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Hacmoawaa paboma asnaemca npoooidyHceHuem Uccied06anuil 6 0oaacmu cunmesda 3a-
MEULCHHBIX MAKPO2eMePOUUKIUYEeCKUX coeounenuil ¢ 3,5-ouamuno-1,2,4-muaouazonvroimu
dpacmenmamu. B pabome npedcmaenensvt dannvie no cuHmesy mMemaiioKOMN1eKC08 HA OCHO8e
U30MUAOUA3Z0ICO0EPIHCAULEZ0 DPOMHUMPOIAMEULCHHOZ0 MPEX3BEHHO20 NPOOYKMA, HONYHUEHHO20
Hamu panee, ¢ ogyxeanenmuvimu d-memannamu (Ni, Co, Zn). Bzaumooeiicmeuem 3,5-ouc[5(6)-
opom-6(5)-numpo-3-umunouzounoonun-1-unudenamuunof-1,2,4-muaouazona ¢ ayemamamu d-
Mmemannoe ¢ 2-ymoxcuimanone npu memnepamype 100 °C ¢ meuenue 2 u 6vinu noayuenvt Kom-
HJIeKCbl 3aMeuieHHbIX mpPex36eHHbIX npodykmoe BAB-muna c 1,2,4-muaouazonvnvim gpazmen-
mom. Ilo okonuanuu 6v10epIHCKU PeaKyUOHHYI0 MACCY GbLIUBANU 8 800y, 8bINAGUIUIL 0CA)OK OM-
dunvmpoewvieanu, npomvieanu 5 % ammuakom, 6000, 20pAYUMU OP2AHUYECKUMU PACMEOPUNLe-
aamu (auemonom, MemanHoaiom, oumMemuihopmamuoom, nupuounom). Bvixoo yenesvix npo-
0yKmoe npu 3mom cocmaeunu 18 -28 %. Ilonyuennvie memannoKomMnieKcol npeodCcCmagisaiom co-
001l NOPOUWIKU MEMHO-KOPUYHEB020 Usema Xopouto pacmeopumsle ¢ cnupmax, /IM®DA, ne pac-
meopumsle 8 800e, 2eKcane u ouxiopmemane. Cmpoenue yCmaHo6/1€HO HA OCHOBAHUU OAHHBIX
MACC-CREKMPOMEMPUU, IJ1eMEHMHO20 ananusa, Inekmpounoil, UK cnekmpockonuu. Cunmesu-
POBaHHbBIE MEMATIOKOMNIEKCHl MPEX3BEHHBLIX NPOOYKNIOE OyOym 6 0anbHeluem UCnO1b308aHbL
0713 NONYYEeHUA HOGHIX NPedcmagumeneii 3ameu|eHHbIX MAKPO2emepoyuKIUUecKux coeouHenuil
pasnuunozo cmpoenusn ¢ 3,5-ouamuno-1,2,A-muaouazonvuvinu gpazmenmamu. Ananusz macc-
CHeKmpo68 NoOJIyUeHHbIX KOMNJIEKCO8 NOKA3AJl, YUMo N0 AHAI02UU C TUMEPAMYPHbIMU OAHHbBIMU
0J11 MPEX36eHHBIX NPOOYKMos ¢ 2,5-ouamuno-1,3,4-muaouazonom, MemaiioKoMnieKkcol mpex-
36€HHBIX NPOOYKmMo6 ¢ 3,5-ouamuno-1,2,4-muaouazonom oviiu evioenenvl 6 eUde AKGAKOMNIICK-
€08. ImMo nOOMeepounoCs OAHHLIMU ANMOMHO-ADCOPOUUOHHO20 AHAIU3A, 20e HaDTI0aemcs YO0o-
6/1eMEOpUMEIbHAA CXOOUMOCHIb IKCNEPUMEHMAIbHBIX U 6bIYUC/IEHHbIX 3HAYEHUIl, Ym0 noo-
meepoicoaem cmpoenue akeakomniexkcos cocmasa 1:1.

