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Schiff bases are of practical interest as initial materials both for the combinatorial synthesis for libraries of com-
pounds, and for preparation of complexes with metals; thus, currently the intensity of research in this direction is
increasing. The possibilities of practical use of complex compounds with organic ligands are quite broad varying from effec-
tive catalysts of various chemical processes to molecular sensors. While studying formylation of 5,6,7,8-tetrahy-
dro-1H-spiro[cyclohexane-1,2-quinazolin]-4’(3’H)-one a new domino reaction, which makes it possible to obtain
tricyclic acridine systems, has been carried out. In spite of the reduced electrophilicity of the aldehyde groups in
4,5-diformyl-2,3,6,7,8,10-hexahydroacridine-8a(1H)-carbonitrile the latter is shown to react with various amines
in benzene with azeotropic removal of water using p-TsOH as a catalyst, and with hydroxylamine hydrochloride
in i-PrOH. New Schiff bases and oxime obtained are of potential interest as ligands for formation of chelate
complexes. The reaction of dialdehyde with N,H,xH,O instead of the expected hydrazone resulted in obtaining
a macrocyclic compound — a derivative of hexaazacyclooctadecine. The structure of the compounds obtained
corresponds to the data of '"H NMR-spectroscopy, mass spectrometry and elemental analysis. The preliminary
studies have shown that azomethines — 4,5-phenyl(cyclohexcyl)iminomethyl-2,3,6,7,8,10-hexahydroacridine-
8a(1H)-carbonitrile create complexes with copper and nickel ions.

B3A€EMOLIA 4,5-UPOPMIN-2,3,6,7,8,10-FEKCATIQPOAKPULANH-8a(1H)-KAPBOHITPUITY 3 N-HYKITEO®ITAMU
E.B.3ani3Ha, T.IM.Moniwyk, C.A.BapeHu4yeHko, O.K.®@apam, B.l.Mapkoe

Knrovoei cnoea: 2idpoakpuduHu; ocHosu LLlughgha; makpoyukiu

OcHosu lllugbgha cmaHoensme npakmuyHUl iHmepec 8 sKocmi 8UXiOHUX K 01 KOMGIHaMOpPHO20 CUHMe3y
6ibriiomek pe4yosuH, mak | Orfisi CMB8OPEHHST KOMIIJIEKCi8 3 Memarnamu, i ocmaHHIM YacoM iHMeHCU8HICMb
docrnidxeHb y OaHOMYy HarnpsIMKy minbKu 36inbwyemscsi. Moxnueocmi npakmu4yHO20 8UKOPUCMAaHHST KOMIIEKCI8
3 opaaHiYHUMU nizaHOamu documb WUPOKI: 8i0 echeKmueHUX Kamarisamopie XiMiYHUX rpouecie 00 MOMEeKyNsPHUX
ceHcopis. Y x00i sus4eHHs1 chopmintoeaHHs 5°,6°,7°,8"-mempaeiopo-1’H-criipo[uuknozexcaH-1,2’-xiHa3oniH]-4’(3’H)-oHy
Hamu 6yna sidkpuma Hoea QOMIHO-peakuis, sska 00380/151€ 8UUMU Ha MPUUUKIIYHI 2idpoeaHi akpuOuHO8i
cucmemu. Noka3zaHoO, W0 He3gaxaruu Ha 3HUXeHY erniekmpoginbHicmb anboeziOHux epyn y 4,5-0uchopmin-2,
3,6,7,8,10-eekcaeiopoakpuduHy-8a(1H)-kapboHimpuri, 6iH peazye 3 pis3HuUMu amiHamu y 6eH30ri 3 a3eomporn-
HOK 8i020HKOK 800U 3 BUKOPUCMAaHHSIM 8 sikocmi kamasisamopa p-TsOH, a makox 3 consiHoKUcuM 2iopo-
keunamiHom y i-PrOH. OmpumaHi ocHosu Lllugbgha ma okcum cmaHoensimb nomeHyitiHuUl iHmepec y sikocmi
nizaHOig Ors ymeopeHHs1 XxeramHux KoMmrnekcie. Y pesynbmami peakuii dians0ezioy 3 N,H,xH,O 3amicmb o4i-
KyeaH0O20 2idpa3oHy ompuMaHO MakKpOUUKITIYHY CrOoyKy — MOXiOHy 2ekcaasayukiiookmadeyuHy. bydosa ecix
ompumaHux criornyk niomeepdxera 0aHumu SAMP 'H-cnekmpockonii, Mac-criekmpomMempii i enemeHmHo20 aHa-
ni3y. lNonepedHi docnidxeHHs Mpo0eMoHcmpy8sarnu, Wo a3oMemuHu — 4,5-¢beHin(yuknozekcun)imiHomemurn-2,
3,6,7,8,10-eekcacidpoakpuduH-8a(1H)-kapboHimpurly ymeoproromb KOMIIIEKCHI CIOMyKU 3 ioHaMU HiKerlro ma midi.

