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Synthesis and structures of 1,1'-dialkyl-3,3"-bidiaziridines
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First representatives of 3,3’ -bidiaziridines, viz., 1,1"-dialkyl-3,3"-bidiaziridines, were syn-
thesized and isolated as mixtures of two diastereomers. In the case of Alk = Me, the
diastereomers were separated. It was demonstrated by nuclear Overhauser effect ex-
periments and X-ray diffraction analysis that the diastereomers are the racemate
(rac-1R*2R*,35%,1° R*,2" R*,3°5%) and the meso-form (15%,25%3R*,1"R*,2" R*,3"§%).
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diffraction analysis.

Only one type of compounds whose molecules con-
tain two diaziridine rings, viz., 1,1’-bis(diaziridino-
methyl)amines, is known.! These compounds were pre-
pared by aminomethylation of 1-H-diaziridines with
bis(alkoxymethyl)amines. It was established that di-
aziridines exhibit neurotropic activity,-2 compounds with
two diaziridine rings per molecule possessing higher
activity. In this connection, it was of interest to develop
simpler approaches to the preparation of this type of
compounds.

In the present work, we synthesized the first repre-
sentatives of 3,3’-bidiaziridines starting from the sim-
plest dicarbonyl compound, viz., from glyoxal. The fol-
lowing two approaches to these compounds were used: a
classical procedure for the preparation of diaziridines by
reactions of aldimines with aminating reagents3-4 and a
procedure developed by us.5 The latter procedure is
based on the reactions of carbonyl compounds, primary
aliphatic amines, and aminating reagents in water at
controlled pH of the medium.

The first approach can be used only for diimines of
glyoxal prepared from amines with a branched alkyl
chain, which can be isolated in the individual state.’
The reactions of glyoxal with primary amines containing
normal aliphatic radicals are not terminated at the stage
of formation of diimines, and the latter undergo conden-
sation or polymerization.® Diimines (la—c) were syn-
thesized according to a known procedure.® Their reac-
tions with hydroxylamino- O-sulfonic acid (HASA) in
MeOH in the presence of Et;N afforded 1,1’-dialkyl-
3,3 -bidiaziridines 2a—c¢ (Scheme 1).*

* Hereinafter, mixtures of the diastereomers of bidiaziridines,
which were difficult to separate, were denoted 2a—e.
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1,1"-Dialkyl-3,3"-bidiaziridines containing un-
branched aliphatic substituents were synthesized by the
reactions of glyoxal, the corresponding amine (Alk = Me
or Et), and HASA in water at controlled pH of the
medium (Scheme 2). It appeared that optimum pH
(pHypr) in both cases varied within a narrow range
(9.5—10.0) (Fig. 1), which confirms the fact established
by us previously® that the yields of diaziridines prepared
by the reactions of aldehydes, primary aliphatic amines,
and aminating reagents in water depend substantially on
pH of the medium.
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Fig. 1. Dependences of the yields (Y) of bidiaziridines 2d (/)
and 2e (2) on pH of the medium (the yields were determined
based on the results of iodometric titration of the reaction
mixtures).

One would expect that the target compounds 2a—e
will be obtained as mixtures of diastereomers. This is
associated with high configurational stability of the ni-
trogen atoms in diaziridines under normal conditions
(the inversion barrier is 24—27 kcal mol™1).9:10 Substitu-
ents at these atoms are always in trans positions with
respect to the plane of the ring and hence adopt the
same configuration.11:12 Therefore, both nitrogen atoms
in the diaziridine ring can be considered as a single
chiral center. In addition, compounds 2a—e contain two
more asymmetric centers, viz., the carbon atoms of the
diaziridine rings. Hence it follows that four racemates
(I—IV) and two meso forms (I and II) of compounds
2a—e can exist (Scheme 3). A decrease in the number of
stereoisomers compared to the theoretical value (24 = 16)
is associated with the appearance of symmetry elements
in the molecules of the meso forms.

Actually, using bidiaziridine 2d as an example, it was
demonstrated when the reaction mixture was chroma-
tographed on SiO,, the resulting product occurred (ac-
cording to the TH NMR spectral data) as a complex
mixture of diastereomers.