KnrwueBble c10Ba: CUHTE3, METAJUIOKOMIUIEKCHI, U30THAIMA30JICOAEPKAIUN OpOMHUTPO3aMEIIEHHBII
TPEX3BEHHBII NIPOAYKT, CBONCTBA
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This work is continuation of synthesis researches of substituted macroheterocyclic com-
pounds with 1,2,4-thiadiazole fragments. Data of synthesis of complexes with divalent d-metals
(Ni, Co, Zn) on the basis of received earlier brominenitrosubstituted isothiadiazole three-unit
product are presented. Complexes of BAB-type product consisting 1,2,4-thiadiazole and bromine-
nitro-isoindole fragments were received by interaction 3,5-bis-[5(6)-bromine-6(5)-nitro-3-
iminoizoindolin-1-ilidenamiino]-1,2,4-thiadiazol with acetates of d-metals in 2-ethoxyethanol at
100 °C for 2 h. After the reaction the mixture was poured into water and precipitate was filtered
and washed with 5 % ammonia, water and hot organic solvents (acetone, methanol, dimethylfor-
mamide, pyridine). Yield of target products was 18 — 28 %. The resulting complexes are dark
brown powders with high solubility in alcohols, DMF, insoluble in water, dichloromethane and
hexane. The structures of products were established by data of mass spectrometry, elemental
analysis, UV-vis and IR spectroscopy. Data of MALDI-TOF mass spectrometry showed that com-
plexes with metal of three-unit product with 1,2,4-thiadiazole fragment were isolated as monohy-
drate by analogy with literary for 1,3,4-thiadiazole. Data of atomic absorption analysis with good
convergence of the experimental and calculated values confirmed monohydrate structure these
products. These complexes of three-unit products will be used for synthesis of new various substi-
tuted macroheterocycles with 1,2,4-thiadiazole fragments.

Key words: synthesis, metal complexes, izothiadiazole-containing bromonitrosubstituted three units
product, properties
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which in size more corresponds to the coordination
cavity of the ligand [15], is used as a complexing
agent from a number of divalent d-elements.

INTRODUCTION

This work is continuation of research in the

field of synthesis of substituted ABAB- and ABBB-
types macroheterocyclic compounds (A-1,2,4-
thiadiazole, B — isoindole fragments) [1-4].

Previously by the interaction of 3,5-diamino-
1,2,4-thiadiazole 1 with the corresponding substituted
phthalonitriles or 1,3-diiminoisoindolines we synthesized
three-unit products (TUPs) of BAB-type. Structures of
BAB-type products were established on the basis of
IR, UV spectroscopy and elemental analysis data [5].
Three-unit products contain reaction centers capable
of interacting with ions of various metals with the
formation of complex compounds [6, 7]. It is known
that three-unit intermediates are thermally unstable,
therefore, their metal complexes are more preferable
to production of Mc ABBB-type [9-14]. Most often,
nickel Ni** — a metal with a smaller ionic radius,

Therefore, the present work is devoted to the
synthesis of complexes of isothiadiazole-containing
bromonitrosubstituted TUP [5] with divalent d-metals,
in order to obtain on their basis noncentrosymmetric
complexes of macro-heterocyclic compounds of the
ABBB type.

EXPERIMENTAL

The electronic absorption spectra of synthe-
sized compounds in the visible and UV regions were
recorded on a HITACHI U-2001 spectrophotometer at
room temperature, in the range of 250-800 nm in
quartz rectangular cuvettes 1-10 mm.

IR spectra were recorded on an AVATAR
360 FT-IR spectrometer. Samples for IR spectra in
the form of tablets were prepared by thoroughly rub-
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bing the sample in KBr and pressing, or dissolving in
an organic solvent and applying the solution on the on
the red glass, with further evaporation of the solvent.

The metal content (mass concentration of the
element, mg/l) in the corresponding metal complexes
for the solution obtained from the decomposition of
this complex in nitric acid (HNOs; HF) was deter-
mined by atomic absorption analysis using a Buck
VGP210 spectrometer.

MALDI-TOF mass spectra were obtained us-
ing the AXIMA Confidence mass spectrometer
(SHIMADZU) in the positive ion mode using DHB
(2,5-dihydroxybenzoic acid), CHCA (a-cyano-4-
hydroxycinnamic acid) as the matrix.

3,5-Bis[5(6)-bromo-6(5)-nitro-3-imino-
isoindolin-1-ylidenemino]-1,2,4-thiadiazole 1 was
prepared according to the procedure of [5].