B3AUMOLEWUCTBMUE 4,5-AU®OPMMUII-2,3,6,7,8,10-FTEKCAIrMAPOAKPULANH-8a(1H)-KAPEOHUTPUIIA C
N-HYKITEO®UITTAMU

E.B.3anu3sHas, T.I[1.Monuwyk, C.A.BapeHu4eHko, O.K.®apam, B.U.Mapkoe

Knroveenle cnoea: cudpoakpuduHbl; ocHosaHust LLiughghba; MakpoOUUKIbI

OcHosaHus LLlughgha npedcmaernsrom npakmuyYecKull UHmMepec 8 Kayecmee UCXOOHbIX Kak 07151 KOMOUHamopHO-
20 cuHme3sa bubnuomek sewecms, mak u 07151 Co30aHUsT KOMIIEKCO8 ¢ MemasiiaMmu, U 8 rocriedHee 8pems UH-
meHcusHocmb uccriedogaHull 8 0aHHOM HarpaseHUU MoJbKO ysenu4yueaemcs. Bo3amMoxHocmu npakmu4eckozo
UCronb308aHUsi KOMIIIEKCHbIX COEOUHEHUU C Op2aHUYeCcKUMU nueaHOamu 8ecbMa WUPOKU: 0m 3¢hheKmuHbIX
Kamarnu3amopog pas/iuydHbIX XUMUYEeCKUX rpoyeccos 00 MOSIEKYISIPHbIX CEHCOPOB. B xode usyvyeHusi hopmu-
nuposaHus 5',6’,7°,8-mempaeaudpo-1’H-cnupo[yuknozekcaH-1,2’-xuHa3onuH]-4’(3’H)-oHa Hamu 6bina HalideHa
Hogasi OOMUHO-peaKyusi, Komopasi o3eosisiem 8bilimu Ha MpuyuKIudyeckue 2udpupos8aHHbie akpuduHO8bIe Cu-
cmewmbl. [Toka3aHo, 4mo HeCMoOMpPSI Ha CHUXEHHYH0 31eKmpoghuibHOCMb anb0e2audHbix epynn 8 4,5-0ughopmur-
2,3,6,7,8,10-eekcazudpoakpuduH-8a(1H)-kapboHumpure, OH peasupyem ¢ pasfuYyHbIMU aMuHamMu 8 beH3ore ¢
aseompornHoU 0maoHKOU 800kl C MpUMEHEHUEM 8 Kadecmee Kamarnu3amopa p-TsOH, a makxe ¢ ConsiHOKuUcC-
IbiM 2udpokcunamuHoMm 8 i-PrOH. lNonyyeHHble ocHogaHust LLlughgha u okcum npedcmaensom nomeHyuanbHbIU
UHmMepec 8 Kadecmee nu2aHo0o8 01 0bpa3osaHUsi XxeramHbIX KOMIIeKcos. B pedynbsmame peakyuu duarsb-
Odezuda ¢ N,H,xH,O emecmo oxudaemoeo 2udpasoHa roy4eHo MakpoOUUKIu4deckoe coeOuHeHUe — rpou3eo-
OHoe eeKkcaa3ayukrnookmadeyuHa. CmpoeHue 8cex Mnony4YyeHHbIX coeduHeHul coeanacyemcsi ¢ 0aHHbiMU SMP
"H-cnekmpockonuu, Macc-crieKmpomMmempuu U 31eMeHmHo20 aHanu3a. lpedeapumernbHbie uccredoeaHusi ro-
Kasanu, 4Ymo asomemuHbl — 4,5-cpeHun(yuknozexkcumn)umuHomemur-2,3,6,7,8,10-eekcacudpoakpuduH-8a(1H)-
kapboHumpuna obpasytom KOMIMIIEKCHbIE COeOUHEHUS C UOHaMU HUKES U Meodu.
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Scheme 1. Formylation of azine 1 under Vilsmeier-Haack conditions.
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Scheme 2. Localization of the charge in diformyl 3.

