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The reaction of N-aziridinylimino carboxamides 11 with a mixture of triphenylphosphine, carbon tetra-
chloride, and triethylamine in dichloromethane (Appel's condition) provides a new route to pyrazole-fused
heterocycles such as 2,3-dihydro-1H-imidazo[1,2-b]pyrazoles 15 and 9,10-dihydro-4H-pyrazolo[5,1-b]-
[1,3]benzodiazepines 17 via the thermal rearrangement of the expected N-aziridinylimino ketenimines 12.
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Recently, there has been a significant interest in the
chemistry of N-aziridinylimines, which can be obtained by
the reaction of 1-aminoaziridines with carbonyl
compounds. β-Fragmentation of aziridine rings is a facile
process due to the relief of ring strain originally explored
by Eschenmoser [1]. This method has been studied for the
preparations of acetylenic carbonyl compounds [1],
Shapiro-like olefinations [2,3], carbonyl-to-methylene
conversion [4], generation of carbenes [5], formation of
allylic alcohols [6], and radical cyclizations [7].

Also, the electrocyclic reaction of conjugated hetero-
cumulenes as a synthetic route to heterocycles [8] prompts
us to report on our studies. We recently described a new
route to 1,2,4-triazole- or pyrazole-fused heterocycles such
as 5,10-dihydro-1,2,4-triazolo[5,1-b]quinazolines 3a [9],
7H-imidazo[1,2-b][1,2,4]triazoles 4a [10], monocyclic
N-α-styryl-1,2,4-triazoles 5a [11], 4,9-dihydropyrazolo-
[5,1-b]quinazolines 3b [12], 1H-imidazo[1,2-b]pyrazoles
4b [12], monocyclic N-α-styrylpyrazoles 5b [12], and 5,10-
dihydro-1,2,4-triazolo[1,5-b]isoquinolines 3c [13],
involving thermal rearrangement of azino carbodiimides 2a

or azino ketenimines 2b or 2c obtained from the correspond-
ing azino ureas 1a or the azino carboxamides 1b or 1c using
Appel's dehydration method [14] (Scheme I). Similarly,
thermal reaction of N-aziridinylimino carbodiimides 7
derived from dehydration of N-aziridinylimino ureas 6 lead
to 5,6-dihydro-7H-imidazo[1,2-b][1,2,4]triazoles 8 [15]
(Scheme II). We now wish to report that N-aziridinylimino
ketenimines 12, which are obtainable from the corres-
ponding carboxamides 11 in the Appel's dehydration condi-
tion, give pyrazole-fused heterocycles 15 and 17 by thermal
rearrangement (Scheme III).

The starting N-aziridinylimino carboxamides 11 were
prepared by the reaction of 1-amino-2-phenylaziridine 9
[16] with acetoacetamide derivatives 10 in tetrahydrofuran
at room temperature, respectively. Treatment of 11a-e with
triphenylphosphine, carbon tetrachloride, and triethylamine
in dichloromethane at reflux temperature led to the forma-
tion of two products that were separated by column chro-
matography. The major product was isolated as a white
solid and assigned as a 2,3-dihydro-1H-imidazo [1,2-b]-
pyrazoles 15a-e (54-82%) on the basis of the following
spectral [17] and analytical data. A pyrazole ring was
indicated by peaks at δ = 149.6-151.0 (C6), 84.8-86.2 (C7),
and 154.1-154.8 (C7a) in the 13C NMR spectra of N-aryl
compounds 15a-d. There was also a C6-methyl absorption
at δ = 14.8-15.4, as well as peaks at δ = 67.7-68.9 (C2) and
54.4-54.9 (C3) for the dihydroimidazole ring. In the 1H
NMR spectra, the characteristic chemical shift of the
methine protons of C2 and C7 were found at δ = 5.47-5.64
as a doublet and doublet and at δ = 5.56-5.68 as a singlet,
and two methylene protons of C3 were observed at δ =
3.98-4.04 as a doublet and doublet and δ = 4.63-4.73 as a
doublet and doublet, and proved to be correlated to the C3
carbon atom (δ = 54.4) by the two dimensional
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carbon-proton heteronuclear correlation spectroscopy
(HETCOR) of 15a. On the other hand, the 1H NMR of
N-methyl compound 15e showed peaks at δ = 3.81, 4.42,
and 4.61 as three triplets assignable to the dihydro-
imidazole ring, and the 13C NMR exhibited similar absorp-
tions at δ = 153.7 (C6), 82.4 (C7), 156.3 (C7a), 72.9 (C2),
54.2 (C3), 14.6 (C6CH3), and 35.7 (NCH3).