However, isolation of the final products by vacuum
distillation or sublimation always afforded mixtures of
only two diastereomers. According to the 'H NMR
spectral data, the diastereomer ratio depended on the
conditions of isolation and procedures used for purifica-
tion (Table 1) and varied from 2 : 1 (2a and 2¢) to 9 : 1
(2e), which is, apparently, associated with epimerization
of the compounds upon heating. It should be mentioned
that the signals for pairs of diastereomers in the 'H
NMR spectra do not overlap. The chemical shifts for the
corresponding carbon atoms do not coincide at all only
in the 13C NMR spectra of the diastereomeric pairs of
compounds 2d and 2e, whereas these shifts partially
overlap in the case of the diastereomers of 2a and 2b and
completely overlap in the case of 2c.

The yields of the resulting bidiaziridines, the diaste-
reomer ratios, and the selected physicochemical charac-
teristics are given in Table 1. The spectral characteristics
are listed in Table 2. In the case of the diastereomers of
2d, we succeeded in isolating individual components by
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vacuum sublimation (or distillation) followed by frac-
tional crystallization from hexane. With the aim of
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Table 1. Yields and selected physicochemical characteristics of two diastereomers of 1,1 -dialkyl-3,3"-bidiaziridines 2

Bidiazi- Yield (%) M.p./°C R¢ Found (%) Molecular
ridines (diastereomer [B.p./°C (CHCI; : MeOH = Calculated formula
ratio) (p/Torr)] 9:1) C 1 N
2a 78.0 70—89 0.49 56.47 10.59 32.94 CgH gNy
2:1 56.51 10.63 32.86
2b 81.0 65—97 0.50 60.61 11.11 28.28 CoH2o Ny
6:1) 60.51 11.12 28.37
2c 76.0 157—167 0.47 67.20 10.40 22.40 C14HygNy
2:1 67.12 10.59 22.29
2d Mixture of Mixture of 0.52 42.17 8.88 48.95 C4H Ny
diastereomers crystals 42.08 8.84 49.08
20.0 (<3 : 1) and a liquid
meso form II: [65—70 (1.5)] 0.52
7.0—10.0 118—119
racemate I11: 2.1 96—97 0.52
2e 19.0 Mixture of crystals 0.55 50.64 10.08  39.28 CgH 4Ny
9:1) and a liquid 50.70 9.86 39.44
[70—75 (1.5)]
85—88

Table 2. Data of 'H and 13C NMR and IR spectroscopy for mixtures of two diastereomers of 1,1’-dialkyl-3,3’-bidiaziridines 2*

Bidiazi- IR, v/cm™! 'H NMR, 8, J/Hz 13C NMR, &, J/Hz
ridine (CDClLy) (CDCl)
2a 745, 772, 824, Major diastereomer: 1.06 (d, 6 H, Me, 3J = 6.40); 19.77 (Me);

888, 960, 976, 1.17 (d, 6 H, Me, 3J = 6.40); 1.77 (m, 2 H, CH, 3J = 6.40); 21.34 (Me);

1088, 1144, 1184,
1220, 1340, 1384,
1460, 2936, 2952
2976, 3064, 3184
2b 704, 752, 832, 840,
936, 1024, 1104,
1176, 1212, 1240,
1304, 1344, 1360,
1472, 2936, 2944,
2976, 3096, 3192

2.08 (d, 2 H, NH, 3J = 6.30); 2.53 (d, 2 H, CHying, 37=16.30) 57.80 (CMe,);
Minor diastereomer: 1.05 (d, 6 H, Me, 3J = 6.40); 60.40 (Cyipg)
1.15 (d, 6 H, Me, 3J = 6.40); 1.77 (m, 2 H, CH, 3J = 6.40);
1.95 (d, 2 H, NH, 3J = 6.30); 2.69 (d, 2 H, CHiings 37 =6.30)
Major diastereomer: 1.04 (s, 18 H, Me); 25.26
1.85 (d, 2 H, NH, 3J = 6.40); 2.61 (d, 2 H, CHyings 3/=6.40) and 25.72 (Me);
Minor diastereomer: 1.00 (s, 18 H, Me); 52.54 (CMej3);
1.75 (d, 2 H, NH, 3J = 6.40); 2.75 (d, 2 H, CHiings 37=6.40) 5537 (Cring)