General method: mixture of 0.5 mmol three-
unit product 1, 0.5 mmol acetate of metal and 5 ml of
2-ethoxyethanol was stirred at 100 °C for 2 h. After
cooling to r.t., reaction mixture was poured into wa-
ter, the precipitate formed was filtered off, washed
with 5 % ammonia, water, hexane, dichloromethane
and methanol. The product was dried at 100 °C for 4 h.

Aqua[3,5-bis(5(6)-brom-6(5)-nitro-3-
iminoisoindoline--1-ylidenamino)-1,2,4-thia-
diazole]nickel (Il) (2): was prepared according to
general methodic by interacting 0.34 g 1 and 0.124 g
Ni(OAcC)2-4H,0. Yield: 0.096 g (26%). UV-vis
(DMF), Amax (Ige, mol *-L-em™), ¢ = 1.12-10* M, nm:
365 (3.48). IR (KBr), viem®: 3383, 1587 (NO
asym.), 1467, 1343 (NO. sym.), 1178, 909, 746. 621,
556 (C-Br). Found, %: Ni 8.04. Calctd. to
ClgHgBerloNiO4S'Hzo, %: Ni 8.42. MALD|-TOF,
m/z: 679 [M + 3H]", 691[M + O]*. EM 675.82.

Aqua[3,5-bis(5(6)-bromo-6(5)-nitro-3-
iminoisoindoline--1-ylidenamino)-1,2,4-thia-
diazole]cobalt(ll) (3): was synthesized according to
general procedure by interacting of 0.34 g 1, 0.125 ¢

N—S

(0.5 mmol) Co(OAC).-4H-0. Yield: 0.105 g (28.3%).
UV-vis (DMF), Amax (Ige, mol ™*-L-cm™), ¢ = 1.22-10™
M, nm: 374 (3.7). IR (KBr), vicm™: 3419, 1733,
1616, 1537(NO. asym.), 1463, 1377 (NO. sym.),
1156, 1077, 865, 733, 536 (C-Br). Found, %: Co 8.21.
Calctd. to CigHgBroN1Co04S:-H,O, %: Co 8.45.
MALDI-TOF, m/z: 714[M+2H,0]*, 687 [M-
NO,+K+0]*, 547 [M-2NO; — Br +K]". EM 676.8.

Aqua[3,5-bis(5(6)-bromo-6(5)-nitro-3-
iminoisoindoline--1-ylidenamino)-1,2,4-thia-
diazole]zinc(l1) (4): was prepared according to gen-
tral procedure by interaction of 0.34 g 1, 0.11 g
Zn(OAC)2-2H20. Yield: 0.066 g (17.7 %). UV-vis
(DMF), Amax (Ige, mol *L-cm™), ¢ = 1.18-10* M, nm:
362 (3.81). IR (KBr), vicm™: 3438, 1726, 1635, 1539
(NO; asym.), 1457, 1391 (NO; sym.), 1086, 855, 653,
562 (C-Br). Find, %: Zn 8.98. Calctd. for
ClgHgBl’leoznO431'Hzo, %: Zn 9.29. MALDI-TOF
(DHB), m/z: 720 [M + K]*, 650 [M-NO.+0]", 622
[M-Br +H,0+2H]*, 608 [M-2NO,+H.0]*, 596 [M-
2NO2+Li]". EM 681.8.

DISCUSSION

The authors of [15] using semiempirical
guantum chemical methods studied the electronic and
spatial structure of the TUP and found that they are
structurally non-rigid compounds with pronounced
propensity to rotational isomerism, plane inversion,
and tautomeric transformations. Therefore, introduction
divalent metal into the molecular center of the mole-
cule stabilize the cis-form of the TUP.

The preparation of complexes 2-4 was carried
out by reacting 3,5-bis[5(6)-bromo-6(5)-nitro-3-
iminoisoindoline-1-ylidenamino]-1,2,4-thiadiazole 1
with acetates of Ni, Co, Zn, respectively, in 2-
ethoxyethanol (Scheme 1).