The minor product was isolated as a white solid and was
found to be the 9,10-dihydro-4H-pyrazolo[5,1-b][1,3]ben-
zodiazepines 17 [18]. The 13C NMR showed peaks at δ =
148.8 (C3a), 142.7-144.2 (C2) and 97.8 (C3) assignable to
the pyrazole ring and δ = 54.9-55.1 (C10) and 61.7-61.8
(C9) for the dihydrobenzodiazepine ring, in addition to the
aromatic and methyl peaks. In the 1H NMR spectra, the
chemical shift of the methine proton of C9 was found at δ
= 5.35-5.38 as a triplet and two methylene protons of C10
were observed at δ = 4.34-4.36 and δ = 4.56-4.58 as dou-
blet and doublet respectively, and NH protons were exhib-
ited δ = 5.78-5.79 as a singlet and disappeared by deu-
terium exchange experiment. Also the infrared spectra of
17a and 17b showed absorptions at 3238 and 3226 cm-1

due to the secondary amino group.
A reasonable mechanism for the transformation of 11 into

15 and 17 is shown in Scheme III. The presumed intermedi-
ate N-aziridinylimino ketenimines 12 were too unstable to
isolate, so the thermal reactions of 12 would give the

zwitterionic aziridinum ion 13 followed by aziridine ring
opening to give the resonance-stabilized zwitterionic inter-
mediates 14a-c and subsequent ring closure and/or rearoma-
tization would give the products 15 and 17. No pyra-
zolobenzodiazepines 16 were produced in this reaction.

In conclusion, the facility of N-aziridinylimino carbox-
amides for the synthesis of pyrazole-fused heterocycles via
the tandem Appel's dehydration/thermal rearrangement
method was achieved under mild reaction conditions. 

EXPERIMENTAL

All reagents and solvents were reagent grade or were purified
by standard methods before use and the reactions were routinely
carried out under an inert atmosphere. Silica gel 60 (70-230 mesh
ASTM) used for column chromatography was supplied by E.
Merck. Analytical thin layer chromatography (tlc) was
performed on silica gel with fluorescent indicator coated on
aluminium sheets. Melting points were taken using an
Electrothermal melting point apparatus and are uncorrected.
Microanalyses were obtained using a Carlo Erba EA 1180
element analyzer. Mass spectra were obtained using a
ThermoQuest Polaris Q mass spectrometer operating at 70 eV.
Infrared spectra were recorded on a Nicolet Magna 550 FTIR
spectrometer. The 1H and 13C nmr spectra were measured on a
Gemini 300 spectrometer. All chemical shifts are reported in
parts per million (δ) relative to tetramethylsilane.
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Acetoacetanilides 10a, 10b and 10d were purchased from
Aldrich Chemical Co. 1-Amino-2-phenylaziridine [16], p-ace-
toacetotoluidide (10c) [19], and N-methyl acetoacetamide (10e)
[20] were prepared following the literature procedures. 

N-Aryl-3-(2-phenylaziridin-1-ylimino)butyramides (11a-d) and
N-Methyl-3-(2-phenylaziridin-1-ylimino)butyramide (11e).

General Procedure.

To a stirred solution of acetoacetamide derivatives (10,
10 mmoles) in 20 ml of tetrahydrofuran was added 1-amino-2-
phenylaziridine (9, 1.34 g, 10 mmoles) at room temperature. The
mixture was stirred at room temperature for 5-6 hours, and the

resulting solution was concentrated to dryness. The residue was
crystallized from ether/hexane to give the products 11 as white
solids.

The physical and spectral data of 11 prepared by this general
method are listed in Table 1.

6-Methyl-2-phenyl-2,3-dihydro-1H-imidazo[1,2-b]pyrazoles
15a-e, 2-Methyl-9-phenyl-9,10-dihydro-4H-pyrazolo[5,1-b]-
[1,3]benzodiazepine (17a) and 7-Chloro-2-methyl-9-phenyl-
9,10-dihydro-4H-pyrazolo[5,1-b][1,3]benzodiazepine (17b).

General procedure.

To a stirred solution of the appropriate carboxamide (11, 3
mmoles) in 20 ml of dichloromethane was added triphenyl-

Table 1

3-(2-Phenylaziridin-1-ylimino)butyramides 11a-e

Reaction Yield MP Molecular Analysis (%) 1H NMR δ (ppm), J (Hz)

Time (h) (%) (°) Formula Calcd./Found (Deuterochloroform)
C H N

11a 5 90 59-61 C18H19N3O 73.70 6.53 14.32 2.13 (s, 3H, CH3), 2.41 (d, 1H, J = 4.5, CH2), 2.50 (d, 1H,
(293.4) 73.51 6.89 13.99 J = 7.5, CH2), 2.95 (dd, 1H, J = 7.5, J = 4.5, CH), 3.34 

