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A series of complexes of V- 2-aminocthyhdiaziridines with transiton metal satts (7027,
Cda™ NiT™. Cot* . Mu?r, or Fe2™y were synthesized. Their structures were established by IR
and NMR spectroscopy. The structure of bis] 1 2-bise2-amimocthyhdiaziridine jeadmium(n)
diperchiorate was confirmed by X-ray dufraction analysis.
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Studics in the ficld of coordination chemistry of
diaziridines have been started only recently. However,
the preparation of this tvpe of structures may be of
interest from ditferent standpoints. First, complexation
can bc used for dirccted spontancous scparation of
cnantiomers of diaziridines.'? Sccond. complexation
can promote different reactions involving diaziridines
through formation of complex intermediates. which
catalyze the process, for cxample, carbonylation ot
3.3-disubstituted diaziridines 1o form aza-B-lactams. 34
In connection with the data on potential biological
activity of diaziridines.5=7 it is of interest to study the
biological activity of their complexes. In addition. the
possibility of existence of stable complexes of diaziridines
with transition metal salts, which are Lewis acids, 1s of
interest in atself because it is known that diaziridines
are sensitive to acids.® The first representatives of
these complexes were synthesized by the reactions of
1.2-bis(2-aminocthyvljdiaziridine (1a) with salts of diva-
tfent metals, viz., Ni. Cu. and Cd.? 1t appeared that only
Ni and Cd complexes are stable. Their structures were
not unambiguously cstablished {only the IR and UV
spectra were measured).

In the present work, complexes of diaziridine 1a and
1-(2-aminocthyl)-2-methyldiaziridine () with transition
metal salts, wiz.. with Ny(ClO4)5. Ni(NO3),. Cd(CIOy)s,
Mu(NO;3),. CoCly, ZuiNOs),, and Fe(NO;),, were syn-
thesized and their structures and propertics were investi-
gated. The salts with perchlorate and nitrate anions werc
chosen because the bulkiness of the anions hinders their
involvement in the inner coordination sphere. In addi-
tion, perchlorates and nitrates can form crystals suitable

for X-ray diffraction analysis. The starting hizands were
svathesized according 10 known procedures 118 The
complexes were prepared by mixing a solution of 1a in
propan-2-ol or a solution of 1b i methanol with solu-
tions of the corresponding salts i the same solvents.

As shown i the scheme, complexes of the general
formulas [M(1a);]77X7 (2a~—0 and [MIb)]"" X",
{3a—e) were prepared. The structures of the complexes
were established based on the data of clemental anatvsis
for C, H. and N, gquantitative analvtical determination
of merals and counterions. and the results of TH and
13C NMR and IR spectroscopy. The structure of com-
plex 2¢ was also studied by X-ray diffraction analysis
(Tuble 1—4).

The IR spectra were measured for all complexes. The
NMR spectra were recorded only for complexes 2a,¢,e
and 3a,b because the remaining complexes are poorly
soluble and the complex-forming metal cations exhibit
paramagnetic propertics resulting in substantial broaden-
ing of the signals.

The IR specira of complexes 2 and 3 huave the
foltowing characteristic absorption bands: stretching vi-
brations of the NH, group and the Ny —CHaeoring
bond, wagging vibrations of the NH» group. CHy
rocking vibrations, and absorption bands corresponding
to the anions (sce Table 2). The low-frequency shifts of
the stretching vibration buands of the NH. group by
8— 145 cm™! for both types of complexes compared to
the analogous absorption bands of the mitial daziridines
la,b indicate that the metal cations are coordinated by
the amino group of the 2-aminocthy! fragment (anato-
gous shifts were observed in the study? and for com-
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plexes with cthvlenediamineg?). The involvement of the
amino groups in coordination s also cvidenced by the
noticeable high-frequency shifts of the wagging vibration
bands of the NH» group in both types of the complexes
{(the bands arc shifted from 905 and 908 cm™ 10 the
region of 11301182 cm™ 1),

Apparently, splitting of the band at 1025 cm ™! be-
tonging to stretching vibrations of the Niyey— CHagexoring

Table 1. Yiclds and sciecied charactenstics of the compounds?