N—S
A A
N N N N N/ .Nx
Br, / \ Br . Br. / : \ Br
NH NH —_— N—I&LN
02N Noz NOZ NOZ
NH NH NH NH
1 2-4

i = M(OAc),*nH,0 , EtOC,H,4OH, 100 °C, 120 min.
M = Ni (2), Co (3), Zn (4); n =4 (2, 3), 2 (4)
Scheme 1. The synthesis of complexes of izothiadiazole-containing bromonitrosubstituted three units product with d-metals (Ni, Co, Zn)
Cxema 1. CHHTE3 KOMIUIEKCOB M30THAIHA30JICOICKAIIEr0 OPOMHHUTPO3aMEIIICHHOTO TpeX3BeHHOro rpoykTa ¢ d-meramutamu (Ni, Co, Zn)
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After the end of aging, the reaction mass was
poured into water, the precipitate formed was filtered
off, washed with 5% ammonia, water and hot organic
solvents (acetone, methanol, dimethylformamide, pyr-
idine). The yield of the target products was 18-28%.

Complexes 2-4 are dark brown powders with
high solubility in alcohols, DMF. The absence of sol-
ubility in water, hexane, and dichloromethane allowed
using these solvents for purification from a three-link
product.

The structure of the compounds is established
on the UV-vis, IR spectroscopy, mass spectrometry,
and elemental analysis data.

Changes in both the UV and the IR spectra
are evidence of the entry of metal into the coordination
cavity of compounds 2-4.

Thus, a slight hypsochromic shift of the ab-
sorption band occurs at the transition from the three-
unit ligand to the nickel complex 2 and one intense
absorption maximum is observed at 365 nm in the
electronic absorption spectrum.

Absorption bands at 1615 cm™ by deformation
vibrations of N-H bonds of cyclic imino groups for 1
are not found for 2-4, which confirms the entry of the
metal in the IR spectra of complexes. At the same
time, the absorption bands of asymmetric (1571 cm™)
and symmetric (1343 cm™) stretching vibrations of
NO2-group bonds and the band of stretching vibrations
of the C-Br bond at 568 cm™ are preserved [16].

Peaks corresponding to the complex of a
three-unit product with one metal atom with m/z = 679
[M+3H]" are observed in the mass spectrum of 2 (Fig. 1).
The isotopic distributions of the signals of the ob-
tained complex completely coincides with the theoret-
ically calculated.

In addition, peak with m/z = 691 corresponds
to the structure of [M+0]" in the mass spectrum. The
presence of atomic oxygen in the TUP structure cor-
responds to the results obtained for the hemihex-
aphyrazine complex with Cu(ll) [17]. This explains
by the fact that a solid sample undergoes a powerful
energy action-laser radiation in the mass spectrome-
try. As a result, extraligands are split off and the al-
ready changed complex passes into the gaseous
phase [17-18].

The stability of the molecular ion can de-
crease due to the presence of nitrogen-containing sub-
stituent’s (-NO,, O-N = O, -O-NO>) and halogens (Cl,
Br, ) [19]. Moreover, the loss of the oxygen atom for
all types of nitrocompounds and the NO molecule is
characteristic, which was discovered in the mass-
spectral analysis of synthesized products 3-4.
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Fig. 1. MALDI-TOF mass spectrum of complex 2: experimental
(a) and isotopic distribution (b)
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Fig. 2. MALDI-TOF mass spectrum of complex 3
Puc. 2 MALDI-TOF macc-cniektp komruiekca 3

Thus, peak with m/z = 714 [M+2H,0]" and
peaks of fragmentation products with m/z = 687 [M-
NO+K+QO]* and m/z = 547 [M-2NO,-Br+K]" in the
mass spectrum of complex with cobalt 3 (Fig. 2) were
disccovered.

Molecular ions of target compound and the
fragmentation products for the complex with zinc 4
have also been detected.

Analysis of the mass spectra of the complexes
2 — 4 showed aquacomplexes with metal of TUP with
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3,5-diamino-1,2,4-thiadiazole like by TUP with
2,5-diamino-1,3,4-thiadiazole [20]. The structure of
aqua complexes of composition 1: 1 was confirmed
by the data of atomic absorption analysis with satis-
factory convergence of the experimental and calcu-
lated values.

CONCLUSIONS
The interaction by 3,5-bis[5(6)-bromo-6(5)-
nitro-3-iminoisoindoline-1-ylidenamino]-1,2,4-
thiadiazole with acetates of d-metal in 2-ethoxyethanol
gave complexes of substituted three-unit products of
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BAB-type. The structure is established on mass spec-
trometry, elemental analysis, UV-vis and IR spectros-
copy data. The resulting metal complexes of three-
unit products will use in the synthesis of macroheter-
ocyclic compounds of various structures.
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