Recently azomethines, e.g., carbazole series, are
widely used as organic ligands [1-9]. It allows obtai-
ning spatial molecules with binding transition metal
centres. On the basis of the complexes the highly ef-
fective nanoscale sensors can be created. Therefore,
itis very important to synthesize precursors, in par-
ticular Schiff bases, with a suitable geometry to cre-
ate chelate complexes with metals. Earlier when stu-
dying formylation of various azine and oxazine sys-
tems the domino-reaction - rearrangement of spiro-
quinazoline 1 into tricyclic acridine systems 2 and 3
was found [13] (Scheme 1). In our previous papers
the results of studying the reactivity of carbonitrile
2 were presented [14-15]. However, the synthetic
potential of 4,5-diformyl-2,3,6,7,8,10-hexahydroacri-
dine-8a(1H)-carbonitrile 3 has remained complete-
ly unstudied.

Due to the peculiar structure of dialdehyde 3 and
based on it obtaining of the Schiff bases required for
complexation geometry has become possible. Accor-
ding to the data of 'H NMR-spectroscopy the formyl
group forms a hydrogen bond with proton of the nitro-
gen endocyclic atom, and it is proven by the strong
chemical shift of its signal in the lowest field values
(6 13.03 ppm). In the IR-spectrum the decrease in
the absorption frequency to v = 1667 cm! confirms
that formyl groups are in conjugation with the N-H
group, it is supposed to lead to a decrease in the re-
activity of CHO-groups. According to the data of X-ray
diffraction analysis C=0 bonds are longer in 1.219 A
than the standard C=0 double bond distance in alde-
hydes - 1.192 A. From the analysis of the structures
(Scheme 2) it is obvious that the electrophilicity of
carbon atoms in carbonyl groups is significantly lower
compared to the aldehyde group unconjugated with
an electron-donating substituent. Consequently, alde-
hyde groups in dialdehyde 3 are vinylogs of amides
and, taking into account their low reactivity, it is in-
teresting to study the possibility of forming Schiff bases.

Among several variants of the reaction [16-18] the
method of boiling with various amines in benzene

CN CN
= p-TsOH =
N N
CHO CHO X
3 N N7 4a
R R

R: a) Ph; b) n-C4H,0OCHj; ¢) n-C;H,CH,; d) n-C;H,CI;
e) n-C4H,Br; f) cyclohexyl; g) 3-pyridyl ; h) 2-pyridyl; i)
0-C4H,CH; j) n-C(H,NO,
Scheme 3. The synthesis of Schiff bases 4a-j.

with azeotropic water distillation with p-TsOH as a
catalyst has been chosen (Scheme 3).

The reaction of dialdehyde 3 with the excess of
amine and the catalytic amount of a catalyst lasts
for 15 min and results in a good yield of Schiff bases
4a-j. The structure of compounds 4a-j obtained cor-
responds to the data of 'H NMR-spectroscopy, mass
spectrometry and elemental analysis (Tab. 1, 2). The
signal for the NH proton in the spectra of compound
4a-j is observed as a broadened singlet in the down-
field region at about ~ 12.5 ppm, the characteristic
signal of the olefin CH-proton [19] is observed as a
singlet in the region at about ~ 6 ppm, in the range
of 8.1 and 8.6 ppm there are signals of two azome-
thine protons CH=NR.

The reaction of dialdehyde 3 with hydroxylamine
hydrochloride resulted in obtaining a colourless 4,5-
bis[(E)-(hydroxyimino)methyl]-2,3,6,7,8,10-hexa-
hydroacridine-8a(1H)-carbonitrile 5, being of interest
as an organic ligand due to its structure (Scheme 4).