(s, 2H, CH2), 6.98-7.35 (m, 10Harom), 9.19 (s, 1H, NH)
11b 5 92 70-71 C18H18ClN3O 65.95 5.53 12.81 2.12 (s, 3H, CH3), 2.42 (d, 1H, J = 4.8, CH2), 2.49 (d, 1H, J = 7.5,

(327.8) 66.21 5.61 12.61 CH2), 2.95 (dd, 1H, J = 7.5, J = 4.8, CH), 3.34 (s, 2H, CH2), 6.88 
(d, J = 7.2, 2Harom), 7.06-7.35 (m, 5Harom), 7.48 (d, J = 7.2,
2Harom), 9.26 (s, 1H, NH) 

11c 6 90 96-97 C19H21N3O 74.24 6.89 13.67 2.13 (s, 3H, CH3), 2.32 (s, 3H, CH3), 2.41 (d, 1H, J = 4.5, CH2),
(307.4) 73.88 7.09 13.34 2.49 (d, 1H, J = 7.5, CH2), 2.94 (dd, 1H, J = 7.5, J = 4.5, CH), 3.32 

(s, 2H, CH2), 7.11-7.40 (m, 9Harom), 9.09 (s, 1H, NH)
11d 5 94 81-82 C19H21N3O2 70.57 6.55 12.99 2.13 (s, 3H, CH3), 2.41 (d, 1H, J = 4.5, CH2), 2.49 (d, 1H, J = 7.8,

(323.4) 70.32 6.87 12.92 CH2), 2.94 (dd, 1H, J = 7.8, J = 4.5, CH), 3.32 (s, 2H, CH2), 3.79 
(s, 3H, OCH3), 6.85 (d, J = 8.7, 2Harom),7.26-7.33 (m, 5Harom),7.42 
(d, J = 8.7, 2Harom), 9.01 (s, 1H, NH)

11e 6 65 oil C13H17N3O 67.51 7.41 18.17 2.07 (s, 3H, CH3), 2.34 (d, 1H, J = 4.7, CH2), 2.56 (d, 1H, J = 7.5,
(231.3) 67.73 7.73 18.46 CH2), 2.79 (d, 3H, J = 4.7, NCH3), 2.90 (dd, 1H, J = 7.5, J = 4.7, 

CH), 3.15 (s, 2H, CH2), 6.73 (br s, 1H, NH), 7.22-7.37 (m, 5Harom)

Table  2

Pyrazole-Fused Heterocycles 15 and 17 Prepared under Appel's Conditions

Reactant Reaction Product Yield MP Molecular Analysis (%) IR(KBr)

Time (h) (%) (°) Formula Calcd./Found ν
C H N (cm-1)

11a 4 15a 66 100-101 C18H17N3 78.52 6.22 15.26 1588, 1558, 1512, 1389
(275.3) 78.70 6.40 15.40

17a 8 96-98 C18H17N3 78.52 6.22 15.26 3238, 1606, 1559, 1499
(275.3) 78.45 5.96 14.93

11b 5 15b 54 102-103 C18H16ClN3 69.79 5.20 13.56 1600, 1554, 1516, 1393
(309.8) 69.94 5.34 13.21

17b 15 102-104 C18H16ClN3 69.79 5.20 13.56 3226, 1606, 1558, 1495
(309.8) 69.48 5.07 13.28

11c 6 15c 62 112-113 C19H19N3 78.86 6.62 14.52 1622, 1562, 1524, 1347
(289.4) 79.11 6.82 14.84

11d 6 15d 78 121-122 C19H19N3O 74.73 6.27 13.76 1588, 1561, 1518, 1390
(305.4) 74.38 6.42 13.86

11e 4 15e 82 82-83 C13H15N3 73.21 7.09 19.70 1571, 1457, 1389, 1296
(213.3) 73.14 7.34 19.92
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phosphine (0.79 g, 3 mmoles), carbon tetrachloride (0.58 ml,
6 mmoles), and triethylamine (0.42 ml, 3 mmoles) at room
temperature. The mixture was heated at reflux temperature for
3 hours, and the same amount of triphenylphosphine, carbon
tetrachloride, and triethylamine was added again. The resulting
solution was then stirred at reflux temperature for 1-3 hours
more, and poured into water (30 ml) and extracted with
dichloromethane (2 × 30 ml). The organic layer was separated,
dried over magnesium sulfate, and concentrated to dryness in
vacuo. The residue was chromatographed on a silica gel column
eluting with hexane/ethyl acetate (5:1) to give the products 15
and 17 as white solids.

The physical and spectral data of 15 and 17 prepared by this
general method are listed in Table 2 and Table 3.
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