Com- Yield Tyecomp Found (o)
plex (%Y jC Calculated
XM C H N
24 83 136 29.04 2732 648
28.28 27,35 06.38
2e 92 38 27.33 2076 6.28
275 6,70 0.25
21 §7 187 3097 7.28
30,72 716
3a 66 250 23.27 .20
2544 337
3b 31 210 2963 6.36
2925 6.70
3¢ 38 180 3245 7.84 30
3225 762 2903
3d 20 220 2937 669 3165
2987 685 3193
Je 30 202 3382 793 1249

§.27  17.39

(o

“The synthesis and 1R spectra of complexes 2a—c were re-
ported previously ?
A X s the anton and M is the metal atom.

bond in the spectra of complexes 2 simuitancousty with
the fow-frequency shift of onge of these bands is assoct-
ated with the nonequivalence of the nitrogen atoms of
the ring due 1o coordination only through onc of them.
in the IR spectra of complexes 3. the band of the
N—CH- group is sligitly shified to the high-frequency
region (by 13—22 cm™!y compared to the analogous
absorption band of the initial compound. while the
position of the band of the Nyina~CHyeigring bond
changes insigniticandy. Apparently, the diffcrence in the
dircction of the shift of the Ny, —CHyegoring band in
complexes 2 and of the shift of the Ny~ CH; band in
complexes 3 is associated with the larger strength of the
bond between the M®™ jon and the nitrogen atom
involved in the N, CH; bond duc to the higher
clectron density on this nitrogen atom owing to the
clectron-donating cfiect of the methyl group. Based on
these data, it can be suggested that the nitrogen atom
bound to the mcthyl group scrves as the sccond coordi-
nation center for the metal cation in complexes 3. The
shift of the rocking vibraton bands of the cyclic CH,
group to the low-frequency region by 4—35 ¢cm™! may
be indicative of the tformation of the bond between the
metal ¢ation and the nitrogen atom of the ring in both
tvpes of the complexes. The IR spectra of all perchlor-
ate complexes have absorption bands art 1080 and
610—645 cm™!. which are typical of the C10,” ion.
whercas the TR spectra of the nitrate complexes have
intense absorption bands at 1350 cm™! belonging 10 the
NO; ™ anion.

In the "H NMR spectra of compounds la,b. the CH»
group bound to the diaziridine ring is manifested as an
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Table 2. Sclected vibration frequencies (v/em™!) and thewr assignment in the 1R spectra of 1.2-bis(2-aminocthyhdiaziridine (1a).
F-(2-aminocthyh-2-methvidiazicidine (1b), and their compleses 2 and 3

Com- vINH,) wNH ) vIN, = Chbgonne) VN e=CH ptCH ) VM2t =N
paund
la 3370 5. 3290 <. 3199 sh 908 s 1023 sh — 796 sh —
2d 3323 s, 3240 sh. 3182 sh 1178 sh 1040 sh. 1017 sh — 790 s 608 m, 313w, 467 m. 432 m
2e 3327 s, 3260 sh. 3203 sh 1182 m 1043 sh. 1022 w — 789 w1 623 m. 323 m, 473 m,
437 m. 426 sh
2f 3303 s, 3187 s 1180 m 1028 m, 101l m — 792 5 623 m. 532 s 486 M. 44T m
ih 3363 5. 3290 5. 3190 sh 9035 5 1045 sh 1035 s 8§75 5 —
3a 3269 5, 3148 m 1130 m 1043 m - S20m 520 m. 376 m. 30d w
3b 3267 s, 3145 m 135 m 1050 m 1071 m 823 m 43S m. 336m
3¢ 3268 s, 3132 s 33 m 1046 m 1068 m $30 m 530 m. 437 m. 394 m
3d 32725, 3131 m 1145 % 1048 m 1077 m 835 m 308 m, 336 m
3e 3270 s, 3130 m 1140 s 1040 m 1075 m S35 w 464 m

Nores vostretching vibrations: o, wogging vibrations; p. rocking vibrations: s, strong band: m, medium band: w. weak band: sh. shoulder.