2c** 800, 840, 872, 888, Major diastereomer: 1.25 (m, 12 H, CH,CH,CH,); 24.42 (CHy);
936, 976, 1052, 1.75 (m, 10 H, CH,CHCH,); 2.1 (d, 2 H, NH, 3J = 6.35); 24.68 (CHy);
1108, 1152, 1192, 2.72 (d, 2 H, CHyipg, 37 =6.35) 26.07 (CHy);
1248, 1338, 1372, Minor diastereomer: 1.25 (m, 12 H, CH,CH,CH,); 30.48 (CHy);
1448, 2928, 2974, 1.75 (m, 10 H, CH,CHCH,); 2.28 (d, 2 H, NH, 3/ = 6.35); 31.97 (CHy);
3042, 3088 2.61 (d, 2 H, CHyjpg, 37 =6.35) 57.55 (CH);
68.08 (Cring)
2d 730, 830, 1010, Meso form 11: 2.04 (d, 2 H, NH, 3J = 6.35); 47.41 (Me);
1160, 1250, 1380, 2.43 (s, 6 H, N—Me); 2.77 (d, 2 H, CHyjpg, 3] =6.35) 58.81 (Cing);
1580, 2820, 2960, Racemate I1I: 2.09 (d, 2 H, NH, 3J = 6.34); 47.31 (Me);
3160 2.41 (s, 6 H, N—Me); 2.53 (d, 2 H, CHyjp,, 37 =6.34) 58.63 (Ciing)
2e 760, 790, 830, 940, Major diastereomer: 1.05 (t, 6 H, Me, 3J = 7.30); 12.80 and
1100, 1120, 1160, 2.01 (d, 2 H, NH, 3J = 7.80); 2.25 (m, 2 H, CH, 2J = 12.25, 12.91 (Me);
1190, 1290, 1350, 3J=17.30); 2.48 (m, 2 H, CH, 2J = 12.25, 3J = 7.30); 54.66 and
1470, 2740, 2890, 2.72 (d, 2 H, CHyjpg, 37 =17.80) 54.80 (CHy);
2910, 2990, 3220 Minor diastereomer:*** 1.01 (t, 6 H, Me, 3J = 7.30); 57.50 and

2.05 (d, 2 H, NH, 3/ = 7.80) 57.67 (Cring)

* The absorption bands in the IR spectra are given for a mixture of diastereomers.

** DMSO-dg.

It was difficult to identify the signals for the protons of the N—CH, and CH,j,, groups due to an insignificant amount of this
diastereomer.
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H(N(2))

Fig. 2. Overall view of the meso form II of molecule 2d; the
atoms are represented by probability thermal ellipsoids (p = 50%).
Main bond lengths (d) and bond angles (@) are given below.

Bond d/A Angle ¢/deg
N()—C(1)  1.445(2) C(H—=N(1)—C(2)  114.5(1)
N()—C(2)  1.461(2) C(1)=N(1)—=N(2)  59.07(6)
N()—N@2)  1.512(1) C(2)—N(1)=N(2)  109.58(9)
N@2)—C(l)  1.459(2) C(1)—N@2)—N(1)  58.17(7)
C(1)—C(1A)  1.490(2) N()—C(1)=N(2)  62.76(7)
N()—C(1)—C(1A)  116.0(1)
N(Q2)—C(1)—C(1A)  120.1(1)

