a lot of excellent results about C-N bond formation through
C-H activation,4 examples of the reactions under copper-
catalyzed aerobic conditions are rare.5

In the past decades, much attention has been attracted to
tandem reactions because tandem reaction is a powerful
synthetic method for the construction of complex chemical
frameworks from readily available materials.6 This strategy
allows the formation of two or more bonds in a one-pot
reaction without the isolation of intermediates and greatly
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enhances synthetic efficiency. Aziridines are widely used
building blocks in organic synthesis,7 and many excellent
examples about nucleophilic ring-opening reaction of aziri-
dines have been reported.8 As a part of our continuing
program on development of tandem reactions of aziridines,9

we herein report an efficient and general approach to
tetrahydrotriazines via the copper-catalyzed tandem reaction
of N-tosylaziridines with hydrazones.

An exhaustive study of the reaction conditions for the
synthesis of 3a from phenylaziridine 1a with hydrazone 2a
was conducted (Table 1). A screening of the catalysts showed
that 0.1 equiv of Cu(OTf)2 was the most efficient catalyst
for this transformation (Table 1, entries 3-9).

When the copper loading was reduced to 5 mol %, a low
yield of 3a was obtained. Interestingly, when other catalysts,
such as AgOTf, Yb(OTf)3, and Sc(OTf)3 were used, only a
simple nucleophilic ring-opening reaction occurred, and
�-hydrazinylamine 3aa was isolated in moderate yield and
product 3a was not observed (Table 1, entries 1-3). Other
metal salts, such as CuI, CuBr2, and FeCl3, could not catalyze
this reaction (Table 1, entries 10-12). Solvent also highly
affected this reaction and toluene was the most suitable
solvent, whereas both THF and 1,2-dichloroethane (DCE)
provided mainly the product 3aa (Table 1, entries 8 and 9).
Further screening of the catalytic reaction conditions revealed
that the reaction products largely depended on the reaction
temperature. When the reaction was conducted under aerobic
conditions at room temperature for 24 h, only the product
3aa was isolated in 60% yield (Table 1, entry 7). It was
noteworthy that 3aa could also be converted into 3a in 83%
yield via Cu(OTf)2-catalyzed intramolecular C-H amination

reaction under 1 atm of air at 80 °C for 4 h (Scheme 1).
However, no reaction occurred for 3aa under air-free
conditions. These reults indicated that the �-hydrazinylamine
3aa is the key intermediate to tetrahydrotriazine 3a. Thus,
the most suitable reaction conditions for the formation of
3a were established, and optimal conditions featured 10 mol
% Cu(OTf)2, toluene, 80 °C, and 1 atm of air as oxidant
(Table 1, entry 4).

Since hydrazones are readily available, then, we extended
the substrate scope to various hydrazones 2 using the
optimized reaction conditions (Table 2). As shown in Table
2, a wide range of hydrazones could react with 1a and
resulted in tetrahydrotriazines 3 in moderate to good yields
(50-76%). The reaction tolerated substrates 2 with both
electron-donating and electron-withdrawing aryl substituents
under the present reaction conditions (Table 2, entries 1-7
and 12-15). Furthermore, the structure of compound 3f was
unambiguously confirmed by single-crystal X-ray analysis
(Figure 1). Phenylallyl hydrazone 2j and naphthyl hydrazone
2k were also transformed into tetrahydrotriazines 3j and 3k
in 74% and 57% yields, respectively (Table 2, entries 10
and 11). We were happy to observe that the alkyl-substituted
hydrazones 2h, 2i, and 2p also reacted well under the
standard conditions (Table 2, entries 8-9 and 16).
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Table 1. Optimization of Reaction Conditionsa

yieldb (%)

entry catalyst temp (°C) solvent t (h) 3a 3aa

1 AgOTf 80 toluene 10 0 65
2 Yb(OTf)3 80 toluene 10 0 60
3 Sc(OTf)3 80 toluene 10 0 57
4 Cu(OTf)2 80 toluene 4 58 0
5 Cu(OTf)2 80 toluene 10 50c 0
6 Cu(OTf)2 50 toluene 10 35 26
7 Cu(OTf)2 RT toluene 24 0 60
8 Cu(OTf)2 60 THF 15 5 53
9 Cu(OTf)2 80 DCE 10 5 49

10 CuI 80 toluene 15 NR
11 CuBr2 80 toluene 15 NR
12 FeCl3 80 toluene 15 NR

a Reaction conditions: 1a (1 mmol), 2a (1 mmol), catalyst (0.1 mmol),
and solvent (8 mL). b Yield of the isolated product. c Catalyst (0.05 mmol).