Table 3. The 'H and V'C NMR spectra of 1.2-bis(2-aminocthyhdiaziridine (1a), [-2-aminocthyl)-2-methvidinzindine (1b). and
their complexes 2 and 3 in DO

Com- d(J/H
pound ~ N
HOL N--CH,—C C—CH,—NH, N =M

'H e 'H Be 'H 3C "H e
fa 275 S5 235 m. 263 m 60681 282 m I8.621
th* 263 (AB. 3 = 14 ST 276 m 41,021 230 m. 2.6 m 63391 241 s 47.63 g
2a 275 brs 223 m, 3 tem 206 m ‘
2s 321 bes 3350t 2.25 br.m. 3.48 br.m 6052t 3.32 brs 39341t
2e 324 brs 36.251 239 m. 327 m RERE N 3 m 39.90 1
3ar 2.84 (AB. 3 = 4.8 372010t 3.20m .01t 251 m. 292 m 60,17 1 252 1774 g
3h 295 (AB. /= i 342 m 265m, 3 10m 2635
3s* 37450 39231 ST A9 34757 ¢q

< ¢ NMR spectra in DMSO-d,,.

Tabie 4. Principal bond lengths (o) and bond angles (w) in bis}!.2-bis(2-aminocthyDdiaziridine feadmiumen) diperchlorate (2¢)

Bond drA Bond d/A Boad s A
Cdihy—N(1) 2 300k N -C(dh) 1,491 Ned)—H(13) .62
CUH—N(2) 2.3640) N(3)—Ct(5 1.37(h) Nitdy—~H14) .89
Cdi--N(3) 235007 N4 —C5) t.46(h) N7 —HE2H 0.92
Cd(h—N(d) 2.439(9) N3 —-Cio 1,392 N(7)—H(22) 0.83
Cdeh—=N(>) 2337t N(3)—~C(7) 1.32¢h Nis)y—H(27) 099
Cd{H—N(6) 2.402(6) N(6)—C(6) 1.40¢1) NISI—H{28) 0.79
N(Hh—N(2) 14601) N(OY—C9) 1.31(1) C)—C(3) 1.49¢2)
NI —N(6) 14100 N(7)—C(8) 1.46(1) C($h—C(3) 14701
Neh—Cily J.46(D N(8)—C(1h) 143 C(M—-C(&) 1342
N(H—C(2)y 1.52th NGy —H( 0.94 COH—CtiM 1.30¢2)
NO—C(1) 1.42(1) N{3)—H{(8) 0.98

Angle o’dey Angle w/dey Angle w/deg
N(D--Cdt1Y—N¢4) X6.6(3) N(2)—=Nh--Ce 1) 38.2(3) N(h—=Ci2)—C(3) 103,308
NiD—=Cd(H—N(8) 14003 N2Q)—-N(H—C(2) 107.3(6) N2y~ Cl4)—C(3) FHLA(T)
N(H=Cd(h—N(d 39.2(3) N(53—N{6)—Cit) 37.9¢7) NHY—Ci3)—C 218
N3)—CdiH—N(8) 88.2(2) N(3O)-=N(6)—-C() 109.0¢7) N{$H--C(3~C4) 112.3¢7)
N(4)---Cd{H—N(5) 89.3(3) N(6)—N(3)—C(6) 62.9(7) NESY—=C(7)—C(8) 109.3(9)
N =Cd)—N(7) 97.8(3) NOY—=N(Y—-C(7) 109.1(8$) Ni6)-—-C19)~—C(1) 10937y
N{H—Cd(H—N(8) 167.9(2) C(hH—-N(Hh=C( 2.7 N(H—C(8)—C(7 110.0(8)
Nt3y—Cdi1)—N(8) 81.0(3) CihH—N(2)—Cr4) 114.0¢3) NS—C(tH—C(9 LE3.1(8)
N(T)—Cd(h—N(8) 86.7(2) Cio)—N(3)—C(7) 111.8(9) N{Dh—C(D=~N(2) 61.1(3)

N(H—=Ni2)--C(1) 60.7¢3) C(6)—NinH—C(9) H12.6(8) NiH—Ce6)—N(6) 3917
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Fig. 1. Overall view of the molecule of bis| . 2-bixe2-amino-
cihybhdiaziridine [cadmivmn diperchlorate (2¢)