establishing the configurations of the substituents in
these diastereomers, the nuclear Overhauser effects
(NOE) were measured. In both diastereomers under
study, strong nuclear Overhauser effects were observed
between the protons of the CH and N—Me groups of
the diaziridine ring. This result allows the conclusion
that the Me groups at the nitrogen atom and the hydro-
gen atoms at the carbon atom of the ring in the diastere-
omers under consideration are located on one side of the
diaziridine ring. In addition, weak NOE between the
protons of the CH and NH groups was detected for both
diastereomers. Apparently, this NOE corresponds to the
nuclear Overhauser effect between the protons of the
CH group of one ring and the protons of the NH group
of another ring. An analogous result was obtained in the
nuclear Overhauser effect experiments performed for a
mixture of two diastereomers of bidiaziridine 2a. For
both diastereomers, strong nuclear Overhauser effects
were observed between the hydrogen atoms of the CH
groups of the diaziridine ring and the protons of the
isopropyl fragment. Weaker NOE were observed be-
tween the protons of the Me groups of the isopropyl
substituent and of the CH groups of the diaziridine ring
as well as between the protons of the CH and NH groups
of the rings.* Based on these results, it can be suggested
that the diastereomers isolated are the racemate III and

* Measurements of the nuclear Overhauser effects for com-
pounds 2a,c,e present difficulties due to complex multiplicities
of the signals for the corresponding protons.

the meso form II. With the aim of unambiguously estab-
lishing the stereochemistry of bidiaziridine 2d, one of
the diastereomers (characterized by a higher melting
point) was studied by X-ray diffraction analysis. It was
demonstrated that this diastereomer has the structure of
the meso form II (Fig. 2). In the crystal, the molecules
of this diastereomer are located on a crystallographic
twofold axis passing through the midpoint of the
C(1)—C(1A) bond. The bond lengths in the molecule are
close to the values expected for diaziridine derivatives.13
The C2)N(D)N(Q2)H(N(2)), H(N(2))N(2)N(1)C(2), and
C(2)N(1)C(1)H(1) torsion angles describing the mutual
arrangement of the substituents at the nitrogen and
carbon atoms are 148°, 156°, and 5°, respectively.

Analysis of the crystal packing demonstrated that the
molecules are linked in layers parallel to the crystallo-
graphic plane bc through N—HN bonds.

Therefore, the data of X-ray diffraction analysis of
one of the diastereomers of compound 2d confirmed the
results obtained in the Overhauser effect experiments.
Apparently, the minor diastereomer of this compound is
the racemate III. One can say with a fair degree of
assurance that the mixtures of two diastereomers of
1,1"-dialkyl-3,3"-bidiaziridines 2a—c,e isolated by us
also consisted of the analogous meso forms and race-
mates.

Experimental

The IR spectra were recorded on a UR-20 spectrometer in
KBr pellets. The NMR spectra were measured on a Bruker
WM-250 (1H, 250 MHz) and Bruker AM-300 (13C, 75.5 MHz)
spectrometers. The nuclear Overhauser effects were measured
on a Bruker DRX-500 spectrometer; the chemical shifts are
given in the & scale relative to Me,Si. TLC was carried out on
Silufol UV-254 plates; spots were visualized with I, vapor and
independently by spraying the TLC plates with a solution of
diphenylamine in acetone followed by heating of the plates. The
value of pH of the medium was monitored using an EV-74
ionometer. The decomposition temperatures of the resulting
compounds were determined on a Boetius PHMK 05 instru-
ment. X-ray diffraction study was performed on a Smart 1000
CCD diffractometer.

1,1’-Dialkyl-3,3’-bidiaziridines 2a—c (general procedure).
Triethylamine (12.12 g, 0.12 mol) and a 95% HASA solution
(7.12 g, 0.06 mol) were successively added to a solution of the
corresponding 1,2-bis(alkyliminoethane) (0.03 mol) in MeOH
(60 mL) at —=5—0 °C. The reaction mixture was kept at —3—0 °C
for 1 h and then at 18—20 °C for 12 h. The solvent was
evaporated in vacuo and the residue was sublimed. Mixtures of
diastereomeric 1,1 -diisopropyl-3,3’-bidiaziridines (2a) (4.0 g,
78%), sublim.t. 40—42 °C (15 Torr), 1,1’ -di-tert-butyl-3,3"-bi-
diaziridines (2b) (4.81 g, 81%), sublim.t. 70—72 °C (15 Torr),
and 1,1’-dicyclohexyl-3,3"-bidiaziridines (2¢) (5.70 g, 76%),
sublim.t. 100—101 °C (15 Torr), were obtained.

