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Reaction of diaziridine-3,3-dicarboxylic acid 
dihydrazide with acetone
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Using the reaction of diaziridine-3,3-dicarboxylic acid dihydrazide with acetone, new bicyclic diaziridines 7a,b have been
obtained instead of expected tricyclic heterocycle 8.

Diaziridines are known to display anticancer1–5 and psycho-
tropic6 activity. In this aspect, the chiral diaziridines are of
special interest, in particular, tricyclic ‘butterfly’ 1a,b (liquids)
of C2 symmetry.7–10

This work aimed to obtain crystalline functionalized tricyclic
diaziridines capable of resolving into enantiomers and thus
potentially useful for structural and biological studies. As we
reported earlier, aziridine-2-carboxylic acid hydrazide reacted
with aldehydes and ketones to give bicyclic aziridines,11 and with
acetone it formed a crystalline conglomerate, which underwent
spontaneous resolution.12

Assuming that an analogous double cyclization could be
feasible, we have studied the reaction of diaziridine-3,3-dicar-
boxylic acid dihydrazide 6 with acetone in an attempt to obtain
the target tricyclic diaziridine similar to 1b. However, instead of
tricycle 8, a mixture of bicyclic diaziridines 7a and 7b was
obtained (Scheme 1).† The initially formed precipitate consists
of two isomers 7a and 7b, but after recrystallization from
acetone, only bicycle 7b was isolated.

Several attempts to convert the mixture of hydrazones 7a,b
into tricyclic 8 were unsuccessful. Thus, heating a solution
of 7a,b in boiling [2H6]acetone at 60 °C for 10 or 48 h in pure
boiling CD3OD (and with 10 mol% DABCO) produced no changes
in 1H NMR spectra.  

The structure of the bicyclic hydrazones was investigated
using NMR spectroscopy. When recrystallised isomer 7b was
dissolved in [2H6]DMSO, signals corresponding to two isomeric
monohydrazones 7a and 7b were observed in an equilibrium
ratio of 3:2. Both structures were confirmed by important
1H ® 13C connectivities observed in HMBC spectra (Figure 1)
and observed NOEs (Figure 2). According to this evidence, the
isomers may differ in the E/Z geometry of the N-acylhydrazone
or in stereochemistry at the diaziridine nitrogen. Stereochemistry
at the diaziridine NH nitrogen seems to be well defined due to a
much higher inversion barrier in diaziridines as compared to
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Scheme 1 Synthesis of diaziridine 7. Reagents and conditions: i, AcOH–H2O,
NaNO2, –5 °C to room temperature, 6 h; ii, NEt3, Et2O, TsCl, 5 °C to room
temperature, 4 h; iii, NH3 (2 equiv.) in MeCN, –40 °C, 1.5 h; iv, 1 mol dm–3

hydrazine in THF, room temperature, 12 h; v, Me2CO (excess), reflux, 1.5 h.
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Figure 1 Important 1H ® 13C connectivities observed in HMBC spectra.
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Figure 2 Observed NOEs.
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simple aziridines. According to X-ray structure of 7b (Figure 3),
diaziridine NH proton is pointed towards uncyclised substituent
due to electronic repulsions of N(1) and N(2) lone electron
pairs. One more possibility to generate isomers is the planar
inversion of hydrazone nitrogen. However, this is very high
energy process and cannot count for observed exchange cross
peaks on NOESY/ROESY spectra between 7a and 7b. Thus, we
conclude that interconversion of 7a to 7b is restricted rotation
around amide bond as it was observed in the case of other acyl-
hydrazones.13,14 At the same time, the geometry of the preferred
solid state isomer is confirmed, as shown for bicyclic diaziridine
7b according to the X-ray diffraction study (Figure 3).‡

In summary, bicyclic diaziridines 7 (semi butterfly) have
been synthesised for the first time from diaziridine-3,3-dicar-
boxylic acid dihydrazide and acetone. No tricyclic structure 8
(butterfly) was detected in these studies.

This work was supported by the Russian Academy of
Sciences and the Russian Foundation for Basic Research (grant
no. 06-03-32840).
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† NMR spectra were recorded on a Varian UNITY INOVA 600 MHz
spectrometer equipped with a cryoprobe, in [2H6]DMSO solution at
25 °C, and on a 200 MHz NMR Spectrometer Varian 200 Mercury.
Chemical shifts are reported in ppm relative to residual solvent signal
[d (1H) 2.50 ppm, d (13C) 39.5 ppm] (for 600 MHz spectrometer) or TMS
as an internal reference (for 200 MHz spectrometer). Two-dimensional
spectra recorded included DQF-COSY, ROESY, TOCSY, sensitivity-
enhanced 13C-HSQC and 13C–1H HMBC. Pulsed-field gradients were
used for all 13C correlation spectra. The ROESY mixing time was 200 ms,
and the TOCSY mixing time was 70 ms. 13C-HMBC spectra were recorded
with coupling evolution delay for the generation of multiple-bond cor-
relations set to 62.5 ms. All 2D spectra were run with 4096×1024 points
data matrix, giving t2 max = 250 ms for 1H in the acquisition dimension
and t1max = 100 ms for 1H or t1max = 50 ms for 13C for the indirect
dimension. Prior to Fourier transform the data matrix was zero-filled twice
and multiplication by shifted sine-bell window function was applied. For
1H–13C HMBC the magnitude spectra were calculated.