The reaction of dialdehyde 3 with hydrazine hyd-
rate resulted in formation of condensation product 6 -
2,3,5,7,8,9,15,16,18,19,20,21,22-dodecahydro-4,6:
19,17-dimethenotetrabenzo[d,g,m,p][1,2,6,10,11,15]-
hexaazacyclooctadecine-4,19(1H,14H)-dicarbonitrile
characterized with a saturated dark red colour in the
solution (Scheme 4). This structure was proposed on
the basis of 'H NMR- and mass-spectra. The signals
for NH-groups protons in the NMR-spectra are ob-
served as broadened singlets in the downfield region
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Table 1
Yields, MP and elemental analysis of compounds 4a-j; 5-6
. Found, % . Calculated, %
Compound | Yields %, MP, °C Empirical formula, Da
C H N C H N
4a 43 | 168170 | 8037 | 626 | 1343 | C,H,.N, 41855 | 8035 | 626 | 1339
ab 51 193-194 | 7531 | 629 | 1170 |C,H,N,O, 47860 | 7529 | 632 | 11.71
4c 51 170-172 | 8068 | 679 | 1256 | C,H.N, 44660 | 8068 | 677 | 1255
ad 77 | 186188 | 6899 | 495 | 1149 |C,H,CILN, 487,44| 69.00 | 496 | 11.49
de 47 | 220221 | 5833 | 418 | 975 |C,H,BrN, 57634| 5835 | 420 | 9.72
af 68 | 189190 | 7808 | 888 | 1304 | C,H,N, 43064 | 7810 | 889 | 13.01
49 44 | 200202 | 7423 | 576 | 1999 | C.H,N, 42052 | 7426 | 575 | 19.98
ah 83 | 205206 | 7428 | 578 | 1996 | C,H,N, 42052 | 7426 | 575 | 19.98
4i 53 | 210211 | 8072 | 674 | 1251 | C,H.N, 4466 | 80.68 | 677 | 1255
4 50,7 | 189190 | 6619 | 479 | 1653 |C,H,N,O, 50854| 6613 | 476 | 1653
5 35 | 154156 | 64.11 | 609 | 1874 |CH,.N,O, 29835| 6441 | 608 | 1878
6 54 265 7273 | 610 | 2126 | C,H,N, 52867 | 7270 | 610 | 21.20
Table 2
Data of NMR "H and mass-spectra of compounds 4a-j; 5-6
Compound | MS: m/z (1,%) | NH 9-CH (pyridine CH=NR Aromatic protons Aliphatic protons
cycle)
419 [M+HJ" 85 (1H,5,CH=NR) | 2.2-2.6 (4H, m, 2CH,);
4a (55) 12.5 5.9 (1H,s,CH) 8.1 (1H.s CH=NR) 7.0-7.4 (10H, m, H Ar) 1.7-2.0 (8H, m, 4CH.)
3.8 (6H, s, 2CH,);
479 [M+HI* 8.5 (1H,5,CH=NR) | 6.5-6.9 (4H, m, 4 H Ar) 5
ab 129 | 5.9 (1H,sCH) = - 2226 (4H, m, 2CH,);
(53) 8.1 (1Hs,CH=NR) | 7.07.2 @H, m, 4H An | §5 28000 M 200
2.1 (6H, s, 2CH,);
447 [M+H]* 8.6 (1H,5,CH=NR) | 6.7-7.0 (4H, m, 4 H Ar) ;
4c 126 | 60 (1HsCH) H= ] 6-2.4 (4H, m, 2CH,);
(100) .1 (1Hs,CH=NR) | 7173 @H, m, 4H An) | [S2fl ™ 2C0a)
. 8.5 (1H,5,CH=NR) | 6.8-7.0 (4H, m, 4H Ar) | 2.1-2.4 (4H, m, 2CH,);
4d - 1487[MI"B5)| 126 | 59 (HSCH) | o'y (1S CH-NR) | 7.1-7.4 (4H, m, 4 HAr) | 1.6-1.9 (8H, m, 4CH,)
577 [M+H]* 8.7 (1H,5,CH=NR) | 7.0-7.2 (4H, m, 4H Ar) | 2.1-2.4 (4H, m, 2CH,);
4e 27) 13.0 | 59(HsCH) | g6 (114,5.CH=NR) | 7.3-7.5 (4H, m.4HAr) | 1.6-1.9 (8H, m, 4CH,)
431 [M+H]* 7.9 (1H,5,CH=NR) 2.1-2.4 (4H, m, 2CH,);
af ooy | 128 | 8UHSCH 1 g2 (1H s CH=NR) 1.0-1.7 (28H, m, 14CH,)
421 [M+HT" 8.0 (1H,5,CH=NR) | 7.4-7.6 (4H, m, 4H Ar) | 1.9-2.2 (4H, m, 2CH,);
49 (o0) | '27 | >BUHSCH) 1 g 4 (1HCH=NR) | 8.1-8:3 (4H, m, 4 HAr) | 14-1.7 (8H, m, 4CH,)
7.0 2H, m, 2 H An)
421 [M+HJ* 7.8 (1H,5,CH=NR) | 7.2 (2H, m, 2 HAN 8.1 | 1.8-2.4 (6H, m, 3CH,);
4h (40) 1.9 1 600HsCH) | 75 1HsCH=NR) | (2H.m,2HAr) | 1.3-1.7 (6H, m, 3CH,)
8.3 (2H, m, 4 H Ar)
. 447 [M+HT" 8.1 (1H,5,CH=NR) | 7.2-7.6 (4H, m, 4H Ar) | 2.2-2.4 (6H, m, 3CH,);
4 (10) 1311 59 (HSCH) | g6 (1H5,CH=NR) | 7.9-8.3 (4H, m, 4 HAr) | 1.2-1.8 (6H, m, 3CH,)
509 [M+H]* 8.1 (1H,5,CH=NR) | 7.1-7.3 (4H,m, 4 HAr) | 2.1-2.2 (6H, m, 3CH,);
4 ) 13011 59(HsCH) | o6 (1H, s, CH=NR) | 7.5-7.8 (4H, m. 4 H Ar) | 1.4-1.9 (6H, m, 3CH,)
. 7.7 @4H,s, 2.1-2.4 (8H, m, 3CH,);
6 |528IMFG4)| 113 |59CHs2cH) | LG Ta e ek 3o
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Scheme 4. The synthesis of dioxime 5 and macrocycle 6.