ABXs system ' 10 the 'H and PC NMR spectra of

complexes 2 and 3 with these hgands (solutions in D-O
or DMSO-d,,), all signals are noticeably shifted, which is
indicative of complexation. Taking into account that the
metal cation in complexes 2 s coordinated by two
amino groups and one nitrogen atom of the ring. which
was assunied based on analysis of the IR spectra, two
ABX\ systems would be expected to appear due to the
noncguivalence of the nitrogen atoms of the ring. How-
cver. this situation was not actually observed. Evidently,

the cquilibrium coordination of the nutrogen atoms of

the diaziridine ring to the metal cation exists in solution,

The structures of the complexes of tvpe 2 were
confirmed by X-ray diffraction study of bisji.2-bis(2-
aminoethyhdiaziridinefcadmium(n) diperchlorate (2¢).
In the crystal structure of compound 2e¢. the structural
units arc the complea cation [CA(NCsH,1)1)°" and two
crvstallographically noncquivalent Cl1O4™ anions (Fig. 1).
According to the X-ray diffraction data, the Cd** ion in
complex 2¢ is coordinated by two nitrogen atoms of the
NH. groups and two nitrogen atoms of the dinziridine
rings of two ditferent 1.2-bis(2-aminoethyldiaziridine
molecules. The CdNg coordination polyhedron is a dis-
torted octahedron (the average deviation of the
NI, N(3), N(3), N(7). and Cd(1l) atoms from the
plane is 0,10 A; the axial N¢GHN(8) line is inclined
to the cguatorial plane ar an angle of 86°%). In
the 1.2-bis(2-aminocthvl)diazindine moiccules, the
2-aminocthyl substituents are rrans-oricnted with respect
to the plane of the heterocyele (the CI2IN(HNYC(H)

and CIHNDINO)C(9) worsion angles are —-146.8 and
149 42 respectively). The geometric paramcters ot the
2-aminocthyl substitucnts and the CIO,7 anions are
close to the standard valucs. The principal bond lengths
and bond angles are given in Table 4.

Based on the similarity ot the spectral characternistics
of all complexes studicd tn the present work. it can be
assumed that the complex cations 1 all compounds in
the crystaliine state have octahedral structures wdentical
to that cstablished by X-ray diffraction analysis of the
cadmium perchlorate complex.

Experimental

The IR spectra were recorded an a UR-20 spectrometer in
KBr peliets. The 'H and 17C NMR spectra were measured on
Bruker WM-230 (230 MH2) and Bruker AM-300 (75.3 Mz
spectrometers, respectively, with MeSig as the internal standand.
TLC was carried out on Silutol UV-23d plates: spots were
visualized with {5 vapor and independently by spraving the TLC
plates with o solution of diphenvlamine in acctone foliowed by
heating of the plates (MCeOH-H,0—-NH; as the cluent
93 030 2 vivy The decomposition temperatures of the com-
plexes were determined on a Boctius PHMEK 03 instrunient.

Synthesis of complexes 2 and 3 (general gprocedure), A
solution ot the corresponding salt (0.02 mol for la or 0.U3 mal
tor 1) m 10 mL of propan-2-ol ttor 1a) or methanol (tor 1b)
was added to a solution of the corresponding ( 2-aminocthybdi-
aziridine la,b (201 mol) in the same solvent (10 mly. The
reaction nusture was stirred at 20 *C jor i0—13 mun. The
precipitate that tormed was filtered off, washed with the corre-
sponding solvent. and dricd in air.

X-ray diffraction study of bis[ 1,2-bis(2-aminocthyl)diaziri-
dine jcadmiumin) diperchlorate (2¢). X-ny diffraction data were
collected on an automated Enraf-Nonjus CAD-4 diffractometer
{a(Mo-Ko) radiation. graphite monochromator, 8,28 scauning
technigue, 8, = 0% A total of 34106 reflections were mea-
sured of which 2883 independent reflections were with /> 3o
The ervstals are othorhombic: ¢ = 9.238¢5). b = 16.494(7), ¢ =
F4.319(7) AL 1= 2181.709) A% molecular weight 3717, space
group Phc|. £ = 4« = 174 ¢ oemT AU = Tted,
po= 129 emS

ol

by the tull-matrix least-sguares method with anisotropie ther-
mat parameters for nonhydrogen atoms. The positions ot the H
atoms of the amino groups were located trom the difference
electron density syathesis. The positions of the remaining H
atoms were caleulated from crvstal-chemicad considerations. Al
H atoms were inctuded in the refinement with fixed thermal and
positionul parumcters. The final R factor was 0.0401, wR =
.13, and GOOF = 1.057. All calculations were performed on
an IBM Pentium computer with the use of the SHELXTL93
program package.'? The complete tables of the atomic coordi-
nates and the geometric parameters were deposited with tihe
Cambridge Structural Database.
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