LC-MS analysis was performed on a Waters Acquity ultra performance
liquid chromatography (UPLC) system (Waters Corp., Milford, USA)
(column Acquity UPLC BEH C18 1.7 μm, 2.1×50 mm) coupled to a
Micromass Q-Tof micro API Time Of Flight (TOF) mass spectrometer
(Waters Corp., Milford, USA) equipped with an electrospray source
operating in positive ion mode. The source temperature was set at 120 °C
with a cone gas flow of 30 dm3 h–1. A desolvation gas temperature of
300 °C and a gas flow of 400 dm3 h–1 were employed. The capillary
voltage was set at 3.0 kV and the cone voltage was 45 V.

Diester 4 was obtained according to the reported method,15 yield
5.22 g (73%). 1H NMR (200 MHz, [2H6]DMSO) d: 2.47 (s, 3H), 3.84
(s, 3H), 3.94 (s, 3H), 7.33–7.44 (m, 2H), 7.83–7.94 (m, 2H).

Diaziridine 5 was prepared according to the known procedure16 and
purified by sublimation. Dihydrazide 6 is extremely hygroscopic and,
therefore, was used without purification.

Bicyclic diaziridine 7: 170 mg (1.06 mmol) of diaziridine 5 was
dissolved in 10 ml of dry THF (from Na/benzophenone), and 2.2 ml of
1 mol dm–3 hydrazine solution in THF was added. The mixture was
stirred for 12 h under argon. A white precipitate was filtered under argon,
dissolved in dry acetone, and the solution was heated under reflux for
1.5 h. The precipitate was filtered, dried in vacuo and recrystallized from
acetone to give 7b, yield 50 mg (20%). LC-MS, m/z: 263 [M + Na]+.
Major isomer 7a (in solution): 1H NMR (600 MHz, [2H6]DMSO) d:
1.12 (s, 3H, Me), 1.32 (s, 3H, Me), 1.80 (s, 3H, Me), 1.83 (s, 3H, Me),
3.76 (s, 1H, HN), 4.85 (s, 1H, HN), 8.90 (s, 1H, HN), 10.62 (s, 1H, HN).
13C NMR (150 MHz, [2H6]DMSO) d: 17.7, 21.8, 24.9, 25.27, 52.5, 71.3,
159.1, 161.0, 167.9. Minor isomer 7b (in solution): 1H NMR (600 MHz,
[2H6]DMSO) d: 1.16 (s, 3H, Me) 1.17 (s, 3H, Me), 1.87 (s, 3H, Me),
1.94 (s, 3H, Me), 4.10 (s, 1H, HN), 5.16 (s, 1H, HN), 9.42 (s, 1H, HN),
11.32 (s, 1H, HN). 13C NMR (150 MHz, [2H6]DMSO) d: 18.0, 21.5,
24.9, 25.33, 57.7, 71.8, 151.1, 165.2, 167.7.

‡ X-Ray quality crystals of 7b (C9H16N6O2, M = 240.267) were obtained
by slow evaporation of acetone solution of equilibrium mixture of 7a
and 7b. Crystals are triclinic, space group P1

–
, colourless prisms, size

0.07×0.12×0.19 mm, at room temperature (20±2 °C): a = 7.4559(4),
b = 7.7749(4) and c = 11.5958(7) Å, V = 592.94(6) Å3, Z = 2, dcalc =
= 1.346 g cm–3, m = 0.10 mm–1, F(000) = 256, final R-factor 0.0675. The
data were collected on a Nonius KappaCCD diffractometer at room
temperature (20±2 °C) using MoKα radiation (l = 0.71073 Å) by the j
and w scan method. Accurate lattice parameters were determined from
1569 reflections. Crystallographic computations were carried out with
the Denzo-SMN program17 of Bruker-Nonius. The structures were solved
by an application of the direct method using the programs DETMAX.18,19

The crystal structures were refined by full-matrix least-squares method
using the SHELXL97.20 Minimized functional was Σw[|Fo|2 – (1/k)|Fc|2].
The final round of refinement was performed with anisotropic thermal
parameters for the non-hydrogen atoms. The hydrogen atoms were refined
using a riding model. The molecular graphics were performed with the
help of the program ORTEP.21

CCDC 689085 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2009.

Figure 3 X-ray structure for 7b in representation of atoms as thermal
ellipsoids drawn at 50% probability level.
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