(11.3 ppm), there are also the signals of azomethine
protons (8 7.64 and 7.70 ppm). In mass spectrum the
peaks of appropriately protonated molecular ions
[MH]* = 528 Da are observed.

Experimental Part

The 'H NMR-spectra of compounds were recorded
in DMSO-d, on a Varian VXR 200 instrument (200 MHz).
The internal standard for all NMR-spectra was TMS.
The FAB spectra were recorded with the use of a
VG7070 spectrometer. Desorption of ions from the
solution of the samples in meta-nitrobenzyl alcohol
was performed with a beam of argon atoms with
energy of 8 keV. Elemental analysis was performed
on a LECO CHNS-900 instrument. The reactions and
the purity of the compounds obtained were moni-
tored by TLC on Merck Silicagel 60 F-254 plates with
CHCl;-2-PrOH (10:1) as an eluent.

The synthesis of Schiff bases 4a-j (general me-
thod): Dissolve the mixture of the diformyl deriva-
tive 3 (2.68 g,0.01 Mol), 0.02 Mol of amine and 0.3 g
of p-TsOH in benzene (200 mL), reflux for 15 min with
continuous removal of water using the Dean-Stark trap.
Cool the reaction mixture, evaporate the solvent
(~160 mL). Filter the precipitate, and recrystallize
from benzene.

4,5-Bis[(E)-(hydroxyimino)methyl]-2,3,6,7,
8,10-hexahydroacridine-8a(1H)-carbonitrile (5):
Dissolve diformyl derivative 3 (2.68 g, 0.01 Mol) in

References
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30 mL of i-PrOH, add 1.7 g (0.025 Mol) of hydroxyl-
amine hydrochloride, and reflux for 2 h. Cool the re-
action mixture to 109C. Filter the precipitate of pro-
duct 5, and recrystallize from acetonitrile.

The NMR-spectra, §, ppm: 10.64 (1H, s, NH); 8.74
(1H, s, OH); 8.43 (1H, s, OH); 6.27 (2H, s, 2CH=NR);
5.56 (1H, s, CH); 2.31-2.38 (4H, m, 2CH,); 1.63-1.81
(8H, m, 4CH,).

2,3,5,7,8,9,15,16,18,19,20,21,22-dodecahy-
dro-4,6:19,17-dimethenotetrabenzo|d,g,m,p]
[1,2,6,10,11,15]-hexaazacyclooctadecine-4,19
(1H,14H)-dicarbonitrile (6): Dissolve diformyl deriva-
tive 3 (2.68 g, 0.01 Mol) in 1,4-dioxane, add 0.02 Mol of
hydrazine hydrate, and reflux for 30 min. Cool the solu-
tion to the room temperature, and add water. Filter the
precipitate of product 6, and recrystallize from DME.

Conclusions

Thus, this paper shows the possibility of the syn-
thesis of Schiff bases using the reaction of 4,5-difor-
myl-2,3,6,7,8,10-hexahydroacridine-8a(1H)-car-
bonitrile with various amines under acid catalysis with
azeotropic removal of water. The reaction of dialde-
hyde with N,H,xH,O resulted in obtaining a macro-
cyclic compound - a derivative of hexaazacycloocta-
decine instead of the expected hydrazone. The pre-
liminary studies have shown that products 4a and 4f
form complexes with copper and nickel ions. The re-
sults of the study will be presented in ongoing papers.
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