Scheme 1. Synthesis of 3a from 3aa
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Further investigations into the scope of various N-
tosylaziridines 1 were then carried out with hydrazone 2c
under the same reaction conditions as above, and representa-
tive results are listed in Table 3. The desired products 3c
and 3q-t were obtained in moderate to good yields
(50-80%). Significantly, 1-tosylaziridine (1e) also worked
well to afford the corresponding product 3t as a single
product in 80% yield under the present reaction conditions
(Table 3, entry 5).

We proposed a possible mechanism for this tandem
reaction as shown in Scheme 2. The first step is most likely
the copper-catalyzed regioselective nucleophilic ring-opening
reaction of N-tosylaziridines and hydrazones, which leads
to a �-hydrazinylamine-type intermediate 3aa. Two possible

reaction pathways were possible to convert linear adduct 3aa
to final product 3a: (1) copper-catalyzed direct oxidative
amidation (pathway A)4g,5a and (2) nucleophilic addition of
tosylamide to hydrazone followed by copper-mediated
oxidation of the resulting hexahydrotriazines (pathway B).
However, 3aa could not be converted into 3a or the
nonoxidative cyclization product 5 in the presence of
Cu(OTf)2 under air-free conditions. We also treated 3aa with
NaH, but 5 was not observed and all of 3aa was recovered.
These results suggest that 5 is not an intermediate. Therefore,
pathway A is a possible route to 3a.

1,2,4-Triazine and its derivatives are a well-known class
of heterocycles, most of them having biological activities.10

They are also useful synthetic intermediates.11 Consequently,
a number of synthetic approaches have been set up for
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Table 2. Copper-Catalyzed Tandem Reaction of 1a and
Hydrazones 2a

.

entry R1/R2 t (h) product yieldb (%)

1 4-CH3C6H4/Ph (2a) 4 3a 58
2 4-CH3OC6H4/Ph (2b) 20 3b 50
3 Ph/Ph (2c) 8 3c 60
4 4-BrC6H4/Ph (2d) 8 3d 63
5 4-NO2C6H4/Ph (2e) 20 3e 70
6 3-NO2C6H4/Ph(2f) 4 3f 68
7 2-ClC6H4/Ph (2g) 4 3g 69
8 i-Pr/Ph (2h) 1 3h 73
9 n-C9H19/Ph (2i) 1 3i 76

10 C6H5CHdCH/Ph (2j) 30 3j 74
11 2-naphthyl/Ph (2k) 20 3k 57
12 Ph/4-CH3OC6H4 (2l) 20 3l 55
13 Ph/4-CH3C6H4 (2m) 48 3m 70
14 Ph/4-NO2C6H4 (2n) 2 3n 72
15 Ph/4-ClC6H4 (2o) 6 3o 67
16 Ph/C6H5CH2 (2p) 4 3p 61
a Reaction conditions: 1a (1 mmol), 2 (1 mmol), Cu(OTf)2 (0.1 mmol),

and toluene (8 mL). b Yield of the isolated product.

Figure 1. Crystal structure of compound 3f.

Table 3. Copper-Catalyzed Tandem Reaction of 1 and
Hydrazone 2ca

entry R t (h) product yieldb (%)

1 Ph (1a) 8 3c 60
2 4-ClC6H4 (1b) 4 3q 65
3 4-CH3C6H4 (1c) 4 3r 75
4 C6H5CH2 (1d) 4 3s 50
5 H (1e) 4 3t 80

a Reaction conditions: 1 (1 mmol), 2c (1 mmol), Cu(OTf)2 (0.1 mmol),
and toluene (8 mL). b Yield of the isolated product.

Scheme 2. Possible Mechanism for the Formation of 3
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constructing this important heterocyclic system.12 An ex-
ample for the formation of tetrahydrotriazine from aziridine
and nitrilimines was reported by Tsuge and co-workers.13

Compared with the published methods, the present tandem
method is more efficient and general and should be very
attractive to medicinal chemists as well as organic synthetic
chemists.

In conclusion, we have developed a single-step approach
to tetrahydrotriazines via the Cu(II)-catalyzed tandem reac-
tion of N-tosylaziridines and hydrazones under aerobic
conditions. The process is thought to involve a copper-
catalyzed nucleophilic ring-opening reaction and a copper-

catalyzed intramolecular C-H amidation. The use of inex-
pensive Cu catalyst and air as the ideal oxidant is a significant
practical advantage. The synthetic applications of this new
methodology are under investigation.
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