1,1’-Dialkyl-3,3"-bidiaziridines 2d,e (general procedure). A
36% aqueous solution of glyoxal (6.4 mL, 0.05 mol) was added
to a solution of the corresponding primary amine (0.1 mol) in
water (50 mL) at 0—5 °C and then pH was adjusted to the
required value by adding a 50% aqueous solution of H,SO, at
0—5 °C. At the same temperature, a 95% HASA solution
(11.9 g, 0.1 mol) was added portionwise, pH being maintained
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by the simultaneous addition of a 30% aqueous solution of
KOH. The reaction mixture was kept at 5—10 °C for 1 h and
then at 18—20 °C for 4—5 h, pH being maintained in the
above-mentioned range. The yields of the resulting diaziridines
were determined by iodometric titrationl4 (see Fig. 1) (the
maximum yield was achieved in the pH range of 9.5—10.0). The
reaction mixture was saturated with NaCl and extracted with
CHCl; (3%x60 mL). The extract was dried over K,CO3 and the
solvent was evaporated in vacuo (the temperature of the bath
was <25 °C). 1,1’-Dimethyl-3,3"-bidiaziridine (2d) was isolated
according to two procedures (4 and B).

A. Isolation was carried out on a column with silica gel
u 40/100 using a 8.5 : 1.5 CHCl3;—MeOH mixture as the eluent.
At pHgpe = 9.5—10, compound 2d (the ratio between the meso
form II and the racemate III was 3 : 1) was obtained in a yield
of 1.14 g (20%). After sublimation (sublim.t. was 40—45 °C
(1.5 Torr)) and fractional crystallization of the mixture of the
diastereomers of bidiaziridine 2d from hexane, the meso form
II, m.p. 118—119 °C, and the racemate III, m.p. 96—97 °C,
were obtained in yields of 0.40 g (7%) and 0.12 g (2.1%),
respectively.

B. Isolation was carried out by vacuum distillation followed
by sublimation and additional recrystallization from hexane.
The meso form II, b.p. 65—68 °C (1.5 Torr), m.p. 118—119 °C,
was obtained in a yield of 0.57 g (10%).

1,1’-Diethyl-3,3"-bidiaziridines (2e) were isolated by subli-
mation (sublim.t. was 40—45 °C (1.5 Torr)) followed by crystal-
lization from hexane. A mixture of the diastereomers of
bidiaziridine 2e (according 'H NMR spectral data, the ratio of
the diastereomers was ~9 : 1) was obtained in a yield of 1.35 g
(19%), m.p. 75—88 °C.

X-ray diffraction study of the meso form II
(18*,28*,3R*,1'R*,2'R*,3'S*) of bidiaziridine 2d. Single crys-
tals were prepared by vacuum sublimation followed by crystalli-
zation from hexane. The crystals of C4H;oN4 are monoclinic,
space group C2/c, a = 17.894(3) A, b = 4.6303(8) A,
c = 8.190(1) A, B = 113.686(4)°, V = 621.4Q2) A3, Z = 4,
M = 114.16, d.y = 1.220 g cm™3, p(Mo-Ka) = 0.84 cm™!,
F(000) = 248. The intensities of 1146 reflections were measured
at 110 K (A(Mo-Ka) = 0.71072 A, o scanning technique, the
scan step was 0.3°, frames were exposed for 10 s, 20 < 59°). The
structure was solved and refined with the use of 681 indepen-
dent reflections. The structure was solved by the direct method
and refined by the full-matrix least-squares method in the
isotropic-anisotropic approximation based on F2. The positions
of the hydrogen atoms were located from difference Fourier
syntheses and refined isotropically. The final values of the R
factors were as follows: wR, = 0.1669 and GOF 1.062 using all

independent reflections (R; = 0.0594 based on F using
574 reflections with 1 > 2o([/)). All calculations were performed
with the use of the SHELXTL PLUS 5.0 program package. The
complete tables of the atomic coordinates and thermal param-
eters were deposited with the Cambridge Structural Database.
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